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LOT NOI PAU

Trong cac cudn sach trude day — “Ngdn ngir 14p trinh C”, “ Bai tap lip
trinh ngdn ngt €, “Lap trinh huong déi tuong vér C++7, “ Bai tap lap trinh
ngén ngit C++"- ching t61 di ¢o diéu kién gidi thidu téi ban doc nhimg
nguyén tic co ban vé& cic ngdn ngl lap trinh dwoc xem nhu phd bién nhat
hién nay. Tuy nhién, dé1 véi mot lap trinh vién, nhimg cam nang tra ciru vé
ngdn nglr lap trinh la khéng da dé ¢6 thé phat trién cac ng dung chuyén -
nghxep Nguot lap trinh vién gi61 1a ngudn ¢ kha mné, t6 chirc xdy dung ma
nguon mdt cach hidu qua, ké thira va khai thac duoc téi da thanh qua cua ban
thin ciing nhu cla cac nhom phat trién khac da thuc hidn ma thong thudng
duge dong gé1 dudi dang cac thu vién phan mém. Xuit phat tir nhu ciu dé,
trong cudn sach nay, ching 1861 mudn gidi thiéu tdi ban doc mot thu vién kha
dac biét cia C++: thu vién khudn hinh chuan STL (Standard Template
Library).

So hwgce lich siv phat trién STL

Dva trén ky thudt khudn hinh (template) trong tiép can huéng déi
tuong, Alexander Stephanov va Meng Lee cua phong thi nghiém hang
Hewlett Parkard ta1 Palo Alto, California d3 tién hanh xay dung mot thu vién
khudn hinh cho C+t vao nim 1992, v&i mong mudn ¢6 duoc nhimg cau tric
dir liéu cling nhu gid thuit tong quat nhit ¢6 duge nhung khong 1am mit ¢
tinh hiéu qua. Sau d6 2 nim, vao ngay 14 thang 7 nam 1994, cac két qua
nghién clru va trien khai nay da duoc hoi déng tiéu chudn CH++ (CH++
Standards Committee) dua vao danh sach cac thu vién chudn cua C++ theo
tidu chuan ANSI/ISO véi tén goi Thu vién khudn hinh chuin (STL) Trong
giai doan tiép theo, STL di duoc rat nhidu td chirc, hang phan mém ma rong
va phat trién trong d6 dang ké nhit phai k& dén phién bian SGI-STL cna
Silicon Graphic va STLPort (hién dd duoc tich hop trong Borland C++
Builder 6). Cling xuét phat (i ¥ tuong cha STL (ddng thi ciing st dung chinh
thu vién nay lam nén tang), mot sé thu vién khudn hinh khac ra don phuc vu
cac lop ung dung dic thi hon nhy thu vién khudn hinh cho ma tran MTL
(truong dai hoc Notre Dame — Phap) hay thu vién khudn hinh cho do thi GTL
(trudng dat hoc Passau — Duc). Ngay nay STL déng gop mét vi tri quan trong
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trong cac ung dung phat trién trén C++ Diéu nay duoc thé hién thong qua
~ A A v ~ . . ) A

mot sO luong rat Ién nhitng img dung ¢6 sir dung STL (c¢6 thé tham khao cac

(ng dung ma nguon mo tal dia chi URL SourceForge net).

A + A -
Paoi twong ciia cuon sach

Cudn sach nay duoc chiing t8i viét trudc tién danh cho nhing sinh vién
¢huyén nganh cdng ngh3 théng tin, clng nhu cac chuyén nganh khac sir dung
ngdn ngit C++ giup ho c6 duoc mét tar héu tham khao t0t tro gitp cho nhu
chu phat trién san phdm clia minh. Cudn sich ciing nham t6i d6i tuong 1a cac
nha thiét k& véi mét goc nhin mdi cua tinh st dung lai trong phét trién phan
mém: tiép can v& 13p trinh khai lugc. Cudi cling, chiing 61 ciing hy vong cudn
séach 1a mot tai lidu tdt danh cho cac gio vién cdng nghé thong tin xdy dung
nhitng giao trinh v& tidp cin hudng dbi tuong va ngdn ngit 1ap trinh C++.

T chire cudn sach
Cuén sach duoc chia 1am 6 chuong va 2 phu luc:
Chirong 1. Lép trinh hudng doi twong trén C++ voi STL

Nbi dung chuong duoc xem nhu phan nhip mén, gitp ban doc hiéu so
luoc v& nén tang co s, cau tric va cich sir dung cia thu vién khudn hinh
chudn STL.

Chueong 2 . BO chia

Gié1 thidu nhitng thu vién khuén hinh déng var tro khuén mau tao dung
cac cdu truc dir héu co ban nhu array, vector, list, stack, queue, map,. ..

Chuong 3 - B0 duyét

Gidi thiéu cac khuodn hinh déng vai tro triru tuong hoa nhimg gid1 thuat
truy nhap cdu tric dir lidu (cu thé 1a cac bd chia)

Chuwong 4 : Dbi tugng ham
Gidi thidu cae khudn hinh tro gitp déng go1 ce toan tir thanh lop
Chirong 5 : Gial thuat

Gigi thiéu thu vién giai thuat duoc khudn hinh héa nhdm st dung cho
nhidu cu tric dir 18u khac nhau,

Chueong 6: Lap trinh khai hroc vo1 STL



B6 sung mot quan diém, mat phuong phap luin cho cac nha thiét ké vé
tinh sir dung lai cuaa san pham phan mém.

Phu luc A- Cac khai niém trong STL

Thu vién STL duoc nhin dudi gbe do ciia ngudn t6 chie thiét ké thur vién
(dd1 tap véi cach nhin cha ngudi sir dung trong cac chuong cilia cudn sach)

Phuy lue B: Mot s6 thu vién Khudn hinh khac

Thu vién MTL

Thu vién cac khudn hinh cho céu trac dir liéu ma trin véi nhitng bidu
didn khai lugc vé ma tran day, ma tran thua, cdc giai thuat lién quan t¢i ma
tran,

Thu vién GTL

Thu vién cac khudn hinh biéu dién ciu triac dit lidu d6 thi {graph) va cac
gial thuét co ban trén db thy.

Phu lue C: Cac trang Web hitu ich vé STL

Chung t61 hy vong cudn sach s& dem lai nhiing lgi ich thiét thuc cho ban
doc. Nhimg thic mic va déng gop cb the giri vé nhom tac gia theo dia chi:
thuvtt@it-hut.edu.vn : chi bién Nguyén Thanh Thiy
hpcci@mail hut.edu.vn . Nhom tac gia

Trong qua trinh bién soan cudn sach, nhém tac gia nhan dugc su dong
vién va nhitng dong gép chuyén mon rat quan trong ciia cac Gido su, cac
chuyén gia, cac Thay C6 trong khoa Céng nghé théng tin, trudng Pai hoc
Bach khoa Ha N&1. Ching to1 xin chan thanh cam on sy dong gép quy bau do.
Ching t8i cling xin bay té long biét on td1 ban Chii nhiém khoa Cong nghé
thong tin, Chuong trinh Kinh té Ky thuit v& Céng nghé théng tin, Nha XUat
ban Khoa hoc va K§ thudt di tao didu kién vé tinh thin va vt chét dé cudn
sach s¢m ra mat phuc vu déc gia.

Cubdn sach con 1a két qua trao ddi chuyén moén véi cac giao su thude
Khoa Tin hoc, truong Pai hoc Winsconsin — Milwaukee, My trong khuén khd
chuong trinh trao ddi hoc gia Fulbright ma tac gia Nguyén Thanh Thuy d3
tham gia. Nhén dip nay, tic gia xin trin trong cam on su hd tro quy bau cta
chuong trinh Fulbright Viét Nam.

Ha N&i ngay 20/4/2002
Thay mat nhom tac gia
PGS. TS. Nguyén Thanh Thay
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Chwong 1

LAP TRINH HUONG DOI TUONG
TREN C++ VOI STL

Muc dich chuong nay

» Tim hidu dong co phat trién thu vién STL va vai tro ciia STL trong
cac (ing dung C++

¢ Nhic lai nhitng nguyén 1y co ban trong lap trinh huéng ddi tuong trén
C++

e Lam quen vén STL théng qua mét vai vi du don gian

1.1. STL - thw vién khudn hinh chuén

K& tir khi ra doi tai phong thi nghiém Bell vao nam 1984, C-++ di dan
dan chiém linh dugc long tin nguoi sir dung va trd nén mat trong nhing ngdn
ngir duoc ua chudng va duoc ap dung nhidu trong ca giang day, nghién ciu
cling nhu phat trién (ng dung thue tign. Sy két hop nhimg k¥ thuat mdi theo
tiép can huong ddi twong cung voi viée bao toan cac dic didm ¢ cua C -
ngdn ngi von da rit phd bién — da g1up cho C++ c6 duoce nhitng loi thé hon
s0 véi mdt & ngdn ngir khac. Kha ning mo dun hoa cao ciing nhu tinh su

go1 (encapsulation) , ké thira (inheritance) va da hinh (polymorphism). Hon
thé nia, su bd sung khai niém khudn hinh trong dau nhimg nam 90 giup C++
trd thanh mét cong cu ly tuéng cho nhimmg nha phat trién theo truong phai
huéng doi tuong,

Tuy nhién, véi mdt ngdn nptr “lai” nhu C++, lap trinh vién fuon luén
vép phai nhiing tr& ngai trong viéc thong nhat nhitng khai niém nhu bién va
doi tuong hay kidu dit 1iéu va lop. Mot vi du dién hinh 1a khi xiy dung mét
danh sach méc ndi cac doi tuong, cac ngdn ngir thuin doi tuong nhir Java hay
Smalltalk thuong khong quan tdm toi dbi tuong thanh vién coa danh sach la
loai gi (thudc 16p nao), nhung véi C++ thi hoan toan khac. C++ yéu cau phai
chi & kiéu dir liéu (1dp) cho cac d6i tuong tham gia. Tré ngai nay din dén
viéc lap trinh vién phai tao ra nhiéu lép danh sach moc nbi tuong Ung v cac
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kiéu dit lidu khac nhau. Su c6 mit cua khuén hinh trong C++ gilp ngudi lap
trinh gidi quyét duoc vin dé nay kha hidu qua bing cach triru trong héa kiéu
dir 1iéu cho mot 16p hoic mdt ham. Van dé nay sinh & diy 1a lam thé nao xay
dung duoc nhitng khudn hinh tdng quat ap dung cho moi kiéu dir lidu nhung
lai khéng mat di tinh hiéu qué so voi nhing 1op , ham trén kiéu dir lidu cu thé.
Day chinh la xudt phat diém cho nhiing nghién ciru vé lap trinh khai luoc
(generic programming) va phat trién thu vién khuén hinh chuan (STL) cila
Alexander Stephanov va Meng Lee. Phién ban diu tién ciia STL ra doi trong
phong thi nghiém cia Hewlett Parkard va ngay sau d6 duoc chinh thire cong
nhén la mét trong nhitng thu vién chuin cita C++ (ANSI/ISO C++) vao thang
7 nam 1994,

Khac véi cac thu vién khac nhu OWL cta Borland hay MFC cua
Microsoft, STL khéng tap trung vao phét trién nhing thu vién doi tuong dic
thu cua mdi truong phat trién (vi du TCanvas, CWnd, ...) ma tdp trung vao
phat tridn cac thu vién khuén hinh cho cac kiéu dit liéu tap hop (vector, list,
map,...) va cac giai thuat tdng quat (sip xép, tim kiém. .). Diéu nay cho phép
STL c6 thé sir dung trong nhidu mdi trudng phat trién khic nhau va ddy ciing
chinh 12 Iy do d& STL tr& thanh mot trong nhimg thu vién chuan.

D& ban doc c6 thé bat dau lam quen véi STL, ching 181 xin dua ra mét
vi du nhé:

| PR :

// Sap %ép trén danh sach

#include <vector>
#include <algorithm>
#include <lostrears

int main{ }

{

| using namespace std;
vector <int> v;

vector <int»::iterateor It

// Khoi tae danh sédch
.push_back({3};
v.push_back(8};
v.push_back(5),
v.push_back{4]
v.push_back]{

<

2},

// In danh sach chua sdp zép
cout << "Danh sach chua sap xep: ( "
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}

for ( It = v.begin( | ; It != wv.end{ )} ; It++ )
cout << *FIt << "My
cout << "M << endl;

// S3p xép danh sach
sort{ v.begin( J, v.end{ | };

// In danh sach 43 dugc sdp xép

cout << "Danh sach da sap xep: ( " ;
for { It = v.begin{ )} ; It '= v.,end( )} ; It++ }

cout << *IL << "MO"; !
cout << "I" << endl;

Danh sach chua sap xep: { 3
Danh sach da sap xep: { 2 3

g5 42
4158}

M@t 56 diém can nhin manh trong chuong trinh trén la:

®  Khi sir dung STL can luu y bd sung cac tdp tiéu dé (header) cho
cac cdu trac dir lidu va gidi thuat sir dung trong chuong trinh.

tinclude ~vector:>
tinclude < algorithm -

®  Sirdung t&n ving std cho cac cdu trac dir liéu hodc giai thuit STL
using namespace std,

. Cu thé héa cac khudn hinh biang cach gin chimg véi kidu dir liéu
cu thé

vector=int= v,
] Sir dung khai niém bd duyét thay thé cho con tro
Jor (It = vbegin( , It!=vend(), iti+ )
cout <L M
»  Sirdung gial thudt tdng quat thay cho viéc tu phat trién,
sort(v.begin(),v.end()).

Thuc t&, STL lam dwoc nhidu hon nhimg gi ban doc quan sit duoc

trong vi du trén. Tuy nhién, truoc khi gip ban doc ¢d duwoc mdt cai nhin
tuong déi toan dién vé bd thu vién nay trong cac chuong ké tiép, ching t6i sé
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trinh bay so bd nén tang co so, cdu tric va cach sir dung bé thu vién trong cac
muc tiép theo cua chuong,

1.2. Tiép can hwéng ddi twong trong C++

Trong lich s phat trién, ngdn ngir Simula 1 (1965) cia nhom tac gia
Ole-Johan Dahl va Kristen Nygaard (trung tim tinh toan Nauy - Oslo - Nauy)
duoc xem nhu két qua dau tién ddu tién ap dung tiép cin hudng d61 tuong
trong ngdn ngit lap trinh. Ké tir 4o, tiép can hudng ddi twong lién tuc duoc
phat trién va hoan thién. Nam 1984 danh dau su ra don ciia Ct++ (Bjarne
Stroustrup - Bell Labs) voi su két hop giita nhimg k¥ thudt trong tiép can
hudng dé1 tuong vai phong cach 1ap trinh cdu tric ¢b dién cua C. N6i vé tiép
cin hudng dbi twong, nguoi ta khong thé khéng nhac té1 tinh dong g
(encapsulation), tinh sir dung lai (reuse) , tinh dé mé& rdng (extensibility) va
tinh thich nghi (adaptability). Nhing tinh chét nay duogc phéan anh trong C++
théng qua cac kha: niém vé lop (class), k¥ thuit ké thira (inheritance), tinh da
hinh (polymorphism) va sau nay la khudn hinh (template) .

1.2.1. Déi twong va 16p

Péi trong ludn 1a trong tam chinh trong tiép can hudng déi tuong. Mot
d6i tuong thé hién su dong gé cua cac déc diém, cac thubc tinh ciing nhu
nhimng hoat déng lién quan to1 mdt thuc thé hoic mét khai niém nao do trong
thé giol thuc Néu nhur tiép can cau trac tim cach tach biét giita dic trung dir
liéu va cac thao tac xir Iy trén dit liéu, thi nguoc lai, trong tiép can hudng doi
twong, chung lai duge nhom lai va tham chiéu téi cling mdt tén goi. Hay xem
xét mot vi du don gian sau dé c6 duoc su so sanh vé hai tiép can nay:

/4 Tiép can chu truc
IntList 1; // Binh nghia cdu tric 4 liéu danh sach méc ndi
| int total;

// Bd sung 3 sb nguyén vao darh sach

IntList push back(l,1l}; :
IntList push back(2,1}: I
IntList push bacx{3,1};

// Tinh tean todng giid tri cdc phédn tu trong danh sagh _
total = IntList _sumil);

// Ti&p can huéng 441 tuong !
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Intlist 1; // Pinh nghia déi tuong danh siach méc néi
int total;

// B& sung 3 sé nguyén vado danh sach

1.push back{l);

l.push_back(2);

l.push back(3);

// Tinh toén téng gid trji cic phdn tu trong danh sach
total = l.sum(l);

R rang, vidc gin cac dic trung dir lidu (nd1 dung danh sach) voi cac
thao tac xir ly (push_back, sum) trong tiép ¢an huéng dbi tuong cho phép tap
trinh v1en thé hién dugc tinh chit mé dun hoa caa chuong trinh. Khi l4p trinh,
ho chi can tap trung quan tam td1 cac ddc tinh va hanh vi clia d6i tuong dang
duoc phat trién,

Trong C++, mdi doi tong duoc tao ra nhé mot “khudn™ goi l1a 16p
(class). Lép dugc xem nhu su triru tuong hoa cha cac ddi tuong. Nguoc lai,
dbi twong lai 14 cac thé hién cu thé cia 16p. Khi x4y dung mdt chuong trinh,
lap trinh vién dinh nghia cac 1dp, sau d6 s& sir dung cac 16p nay dé tao ra cic

dbi tuong tham gia. Lép trong C++ dugc dinh nghia theo ¢t phap co ban nhu
sau:

class <<Tén ldp>> |
<<pham vi»>
<<dinh nghia thanh phan 40 ligu>>
<<dinh nghia ham thanh phin >>

Thanh phin dir lidu
La phén dinh nghia nhimg dic trung dit liéu cia cac ddi tugng thudc

vé 16p. Trong C++ thanh phan dit lidu c6 thé 14 cac sd, xdu ky tu hodc thim
chi la cac dbi tugng thude vé cac 16p khac.

Ham thanh phén

L2 phén dinh nghia nhimg dic trung xi Iy ciia cac déi tuong thude vé
lép. Ham thanh phan c6 thé 1a mét trong cc dang sau ;

e  Ham thiét lap (constructor) : Ham dugc thuc hién ngay khi dbi
twong duoc tao ra ( cap phat).

» Ham hay bd (destructor) | Ham duoc thuc hién truéc khi déi
tuong duoc huy (gial phong).
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e  Toan t (operator) : la ham thanh phan gin lién véi cac phép xur Iy
toan hoc ma dbi tuong cua 16p c6 thé tham gia

e  Ham thanh phin thong thuong
Pham vi
Céc thanh phan dir liéu va ham thanh phin ctia mot d6i tuong doi khi

chi duge st dung cho nhitng muc dich phat sinh nd1 tai bén trong ddi tuong.
Khi d6 nhitng thanh phan nay khong cin thiét cdng bd cho cac @61 tuong
khac. P& dam bao tinh dong goi, khi xay dung Idp tuong ung, 1ap trinh vién
s& chi dinh thanh phan nao dugc cdng bd, thanh phan nao can che gidu thong
qua khai niém pham vi. M1 thanh phén ctia d6i tugng c¢6 thé c¢6 cac pham vi:

o . public . C6 thd sit dung, truy nhip tir cac d6i tuong bén ngoai

e  private : Chi sit dung cho cac muc dich cuc bd cho cac ddi twong
thude vé lop.

e  protected - Chi sir dung cho myc dich cuc bé cho cac doi tugng
thudc vé 1&p hodc cac lop ké thua no.

( // binh nghia lép point _7
#include <icstream.h>

class point |

protected:
// Thanh phdn do lieu
int X,y:
public :
// Ham thiét lap
point (] {
x = 0;
y = 0;

bi
point {int i¥,int 1Y) {

x = iX;
y = 1¥;
e
// Ham huay
~point{} f{

cout << "Doi tuong da duoc huy bo \n";
Yi
// Ham thanh phan
void move (int dx,int dy):
wold display();
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void}PaipEi:move(int dx, int dy) | !

; !
y += dy;
1

volid point::display() |
cout << "M << x << ",Y <2y << "iIAn";
b

void main{) |
// pl : c¢hp phat doéng, p2 : cip phat tinh
peint *pl = new point;
point p2{10,10);

// di chuyén pl vé&i 48 dat 20,20
pl->move(20,20);
return 0;

b

|

[ (20,20}
| (10,10)

‘ Doi tuong da duoc huy bo %

Vi du trén cho thay cach dinh nghfa va sir dung céc 16p trong C++ Céc
d6i tuong cia lép point ¢6 thé dugc khén tao theo 2 céch : mic dinh véi toa
dd ban dau (0,0) hodic dwoc gan ngay toa do ban dau (iX,iY). Trudc khi cac
dé1 tuong point ducc hiy, ham hiy cua déi tuong s& dugc kich hoat.

1.2.2. Thira ké

Thira ké 13 k¥ thudt nhim néng cao tinh st dung lai cua chuong trinh.
Lap trinh vién c6 thé xdy dung mdt 1p mai (16p din xuft) bang cach thira ke
mét 16p da xay dung (16p co s§). Khi d6 cac d6i tuong ciha lop din xudt ¢é
thé thira ké cac thanh phin dit liéu hodc thanh ham thanh phin cua cac ddi
tugng cia 1ép co s0.

class <<lop din xudt>> : <<pham vi 1ldép>> <<lép co sd>> |
<<dinh nghia cac thanh phin di liéu
va ham thanh phin bd sung>>
}i

Pham vi lop

Pham vi 16p bd sung thém khéi nidm pham vi cho cac thanh phan dir
litu hodc ham thanh phén trong trudng hop mét 16p ké thira tir 16p khac.
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e  public . cic thanh phin coa lop co sé gilt nguyén pham vi trong
16p din xuat
e  private: cic thanh phan public va protected trong 16p co s& trd
thanh private trong 1ép dan xuit.
Dinh nghia lai ham thanh phin
Khi thira ké tir mét 16p co 6, Iop din xudt ¢ thé ¢6 dinh nghia lai mét
vai ham thanh phin khéng con hop véi 1ép méi nita. Khi do, thay vi sir dung

ham thanh phan duoc thira ké, ham thanh phin dinh nghia lai s& duoc ap
dung,

// K& thtra tir 16p point, bd sung thém thudc tinh coler
class colored point : public point {

protected:
int celeor;
public:
// Ham thiét lap
coleored_point{} : point(} {
color = BLACK;
Y
colored point{int iX,int 1Y,int iC) : point{iX,i¥Y} |

color = 1C;
b
// binh nghia lai ham display
vold display{):
b:

volid colored point::display{] {
cout << "(" << x << "M << Yy << "i" << color << "}\n":

}

Trong vi du trén, ham thanh phin display () dugc dinh nghia lai, do
vy cac doi twong thude lop colored display thay vi in ra 2 toa d diém,
chiing s& in ra toa d6 diém va miu.

1.2.3. Ham ao va tinh da hinh

Viéc cho phép dinh nghia lai ham thanh phén 13 co sé ciia mét k¥ thuét
trong tiép can hudng ddi tuong goi 1a da hinh (polymorphism) K¥ thuit nay
cho phép mét dbi twong, tiy timg tinh huong cu thé ¢é thé dua ra nhimng img

i1 thich hop.
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// Lép co s& véi ham thanh phdn ao area()
class polygon {

virtual double area() ({
return 0;
}:

ks
// Ham thanh phdn ao duoc dinh nghia lai trong lép trlangle
class triangle : public polygon ({

double area() {

double p = (a + b+ c )/2.0;

return sqgrt( p * (p-a) * (p-b) * (p-c) );
}i

}l

// Ham thanh phan ao dugc dinh nghia lai trong lép rectangle
class rectangle : public polygon {

double area() {
return w * h;
}s

)z

void main() {
polygon *pl,*p2;
pl = new triangle(3,4,5);
P2 = new rectangle(4,5);
cout << pl->area() << “\n”;
cout << p2->area() << “\n”;

Luu y, néu khong c6 tir khoa virtual, cac két qué in ra sé& 1a 0,0 thay
vi 6 va 20 do khi d6 né vén sir dung ham thanh phan cia 16p polygon. Tir
khoa virtual cho phép thay d6i dong cac 1oi goi khi dbi tuong duoc gan
cho mét 16p cu thé. Trong vi dy, khi gan pl cho mot d6i tuong triangle, thi
hdm area () s& la ham tinh dién tich tam giac, nhung khi gan p2 cho mét di
tuong rectangle thi ham nay lai 1a ham tinh dién tich hinh chit nhat. Tinh
da hinh ¢ day cho phép Iap trinh vién xir Iy kha linh déng céac tinh hudéng nhap
nhing nhu vy ma khdng can phai ding t6i phép thir if.



STL - LAP TRINH KHAI LUQC TRONG C++ 22

1.2.4. Khudn hinh

Néu nhu k¢ thuat thira ké cho phép 1ap trinh vién ning cao tinh sir dung
lai bang cach thira ké nhing 16p da xay dung dé tao ra Ip méi thi khudn hinh
lai 1am ting tinh st dung lai trong trudng hop 16ng quat héa mdt 16p, mdt ham
cho nhidu kidu dif lidu khac nhau, Khudn hinh cé thé 1a mét ham hay mét lop
tac dong trén mét hoac nhiéu kiéu di lidu triru twong nao d6 (goi la cac tham
so khudn hinh). Khi s dung mdt khuén hinh, l4p trinh vién sé gan cho tham
sé khuén hioh nhimg kiéu dit lidu cu thé dé thu duoc nhitng ham, nhimg lop
thé hién cua khudn hinh. Pigu dang noi & day la véi cung mét khudn hinh
duoc dinh nghia ¢6 thé tao ra mt ho cic ham, 16p thé hién tuong ung vl cac
kiéu dir lidu dua vao cho cac tham sb.

Khuén hinh duoc chia ra lim hai dang: Khuén hinh ham va khudn hinh 16p.
Khudn hinh ham

Khudn hinh ham 12 mét ham hoat ddng trén cac kidu dir 1iéu triru tuong,
1

template <[tham s6 khuén hinhl>
i [kidu dO 1iéu tra vé] {tén ham] {[tham 54 haml) |
‘ (dinh nghla ham]

)
|

Khi su dung mdt khudn hinh ham, lap trmh vién chi can goi ham véi
chc tham s truyén vao. Ty thude vao cac tham s6 nay ¢ kidu dit 1idu gi ma
khudn hinh ham s& duoc cu thé héa thanh ham thé hién tuong img.

#include <iostream.h>

// pinh nghia khuén hinh ham mymin
template <class T>
Tg mymin{T& a,T& b) {

if {a » b) return b;

else return a;s

};
class
void main{) {

int x1=10,yl1=20;
double x2=12.5,y2=14.3;

// Chuong trinh dich sé& tao ra hai ham thé hién cla

// khuén hinh tuong Ung véi cac kiéu d 1iéu int va double
cout << mymin(xl,yl} << "\n"; _J
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]

cout << mymin(x2,y2) << "\n"; ) i

|10
l 12.5

Trong vi du trén, khuén hinh ham khdng nhiing chi hoat dong véi cac
kiéu dir lidu dinh nghia sin ma con c¢6 thé hoat dong vdi bat ky kiéu dir lidu
nao mién la chung cé toan tir so sanh >’

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

template <class T>

T& mymin(T& a,T& b) |
if (a > b) return b;
else return a;

}f'

class Personal
private:
char *name;
char *family name;
public:
Personal (char *n,char *f) {
name = n;
family name = f;
}i
// Pinh nghia toan tu >
int.operator > ( Personal &p) |{
if ( strcmp(name,p.name) == 0 )
return (strcmp(family name,p.family name)>=0);
else return (strcmp(name,p.name)>=0)7;
bi
void display() {
cout << family name << " " << name << "\n";
}i
};

void main() {
Personal a("Anh","Nguyen Tuan");
Personal b ("Anh","Ta Tuan");

mymin(a,b) .display();
i

Nguyen Tuan Anh

Luu y la trong vi du néu khdng c6 toan tir > trong 16p Personal
chuong trinh dich s& bao 13i.



STL - LAP TRINH KHAI LUJC TRONG C++ 24

Cu thé héa ham thé hién

Mot khudn hinh ham cho phép dinh nghia mét ho ham tuong Gng vdi
cac tham s6 khudn hinh. Tuy nhién, khong phai bat ky kiéu dir liéu nao ciing
phu hop lam tham s6. Trong vi dy, kiéu dit lidu lam tham sd bit budc phai hd
tro toan tir >, Mot s6 kiéu dir liéu khong hd tro toan tir nay. Khi d6 dé sir dung
ham vdi cung tén goi, lap trinh vién phai xdy dung nhiing ham thé hién dic
thu cho chung.

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

template <class T>

T& mymin(T& a,T& b) {
if (a > b) return b;
else return a;

b

// Ham thé hién d¥c thu
char* &mymin(char * &a, char* &b) (
if (strcmp(a,b)> 0 ) return b;

else return a;

}:

void main() {
char *a="Nguyen Tuan Anh";
char *b="Ta Tuan Anh";

cout << mymin(a,b);
b

Nguyen Tuan Anh

Khi ham mymin(char*,char*) dudc yéu cau trong chuong trinh, thay vi
tao ra mot thé hién cta khudn hinh ham nhu trong cac vi du trudc, ¢ day
chuong trinh dich s& sir dung luén ham thé hién dic thu da dinh nghia.

Khuén hinh lép

Gidng nhu khudn hinh ham, khuén hinh 16p cho phép 14p trinh vién tao
ra mot ho 16p tuy thudc tham sb khudn hinh.

template <[tham sé khuén hinh]>
class [tén 1ldp] {
[dinh nghia c&c thanh phidn cltia 1ép]

)z
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Néu nhur trong khudn hinh ham chuong trinh dich sé tu déng phat hién
cac tham s6 khuén hinh thi d6i véi khudn hinh 16p, 1ap trinh vién phai chi
dinh ra cac tham sé nay.

#include <iostream.h>

// Binh nghia khuén hinh 1ép array5 vé&i kidu dir lidu trim
I tuong T
template <class T>
class arrayb |
protected
T items[5];
public:
array5() {};
vold setAt{int index,T wvalue);
T getAt({int index);
Y

// Pinh nghla thao tac gan gid tri cho mét thanh phidn mang
template <class T>
vold array5<T>::setAt{int index,T wvalue) {
items [index] = wvalue;
H

// Pinh nghia thao tac doc gia tri tiu mét thanh phin mang
template <class T>»
T array5<T>»::getAt{int index) {
return itemsf[index];
};

void main{} {

// Ap dung khudn hinh array5 cho 2 kiéu dit 1i&u khdc nhau
arrayS<int> stt;
arrayS<char*> ten;
int 1i;

stt.setAt (0,1);ten.setAt {0, "An");
stt.setAt(1l,2);ten.setAt {1, "Hoa");
stt.setAt (2,3);ten.setAt (2, "Ha");
stt.setAt (3,4):ten.setAt (3, "Giang”"};
stt.setAt(4,5);ten.setAt {4, "Tuan"™);

for {(i= 0 ; i <« 5§ ; i++}"
cout << stt.getAt{i} << " " << ten.getAt{i) << "\n";
cin »>» i:
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1 An

2 Hoa

3 Ha

4 Glang

5 Tuan l

Ciing gidng nhu véi khudn hinh ham, khéng phai bt ky kiéu dit lidu
nao ciing ¢b thé tré thanh tham sé khudn hinh. Cac kiu dir lidu lam tham sb
khudn hinh phai hd trg ddy di cac toan tir hoic cac ham thanh phin di duoc
xac dinh trong phan dinh nghia khuén hinh. Trong vi du trén, d& tridn khai cac
ham thanh phin setAt () va getAt (), kidu dir lidu T phai hd tro toan tir gan.

Cu thé héa khuén hinh I&p

Néu kigu dir liéu lam tham sé khong phu hop vdi mét s6 ham thanh
phan cia khudn hinh, ta ¢6 thé dinh nghia lai cac ham thanh phan nay cho
nhimng kiéu dit lidu do.

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

// dinh nghia khuén hinh

template <class T>
class array5h |
protected :
T items[S5];
public:
array5() ({(}/
vold setAt {int index,T wvalue):
T getAt{int index);
T sum{};

};

template <class T>
wvold array5«<T>::setAt{int index,T wvalue} {
items [index] = wvalue;

Vi

template <class T»>

T arrayb<T>::getAt(int index} {
return items(index];

};

temgplate <class T»

T array5<T>::sum{} {

T result;




27 ' Chuomg 1. LAP TRINH HUONG BOT TUGNG TREN C++ VOI STL

esu = items (0] .

%or %Ent 1 = ?[;]1 < 5 ;1 ++ )
result += items([i];

return result;

I

// Pinh nghla lai ham thanh phdn sum{)
// cho kidu do liéu char*

char* arrayS<char*>::sum() {
char* result= new char[100};
strepy (result, ""); -
for f(int 1 =1 ; 1 <5 ; 1 ++ } |

strcat(result,items([i]}:
strecatf{result," ")

}i

return result;

}:

vold main{) {
arrayS<int> stt;
arrayb<char*> ten;

stt.setAt (0, 1);ten.setAt{Q,"An"};
stt.setAt{l,2);ten.setAt{l, "Hoa");
stt.setAt (2, 3);ten.setAt{2,"Ha"):
stt.setAt (3,4} ;ten.setAt {3, "Giang"};
stt.setAt(4,5) ;ten.setAt (4, "Tuan"};

cout << stt.sum{} << "A\n";
cout << ten.sum() << "\n";

Vs

| 18 |

‘ An Heoa Ha Giang Tuan i

Trong vi du trén ham thanh phan sun{)dugc dinh nghia lai cho riéng
trudng hop tham sé khudn hinh 14 char*. Trong truong hop nay, thay vi sir
dung phep cong nhu dinh nghia trong khudn hinh, ham thanh phan dinh nghia
lai s& ndi cac xdu ky tr trong méng lai vé1 nhau.

1.3. Lam quen vé&i thw vién khudn hinh chuan STL
STL bao gdm nam thanh phan chinh:
e Bb chira (containers) : 1a cac cau tric dit liéu luu trit nhém cac d6i

tuong ddng nhit véi cac td chirc khac nhau nhu tap hop (set) , ming
(array), danh sach lién két (list), mang két hep (map),...
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B& duyét (iterators) : Thong thuong dé duyét cac phén tur trong bé
chira ldp trinh vién thucmg st dung bién chi sé ( Vol rnang) hoic
con trd. STL d& xudt mot kién tric twong d6i tdng quat vé phép
duyét thong qua cac bd duyét. Vi bs duyét, 1ap trinh vidn cé thé co
ap dung nhitng nguyén ly duyét gidng nhau trén cic bd chira khac
nhau

Gidr thuat (algorithms) : thuc chat 1a cac khudn hinh ham cho phép
thue hién cc giai thudt tinh toan, tim kiém, sdp xép, .. trén cac b
chira khac nhau.

D4i tugng ham (functors) : La mét dang 16p dic bist thay mit cho
mét ham hoac mdt toan tir. Véi d6t trong ham, mét ham hoic toan
tlr c6 thé duoe cu thé hoa bang mét dbi tuong, do do tao ra s linh
dong cao trong viéc phat trién cac giai thuat.

Vidu: Bé sép xép danh sach nhén vién, nguoi ta o the lva chon nhiéu

tiéu chuan sép xép khac nhau Sap xep theo ho én, sfp xép theo bac luong,
sip xép theo trinh d6. Méi cach sdp xép doi héi phai ¢6 mét ham phén thir tw
gma hai déi tucmg duoc sip xép. Khi d6 dbi tuong ham s& 1a d6i twong tham
s6 cho ham sp xép va dai dién cho ham phan thir ty nay.

a

vay.

STL hd tro nhitng khuén hinh 16p dé xdy dung cac dbi tuong ham nhu

B thich nghi (adaptors) : Khi mat hé thong ké thua, sir dung mét
vai thanh phin ciia mét hé théng cii, d& d& dang tich hop ngutn ta
tao ra nhimg giao dién (interface) giita hé thdng cii va hé théng
moi. STL dua ra nhiing tiéu chuan cho phép x4y dung bé thich nghi
cho cac b chira, b duyét va déi twong ham.

DE lam quen véi cac khai nidm nay, ching ta hiy phén tich mét vi du

don gian sau:

QUAN LY NHAN sy
P& quan 1y nhan vién trong mét céng ty, phéng nhan su cdn luu
trit mét danh sidch hé s¢ nhaén vién. M&i nhan vién cé mét hd so

bao gdm cac théng tin: Ho tén, luong, giéi tinh. Cac nhu cdu
théng k& bao gdém :

- Lép danh séach nhan vién theo thi tu ho tén, luong,

- Xac dinh nhin vién nhan lueng cao nhit, thip nhit,
- Tim kiém nhan vién theo ho tén.
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Trude tién, dé quan ly théng tin cho mdi nhan vién ta sir dung mot dbi
tuong thudc lop Person:

class Perscn '
protected !
// Thanh phidn d@ liéu cua mét nhan vién '
char name(40]; i
double salary; i
char sex; F
public: :
Person() {}; :

// Nhap d liéu vi hidn thi théng tin nhan vién
vold input():
volid display():

Yi

D¢ quin 1y danh sach hd so nhin su véi cac chirc nang théng ké nhu
yéu cau d3 dit ra, ta xdy dung mét 16p Persons.

class Persons |
rrotected:

// Danh s&ch hd so duoec luu trd nhd khudn hinh vector
vector<Person>» items;

public:
Persconas({} {};

// ham thanh phin nhap liéu cho danh sach
volid input(};

// Lap danh sach véi thu ty ting didn theo tén
vold displayByName();

// Lap danh sach véi thu ty ting dan theo luong
void displayBySalary(};

// Tim kiém nhan van luong caoc nhit
void searchHighestSalary(};

// Tim kiém nhan vién luong thip nhit
volid searchlLowestSalary();

// Tim kiém nhan vién theo tén

void searchByName (char *nj;

Do st dung khudn hinh vector véi tham sd khudn hinh 13 Person
nén mot didu kién bit bude 13 16p Person phai bd sung thém toan tr gan :



STL - LAP TRINH KHAI LUGJC TRONG C++ 30

class Person |
Person &operator =(const Person &p};

}; i

1
J

Pé nhip lidu cho danh sach hd so, 16p Persons cé ham thanh phan
input {):

| . .
b wvold Persons::input{} {

Person p!
char ch;
cout << "Enter Person information.\n";
do |
p.input();

items.push_back(p):
cout << "More(Y/N)?" ;
cin »>» ch;

} while (ch == 'Y'};

[

trong d6 push back () 1a ham thanh phin cta l6p vector<Person>
duoc xdy dung boi STL cho phép bd sung thém mét phén t& méi vao sau
danh sach.

Dé hién thy danh sach nhan vién duoc sip xép theo tén, lop Persons
c6 ham thianh phan displayByName ()

volid Persons::displayByName () |
smByNameFunctor funcs

sort (items.begin{),items.end{}), func);
display(}:

Loy
|

Ham thanh phin ndy st dung giai thuit sip xép sin co cia STL
sert (), tuy nhién dé giai thuat hoat déng dugc, can dinh nghia thir ty trude
sau theo #n cua 2 ddi tuong Person. Pdi tuong ham func chinh la thanh
phan dinh nghia thir tu trudc sau do.

[ class ltByNameFunctor {
public :

l1tByNameFunctor() {};

int operator({) (Person &pl,Person &p2) |
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if { strcmp{pl.name,p2.name} < 0 } return 1;
else return 0;
bi

} i

Péi tuong ham nay tuong duong voi mdt ham nhan hai tham sbé 1a hai
déi tuong thude 10p Person va tra vé gia tri 1dgic mé ta thir ty trudc sau cia
hai d6i tirong do.

Dé hién thi két qua sau khisdp xép, ham thanh phén display()dugc
xay dung nhu sau

void Persons::displayi{) {

displayFunctoer func;

for sach(items.begin{],items.end ()}, func};
3

G day ta lai bat gip mét giai thuat khac ciia STL. Thay vi sir dung ciu
tric 13p for nhur thong thudng, ta cé thé sir dung giai thudt duyét for each
trong d6 khi duydt qua mdi phén tir cia danh sach, thao tac hién thi s& duoc
thire hién nhd d6i tugng ham func.

Véi chire ning hién thi theo thir tu ting dan trén luong, ta chi can thay
thé déi tuong ham func

void Perscns::displayBySalary() |
smBySalaryFunctor func;

! sort (items.begin(),items.end(}, func)
display():
H

Ta ciing ung dung chinh déi tuong ham nay trong cac chuc ning tim
kiém nhan vién cé luong thap nhat va cao nhat:

[ vold Persons::searchHighestSalary () {
smBySalaryFunctor func;
vector<Person>::iterator it;

it = max_element (items.begin(),items.end(}, func};

it->display{):
bi i

volid Persons::searchLowestSalary () |

! smBySalaryFuncter func;
L_ vector<Person>»::iterateor it;




STL - LAP TRINH KHAI LUJC TRONG C++ 32

it = min element(items.begin(),items.end{}, func);
it->display()-
Yi

max_element () vamin element () la har giai thudt cha STL cho
phép tim kiém phan tir I6n nhit va nho nhét trén mét bd chira theo tidu chudn
duoc dit ra béi func.

Dé tim kiém chinh xac mét phan tir nao d6 theo tén, ham £ ind if ()
cta STL duoc ap dung nhu sau :
: .
. wvoid Persons::searchByName {char *n) |{

egByNameFunctor funcin);
vector<Person>::iterator it;

it = find_if{items.begin(),items.end{}), func);
it->display();

S \ “ 3 - . . s 3 E
Cudi clng, chuong trinh cho yéu ciu dit ra ciia bat toan duoc viét lai

#include <vector>
#include <algorithm>
#include <icstream.h>
#include <string.h>

using namespace std;

class Person
protected
char name[40};
double salary;
char sex;
public:
Person() {};

vold input():
vold display({):

Person &operator ={const Person &p);

friend class displayFunctor;
friend class smByNameFunctor;

friend class smBySalaryFunctor;
friend class egByNameFunctor;
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void Person::input{) {
cout << "Name:"; cin >»> name;
cout << "Salary:™; cin >»>> salary:;
cout << "Sex:"; cin »>» sex;
b
vold Person::display{} {
cout << name << "," << salary << "," << sex << "\n":
1
Person &Person::operator = (const Person &p) |

strcpy {name, p.name) ;
salary = p.salary;
Sex = p.sex;

return {*this};

bi

class displayFunctor |
public
displayFunctor{) {});
void operator () (Person &p) |
p.display();
};
bs
class smByNameFunctor |
public
smByNameFunctor{} {}:

int cperator () {Person &pl,Person &p2) {
if ({ stremp(pl.name,p2.name} < 0 } return 1;
else return 0;
b
}i

class smBySalaryFunctor |
public
smBySalaryFunctor () (}:

int operator() (Person &pl,Person &p2} |
if { pl.salary < p2.salary } return 1;
else return 0;
Vi
};

class egByNameFunctor |

private:
char name[407];
public
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egByNameFunctor {char *n} |

b

strcpy (name,nj ;

int operator () (Person &p)

Yi:
Vi

if { strecmp(name, p.name)

else return 0;

class Persons |
protected:
vector<Person>» items;

private:
vold

public:

display!(};

Fersons{) (}:

void

vold
void

void
volid
void

)

input ()

displayByName [};
displayBySalary(};

searchHighestSalary(};

searchLowestSalary():

searchByName {char *n):

void Persons::input{) {
Person p:

{

== 0) return 1:

char ch;
cout << "Enter Person informatioh.\n";
da { i
p-input();
items.push_back(p):
cout << "More (Y/Ny?"
cin »> ch;
} while (ch == 'Y');

1;

vold Persons::display() |
displayFunctor func;
for_each{items.begin{},items.end(}, func);

b

vold Persons::displayByName ()
smByNameFunctor func;

{
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sort (items.begin(},items.end{), func};
display{):
bi

vold Perscons::displayBySalary () {
smBySalaryFunctor func;

sort(items.begin{),items.end(}, func);
display{}:
I

volid Persons::searchHighestSalary({) {
smBySalaryFunctor func:
vector<Person>::iteratcr it;

it = max_element{items.begin{},items.end(], func);
it->display ()

volid Persons::searchLowestSalary({} |
smBySalaryFunctor func;
vector<Person>::literator it;

it = min_element{items.begin{),items.end{}, func);
it-»display()-,

vold Persons::searchByName (char *n) |
egqByNameFunctor func(n);:
vector<Person>»::iterator it;

it = find if({items.begin{},items.end (), func};
it~>display():
};

vold main {) |
Perscns pl;
char s[40];
pl.input (};

cout << "sort by name\n";
pl.displayByName ()

cout << "sort by salary\n";
pl.displayBySalary();

cout << "highest salary\n";
pl.searchHighestSalary ()
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cout << "lowest salary\n";
pl.searchLowestSalary();

cout << "Enter a name:"; cin »» &;
pl.searchByName {(s);

int i;

cin »>» 1;

1.4.

Cau héi 6n tap

Tinh déng goi trong tiép can hudng ddi twong thé hién nhu thé nio
trén C++7?

K¥ thuat thira ké déng vai trd gi trong phat trién (ng dung?
-Pa hinh 12 gi va dugc thé hién thé nio trong C++?

Khuén hinh khac véi ké thira nhu thé nao?

Dong co nio dé xay dung thu vién khuon hinh chuan STL?

Thu vién khudn hinh chuan STL bao gbm nhimng thanh phan nao,
vat trd cua timg thanh phan trong mdt img dung.
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Chuong 2

BO CHUA

Muc dich chuong nay

® Lam quen v&i thu vién STL va bd chira

*  Gidi thidu cach sir dung cac b chira co s¢ trong STL

»  Tim hidu mét s6 dic trung ciia cac bd chira co s& trong STL
®  Hudng dan cach lya chon bg chira cho chuong trinh

e Tim hiéu va xiy dung bd chia tir cac bd chira co s&

2.1. Gi®i thiéu vé bd chira

Khi xdy dung cac chuong trinh, viée t6 chire luu trit dit liéu 1a mét yéu
t6 quan trong. T6 chirc dir lidu t6t khdng nhimg cho phép viéc truy xuft dir
lidu dugc thuin tién, linh hoat ma con c6 thé t6i wu chi phi tinh toan ciia
chirong trinh. Tuy nhién, viée t6 chirc dit lidu phit hop 12 mét didu khdng phai
don gian. DE dua ra mét chu tric dit lidu thod man cac yéu ciu sir dung clng
nhu cac yéu ciu vé khdng gian va thoi gian tinh toan doi héi ngudi ap trinh
¢6 nhitng hiéu biét nhat dinh ciing nhu kinh nghiém lap trinh.

Thu vién khudn hinh chuin STL (Standard Template Library) dua ra
cac lop bod chira voi vai tro nhu cac cu trac dir Héu duoc st dung d8 td chirc
luu triv d liéu cho chuong trinh. Né cho phép luu trir mét tdp cac phén to
theo mét s6 hinh thirc khac nhau nhu luu trir tuan te, huu trit dua trén gia tri
khoa. Sau diy mét vi du don gian dé thiy sy thuan tién khi st dung bé chira
cha STL. Gia sir ta cdn phai luu trit mét tdp céc s6 nguyén. Theo céach lam
quen thudc, ta khai bao nhur sau:

#define max_num = 100
int int_array[max_num};

hoac

int* int array;
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Vi cach luu trir thir nhat, kich thudc méang bi giéi han, ngoai ra n6 con
giy lang phi b6 nhé. Theo cach thir hai, nguoi ding phai tu lo viée cap phat
va giai phong bé nhg mdi khi mét phin tir dugc thém vao hay lay ra khoi
méng. Diéu nay khdng hé don gidn bdi 18 viéc cip phat hay gii phong khong
t6t ¢6 thd gy 151 chuong trinh hoic “xa rac” trong bé nhéd. Khi sir dung cac
b chira cia STL, ngudi dimg khéng can ban tam té1 diéu nay. Vi du, dé dat
duge muyc dich trén ta chi can khai bao

‘ vector<int» int_array; J

va sir dung cac. ham thanh phin ma Iép vector cung cap dé truy nhép, bd
sung hay xo4 di mét phan tir trong ming:

int_array.push_back{l);// Thém 1 vao vector l
int a = int array([0];//G&n cho a gia tri d4du tién trong vector ]

Céc bd chira trong STL duoc thiét ké theo hudng lam min dan. Cac bd
chira cang don gian thi cang it rang budc nhumg ciing it cac phuong thirc 1am
viéc trén nd va nguoc lai. Cac rang bude cling nhu cac phuong thire 6 hd tro
ctia b chia dugc d8 cap ti dudi dang cac KHAI NIEM. Vi du, KHAI NIEM
Forward Container bao hiam rang budc chi cho phép duyét bd chira theo chiéu
thuén, cling twong ty nhu vay, KHAI NIEM Random Access Container chi ra
ring c6 thé truy xudt gia tri chia mt phén tir dya trén chi s0. Dé hiéu mét cach
thiu dao v& cac bd chira, viée tim hidu cac KHAI NIEM lién quan t3i bd chira
14 cAn thiét. Tuy nhién trong pham vi quyén sach nay, ta s& di ngay vao cac
16p bé chia cu thé trong thu vién STL nhém gitp ngudi doc quen voi b chira
ma khéng qua ban tdm tGi cc khai niém trinu tuong. Céch tiep cin nay giip
nhimng ngudi chua thuc sy biét nhidu vé lap trinh cing nhu vé thu vién STL
cling co thé st dung duoc thu vién nay.

Céc 16p bd chira 4 c6 thé xem 14 su cu thé hoa cac KHAI NIEM vé bd
chira. N6 1a cac khudn hinh 16p ma ngudi dung s&€ st dung truc tiép khi lap
trinh. Cac 16p bd chira duoc phan chia thanh hai nhém chinh 1a cac b6 chua
tudin nr (sequence container) va cac bd chira lién két (associative container),
Cac 16p bd chia tudn tu bao gdm vector, deque, list, con cac I6p bo
chira lién két tidu bidu bao gdm set, map, multiset va multimap.
Nuoai ra thu vién STL ciing cung chp mét s6 clu tric khac ma co thé xem 1a
cac bd chiranhu 16p string, lépbit_set.
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2.2. Céc |&p bd chiva tuln tw

2.2.1. Lép vector

Lop vector 14 mét bd chira dugc dung kha phd bién. N6 duoc su dung
dé luu trit mét day céc phan tir. Lép vector khong chi cho phép ngudi dung
truy xudt t&1 cac phén tir dyua trén chi sb nhu d8i véi cAu triic mang ma né con
¢6 kha nang tu ddng mé rdng khi nhu ciu ngudi ding vuot qué kich thudc tdi
da hién tai. Piéu nay thuan tién hon nhidu khi sit dung mang. Khi sir dung
vector, cac thao tac cdp phat ciing nhu giai phéng bd nhé tré nén trong sudt
voi ngudi ding. Vi du sau ddy s& chi ra cach sinh mét vector d& lu trix
mét ddy cac s6 nguyén tir 0 dén 2

#include <vector:>
using namespace std;
int main {int argc, char** argv}
{
vector<int>» int vector;
for{int i = 0;i < 10;i++}
int_vector.push backi{i};

Trong vi du nay, trudc tién phat khai bo sir dung tép vector (luuy
ring cac tép chira tiéu dé cua thu vién STL déu khéng c6 phin ma réng), tép
nay chira phan khai bao ciia 16p vector<>. D6i tugng int vector 14 mét
vector chira cac s nguyén, khai bao cua dbi tuong nay ¢6 dang nhu dong 4.
Pé khai bao mét bién vector ta thure hién theo dinh dang sau:

vector <T> variable_name;

trong d6 T la kidu ctia phan tr luu trong vector.

Kich thuéc clia mdt vector khi khai bao bing 0. Can luu ¥ ring
vector co hai tham s6 lién quan téi kich thudc 13 kich thudc hién tai va
dung lugng hién tai. Kich thuéc hién tai chi ra s6 phin tir hidn cé cia
vector, dung luong hién tai chi ra kich thuéc t6i da cta vector. Kich
thudc ving nhé ma bién vector hién chiém gilt duoc tinh theo dung luong
hién tai chir khéng theo kich thudc hién tai. '

#include <vector>
#include <iostream>
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using namespace std;
int main (int argc, char** argv)
{

vector<int>' int_vector;

int vector.reserve (100);

cout << “Kich thuoc toi da: ” << int_vector.capacity() <<
endl;

cout << “Kich thuoc hien tai: ” << int vector.size() <<
endl;

for(int'i = 071 < 107i++)
int_vector.push back(i);

cout << “Kich thuoc toi da: ” << int vector.capacity() <<
endl;

cout << “Kich thuoc hien tai: " << int_vector.size() <<
endl;

}

Két qua khi thuc hién chuong trinh nhu sau:

Kich thuoc toi da: 100
Kich thuoc hien tai: 0
Kich thuoc toi da: 100
Kich thuoc hien tai: 10

Luu y la doan chuong trinh trén sir dung tép tiéu dé iostream thay
cho iostream.h, si dung tép iostream.h & ddy co thé gay 18i (xem
phan luu y cudi chuong).

Trong doan ma ¢6 sir dung ham reserve () dé yéu cau cdp phat ving
nhd cho 100 phén tir kidu nguyén. Pay la cach nguoi dung tu yéu cau cép
phat thay vi & vector tu quan ly viéc cAp phat bd nhé cia minh. Ham nay
thuong duoc dung khi nguoi dung biét duoc s6 luong phan tir ciia bd chira.
Cach nay giap cho chuong trinh thyc hién nhanh hon do khong st dung cac
co ché cap phat ty dong. Piéu nay s& dugc ban ky hon trong ph?m sau.

Hai ham capacity () va reserve () la hai ham dinh nghia riéng cho
lop vector. Ham reserve () khac véi cdu tir vector<> (int). Cau tu
nay sé& sinh ra mét vector co n phan tir véi n 1a gia tri cua ddi s6 truyén vao,
trong khi reserve () chi cdp phat ving nhé di d& luu trir n phan tir véi n la
g14a tri cla ddi sb. Dé théy 3 su khac biét gitra hai ham nay, ta sir dung vi du
Sau:

#include <vector>
#include <iostream>
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int main({int argc, char** argv)
{
vector<int> int_ wvectorl, int vector2{10};
int vectorl.reserve({l10};
cout << “Wector 1l: Kich thucc tol da 7 <<
int vectorl.capacity(}) << ™, Kich thuoc hien tai” <<
int vectorl.size({} << endl:
cout << “VWector 2: Kich thucc tei da ” <<

int _vector2.capacity{) << “, Kich thuoc hien tai” <<
int_vector2.size() << endl;

return 0;

K#ét qua chuong trinh

|
|

Vector 1: Kich thuoc toi da 10, Kich thuoc hien tai Q:
Vector 2: Kich thuoc toi da 10, Kich thuoc hien tai 10;

Pé truy xuat mot phan tir trong vector, ngudi dung ¢é thé sir dung chi

s6 hodc bd duyét cia vector. Khi sir dung chi s6, ngudi dung van cé thé sir
dung toan tir [] nhu dbi voi méang va ciing nhur mang, néu ban truy nhap véi
chi 56 1ém hon dung luong hién tai thi s& gay 15i.

#include <jiostream>
using namespace std;

class student
{
static int number student;
int student no;
public:
student () : student no(number student++}{};
void Showld{){cout << "Dinh danh cua sinh wvien:" <<
student_no endl;};
~student () {};
};
#include <vector>
#include "../Student.h"

int main {int argc, char** argv)

{ .
vector <student> student_vector;
fer{int i = 0;1i < 10:i++)
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student a_student;
student_vector.push_back{a_student]);
}
for{i = 0;1i < 10;1++)
student vector([i].ShowId(};
return Q;

Van s& co duoc két qui y hét doan ma trén néu vong lp for cubi cing
duoc viét lai nhi sau

for{vector<student>::iterater it = student vector.begin();it !=
student vector.end ()} ;it++)

‘ it->ShowId!(};

hodac:

for(vector<student>::iterator it = student_vector.begin{};it !=
student _wvector.end{];it++}

{(*it).ShowId{) ;

Mic du hai cach sau cé vé phirc tap hon, nhung né la quy tic chung dé
duyét qua cac phan tir trong mét b chira. Khi s&t dung véi cac bd chira khac,
gdn nhu khong phai sira doan ma trén, ngoai trir viée khai bao lai bién it
cho hop kiéu. Ta s& thdy 16 duoc didu nay khi xét 161 cac bd chira khac. Ham
begin() tra vé bd duyét tré t6i phan tir ddu ciia bd chira. Ham end () trd toi
vi tri sau phan tir cudi cing, do vy * (vector<T>::end()) la khong xac
dinh. Chiing ta s& néi nhidu hon v& diéu nay trong chuong ban v& cac bd
duyét. Hai ham nay dang cho tét ca cac bo chia. Luu v ring, toan tir [ cla
vector dugc dua ra khéng nhim muc dich tuong thich nguoc véi mang,
Day la toan tir cita cic 16p tridn khai theo KHAI NIEM Random Access
Container, vector la mét trong nhitmg lép thude s6 nay.

Dé truy nhip mot phén tir théng qua b duy8t trd tdi nd, ta ¢6 hai cach.
Cach thir nhat ding toan tir gid tham chidu (*) nhu dbi véi truomg hep thir
nhit hoic dung toan tu ->. Lic niy; b$ duyét dwoc xem nhu mét con tré
théng thuong. Cac bd duyét khéng chi cho phép duyét qua toan bd bd chua,
né ciing cho phép duyét qua mdt phan nao doé cha bd chia. Vi du sau sé inra
ID cua 5 sinh vién tir sinh vién thir 3 dén sinh vién thir 7.



43 Chuong 2. BO CHUA

#include <vector>
#include "../Student.h"

int main (int argec, char** argv)
{
vector <student> student vector;
for(int i = 0;1i < 10;i+4+4)
{
student a_student;
student vector.push back(a_student]);
}
for (vector<student>::iterator it = student vector.begin{] +
3;it != student vector.begin{)} + 8;it+t)
it-»ShowId{};
return 0;

Viéc liét ké cac s6 hidu cha sinh vién trong mét doan nao dé ra man hinh
ciing ¢6 thé 1am dugc véi ham copy (). Didu nay khong thé duoc néu dung
chi s8, chi ¢6 thd dung vai b duyét. Vi du sau s8 1iét k& cac sinh vién tir thir ba
t61 hét danh sach. Luu ¥ ring cin dinh nghia toan tir << cho ldp student,
Diay khéng phai 12 todn tir cia lop student, né 1a mét toan tir toan cuc va
duoc 16p student cho phép truy nhap vao cac bién thanh phin cia n6 nhé
tir khoa friend. Poan mi cho Iép sinh vién dugc bd sung nhur sau:

#include <iostream>
using namespace std;

class student
{
static int number_student;
int student no;
public:
student () : student no(number student++){};

vold ShowId() {cout << "Dinh danh cua sinh vien:" <<
student no << endl;};

friend
ostreams operator<<{ostreami out,const studenté a_student)
{

return out << "Dinh danh cua sinh vien: " <«
a_student.student_no;
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b
~student () {};

#include <vector>
#include <iterator>
#include "../Student.h”

int main (int arge, char** argv)
{
vector <student> student_vector;
for{int 1 = 0;1i < 10;1++)
{
student a_ student;
student_vector.pushvback(a_student);
}

copy {student_vector.begin()+ 3, student_vector.end(},
ostream_iterator <student>{cout,"\n"));

return 0;

}

Chi tiet vé ham copy () va ostream iterator sé& dugc dé cdp trong
phén bé duyét trén cac ludng vao/ra va cic gidi thust trong ¢ac chuong sau.

Lép vector cung cap kha nhidu hiam thanh phin c¢ap nhét cac phin tir
cho mét d6i tuong vector. Cac ham thanh phin nay bao gdm thém mét hoic
nhiéu phan fir viao mét vi tri bt ky trong vector, x6a di mot phin tir hoic
mét phan ciia vector. Tuy nhién, do nhiing dic trung trong t& chuc luu trix
hai ham duoc ding phé bién 13 push_back () ding dé thém mét phin tir vao
cuéivector‘vépop_back{)déléyraphﬁntﬁcuéicﬁavector.Chipm
vé thoi gian cho cac ham nay khéng phu thudc vao kich thudc cia vector.
Ham pop_back () s& xo4 bo phin tir cudi cung trong vector. HAm nay
duoc thiét ké tra vé& mdt gia tri void thay vi mdt tham chiéu hay mét gia tn
ciia kiéu phan tir (nhu suy nghi théng thuéong) nhim dam bao tinh ding dén
va hiéu qua. Néu tra vé mot tham chiéu, sau d6 phén tir nay bi tach ra khoi
vector thi chuong trinh s& tao ra mét con tré vu vo, con néu tra vé méd: gla
tri thi phai goi cdu tir sao chép nhidu lin. Vi du sau s& thyrc hién viée nhép 10
sinh vién c6 s6 hidu tr 0 dén 9 vao danh sach {student vector), sau do
x04 cac sinh vién nay theo thir tur tir dudi 1én. Trudc khi mdt sinh vién bi xo04,
chuong trinh s& hién thi s6 hiéu ciia sinh vién d6.
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#include <vector>
#include <iterator>
#include "../Student.h"

int main (int arge, char** argv)
{
vector <student> student_vector;
for{int i = 0;1i < 10;i4+)
student vector.push back{student(});

while (!student vector.empty({})

{
cout << "Cac sinh vien bi xoa khoi danh sach: "
(student_vector.end(} - 1})->ShowId(};
student_vector.pop_back(};

}

return (;

Dé y ring, khi tham chiéu t6i phin tir cudi, ngudi ta ding bo duyét
end() — 1 cha khéng phai 1a end (). Him end () s& trd v& mdt bd duyét
r - . f 3 s . ‘ A - A - - - . e
¢0 gia tr1 pass-end. No chi t&1 vi tri sau phan tr cudi cung, do vay phép giai
tham chiéu trén bd duyét end () 1a khdng hop 18

Céc ham insert () vd erase () cho phép thdm vao, xoa di mét hodc
nhiéu phén tir tai vi tri bat ky nhung véi chi phi thoi gian tuyén tinh dbi véi sb
phin tir ciia vector nén it duoc sir dung. Déi véi cac img dung doi hoi nhidu
thao tac chén vao gilta bé chira thi vector khéng dugc lua chon. Thay vao
d6 ngudi ta chon 1ist hodc deque. Pay khéng phai 14 yéu didm cia riéng
vector ma cha tit ¢ cac md hinh xuét phat tt KHAI NIEM Back Insert
Container. Yéu diém nay cia vector s& dugc lam 13 hom trong muc so sanh
higu qua sir dung ciia cac b chira tudn tir trong phin sau.

Vi du sau minh hoa viéc sit dung him insert () va erase(). Dé
thuc hién vi du ndy, 16p student s& dugc bd sung hai ham GetId() va
SetId (). Ham thir nhat trd vé& s hidu cda sinh vién, ham thir hai gan cho
sinh vién mdt s6 hiéu méi. Ngoai ra, 16p sinh vién cling duoc bd sung thém
mdt cau tir v6i tham s 1a s6 hidu sinh vién, dinh nghia cAu tir nay ciing chi
voi muc dich dé trinh bay vi du. Cdu tr va cac ham méi bd sung nay duoc
dinh nghia nhu sau:
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student{int id} {
student no = id;
number_student++;
b
int Getld(} const {return student_no;j
vold Setld{int id] {student nc = id;}:

#include <vector>
#include <iterator>
#include <algorithm>
#include "../Student.h"

int main (int argc, char** argv)
{
vector <student> student wvector;
for{int 1 = G;1i « 10;i++)
student_vector.push_back{student(}),
int pos,id;
cout << "Vi tri trong danh sach cua sinh vien moi:"
cin »> pos;
student vector.insert(student_wvector.begin{) + pos - 1};
copy (student vector.begin{), student vector.end(},
ostream iterator <student>{cout,“\n"}};
cout << "Nhap vace dinh danh cua sinh vien muon xeca: "7
¢in »>» id;
vector<student>::iterator find_res =
find(student_vector.begin{}, student vector.end({),student (id});
1f{find res == student vector.end(}}{ '
cout << "Khong co sinh wvien co dinh danh " << id << "
trong danh sach" << endl;
return 0;
1
student vector.erase{find_res};
cout << "Sinh vien da duoc xoa khoi danh sach” << endl;
return 0;

Trong vi du trén ta st dung khudn hinh gi&i thudt £ind (), gid1 thuat
niy thuc hién viéc tim mot phin tir trén mdt bd chira, két qua duge luu trong
b6 duyét cia bd chira. Néu phan tir cén tim khéng c6 trong bd chira, bd duyét
s& mang gla tri pass-end. Day la mot gia tri tuong trung, nd khong trd 151 bit
cir mdt phén tir ndo. Do véy, néu thuc hién phép gidi tham chiéu trén né sé

gay 16i.

Chi tiét v& ham find () xem trong phan cac giai thut & chuong sau.
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i r ~ -
To chire len triv cua vector

vector dugc thiét ké nhim 16i thidu thoi gian truy nhip ngiu nhién.
Do vy cac phan tir cha vector duoc luu trit trong cung mdt vung nhd theo
trit tur tuyén tinh. T chirc luu trit theo cach nay dam bdo viéc truy nhap ngau
nhién v&i chi phi thoi gian thap nhit. Tuy nhién, khi c6 yéu ciu cép phat lai
bé nh¢, chuong trinh phai thuc hién kha nhiéu thu tuc. Cac thd tuc nay bao
gom:

1. Cép phat lai mot viing nhé réng hon. Théng thudng ving nhd moi
¢6 kich thudc gap hai 1an ving nhé hién tai

2. Sao chép toan bd cac phin tir tir ving nhé ¢ii sang ving nhé méi
nhé ciu tir sao chép.

3. Xoabd cac d6i tuong trén ving nhé cii bing cach goi cac huy tir

4. (nai phdéng ving nho i

Do phai thuc hién cac tha tuc trén nén viéc cdp phat lai cua vector rat
mat thdi gian, dic biét la khi phin tir duoc luu trir phuc tap va s6 luong phin
tir cua vector 16n. Chinh vi Iy do nay, vector khéng duoc st dung trong
cac ng dung doi héi nhieu thao tac chén hay xoa cac phéan tir trong bd chira.
Ngudi dung c6 thé tranh duoc didu nay bing cach st dung ham reserve ()
de xin cap phat truorc mdt vung nhé nao d6. Tuy nhién, khong phai lac nao ta

cling biét trude sd phan tir s& duoc luu trong bd chira. D& minh hoa cho didu

nay ta xét vi du trén vector<student>, véi 1ép student duoc bd sung
cac cAu tir sao chép nhu sau:

#include <icstream> ‘
using namespace std; ‘

class student :
{ !
static int number_ student: :
int student_no;
public:
student():student+no(number_student++}{}:
student (const student& a_std) {
student_no = a_std.student_no;
cout << "Doi tuong student co ID “ << student no << "
gol cau tu sao chep" << endl;

! }i
L
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void Showld({] {cout << "Dinh danh cua sinh wien:" <<
student no << endl;};

friend ostream& operator<<{ostreama out,const students
a_student) {

return out << "Dinh danh cua sinh vien: " <<
a_student.student_no;
Yi
~student {) {
cout << "Dol tuong Student co ID " << student no << "
goi ham huy tu” << endl;
1
}’.

#include <vector>
#include "../Student.h”

int main{int arge, char* argv(]1}
{
vector<student> students;
for (int 1 = 0;1 < 3;1++)
{
cout << "Lan gcli push back thu " << 1 + 1 << endl;
students.push_backistudent{)};
}
cout << "Ket thuc chuong trinh" << endl:
return 0;

Két qua cha chuong trinh 1a

Lan geli push back thu 1

Dol tuong student co ID 0 goi cau tu sac chep
Dol tueng student ¢o ID 0 goi huy tu

Lan goi push_back thu 2

Dol tuong student c¢o ID 0 gol cau tu sao chep
Dol tuong student co ID 1 goi cau tu sao chep
Doi tuong student co ID O goi huy tu

Doi tuong student co ID 1 goi huy tu

Lan gol push_back thu 3

Dol tuong student co ID 0 gol cau tu sao chep
Deoi tuong student co ID 1 goi cau tu sao chep
Dol tuong student co ID 2 goi cau tu sac chep
Doi tuong student ¢o ID O goi huy tu

Dol tuong student co ID 1 goi huy tu

Dei tuong student co ID 2 goi huy tu

Ket thuc chuong trinh
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Doi tuong student co ID 0 goi huy tu
Dol tuong student co ID 1 goi huy tu
Dol tuong student co ID 2 goi huy tu

vector ciing tao ra mot s6 van dé co lién quan t&i viée cdp phat lai bo

nhé. Do vector td chirc luu trit cic phﬁn tir trong bd nhd theo trat tu tuyén
tinh nén bd duyét cha vector chi don thuan 12 mét con tré. Mic du cac con
trd nay tbi uu téc dd truy nhap nhung né ciing la nguyén nhin gy ra 16i vé
truy nhap kht vector thuc hién cﬁp phat la1. Gia sit ta khéi tao mot b duyét
cia vector va dé bd duyét nay tré té1 mot phﬁn fir nao do, sau do thuc hién
viéc cép phat lai bé nhé. Khi d6, néu lai st dung bd duyét trén dé truy nhip
t4i vector thi rit ¢ thé gy ra 18i core dump vi khi nay cac phéan tir coa
vector di dugc luu trir trén mét vang nhd khac. Vi du sau s& minh hoa cho
diéu nay.

#include <vector>
#include <iterator>
#include <iostream>

using namespace std;
int main{int argec,char* argv[]) |

vecteor<int> i (10, 0);
astream iterator<int> outi{cout, " "};

copyivi.begin{), wvi.end(}, out};
vector<int»::iteratcor i = vi.begin{};
cout << "w\n i " << long (i) << endl:
*1 o= 47;

copy (vi.begin(), vi.end{), out]:;

// BAt chuomg trinh phai cdp phat lai bd nhd
vi.resize(vi.capacity{] + 1};

cout << "\n i: " << longi{i} << endl;
cout << "wvi.begin({): " << long{vi.begin(})) << endl;
*1i = 48; // Gay 18i.
cout << "i: " << long(i) << endl;
return 0;
}

Churong trinh trén gay 16i khi thuc hién dich va chay chuong trinh trén

mdi trudng Visual C++ 6.0 .
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2.2.2. L&p deque

deque 1a viét tit cua to ‘double-end queue’ nghia la mét hang don cho
phép lay va bd sung dir liéu tir hai dau. Lép deque trong STL khang chi cho
phép cdp nhat cac phin tir cia dit lidu & hai d4u ma con cho phép bd sung hay
xo04 d mét hodic nhidu phin tir & bat cir vi tri ndo. Tuy nhién, cac thao tac nay
doi hoi thoi gian thye hién ting tuyén tinh theo s6 phan tu, trong khi do thoi
gian thuc hién cho cac thao tac lay va bd sung dir lidu hai diu luén 13 mét
hang sb.

Ciing gibng nhu cac lép duoe tridn khai dwa trén KHAI NIEM Random
Access Container, deque cho phép nguoi dung truy cip ngiu nhién véi toan
tr [ hodcham at ().

#include <deqguex>
#include ", ./Student.h”

int main{int argc, char* argv(]]
i
deque<student> student deque;
forfint 1 = 0;1 < 3;1++)
student_deque.push_back(student ()}
for{i = 0;1 < 3;i+4H)
student deque.push_front {student()):
cout << "Danh sach sinh wvien" << endl;
for{i = 0;1 < student_deque.size(] ;/i++)
{
cout << "Sinh vien thu " << i + 1 << endl;
cout << " " << student deque(l] << endl;

}

return 0;

Két qua chuong trinh :

Danh sach sinh vien
Sinh wvien thu 1:

Dinh danh cua sinh wvien: 5
Sinh vien thu 2:

Dinh danh cua sinh vien: 4
Sinh vien thu 3

Dinh danh cua sinh vien: 3
S3inh vien thu 4:

Dinh danh cua sinh wvien: 0
Sinh vien thu 5:

Dinh danh cua sinh wvien: 1
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l Sinh vien thu 6:

’ Dinh danh cua sinh vien: 2
[

(Trong phin két qua trén, ta di luoc di phin hién thi cac théng bao vé
goi cdu tir sao chép va huy tir nén két quda hidn thi thuc té trén man hinh ¢6 thé
khac)

Vin ¢ duoc két qua trén néu thay doan ma hién thi danh sach sinh vién
bang cac doan ma sau:

[
| cout << "Danh sach sinh vien" << endl;

for{i = 0;1 < student deque.size({);i++}

{
cout << "Sinh wien thu " << i+l «<< ":" << endl;
cout << " T << student deque.atii) << endl;

hoic

cout << "Danh sach sinh wvien" << endl;
deque<student>::iterator it;

for{it = student deque.begin(}:;1i !'= student deuge.end{}
Jit++)
{
cout << "Sinh wvien thu " << 1 + 1 << ":" << endl;
cout << " " << *it << endl;

)

Cac ham thanh phdn cia deque déu dugc trién khai tir cac KHAI
NIEM duoc md hinh hoa. Chinh vi vy, so vi vector, deque co thém
cac ham thudc KHAT NIEM Front Insert Container), cic ham nay bao goém
front(), push front(), pop_front(). Ngoal ra, deque clng
khdng ¢é hai hdm capacity () va reverse (), hai ham nay duoc thiét ké
riéng cho vector. R& rang 1a str dung 1ép nay d& mé td cdu trac hang doi
hiéu qué hon nhidu so véi khi ding vector. Chinh vi thé bd chira queue
duoc xdy dung mic dinh trén deque (xem thdm phin cac bd chira thich
nghi). Vi du sau md ta hoat déng clia mdt quay giao dich

#include <deque> ‘
$include <ilostream>»
#1include <ctime>

I ‘
1 Using namespace std; :




STL - LAP TRINH KHAT LUGC TRONG C++ 52

class Customer

r

4
int transaction time;
public:
Customer {} {
srand{time (0}) ;
transaction time = rand{) % 100;
bi

Customer (int trans_time):transaction_time(trans time % 100) |

|
int GetTransactionTime (} {return transaction time;};
~Customer () {};

b

class Server

{
deque<Customer> customers;
bool isReady;

public:

Server () :isReady(false){
customers.clear{};
bi
void Serve(} {
while (isReady && !customers.empty())
{5
cout << "Thoi gian cua giae dich " <<
(customers.front()).GetTransactionTime () << endl;
customers.pop_front();

Vi
voild BeginServe () {
isReady = true;
Servel();
b
vold TerminateServe({){
isReady = false;
}
vold EndServe(){
isReady = false;
customers.clear(};
};
voild Accept{const Customer& a customer) |
customers.push back(a customer);
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int main{int argc, char* argv(}}
{
Server server;
srand{time (0}};
for{int i = 0;1 < (rand{) % 25);i++)
{
server.Accept{Customer {rand(}});
}
server.BeginServe({);
return 0;

Vi du trén mé ta hoat ddng hai 16p d6i tuong 14 khach hang (Customer)
va ngudi phuc vu (Server). M&i khach hang dugc dic trung béi thoi gian yéu
cdu phuc vu. Ngudi phuc vu s& lam vidc theo nguyén tic: ngudi dén trude
duoc phuc vy trude, ddng thai tai mdi thoi didm chi phuc vu khong qua mét
ngudl va khach hang duge phuc vu lién tuc trong sudt thai gian ydu cu.
Ngudn phuc vu ¢6 mdt danh sach luu cac yéu ciu phuc vu va mdt s6 tac vu

nhu chap nhan yéu cdu - Accept (), phuc vu - Serve{), bit dau hoic
ngimng phién lam viéc BeginServe (), EndServe (). Hai thao tic lam
viéc voi hang doi cac yéu ciu 1a Accept () va Serve(). Accept ()

xép mot yéu ciu vao cudi hang doi, con Serve () Ay ra mdt yéu cdu & dan’
hang doi. Chuong trinh chinh khét tao mdt ngudi phuc vo va gini t1 né mot
s6 yéu ciu nao d6 véi thoi gian yéu cdu phuc vu 12 ngiu nhién.

Mic dit deque ciling cho phép truy nhip ngiu nhién vét toan tir [}
nhung thoi gian d& thuc hién thao tic nay thuong chdm hon {xem vi du minh
hoa trong muc so sanh hiéu qua s dung giita cic bd chira tudn ty) Nguyén
nhén cia diéu ndy 1a do t6 chirc luu trif cla vector khac véi deque. Lép
vector luu trit toan bd cac phin tir trong mdt ving bd nhé duy nhit, con
deque luu trit cic phin tr rai rac trén mot hodc nhidu vung nhé. Vi tri va trit
tw cac ving nhé ndy duoc luu trit trong ban @8 cdu tric. Vi td chirc nhy viy,
deque khéng yéu ciu cip phat lai khi s8 céc phén tir dugc thém vio vuot qua
dung lugng hién tai. Do viy, nd cing khdng phai thyc hién cac thao tac sao
chép va xoa di cic phin tir hién tai nhu d6i vdi vector. Pay ciing chinh 1a
ly do tai sao deque khong ¢an t&i hai ham capacity!() vareverse({). Vi
du sau s& minh hoa cho sy khéac biét nay.
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#include <deque>
#include "../Student.h"

int main({int argc, char* argvl[])
{
deque<student> student deque;
for(int i = 0;i < 3;i++)
{ .
cout << "Lan goi push_back thu " << i+l << endl;
student deque.push back(student(});
}
cout << "Ket thuc chuong trinh" << endl;
return 0;

Két qua chuong trinh

Lan goi push.back thu 1

Doi tuong student co ID 0 goi cau tu sao chep
Doi tuong student co ID 0 goi huy tu

Lan goi push_back thu 2

Doi tuong student co ID 1 goi cau tu sao chep
Doi tuong student co ID 1 goi huy tu

Lan goi push back thu 3

Doi tuong student co ID 2 goi cau tu sao chep
Doi tuong student co ID 2 goi huy tu

Chuong trinh ket thuc

Doi tuong student co ID 0 goi huy tu

Doi tuong student co ID goi huy tu

Doi tuong student co ID 2 goi huy tu

=y

R& rang, so voi vector, sd 1an goi tdi cac cAu tir sao chép va huy tu
ciia phén tir it hon nhiéu do khong phai goi cac cau tir sao chép va huy ti cla
cac phan tir da duoc thém vao deuge.

Do deque khéng yéu cdu di chuyén ving nhé (chi c6 cAp phat thém
khong ¢6 cép phat lai) nén khong cé hién tuong bi 18i vé truy nhap nhu déi
v6i vector. Tuy nhién, ¢ hai diéu nén tranh khi lam viéc voi deque. Thir
nhét 14 chén thém mot phin tir vao giita bd chira. Mic du diéu nay hoan toan
hop 18, nhung do deque khong duoc thiét ké t6i uu cho cdng viéc nay nén
khong dam bao cho mot két qua tét nhat. Diéu thir hai 12 khong nén goi ham
insert () lap di l3p lai v4i cung mdt bo duyét. N6 lam cho ta khong kiém
soat duoc cac bo duyét nay. Vi du doan chuong trinh sau c6 thé gdy ra 161.
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#include <queuex>
#include <iostream>
using namespace std;

int main{int argc,char* argvli) |
deque<int> di {100, 0}
copy{di.begin{}, di.end{},
ostream iterator<int>»{cout, " ")});
deque<intr::iterator 1 = di.begin{) + di.size(} / 2;
fer{int j = 0; j < 1000; j++}
it
cout << J << endl;
di.insert{i++, 1):
1
return Q;

}

Chuong trinh trén khi chay trén Windows 2000 vé1 Visual C++ 6.0
thuong treo khij =412

2.2.3. Lop list

list la lop ciia STL md hinh hoa cdu trac dit hidu danh sach lién két
hai chiéu. N6 dugc dua ra nhim cai thién tdc d6 cac img dung sir dung bd
. 1 . - A - [y h , A P e - -
chtra tuan ty ¢o6 nhiéu thao tac chén, xo4 cac phan tir & giita bd chira.

list khéng duoc dang cho cac (mg dung doi hoi cac yéu cdu truy nhép
ngau nhién. Viéc truy nhép cac phan tr trén list duoc cac Gng dung thyuc
hién theo cach duyét tir dau dén cudi danh sach hodc theo chigu nguoc lai.
Mic du thai gian dé duyét qua toan bd 1ist 1au hon nhidu so véi vector
hay deque c6 cling s phan tir, nhung no ciing khong gay ra hién tuong ‘thit
nit ¢b chai’ khi thuc hién chuong trinh néu nhu ban khdng thuc hién tha tuc
nay qua nhidu trong chuong trinh. Viéc sir dung 1ist nhr mét bd chira tuén
ty khdng ¢é gi khac so véi vector hay deque. Do viy, ta sé khong ban
thém gi v& phan nay ma chi di siu vao mét sb sy khac biét cia 1ist voi cac
16p bo chira tuan tu khac.

Céc thli tuc hoan ddi (swap () ) hay dao nguoc vi tri (reverse ()) trén
1ist khong yéu cau viéc sao chép cac doi tuong nhu ddi véi vector hay
deque. Thay vao d6, cac lién két duoc thay dbi nhu mong mudn. Tuy nhién,
didu nay chi ding véi cac ham thanh phén ctia 16p list, d6i voi cac ham
khat lroc nhu swap (), reverse() thi né van thuc hién vide sao chép.
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Diéu nay hoan toan d& hidu bi 18 cic ham thanh phin coa lop 1ist duoc
thiét ké dua trén nhung déc trung cla 1ist nén no chi thuc hién viéc thay ddi
lién két gifra cac phan tr ma khéng thuc hién viéc sao chép cac doi tuong,
Trong khi 46, cac ham khat luoc khong quan tdm t6i dic trung nay. Trén thuc
té, khéng riéng gi 1ist ma tit c cac bd chira déu cu thé hod ham swap () dé
t6i wu thoi gian thuc hién. Ta s& néi 16 v& cac ham hoan ddi trén cac bd chira
trong phan cudi chuong nhu mdt phin tim hidu sdu hon v& bd chia. Vi du sau
ddy minh hoa sy khac biét giita him thanh phén reverse () cla 1ist va
ham reverse () khai luge. Trong vi dy, mi ciia cac ciu tir va huy tir cta lop
student duoc stra lai dé c6 thé luu lai sé 1an goi trong cac bién static.
Phan khai bao 16p student duoc sura lai nhy sau:

#include <jiostream>
using namespace std;

class student

{
int student no:

public:
static int number student;
static int number empty constructor call;
static int number copy constructor_call;
static int number_destructor call;

public:
student():student_no(number_student++}{
nunber empty constructor_call++;
i
student {const students a std) {
student_no = a_std.student_no:
number_copy_censtructor call++;
}s
void ShowId({) {cout << "Dinh danh cua sinh vien:" <<
student no << endl;};

friend ostreamé& operator<<{ostream& out,const students
a_student} (

return out << "Dinh danh cua sinh vien: " <<
a_student.student no;
bi
~student (]} {
number destructor call++;
};
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#include <list>
#include <algorithm>
#include "../Student.h"

int student::number student = 0;

int student: :number copy censtructor call = 0;
int student::number destructor _call = 0;

int student::number empty constructor call = 0;

int main(int argc, char* argv[])
{

student student array[5] =
{student () ,student (), student (), student (), student()};

int student_array_size =
sizeof{student_array)/sizeof{*student_array);

list<student> student_ list(student_array,student_array +
student_array size);

cout << "Truoc khi goi ham reverse" << endl;

cout << "So lan gol cau tu sao chep: " <<
student: :number_copy_constructor call << endl;
cout << "So lan goi huy tu: " <<

student: :number_ destructor call << endl;
student_list.reverse();
cout << "Sau khi goil ham reverse thanh phan" << endl;

cout << "So lan goi cau tu sao chep: " <<
student: :number copy constructor call << endl;
cout << "So lan goi huy tu: " <<

student: :number destructor call << endl;
reverse (student_list.begin(),student_list.end());
cout << "Sau khi goi ham reverse khai luoc™ << endl;

cout << "So lan gol cau tu sao chep: " <<
student: :number copy constructor call << endl;
cout << "So lan goi huy tu: " <<

student: :number_destructor call << endl;

return 0;

Két qua ctia chuong trinh

Truoc khi goi ham reverse

So lan goi cau tu sao chep: 5

So lan goi huy tu: 0

Sau khi goi ham reverse thanh phan
So lan goi cau tu sao chep: 5

So lan goi huy tu: 0
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Sau khi goi ham reverse khai Jucc
S¢ lan gol cau tu sao chep: 7
50 lan gol huy tu: 2

Luu y rang, ham sort () khailuge khong lam viée trén 1ist do né
chi hd trg cac bd chira cho phép truy nhip ngau nhién, nhung 1ist ciing ¢6
ham sort () clia riéng minh, Va ciing gidng nhu cic ham reverse () hay
swap ()}, ham sort () chi thuc hién viéc thay ddi lién két nén khbng goi téi
cac cAu tir sao chép hay huy tir. D& thuce hién vide sip x&p trén danh sach cac
student, 16p student phai dinh nghia toan tr >. Dinh nghia clia toan tir
nay dwoc mé ta trong doan ma dudi va dugc thédm vao phan khai bao ciia lop
student trong tép Student.h

kool operator>{const student& other_ student)const{
return student no < other student.student_no;

hoic

friend bool operator>{const student& first student,const students
second_student)

{

return first_student.student no < second_student.student noc;

}

] ~ % A . = A £ [ A “ s
Poan chuong trinh sau s& sap xep sinh vién theo so hiéu va in ra man hinh

#include <list>
#include <algorithme
#include "../Student.h”

int main{int argc, char* argv([]}
{

student student array[5] =
{student(),student{f:student(},student(),student()};

int student_array size =
sizeof {student array)/sizeof {(*student_array};

list<student> student list (student array,student_array +
student_array_size};

greater<student> student_comp;

student list.scrt({student comp);

copy{student_list.begin{},student list.end(},ostream iterato
r<student> (cout, "\n"));

return 0;
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Ngoai hai ham reverse () va sort () duoc cu thé hod cho phil hop
voi cac dic trung ridng, 1ist con cd mot s ham dic biét hay duoe dung dé
1A merge(), unique(), reverse{), splice(), remove() va
remove if (). Cac ham merge () va splice() déu thuc hién viéc trén
hai danh sach. Né1 ding hom 1a chuyén cac phén tir tir danh sach nay sang
danh sach khéac, vi sau khi thue hién phép trén, mét trong danh sach ban dau
tr thanh réng. Ham merge () thuc hién trén hai danh sach theo quy tac sau:
tai mdi phan tir thudc danh sach thir nhéat chén vao phia trude nd cac phin ciia
danh sach thir hai sao cho cac phan tir dugc chén vao “Ién hon” né. Tinh “lén
hon™ dugce xac dinh dya trén dinh nghia toan tir < trong lop phﬁn tir, ta dé dau
16n hon trong déu nhay vi c6 thé tu quy dinh thé nio la 16n hon. Ham
splice () thuc hién viéc trdn danh sach theo ciach don gidn hon. Nguodi
dung chi ra vi tri trén danh sach thir nhat ma tai ¢o danh sach thir hai duoc ndi
v&0, cac phan t tir sau vi tri nay trén danh sach thir nhat s8  dugc  ndi vao
cudi danh sach thir hai. '

#include <list>
#include "../Student.h"”

int main{int argec, char* argv(])
{
student student_array([5] =
{student (1), student (5}, student {3}, student (9}, student (7} };
~ int student_array_size =
sizeof {student_array) /sizeof (*student array);
list<student> student_listl(student_array,student array +
student_array_size};
list<student> student list2({student_array, student_array +
student_array_size);
list<student>» student_list3, student_list4;
for{int 1 = 0;1 < 5;1i++)
{
student_list3.push back{student(2*1i});
student_list4.push_back{student.{2*i});
s

greater<student> student _comp;

studont listl.splice({student_listl.begin{),student 1ist3};

student_list2.merge (student_list4, student comp);

cout << "Ket gqua cua ham Splice” << endl;

copy(student_listl.begin(}, student listl.end(],ostream itera
tor<student> {cout, "\n"));
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cout << "Ket gua cua ham Merge" << endl;

i
copy(student_listz.begin(),student_listz.end{},ostream_itera
tor<student>{cout, "\n"}};
}

return 0;

Két qua ctia doan chuong trinh trén:

Dinh
Dinh
Dinh
Dinh
Dinh
Dinh
Dinh
Dinh
Dinh
Dinh

Dinh
Dinh
Dinh
Dinh
Dinh
Dinh
Dinh
Dinh
Dinh
Dinh

danh
danh
danh
danh
danh
danh
danh
danh
danh
danh

danh
danh
danh
danh
danh
danh
danh
danh
danh
danh

CUa
cua
cua
Cclua
cua
cua
clua
Cua
cua
cua

cua
cua
cua
cua
cua
cua
cua
cua
cua
cua

Ket qua cua ham Splice

sinh
sinh
sinh
sinh
sinh
sinh
sinh
sinh
sinh
sinh

Ket qua cua ham Merge

sinh
sinh
sinh
sinh
sinh
sinh
sinh
sinh
sinh
sinh

vien:
vien:
vien:
vien:
vien:
vien:
viens:
wvian:
vien:
vien:

L R Vo S U B, B s s I AR A S I )

vien:
vien:
vien:
vien:
vien:
vien:
vien:
vien:
vien:
vien:

WO o m WO

Ham remowe ()

vad remove if () loai b mdt hodc nhidu phin tir

trong 1ist theo mét tidu chuan ndo d6. Ham remove () s& xo04 tit ca cac
phén tir nao bang véi dbi sb ctia ham Ham remove_if () nhan déi sé 12 mot
biéu thirc logic vi tir, cac phan tir ma véi né biéu thuc logic nhan gia tri ding
s& bi loai khoi danh sach. D thuc hién duge ham remove (), 16p phéin tir coa
list phdi dinh nghia toan & == Trong vi du niy ta dinh nghia hai déi tuong
student la bing nhau néu student no clia chitng bing nhau, Phin dinh
nghia toan t& == sau s& duoc thém vio 16p student

bool operator=={const students a_student) {
return student nc == a*student.student_no;

}:
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int main(int argc, char* argv[])
{

student student_array[5] =
{student(l),student(5),5tudent(3),student{9},student(?}};

int student_array size =
sizeof(student_array)/sizeof(*studentmarray);

list<student> student list(student_array,student array +
student_array size}; -

cout << "Danh sach ban dau:" << endl;

copy(student_list.begin(),student_list.end{)fostream_iterato
r<student> {cout, "\n")};

student_list.remove {student{5});
cout << "Sau khi xoa bo:!" << endl;

copy{student_list.begin(),student_list.end(l,ostream_iterato
r<student>{cout, "\n"}));

return 0;

Két qua ctia chuong trinh

Danh sach ban dau:

Dinh danh cua sinh vien:
Dinh danh cua sinh vien:
Dinh danh cua sinh vien:
Dinh danh cua sinh vien:
Dinh danh cua sinh vien:
Sau khi xoa bo:

Dinh danh cua sinh vien:
Dinh danh cua sinh vien:
i Dinh danh cua sinh vien:
| Dinh danh cua sinh vien:

w0 WD

W L B

Ham remove if () 1a mét khudn hinh ham thank phin nén khéng
phai trinh dich nao cling hd tro. Dbi véi cac trinh dich hd tro khudn hinh ham
thanh phan thi dbi s chia ham nay 1a mét ham vi tir bt ky. Trong truong hop
trinh dich cla Visual C++, d6i s6 cta ham nay chi ¢ thé la
binder2nd<not equal to<_ Ty> >, nghia la né chi cho phép xoa tt ci
cac phan tir khéng bang mét phan tir nao dé. Vi du sau s& minh hoa st dung
ham nay trén méi truong Visual C++ Ham remove if () s& xoa bo tat ca
cac sinh vién trong danh sach ¢6 s& hiéu khac 5. D& thue hién ham nay, lép
student cin bd sung toan tir so sanh ! =.

i
E bool operator!={const students other_student)const/
! return student_no != other student.student no;
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}

#include <list>
#include <algorithme
finclude ™../Student.h"

int main{int argc, char* argv([]}

{
student student array[53] =

{student (1}, student (o), student (3), student{9),student (7)1},
int student_array_size =

sizeof {student array}/sizeof (*student array):

list<student> student_list{student_array,student array +
student_array_size);

binderZnd<not equal to<student> >
student diff (not_equal to<student>(}, student(5)}; ;
cout << "Danh sach ban dau:" << endl;

copy{student"list.begin(),student_list.end(},ostream_iterato
r<student> (cout, "\n"1);

student list.remove_if {student diff);
cout << "Sau khi xoa bo:" << endl;

copy {student_list.begin(}, student list.end(}, ostream_iterato
r<student> (cout, "\n"});

return 0;

Chay doan chuong trinh trén ta thu duec két qua sau:

Danh sach ban dau:

Dinh danh cua sinh vien:
Dinh danh cua sinh vien:
Dinh danh cua sinh vien:
Dinh danh cua sinh vien:
Dinh danh cua sinh vien:
Sau khi xoa bo:

‘ Dinh danh cua sinh wvien: 5

o LT B WA o R

Trong vi du trén, ta cd st dung bd thich nghi trén ddi twong ham
binder2nd (). Xét mot cich don gidn, dbi tuong ham nay thuc hidn chuyén
mét dbi tuong ham hai déi sé v& ddi twong ham mot dbi s6. Cau tir coa dbi
twong ham nay gdm moét dbi tuong ham hai dbi sé (trong vi du 1a
not _equal to<student>) va gia tri ciia 461 s6 tha hai (rong vi du la
student (5) - sinh vién c6 sd hidu la 5). Chi tiét vé déi tuong him va cac
bé thich nghi trén ddi trong ham s& duoc trinh bay trong cic chuong sau.

Ham unique () thuc hién viéc Joai bd cac phan tir tuong duong trong
1ist. M&i nhém céc phin ti tuong dwong chi giit lai mdt phan t&r. Quan hé
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tucrng ducm}, glua hai phan tir trong danh sach duoc xac dinh qua Vi tir hai
bién 1a déi sb coa ham, Trong trudng hop khéng chi ra déi sé nay, (ham
unique () khéng duoc truyén tham s6) quan hé tuong duong duge hidu la
quan hé ngang bang, quan hé nay duoc xic dinh qua toén tir ==, Luu y réng,
ddi tugng ham truyén vao cho unique () 1a bét ky néu trinh dich hd tro khai
niém khudn hinh ham thanh phin, B6i véi Visual C++, vi tir nay dugo chi
dinh {a not equal to< Ty>. Do viy, hz‘im unique () c6 ddi s6 khi chay
voi Visual C ++ s8 trd v& mét danh sach gdm toan cac phin tir trung véi phan
tir diu tién ciia danh sach. Trong trudng hgp céc phan tir ciia danh sach ban
dau déu khac nhau (xét theo toan tr ==), ham tra vé mot danh sach co duy
nhat mét phan tr 1a phan tir dau. Vi du:

nt main{int argc, char* argvi])
{
student student_arrayl[5] =
{student (1}, student{l},student (5}, student (5}, student (9} };
int student array size =
sizeof (student array)/sizeof (*student array);
list<student> student list({student array,student array +
student_array size);
cout << "Danh sach ban dau:” << endl;

copyistudent_list.begin{}, student list.end(},ostream iterato ;
r<student» (cout, "\n"}): ?

student list.unique({not_equal to<student>{))
cout << "Sau khi xoa bo:" << endl;

copy (student_list.begin!},student list.end(),ostream iterato
| r<student>(cout,"\n")}

return 0;

Két qua thu duoc

Danh sach ban dau:

Dinh danh cua sinh wvien: 1
Dinh danh cua sinh wvien: 1
Dinh danh cua sinh vien: &
Dinh danh cua sinh vien: 5§
Dinh danh cua sinh vien: 9
S5au khi thuc hien ham unique
Dinh danh ¢ua sinh vien: 1
Dinh danh cua sinh vien: 1

A

Neu

E student_list.unique(not_equal_to<student>{)):
1
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duoc thay bdi

student list.unique};

thi ta thu duoc két qua sau:

Danh sach ban dau:

Dinh danh cua sinh vien: 1
Dinh danh cua sinh wvien: 1
Dinh danh c¢ua sinh vien: 5
Dinh danh cua sinh vien: 5
Dinh danh cua sinh vien: 8
Sau khi thuc hien ham unigue:
Dinh danh cua sinh vien: 1
nh danh cua sinh vien: 5
Dinh danh cua sinh vien: 9

2.2.4. Tim hiéu sau hon vé cac bd chiva tudn tw

Trong phén trén, ching t8i da gidi thiéu cach st dung cac b chira tuan
tir va mét sd khia canh dic thu cua tung lop bo chua. Vi nhitng kién thirc co
ban d4 ndu, ching ta da cé thé sir dung cac bd chira trong chuong trinh clia
minh. Tuy nhién, dé thuc su lam chi duge cac bd chira va sir dung chiing mét
cach linh hoat, cdn hiéu thém mot sé khia canh bén trong cla cac bd chua
tuin tu do STL cung cip. Trong phan nay, ta s& d& cip tdi hai khia canh 12 cac
yéu t6 cin quan tam khi lua chon bd chira va sao chép ndi dung giita hai bd
chira khac kidu. Pay 14 hai vin dé ma hau hét ngudi st dung déu quan tam.
Qua phfm trinh bay vé hai vin dé nay, mong ban doc ¢o thé rit ra nhiing
nguyén ly su dung phu hop cho riéng minh,

Lwa chon bd chwa cho chwong trinh

Xét tir géc @6 ngudi ding, c4e bd chira tudn ty déu uu trik cac phan tir
theo trat tu tuyén tinh. Tuy nhién, t& chic Iyu trir thit sy cda timg loai bd
chia rit khac nhau. Su khac nhau nay nhim t6i wu hod hiéu qua st dung coa
cac bd chira cho ting muc dich cu thé. Pé lira chon mdt bd chira cho chuong
trinh ¢lia minh, ta can xem xét trén cac khia canh 1a muc dich sir dung va hidu
qud s dung. Dua trén muc dich s dung, chon ra bd chira ho tro tdi da cac
ham thanh phin chuong trinh yéu cau. Tiép sau, s& xét tdi chi phi vé thai gian
tinh toan trén bd chira minh sir dung. Sau day 13 mdt vi du so sanh chi phi tinh
toan v& mit thoi gian gifra céc bd chira tuin tu, dé qua do gifip ban doc co thé
¢d mét lua chon t6t cho chuong trinh cia minh,
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Vi du thuc hién so sanh hiéu ning cha cac bd chira ung véi cac thao tac
trén n6. Cac thao tic nay bao gom: bd sung mét phan tir vao dau, vao cudi va
vae giita bd chia; truy nhip ngﬁu nhién; duyét qua bd chira; hoan d6i hai bd
chira (cung kiéu); xoa mét phan tir & cudi hodc & giira bo chira. Méi thao tac
duoc viét duéi dang mét déi twong ham. Khudn hinh cia cac ddi tuong ham
¢6 mot tham s6 la loai bd chira cho thue hién thao tac nay. Trong phan dinh
nghia toan tir {} cha cac ddi tugng ham, ta khéng c6 phan kiém tra loai bd
chira. Do viy, néu thuc hién cac thao tac ma bd chira khéng hd tro c6 thé giy
161 kht dich chuong trinh. Vi dy, goi InsertFront () voi db1 s6 14 mdt doi
tuong vector s& gy 16i vi lop vector khéng hé trg push front ().
Ngoai cac dbi twong ham, chuong trinh sit dyng ham MeasureTime () dé
tinh thot gian thuc hién mot thao tac trén mot b chira. Khuon hinh cta ham
MeasureTime () can hai tham s6 la thao tac can thuc hién va 16p bé chia.

S6 phan tir mac dinh cho cac bd chira 14 1000. Ngudi dung c6 thé thay
dbi gia tri nay bing cach an dinh gia tri cho d6i sb thir nhét ciia chuong trinh.

#include <vector:
#include <queue>
#include <list>
#include <igstream>
#include <string>
#include <typeinfo>
#include <ctime>
#include <cstdlib>»

using namespace std;

class Fixedsize |
int x[20);
b fs;

template<class Cont>
struct InsertBack
volid operator() (Cont& c, long count) |
for(leng 1 = Q0; 1 < count; 1++)
c.push back{fs); - '
}

char* GetName{) { return "Thao tac be sung vao cuei bo chua™; }
}:

template<class Cont>
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struct InsertFront |
void operator() (Conts& ¢, long count) {
long ent = count * 10;
: for{long i = Q; i < cnt; i++)
c.push_front{fs);
}
char* GetName!) { return "Thac tac bo sung vao dau bo chua™; }

}:

template<class Cont>
struct InsertMiddle |{
vold operatorf) (Cont& c, long count) |
typename Cont::iterator it;
long cnt = count / 10;
for{long 1 = 0; 1 < cnt; i++) |
it = c.begin{);
it++;
c.insert(it, fs):

}

}
'}’.

template<class Cont>
¢ Struct RandomAccess { // khéng ding cho list
void cperator() (Conts ¢, long count) {

int sz = c.size({];

long cnt = count * 100;

for{long i = 0; i < ent; i++)

clrandf{} % sz];

}

char* GetName{) { return "Thao tac truy nhap ngau nhien tren
bo chua™; }

Y

template<class Cont>
struct Traversal {
void operator() (Conte c, long count) {
long ent = count / 100;
for{long i = 0; i < cnt; i++} {
typename Cont::iterator it = c.begin(),
end = c.end{);
while{it '= end) it++;

char* GetName () { return "Thac tac bo sung vac giua bo chua ";
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}
char* GetName(} { return "Thac tac duyet bo chua"; }
bi

template<class Cont>
struct Swap |
vold operator () {Cont& ¢, long count) {
int middle = c.size(} / 2:
typename Cont::iterator it = c.begini{),
mid = c.begin{};
it++;
// D& bd duyét trd téi gila bd chua
for{int x = 0; x < middle + 1; x++}
mid++;
long cnt = count * 10;
for{long i = 0; i < cnt; i++)
swap{*it, *mid);
}
char* GetName(} { return "Swap"; 1}

}i

template<class Cont>»
struct RemoveMiddle {
void operator() (Cont& c, long coeunt} {
long ¢cnt = count / 10;
ifient > c.size()} |
cout << "Thao tac xea o giua: not encugh elements”
<< endl;
return;
}
for{long i = 0; 1 < cnt; i++) {
typename Cont::iterator it = c.begin():
it++;
c.erasef(it);

}
char* GetNamef) { return "Thao tac xca o giua”; |}
}:

template<class Cont>
struct RemoveBack |
void operator(} (Conté& ¢, long count) {
long cnt = count * 10;
ifi{ent » c.size()) {
cout << "Thac tac xo0a o cu¢i: not enough elements”
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<< endl;
return;
}
for(leng 1 = 0; i < cnt; i++)
c.pop back{):
return;
}
char* GetWame() { return "Thao tac Xoa o cuoi"; |
Vi

template<class Op, class Containers

void measureTime (Op f, Containers ¢, long count) {
string id{typeid{f).name{});
bool Deque = id.find("deque”) != string::npos;
bool List = id.find{"list"™) != string::npos;
kool Vector = id.find({"vector™) !=string::npes;
string cont_type = Deque ? "deque™ : List ? "list™

Vecteor? "wvectcr” : "unknown";

cout << f.GetName() << " tren " << cont type << "; ";

clock t ticks = clock();
fl{c, count!;

ticks = clock{} - ticks;
cout << ticks << endl;

typedef deque<FixedSize>» DF;
typedef list<FixedSize> LF;
typedef vector<FixedSize> VF;

srand(time {0} ;
long count = 1000;
if(argc >= 2} count = atoilargv[l]);
DF degqg;
LF 1lst;
VF wvec, wvecres;
vecres.reserve{count); // Preallocate storage

cout << "3o0 sanh doi vei thao tac bo sung vac cuol bo chua:"
endl;

measureTime{InsertBack<VF>{), veg, count):

measureTime (InsertBack<VF>{), vecres, count);

measureTime (InsertBack«<DF>{), deg, count):

measureTime (InsertBack<L¥F>{), 1lst, count);

cout << "\nSo sanh doi vei thao tac bo sung vac dau beo chua
{khong thuc hien tren vecter):" << endl;

<<
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measureTime (InsertFront<DF> (), deq, count);
measureTime (InsertFront<LF>(), 1lst, count);

cout << "\nSo sanh doi voi thao tac bo sung o giua bo chua :"
<< endl;

measureTime (InsertMiddle<VF> (), wvec, count);
measureTime (InsertMiddle<DF> (), deq, count):;
measureTime (InsertMiddle<LF>(), 1lst, count);
cout << "\nSo sanh doi voi thao tac nhap ngau nhien tren bo
chua (khong thuc hien tren list):" << endl;
measureTime (RandomAccess<VF>(), wec, count);
measureTime (RandomAccess<DF> (), deq, count);
cout << "\nSo sanh doi voi thao tac duyet:" << endl;
measureTime (Traversal<VF>(), vec, count);
measureTime (Traversal<DF>(), deq, count);
* measureTime (Traversal<LF>(), lst, count);

cout << "\nSo sanh doi voi thao tac hoan doi noi dung giua tren
bo chua (khong thuc hien tren list):" << endl;

measureTime (Swap<VF> (), wvec, count);
measureTime (Swap<DF>(), deq, count);
measureTime (Swap<LF>(), lst, count);

cout << "\nSo sanh doi voi thao tac xoca o giua bo chua:" <<
endl;

measureTime (RemoveMiddle<VF> (), vec, count);
measureTime (RemoveMiddle<DF> (), deq, count);
measureTime (RemoveMiddle<LF> (), lst, count);
vec.resize(vec.size() * 10); // Tang kich thuéc
cout << "\nSo sanh doi voi thao: tac xoca bo" << endl;
measureTime (RemoveBack<VF> (), wvec, count);
measureTime (RemoveBack<DF> (), deq, count);
measureTime (RemoveBack<LF>(), lst, count);

return 0;

Chuong trinh trén dwoc chay trén may c¢6 cdu hinh Pentium III
800MHz, 256 MBRAM, hé diéu hanh Windows 2000 Pro. Vi s6 luong cac
phén tir cho tirng bd chira 1a 1000, két qua nhur sau:

So sanh doi voi thao tac bo sung vao cuoi bo'chua°\
Thao tac bo sung vao cuoi bo chua f tren vector: 0
Thao tac bo sung vao cuoi bo chua tren vector: 0
Thao tac bo sung vao cuoi bo chua tren deque Qi
Thao tac bo sung vao cuoi bo chua tren list:

So sanh doi voi thao taé bo'suh§:V§b<§'
hien tren vector): :
Thao tac bo sung vao ap bo, chua tren deque- 10
Thao tac bo sung vac au bo chua tren list 30

chua (khong thuc
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So sanh doi voi thao tac bo sung o giua bo chua :
Thao tac bo sung vao giua bo chua tren vector: 10
Thao tac bo sung vaoc giua bo chua tren deque: 0
Thao tac bo sung vao giua bo chua tren list: 0

So sanh doi voi thao tac nhap ngau nhien tren bo chua (khong
thuc hien tren list): - g

Thao tac truy nhap ngau nhien tren bo chua tren vector: 30
Thao tac truy nhap ngau nhien tren bo chua tren deque: 80

So sanh doi voi thao tac duyet:

Thao tac duyet bo chua tren vector: 0
Thao tac duyet bo chua tren deque: 50
Thao tac duyet bo chua tren list: 70

So sanh doi voi thao tac hoan dei noi dung giua tren bo chua
(khong thuc hien tren list):

Thao tac hoan doi noi dung bo chua tren vector: 0

Thao tac hoan doi noi dung bo chua tren deque: 10

Thao tac hoan doi noi dung bo chua tren list: 10

So sanh doi voi thao tac xoca o giua bo chua:
Thao tac xoa o giua tren vector: 10

Thao tac xoa o giua tren deque: 0

Thao tac xoa o giua tren list: 0

So sanh doi wvoi thao tac xoa bo

Thao tac xoa o cuoi tren vector: 0
Thao tac xoa o cuoi tren deque: 10
l Thao tac xoa o cuoi tren list: 30

D6i véi may cau hinh nhu trén va sd luong phan tir 1a 1000, sy khac
biét chua thuc sy rd rang, Két qua chay véi s6 luong phan tir 10000 cho minh

hoa rd hon:

So sanh doi vei thao tac bo sung vao cuoi bo chua:
Thao tac bo sung vao cu01 bo chua tren vector: 50
Thao tac bo sung vao cuoi bo chua tren vector: 20

Thao tac bo sung,vap cuoi bo chua tren deque: 10
Thao tac bo sung vao puoivpo_chgartren 1iat1_30__'”

n ve .
Thao tac bo. _ung”vaoﬂdau bo chua tren deque: 110
‘Thao tac bo aung vao dau bo chua tren list: 310

So sanh doi voi thao tac bo sung o glua bo chua
Thao tac: bo aung Vao g;ua bo chua tren vector- 5018

c bo 'suﬁd’._"i’rédf dau bo chua (Khong thuc
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Thao tac be sung wvao g{ua bo chua tren deque: 10
Thao tac bo sung vao giua bo chua tren list: 10

So sanh doi voi thao tac nhap ngau nhlen tren bo chua {khong
thuc hien tren list):

Thao tac truy nhap ngau nhien tren bo chua tren vector: 270
Thao tac truy nhap ngau nhien tren bo chua tren deque: 851

So sanh doi voi thao tac duyet:

Thap tac duyet bo chua tren vector: 10
Thao tac duyet bo chua tren deque: 4808
Thao tac duyet bo chua tren list: 6529

So sanh doi voi thao tac hoan doi noi dung bo chua:
Thao tac hoan doi noi dung bo chua tren vector: 40
Thao tac hoan doi noi dung bo chua tren deque: 70
Thao tac hoan doi noi dung bo chua tren list: 91

So sanh doi voi thao tac xoa o giua bo chua:

Thao tac xoca o giua tren vector: 5197 =«
Thao tac xoa o giua tren deque: 10

Thao tac xoa o giua tren list: 0

So sanh doi ‘voi thao tac xoa bo!

Thao tac xoa o cuoi tren vector: 71

Thao tac xoa o cuoi tren deque: 110

Thao tac xoca o cuoi tren list: 320

Két qua cho thdy 16p vector thich hop véi cac thao tac: truy nhap
ngdu nhién, duyét qua b chira, hoan ddi ndi dung hai bd chira va xoé di phan
tir cudi. Nhung vector c6 mit kha nhiéu thdi gian cho cac thao tac bo sung
phan tir. Tuy nhién, trong trudong hop b sung phan tir & vi tri cudi va vector
da dugc cap phat trudce, chi phi & mic chap nhan dugc. Lép deque hiéu qua
vdi cac thao tac chén & hai ddu bd chira. Thoi gian thuc hién thao tac nay trén
deque c6 thé xem 1a hang s6, khong phu thudc vao kich thudc cia deque.
Lép list ciing hidu qua vdi céc thao tac cap nhét phén tir, dic biét la thao
tac x04 mdt phan tir nim giira danh séach.

Dua trén két qua nay, ta cé thé dua ra cac lua chon bd chira cho timg
ung dung mot cach phu hop nhét. Déi véi cac ing dung doi hoi nhiéu thao tac
truy nhap ngiu nhién ciling nhu duyet qua bd chira, vector la lua chon s6
mét. Pbi voi cac thao tac clp nhat phan tir & cac vi tri bét ky, ta co thé chon
deque hodc 1ist. Trong trudéng hop ung dung co yéu cau ca cac thao tac
truy nhap ngau nhién, deque duoc vu tién hon 1ist. Tuy nhién, trén thuc te,
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nhu cdu cua cic img dung rét da dang Do viy, néu chi sir dung mét loai bd
chira s& khong dam bao tinh t6i wu cho chuong trinh. P& dam béo tinh t6i wu
cho chuong trinh, ban nén thiét ké chuong trinh thanh ting doan, mdi doan cd
thao tac chu dao. Sau @6, ta sir dung céac co ché chuyén d6i ndi dung gilra cac
bé chira tudn tu ¢ c6 thé t8i wu hidu qua cho timg doan ma. Vi du, khi nhip
héu, ta sty dung deque. Con khi tra ciru, ta lai sir dung vector.

Chuyén déi di¥ liéu gitra cac bo chira tudn tw

RS rang, mdi mot loai bd chua tuin tu duoc thidt ké cho nhitng muc
dich sit dung riéng va né duoe t6 chirc tdi uu cho muc dich nay. Tuy nhién, cé
kha nhiéu bai toan thuc t& néu chi sir dung mét loat bd chira chi cho phép
chuong trinh duoc téi wu trong mét giai doan nao do. Vi du, chuong trinh tmg
dung cén su hiéu qua cta deque khi b6 sung dit liéu trong gian doan nhép
liéu. Nhung né cling can hiéu qua ctia vector khi danh chi sé dit liéu. Didu

5 .. a A A A - ~ 1 - - A -
nay dit ra yéu cau chuyeén doi dir lidu giira cac dang bd chira,

Néi chung, nguéi ta thuomg ding deque dé nhap dir lidu do cac thao
tac cip nhat ¢d chi phi thip hon nhiéu so véi vector. Sau do, dir liéu duvoc
chuyén sang mot vector bing ham copy hoic sit dung ciu tir-sao chép cita
vector. Trong truong hop nay, cdu tir sao chép cia vector ¢o dang mét
khudn hinh ham ciia ham thanh phﬁn voi tham s6 hoan toan déc lap vé1 tham
s6 khuén hinh 16p.

i
Template<class Inputlterator>
vector (Inputlterator first,InputIterator last)

Cén nhéc lai 4 khai niém khuén hinh cfia ham thanh phan (template
member function) méi chi duge dua vao chudn nim 1998. Do vay, khong
phai trinh dich nao ciing hd tro. Trong trudmg hop trinh dich ctia ban hj tro
khuon hinh cita ham thanh phdn, tham sé Input Iterator c6 thé 14 bét cir 16p bd
duyét nao. Trong trwdng hop nguec lai, tham s6 cho cdu tir nay chi ¢6 thé 1a
const value_type*,

deque cling ¢6 mdt cdu 1T sao chép tuong tu, khudn dang clia cau tir
nhur sau:

Template<class Inputlteratory
deque (Inputlterator first, Inputlterator last)

Trong trudmg hop trinh dich khong hé trg khudén hinh ctia ham thanh
phin, déi sé cia cdu tir nay 1a const value type* hodc const
deque<T>::iterator.
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Ngoal v1ec st dung cac cdu tir dang trén, cac 16p bd chira tuan ty ciing
cung ¢dp mot sé ham dé sao chép n6i dung gifra hai bo chira khac loai. Vi du
don g1dn sau s& minh hoa cho cach lam trén.

— 7
#include <vector:> f
#include <deques

#include <algorithm>

#include "../Student.n"

it main{int arge, char* argvi{])
i

student student array[5] =
{student (), student (), student () , student{}, student () }; i

vector<student> student vector 1 {student _array,student_array
+ 5}

cout << "Toan bo danh sach duoc ghi trong vector thu
nhati\n";

copy {student vector 1.begin{}, student vector l.end({},ostream
_lterater<student> (cout, "\n"}}; -

deque<student:>
student_deque{student_vector_l.begin(},student_vector_l.end()};

cout << "Toan bo danh sach duoc chuyen sang deque:\n"™;

copy{student_deque.begin{),student_deque.end{},ostream_itera
tor<student> (cout, "\n"});

vector<student> student vector 2(student deque.begin(}+
2,student_deque.end{}};

cout << "Mot phan cua danh sach duoc chuyen tu deque sang
vector thy hai:\n";

copy(student_yector_l.begin(),student_vector_l.end(),ostream
_iterator<student> (cout, "\n"}};

return 4;

Sau khi bién student vector 1 duoc khéi tao véi ndi dung lay tir
student array, bién student _deque lai dugc khdi tao voi cac
phén tir duge chép sang tir student _vector 1. Cong viéc ndy duoc thuc
hién lai mét 13n nita nhung theo chidu ngugoc lal modt phan ndi dung cua
student_deque dugc chép sang student_vector 2.

Ngoai céch trén, ban van ¢4 thé thuc hién viée chuyén ddi bang ham
assign (). Ham assign () 1 su cu thé hoa mét phuong thirc ciia bd chira
tuin tu, nghia 14 cac 16p vector, deque, list déucoham nay.

finclude <vector:>
#include <deque>
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#include <algorithm>
#include "../Student.h"

int main{int argec, char* argv[])

{
student student array(>] =

{student (), student (), student (), student ()}, student {}};
vector<student> student_vector;
student_wvector.agsign(student_array, student_arrayt+5):

cout << "Teoan bo danh sach duog¢ luu tru trong vector thu
nhat:\n"; -

copy {student_vector.kegin(}, student_vector.end(},ostream ite
rator<student> (cout, "\n")):
deque<student> student_deque;

student_deque.assign{student_vector.begin(}, student vector.e
nd(}}:

cout << "Toan be danh sach duce¢ chuyen sang deque:\n";

copy (student_deque.begin (), student_deque.end (), cstream itera
tor<student> (cout, "\n"}};

return 0;

Luu ¥ réng, assign() ciing 14 mdt khuén hinh ham thanh phén. Do
viy, ta cin lya chon méi truémg thich hep dé thuc hién vi dy.

Néu trinh dich ban sa dung khéng hd trg khuén hinh ham thanh phan,
ban van co thé thyc hién vide chuyén 481 bing ham copy (). Cach s dung
ham copy (} cho viéc chuydn ddi ciing giéng nhur ding ham copy () dé hién
thi ndi dung bd chira ra man hinh nhu da lam trong cac vi du trude. Tuy
nhién, tham s thir ba khong cén 1a mot ostream iterator. NO la mét
trong ba 1op bd duyét bd sung phin tir bao gdbm back_insert_iterator,
front insert_iterator va insert_iterator

#include <vector>
#include <deque>
#include <list>
#include <algorithm>
#include <iterator:>
#include "../Student.h"

int main{int argc, char* argv(})

{ {
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student student_array[5] =
{student{},student(),student(),student(},student{}};

vector<student> student_vector(student_array,student_array +
5):

cout << "Teoan bo danh sach ducc luu tru treng vector thu
nhat:\n";

copy (student_vector.begin(}, student_vector_l.end{(},ostream i
terator<student>{cout,"\n"));

deque<student> student_deque;

copy (student_vector.begin{(}, student_vector.end{),back_insert
_iterator<deque<student:> > (student_deque}};

cout << "Toan bo danh sach duec chuyen sang degue:‘\n';

copy (student_deque.begin(},student_deque.end(},ostream itera
tor<student> (cout,"\n")};

list<student> student_ list;

copy{5tudent_deque.begin(),student_deque.end(),front_insertﬁ
iterator<list<student> >({student_list});

cout << "Mot phan danh sach ducc chuyen tu deque sang vector
thu hai:\n";

copy (student_list.begin{)+2, student_list.end(),cstream itera
tor<student> {cout, "\n")};

return 0;

Luu y réng, khdng phai bat ky bd chira nao déu ciing ¢6 thé sit dung
ba 16p ké trén. Vi du, vector khong thé st dung cing véi l6p
front_insert iterator. Néu thay dong lénh

copy(student_vector.begin(},student_vector.end(),back_insert_iter
ator<deque<student> >(student_deque));

bing déng 1énh

copy[student_vector.begin(},student_vector.end{},back_insert_iter
ator<vector<student> > {student_vector 1});

vél student _vector 1 la mét bién kifu vector<student> thi s& nhén
dugc thdng bao 161 1op vector khéng ¢ ham push_front (}.

Mgt cach tong quat, bat ky 1ép bd chira nio c6 dinh nghia ham
insert () ddu c6 thd st dung véi 16p insert iterator. Lép nao dinh
nghia hdm push_back() (cic 16p xuit phat tir KHAI NIEM Back Insert
Container) thi sir dung dugc back insert iterator. Vi lop nio dinh
nghia ham push_front () (cic l6p xuét phat tir KHAI NIEM Front Insert
Container) thi lam vigc dugc véi lop front insert iterator. Theo
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nguyén tic niy, vector chi ¢o thé sit dung cung insert iterator va
back insert iterator, con deque va list lam viéc cling véi ci ba
1ép bd duydt bd sung phan tir. Chi tiét vé cac bd duyét nay, ching ta s& cung
ban &1 trong chuong tiép sau.

2.3 CAac I1&p bd chira lién két

Cac bd chira lién két ciing duoc sit dung dé té chie lru trit dir liéu. Ta
s& sir dung c4c bd chira lién két dé Iuu trix dit lidu khi cac thao tac truy xuét dir
liéu thudng duoc thuc hién dua trén gia trn khoa. Trong khi d6, ta str dung céc
bd chira luu trir tudn tu dé luu trir div lidu véi cac yéu cau truy xudt duge thue
hién tudn tr dua trén thir tu tuyén tinh. Do vdy, dit lidu duoc luu trit trong bd
chira lién két & dang dic biét, mdi phan tir 14 mét cap gém khoa va dir lidu.
Theo quan didm toan hoc, mdi dbi tugng cia cac 16p bd chira 1ién két s& bidu
din mét quan hé gilra hai tdp phin tir. Y nghia ciia quan hd nay do ngudi
dung quy dinh.

Thu vién STL cung c4p bdn 1dp bd chira lién két co ban, bao gém: set,
map, multiset va multimap. Trong d6, multiset va multimap la
nhitng m¢ rong cuia hai lop set vamap.

231 Lép set

Lép set<> duge sir dung dé luu trir cac dbi tuong cé kidu duoc chi
dinh qua tham s Key cia khudn hinh 1ép. Cac ddi tuong trong set dugc to
chitc luu trir theo mét trat tu nhat dinh, trat tir nay dugc chi dinh bi’mg tham sd
thir hai. Cach thae luu trir duge xac dinh bing tham s6 thir ba. Khi hai tham
s6 thir hai va thir ba khéng duoc chi dinh twong minh, cic gia tri mic dinh
cho hai tham s nay duoc sir dung.

No1 tom lai, set dugc dung hru trit mét tap cac doi tuong theo mot trat
tu nhat dinh sao cho mdi dbi twong chi xuit hién nhifu nhat moét 14n. Str dung
lép set cho mét iung dung don gidn duge minh hoa trong vi du sau:

r
#include <set>

#include <iostream>
#include <algorithm>
finclude <cstdlib>

using namespace std;
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int main(int arge, char* argv[])
{
float float_array[10] = {0,1,1,2,2,2,3,3,3,3};
set<float> float_set;
float_set.insert (float_array,float array+10);
set<int> int_set;
srand(0) ;
for(int i = 0;1<100;1i++)
int_set.insert(rand() % 25);
cout << "Tap so thuc:" << endl;

copy{float_set.begin(),float_aet.end(},ostreamﬂiterator{floa
t>(cout," "));

cout << endl;
cout << "Tap so nguyen:" << endl;

Copy{int_set.begin(},int_set.end(),ostream_iterator<int>(cou
t!"' Il});

cout << endl;
return 0;

Tap so thuc:

o i i S

Tap so nguyen:

012 3405 6078 0o vld ot s g TS TF-18 189 90 271 7723
24

Vi du trén minh hoa cach khai bao va su dung lép set mot cach don
gian. Hai tdp s6 nguyén va s thuc duoc sinh ra theo hai cach khac nhau.
Theo cach thir nhét, cic doi tuong duoc ldy tir mot mang. Theo cach tha hai,
cac ddi tuong dwoc lan luot thém vao trong mdi budc lip bing ham
insert (). Ham insert () con c6 mot phién ban khac nira nhung no it
duoc sir dung. Sau khi hai tip duoc sinh ra, cac dbi tuong ciia n6 duoc liét ké
ra man hinh véi ham copy () nhu da lam cho cac bo chira khac. Két qua cho
thay, cac d6i tuong duge sép theo thir tu ting dn va chi xuit hién nhidu nhit 1a
mot lan trong set. Két qua s& khac rat nhidu néu nhu ta thay déi khai bao ciia
hai tap s6 nguyén va sé thuc trén, Thay vi dung doi tuong ham so sanh mic
dinh la less< Ty>, d6i tuong ham gréater< Ty> s€ dugc dung cho
float.

#include <set>
#include <iostream>
#include <algorithm>
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using namespace std;

int main(int argec, char* argv([])
{
float float_array(10] = {0,1,1,2,2,2,3,3,3,3};
set<float, greater<float> > float_set;
float_set.insert (float_array,float_array+10);
set<int,not_equal_to<int> > int_set;
srand(0) ;
for(int i = 0;1<100;1i++)
int_set.insert (rand() % 25);
cout << "Tap so thuc:" << endl;

copy (float_set.begin(),float_set.end(),ostream iterator<floa
t>(cout,”™ "));

cout << endl;
cout << "Tap so nguyen:" << endl;

copy(int_set.begin(),int_set.end(),ostream iterator<int>(cou
t!ll "’)};

cout << "\nKich thuoc cua tap: " << int_set.size() << endl;
return 0;

Két qua thu dugc nhu sau:

Tap so thuc:

3230

Tap so nguyen:

5.19-15 9124 200 Y8081 147 1979 g1 029 #9730 88122 2306 12 4
2L 6l d 2 435 4 160219022518 23 Baenlddd 1 12 k121 3
15:23 7.5, 16k 22,10 20:23:12 6,17 3 12 D 301022 50 12 19 13
Kich thuoc cua tap: 71

Luu ¥ ring, két qua trén khong c6 nghia la tinh duy nhét cua cac phan
tir trong set khong duoc bao dam. Lic ndy, quan hé tuong duong giita hai
s6 nguyén duoc xét theo mdt quan hé khac chir khong con 1a quan hé ngang
bing thdng thudng. Quan hé tuong duong giita hai phan tir trong set dugc
xac dinh dua trén key compare<> theo quy téc sau: hai phan tir x, vy
trong bd chira duoc goi la tring nhau néu key compare (x,y) vi
key compare (y,x) dong thoi nhéan gia tri false. Vi quy tic nay, 16p
phén tir cia set<> khong nhat thiét phai hd tro toan t ==, nhung ciing
khong dam bao ring cc phan tir trong 16p set khéng trung nhau theo nghia
théng thudng. Vi dy, ta c6 16p CInt dugc dinh nghia nhu sau:
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#include <iostream>
using namespace std;

class CInt{
int core;
public:
CInt() {};
CInt(int int_num) {
core = int_num;
)i '
CInt (const CInt& int_num) {
core = int_num.coreé;
)7
bool operator!=(const CInt& int_num)const(
return core != int num.core;
}7
friend ostream& operator<<(ostream& out,const CIntéa
int_number) {
out << int_number.core;
return out;

Chuong trinh sau s& minh hoa cho nhan xét trén:

#include <set>
#include "IntNumber.h"

int main (int g!gc, char* argv([])
{
CInt int_array([10] = {CInt(2), CInt(Q), CInt(l),
CInt(l),CInt(Z),CInt(l),CInt(l),CInt{Z),CInt(l),CInt{O}};
typedef set<CInt,not_equal_ to<CInt> > CIntSet;
srartd (0) ;
CIntSet int_set;
ﬁair<c1n;5et::iterator,bool> inserted_element;
for(int i = 0;i<10;i++)
{
inserted_element = int_set.insert(int_array[i]}:
if (!'inserted_element.second)
cout << int_array[i] << " da co trong tap dang
Xet, no tuong duong voi " << :{inserted_element.first} << endl;
else
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cout << *(inserted element.first) << " da duoc
bo sung them vao tap dang xet\n";

copy (int_set.begin(),int_set.end(),ostream_iterator<CInt>(co
Utf" "));

cout << endl;

}

return 0;

Két qua ctia chuong trinh:

2 da duoc bo sung them vao tap dang xet

2

0 da duoc bo sung them vao tap dang xet

0.2

1 da duoc bo sung them vao tap dang xet

19.2

1 da co trong tap dang xet, no tuong duong voi 1
1.0:2

2 da duoc bo sung them vao tap dang xet

2.1 02

1 da co trong tap dang xet, no tuong duong voi 1
. 1 )

1 da co trong tap dang xet, no tuong duong voi 1
b i L

2 da co trong tap dang xet, no tuong duong voi 2
21402

1 da co trong tap dang Xet, no tuong duong voi 1
2 1:0:2

0 da co trong tap dang xet, no tuong duong voi 0
291702 3

Dé dam bao rang budc vé trat tu cling nhur téi ru thai gian thuc hién cac
thao tac bd sung hay xoa cac phin tir bo chira, cac phan tir trong set noi
riéng va trong mot bd chua c6 thir tu né1 chung duoc to chuc luu trir theo
mot cdy nhi phan tim kiém. Trong cdy nhi phin ndy, mdi nat cia cdy
Ung voi mot phan tir. Ngoai ra, cdy duoc td chirc sao cho: tai mot nat x
bat ky thi key compare(x, left(x)) ludn la gi& tri True, con
key compare (x, right(x)) thi luén nhén gia tr1 False vol left (x)
va right (k) la mdt nat thudc nhanh trai hodc phai tuong Umg cua cay con
cd x la nit géc, Cac thi tuc bd sung, xéa dugc thuc hién theo cac thuat toan
cia cdy nhi phan tim kiém. D&i vdi cac 16p bd chira lién két don nhét, thu tuc
bd sung phan tir c6 thém mot phin kiém tra tinh duy nhit cia phan tir sau khi
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da xic dinh duoc vi tri ¢6 thé cha phan tr méi. Thi ty tuyén tinh cia bd chita
dya trén phép duyét ciy tién td.

Yéu cau sap xép cac phan tr trong set theo mét trit tu nhat dinh 13 yéu
cau cia KHAI NIEM Sorted Associative Container, Sy sip xép nay
nhim t6i wu hoda cac tic vu lién quan t&i tim kiém nhu hai ham
lower bound () vaupper bound (). Cahai ham niy déu co ddi s6 13 mot
gia tr kidu 16p khoa (tham s6 Key trong khudn hinh set<>). Ham
lower bound(key value) s&tim ra vi tri cha clia phan i dau tién (tinh
tir diu to1 cudi bd chira) trong b chira ma key comp (key value, x) nhén
g1a tr1 False. Ham upper bound (key value} trd vé vi tri cha phén o
dAu tién trong bd chira tai do key comp{x,key value) nhén gia tri True.
Vi du, d6i véi set< Ty, less< Ty>> lower bound(key value)
trd v& vi tri phin tir ddu tién trong set 1dn hon hoic bing key value.
Trong trudng hop bd chira ¢6 chira cac phin ti voi khoa trung vdi
key value, vi tri clia phin tir d4u tién trong cAc phan tir ndy s& dugc tra ve.
Ham upper bound({key value} s& tim vi tri clia phén tir ddu tién trong
bd chira 16n hon key value. Trong truong hop bd chira c6 chira cac phan
tir c6 khoa triung véi key value, hAm nay s& trd vé vi trf sau phan tir cudi
cang trong cac phan tir nay.

#include <set>
#include "../set03/IntNumber.h”

int main{int argec, char* argv[]}
{

typedef set<CInt,less<CInt> > CIntSet;

srand (0} ;

CIntSet::iterator it;

CInt int array[10] =
{cInt(l},CInt(5),CInt{d},CInt(2),CInt(1),CInt{l),CInt(4),CInt(6),
cInt{7}};

CIntSet int set{int array,int_array+9);

copy(int_set.begin{},int_set.end(),ostream_iterator<CInt>(co
ut, " "y);

it = int_set.lower bound{CInt{3));

if{it != int_set.end{))

cout << "\nCan duci cua 3 trong tap dang xet la " <<
*it << endl;
else
cout << "\n3 khong co trong tap dang xet" << endl;:
it = int_set.upper bound(CInt{3})};
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if(it !'= int_set.end())
cout << "Can tren cua 3 trong tap dang xet la " <<
*it << endl;
else
cout << "3 khong co trong tap dang xet" << endl;
cout << endl;
return 0;

Két qua doan ma trén nhu sau:

D1 kem voi hai ham upper bound() va lower bound() la ham
equal range (). Ham nay xac dinh hai vi tri bién cua mot khoang sao cho
khi xét theo quan hé key compare, cac phan tir trong khoang nay tuong
duong v6i dbi s6 cua ham. DS v6i set, ham nay ludn trd vé mot khoang
rong néu déi s6 khong c6 mit trong set hodc tra vé khoang chi c6 mét phan
tir chinh 1a phan tir ¢6 gia tri tring v&i d6i s6 cua ham.

#include <set>
#include "../set03/IntNumber.h"

int main(int argc, char* argv([])
{

typedef set<CInt> CIntSet;

srand(0) ;

CInt int_array[10] =
(CInt(1),CInt(5),CInt(4),CInt(2),CInt(1l),CInt(1l),CInt(4),CInt(6),
CInt (7))}

CIntSet int_set(int_array, int_array+9);

copy (int_set.begin(),int_set.end(),ostream_iterator<CInt>(co
UtJ" “));

pair<CIntSet::iterator,CIntSet::iterator> range_bound;

range_bound = int_set.equal_ range(CInt(3)):

cout << "\n3 bang voi moi phan tu trong khoang [" <<
* (range bound.first) << "," << *(range_bound.second) << "]" <<
endl;

for(CIntSet::iterator it = range_bound.first;it !=
range_bound. second;it++)

' number_ equal element++;

cout << "Khoang nay chua " << number equal_ element << "

phan tu\n";
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return 0;

No1 chung, cac ham upper bound(), lower bound() hay
equal range () chi thuc su c6 ¥ nghia véi cac bd chira dugc cu thé hoa tir
KHAI NIEM Multiple Associative Container. P6 1a cac bd chira lién két cho
phép co sy trung lap vé khoa. Ching ta sé& tr¢ lai voi cac ham nay mot cach
chi tiét hon khi néi vé cac bo chua lién két phuc.

So véi map, set c6 mdt khac biét co ban. Puoc xép vao 16p cac bd
chira lién két don gian, set: :key type vaset::value type lamét Do
vdy, ta ¢6 thé truy nhap cac phan tir v6i bd duyét gidng nhu dbi véi cac bd
chira tuan tu

#include <set>
#include <iostream>

using namespace std;

int main(int argc, char* argv(])
{
set<int> int_set;
for(int i = 0;1<10;1i++)
int set.insert(rand() % 5);
set<int>::iterator it;
for(it = int_set.begin();it !'= int_set.end();it++)
cout << *it << " ";
cout << endl;

return 0;

)

Két qua chuong trinh

Cac bd chira 1a md hinh cua KHAI NIEM Simple Associative Container
thuong dugc ding véi cac khudn hinh giai thuét trén tap hop nhu hop cia hai
tdp hop (set_union), giao cua hai tip hop (set_intersection) va
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phép trir (set_difference). Trén thuc té, cac giai thuit nay khong chi
lam viéc trén set, né van lam viéc dugc trén cac bd chira khac nhu vector,
deque hay list. Chi tiét vé cac khudn hinh giai thuat nay s& duoc néi k¥
trong cac chuong sau. Vi du sau ddy minh hoa cach sir dung cac khuén hinh
giai thudt nay vdi set.

#include <set>

#include <iterator>

#include <algorithm>

#include "../set03/IntNumber.h"

int main(int argc, char* argv(])
{

typedef set<CInt> CIntSet;

CInt int array[10] =
{CInt(1l),CInt(5),CInt(4),CInt(2),CInt(3),CInt(l),CInt(4),CInt(6),
CInt(7)};

CIntSet A(int_array,int_array+5);

CIntSet B(int_array+4,int_array+9);

cout << "Tap A = {";

copy (A.begin() ,A.end(),ostream_iterator<CInt>(cout,"” "));

cout << "}\nTap B = {";

copy (B.begin() ,B.end () ,ostream_iterator<CInt>(cout,”" "))

cout << "}\nGiac cua A va B = ("; N

set_intersection(A.begin(),A.end(),B.begin(),B.end(),ostream
_iterator<CInt>(cout," "));

cout << "}\nHop cua A va B = {";

set_union(A.begin(),A.end(),B.begin(),B.end(),ostream iterat
or<CInt>(cout," "));

cout << "}\nHieu cua A va B = {";

set_difference (A.begin() ,A.end(),B.begin(),B.end (), ostream i
terator<CInt>(cout,” "));

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

Két qua chuong trinh

luu lai trong bét ky mét bién nao. P& luu két qua vao mot bién ta sira lai cac
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dong thyuc hién phép todn nhu sau:

set_intersection(A.beqin[),A.end(},B.begin(},B.end(},insert_itera
tor<CIntSet>{C,C.begin{})];

set_union{A.begin{),A.erd(),B.begin(},B.end{},insert iterator<CIn
tSet> (D, D.begint}il:

set_difference({A.begin(),A.end{),B.begin{},B.end{),insert iterato
r<CIntSet>(E,E.begin{)}}: i

1- |

Trong d6, C,D va E la cac bién kiéu cIntSet. Két qua chuong trinh s&
khéng khac néu ta in ndi dung clia C, D va £ ra man hinh véi khudn hinh giai
thudt copy () nhu di lam d6i véi A va B.

2.3.2 Lép map

Lép map thuc su 12 mét bd chira lién két. N6 duoc thiét ké ¢& luu trix
quan hé giita hai tap d6i twong, Mbi phan tir cha map 1a mét cip dbi tuong.
Pdi tuong thir nhat thude Iop Key va dbi tuong thir hai thude 16p bata. Hai
Iép Key va Data 13 hai tham sb bat budc khi khai bao mét 1dp map. Lop Key
phéi hd tro mot sb toan tir phuc vu vide sdp xép cac phan tir trong bd chira.
Ring bude nay déi voi tham sb Key clia map ciing gidng nhu d6i véi tham sé
Key cla l6p set. Vi du, trong truémg hop tham s6 Compare nhén gia tri mic
dinh, cac phan tr trong map dugc sap xép dua trén quan hé “nhd hon” giira
cac khoa. Tham s6 Data c6 thé 1a mét kiéu bat ky, khéng co rang bugc gi. Vi
du sau ddy minh hoa cach tao ra mét bang chi 56 dua trén sb hiéu sinh vién.
Bang nay cho phép tao ra cac tham chiéu nhanh trén mét tdp cc sinh vién
dua theo s6 hidu cua ho.

#include <map>
#include "../Student.h"

using namespace std;

int main({int argc, char* argv[]}

{
typedef map<int, student> IdStudentMap:
IdStudentMap student index table;
for{int i = 0;1 < 10;1i++})

student index table.insert(pair<int, student>{i,student{i};):




STL - LAP TRINH KHAI LUGC TRONG C++ 86

‘ IdstudentMap: :iterator it; E

i for{it = student index table.begin{);it '= !
student index_table.end();it++)

f cout << it->second << endl;

‘ return 0;

|

Ban dau, bang chi sé duoc tao ra trén mdt tap cac sinh vién ¢6 sé hiéu
tr 0 161 25. Cac cdp (chi s6, sinh vién) duoc bd sung din bang béng lénh
insert (). Cling gibng nhu cac bd chira khic, ham insert () bd sung thém
mot phan tir vao bd chira va nhan ddt s cé kiéu la kidu phan tir. Kiéu phén t¢
clia map<Key, Data> la pair<Key, Data>. Do vy, trudc khi bd sung mot
cdp gom khoa va dir lidu, ta phai tao ra mdt déi tuong kibu
pair<Key, Data> tir hai doi tuong trén kiéu Key va Data. Trong vi du
trén, ta sir dung cau tir cha lép pair<key, Data>. Poan chwong trinh tao
bang chi s6 trong vi du trén ¢6 thé dwoc viét lai tuomg minh hon nhu sau:

pair<ing, student> a pair;

for{int 1 = 0;1i < 10;i++){
a_pailr = make pair({i,student{i});
student index table.insert{a pair):

Ham make pair ()} cho phép tao ra mdt cap tir hai d6i twong thanh
phan. Ngoai ham nay, Iép pair< Ty, Tx) con ¢6 hai bién thanh phin duoc
sir dung kha nhiéu d6 1a first va second. Bién first tham chiéu toi dbi
tuong thir nhit trong bd ddi (cip) Bién second tham chiéu t6i d6i tuong thi
hai. Cach sir dung hai bién nay c6 thé xem trong doan duyét bang chi sé va in
ra danh sach sinh vién trong bang cta vi du trén.

#include <map>
#include ", ., /Student.h”

int main{int argc, char* argv[])
{
typedef map<int, student> IdsStudentMap:;
IdstudentMap student_index_table;
for(int 1 = 0:;1i < 10;i+4+}
student_index_table[i} = student(i}:
IdStudentMap: :iterator it;
for({it = student_index table.begin():;it '=
student_index table.end();it++)
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cout << 1t-rsecond << endl;
return 9;

Nhin qua doan ma ta cdm tudng c6 gi d6 khong hop Iy vi it 1a bd
duyét cia map<Key, Data> con first vd second la bién thanh phan cta
I6p pair< Ty, _Tx>Tuy nhién, néu nhin k¥ hon, ta thay hoan toan hop Iy,
B6 duyét ciia mdt bd chira thuc chat ¢o thé xem 1a con tré ca kiéu phén tu,
kiéu phan tir cia map<Key, Data> 1a pair<Key, Data> Do viy, con

tré cia map<> dwoc nhin nhin nhur mdt con tré trd t6i mdt ddi tuong kiéu
pair<>

Mic du, har cach lam trén cd vé chinh quy, nhung né lai it duoc s
dung. Cach duoc dung phd bién 13 sir dung toan tir [] cta map. Toan tir {]
cia map linh hoat hon rit nhidu so véi cac toan tir [] cha vector hay
deque. Di s6 ctia né khdng chi don thuén la chi s6 kiéu nguyén ma la mét
d61 tuong cua l6p Key. Hon thé, nd vira cho phép truy nhap phan dir lidu cua
mdt phin tir thdng qua khoi vira cho phép tao ra mét phan tir hoic sira doi
phin dir liéu ctia phan tir c6 khod, tring vdi gia tri cha dbi sd. Viéc tao ra hay
sira d61 mot phan tir duoc thuc hién vdi cung mét phép gan. Thao tic nao
duge thuc hién tuy thude vao phin tir d3 ton tai trong map hay chua. Néu
phan tir vdi khoa tring va&i gia tri véi ddi s6 cta toan tir {1 di c6 trong bd
chira thi phép gan dwoc hiéu nhu viée stta d6i ndi dung cha phan tir. Trong
truomg hop nguoc lai, mot phin tir méi duoe thém vao. Phan tir nay 6 khoa
13 d6i s cua phép gan va dix liéu 1a vé phai cha phép gan. P& in ra danh sach
cia toan bd sinh vién trong bang chi s& trén, ta c6 thé lam theo cach sau;

for{i = 0;1 < student index table.size({);i++)
cout << student_index table[i] << endl;

Luu v rang, ta khéng st dung ham copy () & hién thi mot phin ndi
dung cta map nhu gidng nhu cac bd chira khac vi bd duyét cia 16p map chi
téi mdt cip chi khéng phai chi t&i mét phén tir Trong trudng hop muédn six
dung ham copy () nhu di 1am véi cac bd chira trén, ta phai xdy dung toan tir
<< cho lop pair<int, student> Khi dé, vi du trén cd thé viét lai nhu sau
ma khdng hé [am thay d6i két qua hién thi trén man hinh.

#include "stdafx.h"
#include <map>

#include <iostream>
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#include "../Student.h"
using namespace std;

ostream& operator<<{ostream& out,const pair<int, student>g
student desc)

{
out << student_desc.second;
return out;
}
int main{int argec,char* argv[])
{
typedef map<int, student> IdStudentMap;
IdstudentMap student index_table;
for{int i = 0;1 < 10;i++)
student_index tablel[i] = student{i);
copy(student_index_table.begin(}, student index table.end(},
ostream iterator<pair<int, student> >{cout,"\n"});

Trong vi du trén, ban co the tdng quat hoa toan tir << dé cb thé sir dung
cho cac map khéac theo cach sau:

template <typename _Tyl,typename _Ty2>
ostreamé operator<<{ostreams out,const pair<_Tyl, Ty2>& a pair)
{
out << (" << a pair.first << "," << a_pair.second << ")";
return out;

Cé mdt van dé nho khi ta trién khai toan tir << . Mic du d3 viét toan tr
<< nhu trén, nhung néu ta ding ham copy () dé hién thi ndi dung cia mot
map<int,int>, vin gip théng bao 15i: “toan tir << véi vé phai la const
std::pair<_Tyl, Ty2>vdi Tyl = int, Ty2 = int chua dugc
dinh nghia ...”, thim chi ngay c4 khi ta dinh nghia toan tir << vét vé phai la
pair<int, int>, vin nhin dugc théng bao 16i trén. Pay c6 thé 1a do 18i cia
trinh dich hoic thu vién STL trong Visual Studio NET. P4 hién thi ngi dung
clia mdt anh xa tir tip sb nguyén sang tip sé nguyén, ta lam mdt thi thuat
nhd: dinh nghia lai kiu nguyén bing 16p cInt. Vi du sau minh hoa s& cho
diéu nay:

#include "stdafx.h"
#include <map>
#include <iostream>
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using namespace std;

template <typename Tyl,typename Ty2>
ostreamé operator<<{ostream& out,const pair< Tyl, Ty2>& a pair}
{
out << " (" << a pair.first << ”," << a pair.second << "}";
return out;

class CInt
{
private:
int core;
public:
Clnt (int int_number): core(int number){};
CInt(}{}~
CInt (const CInt& other): core{other. core}{l};

friend ostreamé operator<<{ostream& out,const CInté
int number}

{
out << int number. core;
return out;

};
int main{int argc,char* argv[]}
{
typedef pair<int,int> int_int;
pair<int,CInt> int pair arrayl[l0] =
{pair<int,CInt>(0,1},pair<int,CInt>{Z,3),

pair<int,CInt>(4,5),pair<int,CInt> (6,7} ,pair<int,CInt> (8, 9]}

map<int,CInt> int2int_map(int_pair array, int_pair array +

517
cepy(int2int_map.begin{],int2int_map.end(),
estream iterator<pair<int,CInt> >{cout,” "});
return 0;

Chi tiét hon v& 181 nay s& dwoc trinh bay trong phin hru ¥ & cudi chuong,

Néi chung, rét it khi nguai ta thue hién thao tac duyét toan bd map nhu
cac vi du trén. Cac thao tac chn yéu duoc str dung khi 1am viéc vo1 map 1a tim
kiém va truy nhp dit lidu dya trén khoa. Va ciing rét it khi ngudi ta sir dung
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map voi khoa 1a kiéu sé nguyén. Dbi véi nhilng tdp dir lidu ¢é nhu cau danh
chi s trén tap sé nguyén, ta nén sir dung cic bé chira tuin tu nhu vector
hay deque, ching duoc ti uu hoa cho muc dich ndy. Thé manh ciia map chi
ndl bat véi cac ing dung danh chi sé dua trén mot kidu dit lidu nao do. Ta xét
mét tmg dung cho phép nguoi dung nhédp cic 1énh vao ddu nhic. Néu lénh
nay ¢6 trong bd 1énh cia chuong trinh, né s& duoc thuc hién. Nguoc lai, théng
bao 161 s& dwoc dua ra. Trong tmg dung nay, ta s& tao ra méot bd lénh ma thuc

chat 12 mot 4nh xa gifra mi 1&nh (la mét chudi ky tu) vé1 con trd 1énh.

$)ifndef COMMAND H
#define _CoMMAND _ H

#include <vector:>
#include <map>
#include <string>
#include <iostream>

using namespace std;

class CCommand
{
protected:
string code;
int argc;
vector<string> argv;
public:
CCommand () ;
CCommand (string cmd_code, vector<string> cmd_argv):
string GetCode (};

virtual int Execute(vector<string> cmd argv =
vector<string:>{) }=0;
virtual ~CCommand():

Vi

class CCommandSet:public map<string, CCommand*>
{
vector<string> current_cmd argv;
string current_cmd code;
void Extract{string cmd str);
public:
typedef map<string,CCommand*>::iterator iterator;
public:
bool isRun;
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CCommandSet () ;

void InsertCommand{CCommand* p_ command);
void RemoveCommand (string cmd code);

int Execute{string cmd_str);

virtual ~CCommandSet(}:;

Y

#fendif

Phan dinh nghia cta hai 1ép trén nhu sau:

#include "Command.h"
CCommand: : CCommand () {}

CCommand: :CCommand (string cmd code, vector<string>
cmd argv) :code (cmd code) ,argc(cmd_argv.size{)}({l};

string CCommand: :GetCode (} {
return code;
i

CCommand: : ~CCommand () {}

f f======== CCommandSet definition ==

CCommandSet: :CCommandSet {} {
Y

void CCommandSet::InsertCommand (CCommand* p command) {
{*this) [p_command->GetCode ()] = p_command;

Yi

void CCommandSet::RemoveCommand {string cmd_ code)
{
erase (cmd_code);

}:

void CCommandSet::Extract{string cmd_str) {
current cmd argv.clear{};
string::iterator str_it = cmd_str.begin();
while{str_it != cmd_str.end(}}
{
string word ="";
while({*str it == ' '} && {str_it != cmd_str.end(}})
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Str it++;
while({*str_it != ' '} g& (str_it '= cmd_str.end{)))
word = word + *str_it++;
current_cmd_argv.push_back{word) ;
1
current_cmd_code = current cmd_argv[0];
current_cmd_argv.erase{current_cmd_argv.begin());

}r

int CCommandSet::Execute{string cmd str) {
Extract{cmd str);
iterator cmd_it = find{current cmd_code);
if(emd_it !'= end{())
return {(cmd it->second)->Execute{current_cmd argv);

cout << "Kheng co lenh " << current cmd code << " trong tap
lenh\n";

return —-1;°

}:

CCommandSet: : ~CCommandSet () {
}:

Doan mi trén s& duoc sir dung cho bit ky chwong trinh ¢6 giao dién
dong 1énh nao. Tuy nhién, néu méi chi nhu vay thi chuong trinh chira lam
dugc gi. Dé xdy dung b 1énh cho img dung ciia minh, ta phai viét cac 16p
Iénh cho timg tac vu. Céac 16p 1énh nay duoc ké thia tir 16p Ccommand, sau
d6 khai bao mét doi tuong cua 16p CCommandset va 1dn luot bd sung céc
1énh mong muon cho tap lénh cta minh. Vide viét cc Iop 1énh ké thira tir lop
CCommand la didu bat budc vi CCommand 13 mdt 16p triru tuong, cac ddi
tuong khong thé khai bao thuéc 16p ndy. Luu ¥ ring, bd lénh phai 1a mdt anh
xa mi 1énh va con trd 1énh chir khdng phai giita m3i lénh va lénh. Thiét ké nay
ddm bao hai diéu. Thir nhét, khong gy ra du thia trong luu trif cac 1énh trong
bé nhd, va didu quan trong hon 12 dam bao cho ngudi dung xdy dung bd lénh
riéng cho minh mét cach linh hoat ma vdn dam bdo tinh dang dén khi goi ham
Execute () tr mét con trd 1énh 16p CCommand. Ldp CCommandSet cung
cap cac ham cho phép ngudi dung xdy dung va stra di tdp lénh cia minh.
Cac ham nay bao gém InsertCommand (), RemoveCommand () va thim
chi nguoi ding ¢6 thé s dung ngay cac ham hodc toan tir [1 ctia i6p map dé
thuc hién tdc vu nay. Him quan trong nhat cia ldp CCommandSet la ham
Execute (). Hiam nay nhin déi sb 1a mét dong lénh, dong 1énh nay s& duoc
tach thanh m3 Iénh va t4p tham s6 bing him Extract (). Sau khi cé duoc
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mé 1énh (luu trir trong bién current_cmd_code) cung tip tham sb 1énh
{(fuu tr¥ trong bién current_cmd_argv), chuong trinh s& thuc hién viéc
xac dinh con tro lénh dua trén mi lénh b?mg ham find () caa Iép map<>.
Néu vide tim kiém c6 két qua, tac vu cia lénh tuong ung dugc thue hién bing
cach goi ham Execute () cia né. Trong trudng hop nguoc lai, thong bao 15i
s€ dugc gl td1 nguol dung,

Vi du sau s& tao ra mdt bd 1énh don gian v6i hai 1énh print va quit.
Lénh print sé& dua ra man hinh mét thong bao Yeu cau in danh sach
da hoan thanh. L8nh quit s& thoat khéi chuong trinh. Pé thuc hién diéu
nay, trude hét ta xdy dung hai 1ép 1énh tuong ang véi hai 1énh ma img dung
yéu cdu. Hai lop nay dugc ké thira tir 16p CCommand. Sau d9, ta viét cac ham
Execute () dé thuc hién cac tac vu riéng cho timg lénh.

#ifndef APPCOMMAND H
#define APPCOMMAND H

#include ™. . /command.h"”

class PrintStudentlistCmd:public CCommand

{

public:
PrintStudentListCmd () ;
int Execute({vector<string> cmd argv = vector<string>(}}:
virtual ~PrintStudentListCmd():

}’.

class QuitCmd:public CCommand
{
public:
static bool isRun;
public:
QuitCmd{};
int Execute (vector<string> cmd argv = vector<string>{)};
virtual ~QuitCmd{);
bi

#endif

Phan dinh nghia hat 16p 1énh duge viét nhu sau:

#include "AppCommand.h"”
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//========= QuitCmd definition == =

'
PrintStudentListCmd::PrintStudentListCmd{):CCommand("print",vecto‘
r<string>()){

Yi

int PrintStudentListCmd::Execute{vector<string> cmd argv) {
if{emd argv.size(} > 0){
cout << "Tham so kheng hop le™ << endl;
return 1;
}
cout << "Yeu cau in danh sach da hoa thanh” << endl;
return 9;
V;

PrintStudentlistCmd: : ~PrintStudentlListCmdi} {
}:

Quitimd: :Quitlmd (} :CCommand ("quit",vector<string>()]{

iob

int QuitCmd::Execute (vector<string> cmd argv) {

if(emd _argv.size{) > 0}{
cout << "Tham so khong hop le" << endl;
return 1;

}

cout << "Tam biet" <« endl:;

iskRun = false;

return 0;

)i

QuitCmd: :~QuitCmd() {
Y

Sau khi c6 dugc cic 16p 1énh, ta tao ra cac thuc thé cia cac 16p 1énh
ndy. Cac thuc thé nay s& duoc bd sung vao tap 1&nh véi vai trd 1 cic 1énh
Chuong trinh thuc su bit diu véi vong lap while, vong lip nay sé két thuc
khi bién QuitCmd: : isRun nhidn gia false. Pidu nay chi xay ra khi ngudi
dung thuc hién [énh quit. Chuong trinh sau s& dugc khai bao dé sir dung bd
lénh vdi hai 1€nh trén:

#include "AppCommand.h"
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PrintStudentlistCmd prn cmd;
Quitlmd guit cmd;
CCommandSet command set;

bool Quitfmd: :isBun = true;

void Initializef)

{
command_set. InsertCommand (&prn_cmd) ;
command_set.InsertCommand {&quit_cmd};

Yi

int main({int argc, char* argwvi])
{
Initialize{};
string command str;
vector<string> str_vec;
while (QuitCmd: :isRun}
t
cout << "Lenh>»";
cin »>> command str;
command_set.Execute{command str};

}
return 0; ;
} i

Ciing giong nhu set, map ciing xudt phat t& KHAI NIEM Sorted
Associative Container. Piéu dé c6 nghia la cac phén tir duoc sip xép dua trén
so sanh cac khoa clia minh. Trét tu sip xép phu thude vao ham so sanh duoc
xac dinh boi tham sé tha ba trong cac tham s6 khuén hinh ciia map<>. Vi
cung mét tip phin tir, ham so sanh khac nhau cho ta cic trat tu khac nhau. Va
v6i quy ude nhu vay, ham so sanh khéng dam bao tao ra cic phin tir vdi khoa
ting d6i mot khac nhau theo nghia thong thuong. Vi du minh hoa cho didu
nay co thé lam twong ty nhu vi du di néu trong phén trinh bay vé 1ép set.

2.3.3 Lé&p multiset va |&p multimap

Trong thue té sir dung, ¢é rit nhidu truomg hop ta cén luu trit cac muc
dir lidu ma khod cia ching ¢6 thé trung nhau. Vi du, khi lyu tri mét tir dién
cac tir ddng nghia, véi mot tir ¢o thé ¢o nhidu hon mét tir ddng nghia. Khi dé,
ta ¢6 thé td chirc bd chira luu trir tir dién nhu mot anh xa tir mét chudi ky tu

n X . : \ r # - A ~ -
sang mdt chudi ky tu. Anh xa nay cho phép ¢4 nhiéu hon mdt muc ¢d chung
mét khoa.
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class SynonymDictiocnary
{
multimap<string, string> dictionary;
public:
dequedstring> GetSynonymWords {string a_word)
{
deque<string» result;
result.clear(};

pair<multimap<string,string>::const_iterator,multimap<string
, String>:;const iterator> find result =
_dictionary.equgl_range(a_wordT;
for{multimap<string, string>::const_iterator it =
find result.first;
it !'= find result.second;
it++)
result.push back{it-»second);
return result;

Vi du trén dinh nghia mét 16p dai dién cho mét tir dién cac tir dong
nghia. D& liéu chinh coa 16p ndy la mdt do6i tuong cua
multimap<string, string>. Mdi phﬁn tir trong bién nay luu trit mot tur
gbc va tir déng nghia cha no. Lop tir dién cung cdp ham thanh phin
GetSynonymWords () cho phép lay ra cac tir ddng nghia véi mdt tir cho
truge. Ham thanh phan nay s dung mét ham dic trung cla céc bd chia lign
két phirc (Multiple Associative Container) la equal range(). Ham
equal range () trd vé mdt khoang chira cac bd ¢6 khod tring voi déi sb
cua ham. Khoang nay dwoc dinh nghia bdi mét cip bd duyét. Ngoai ham nay,
cac bd chtia lién két dang nay con ¢6 hai ham dic trung khac la
upper_bound() va lower bound(}. Him upper bound() vi
lower bound () trd v& hai cin trong (g véi ham equal range ()}

upper bound{}
lower bound{}

equal_ range().second
equal range().first

Xét vé mit y nghia, néu vi tir quan hé dung d& sip x8p cac phin tir dua
trén khoa trong mét by chira lién két 1a quan hé nhé hon thi ham
lower_bound({a_ key) s& trd vé vi tri ciia phin t&r diu tién c6 khoa khéng
nhé hon (16n hon hoic bing) a_key. Con upper_bound{a_key) tra vé
phén tir dau tién ¢6 khoa 16n hon a_key. Vi du, thuc hién chuong trinh sau:




97 Chwong 2. BO CHUA

#include <map>
#include <iostream>

using namespace std;

int main(int argc,char* argv(])
{
multimap<int,int> int_m map;
for(int i = 0; i < 10;i++)
int_m map.insert (pair<int,int>(i % 3,1)):
multimap<int,int>::iterator it;
int a_key = 1;
cout << "Toan bo map:";
for(it = int_m map.begin();
it != int_m map.end();
it++)
cout << " (" << it->first << "," << it->second << ")

cout << "\nCac phan tu co khoa nho hon "<< a_key << ":";
for(it = int_m map.begin();

it !'= int_m map.lower bound(a_key)

it++)

cout << " (" << it->first << "," << it->second << ")

cout << "\nCac phan tu co khoa bang "<< a_key << ":";
for(it = int_m map.equal_ range(a_key).first;

it != int_m map.equal_range(a_key) .second;

it++) .

cout << " (" << it->first << "," << it->second << ")

cout << "\nCac phan tu co khoa lon hon "<< a_key << ":";
for(it = int_m map.upper_bound(a_key);

it != int m map.end();

it++)

cout << " (" << it->first << "," << it->second << ")

cout << endl;
return 0;

Két qua chuong trinh:
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Vi du trén gdm c6 S vong lap chinh. Vong lap thir nhat xay dung néi
dung cho bd chira int_m map. Khoa caa cac phan tir trong bo chira la sé du
trong phép chia ctia phan dir lidu v6i 3. Vong l3p thi hai hién thi toan bd ndi
dung cta bd chira bing viéc duyét qua toan bd bd chira. Vong lap thir ba
duyét tr ddu bo chira t6i phin tir diung trude vi tri dugc tra v& boi ham
lower bound (). Vong lap thu tu duyét qua khoing duoc tra vé bai ham
equal range (). Khoang nay chira cic phan tir ¢6 khod bang véi a_key.
Con vong ldp cudi cing hién thi cac phan tir ¢ khoa 16n a_key. Phép duyét
duoc thuc hién tir vi tri upper bound (a_key) cho téi hét bd chira.

Dé y rang, néu set cho phép luu trit cac phan tir tring nhau thi xét vé
mat y nghia luu trr, né khong khac gi so vé1 mot bo chira tuan tu. Diéu do co
nghia la néu mot tap cac doi tuong dugc luu trir trong cac bd chira tuan tu
cling ¢6 thé duoc luu trir bing multiset va nguoc lai (didu nay hoan toan
khong ding d6i véi set). Tuy nhién, voi cling mot tap cac doi tuong, trat tu
cac d6i tuong duoc luu trir trén b chira tudn tu 1a do ngudi dung quy dinh,
con trat tu ndy trén multiset<> lai bi quy dinh trudc bai mot tham sé duoc
an dinh khi khai béo.

#include <vector>
#include <set>
#include <iostream>

using namespace std;
int main(int argc,char* argv(])
{
vector<int> int_vector;
for(int i = 0;1 < 10;1i++)
int_vector.push_back(i % 3);
multiset<int>
int_m set(int_vector.begin(),int_vector.end());
cout << "vector:";
copy (int_vector.begin(),int_vector.end(),ostream iterator<in
t>({cout," "))
cout << "\nset:";

copy (int_m set.begin(),int_m set.end(),ostream iterator<int>
(cout,™ ")),

cout << endl;
return 0;
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Do 6 chire luu trit khac nhau nén hai b chira nay ciing ¢6 khac bist
trén mét sd khia canh. Vi du, vide tim kiém trén multiset<> thudng nhanh
hon do cac phén tir d3 duoc sip xép. Viéc bo sung mot phan tir vao bé chia
trén multiset<> lai thuong 1au hon khi thyc hién trén bd chira tuin tu do
phai xac dinh vi tri dang cia phén tir méi. Chinh vi thé, ciing xin dugc nhéc
lai 14 vidc lua chon b chira nao cho chuong trinh 13 diéu cin thiét. Pidu nay
gitp chuong trinh hidu qua hon. Viéc luya chon gifra multiset<> hay cac bd
chira tudn tr khéng khé do hai dang bé chira niy dd duogc thiét ké cho cac
muc dich rdt khac nhau. Cac bd chira lién két luén cdn dén khoa. Do vay, nd
cho phép céc tac vu tim kiém thuc hién rit nhanh, Nguoc lai, cac bd chia
tudn tu lai ¢6 nhiéu loi thé trong cac thao tac cap nhat, sira ddi. D6 méi chi 13
hai khia canh lén duoc xét t6i, ban doc ¢6 thé dwa trén nhimg yéu cau cu thé
dé c6 duge nhirng phan tich siu sac hon.

2.4 Mot sé bé chiva hiru dung khac

Trong phéan nay, ching ta s& d& cdp t6i mét s0 bd chia khac. Mic du,
chung khong duoc xép vao cac 1op bd chira co s& nhung van dugce sir dung
kha phd bién. Céc bd chira dugc dé cp t6i trong phin nay bao gom cac bo
chira thich nghi, 16p string vabit set. Cac bd chira thich nghi la cac bd
chira duoc xay dumg tir cac bd chira co s, ching dugc bd sung céc rang budc
hay phuong thirc d& phit hop véi mét sé muc dich sir dung cu thé nhat dinh.
Ta s& cung tim hidu v& ba bd chira thich nghi I3 stack, queue va

priority queue,

Hai lop string vabit_set i cac 16p cu thé chi khong phai la cac
khuén hinh 16p nhu cic bd chira di gi6i thidu trong cac phan trude. Lép
string ding d& heu trit mdt chudi ky tu con 16p bit set dai dién cho mdt
xau nhi phén.

2.4.1 Cac bd chira thich nghi

Cac bo thich nghi duoc héu 13 cac 16p duoc xdy dung trén cée 1ép co
ban. Khi d6, cac 16p co ban s& duoc goi 12 16p nén. Luu y ring, mdi quan hé
gilra lép b thich nghi va 16p nén khéng phai 13 su ké thira. Théng thirong,
cac 1¢p nén bi thém cac rang bude d8 tao ra lop bd thich nghi. Co ché nay goi
1a co ché thich nghi. Sir khac biét giita co ché thich nghi va co ché ké thua
con thé hién & chd véi cing mdt 16p bd thich nghi, ngudi ding co thé chon
16p nén khac nhau ma khéng lam thay doi giao dién cua lop bd thich nghi.
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Trong STL, céc bd thich nghi dugc phéin vao 3 loai la: bd thich nghi trén bd
chira (got tat 12 b chira thich nghi), bd thich nghi trén bd duyét (goi tit 12 bd
duyét thich nghi) va b thich nghi trén d6i tuong ham (goi tit 1a dbi tuong
ham thich nghi). Cac 16p b chira thich nghi sir dung cac Iép b chira lam nén,
cac 16p ndy bao gdm stack, queue va priority queue. Cac thich nghi
ddi tuong ham thich nghi va bd duyét thich nghi s& duoc ban téi trong cac
chuong sau.

Lop stack

Lop stack la mdt bg chira thich nghi mé ta lai cau trac dit liéu ngin
xép. Viée td chirc dit liéu cho stack co thé sir dung vector, deque hay
list. Lua chon bd chita co ban nio tuy thudc vao bai toan cu thé Trong
truong hop ngudi ding khong chi ra lép bé chita co ban mubn sir dung, b
chira co bin s& dugc lay 12 deque. D& tao ra mdt ngin xép voi cac phin tir 14
) nguyén, ta thuc hién theo vi du sau:

#include <stack>
#finclude <stdlik.h>

using namespace std;

int main{int argec, char* argv[]}}
{
stack<int> int_stack;
int_stack.push{rand{}}:
while(!int stack.empty()e&{({ticks = clock() - ticks) <
2000}) -
int cheoice = rand{) % 2;
if {choice ==0)
int_stack.push{rand(}};
else
{
cout << int stack.top{) << " ";
int stack.pop{};

1
cout << endl;
return 0;

“Vi du trén minh hoa cho cach st dung stack véi cac thao tic chinh
nhu thém vao mét phan tir, 14y ra phéan tir ddu. Ban diu stack duoc khéi tao
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rdng, sau d6 mét phan tir bt ky duoc thém vao bing lénh:

int_stack.push{rand());

Sau d6, tai mdi budc Lip, cac thao tac thém vao hoic Hy ra mét phin tir
duoc chon mét cach ngiu nhién dua trén gia tri bién choice. Vong lip két
thic khi stack rdng hosc théi gian thuc hién vugt qua 2000 xung nhip.

Ngodi cac ham dic trumg 12 pop (), push () va top(}, lop stack
trong STL con hd trog mot s6 toan tir so sanh cac stack. Cac toan ti nay bao
gdm toan tir <, ton tir <=, t04n tir ==, toan tir >=, toan tir > va toan tir ! =,
Cac phép toan so sanh trén stack duge dinh nghia nhu cic phép toan trén
xdu ky ty Luc niay mdi stack déng vai tro mdt xdu, mdi phdn tir trong
stack tuong {ng véi mdi ky tu trong xiu. Do viy, d& thuc hién cac phép
toan so sanh trén stack, cac phép toan nay ciing phéi duoc dinh nghia cho
I6p phén tr, P61 v6i cac phép toan , <, <=, >, >= ,tachi cin dinh nghia
todn tir < cho 16p phan tir d ddm bao chuong trinh c6 thé chay dugc nhung
khong dam bao chuong trinh dung vé mit logic. D6i véi hai toan tir 1= va ==,
I6p phén tir phai dinh nghia toan tir == di dam bao cho tinh ding dén cia
chuong trinh. Chu y 1a cac toan tir so sanh trén stack chi lam viée cac 16p
stack dugc thich nghi tir cing mét bé chua.

#include <vector>
#include <iostream>
#include <stack>

using namespace std;

int main{int argc, char* argv(]}}
{

stack<int> stack_int_1l;

stack<student> stack_std_ 2;
for{int 1 = 0;1 < 5;1++}
{
stack_int_l.push({student (i+5),
stack_int_2.push{student
cout << (stack int 1 != stack int 2) << endl;
return 0;
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Thiét ké 16p stack ciia STL c¢6 mdt khac biét nho so véi ngin xép
théng thudng. D6 12 ham pop () khéng tra vé gia tri phén tir trén diu ngin
xép ma chi don thuin loai bé phan tir trén du ra khoi ngan x&p va khong tra
vé gi tri nao. D& tham chiéu tdi gi4 tri phan tir trén dau ngan xép, lop stack
cung cdp ham top (). STL tach tic vu lay phin tir trén dinh ciia ngin xép
thanh hai ham riéng biét ma khéng gop lai thanh mét vi néu pop () tra vé
phin tir du tién trong ngin xép, nd phai tra vé& gia tri thay vi tra vé tham
chiéu t&i phan tir @6, ¢on néu tra vé tham chiéu téi phan tir ddu thi nd sé tao ra
mét con trd vu vo do phan tir dau bi tach ra khoi ngan xép. Trong trudng hop
tra vé gia tri, ham pop () s& khéng thuc sir hidu qua do phai goi cau tir sao
chép. Do véy, thiét ké tdi uu nhat 1a d& ham pop () chiu trach nhiém tach
phén tir ¢4u khoi ngan xép ma khéng tra vé bat cir gia tri nao, con top () tra
vé tham chidu téi phan tir trén dinh ma khéng tach phan tir nay ra khéi ngan
xép. Nguyén tic nay cling duoc ap dung cho cac bd chira thich nghi khac.

L6p stack khéng hd tro thao tac duyét bd chira ciing nhu truy nhép
ngiu nhién. Piéu nay la hién nhién do cac thao tac nay khong can thiét dbi
voi mdt ngin xép. Trong trudng hop van mudn ap dit cac rang budc clia ngin
xép cho bd chira song lai ciling mudn cung cdp thao tac duyét hodc truy nhip
ngiu nhién nhim ting tinh linh hoat cho bd chira, ta co thé viét mot khudn
hinh 16p ngin x&p cho riéng minh. Lép nay k& thira tir 16p stack. Trong Iép
stack c6 mdt bién tén la ¢ tham chiéu t6i bd chira nén. Bién nay duoc khai
bao trong pham vi protected, nghia 1a cho phép truy nhdp bédi cac ham
thanh phan cua lI6p con. Khudn hinh ciia 16p ngin xép mdi ¢ thé viét nhu sau

#include <stack>
using namespace std;
template <typename Ty,typename C = degque< Ty> >

class my stack:public stack< Ty, C>
{

public:
typedef C::iterator iterator;
iterator begin{} {return c.begin();}:

iterator end() {return c.end{):;};
_Ty & operator([] {int index)
{

return c¢[index];
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Lép my stack hd tro duyét qua stack v&i by duyét va truy nhap
ngiu nhién. Tuy nhién, thao tic truy nhap ngiu nhién chi hop 1& véi cac 1op
my_stack duoc thich nghi tir cdc 16p nén hd tro truy nhéap ngiu nhién nhu
vector hay deque. Cac bd bd chira thich nghi ¢6 1ist la 16p nén khong hd
tro toan tir []. Do vay, dung toan tir [] véi cac doi tuong thudc lép nay sé
gy 18i. Vi cac bd sung nay, ban con c6 thé hién thi toan bd ndi dung ngin
xép ra man hinh v6i ham copy () nhu thuong tam véi cac bd chira trong cac
vi du trudc:

[ #include <iostream>
#include <algorithm>
#include "Mystack.h"

int main{int argec, char* argv(]}
{

my stack<int> int my stack;

for{int 1 = 0;1 < 10;i++}

{

int my stack.push{i}:

}

cout << "Phan tu thu tu: " << int my_stack[3] << endl;

cout << "Toan bo ngan xep:" << endl;

copy{int my stack.begin{),int my stack.end{),ostream_iteratoc
r<int> {cout,™ ") );

cout << endl;

return 0;

Két qua thu duoc trén man hinh nhu sau:

Phan tu thu tu: 3
Toan bo ngan xep:
01234567829

Lép queune

Ldp queue la mdt bd chua thich nght mé phéng hoat déng cua mét
hang doi: cac phin tir duoc thdm vao tai mot dau va duogc ldy ra & dau con lai.
C6 thé thiy queue chi 14 mot dang diic bidt cia deque. Do viy, chd nao co
nhu ciu sir dung queue thi déu co thé sir dung deque. Sir dung deque cho
nhitng cdng vide can dén queue khéng nhimg thod man cac yéu cdu ciia bai
toan, ma nd con cho phép st dung ca cac tinh ning cta deque. Tuy nhién,
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d6i véi cac bai toan ma tinh chit FIFO (First In First Out) la quan trong va chi
cho phép thuc hién cac thao tac cia mét hang doi trén b chia thi queue
duoce s dung thay cho deque.

#include <queue>
#include <iostream>
#include <ctime>

using namespace std;

class PrintRequest
{
int content:
int print_time;
public:
PrintRequest () {srand({time (0)};content = rand{(} % 100;)}
PrintRequest (int cont) :content {(cont) {}:
friend ostream& print{ostream& prn_des,const PrintReguesté
prn reqj {
prn_des << "Nol dung: " << prn regq.content << endl;
return prn_des;

#include "PrintRequest.h"
class PrintQueue:public guene<PrintRegquest>
{ :
private:
bool isActive;
public:
PrintQueue () :queue<PrintRequest>(},isActive(false) {};
vold Active () {
isActive = true;
while {isActive && 'empty({)}
{

print{cout,front(}};
popil;

b7
void Deactive(){
isActive = false;
bi
void AcceptRequest {PrintRequest prn_req) {
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push({prn_req):

yi
void Clear () {
while (!empty({})
pop i}

int main{int argc, char* argv[])
{
PrintQueue print_gueue;
srand (time{0});
forf{int 1 = 0;1 < (rand{() & 25};i++)
{
print_gueue.AcceptRequest (PrintRequest {rand(})};
}
print_gqueue.Active (};
return 0;

Ciing gibng nhu stack, queue khong ¢o bd duyét va ciing khong co
co ché duyét hay truy nhép t&i mot phén tir bat ky. D& bd sung thém cac tinh
niing nay, ta c6 thé viét lop my queue nhu sau :

#include <queues>
using namespace std;

template <typename Ty, typename _C = deque<_Ty> >
class my_gueue:public queue< Ty, C>
{
public:
typedef C::iterator iterator;
iterator begin{) {return c.begin(}:;};
iterator end{) {return c.end(};};
_Ty & operator[}{int index)
{

return clindex];
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Khi d6, ta c6 thé bd sung chire ning in cac yéu cdu in hién tai trong
hang doi. Trude tién ta dinh nghia t04n tir <<. Toan t nay thuc hién nhiém
vu tn thong tin vé yéu cau in ra mot luéng ra nac do.

friend ostream& operator<<{ostreami out,const PrintRequests
prn_regj
{

out << "“Thei gian thuc hien yeu cau " << print time << *
giay";
bos

Lép PrintQueue duoc viét lai nhu sau:

#include "MyQueue.h"
#include "../gqueuell/PrintRequest.h”

class PrintQueue:puklic my_gueue<PrintRequest>
{
private:
bool isActive;
public:
PrintQueue (] :my_ gueue<PrintRequest>(},isActive(false) {};
vold Active () {
isActive = true;
while (isActive && 'empty{))
{
print{cout, front(});
pop ()i

}:

vold Deactive({) {
isActive = false;

};

void AcceptRequest {PrintReguest prn_req) {
push (prn_req};

Y
wvoid Clear{) |
while {'empty({]}

pop ()
};
volid ListAllRequest(ostream des) {
for(iterator it = begin{);it '= end{};it++}

{
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des << *it << endl;

#include "PrintQueue.h"

int main{int argc, char* argv([]}
{

PrintQueue print_ gqueue; i

srand{time (0)};

for{int 1 = 0;i1i < (rand{) % 25};1i++)

{

print gueue.AcceptRequest (PrintRequest{rand()));

}

print queue.ListAllRequest{cout);

return 3;

: 1

Viée két xuat cac thdng tin v& cac yéu cau in 4n khéng cén ldy cac yéu
cau ra khoi hang doi, do viy ta vin ¢6 duoc két qua (phan minh hoa thuc hién
yéu cau in) gidng nhu vi du trude khi b sung thém dong ma sau trude khi két
thuc chuong trinh.

print_queue,Active (};

Lé'p priority_queue

Lép priority queue cho phép huu trlr cac phén t&r cung kiéu theo
trat tu ducoc xac dinh bdl mdt ham so sanh cho trude. Ham so sanh dugc
ngudi st dung dua vao dé 4n dinh trdt tu luu trir mong mudn, trong truomg
hop nguot dung khéng chi ra thi ham mic dinh duge chi dinh. Ham nay la
khuén hinh ham less<>. Vi du sau chi ra cach luu trit cac s6 nguyén theo
trat tu ti lon t& nhd.

#include <iostream>
#include <-ueue>
#include <cstdlib>
#include <ctime>
using namespace std;
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i int main{() {
| priority_queue<int> int_priority queue;
srand(time(0}); // Tao ra mét 54 ngiau nhién
for{int 1 = 0; i < 100; i++)
int_priority queue.push{rand() % 25);
while(!int priority gueue.empty(}) |
cout << int priority gueue.topi() << ' T;
int priority queue.pop(}:

Bién int priority queue s& luu trir 100 s nguyén tu 0 dén 24.
Cac s6 nguyén nay duoc sinh ra mdt cach ngdu nhién va duoc bd sung din
dan vao int priority queue. V@ trdt ty luu trir nhu trén, ham top ()
s& ludn l4y ra s6 16n nhat trong bd chira -

Trong vi du trén, int priority gqueue dugc khai bio 1a mét
priority queue su dung to chirc luu trir kidu vector va cé ham xac
dinh mac vu tién 1a less<int>. DAy 1 hai gia tri mic dinh cho hai tham sé
cia khuén hinh priority queue. Khudn dang diy du ciia khudn hinh
priority gqueue nhir sau: '

priority queue<typename Ty, typename € = vector<Ty>, typename _Pr
= less<_C::value type> >

vl _C nhén mét trong ba gia tri 1a vector, deque hodc 1ist, Pr 13 mdt
ham ho%c mdt ddi tuong ham, Vi du sau su dung priority queue d&luu
trit cac tir theo thir tu tir didn.

#include <iostream>
#include <queue>
#include <string>
#include <cstdlib>

using namespace std;

int main{int argec, char* argv[]}
{
char* line[] = {"acgd", "afadf", "gfsdfg", "twert"}:
priority gqueue<string, deque<string>, greater<string> >
str priority gueue;
string word;
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srand{0};
for{int i = 0;i < 10;3i++)
{
str_priority_ gueue.pushi{string{line{rand{) % 4]));
)
while(!str pricrity_gueue.empty(}} |
cout << str priority_gueue.top(} << ' ';
Str_priority gqueue.pop{};
}

i return 0;

Vi duy trén tao ra mat bd chlra luu trir cac tir theo thi tu tir didén. Cac tir
duoc 14y ra ngau nhién tir miang line.

Ciing nhu hai bg chira thich nghi trén b6 chira trén, priority queue
khong c6 bd duyét. Tuy nhién, trong trudng hop bd chira mubn xay dung co
yéu cau nay thi ta ¢ thé md phéng lai cac ddc trung cila priority queue
dua trén mdt trong ba bo chira co s¢ la vector, deque hay list. Diéu nay
dong nghia vt viée ban phai viét lai cac ham push (), pop() vad top().
Dong thoi, méi khi ¢6 mét phin tir duoc thém vao hay ldy ra, ta phai thue
hién thao tac vun déng trén bd chira co s& d& dam bao trit tu cta cic phén tir
trong hang doi uu tién. Thao tac vun déng duoc thuc hién bing khuén hinh
grdi thudt make heap ()

#include <iostream>
#include <vector>
#include <dequex
#include <queue>
#include <string>
#include <iterator>

using namespace std;

template<typename _Ty,typename C = vector<_Ty>, typename Pr =
less< _C::value_type> >

class my_priority queue:public _C
{
private:
_Pr comp;
public:
const _Ty& topi{){
return front(};
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};
void push{const Ty x){
push_back (x];
push_heap(begin{(}, end{}, comp) ;
bi
void pop{) {
pop heap{begin(),end (), comp) ;
pop back(}:

}:

int main{int argc, char* argvi])
{
my_priority queue<string,deque<string>,greater<string> >
str_my_pdg;
typedef
my priority gqueue<string,deque<string>,greater<string>
»i:lterator pg_iterator;
string word;
char* line[] = {"gfsdfg", "afadf",”"twert", "acgd"};
greater<string> comp;
forfi = 0;1 < 4;1++)
{
str_my pq.pushi{string{linelil}):
}
cout << "Duyet theo thu tu tuyen tinh: " << endl;
for{pg iterator it = str_my pq.begin();it !=
str_my_pg.end{};it++]
{
cout << *it << "My
!
cout << endl;
cout << "Duyet theo thu tu do hang dol co uu tien quy dinh:”
<< endl;
while{!str _my pq.empty())
{
cout << str_my_pqg.tepl() << " "
str_my_pd-poepil:
}
cout << endl;
return 0;

Luu v rang thit ty duyét khi sir dung bd duyét khéng dam bao gibng voi
trit tuy cla priority queue.
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Mbdt cach khac d& duyét qua priority gqueue la sir dung bd duyét
cia bd chila nén cia priority queue nhu di lam dbi voi cac
bd chira thich nghi trude. Trong vi du trén, bd duyét duge sir dung la
deque<string>::iterator. Cling nhu cach trén, thir tu cic phin tu
khi duyét tudn tu tir ddu dén cubi khéng dam bao theo dung trat tu
mong muén cla priority queue. Doan mi khai bio khudn hinh
my priority queue trong chuong trinh trén dugc thay thé bdi doan mi
sau;

template<typename Ty, typename C = vector< Ty>, typename Pr =
less<_c::value_typg> > B B -
class my priority_queue:public priority queue< Ty, C, Pr>{
public:

typedef C::iterator iterator;

iterator begin(} {(return c.begin{};}:

iterator end () {return c.end{};}:

2.4.2 Lép string

Xir ly cac chudi ky tu 1a nhu cau trong hau hét cac img dung. Dé phuc
vu nhu cdu ndy, thr vién STL cung cdp 16p string cho phép ngudi ding heu
trir va thuc hién cac thao tac trén chudi ky tu. Lép string duoc cu thé hoa
tu khudn hinh 16p basic_string<> voi kiéu phan ti I char. Tuy nhién,
chiing 181 s& khéng dé ¢dp nhiéu t6i 1op basic string<> ma s& trinh bay
chil yéu trén 16p string dé cac ban nhanh chong quen véi I6p string va
khong phai qua ban tim téi mét s6 KHAT NIEM khac lién quan toi
basic string<>

typedef basic string<char, char_traits<char>, allccatcr<char> >
string;

Véi dinh nghia trén, ¢ thé thdy string la mdt bd chira véi kiéu phan
tr 14 char. Do vay, 16p string cling ¢o cac ham thanh phan chung cia bo
chita ma cu thé hon 12 bd chira tuan tu cho phép truy nhap ngiu nhién nhu
toan tor (], empty (), size()... Ngodi cac ham thanh phan trén, lép
string c¢6 nhimg ham thanh phan dic trung cho cac thao tac trén chudi nhu
tim chudi con, kéo dai chudi ... Vi du sau minh hoa viéc tao ra mét chudi va
mdt s thao tac don gian trén chudi d6.
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#include <string>
#include <iostream>

using namespace std;

int main{int argc, char* argv(])
{
string str 1("Hello"};
string str_2 = "World";
str_l.append (" ");
str l.append(str_2);
cout << str_1 << endl;
return 0;

Lép string cung cdp kha nhidu cac cau ti cling nhu ham gan cho
phép ngudi ding khoi tao cac chudi ky tu rat linh hoat. Cac cau tir, ham gan
va toan tr = cho phép khdi tao gia tri cho mdt d6i twong string tir mét
chudi ky tu hodc chi mét phan caa chudi ky tu, tr mot mang ky tu va tham

chi tir ndi dung cia mdt bd chira cac ky tu.

#$include <string>
#include <vector>
#include <iostream>

using namespace std;

int main{int argc, char* argv(];

{
vector<char> char vector {49, '*");
string str 1{"High Performance Computing Center"):;
string str 2{char_wvector.begin{),char_vector.end(});
string str_3{(char vector.size{) - str_l.size{})}/2,'*"};

cout << str 2 << endl << str_3 << str 1 << str_3 << endl <<
str 2 << endl;

}

Luu ¥ ring, cdu tir ding dé gan gi4 tri cho str 2 1a khudn hinh ham

thanh phan nén khéng phai trinh dich nao cling cho phép.

Cing v6i cac ham cho phép 4n dinh néi dung clia chudi tir cac ngudn
khac nhau, 16p string ciing cho phép chuyén ndi dung vé mdt kidu luu triv
chudi phd bién 14 char* Ldp string cé hai him cho phép thuc hién viéc

nay lac_str() va data{).




113 Chuong 2. BO CHUA

#include <string>
#include <vector>
#include <iostream>

using namespace std;

int main(int argc, char* argv([])
{

string str_1("High Performance Computing");

str_l.push back(char (NULL));

str 1= str 1 + "Center";

cout << "Chuoi thu nhat: " << str 1 << " do dai: " <<
str_l.length() << endl; B

string str 2 ((char*)str_l.c_str());

cout << "Chuoi thu hai: " << str 2 << " do dai: " <<
str_2.length() << endl; it

string str_3 = (char*)str_l.data();

cout << "Chuoi thu ba: " << str 3 << " do dai: " <<
str_3.length() << endl;
return 0;

}

Chuoi thu nhat: High Performance Computing Center do dai: 33
Chuoi thu hai: High Performance Computing do dai: 26
Chuoi thu ba: High Performance Computing do dai: 26

Hai ham thanh phan c_str() vadata() duoc thiét ké phuc vu cho
hai muc dich khac nhau, ¢ str () tra vé vi tri diu cia mdt mang céac ky tu
luyu trit ndi dung cta chudi, mang nay duoc két thuc bdi mét ky tu NULL. Con
data () tra vé& vi tri ddu cia mot mang cac ky tu luu trit ndi dung chudi,
mang nay khong nhat thiét phai két thic bang ky tuy NULL. Tuy nhién, két qua
khi thuc hién chuong trinh trén véi Visual Studio.NET hai chudi str 2 va
str_3 khong hé khac nhau boi ham basic string<>::data() trong
STL do Visual Studio.NET cung cap chi don thuan la goilaic str():

const _Elem *data() const

{ // return pointer to nonmutable array
return (c_str());

Loép string cung cap kha nhiéu cac ham thanh phin thuc hién cac
thao tac co béan trén chudi nhu tim kiém, thay thé, ldy chudi con, sao chép. ...
Mdi mét thao tac duoc hd tro bing mét sé ham thanh phin véi cac dbi sb
khac nhau lam cho viéc sir dung don gian va tién loi. Chi tiét vé cac ham co
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thé tra ciu trong bat cir mét tai liéu trg giup nao cua STL. Do vy, chung tdi
s& khong ban thém v& cic ham nay.

Ngodi ra, thu vién STL cung cap mdt sd phuong thitc cho phép doc ghi
chudi tir cac ludng vao ra nhu toan tir >>, todn tir << va ham getline ().
Luu ¥ ring, cac phuong thirc nay khéng phai 1a cac ham thanh phén cta lép
string, no la cic ham toan cuc. Toan tr operator>> (basic_stream<>
is, basic string<> str) s&ghi vao str ndi dung cla ludng is, toan tir
<< thyc hién cdng viée theo chiéu nguoc lai. Co mot sb luu y nho khi lam
viée v@i cac toan ta >>. Viée doc cac ky tu tir luéng vao/ra va luu vao mot doi
tuong kidu string chi duoc thuc hidn khi gap mét ky tu hop 1é trong ludng.
Dong thoi trong qué trinh doc, ndu gip ddu cach cac ky tu két thuc dong,
xubng dong hodc khi da doc hét ndi dung cua ludng vao ra thi viée doc bi
dirng lai. Diéu d6 co nghia Ja toan 1 >> khong cho phép doc cac chudi co
chira ddu cach tir cac ludng vao ra. Vi du sau minh hoa cho diéu nay.

#include <string> i
#include <iostream>
#include <fstream>

using namespace std;

nt main{int argc,char* argv(]}
{
string strl,str;
cout << "Enter a string:™;
cin »» strl;
cout << "Content of string load from cin:" << strl << endl;
ifstream f;
f.open ("F:\\C-programs\\OQPtest\\swappingl4i\\test.txt");
£ »» str;
f.closel);
cout << "Content of string load from file test.txt:" << str2
<< endl;
return 0;

}

Enter a string:Trung tam tinh toan hieu nang caoc
Content of string lead from cin:Trung
Content of string lead from file test.txt:Trung

Néu mubn 4y ca dong, ta ding ham getline (). Ham nay s& doc chép
ndi dung clia ludng vao/ra vao déi tuong kidu string cho téi khi gp ky tu
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<ét thuc dong hoac két thiic ludng vao/ra. Ham getline () c6 hai phién ban.
Phién ban thir nhat mic dinh ky tu két thic dong 1a ‘\n’, con phién ban thir
1ai cho phép nguoi dung dinh nghia ky tu két thuc dong.

#include <string>
#include <iostream>
#include <fstream>

using namespace std;

int main(int argc,char* argv([])
{
string strl, str2;
cout << "Enter a string:";
getline(cin, strl);
cout << "Content of string locad from cin:" << strl << endl;
ifstream f;
f.open ("F:\\C-programs\\OOPtest\\swapping04\\test.txt");
getline(f, str2);
f.close();

cout << "Content of string load from file test.txt:" << str2
<< endl;

return 0;

}

Enter a string:Trung tam tinh toan hieu nang cao

Content of string load from cin:Trung tam tinh toan hieu nang
e G ;

Content of string load from file test.txt:Trung“tam tinh toan
hieu nang cao

2.4.3 Lé&p bitset va bit_vector

STL ciing cung cép cho ta mdt s6 1op lam viéc véi cac bit, chudi bit.
Cac 16p nay dic biét hitu dung khi ngudi 1ap trinh phai xdy dung cac chuong
trinh lam wviéc truc tiép voi phﬁn cung, vdi cac cong vao ra hodc véi cac
chuong trinh sir dung khai niém mit na. P& minh hoa viéc sir dung 16p
bitset, ching ta dua ra ddy mét vi du nhé. Chuong trinh don gian nay sé
xdy dung mét 16p dai dién cho mot thanh ghi va mot s6 thao tac don gian trén
thanh ghi nhu cac phép toan sé hoc, phép toan logic va cac thao tac dich trai,
dich phai.
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i class Register
{
private:
bitset<_ length> content;
int haft length;
public:
Register (void):_ceontent (0}, haft length{ length / 2}
¢ )
1

~Reglster (void)
{
}

friend ostreamé operator<<{ostream& out,const Registers
regj:

friend void MOV (Register& first reg,const Registers
second regj;

friend void STOR(Register& reg,int number);

friend void ADD{Register& first req,const Registers
second reg); -

friend void SUB{Register& first reg,const Registers
second regj;

friend void AND(Register& L[irst_reg,const Registers
second_reg):;

friend void OR(Register& first reg,const Registerk
second _reg);

i friend void XOR({Registers first_reg,const Registeré
| second reg);

friend void NOT{Registers reg};
i

Luu y 12 néu chi chép nguyén doan ma trén va dich thi chéc chin s& gap
161 LINK ddi v&i cac ham nhung chua duoc dinh nghia, vi tit ca cac thao tac
déu duoc dinh nghia dudi dang cic ham tyan cuc va 1i ham ban cua lép
Register. Tuy nhién, do tranh sy thém thit rudm ra trong cubn sach, & diy
chi dua ra khudn dang clia cac ham nay. Phin dinh nghia cac ham duoc mé ta
day di trong dia CD di cing cubn sach.

Vé&i mét tap thanh ghi thude 16p Register va cac phép toan duoc hd
tro, ¢ thé viét chuong trinh mé phong hoat déng ciia mot bd vi xir ly don
gian. Vi du sau mé phong lai hoat dong ciia bd vi xit Iy PIC16F84 dung diéu
khién cac dén LED. Trudc hét, ta dinh nghia lép MicroChip & mirc don gidn
nhat;
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#include <map>
#include <vector>
#include "Register.h"”

template<int bits> class MicroChipGenerator;

template<int bits>
class MicroChip
{
friend class MicroChipGenerator<bits>;
private:
int _memory size:
string _name;
vector<Register<8> > RAM;
public:
map<string,Register<hits> > GR;
public:
MicroChip{void)
{
}

~MicroChip(void)
{
}

Chung ta s& gia 18p mét bd vi xir Iy theo khia canh don gian nhat. No s&
gdm mdt tap cac thanh ght va m6t b6 nhé. Téap cac thanh ghi droc bidu didn
béi mdt ddi tuong cia lop map<> l1a anh xa gitra tén thanh ghi va mot déi
tugng kidu Register. Bd nhé duoc bidu didn boi mot tdp cac thanh ghi 8
bit. Ngoai hai phan chinh nay, mét by vi xir 1y cén dwoc luu trit mot s6 thong
tin nh dung luong b nhd, tén ... Trén ddy méi chi dua ra dinh nghia cho l6p
MlC]‘.‘OChlp ¢ muc don gidn nhat C6 thé bd sung thém cac thanh phin khac
dé 16p nay hiru dung hon.

Dé dinh nghia mét bd vi xir Iy cu thé, ta xiy dung ra mét lop déng vai
tro 1a b6 sinh ra cac bo vi xu Iy cu thé (cac lop lam cbng viéc nay goi la 16p
sinh). Véi 16p nay, khi muén dinh nghia mot vi xtt ly cu thé thay vi khai bao
mdt dbi twong kidu Mi croChip sau d6 an dinh cac thong sé ctia né mét cach
tryc tiép qua cac ham thanh phan duge MicroChip cung cip, ta s& truyén
cac théng sb clia bd vi xir Iy cin dinh nghia cho Iép sinh nay. Lép sinh nay
duroc dinh nghia nhu sau:
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template<int bits>
class MicroChipGenerator
{
public:
static MicroChip<bits>* Generate (char* name, int
memory_ size,vector<string> register name)
{
MicroChip<bits>* result = new MicroChip<bits>;
result->_memory_size = memory size:
result->RAM.reserve (memory size / 8):
result-> name = string(name);
for (vector<string>::iterator it =
register name.begin(};
it != register_name.end({);
it++})
result-»>GR[*it] = Register<bits>(};
return result;

Yi

Poan chuong trinh md td viéc khai bao mdt bd vi xir ly va mdt doan
1énh 14p trinh d& bd vi xir Iy didu khién cac dén LED gén vdi céc chan dir
cua no.

[
#include "MicroChip.h"

#include <icstream>
using namespace std;

int main(int argc, char* argv[]}
{
char* str_arraylZ2] = {"STATUS", "DATA"}:
vector<char*> register name{str_array, str_array+l):
MicroChip<8>* PIC16FB4 =
MicrochipGenerator<8>::Generate("PIClGFaé",256,register_name}:
STOR(PIC16FB84->GR["DATA"], "00000011"};
SF(PICl6F84->GR["STATUS"], 7}
return 0;

Poan mi l4p trinh cho bd vi xir ly chi don gian [a hai 1énh gan g
cho cac thanh ghi ding chung cda bd vi xir Iy. Sau khi thanh ghi DATA .
gan gi4 tri nhi phan 00000011 (gi4 tri 3), bit cudi cung cia STATUS
thiét 1ap. Bit ndy bao cho b6 xir ly biét ndi dung cha thanh ghi DATA
ghi ra cdng. Két qua I hai dén LED cudi trong chudi 8 dén s& sang. Véi-
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nay, ngudi doc b thé thay loi thé khi sir dung cac 16p ciia thu vién STL trong
14p trinh v&i cac x4u nhj phén.

Xét v& mit sir dung, vector<bool> khong khac cic vector<>. Tuy
nhién, 16p nay dugc cu thé hoa nhdm tdi uu khong gian luu trir. Vi bat ky
mét 10p vector véi kidu phan tir khac bool, hé théng cn cip phat it nhat
mdt byte cho mdt phéan tl, vector<bool> chi yéu ciu mdt bit cho mét phin
tir. M6t lwu y khi sir dung lép nay 1a dinh nghia kidu:

typedef vector<bool>» bit_vector ;

s& khoéng con trong cac phién ban sau cia STL. Do vay, néu khai bao véi
bit vector bibao 131 ban c6 thé khai bao truc tiép vl vector<bool>,

2.5 Tim hléu siu hon vé cac bd chira

2.5.1 Thao tac hoan ddi néi dung trén céac I1&p bd chira

Trong thu vién STL cé mét thiét ké dudng nhu di nguoc véi tidu chi
“xdy dyng céc ham, giai thuit cing tdng quat cang t6t”. Pay 1a truomg hop
cta khudn hinh gidi thuat swap (). Mac du khudn hinh giai thuét tdng quat
swap<typename Ty> van 1am viéc tot trén cac bd chira, nhung tit ca céc
bd chira co ban déu ¢6 ham swap () cua riéng minh. Pidu khac thuong nay
bét ngudn tir yéu t6 & chirc luu trir cha timg bd chira. Vi mdi mét cach td
chirc luu trir vét Iy khac nhau, nguoi ta d& xuat m6t ham thanh phin hoan vi
khac nhau chit khdéng don thuin 14 sir dung cac phép gan nhu gidi thuit tong
quat:

template<class _Ty> inline
void swap(_Ty& _Left, _Ty& Right)
{ // exchange values stored at _Left and _Right
_Ty _Tmp = _Left:;
_Left = Right, Right = Tmp;
}

Vi du, d6i v&i vector, cac phan tir duge td chic luu triv trong mo
khéi nho theo trit tu tuyén tinh. Khi d6, néu hai vector sir dung cing méf
co ché cip phat bd nhd thi viéc chuyén ddi chi don gian 1a hoan ddi théng tin
didu khién cia hai vector. Trong trudmg hop nguoc lai, viéc hoan ddi chi
don gian 13 hoan vi hai con tr6. Ham thanh phan swap () cia ldp vector
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durge dinh nghia nhu sau:

vold swap( Myt& _Right)

{ . // exchange contents with _Right

if {this-> Alval == Right._Alval)

i // same allocator, swap control information
std::swap(_Myfirst, _Right. Myfirst);
std::swap(_Mylast, Right. Mylast):
std: :swap{ Myend, _Right. Myend);

)

else

{ // different allocator, do multiple assigns

_Myt Ts = *this; *this = _Right, Right = Ts;

}

R4 rang, néu thuc hién theo gidi thudt tdng quat, sé 1in g0l cac cau tir
sao chép cling nhu huy tir ctia 16p phin tir 14 rit 1én. Trén thye té, khdng bao
gio hai vector duoc hoan vi bing ham swap () téng quat. N6 ludn sit dung
ham thanh phan swap () cia riéng minh, ngay ca khi ta sit dung 1&i goi t4i

ham swap toan cuc nhu trong vi du sau:

#include <vector>
#include <algorithm>
#include <iocstream>

using namespace std;

int main{int argc,char* argv(])

{
int int array[10] = {0,1,2,3,4,5,6,7,8,9};
vector<int> int_vector_l({int_array, int_array + 4};

cout << "Vector 1:";

r<int> {cout,”™ "))
cout << "\nVector 2:";

r<int> {cout,” ")});
swap {int_vector 1,int vector_2};
cout << "\nVector 1:";

r<int> {cout,” "}i:
cout << "\nVector 2:";

vector<int> int vector 2(int_array + 5,int array + 9);

copy (int_vector l.begin(},int_vector_l.end(),ostream_iterato

copy {int_vector 2.begin{),int_vector_2.end(),ostream iterato

copy (int_vecter l.begin{}),int vector l.end(),ostream_iterato
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copy(int_vector_z.begin{},int_vector_2.end(},ostream_iterato
r<int> (cout, "™ "ii;

return 0;

Co thé xem ddy 1a mot tha thust nho dé ludn dam bao tinh tdi uu cia
chuong trinh. Thuc chat lic nay khuén hinh ham swap<typename _Ty>
tdng quét dd duoc cu thé cho 16p vector bing ham swap () duoc dinh
nghia trong lop vector nhu sau:

friend void swap( Myt& _Left, Myt& Right)
{ // swap _Left and _Right deques
_Left.swap{ Right};

De kiém ching didu niy, c6 thé s dung cac chuong trinh g& rbi
(debug) dé thwc hién timg déng 1énh trong chuong trinh. Tu twdng thiét ké
trén duoc thuc hién trén tit ca cac bd chira, Tuy nhién, ndu nhu him swap ()
toan cuc dugc goi dé hoan vi hai ddi tuong cia 19p set hodc map thi ham
duoc sir dung lai la giai thuét khai quat chit khong phai 14 gidi thuit duoc dua
ra cho riéng set hay map.

Nguyén nhin cua diéu nay bét ngudn tir co ché tu phat hién tham sé
khuén hinh cta chuong trinh dich dua trén cac d61 s6 cia ham. Khi goi
swap{int_vector_1,int vector 2), chuong trinh dich sé xac dinh
kiéu cua int vector 1, tu do xac dinh dugc tham sb _ Ty trong khudn
hinh him swap<typename _Ty> la kiéu vector<int> va do khudn hinh
ham nay da duoc cu thé hoa véi 16p vector nédn ham cu thé duoc goi. Trong
trudmg hop dbi véi set, khi chuong trinh dich xac dinh tham sé Ty la lop
set, n6 khdng tim duoc ham swap () nao cu thé hoa cho lép set do cac
ham thanh phin swap () ciing nhu ham ban swap () ctia set duoc dinh
nghia trong lop Tree <typename Traits> D& him swap() tong
quat goi dén ham thanh phan swap () da dugc cu thé ta phai chi tudng minh
tham s6 khudn hinh nhu vi du sau:

#include <set>
#include <algorithm-
#include <iostream>

using namespace std;
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int main{int argc,char* argv(}}

{
int int_array[l10] = {0,1,2,3,4,5,6,7,8,9};
set<int> int_set_l(int_array, int array + 4});
set<int> int_set 2(int_array + 5,int_array + 9);
cout << "Tap 1:";

copy{int_set_l.begin{},int_set_l.end({},ostream iterator<int>
{cout, " "));

cout << "\nTap 2:";

copy (int_set_2.begin{),int_set_2.end{),ostream iterator<int>
{cout, ™ ")};

swap<_Tree<_Tset_traits<int,less<int>,allocator<int>, false>
> >{int_set_l,int_set 2}
cout << "\nTap 1l:";

copy{int_set_ l.begin{),int_set_l.end(),ostream iterator<int>
{cout,™ ")};

cout << "\nTap 2:";

copy({int_set_ 2.begin{),int_set_2.end{),ostream iterator<int>
(cout,™ "}};

return 0;

Néu khong mudn lam theo cach rudm ra trén, ta co thé got tryc tiép
ham thanh phén swap () cta lép set. Ngoai ra, ta cling c6 thé viét lai mét
1p ké thira tir 16p set va dinh nghia thém mo6t ham ban swap () cta lép nay.

#ifndef MY SET_H
#define _MY SET H

#include <set>
using namespace std;

template<class _Kty,
class _Pr = less< _Kty>,
class _Alloc = allocator<_Kty> >
class my set:public set< Kty, Pr, Alloc>
{
public:
template<class _Iter>
my set{ Tter First, Iter Last)
set<_Kty, Pr, Alloc>(_First, Last){};

friend void swap(my_ set& _Left,my_seti _Right)
{
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_Left.swap{_Right)’
be

fendif

Luu ¥ réng, ta ¢6 dinh nghia thém cau tir khai tao tir mt bd chira khac
(d& cho tién sir dung trong chuong trinh). Céu tir nay khong ké thira dugc tir
16p set. Poan chuong trinh sau sir dung ldp my _set vira dinh nghia & trén,

#include "MySet.h"
#include <algorithm>
#include <iostream>

int main{int argc,char* argv(])
{
int int_array(10) = {0,1,2,3,4,5,6,7,8,9};
my set<int> int_set l{int_array, int_array + 4);
my_set<int> int_set_2(int_array + 5,int_array + 9);
cout << "Tap 1:";
copy{int_set_l.begin(},int_set_l.end{),ostream_iterator<int>
{cout,” "}})i:
cout << "\nTap 2:";

copy(int_setuz.begin(},intﬂset_Z.end{),ostreamLiterator<int>
fecout, ™ ")};

swap {int_set_1,int_set_2):
cout << "\nTap 1:";

copy(int_set_1.begin(},int_set_l.end(),ostream iterator<int>
fcout, ™ "});

cout << "\nTap 2:";

copy (int set_2.begin(},int_set_2.end(},ostream iterator<int>
{cout, " "1};

return 0;

Pidu nay tuong ty véi map. Vi dy sau minh hoa cho didu nay.

#include "stdafx.h"
#include <map>
#include <iostream>

using namespace std;

int main({int argc,char* argv(]}

{
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typedef pair<int,int> int int;
pair<int,int>» int_pair array[10) =
{pair<int,int>(0, 1), pair<int, int>(2, 3},

pair(int,int>(4,5},pairﬁint,int>{6,7),pair(int,int>(8,9)};

map<int, int> int2int_map l{int_pair array, int pair array +
2) ¢

map<int,int> int2int_map_2{int pair_array + 2,int _pair_array
+ 5);

swap {int2int_map_1,int2int_map 2);
: swap<_Tree< Tmap_traits<int,int,less<int>, allocator<pair<con
i st int,in{g >,féise>‘; > i

{int2int_map_l,int2int_map 2):
return (;

2.5.2 Xay dwng cac bd chira phirc hop dwa trén cac bd chira
co s&

Trong céc phén trén cia chuong nay, ching ta di lam quen vé1 cac bo
chira co s&. Va trong hiu hét cac vi du, chiing ta méi chi sir dung céac bo chira
dé chira mét tap cac phén tir don. Tuy nhién, trong thyc t€ s dung, nhidu khi
phai lvu trir mét tAp cac dbi tuong ma mdi déi tuong la mdt tip cac ddi tuong
khac, ching han nhu ma tran hay tir dién. Ma tran c6 thé xem 13 mdt vecto
hang cic vecto cét hodic mdt vecto ¢t cac vecto hang (vecto & day la khai
niém toan hoc, khéng nén nham véi 16p vector cia STL). Tir dién duoc
xem 12 mét tip cdc tp muc tir, moi tap muc tir 13 tdp cac muc tit cb cung
chung chit cai dau.

Trong phin nay, ta xdy dung cac bd chia phirc hop dua trén cac bd
chira co s¢ duoe thu vién STL cung cap. Ta c6 thé tao ra mét bd chira tir hai
b6 chira tuan tur, tir mot bd chira tudn tw va mét bé chira lién két hodc tir hai
bd chira lién két, tham chi ¢ thé xay dung mét bd chira trong d6 mdi phan tir
ciia no 1a mdt bd chira phirc hop. Chilng ta s& dé cip téi van dé nay thong qua
hai vi du don gian 12 ma trin va tir dién ddng nghfa. Nhitng vi du duoc dua ra
& déy cling chi han ché & mirc d4 minh hoa cho cach td chirc luu trit va co ché
vao ra trén bd chira phitc hop duoe xiy dung.

Xay dung b§ chira lwu triv mdt ma tran

Nhu d3 néi trong phan ddu, ma trin ¢6 thé dugc nhin nhéin theo hai
cach: 14 vecto hang trong d6 mdi phan tir 12 mot vecto ¢dt hodc nguoc lai. Véi
cach nhin nay, ta s& xay dung bd chira luu trit ma tran tir hai bd chira tuan tu.
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Céch thirc luu trlt nay hoan toan trong sudt ddi véi ngudi sit dung ma tran
Cling véi viéc trong sudt hoa cach thie luu trit cia ma tran, ta phai cung cap
cho ngudi ding cac co ché truy nhap t6i cac hang, cac cdt va cac phan .

| #ifndef MATRIX_H
#define _MATRIX H

#include <degue>
#include <vector:>

using namespace std;
enum MatrixKind {RowMatrix,ColumnMatrix}:;

template <typename Ty,MatrixKind _kind = ColumnMatrix>
class Matrix
{

deque<deque<_Ty> > core;

int rows, cols;
public:

typedef deque<_Ty>::iterator cell iterator:;

typedef deque<_Ty> one dim storage;

typedef deque<deque<_Ty> >::iterator one dim iterator;
)i

Trong dinh nghia trén, ta quy udc mdi ma trén dugce luu trir bang mét
hang do1 hai chidu, mdi phan tir cta hang doi nay lai 1a mét hang doi. Tir t&
chirc lwru trir nhur vy, ta dua ra cac dinh nghia vé cac co ché vao ra bao gém
bo duyét cho phép duyét trén ting phan tir cell iterator, bd duybt trén
tung hang hay ting ¢t (tuy thudc vao ma trin duge dinh nghia la ma tran
hang hay ma trdn ¢dt) one_dim_iterator. Phép gii tham chiéu trén bd
duyét cell iterator tra vé gia tri cla phan tr duoc bd duyét chi tdi.
Phép gidi tham chiéu trén bd duyét one dim_iterator trid vé mdt hing
hodc mdt ¢§t ma bd duyét dang chi téi.

Cung vd1 viée dinh nghia cac co ché vao/ra dua trén ba bd duyét, ta sé
dinh nghia cic ham thanh phén thuc hién thao tac vao/ra. Cac ham thanh phan
vao ra bao gém céc ham cho phép duyét trén céc phin t& cha ma tran, tham
chiéu t&i mét hang hay ¢dt clia ma trin va tham chidu t¢i mot phan tir trong
ma trin,

public: }
one_dim_iterator begin{); {
one_dim iterator end();
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one_dim_storage& coperator{] (int index):
_Ty& operator{) {int row,int column};

Dé y ring, 16p ma trén trén khéng cung cdp cac ham thanh phéin phuc
vu viéc duyét trén tung phan tir trong hang hay c6t. Cac ham thanh phin nay
do bo chira kidu one_dim storage quy dinh. Cac ham thanh phan phuc vy
viéc duyét va truy nhép toi cac phﬁn tir cha ma tran duoc dinh nghia nhur sau:

template<typename Ty, MatrixOrientation orient> l
Matrix< Ty, orient>::one dim iterator
Matrix<_Ty,_orient>::begin(}

{

return _core.begin(};

template<typename _Ty, MatrixOrientation _orient>
Matrix<_Ty,_orient>::one_dim_iterator Matrix<_ Ty, orient>::end()

{

return core.endf();

template<typename _Ty, MatrixOrientation _orient>
Matrix< Ty, orient>::one dim storages&

Matrix< Ty, orient>::operator(] (int index)

{

return _corel[index];

template<typename _Ty, MatrixOrientation _orjent>
_Ty& Matrix<_Ty, orient>::operator{) {int row,int col)
{
int one_dim_index, other_dim_index;
if{ orient == RowMatrix}
{
one_dim_index = col;
other dim_index = row;

one_dim_index = row;
other_dim_index = col;

return core[other dim_index] [one_dim_index];
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Vi dinh nghia nhu trén, viéc truy xuét vao hang, cot hay phan tir ¢ chi
s6 vuot qua s6 hang, s ¢t hién thai cia ma trdn s& gdy ra 181, Tiép toi ching
ta 5& ciing lam mét sd vi du don gian thao tac trén cac ddi tuong cla 16p ma
trin vira dugc dinh nghia. Nhumg trude hét, ta can dinh nghia mét s6 cdu ti,
huy tir va ham thanh phan nham thuén tién hon khi s dung,

template<typename _Ty, MatrixOrientation _orient>
Matrix< Ty, orient>::Matrix{}

{

0:

_ceols = 0;

_rows

_core.clear(};

template<typename Ty, MatrixOrientation orient>
Matrix<_Ty,_eorient>::Matrix{int rows,int cols)
{

_IOWS = IOWS;

_cols = cols;

_core.clear();

int one_dim_size,other_dim size;

1f({ orient == RowMatrix)
{
one_dim_size = _cols;
ather dim size = _rows;
1
else
{
one_dim size = rows;
other dim size = ceols;

}
for{int i = 0;i < other dim size;i++)

_core.push_bkack(deque<_Ty> (cne_dim_size);;

template<typename Ty, MatrixOrientation _orient>
Matrix< Ty, orient>::~Matrix(}

{

}

Ta s& sit dung ma tran vira dugc xdy dung trong mdt vi du don gian, vi
du thuc hién 4n dinh va hién thi ma trin ra man hinh. Ma tran duoc tao ra cé
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kich thude 10x10 va duoc an dinh cac gia tri tir 0 dén 99. Ham hidn thi ma
tran dugc viét nhu mat khudn hinh ham.

#include <iostream>
#include "../matrix.h"

template<typename _Ty,MatrixOrientation _orient>
Ccs3treamé cperator<<{ostream& out,Matrix< Ty, orient>& matrix)
{

for {int row = 0;row < matrix.GetRows({};rowt+]

{
: for{int col = 0;col < matrix.GetCols({);col++)

out << matrix{row,ccl} << ™ ";
out << endl;

}

return out:;

int main{int arge, char* argv([]}
{
Matrix<int,RowMatrix> int_row _matrix(10,10};
for{int i = 0;1 < 1Q;i++}
forf{int j = 0;9 < 10;j++)}
int_row _matrix(i,j) = i*10 + i:
cout << int_row matrix;
return §;

XAy dung tir dién dong nghia

Trong vi du thir hai, mmh hoa cho viéc xdy dung cac b chira phize hop,

’ ~ - A . -1 A —~ “ <A ~ e o - A

chung ta sé xay dung mdt tir dién dong nghia. Trong tir dien nay, mdi tir s& ¢

mot tdp cac tir ddng nghia véi nd. Nhu vdy mdt tir dién ddng nghia thuc chit

1a m§t &nh xa gira mot tir véi mot tap cac tir. Trong tip cac tir ddng nghia voi

mot tir khong cé hai tir ndo trung nhau. Dua trén phén tich nay, ta xdy dung
lIép SynonymDictionary nhu sau:

class SynonymDictionary

{
map<string, set<string> > _dictionary;

public:
typedef pair<string, set<string> > word_entry;
typedef set<string> synonym words;
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typedef map<string, set<string» >»::iterator
word_entry_iterator;

typedef set<string>::iterator word iterator;
public:

SynonymDictionary {void);

~SynonymDictionary{void);
public:

word_entry_iterator begini():

word _entry_ literator end({};

synonym wordsé& operator[] (string a_word);

word_entry_iterator find{string a_word};
public:

void AddSynenymWord(string original werd,string
synonym_word) ;

}:

Trong phin dinh nghia 16p SynonymDictionary trén, ta chi dua ra
cac khai bao v& cac co ché va cac ham thanh phén truy nhip tir dién. Dinh
nghia cu thé cia cac ham thanh phan nay chi yéu dua trén cac ham thanh
phin do 16p map va set cung cép. Phan dinh nghia nay ban doc ¢6 thé tham
khao trong dia CD di cing cudn sach. Cac co ché truy nhép tir dién bao gdm
cac bd duyét cho phép duyét trén timg muc tr - word entry iterator,
bd duyét trén ting tir ciia mdt mue tir - word_iterator. Ngoai ra, 16p clng
chita hai dinh nghia kidu khac nira 1a word entry va synonym words.
Mdi word entry gdém hai phin, phin diu chira tir gdc con phan thir hai
chua tip cac tr ddng nghia Phép gidt tham chiéu trén bé duyét
word entry iterator trd vé mét dbi tuong thudc kiéu word_entry.
Kiéu synonym words dai dién cho tdp céc tir ddng nghia, ddi tuong thude
kidu nay thudng duoc dang dé luu trit két qua cia phép tham chiéu tir dién
dua trén mét tur 44 biét.

Véi dinh nghia don gian nhu trén, ta ¢6 thé xay dung mét img dung cé
str dung tir dién ddng nghia. Tuy nhién, trén thuc té, cac tir didn thuong duoc
t6 chirc phirc tap hon déi chit. Tir dién s& dugc chia thanh nhidu tap muc ti,
mdi tip muc tir twong (mg véi mot chir cai, chit cai nay 1a chiv ddu cha céc tir
gde trong tip muc tir nay. Lic nay ta co thé coi tir didn 13 mét anh xa gifta
mot chir cai va tdp cac muc tlr va tip cac muc tir lac nay tuong duong vér mot
tir dién clia phién ban dau. Ta dinh nghia lép dai dién cho tdp cic muc tir -
SetOfWordEntries nhu sauw:
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class SetOfWordEntries
{

map<string, set<string> > dictionary;
public:
typedef pair<string, set<string> > word entry;
typedef set<string> synenym words;
typedef map<string,set<string>» >::iterator
word _entry iterator;
typedef set<string>::iterator word iterator;
public:
SetOfWordEntries (void) s
~SetOfWordEntries (void};
public:
" word_entry_iterator begin();
word entry iterator end(};
synonym wordsé& operator[] (string a_word};
word_entry iterater find(string a werd);
public: i
void AddSynonymWord(string original word,string
synonym_word} ;

}:

con 16p SynonymDictionary dugc khai bao nhu sau:

class SynonymDictionary
{

map<char, SetOfWordEntries> dictionary;
public:

typedef map<char, SetOfWordEntries>::iterator
set_of word_entries_iterator;

typedef SetCfWordEntries::synonym _words synonym words;

typedef SetOfWordEntries::word_entry_ iterator
word _entry_iterator;

public:
SynenymDictionary{void);
~SyncnymDictionary{void) ;

public:
set_of word entries_iterater begin();
set_of word _entries_iterator end{);
synonym _words& operator[] {string a word);
SetOfWordEntries& cperator|[] {char first char}:
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word_entry iterator find{string a_word):;
public:

void AddSynonymWord({string original_word,string
synonym_word) ;

Vi

So v&i dinh nghia trong phién ban diu, lép SynonymDictionary
khéng khac nhidu. Lép nay dugc bd sung bd duyét trén tap cac tir muc va toan
tr [] cho phép tham chiéu t&i mdt tip ti muc twong tng véi mdt chir cai.
Mic do xét v& mit giao dién, cic ham thanh phin cha ldp
SynonymDictionary trong phién ban th hai khong khac so vé1 phién ban
diu, nhung phin dinh nghia lai khac kha nhiéu. Pidu nay la do
SynonymDictionary trong phién ban thi nhat chi 1a bd chira phirc hop vdi
hai mure, trong khi dé & phién ban thir hai, né 1a ba muec.

2.6 Tém tit

2.6.1 Ghi nhé&

B& chira 1a mdt cdu trac dif liéu cho phép luu trir mdt tp cac phan ti
ciing kiéu. Cac bo chira dugc xdy dung véi nhitng dic trung riéng va danh
cho cic muc dich khac nhau.

Cac bd chira trong STL duoc xép vao hai 1&p chinh la cac b chua tudn
tu va cac bd chira lidn két. BS chita tudn tu lvu trit va truy xuét cac phan tir
theo trit tw tuyén tinh. Cac bd chira tudn ty co ban trong STL bao gom
vector, deque va List. Bo chira lién két truy xuét cac phan tir dua trén gia
tri khoa. Thu vién STL ¢6 bdn bé chia lign két co ban la set, map,
multiset vamultimap. Ngoai hai dang b chira co s& trén, STL cdn cung
cip cac bd chaa khac dudi dang cac? bd chira thich nghi, string va
bitset.

Lua chon mdt bd chira thich hgp cho chuong trinh khdng phai don gian.
Trude hét, phai xét t61 kha ning hd tro céc tac vu bai todn yéu cdu dbi v&i
fimg dang bd chira. Tiép dén xét 151 do phirc tap tinh toan trén phuong dién
thori gian. DG phire tap tinh todn s& duoc danh gia d6i véi timg thao tac co ban
nhu bd sung, sa doi, tim kiém. Tém lai, viéc lya chon bd chira cho chuong
trinh doi hét phai ndm 13 dugc dic trung cia timg bd chira va yéu can ba
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toan,

Viée chi st dung don thuédn cc bd chua co s& do STL cung cép khéng
phai lGc nao cling thod man yéu cdu bai todn. Trong nhitng trudng hop nhu
vdy, phdi xdy dung mét bd chira méi. Tuy nhién, cac bd chita méi duoc xiy
dung dva trén cac bd chira co s& cia STL. Cac bd chira mai ¢d duoc sinh ra
dua co ché ké thira, thich nghi hodc két hop tir cac bd chia co 6.

2.6.2 M6t s6 Iwu v khi lap trinh

Dé sir dung cic 16p, ham cia STL ban cin khai bio khdng gian tén
std trude khi sit dung, khai bao nay thuc hién nhu sau
0 using namespace std;
o Trong truonmg hop khéng khai bao nhu viy, ta phai chi tudng
minh khéng gian tén khi khai bao ting lop, vi du:

* std::vector<int> int vector;

* hay

" std:i:copyl(..);
Sir dung iostream.h o thé s& gay 15i.
Cac chuong trinh vi du minh hoa khai niém khudn hinh ham
thanh phin dwgc viét trén méi trudong ldp trinh Visual Studio Net.
Néu ban sir dung cic mdi truomg 1ap trinh khéng hd tro khai niém
nay nhu Visual Studio, chuong trinh s& gip 1.
Viéc ép kidu tir iterator sang long & vi du ‘trang 49 c6 thé gay 13i
trén mot s6 moi trudong phat trién. Vi du ndy khi thuc hién trén
Visual C++ khéng gy ra 16i nhung khi dich & Visual C. NET thi
bio 151,
Trong vi du swapping04, chuong trinh khéng thé sir dung kidu
map<int, int>, néu st dung kiéu nay khi dich chuong trinh s&
nhén duge mot thong bao 18i; “Toan tir << véi vé phai la const
stdiipair< Tyl, Ty2> vén Tyl = int, Ty2 = int
khéng duogc dinh nghia” mic du ta di dinh nghia toan tir << vdi vé
phat la mét pair< Tyl, Ty2> nhu trong vi du hofic thim chi
dinh nghia mét cach cu thé cho pair<int, int>. P& minh hoa vi
du cho viéc hoan d6i trén map, ching ta phai dinh nghia lai mét 16p
CInt véi vai tro nhu kidu int. Day ¢6 thé do 18i cua trinh dich hoic
161 clia bd thu vién STL trong Visual Studio.NET
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2.6.3 Baitap
Baitdp 2.1:

Viét bd sung mét s6 thao tac co ban cho 16p ma tran vira xay dung. Cac
thao tac nay bao gdm:

Céc phép toan véi sé thuc
Céc phép toan véi ma trin, trude khi thyuc hién can kiém tra didu kién
thuc hién phép toan.
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Chuwong 3

BO DUYET

Muc dich chuong nay:

» Lam quen véi b duyét

» Huédng dan st dung mt s b duyét tién ich trong STL

e Tim hidu vé tu tuéng thit k& bd duyét ndi chung va trong STL noi
riéng

» Huong dan cich xdy dung mdt bd duyét

3.1. Gi¢i thiéu chung vé b duyét

Bd duyét 12 mt khai niém hoan toan mdi trong thu vién STL ndi riéng
va trong k¥ thuat 14p trinh khai lugc noi chung. D6i véi mét 1ap trinh vién cé
kinh nghiém, khi lam viéc véi STL, ho chi cdn mét it thdi gian ¢ quen voi
viéc st dung cac 1dp bd duyét duoc thu vién cung cdp. Tuy nhién, dé thuc su
lam chil cac bé duyét va xdy dung ciac bd duyét cho riéng minh, dé khéng
phéi la diéu don gian.

Thuc chit, bd duyét khong phai 14 khai niém bét ngudn tr thu vién
STL. N6 xuat phat tir mdt tu tudng thiét ké cac hé thdng goi 1a “Thiét ké
méiu”. B8 duyét duoc d2 xuit nhim tach bidt gitra td chire luu triy dir lidu (cac
bd chua) va cac co ché xit Iy dit lidu (cac gidi thuat). Khéi didm vé y tudng bd
duyét la hoan toan dé hidu. Vi dy, khi ta mudn tim phan ti'lén nhét"!trong méot
tip cac dbi tuong theo khia canh nao d6 thi viée hru trir tap cac di twong bing
vector hay deque vin khong thay ddi thudt toan x4c dinh phan tir 1on nhit.
Hon thé, thuat toan tim phdn tr Ién nhét ciing khéng cin quan tdm téi kiéu
phin tir ciia bd chita 1 gi ma chi xem xét cac phdn tir ¢6 kha ning so sanh hay
khéng. Néi cach khac, giai thudt tim phan tir 1on nhét phai lam viée duoc trén
mét bd chira bat ky, kidu phan tir bat ky (tit nhién kidu phin tir nay phai hd
tro cac phép toan so sanh Ién hon). Péi véi nguoi ding, loi ich cu thé nhét
cua bd duyét 1a viéc khdng phai sira lai ma [énh khi thay dbi b6 chira. Vi du:

#include <vector:>
#include <algorithme
#include <iostream>
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using namespace std;

int main{int argc,char* argv(]}
{
int int array[10] = {0,1,2,3,4,5,6,7,8,9};
vector<int> set_of_ int_num(int_array,int_array + 10};
cout << "Phan tu lon nhat" <<
*{nax_element(set_of_int_num.begin(),setrof_int_num.end{}}) <<
endl ;
return 0;

L

D&i véi bai toan don gian trén, ndu mudn luu trir tdp cac s6 nguyén
trong bing deque, ngudi dung chi don gidn thay ddi lai khai bao bd chira
dugc sir dung:

\ vector<int> set of_int num{int_array,int_array + 10);

va duong nhién la ca khai bao

1 #include <degue>

C6 hai diém trong doan ma glup ban khong phai stta ma 1énh khi thay
dbi b6 chia. Trude hét d6 1a co ché st dung bd duyét d& truy nhép cac phan
tir trong bd chira clia cac thuét toan va thi hai la toan tir gia1 tham chiéu (*)
duoc dinh nghia chung cho cac bd duyet.

Xét vé mit 14p trinh, bd duyét la sy khai quat hoa khai mem con tro. No
cho phép truy nhép td1 cac phan tir trong b chua ma khéng can quan tim tdi
cAu tric bén trong cua bd chira. Vi du khi mudn duyét qua toan bd bd chira

#include <vector>
#include <iostream>

using namespace std;

int main{int argc,char* argv)
{
typedef vector<int> SeqofInt;
SeqofInt seq_of _int;
for{int i = 0;1i < 10;i++)
seq_of~int.push_backjrand{) % 100);
for (SeqofInt::iterator it = seq of_int.begin():
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it != seq of int.end{};:
1t++)
cout << *it << " ";
cout << endl;
return 0;

Két qua chuong trinh 1a khéng dbi néu thay ma 1énh khai bao kiéu

typedef vector<int> SeqOfInt:

bing

typedef deque<int>» Seq0fiInt;

hay

typedef list<int> SeqgOfiInt:

Cac KHAI NIEM lién quan téi bé duyét ciing duoc xdy durg theo
huéng 1am min dan (tinh chinh dan). Cac bd duyét cang phirc tap thi cung cip
cang nhiéu phuong thirc va ¢6 cang nhidu rang budc. Theo cach nhin nay,
STL dua ra 6 KHAT NIEM lién quan t&i b6 duyét:

» B duyét dongian — Trivial Iterator

¢ B duyét nhdp — Input Iterator

e B0 duyét xuit - Qutput Iterator

» Bo duyét don chidu - Forward Iterator

» B0 duyét hai chiéu - Bidirctional Iterator

» B3 duyét truy nhép nglu nhién — Random Access Iterator

Chi tiét vé cac KHAI NIEM lién quan t6i bd duyét duoc trinh bay trong
phén phu lue.

Cac KHAINIEM trén duoc cu thé hoa bing cac Ip bd duyét. Cac 16p
b6 duyét co thé chia vao hai nhém: cic 16p bd duyét co s va céc 16p bd duyét
chuyén dung hay cic bé duyét thich nghi. Tir géc d6 ngudi six dung, it khi ta
sir dung b6 duyét ddc 14p ma hau hét sir dung cic bd duyét gén véi mét b chira
nio d6 ngoai trit mdt s trudmg hop sir dung cac bd duyét trén cac ludng vao/ra
ostream iterator, bd duyét dé bd sung phén tr insert iterator.
Tuy nhién néu nhin k§ hon, cac bd duyét di cung bd chira khdng phai duoc
dinh nghia riéng cho timg bd chira ma nd chi 1a cac 16p bd duyét co s& duoe
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cu thé hoa cho bd chira. Ta s& dé& cép didu nay mdt cach rd rang hom trong
cudi chuong.

Véi mong muén gitp cac ban lam quen vdi by duyét, phan diu chuong
s& chi gidi thidu médt sd Iop b duyét. Pay 14 cac 16p bd duyét thudng duoc sir
dung dbc¢ 1ap cho cac muc dich khac nhau Cac lép bo duyét chuyén dung bao
A
gom:

¢ Cac bd duyét phuc vu viéc bd sung phin to vio bd chira:
insert iterator, front_insert iterator va
back_insert_iterator.

e Cac bd duybt trén cac ludng vio/ra: istream iterator,
ostream iterator, istreambuf iterator va
ostreambuf iterator.

¢ B{ duyét nguoc: reverse iterator. B duyét nay cho phép
duyét mét bd chira tir cudi trd lai dau.

» Bdduyétraw storage iterator,

Day thuc chét 12 cic bd duyét thich nghi. Né duge sir dung chi yéu voi

vai tro d6i s6 cho cac giai thust ma két qua tra v& 1a mot tip phan tir.

3.2. Cac bo duyét bd sung phén tir

Dua theo tén goi ta cling ¢6 thé thiy cac bd duyét nay duge sir dung dé
bd sung thém médt hoic nhidu phan tir vao b chira. Nhung rd rang, bd chira
ndo ciing cung ¢ip cac ham thanh phin cho phép bd sung cac phéan tir. Vi du
hai cach bb sung phan tir nhu sau la twong duong:

#include <iterator>
#include <list>
#include <iostream>

using namespace std;

int main{int arge,char* argv([])
{
list<int> int_list;
int_list.push front{3);
fiont_insert_iterator<list<int> > ii{int_list);
ii = 0;
cepy {int_list.begin(),int list.end(},
ostream_iterator<int>»{cout, " "});
return 0;

!
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Két qua thu duoc

03 ' ]

Dén day, ta s& lam rd hon vé nhan dinh & cudi phan trude va ciing l1a dé
gidi thich cho diéu kho hiéu trén. Cac bd duyét bd sung khong may khi duoc
sir dung dé bd sung phén tir truc tiép nhu vi du trén. RS rang la so véi cach
goi ham push_front (), dung bd duyét b sung ruom ra hon rat nhiéu. Bo
duyét bd sung noi riéng va cac bd duyét thich nghi néi chung chi duoc sir
dung v&i vai tro d6i s6 cho cac giai thuat. Didu nay co thé Iy giai nhu sau: bd
duyét duoc dé xudt voi vai trd 1a giao dién gifra cac giai thudt va bo chira, do
vdy, tat ca cac giai thuat duoc thiét ké chi lam viéc trén bo duyét ma khong
cdn quan tdm gi t&i bd chira. Tuy nhién, c6 nhiéu giai thuét cho két qua la mot
tap phan tir, cu thé hon la trong qua trinh thuc hién giai thuat 1an luot bd sung
phan tir vao bd chira luu trir két qua tra v&. Do viy, cac bd duyét bd sung
duoc sir dung lam ddi s6 cho cac ham nay.

Cac bo duyét bd sung phan tir duoc sit dung khi nguoi dung sir dung
cac ham vdi gia tri tra vé 1a mot bd chira, vi du nhu ham copy ()

#include <list>
#include <vector>
#include <iostream>

using namespace std;

int main(int argc,char* argv(])
{
list<int> int_list;
int_list.push_ front(3);
int_list.push_front(2);
vector<int> int vector;
copy(int_list.begin(),int_list.end(),
back_insert iterator<vector<int> >(int_vector));
cout << "list ban dau: ";
" copy(int_list.begin(),int_list.end(),
ostream iterator<int>(cout,” "));
cout << "\nvector ket qua: ";
copy (int_vector.begin(),int_vector.end(),
ostream iterator<int>(cout," "))
return 0;

}

1ist ban dau: 2 3
vector ket qua: 2 3
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Vi du trén thuc hién viéc sao chép ndi dung cia mdt 1ist sang mot
vector. Pé y ring, trong khudn dang cia ham copy (), d6i s6 tha ba chi
can yéu cau la mot bd duyét xuédt, nghia la mot bd duyét kiéu
vector<int>::iterator cé thé truyén vao lam ddi s6 cia ham nay,
nhung néu ta thay dong lénh

copy (int_list.begin(),int_list.end(),back_insert_iterator
<vector<int> >(int_vector));

bang hai Iénh

vector<int>::iterator it = int_vector.begin()
copy (int_list.begin(),int_list.end(),it);

thi chuong trinh dich dwoc nhung khi chay s& bao 18i. Day 1a 181 truy nhép t6i
vung nhé chua dugc cap phat clia vector do ham copy () thuc hién viéc
dich chuyén bd duyét duoc truyén vao trong qua trinh thuc hién. Tuy nhién,
néu ta c6 thuc hién viéc cap phat trudc cho vector véi ham reserve ()
(lwvu y rang, khong phai bd chira nao cling c6 khé nang cap phat trudc nhu
vector) nhu sau

int_vector.reserve(int_list.size())’
vector<int>::iterator it = int_vector.begin();
copy (int_list.begin(),int_list.end(),1it);

thi két qua van sai. Két qua thu dugc s& nhu sau:

list ban dau: 2 3
vector ket qua:

Pidu nay c6 nghia la int_vector khéng duoc bd sung thém phén tir
nao. Véi vi du trén, ban doc da thdy duoc phan nao vai trd cta cac bd duyét
bd sung.

Ta lai quay tré lai vdi chii @& chinh 1a cic bd duyét bd sung. Trong phén
ndy, ta ban vé ba bd duydt bd sung la front insert iterator<>,
back insert iterator<> va insert_iterator<>. Cac by duyét nay

- ;- ’ - A A A ~ - A A A - -
tuong mg voi cac thao tac bo sung vao dau bd chira, bo sung vao cudi bd
chira va bd sung vao mét vi tri bt ky trén bd chira.
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3.2.1. B6 duyét front_insert_iterator

B duyét front insert iterator duoc sir dung d bd sung cac
phan tir vao dau ctia mét bo chira. Vi du sau thuc hién viéc sao chép ndi dung
cia mt vector vao mdt deque, ddng thoi thir ty cac phan tir duoc dao
nguoc lai,

#include <vector>
#include <deque>
#include <iostream>

using namespace std;

int main(int argc,char* argv(])
{

vector<int> int_vector;

for(int 1 = 0;1i < 10;i++)

int_vector.push back(i);

deque<int> int_deque;

copy (int vector.begin(),int_vector.end (), front_insert_ iterat
or<deque<int§_>(int_deque)}:

cout << "vector ban dau: ";

copy (int_vector.begin(),int_vector.end(),ostream iterator<in
t>(cout,” ")),

cout << "\ndeque ket qua: ";

copy (int_deque.begin(),int_deque.end(),ostream iterator<int>
(cout,”™ "));

return 0;

}

vector ban dau: 0.1 2 3.4 5.6.7 8 8 L
deque ket qua: 98 76543210 '

Viéc dédo nguoc ndi dung cua diy s6 dugc sao chép chi don gian
la do sir dung b duyét front insert iterator<>. Béi tuong vector
ban dau duoc duyét theo chidu thuan trong khi cac phan tir cia deque lai
luén duoc thém vao dau diy. Viéc deque_int rdng hay di c6 phén
tt khong 4nh hudéng gi téi cac phin td dugc bd sung voi
front_insert iterator<deque<int> >. Gid su
deque_int phan tir -1 trudc khi goi ham copy () :

ta thém wvao

int_deque.push _back(-1); __J

thi thu duoc két qua nhu sau:
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vector ban dau: 01 2 3 456 78 9
deque ket qua: 9 8 7i(655:4:3 2:1 0:1=1

Viéc bd sung vao bd chia duoc thuc hién véi toan tir = cia 1p
front insert iterator<>. Thuc ra, toan tir nay khong lam gi khac la
goi ham push front () cua bd chira

front_insert_iterator<_Container>& operator=(
typename _Container::const_reference _Val)
{ // push value into container
container->push_front( _Val);
return (*this);

}

Do viy, d& c6 thé sir dung bd duyét nay cho muc dich bd sung phan tir
vao bd chira, cac bd chira phai hd tro ham thanh phan push front (). Trong
bo duyét front insert iterator<>,ngoai trur toan tir = va cutirlacoy
nghia, con cac toan tir con lai nhu *, ++ .. déu chi dinh nghia dé tranh
gy ra 13i khi sir dung. Thuc chét, chang khong 1am bét cir mét viéc gi. Ciing
xin néi thém ring, toan tir * ciia front insert iterator tra vé mdt bd
duyét chir khong tra vé gia tri cia phan tir né dang trd toi. N6 duoc dinh nghia
nhu sau:

front_insert_iterator<_Container>& operator* ()

{ // pretend to return designated value
return (*this);

}

Chinh vi vay, thuc hién cac toan tir trén khong lam anh hudng gi voi
viéc bd sung phan tu, vi du:

#include <vector>
#include <iostream>

using namespace std;

int main(int argc,char* argv(])

{
vector<int> int_vector;
back_insert_iterator<vector<int> > ii(int_vector);
ii = 0;
1i++;
*11 = 1;
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iit++= 2;

copy (int_vector.begin(),int_vector.end(),
ostream iterator<int>(cout," "));

return 0;

}

D12

3.2.2. B6 duyét back_insert_iterator

Bo duyét back insert iterator dung dé thém cac phan tir vao
cudi mot bd chira. Ciing tuong tu nhu bd duyét front insert iterator,
bd duyét back _insert iterator chilam viéc véi cac bd chira hd tro ham
push back(). Piéu nay c6 nghia la chi co thé st dung dugc voi bo chira co
s& la vector, deque hay 1ist. Va duong nhién, ta ciing c6 thé s dung bo
duyét nay voi cac by chira do ty xdy dung néu cac bd chua nay dugc dinh
nghia him push back (). Két qua cta viéc bd sung khi sir dung bd duyét
back insert iterator tuy thudc vao viéc dinh nghia ham
push back (). Sau ddy la mét vi du don gian dé minh hoa cach st dung b
duyét nay:

#include <vector>
#include <deque>
#include <iostream>

using namespace std;

int main(int argc,char* argv([])
{
deque<int> int deque;
for(int i = 0;1 < 10;1i++)
int_deque.push_back(i);
vector<int> int vector;

copy (int_deque.begin(),int_deque.end () ,back insert_iterator<
vector<int> >(int vector));
cout << "Deque ban dau: ";

copy (int_deque.begin(),int_deque.end(),ostream iterator<int>
(cout, ™ "))

cout << "\nVector ket qua: ";

copy (int_vector.begin(),int_vector.end(),ostream iterator
<int>(cout," "));
return 0;
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deque ban dau: 0 12 3 456 789
vector ket qua: 0123 45 67 8.9

Vi du trén thuc hién viéc sao chép ndi dung ciia mét deque sang
vector biang ham copy () va bd duyét back insert iterator. Trét tu
ciia ddy sé vin dugc giit nguyén sau thao tac sao chép. Néu muén sao chép
ndi dung va ddo nguoc trat tu cac phan tir, ta lam thé nao? Rd rang, khong thé
sit dung duoc front insert iterator vi lop vector khong c6 ham
push_front (). Huong giai quyét cua chung ta la duyét deque tir cudi 1én
dau trong qua trinh sao chép. Ta sé& thay 101 goi ham copy () trong doan ma
trén nhu sau:

copy (int_deque.rbegin(),int_deque.rend(),
backminsert_iteratorcvector<int> >(int_vector));

Két qua thu duoc s& ding nhu mong muén cia ching ta:

deque ban dau: 0 12 3 456 789
vector ket qua: 98 7 6:5:4.3:2:1.0

D& chi cho ham copy () biét ring phai duyét int deque theo thir tu
nguoc trong qua trinh sao chép, ta s dung bo duyét nguoc (reverse iterator)
va chi ra hai can cia doan cin sao chép 1a int_deque.rbegin() (cudi cua
bd chira) va int deque.rend() (dau cia bd chira). Ching ta s& khong noi
sdu thém vé bo duyét nguoc & ddy va s& danh n6 cho phin trinh bay vé bd
duyét nguoc.

3.2.3. BO duyét insert_iterator

Ngoai hai bo duyét bd sung trén, STL con cung cdp mot bd duyét bo sung
nira la insert_iterator. So véi cac bd duyét front insert iterator
va back_insert_iterator chi cho bo sung vao bd chua tai 2 dau, bd
duyét insert iterator linh hoat hon. N6 cho phép nguoi sir dung Xac
dinh vi tri bd sung phén tir. Hon thé, insert iterator con lam viéc dugc
voi tht ca bd duyét co s& ma STL cung cip vi bd duyét nay sir dung ham
insert (iterator where)duoc hd tro trong tit ca cac bod chira. Viéc sur
dung insert iterator ciing khong khac gi hai bo duyét bd sung trén. Ta
c6 thé 1am theo cach sau:

#include <vector>
#include <deque>
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#include <iostream>
using namespace std;

int main(int argc,char* argv[])
{
deque<int> int_deque;
for(int 1 = 0;1 < 10;1i++)
int_deque.push_back(i);
vector<int> int vector;
int_vector.push back(-1); int_vector.push_back(-2);
vector<int>::iterator ii = int_vector.begin();
ii4+;
cout << "Trucc khi sao chep: " << *ii << endl;

copy (int_deque.begin(),int_deque.end(),insert_iterator<vecto
r<int> >(int_vector,ii));

cout << "Sau khi sao chep: " << *ii << endl;
cout << "deque ban dau: ";

copy (int_deque.begin(),int_deque.end(),ostream iterator<int>
(cout," "));

cout << "\nvector ket qua: ";

copy (int_vector.begin(),int_vector.end(),ostream iterator<in
t>(cout," ")):;

return 0;

}

Truoc khi saoc chep: . -2

Sau khi sao chep: -572662307
deque ban dau: 01 2 3 456789
vector<ket mua: ~1.01.2 345 6.7 8 9 =2

C6 hai luu y khi lam viéc véi insert iterator. Thi nhit, trong ciu
tlr cia lop insert iterator, ngoai viéc chi ra mudn bd sung cac phan tir
vao bd chira nao (dgi s6 dau tién), ta con phai chi ra vi tri dugc bd sung phan
tu. Thir hai, b duyét dung dé xé4c dinh vi tri bd sung phén tir sé duoc tu dong
ting 1én mdi khi mot phan tr duoc thém vao va sau khi thuc hién mot thao tac
b sung, bd duyét nay khong chi vao mét phén tir nao trong bd chira nita.

3.3. Cac bd duyét trén cac luéng vaolra

Cac ludng vao ra trong STL duogc chia thanh 2 loai, mdi loai phuc vu
cho mdt muc dich khac nhau. Cac by duyét istream iterator va
istreambuf iterator duoc sir khi mudn ldy dit lidu tir cac ludng vao va

bo dém. Con ostream iterator va ostreambuf iterator phuc vu
‘A 2 ~ 1A . X 1A 3A -
viéc day dir liéu ra cac luong ra va bo dém.
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3.3.1. B duyét ostream_iterator

Ta &3 kha quen véi viéc sir dung bd duyét trén ludng ra va ham copy ()
dé dua noi dung ctia mot bd chira ra man hinh. Ta cling sé& thuc hién tuong tu
d& c6 thé két xuat ndi dung cia bd chira ra tép tin. Viée nay duoc thuc hién

nhu sau:

#include <vector>
#include <iterator>
#include <iostream>
#include <fstream>
#include <string>

using namespace std;

int main(int argc,char* argv[])
{
vector<int> int_vector;
for(int 1 = 0;1 < 10;1i++)
int_vector.push_back(i);
ofstream text file("Output.dat");
ostream iterator<int> int file out(text file," ")’
ostream iterator<string> str_file out(text_file);
*str file out = "Noi dung cua vector:\n";
copy (int_vector.begin(),int_vector.end(),int_file out);
text_file.close():
return 0;

Noi dung ctia tép tin Output.dat nhu sau:

. Noi dung cua vector:
0123 45867789

|
|

e - _ ~" . 2 5 . & A A
So véi viée két xuat ndi dung bd chira ra man hinh, viéc két xuat no

dung bd chira ra tép tin khong khac nhau nhiéu. Trudc hét, ta khai bao mot

ludng ra tép tin. Khai bao nay duoc vi du trén thuc hién trong dong:

ofstream text_ file("Output.dat"};

Khai bao nay s& tao ra mot ludng vao ra tuong ung véi tép tin
Output.dat. Sau d6, ta gin bd duyét voi ludng ra tép tin vira dugc tao ra. Cudi
cung, ta goi ham copy () véi d6i s6 thi ba chinh 12 bo duyét nay. Trong vi du
trén, con c6 mot s6 ky thuat moi. Dau tién d6 1a viéc gan hai bd duyét voi
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kiéu phan tir khac nhau voi cung mot ludng vio ra. Didu nay cho phép ban
ddy cac dir lidu dugc khai bao theo cac kiu khac nhau ra cling mét tép tin. Vi
du nhu ghi ra tép tin ndi dung cila mdt vector<int>. Tlcp dén la ndi dung
cua deque<float> v.v. Thim chi ¢6 thé ghi ndi dung ciia mét bd chia véi
kiéu phan tir do ngudi st dung tu dinh nghia. Tr& lai véi vi du ban ddu vé b
chira luu cac théng tin v& sinh vién, thay vi hién thi néi dung cua cac sinh
vién ra man hinh, ta s& liru vdo t8p tin StudentProfile dat.

#include <vector>
#include <iterator>
#include <fstream>
#include <string>
#include "../Student.h"”

using namespace std;

int main{int arge,char* argv(])
{
vector <student> student vector:;
for{int i = 0;1 < 10;i++)
student vector.push_back(student(}};
cfstream text file{"StudentProfile.dat”};
ostream iterator<student> std file out{text file,"\n"}:
copy {student_vector.begin(), student_vector.end{},
std_file out); -
text_file.clese();
return 0;

Luu ¥ 1a phai dinh nghia toan tir >> véi d6i sé thir nhit ¢o kidu la
ostream va ddi sb thir hai ¢ kidu 13 16p ma ta vira dinh nghia. Pidm mdi
thir hai trong vi du décip o tren lasu dung toan tir = dé ghi ndi dung cua bién
ra tép tin. Luu y ring, ciing gidng nhu déi véi cac bd duyét bd sung phan tir,
todn tir gidi tham chiéu (cperator*), toan tr ++ cia bd duyét nay tra vé mot
bd duyét va cu thé hon 14 tra vé chinh né (*this). Do vdy, ta viét

*str_file out = "Content of a vector:\n";

hay

str_file out = "Content of a vector:\n";

két qua khong hé thay ddi, ddng thoi thue hién lénh
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str_file_out++;

& khdng ¢6 v nghia gi.

3.3.2. Bo duyét trén ludng vao istream_iterator

Giira bd duyét trén ludng ra va bd duyét trén ludng vao c6 mét sy khac
biét quan trong. Sy khac biét nay bit ngudn tir yéu t6: cac ludng vao cd diém
cubi, trong khi d6, cac ludng ra thi khong. Pidu d6 ¢6 nghia la ludn ghi thém
vao ludng ra, trong khi d6 viéc doc tir ludng vao ¢6 nhimng giéi han nhat dinh.
Tuy nhién, trén cac lubng vao khéng dinh nghia cdc ham cho phép dua bd
duyét tdi cac vi tri dAu hay cudi nhu d6i véi cic bd chira. Chinh vi vay, STL
xac dinh diém cubi ciia mot ludbng vao qua mét by duyét dic biét. B duyét
nay duoc khai bao ma khdng gan véi bt cir mdt ludng vao nao. Khai bao ndy
nhu sau;

istream iterator<T> end_of_ istream;

Vi du sau ddy thuc hién doc cac tir cia mot tép tin vin ban Input.dat véi
ndi dung chi gdm mét dong “High Performance Computing Center” vao mdt
vector<string>, sau d6 hién thi ndi dung cua bd chira nay.

#include <vector>
#include <iterator>
#include <iostream>
#include <fstream>
#include <string>

using namespace std;

int main{int argc,char* argv[])
{
ifstream text file("Input.dat™}:
istream iterator<string> str_file_in(text_file},end_of_file;
vector<string>» str_vector;
copy(str_file_in,end_of_file,back_insert_iterator<vector<str
ing>» »{str vector)};
text file.closel(};
copy(str_vector.begin(),str_vector.end(},ostream_iterator<st
ring>»{cout,"\n"}};
return 0;
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Két qua chay chuong trinh:

High

Performance

Computing

Center : Yolgiel maaysi ody pnisil nd b AL

D61 véi cac ludng vao trén tép tin, bd duyét s& duoc gan gia tri
end_of streamkhi doc dén cudi tép tin hodc khi doc duoc mét ky tu khong
mong mudn. Con d6i véi ludng vao chuédn (ban phim), bd duyét s& dwoc gan
gid tri end_of stream khi ban nhép vao mét ky tu khéng mong mudn, dung
hon 1a khi chuong trinh doc dugc & bd d8m ban phim mét ky tu khong mong
mudn. Cac ky tu khong mong muén & day dwoc hidu la cac ky tu khong thé
chuyén vé thanh mét phan tir do bd duyét trd téi. Vi nhu khi ban muén nhap
vao mdt ddy s6 nguyén bing mot bo duyét in it véi in it duoc khai bdo
nhu sau:

istream iterator<int> in_it(cin)

thi in it s& nhan gia tri istream iterator<int>() khi ban nhip vao

mét ky tu bat ky khac cac ky tw 0, 1, ...9 va ky tu tring (cac khoang tréng
e - A - \ - - 5 3 - - " r A ’

gira cac so duoc nhap vao dong vai tro 1a phén cach giira cac so). Vi duy, ta

mudn nhap viao mot diy sd nguyén voi chidu dai tuy y (khéng biét trude do

dai ctia chudi can nhip) va nguoi ding s& nhip vao mot ky tu bat ky dé két

thac viéc nhap. Poan chuong trinh d6 duoc thuc hién nhu sau:

#include <vector>
#include <iterator>
#include <iostream>
#include <fstream>
#include <string>

using namespace std;

int main(int argc,char* argv([])
{
cout << "Nhap vao mot day so!'\n

(Viec nhap se ket thuc khi dua vao mot ky tu bat ky va nhan
Enter)\n";

istream iterator<int> in_it(cin);

istream iterator<int> end;

vector<int> int_vector;

copy(in_it,end,back_insert_ iterator<vector<int>
>(int_vector));
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cout << "Chuoi so da nhap: " << endl;

copy (int_vector.begin(),int_vector.end(),
ostream_iteré%or(int>{cout," "))

return 0;

}

Két qua cua chuong trinh trén nhu sau:

Nhap vao mot day so!

(Viec nhap se ket thuc khi dua vao mot ky tu bat ky va nhan
Enter)

1 23 456

7890 g 12 34

Chuoi so da nhap:

1 23 456 7890 Press any key to continue

Trong két qua hién 1én man hinh trén, phin sau d4u nhéc cho téi dong
“Chuoi so da nhap:” 1a phan nhép vao tir ban phim. R rang, 1a chi ¢6 cac sb
dugc nhdp truée ky tu “q” méi duge luu vao bién int_vector. Cach nhap
liéu tren linh hoat va tu nhién hon so véi viéc yéu cau ngudi dung dua vao
trudce s6 luong phén tir cia ddy. Diéu nay ciing dang khi ludng vao thuc hién

trén tép tin.

Khéc voi cac bd duyét bd sung phén tir ciing nhu bd duyét trén ludng ra,
cac toan tir ++ va toan tir * déu dwoc dinh nghia cho nhitng muc dich rleng
Toan tir ++ s& chuyén téi phan tir ké tiép trong luong, con toan tir * s& tra vé
gia tri cia phan tir hién tai ma b duy€t trd t6i. 'Cén cht y ring, su khac biét
trén 1a la su khic biét gitta KHAT NIEM Input Iterator va KHAI NIEM
Output Iterator. RS rang, cac by duyét duoc md hinh hoa tir KHAI NIEM
Output Iterator dung dé day dir liéu ra bd chira nén “phan ti” no troé téi la
chua ton tai. Do vy, toan tir * hay ++ déu khéng dugc dinh nghia. Nguoc lai,”
cac bd duyét mé hinh KHAI NIEM Input Iterator dugc sir dung dé doc dit liéu
ra tir cac bd chira, nén tai mdi thoi diém, bd duyét déu chi téi méot phan tir Xac
dinh. Do vay, toan tir * dugc dinh nghia & lay gia tri cua phan tir va ++ dé
dich bd duyét téi phan tir tiép theo.

D61 v6i bo duyét trén ludng vao istream iterator<>, toan tir ++
duoc dinh nghia lai theo muc dich sir dung. Khi thuc hién toan tu ++,'bd
duyét s& sir dung toan tir ctia ludng vao tuong (mg dé trich ra phan tir tiép theo
trong luong va luu trit gia tri phan tir ndy trong mot bién thanh phan cua lép
istream iterator<>. Néu d6 la ludng vao tir tép, phén tir tiép theo trong
tép duoc trich ra. Néu do6 1a luong vao tir thiét bi vao chuin (ban phim), phan
tir ké tiép trong bd dém cuia thiét bi chuin s& duoc trich ra. Trong truong hop
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bd dém nay rdng, chuong trinh s& doi cho téi khi ban nhap liéu vao. Do viy,
¢6 thé nhap liéu lién tuc ma van khdng thé két thic véi chuong trinh sau:

#include <vector>
#include <vector>
#include <iterator>
#include <iostream>
#include <fstream>

using namespace std;

int main(int argc,char* argv(]}
{
// Chuong trinh nay bi 181,
// né a& chay midi khéng dimg
istream iterator<char> in_it{cin},end;
vector<char> char_vec;

while{in_it != end)
char_vec,push _back(*++in_it};
return 0;

3.3.3. Céc bd duyét istreambuf_iterator va ostreambuf_iterator

Céc bd duyét istreambuf iterator va ostreambuf iterator
1a cac bd duyét trén viing dém cua cac ludng vio ra. Pidu dé c6 nghia 1a né
cho phép trich céc théng tin tir cic ludng nay dudi dang thé nhéat. Cu
thé hon né khdng c6 sy phin biét giita cac phan tir trong ludng, khong c6
khai niém phén cach (cac khoang tring) giira cic phan tir trong ludng. Chinh
vi vidy, mic du dugc dinh nghia dudi dang khudn hinh ham, nhung céc
b6 duyét ndy chi chép nhan hai kiéu la char viw_char cho kiéu phan tr. Vi
du sau minh hoa cho sy khic biét gilta istream iterator<char> va
istreambuf iterator<char> khi dugc sir dung dé doc mdt tép tin vin
ban Input.dat chi gdm mét dong 1 “Trung tdm tinh toan hidu ning cao”.

#include <iterator>
#include <icstream>
#include <fstream-

using namespace std;

int main{int argc,char* argv[])
{




151 Chuwong 3. BO DUYET

ifstream in_1("Input.dat");
istreambuf_ iterator<char> istb_it(in_1), istb_end;
ostream iterator<char> ost_it(cout);

while(istb_it != istb_end)
*ost_it++ = *istb_it++;
ost_it = '\n';

ifstream in_2("Input.dat");
istream iterator<char> ist_it(in_2), ist_end;
while(ist_it != ist_end)
*ost_it++ = *ist_it++;
ost_it = '\n';
return 0;
}

Trung tam tinh toan hieu nang cao
Trungtamtinhtoanhieunangcao

3.4. M6t sé bd duyét hiru dung khac

3.4.1. B6 duyét ngwoc reverse_iterator

B duyét nay duoc sir dung khi ngudi ding c6 mong mudn duyét nguoc
mét bd chira. Tuy nhién, trude hét ching ta ciing dua ra mét vi du don gian dé
biét cach sir dung cac bd duyét nguoc. Gia sir, ta cin kiém tra mot diy s6 ¢o
phai 1a d6i ximg hay khong. Mét cach don gian 1a cho hai bién tré duyét day
sé theo hay chiéu ngugc nhau bit dau tir hai dau cta diy s6 va tai mdi budc
ta kiém tra xem hai phén tir duoc trd bdi bién trd. Néu gia tri nay bing nhau
thi tiép tuc ~tang hai bién trd theo chiéu duyét clia ching va chuyén sang
budc lap tiép theo. Qua trinh duyét két thuc khi gip hai phan tir khong bang
nhau hozc duyét qua toan bd diy (thuc chat chi can duyét qua nira ddy). Thu
tuc kiém tra nay duoc thé hién nhu sau:

template <typename Bidirectionallterator>
bool Symetric(BidirectionalIlterator first,
BidirectionallIterator last)
{
reverse_iterator<Bidirectionallterator> rfirst(last);
bool found = false;

for(; (first != last)s&é&!'found;
first++,rfirst++)
found = (*first != *rfirst);

return (!found);
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Doan chuong trinh sau sir dung nay dé kiém tra tinh ddi xtng cua diy
s6 luu trong deque:

#include <deque>
#include <iostream>
#include <iterator>

int main(int arge,char* argv(])
{
deque<int> int_deque;
for(int 1 = 0;1i < 10;i++)
{
int_deque.push back(i);
int_deque.push_front (i)
}
copy(int_deque.begin{},int&deque.end(},ostream_iterator<int>
(cout," "));
if( Symetric{intﬁdeque.begin(),intﬁdeque.end{)}]
cout << "\nDay so doi xung\n";
else !
cout << "\nDay so bat doi xung\n";
return 0;
}
0 FeBoRhe 543 121140,0. 1 263 4.5 6-7.8 9.
~Day so doi xung .

- .:'-<'€._' 1

Bay gio dé thdy duoc didu thu vi khi ding bd duyét nguoc, ta viét
ham symetric () nhung khéng dung bd duyét nguoc, c6 thé tham khao cach
sau:

template <typename Bidirectionallterator>
bool Symetric(Bidirectionallterator first,
BidirectionalIterator last)
{
bool found = false;

for(; (first != last)s&s!found;
first++,last--)
found = (*first != *last);

return (!found);

Xem ra c6 vé dung va hi¢u qua hon céach trén do chi phai duyét trén hai
nira ddy. Tuy nhién, néu ta chay chuong trinh trén, két qua s& khong nhu
mong mudn.
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BET 6543210032 3beiinh
Day so bat doi xung

Nguyén nhan la do ham thanh phan end () trong cac bd chia tra vé mot
b6 duyét khong chi vao bat cir mét phan tir trong nao trong mang N6 chi
mang y nghia dai dién. Chinh vi diéu nay, khi duyét dén cuéi bd chira chi cin
kiém tra bd duyét hién tai c6 tring v6i bd duyét do ham thanh phan end () tra
vé khong. Va sau day la mét vi du khac dé thdy sy hitu ich ciia bd duyét
nguoc. Vi du nay yéu cdu ta hién thi noi dung cia mot bd chira theo thir tu
nguoc. Chéc chin khong thé st dung ham copy () nhu vn thuong lam.
Ham copy () s& sir dung toéan tir ++ dé duyét b chira thay vi toan tir -—. Vay
ta s& duyét bd chira mdt cach thu cdng. Theo suy nghi thong thuong, ta thuc
hién nhur sau (trong doan ma sau d ¢6 géng tranh hién thi ndi dung ciia “phin
ti” chi bdi end ()):

#include <deque>
#include <iostream>

using namespace std;

int main(int argc, char* argv([])
{
deque<int> int_deque;
for(int i = 0;1 < 10;1i++)
int_deque.push back(i);
deque<int>::iterator it = int _deque.end();
for(it--;it '= int_deque.begin();it--)
cout << *it <<" ";
cout << endl;
return 0;

}

9.8 iyt g 2.1 TR

Két qua khong dung nhu mong mudn. Phin tir ddu tién cta bd chia
khéng duoc xem xét. Co thé noi, ta khdng co cach nao thay ddi tinh hinh,
ngoai trir 1am theo mét cach chip vé la thém dong sau vao sau vong lap for:

cout << *it <<" ";

Tuy nhién, day khong phai cach nhiing nguoi 1ap trinh chuyén nghiép
giai quyét van dé. Ta s& sir dung bd duyét nguoc. Poan duyét va hién thi noi
dung int deque duoc sira lai nhu sau:
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reverse_iterator<deque<int>::iterator> r_ it;

for(r_it =
reverse_iterator<deque<int>::iterator>(int_deque.end());
r Ui e
reverse_iterator<deque<int>::iterator>(int_deque.begin());
r ohEd )

cout << *r it << " ";

BB Sl M AT S el 6% Sady .- 53 5 biod

C6 thé sit dung ham copy () cho muc dich nay. Him copy () dugc goi
nhu sau:

copy (reverse_iterator<deque<int>::iterator>(int_deque.end())
,reverse_iterator<deque<int>::iterator>(int_deque.begin()),
ostream_iterator<int>(cout," "));

Luu y rang, dé co thé s dung dugc cac doan mi trén trong chuong
trinh, phai thém khai bao

#include <iterator> 1

vao dau chuong trinh. Mt cach khac dé thuc hién viéc trén kha don gian va
dd duoc nhéc t6i trong vi du vé cac bd duyét bd sung phan tir:

copy (int_deque.rbegin(),int_deque.rend(),
ostream iterator<int>(cout," "));

Dung nhu  vay, nhung  thuc chit phai hiéu la
deque<>::reverse iterator ching qua chi 1 dinh nghia cu thé cia
reverse iterator<> vdi tham s 1a deque<int>:: iterator, con
rbegin () va rend () dugc dinh nghia don gidn nhu sau:

reverse_iterator rbegin()
{ .
return (reverse_iterator(end()));

va

reverse_iterator rend()

{

.

return (reverse_iterator (begin()));
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3.4.2. Con tré va b6 duyét raw_storage_iterator
Sir dung con tré nhw mét bg duyét

Ming 12 mdt bd chira don gidn, quen thudc nhit véi hdu hét cac lap
trinh vién. Viéc khai bao va str dyng mang ciling kha don gian. Tuy nhién, tir
goc dd sir dyng STL, mang lai 1a bd chira tudn ty phirc tap nhit. N6 dugc xép
vao lép cac bd chira cho phép truy nhip ngiu nhién. B duyét trén mang la
con trd. Con trd c¢6 cac ham thanh phin cia mdt b duyét truy nhép ngiu
nhién. Tuy nhién, kiéu don vi tinh khoang cich giira cac phin tr chi 13 kiéu
nguyén, Dé minh hoa cho viée sir dung con tré mang nhu b$ duyét, cach truc
quan nhat 13 truyén nd vao cho d6i sé cia mot khuén hinh giai thuit. O day
xin dua ra mt khudn hinh giai thuat trong ddi phirc tap d& minh chimg ring,
STL xem con tré nhu mét bd duyét truy nhap ngiu nhién.

#include <iterator:>
finclude <vector>
#include <deque>
#include <iostream>
#include <algorithm>
#include <functicnal>

using namespace std;

int main({int argec, char* argv(])
{

vector<int> int_vector;

for{int i = 0;i < 10;i++4)

int_vector.push_bkack{i}:
deque<int> int_deque;
for(i = 0;i < 10;i++}
int_deque.push_back(2*i);

int* int_array = new int[int vector.size()]:
transform{int_vector.begin(), int wvector.end(},
int_deque.begin{}, int_array, plus<int>());

cout << "Day thu nhat: ";

copy{int_vector.begin{),int_vector.end(],
ostream iterator<int>»(cout," ")}:

cont << "\nDay thu haji: ";

copy {int_deque.begin ()}, int_deque.end{),
ostream_iterator<int>{cout,”™ "}};

cout << "\nDay tong ";

copy{int_array,int_array + 10, ostream_iterator<int>(cout,"
"y

-
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return 0;

}

Day thu nhat: 0 1 2 3 4 5 6 789
Day thu hai: 0 2 4 6 8 10 12 14 16 18
Day-'tong 083 8018515 08! 21181 .27

Khudn hinh giai thuat duge dung dé minh hoa la khuén hinh gii thuat
transform(). Mot cach don gia’m transform/( ) thuc hién bién ddi mot
ndi dung ctia mét tdp phan tir (truyén vao qua ddi sé thir ba) dl,ra trén hai day
dau vao va mot phep toan ha1 ngdi (twong Umg véi hai tham sé dau va tham sd
cudi cung). Chi tiét hon vé khudn hinh gial thudt nay xem trong chuong sau.
Trong vi du trén, mang int_array gém cac phan tir a tdng cua hai phan tir
G cung vi tri trén int_vector va int_deque. Sau khi thuc hién bién doi,
n6i dung cta ba ddy duoc in ra man hinh bang ba 161 goi ham copy (). Luu y
rang, trucfc khi thyc hién viéc blen ddi trén mang int _array, mang nay phai
duoc cdp phat b nhé du cho sé phan tir s& duoc tao ra (trong vi du la
int vector.size()).

B§ duyét raw_storage_iterator
Ngoai cach trén, khi mudn day dir liéu ra mot ving nhé, STL con dung
b0 duyét raw_storage iterator. Pé thuc hién céng viéc nhu vi du trén

VOl raw_storage iterator, chi viéc thay 1d1 goi ham transform() nhu
sau:

transform(int_vector.begin{},int_vector.end{},
int_deque.begin(},raw_storage_iterator(int*,int){int_array),plus<
int>());

Luu y ring, ngay ca khi sit dung raw storage _iterator, ta van
phéi c4p phat trude bd nhé cho ving nh¢ dé xuét di liéu ra.

Khong nén nghi rang, raw_storage_iterator chi don gian dung dé
day dir liéu ra mot mang. N6 c6 thé dung dé diy dit liéu vao mot bo chira bét
ky. Diéu khac biét so vi cac bd duyét bd sung phan tir 1a né khong thém cac
phan tir vao bd chira, ma chi thay ddi nodi dung cua céac phén tir trong bo nho
hién co. Dy la ly do vi sao ludn yéu cau b chira dd duoc cip phéat mét dung
luong nhé can thiét. Ching ta trd lai véi ham copy () quen thudc dé minh
hoa viéc sir dung raw_storage iterator véi mét bd chira.

#include <iterator>
#include <vector>
#include <deque>
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#include <iostream>
#include <algorithm>

using namespace std;

int main(int argc,char* argv([])
{

vector<int> int vector;

for(int i = 0;1 < 10;1i++)

int vector.push back(i);

deque<int> int_deque (int_vector.size());

copy (int_vector.begin(), int_vector.end(),
raw_storage_iterator<deque<int>::iterator,int>(int_deque.begin())
)7

cout << "Day thu nhat: ";

copy (int_vector.begin(),int_vector.end(),
ostream_iterator<int>(cout," "));

cout << "\nDay thu hai: ";

copy (int_deque.begin(),int_deque.end(),
ostream iterator<int>(cout," "));

return 0;

}

Day thu nhat: 0 1 2 3 456 7 8 9
Day thu hai: 0 1.2 3456 6.7.8:0

Nhin bé ngoai, viéc dung bd duyét nay c6 vé khdng don gian. Song trén
thuc té no ciing khdng qua phirc tap. Ta s& bit dau tim hiéu tir tham s6 khudn
hinh cua 16p nay. B6 duyét nay c6 hai tham s6 khuén hinh. Tham s6 thir nhat
1a mét bd duyét don chidu. Piéu d6 c6 nghia 1a ban c¢6 thé truyén vao tham s6
nay bo duyét ciia vector, deque, 1ist hay thdm chi la cta set (trong vi du
12 deque<int>: :iterator). Tham sé khudn hinh thir hai lai tuong d6i dic
biét. N6 khong phai 12 kiéu cua phan tir, c6 thé 1a mdt kidu bat ky mién l1a lép
phin tir c6 mot cdu tir voi dbi sb ¢o kidu 1a tham s6 khudn hinh nay. Vi du.

#include <iterator>
#include <vector>
#include <deque>
#include <iostream>
#include <algorithm>

using namespace std;

int main(int argc,char* argv[])
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vector<char> char wvector;
forichar ¢ = 'a';c < "K'jct+}
char_ wvector.push_back(c);

deque<int> int_deque{char vector.size()):

copy (char_vector.begin(),char_vector.end(),
raw_storage_iterator<degue<int>::iterator,char>(int_deque.begin()
1Y

cout << "Chuoi ky tu: "; )

copy (char_vector.begin(},char_vector.end(},
ostream_jterator<char>(cout," "});

cout << "\nChuei ma ASCII: ";

copy {int_deque.begin{),int_deque.end{),
ostream iterator<int>{cout,” ")}i

return 0;

1

Chuoi ky tu: abcde fghiij
Chuoi ma ASCII: 97 98 99 100 101 102 103 104 105 106

Vi du trén thuc hién viéc luu m3 ASCI cha ddy céc ky tu frong
char vector vao int deque. Chuong trinh s& chay t6t néu 16p int co
ciu tir v&i ddi sb kidu char, nghia 14 céc khai bao ¢6 dang;

int int num{'a'};

phai hop 1&.

D& két thuc phin néi vé bd duyét nay, ta s& néi v& cac cu tir cila lép
raw storage iterator . Trong vi du trén, d6i s6 thir 3 ¢ha ham copy ()
la mdt by duyét dugc sinh ra bd loi gol cdu tr cia ldp
raw storage iterator. Chu tir nay c6 mot dbi s6 1 bd duyét thude kidu
fwong tng v&i tham sb khudn hinh thir nhét. Bé duyét nay xac dinh vi tri bt
diu thuc hién ddy dir liéu. Luu ¥ ring, khong dugc truyén mdt by duyét chi
ti vi tri cudi cling clia b chira cho déi sé nay. Ngoai ra phai dam béo réng,
dung luong ciia bd chira bt dAu tir vi tri nay cho téi cudi di dé chira dit lidu
ma bd duyét raw storage lterator diy vao. Ngoai ciu tir nay,
raw_storage iterator ¢dn co cdu tir sao chép. Tuy nhién, ta s& khong
ban siu thém vé cau tir nay.

3.5. Xay dwng cac bd duyét dac thu

Muc dich chinh cua b duyét 1a cung cﬁp co ché truy nhdp bd chira. Tuy
nhién nhu ciu cin xay dung mot bd duyét dac thu lai thuong khong xuat phat
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tr viée xdy dung céc bd chia méi. Nguyén nhén sdu xa cia didu nay nim
trong thiét ké cac bd duyét ciia STL.

3.5.1. Thiét ké cia bd duyét STL

Trudce khi néi vé thiét ké bod duyét trong STL, phan diu sé& trinh bay vé
mét s6 khia canh trong thiét ké bo duyét. Cac khia canh nay duoc dé cip toi
mang ning tinh 1y thuyét thiét ké hé théng. Do viy, ta chi d& cép t6i nhing
khia canh quan trong nhat.

Cac huéng tiép cin trong thiét ké b duyét

Nhu di néi trong phin diu, bd duyét dugc d& xuit véi vai trd 13 giao
dién gifra cac giai thuft va cac bd chira Do vay, khi thiét k& bé duyét, phai
quan tam tdi cac van dé khi b duyét lam viéc vdi bd chira va cac vin dé khi
bd duyét lam viée vai giai thudt. Co hai thao tic co ban cia bd duyét khi lam
viéc vo1 b chira d6 1a cac thao tac duyét (vi du toan tir ++, toan tr -—, ...)
cac thao tac giai tham chiéu (toan tir *, toan tir [] ...). D& hd tro cho nhimg
thao tic nay, viéc thiét ké c6 thd di theo hai huéng: lién két chit va lisn két
16ng. Theo huéng thir nhat, bd duyét Iuu tri thdng tin v& bd chira (méi lién hé
nay ¢o thé duoc thé hign bing con tré trd 16 bd chira ma né gin véi). Khi d6
ban ¢6 thé viét mét doan mi nhur sau:

vecter<int>» vec;
vector<int>: :iterator vec it (vec);
fori{vec_it.begin();!vec_it.is end();vec_it++)
{

// Thuc hién mét c¢dng viéc gl doé
}

Poan mi trén thuc hién viéc duyét trén bd chia kidu vector<int>
vec b?mg bé duyét vec_it. Trudc tién, vec_it dugc khai bao va dugc gén
vo1 bd chira vec. Viée duyét qua toan bd bd chira dugc thuc hién bdi vong
for. Ham thanh phin begin () ctia bd duyét s& dua né v& diu bd chia duge
gan voi nd. Ham is _end() kidm tra xem bd duyét d3 chi t&i didm cudi cua
b chira chua.

DOi vi cac bd duyét duge thiét ké theo hudng két Iong, bé duyét chi
biét théng tin v& phin tr hién tai trong bd chira ma nd trd té1, Vi thibt ké
ndy, bd duyét khong cin luu trir thdng tin v& toan bb bd chira. Day la thiét ké
cta cdc bd duyét trong STL. Ciing véi cdng viéc nhu trén, bd duyét theo thiét
ké niy cho phép ngudi thuc hién nhu sau;
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vector<int> wvec;

vector<int»::iterator vec_it;

for{vec it = vec.begin(}ivec it != vec.end(});vec_it++)
{

// Thyc hién mét viéc gi dé

Tuy nhién, dé co thé duyét dugc trén bd chira, bd duyét con cd can
théng tin v& cach td chirc cip phét cho céc phan tir trong bd chira. Viée cép
phat cac phan tir lai 12 mét KHAI NIEM chung nén khéng duge xem 13 mét
thanh phan cia bd chira.

Pé cac giai thudt co thé truy nhdp vao cac bd chira ma khéng quan tim
161 bd chira loai gi, bé duyét duoc truyén vao nhu 1a dbi s6 trong hiu hét cic
giai thuat. Dé thuc hién duoc didu nay doi héi phai 6 mot giao dién chung
cho cac loai bd duyét khac nhau. C6 hai hudng d2 gidi quyét van dé nay. Theo
cach thir nhét st dung tinh ké thira va da hinh trong ldp trinh huéng doi
twong, Hudng thir hai str dung khuén hinh ham d& dinh nghia cac giai thuit
Vi cach tiép can dau, ta dinh nghia mét 1dp bd duyét co s&. Pay 1a mdt lép
triru tuong dong vai trd cung cép giao dién cho cac 16p bd duyét. Cac 1dp bd
duyét cu thé duoc ké thira tir I6p nay va cu thd hoa cac him thinh phan &o
theo ting loar bd chira.

template <typename Ty>
class Baselterator

{

pubic:

virtual void operator++{} = 0;
i
template <typename _Ty>

class Iterator:public BaseIterator< Ty>
{

pubic:
vold operator++({};

|

Luc nay d6i s6 coa cac khudn hinh giai thuat s& 13 con trd hoic tham
chidu cta kiéu bd duyét co s&, vi du haimmin:
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template<typenam Ty> 1
_Ty min{Baselterator* first, Baselterator* last)

hodc

template<typenam Ty>
_Ty min(Baselterators first, Baselterator& last)

Thiét ké nay dam bdo ban cé thé truyén cho ham min hai bd duyét cua
vector, hai bd duyét cia deque hay hai bd duyét cua mét chira nao do, midn
12 nd duoc ké thira tir 1ép BaseIterator. Didu dd ¢6 nghia 1d ham min &
trén c6 thé lam viée trén bat ¢t bd duyét nao. Tuy nhién, thiét ké nay c6 mét
yéu diém 1a cac ham thanh phﬁn cua cac bd duyét ma cac ham cé thé str dung
trong qua trinh trién khai gidi thuit bi han ché trong giao dién ma lop
BaseIterator khai bao. Hon thé, ngudi dung khéng ¢6 kha ning khic phuc
han ché nay. Pidu nay c6 nghia 14 khi dinh nghia mdt khudn hinh giai thuét
méi, chi ¢é thé xoay x& bang cac ham thanh phin ma BaseIterator cung
cap tham chi viéc dinh nghia mdt bd duyét méi ciing khdng gitp hon gi.

STL di theo hudng tiép can thir hai. Cac giai thudt duge dinh nghia dudi

dang khu6n hinh ham v&i d6i s& khudn hinh 1a cac bd duyét. Vi dumin c6 thé
duoc dinh nghia nhu sau:

template <class _Inputlterator>

_Inputlterator::value type min({_Inputlterator
first, InputIterator last)

{
_Inputlterator::value_type min value = *first;
for(_Inputlterator it = first,it != last;it++)
if {min value > *it)
min_value = *it;
return min_value;

Véi dinh nghia nhu vay, ngudi ding c6 thé truyén vao ham hai bé duyét
c6 kidu bat ky voi didu kién la kidu nay phai hd tro mét s6 yéu t6 sau:

o Toanth ++

¢ Toantu=

e Toantlr !=

e Toanto *

« C6 dinh nghia kiéu value_type
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Khi d6 dinh nghia 16p bd duyét khéng cin mét 16p co s& nhur thiét ké
trén ma van thoa méin rang budec.

Thiét ké b duyét cia STL
Noi1 tém lai, cac bd duyét trong STL duoc thiét ké theo hai phuong chim.

Thir nhit, cac bd duyét duoc dinh nghia chung va duoc cu thé hoa cho
tung bd chira (bd duyét ¢é lidn két long vén bo chaa), vi du bd duyét cho lép
vector dugce dinh nghia nhu sau:

template<class _Ty,class _Ax = allecator< Ty>» >
class vector: public Vector val< Ty, _Ax>

{

typedef Ptrit<value type, difference type, Tptr,
reference, Tptr, reference> iteratocr;

Trong dinh nghia kidu bd duyét cho 16p vector trén, cic tham sé
truyén cho _Ptrit la cac thdng tin mé ta cach td chire cap phat b nhd cho
mét phan tir trong bé duyét. Cac théng tin ndy duoc cu thé hoa nhu bing cac
dinh nghia kiéu ctia vector nhu value type, difference type .... Su
cu the hoa ciing ¢6 thé duoc thé hién dudi hinh thirc khai bao 16p bd duyét
bén trong bd chia va ké thira né tir 16p b3 duyét mong mudn. Pay la trudng
hop bd duyét cla cac 16p deque, 1ist, set vamap. Vi du dbi véi deque

template<class _Ty, class _Ax = allocator< Ty> >
class deque: public Deque wval< Ty, Ax>
{

class const_iterator;
friend class const_iterator:;
class const iterator
: public _Ranit<_Ty, _Dift, _Ctptr,const reference>

i class iterator;
friend class iterator;
class iterator
: public const_iterator




163 Chuong 3. BODUYET

Thir hai, cac bd duyét khong can ké thira tr mét 16p co s& dé co thé
truyén vao cho cic khudn hinh gidi thut vdi vai tro déi s6. Luu y ring, mic
du cac 1dp bd duyét trong STL ciing ké thira tir mdt 16p chung hodc tir mdt 16p
dan xuat nao do, nhung thiét k& nay khdng nhidm muyc dich st dung tinh da
hinh vi hdu hét cac 16p co s& chi 1a cac cau tric (struct). Cac giai thuft trong
STL la cac khudn hinh hiam voi tham sé khudn hinh 13 cac bo duyét. Vi du
ham copy () trong STL ¢6 khudn dang nhu sau:

template<class _InIt,
class _OQutIt> inline
_outIt copy{ InIt First, _InIt Last, _OutIt _Dest}
{
return {( Copy opt( First, Last, _Dest, _Ptr_cat(_First,
_Dest))y:
}

Nhu céu xidy dung bg duyét méi

Bay gio chung ta s& giai thich nghich ly duge nodi to1 ngay trong phin
d4u cta phin nay. Thir nhét, khi xdy dung mét bd chira méi, ban c6 thé sir
dung bd duyét cila 16p co s& néu b chira dugc xay dyng ké thira tir cac lop bd
chita trong STL. Trong trudmg hop ddy la mét bd chira hoan toan mai, cling
c6 thé dinh nghia b duyét cho bd chia bing cach cu thé hoa mdt lop bd
duyét co s& cia STL dua trén céc thong tin vé& b chira. Do viy, cd thé noi
nhu ciu xdy dung b duyét méi thudng chi ndy sinh khi ngudi diing mong
mubn bd duyét hd tro chirc ning ma cac bd duyét co s khdng co. Vi du khi ta
xay dung bd duyét trén ma trin, ta mong mudn bd duyét nay c6 mdt ham
thanh phin cho biét hang va ¢jt clia phén tir né dang tré tét.

3.5.2. Xay dwng cac bd duyét méi

Trong cac phan tiép theo, ching ta s& cang nhau ban tdi cach thic xdy
dung mot bd duyét mdi, cu thé hon 1a xdy dung bd duyét cho lép ma tréin ta
c6 dugc nhéc & cudi chuong trude. Phuong cham thiét ké 14 ké thira toi da
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nhing gi STL d& lam dugc, nghia 12 bd duyét ciia chiing ta s& dung cac bd
duyét co s& ciia STL lam co sé ban dau.

Truéce hét, ching ta cling tim hidu co ché xac dinh thdng tin vé b3 duyét
trong STL hét stc hiru ich cho viéc xay dung bd duyét

Liy théng tin vé bg duyét

Cac thong tin vé& bd duyét bao gdm kidu dir liéu, kidu cia don vi do sy
khac biét vé vi tri va dang b6 duyét. Cac co ché Iy théng tin v& bd duyét
dugc STL cung cap theo hai dang: dang thir nhét théng qua cac ham nhu
distance type (), value_type() vd Tter cat(), dang thit hai théng
qua cic ldp iterator trait<> Thuc chat, vidc giit lai cac ham
distance_typé (} hay value type() chi nhim dim bdo tinh tuong thich
nguoc voi cac hé thdng cii. Hau hét cic gii thudt hién nay déu st dung
iterator trait<> dé lay cac thdng tin vé& bd duyét. Vi du sau minh hoa
viée léy thong tin vé& b duyét khi thuc hién gidi thudt xac dinh khoang cach
giita hai phan tir:

template<class _Inlt,class _Diff> inline i
vold _Distance( InIt _First, _InIt _last, Diffs Off) f
{ // add to _Off distance between iterators

_Distance2( First, _last, _Off, Iter_cat{ First));

_Distance () Ia mdt ham dugc sir dung cho cac dang bd duyét khac
nhau. N6 s& goi ham Distance2() tuong {tng véi dang bd duyét. Vi du
ham _Distance2 () cho bd duyét nhdp (xic dinh thong qua dbi s cudi)
duoc dinh nghia nhu sau:

template<class _Inlt,class _Diff> inline
void Distance2(_InIt _First, _InIt _Last, Diffs Off,
input_iterater_tag)
{ // add to Off distance between input iterators
for {; _First != last; ++ First)
++_Off;
}

Him Distance() goi him Distance2() va truyén thong tin vé
dang bd duyét bang gia tri tra vé bai _Iter cat{ First).

Luu y 14 trong sb cic théng tin vé bd duyét, dang bd duyét duoe dinh
nghia b&i cac cau tric dic biét goi la tag. Tuong img v&i bd duyét nhap, STL
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dmh nghia lép input_iterator_tag, bé duyét xuit tuong {mg
output_iterator_ tag. Cac 16p tag ndy chi don thuin la mét 16p réng
(khéng c6 ham, bién thanh phin hay bit cir mdt dinh nghia bén trong nao),
dai dién cho mét dang b duyét. N6 duoc str dung lam kiéu cho gid tri tra vé
ciaham Tter cat() hodc kidu cha iterator trait<>::category.

Ta s& xdy dyng b duyét IndexIterator theo hudng tiép cin cua bd
duy€t cho vector. Ta di theo hudng nay vi bd duyét nay khdng chi dung
trong ma tran, ma c6 thé con ding cho cac bd duyét khac. Qua trinh xdy dung
bd duyét méi cia ching ta ¢6 thé chia lam hai budc chinh:

1. Budc thir nhat: X4y dung 16p co ban _IndexIterator
2. Budc thir hai: Cu thé hoa cho b duyét cia ma trdn

B$ duyét IndexIterator khdng nhiing cho phép ngudi ding truy
nhdp ngiu nhién vao timg phan tir, ma con cho phép xac dinh vj tri trong bd
chira cta phin tir duoc trd tdi. RS rang, bd duyét nay phai duoe cu thé hoa tu
KHAI NIEM Random Access Iterator, nghia 12 né phai hd trg cac phép toan
ctia mdt bd duyét truy nhap ngiu nhién nhu todn tir + (int), toan ti <, toan
tir <=, Ngoai ra, bd duyét nay phai hd tro phép toan xac dinh vi tri trong bd
chira ciia phén tir dang tro t¢i. Ta dit tén ham thanh phin nay la index ().
Lép nay duge dinh nghia nhu sau:

template <class Ty,
class Diff,
class _Pointer,
class Reference>

" class _IndexIterator

{

public:
typedef IndexIterator<_Ty, Diff, Pointer, Reference> Myt:

public:
// constructor
_IndexIterator (void)
{
}

_IndexIterator{_Pointer Ptr, Diff index)
i_current (Ptr),_ current_index{index)

{

)

_IndexIterator{ Diff index):_current indes (index)
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_IndexIterator{_Pointer Ptr)
_current {Ptr),_current indez(-1)

{

}

_IndexIterator{const Mytsa _iterator)

: current{_iterator. current},
_current_index {_iterator._ current_index]
{

}

_Diff index()
{

return _current index;

_Pointer operator-»{) const
{

return (_current};

bool operator!={const Myt& Right} const
{
return (!(*this == Right})-’

_Myts& operator+=(_Diff _Off)

{
_current += _Off;
_current_index += _Off;
return (*this};

Myt operator+{ Diff Off} const
i
return {_Myt{ current + _Off, curent index + _Off})};

~_IndexIterator{void)

{
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}
protected:

_Diff current index;
_Pointer _current;

b

Poan chuong trinh trén mdi chi dua ra mét s6 cdu tir va ham thanh phin
dac trung cua bd duyét. Chi tiét thém vé bd duyét ndy, cac ban tham khao
trong dia CD di cling sach. Trong dinh nghia cta l6p nay, ching ta c6 méot sb
quy wde. Khi mdt bd duyét chua xac dinh duoc vi tri thi chi s6 ctia né béng
-1, cac bd duyét trd vao cudi mot bd chira thude dang cic bd duyét nay. Viéc
so sanh khac, nhé hon hay 16n hon khéng phu thude vao chi sb, didu nay ciing
14 d& hidu khi ta quy udc chi sé cila con trd cudi bing -1.

Tiép dén, trong budc hai, ta dinh nghia bd duyét cho 16p ma trén duoc
xdy dung trong vi du & cudi chuong truéc. Lép ma trin nay gom hai bd duyét.
B6 duyét theo hang (cot) va b duyét trén timg phén tir. D& c6 thé dinh nghia
cac bd duyét ciia ma trén 1a cac bd duyét chi 56, ta dua vao mét s thay ddi
nhé trong dinh nghia cua 16p nay. Trudc hét, ta dinh nghia mét 16p dai dién
cho hang (c¢ét) ciia ma tran (trong vi du cta chuong trude 16p nay khdng duoc
dinh nghia cu thé ma coi nd 1a mdt deque ludn). Lép nay co tén la
OneDimStorage<>:

template<typename _Ty>
class OneDimStorage
{
public:
typedef deque< Ty>:;:difference_ type difference_type;
typedef deque< Ty>::size_type size_type;
typedef deque<_Ty>::value_type value_type;
typedef deque<_Ty>»::reference reference;
typedef deque< Ty>::const_reference const_reference;
typedef _Indexlterateor< Ty,
difference_ type,
deque< Ty>::iterator,
reference> iterator;
typedef IndexIterator<_Ty,
difference_type,
deque<_Ty>ﬁ:const_iterator,
const reference> const_iterator;
protected:
deque<_Ty> _core; J




STL - LAP TRINH KHAI LUJC TRONG C++ 168

public:
CneDimStorage ()
{
}
OneDimStorage(size_type dim_size):_core{dim_size)
{ .'
}

iterator begin(}

{

return iterator{_core.begin{},0):

H

iterator begin{) const

{

return iterator{ core.begin{),0);

}

iterator end{()

{

return iterator{ core.end(),-1}:

1
iterator end{} const

{

return iterator(_cere.end({},-1};

}

reference operator[] (difference type index)

{

return _core[index];

Diéu dang chu ¥ trong dinh nghia cua Iép OneDimStorage la dinh
nghia v& bd duyét ciia I6p. BO duyét nay 1a sy cu thé hoa cia 1ép
_IndexIterator dd dugc xdy dung. Dinh nghia cia b$ duyét nay gan
gibng véi dinh nghia cia bd duyét cho vector. Tuy nhién, cdn lwu ¥ ring
trong phép cu thé hoa bd duyét nay, ta truyén cho tham s6 Pointer cia
_IndexIterator<> gla tn la deque< Ty>::iterator nhim tin dung
161 da nhirg gi STL d4 1am. Mdt 1y do khac 12 ta da xac dinh cach t6 chirc cac
phin tir trong OneDimStorage theo deque<>. Pidu nay hoan toan tuong tu
d6i véi const_iterator. Cung véi viée dinh nghia lai cac bd duyét, ta can
dinh nghia lai mdt s6 ham thanh phan quan trong nhu begin() vi end ().
Cubi cling, ta dinh nghia toan tir [] cho phép truy nhép vao mét phin tir trong
b chira.
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Sau kht d3 dinh nghia 1dp OneDimStorage, ta dinh nghia 1ép Matrix
nhur sau:

template <typename _Ty,MatrixOrientation _orient = ColumnMatriz>
class Matrix
{
deque<OneDimStorage<_Ty> > _core;
int _rows,_cols;
pubklic:
typedef Ty elem type;
typedef OneDimStorage< Ty> cne dim_storage;
typedef cne_dim storage::iterator cell iterator;
typedef degque<one dim storage>::difference_type
difference_type;
typedef deque<cne_dim storage>::isize_type size_type;
typedef deque<one dim _storage>::reference reference;

typedef deque<one dim_storage>::const_reference
const_reference;

typedef _IndexIterator<_ Ty,
difference type,
deque<one_dim_storage>::iterator,
reference> one dim iterator;
typedef _IndexIterator< Ty,
difference type,
degue<one dim storage>::const_iterator,
const reference> const_one_dim iterator;
public:
Matrix{);
Matrix{int rows,int cols};
~Matrix();
public:
one_dim_iterator begin();
one dim iterator end({}:
one_dim storage& operator[]{int index);
_Ty& operator() {int row,int column};
public:
void SetOrientation{MatrixOrientation orient);
MatrixOrientation GetOrientationi):;
int GetRows();
int GetColsa();

So véi phién ban lan trudc, 16p Matrix 1An nay c6 mot sb thay dbi
trong dinh nghia bd chira luu tri vat ly core va cac bo duyét
one dim iterator cling nhur cell iterator. Viée cu thé hoa bd duyst
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one_dim iterator ciing duoc thuc hién gidng nhu déi véi bd duyét cua
OneDimStorage. Cung voi su thay dbi nay la su thay doi trén ciu tir va mot
s6 ham thanh phan nhu begin(), end (). Dinh nghia cu thé cta cac ham
thanh phan nay cac ban c6 thé tham khéo trong dia CD di kém cudn sach nay.

Bay gio ching ta thir nghiém 16p Matrix méi nay véi mét vi du nho.

Vi du nay s& in ra chi s6 ciia hang va cot theo timg phén tir cia mét ma tran
kich thudc 10x10:

#include "Matrix.h"
#include <iostream>

int main(int argc,char* argv[])
{
Matrix<int> int matrix(10,10);
Matrix<int>::one_dim iterator it = int matrix.begin();
Matrix<int>::cell iterator cell_it;
for(;it != int matrix.end();it++)
{
for(cell it = it->begin();

cell it != it->end();
cell it++)
cout << "(" << it.index() << "," << cell it.index()
<< ") " 3
cout << endl;
}
return 0;

(0,0) (0,1) (0,2) (0,3) (0,4) t0,5) (0,6) (0,7) (0,8) (0,9)
1,0) (1,1) (1,2) (1,3) (1,4) (1,5) (1,6) (1,7) (1,8) (1,9)
(2,0) "(2,1) (2,2) (2,3)..(2,4) (2,5) (2,6) (2,7) (2,8) (2,9)
(3,0) (3,1) (3,2) (3,3) (3,4) (3,5) (3,6) (3,7) (3,8) (3,9)
(4,0). (4,1) (4,2) (4,3) (4,4) (4,5) (4,6) (4,7) (4,8) (4,9)
(5,0) (5,1) (5,2) (5,3) (5,4) (5,5) (5,6) (5,7) (5,8) (5,9)
(6,0) (6,1} (6,62) T6,3) {6,4). (6,3) (6,6) {6,7) (6,8} (6,60}
(1,00 (7, 8) (7,2) {7,8Y (04T CL,8). (1,8 (1. 0 01,85 11,9
(8,0) (8,1) (8,2) (8,3) (8,4) (8,5) (8,6) (8,7) (8,8) (8,9)
(9,0) (9,1) (9,2) (9,3) (9,4) (9,5) (9,6) (9,7) (9,8) (9,9)
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3.6. TOm tit

3.6.1. Ghi nh¢

'B& duyét 1a mot khai niém trong 1y thuyét “Thiét ké miu”. N6 dugc dé
xuit nhu mot cong cu dé truy xudt, cdp nhét cac phin tir trong bd chira. Véi
nhiém vu nay, n6é dong vai tro giac dién gilra cac giai thuit va bd chira. Do
vily, no gilp cac giai thuit khdng cdn quan tim chi tiét téi td chic cua cac bd
chira. Nho d6, cac giai thudt co tinh tng quat hon.

Ngoai cac bd duydt riéng gin lidn véi timg bd chira, STL con ¢o rat
nhiéu cac by duyét ddc lap khic. Cac bd duyét nay bao gém cac bd duyét
thich nghi va cac bd duyét trén ludng vao/ra. Cac bd duyét thich nghi trén b
duyét duoc xdy dung trén cac bd duyét co sé cho nhitng muc dich dic biét
chr khong don thuin chi 1a truy xudt phan tir trong bé duyét. Vi du, bd duyét
front_insert iterator ding bd sung phin tir vio mdt bd chira nao do,
bd duyét raw storage iterator ding dé dé.y dit [1éu vao mdt ving nho
da dugc cdp phat. Cac bd duyét trén ludng vao ra cho phép cac khudn hinh
giai thudt lam viéc vé cac thi&t bt vao/ra nhu man hinh, ban phim va tép tin.
Thuc chit, bd duyét trén lu&ng vao ra cling ¢ thé coi 1a bo duyét cu thé cia
mot bd chira. Tuy nhién, do cac ludng vao ra 1a cac lué\mg dac biét nén cac bod
chira trén luéng vao ra duoc nhin nhan nhu mot bd duyét doc 1ap.

Khi xem xét cac thiét ké cua bd duyét, ngudi ta thuong quan tdm dén
hai vin d& 16n. Thir nhat 14 1a lién két ciia bd duyét voi bd chira, Thir hai la
cac bd duyét phai duoc thidt ké dé& cac khudn hinh gidi thuat cd tinh tong quat
cao. D1 véi van dé ddu tién, ¢ hai hudng tiép can dé giai quyét 14 lién két
chat va lién két long. Theo hudng thir nhét, bd duyét luu trit toan bé théng tin
vé bd chira théng qua mdt con tré chi té1 bd chira ciia nd, Theo huéng thir hai,
bd duyét chi luu théng tin vé phén tir hién tai no dang chi toi. Ngoai ra nd
cling st dung thém cic thdng tin vé t§ chirc luu trir vt 1y d& ¢ thé tim ra
phdn tir ké tiép ciia phin tir hién tai. Vin d& th hai trong thiét ké bs duyét
lién quan mét thiét t6i thiét ké cac giai thuat. Van d& nay cling ¢6 hai cich
giai quydt. Cach thir nhét st dung tinh da hinh cta lap trinh hudng dbi twrong,
Tat ca cac bd duyét phai duoc ké thira tir mét bo duyét chung déng vai trd
cung cip giao dién. Cach nay cho phép mdt ham thanh phin dugc thuc hién
theo cac. co ché khac nhau tuy thudc vao bd duyét cu thé. Cach thir hai ciing
vo1 muc dich tuong tu nhung s dung khudn hinh. Lic ndy, cac gidi thuat
duge thiét ké dudi dang cac khudn hinh ham. Do viy, cic bd duyét khéng
cén ké thira tir mot bd duyét chung. Trong STL, cic bd duyét duoc thiét ké
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theo hudng lién két 16ng, con cac giai thuat dugc cung cép dudi dang khudn
hinh ham.

Nhu ciu xiy dung bd duyét méi duoc phat sinh khi ngudi diung déi hoi
mét s6 tac vu dic biét trén bd duyét. Viée xdy dung bd duyét méi nén tin
dung t6i da nhimg gi STL di lam duoc.

3.6.2. Mot sé lwu v khi lap trinh

e Néu sl dung bd duyst front_insert iterator vdi cic bd chira
tu xdy dung thi bd chita phdi c¢6 ham thanh phan
push_front {const wvalue type wvar). Trong truong hop
khong c6 ham thanh phan nay, s& ¢6 théng bao 181 “X khdng c6 ham
push front” vét X la lop bd chia st dung voi
font insert iterator,

¢ Luu y nay dang voi back_insert iterator va
insert_iterator. Hai ham thanh phin cia bé dugc sit dung
frong hat by duyét nay 14 push back(var) vi
insert (pos, var} .

3.6.3. Bai tap
Bai tap 3.1.

Gia thiét ring, nhin nhan 16p ma trin nhu mdt md hinh cia KHAI
NIEM Ma tran. Viét lai céc thao tac duoc yéu ciu trong bai tip chuong trudc
dudi dang cac ham toan cuc voi ddi s6 1a bd duyét cua Ip ma trdn (céc giai
thudt ham trén ma trén).
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Chuwong 4

POl TUONG HAM

Muc dich chuong nay
*  Gidi thiéu vé dbi tuong ham
e Biét cach sir dung ddi tuong ham trong chuong trinh
» Phin biét d6i tuong ham véi con tré ham
e Thiy duoc cac kha ning cua dbi tugng ham trong ldp trinh khai luoc
e Tim hiéu cac dang d6i tuong ham co ban va céc ddi tuong ham co
san trong STL.

¢ Tim hiéu cach két hop nhimg d6i tvong ham co ban dé c6 duoc dbi
tuong ham méi.

4.1. Péi twong ham

4.1.1. Khai niém déi twong ham

Trong 13p trinh C, dé goi tdi cac ham callback nguoi ta thuong st dung
cac con tré ham. Tuy nhién, trong 1dp trinh hudng a6 tuong, mot ham cé thé
dugc déng got trong mét &&i tuong goi 1a dbi twong ham (function
object hay functor). Véi doi tuong ham ta cd mét cach tiép can khac thay
cho con tré ham. D6 tuong ham tuy 12 mét khai niém khong méi, nhung nd
lai dic biét hiru ich trong lap trinh khai lugc. Mt cach don gian, ddi tuong
ham la mét d6i tuong co thé duoc goi nhu mdt ham. M4t ham binh thudng
hay mét con tré ham cling ¢ thé coi 1a mét déi tuong ham. Xét trén khia canh
1ap trinh Bhai lugce, dbi twong ham 14 doi twong cé dinh nghia hodc nap chong
toan tir goi ham operator (). Trong quyén sach nay, néu nhiac dén doi twong
ham ma khong co chil y gi dat biét thi ngdm hiéu 1a déi tuong ¢6 toan tir
operator (). Xeét vi du don g1dn sau:

class less {
public: _
less f{int v) : wal (v) {} // Ciu tu
int operator (} {int v) // Toan t goi ham
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return v < val;
}
private:
int val;
Y

J

Boi tyong less la mot d6i twong ham don gian thuc hién phép so sanh
nhé hon giira hai sé nguyén. Dé sir dung, trude tién phai khéi tao déi tuong:

less less_than five (5}

Céu tir duoc gol voi tham sé v bing 5 gan cho thanh phén ridng val
Khi ap dung d6i twong ham, gia tri tra v& 13 két qua so sanh gifta val va gia
tri truyén vao cho In got ham.

cout << "2 nho hon 5: " << ({less_than five (2) ? "dung” : "sai"):]

Két qua:

2 nho hon 5: dung 1

Cén chu ¥ 61 mdt diém co thé gy nhdm lan cho ngudi mai lam quen
véi ddi tuong ham, d6 14 o hai loi goi less than _five(5) vi
less_than five(2) Hail&i goi nay hoan toan khac nhau. Loi goi dau goi
cdu tir 48 khi tao ddi tuong less than five, con loi goi sau la goi dén
toan tir goi ham operator (}.

C6 thé 4p dung khudn hinh cho ddi tuong ham trong vi du trén dé co
mdt ddi tuong ham so sanh kidu bit ki. Khi d6, ta c6 khai nigm déi twong ham
khai lugc. Trong cudn sach nay, trir mot 56 vi du co ban khéng st dung khudn
hinh, con lai cac di tuong ham déu duoc viét vt k¥ thuat khudn hinh, nén ta
quy udc goi chung la déi tuong ham.

template <class T>
class less |

public:
less (T v} : val (v) {} // Céu tu
int operater {) (T v} // Tean tu gol ham

{

return v < val;s

}

private:
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T <wval;
}: i

Dé so sanh mdt s6 nguyén hay mét s thuc ta khoi tao hai déi twong
tuong ng;

less<int> less _than five(5);
less<float> less than Pi(3.14):;

Sau dé ap dung trong chwrong trinh nhur vi du dau:

cout << "2 nho hon 5: " << (less than five (2} 7 "yes” : "no"); \
cout << "4 nho hon Pi: " << (less_than Pi (4) 7 "dung™ : "sai"):
Két qua:

2 nho hon 5: dung
4 nho hon Pi: sai

4.1.2. Str dung déi twong ham

Hai vi du trong muc trudc mai chi cho nguo doc hiéu duoc khai nidm
vé dbi tuong ham. Tuy don gian, nhung dbi tugng ham lai dong madt vai trd
quan trong trong lap trinh khai luge, dac biét la trong cac giai thudt caa STL
s& duge xem xét dén trong chuong sau. Khi 13p trinh véi STL, ¢6i tuong ham
thuong dugc truyén nhur tham s6 cho cac khudn hinh giai thuat hodc nhu cac
tham s6 khudn hinh cho khoi tao cac bé chira. Nhung du dugce sir dung truc
tiép trong chuong trinh hay dé truyén tham sd, bao gior d6i tugng ham ciing
can duoc khdi tao trude sau d6 mai duoc goi dén toan tir goi ham. Do hai 1ai
goi nay gidng nhau vé hinh thic nhu da néi trong muc trudc nén ngudi més
lam quen vai doi tuong ham co thé nham l4n va chi go1 mot lan.

Xét vi du don gian vé& cach sir dung déi twong ham dé truyén tham s6
cho ham. Do déi tuong ham ban thin 13 mdt d¢6i tuong nén viéc truyén tham
s6 vol dbi tuong ham ciing tuong ty nhu viée truyén tham s6 véi mét dbs
twong binh thudng khac. Tuy nhién, véi d6i tugng ham, muc dich sir dung
chi yéu 14 toan tir goi ham nén sau khi d6i twong ham duoc truyén tham sb
cho mdt ham, ham d6 s& goi tdi toan tir goi ham cua dbi tuong ham do.

#include < iostream.h >

class square {
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public:
int operator(} (int n)} {return n*n;} // Tinh binh phuong
bi
class cube {
public:
int operator() {int n) {return n*n*n;} // Tinh lap phuong
i
template <class funcCbj >
wvoid printEval{int wal,funcObj £) [ // f dugc truyén nhu tham sb

cout << f{val] << endl; // Gol tdi tean tu goi ham cua £
};

int main{} {
printEval {4, scquare{}}; // In ra lé
printBval (4, cube(}}: // In ra 64
return 0;

Him printEval nhan hai tham sd la sé nguyén val va d6i tuong ham
f. Do printEval 1 ham khudn hinh nén khi st dung f c6 thé 1a ham
square hay cube déu duoc. Ham £ nhén val 1a tham s cho toan tir goi
ham v printEval in ra két qua clia viéc thuc hién toan tir d6.

16
64

Chu ¥ ring trong 1oi goi ham printEval (4, square()) doi tuong
ham square d3 duoc khdi tao bing chu tir khéng dbi square (), sau do
trong than ham printEval né méi goi t6i todn tir goi ham cia minh. Pé
tranh nham I4n ta ¢o thé viét tuong minh nhu sau:

square<int> my square;
printEval (4, my square};

4.1.3. Déi twong ham va con tré ham

Trong vi du & trén ta sir dung dbi tuong ham nhung c6 thé thiy néu sir
dung con trd ham ciing cho két qua tuong tu. Xét ham square2:

int squareZ{int n}
{

return n*n;
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Trong chuong trinh ¢6 thé ding ham printEval vdi tham sé thir hai la
con tré ham square2 va ¢6 két qua tuong tu nhu dung déi tuong ham
square.

i printEval {4, square2); // In ra 16 i
L i

Dén day, ngudi doc co thé héi tai sao lai ding dbi tugng ham trong khi
vi con tré ham ciing c6 két qua twong tu. Ta chi v ring trong vi du vé& cac
doi tugng ham square, cube vi square2 chua st dung k¥ thuat khuén
hinh. D& ¢6 thé tinh binh phuong ctia mdt sd kidu bit ki phai viét lai dbi
tugng square thanh khudn hinh lép:

template < class T >
class square {
public:
T operator{} (T n}) {return n*n;}

}:

Khi dé, ¢6 thé ding ham printEval d& in ra binh phuong cia mét sb
kidu bt ki,

printEval {4, square<int>{})); // In ra 16
printEval (3.14, square<ficat>()}); // In ra 9.859&

Tuy nhién, khi sir dung k¥ thuat khudn hinh dé& viét lai ham square?,
ta khéng co duoc két qua trong tu.

T square2 (T n) 1
{
return n*n;

template <class T>
;
B

Gia sir trong chuong trinh ¢6 sir dung ham nay nhu d6i sé cho ham
printEval:

‘ printEval (4, square2<int>»); // Sai

Cach viét trén khdng hop 18 trong C++ vi khong thé khéi tao mot khudn
hinh ham theo cach nay. Khi thir viét va bién dich ham square2, tiy theo
trinh bién dich cé thé s& nhan duoc théng bao 16i bién dich hoic théng bao 11
lién két. Gidi phap dung dén duy nhét trong trudng hop nay la sir dung dbi
tuong ham.
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Vi du trén minh hoa cho tinh khai lugc cia d6i tuong ham, méot diém
manh khéng thé ¢ khi sit dung con trd ham. D6 ciing 14 wu diém manh nhat
ctia dbi twong ham. Ta sé thay rd wu diém cua tinh khai lugc nay khi sit dung
dbi tuong ham trong cac khudn hinh giai thudt hoic trong khéi tao cac bd
chira. Ngoai ra str dung d6i tuong ham con c6 cac lgi thé khac khi so sanh véi
con tré ham:

Tinh linh hoat: D6i tugng ham c¢6 thé dugce sira d6i ma khong giy anh
hudng td viée sir dung ching.

Tinh inline: Trinh bién dich ¢6 thé sinh code dang inline cho céc dbi
twong ham trong lic dang bién dich.

Tinh dong goi dit liéu: Do d6i tuong ham ban thin 1a dbi tuong nén nd
mang tinh déng goéi dir liéu. Ta sé minh hoa tinh déng gé1 dit liéu cua doi
tuong ham qua vi du tinh tdng liy thira cac 8. Trong vi du trudc, ta di co cac
déi tugng ham square va cube d8 tinh lily thira cac sb. Biy gid ta xét mét
déi twong ham nita c6 nhiém vu tinh tdng liy thira cic sb.

template <class T, class Power>
class sum power |

private:
T counter; // Bién @ém luu tédng luy thua
Power power; // D&i tuong ham tinh ldy thuaa

public: ’
sum_power {): counter (0){} // Kh&i tao bién dém bing 0

T operator() (T n)

{
counter += power {n}; // Tinh téng tich lay
return counter;

)i

D6i tuong ham sum power ¢6 mot bién dém counter dé luu tdng tich
liy cha cac liy thira. Tro;g chuong trinh, dé tinh tong lily thira cua céc s6
trong mét diy sb ta khoi tao ddi tuong ham sum power va lan luot goi toan
tir goi ham cita né véi déi sb 1a cac sb trong diy. sum_power s& 1an lugt tinh
liiy thira va cdng véao bién dém clia minh.

int ress, resc;
sum power<int, square<int> > ss;
sum_power<int, cube<int> > sc;
for {(int i = 1; 1 < 4; i++)

{




179 Chuong 4. DOl TUQNG HAM

i

ress = ss{i};// Tinh tdng binh phuong

scti); // Tinh téng lap phuong

resc

}

cout << ress << endl << resc;

14
6

Sau déy la chuong trinh hoan chinh:

#include <icstream.h>

template <class T>»
class sguare |
public:
T operater() (T n) {return n*n;}
)
template <class T>»
class cube {
public:
T operator () (T n) [return n*n*n;}

bi

template <class T, class Power>
class sum power
private:
T counter;
Power power;
public:
sum_power(): counter(0){}
T operator{) (T n)
{
counter += power({n};
return counter;

}i"

int main{}
{
int ress, resc;
sum_power<int, sguare<int> > ss;
sum_power<int, cube<int> > sc;
for {(int 1 = 1; 1 < 4; i++)
{
ress = ss{i};// Tinh tdng binh phuong
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resc = sc{i}; // Tinh téng lip phuong
}

cout << ress << endl << resc;

4.1.4. U'ng dung déi twong ham

Qua nhitng vi du don gian trinh bay ¢ cac muc trén, ngudi doc d3 co
duoc mét cai nhin kha 5 rang vé khai niém dbi twong ham, cach sir dung
chung trong chuong trinh ¢ling nhir vu diém cta d6i tugng ham so véi con trd
ham. Ta s& tiép tuc xem xét cac vi du néng cao d& thay 5 hon cac tinh ning
cha déi tuong ham ciing nhu tim quan trong chia d6i tuong ham trong lap
trinh khéi luoc bang STL.

Trong mét muc trude ddy, ta di nhic dén vide st dung ddi tugng ham
lam tham s& khuén hinh cho khdi tao cac b chira hoic lam tham b truc tiép
cho céc gidi thudt cua STL. Cac bd chira cia STL di duoc gidi thidu dy da
trong chuong 2, trong d6 nhiéu bd chira nhur set, map hay cac bd chira lién
quan nhu multiset, multimap, hash set, hash map déu cé nhitng ham
khdi tao sit dung d¢éi tuong ham nhu tham sé cho khéi tao. Cac giai thudt cia
STL s& duoc gidi thidu chi tiét trong chuong 5, nhung ta van c6 thé dua ra vi
du don gian dé thay duoc su cin thiét cia déi twong ham, ma khong phai di
sAu vao tim hiéu vé giai thuat.

Trudce tidn, xem xét vi du vé su dung dbi trong ham trong khdi tao mot
b6 chira cu thé 12 set. Chi tiét vé set ngudi doc c6 thé xem lai trong chuong
2, ¢ ddy ta chi quan tm dén mét ham khéi tao coa set ¢6 sir dung déi twong
ham less_than dugc cai dat dudi day.

template <class T»
class less than
{
public:
less_than{} {}
bool operator({} (const T& %, const T& y) {return x<y;}

Trong chuong trinh, ta khél tao mét tap hop cic sb nguyén vdi
less_than 14 tham s6 khudn hinh thir hai. Khi d6, mdi khi thém mot sé
1:3uyén vao tip hop, cac sb trong tip hop dwoc sép xép theo thir tu ting din
bang cach sir dung déi tuong ham so sanh less than.
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typedef set<int,less_than<int> > int _set; // Pinh nghia tap
nguyén
int_set is; // Khail bac mdét tap nguyén
is.insert{2};
is.insert ({5} ;
is.insert(3);
int_set::iterator j;
for (j = is.begin{); j != is.end(}; J++)
{
cout << ¥ g MO

}

235

Chiy la less than dugc sir dung nhu mdt ddi s6 khudn hinh nén ta
khéng phai quan tdm t6i viéc khén tao va sir dung nhy thé nao trong chuong
trinh. Diéu d6 dd dwoc iam mic dinh trong ham khét tao cia set. Ta chi phai
cung cap mot tham sb khudén hinh cu thé héa cia less than la
less_than<int> dé chi ra ring ding d& tuong ham so sanh nhé hon cho
kiéu int

T4t nhién, ta ¢ thé dung less than cho khéi tao mdt tap hop kiéu
hofc bt ki do nguoi ding dinh nghia mifn 12 kidu, d6i tuong d6 co toan tur
so sanh operator< sir dung trong di tuong ham less than. Xét doi

tuong person dwoc cai dit nhu sau trong d6 co6 nap chdng toan tir
operator<,

class perscn
{
public:
personi(} {}
persaon{const stringé first,consat strings
last}:m_firstname(first) ,m lastname(last){}
string firstname () const {return m_firstname;)
string lastname() const {return m_lastname;}

friend int operator<{const perscn& pl, const person& p2l;
friend ostreame operator<<{ostream& S, COnst personi p);
private:
s$tring m_firstname;
string m lastname;
bi

int operator<{const person& pl,const personk p2)
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return pl.lastname()<p2.lastname() ||
(! (p2.lastname()<pl.lastname()) &&
pl.firstname () <p2.firstname());

ostream& operator<< (ostream& s, const person& p)

{
s << "[" << p.firstname() << " " << p.lastname() << "]1";
return s;

"non

person pl("Doan Trung","Tung");
person p2("Dang Cong", "Kien");
person p3("Vuong Minh", "Hoa");
person p4("Cao Tran", "Kien");
typedef set<person,less_than<person> > person_set;
person_set ps;
ps.insert(pl);
ps.insert(p2);
ps.insert(p3):
ps.insert(p4):
person_set::iterator i;
for (i = ps.begin(); i != ps.end(); i++)
{
cout << *i << endl;

}

Vuong Minh Hoa
Cao Tran Kien

Dang Cong Kien
Doan Trung Tung

Nguoi doc ciing c6 thé cai dit d6i tuong him greater than va st
dung @& khéi tao tap hop cac ddi tuong duoc sip xép theo thir tu giam dan
mién 1a cac d6i tuong d6 c6 nap chdng toan tir operator>. Ching ti coi d6
la bai tap dé ngudi doc tu lam.

R4t nhiéu khuén hinh giai thuat trong STL sir dung d6i tuong ham nhu
mdt tham so truc tiép dé thuc hién. Mot khuon hinh gidi thuét rat hay dung la
khudn hinh giai thuat sip xép sort (chi tiét vé sort c6 thé xem trong
chuong 5). Khuén hinh giéi thudt sort dung dé sip xép mot diy doi tuong
theo mot tiéu chi sip xép quy dinh bdi mt ddi tuong ham xéac dinh. Tiéu chi
mic dinh 1a sép xép ting din ding operator< dé so sanh. Tuy nhién, néu
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muédn ta co thd viét mot déi tuong ham so sanh ridng holc s dung cac dbi
tuong ham sin co trong STL. Vi du dudi ddy minh hoa ca ba céach sir dung.
Ta van st dung lép person trong vi du trude ¢6 cai dat thém toan tir so sanh
16n hon operator> va dung khudn hinh giai thuat sort d& sip xép vector

r - - - A- . “n ’ ’
v chira mot diy cac ddi tuong person theo cac tidu chi khac nhau.

#include <iostream>
#include <string>
#include <vector>
#include <algorithm>
#include <functional>

using namespace std;

class persen
{
public:
persan{) {}
person{const striné& first,const stringé
last}:m_firstname(first),m_lastname{last){}
string firstname() const (return m firstname;}
string lastname{} const {return m lastname;}

friend int operator<{const person& pl, const personé p2};
friend int operator> (const personé pl, const perscné p2);
friend ostreams operator<<(cstream& 5, const person& pl;
private:
string m_firstname;
string m lastname;
I
int operator<{const person& pl,const person& pZ)
{
return pl.lastname () <p2.lastname{) |I
{!{p2.lastname () <pl.lastname(}) &&
pl.firstname{)<p2.firstnamef)}};
}
int operator>»{const person& pl,const personé p2)
{
return pl.lastname () >p2.lastname{) ||
(! ({p2.lastname()>pl.lastname{)) &&
pl.firstname()>p2.firstname(});
1
ostreamé operator<< {(ostream& s, const personé P
{

s << "[" << p.firstname() << " " << p,lastname(} << "]":
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return s;
]
-template <class T>
class less_than
{
public:
less_than{} {]
bool cperator() (const T& X, const T& y) {return X<y}

Y

int main{}
{

person pl{"Doan Trung”,"Tung");

person p2{"Dang Cong™, "Kien"):
person p3{"vVuong Minh", "Hea"):;
person p4("Cac Tran", "Kien"):

vector<person> v;.
Vv.push_backi{pl}:
v.push_back(p2}:
v.push back{p3):
v.push back(pd);

sort({v.begin{}),v.end{(}};
cout << "Sap xep mac dinh:™ << endl;

copy(v.begin{),v.end{),ostreamuiterator<person>
{cout, "\n"));

sort(v.begini(},v.end{(),greater<person>{)};
cout << "Sap xep dung doi tuong ham greater cua STL:" <<
end]l; ;
copy(v.begin{),v.end{),ostream_iterator{person>
{cout, "\n"})

less than<persen> mycomp;

cout << "Sap xep dung doi tuecng ham nguoi dung dinh nghia:”
<< endi;

sort{v.begin(],v.end{),mycomp};

copy({v.begin(),v.end{),ostream iterator<person>
{cout, "\n"}}; -

char <;

cin >» ¢;

Trong chuong trinh trén can chi y cic diém sau. P& st dung khudn
hinh giai thuat sort va khudn hinh gidi thudt copy cén thém dén huéng bién
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dich #include<algorithm> & dau chuong trinh. Pé sir dung dbi tuong
ham greater cin thém din hudng bién dich #include<functional>.
Khuon hinh giai thuat copy sao chép toan bd cac déi tuong trong vector v
ra man hinh con greater 1a d6i tuong ham c6 sin trong STL dung dé so
sanh 16n hon, thuc hién khi thuc hién giai thuét sip xép.

Két qua thuc hién chuong trinh:

Sap xep mac dinh:

[Vuong Minh Hoa]

[Cao Tran Kien]

[Dang Cong Kien]

[Doan Trung Tung]

Sap xep dung doi tuong ham greater cua STL:
[Doan Trung Tung]

[Dang Cong Kien]

[Caco Tran Kien]

[Vuong Minh Hoa]

Sap xep dung doi tuong ham nguoi dung dinh nghia:
[Vuong Minh Hoal

[Cao Tran Kien]

[Dang Cong Kien]

[Doan Trung Tung]

Véi kha nang linh hoat va tinh khai luoc, d6i tugng ham la mot thanh
phan khong thé thiéu trong bo thu vién STL. Cac khudn hinh giai thuat va bo
chira trong STL sir dung doi twong ham cang tang thém tinh linh hoat va tinh
khai lugc cia chung. P6i twong ham khong chi co y nghia trong xdy dung va
str dung thu vién ma con c6 y nghia thuc tién trong lap trinh khai lugc. Phong
cach lap trinh sir dung d6i tuong ham 1a mot phong cach lap trinh t6t can nim
virng va su dung thanh thao.

4.2. Cac KHAI NIEM vé déi twong ham

Cac KHAI NIEM cho d6i tugng ham dugc dua ra trong STL nham muc
dich m6 ta cac yéu cau chung nhat vé kiéu cuia cac d6i tuong ham. Ngudi doc
can nam vimng cac KHAI NIEM nay dé co thé sir dung d6i tuong ham cung
vol cac thanh phz’in khac cta STL nhu giai thudt hay bd chira mdt cach ding
din va hiéu qua.

4.2.1. Cac KHAI NIEM co ban

Cac KHAI NIEM co béan trong STL gém ¢6 Generator, Unary Function
va Binary Function. Ching tuong (g la cac d6i tuong ham c6 toan tir goi
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ham khéng d6i £ (), mdt ddi £ (x) va hai dbi sb £ (x, y). TAt nhién, c6 thé mé
rong danh sach nay 1én Temary Function (d6i trong ham c6 toan tir goi ham ba
d6i) hodc hon niva, nhung thuc t& khong c6 khudn hinh g1ai thudt hodc bd chira
ndo trong STL lai cdn dung d6i tuong ham co toan tir goi ham nhiéu hon hai
tham s6. Ciing cin chii ¥ rang déy 1a cac KHAI NIEM do STL dinh ra d& phan
loai cac d6i tirgng ham, do vy hoan toan c6 thé co cac ddi tuong ham ddng thoi
¢b toan tit goi ham nap chéng khéng dbi, mot d6i hay hai di nhu sau:

#include <iostream>

using namespace std;

class compare {

private:
int m_val;

public:
compare{int val) : m_wval(val}{}
// toan tu gei ham khong doi
boel operator({) (}const
{

return m val > Q7
}
// toan tu gol ham mot doi
bocl operator () (int x)const
{
return x > m_val;

}
// toan tu goi ham hai doi
beol operator() {int x)const
{

return x > y;

}:

int maini{)
{
compare v{4): // Khol tao
cout << v{i<< endl; // Output: 1
cout << w(5) << endl; // Qutput: 1
cout << v{5,86) << endl; // Output: 0

cout << endl;
return 0;

Mot d6i tuong ham nhu trén c¢6 thé coi 13 thudc vao KHAI NIEM
Generator, Unary Function hay Binary Function ddu duoc. Py la ba KHAI
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NIEM co ban nhit cta dbi tugng ham, cac KHAI NIEM con lai déu 1a truomg
hop dic biét ctia ba KHAI NIEM nay.

4.2.2. Cac KHAI NIEM ménh dé

Cac dbi tuong ham cé gia tri tra v& kidu bool la médt trudng hop dic
biét quan trong. Mgt Unary Function cé gia tri tra vé kiéu bool duoc goi Ia
mbt Predicate va mét Binary Function ¢ gia tn tra vé kiéu bool duoc goi la
mét Binary Predicate. Péi tuong hiam compare & trén chinh 1a mét vi du vé
Predicate va Binary Predicate.

Mét trudong hop dic biét ciia Binary Predicate la KHAT NIEM Strict
Weak Odering (Quan hé thi tu chit hoic yéu). Py 1a KHAI NIEM cho cac
dbi twong ham 1am nhidm vu so sanh hai d6i tuong va tra vé gia tri true néu
déi twong thir nhat thoa man didu kién sanh dwoc véi dbi tuong thir hai. Ménh
dé so sanh phal théa man dinh nghia chuan cta toan hoc cho quan hé thir tu
chit hoiic yeu

e Khdng phan xa: f (x,x) phai trd vé gid tri false
s Khong dbi ximg: £ (x,y) tra v& true thi £ (y, x) trd v& false va
nguoc lai
¢ Bicciu f(x,y) vafiy,z) thi f(x,z)
¢ Tuong duong bic cdu: x tuong duong y va y tuong duong z thi x
tuong duong z.

Ba tinh chét ddu cho ta quan hé thir tw bd phan. Cac d6i tuong ham
thudc KHAI NIEM Strict Weak Odering nhu less, greater thuong dugc
st dung trong cac giai thudt so sanh, tim gia tri 16n nhét, nhd nhat,... Db
tuong ham compare trong vi du trén véi toan tiy goi ham hai dbi cé thé coi
1a thude KHAI NIEM Strict Weak Odering.

4.2.3. Cac KHAI NIEM khéc

M@t trudng hep dic biét nira ciia KHAI NIEM Binary Function la
KHAI NIEM Monoid Operator. Mot déi tuong ham thudc Monoid Operator
phai théa mén mét s6 didu kién nhu: kiéu cta tham sb thir nhét, kidu tham s&
thir hai va kidu tra v& cha phép toan phai gidng nhau. Nhu tén goi cia né,
KHAI NIEM nay duoc dwa ra d& danh cho cac phép toan mot ngdi. Cac dbi
tuong ham thudc KHAI NIEM nay la cic phép toan cing plus va nhén
multiplies.
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Ngoai ra con mt s6 KHATI NIEM khac khéng dé cap & diy. Cac KHAI
NIEM dang Adaptable 1a cac KHAI NIEM cho cac déi tuong ham c6 thé six
dung vdi bd thich nghi trén d&i trong ham. Ngudi doc tam cOng nhén cac
KHAI NIEM nay va s& duoc biét rd hon vé& b thich nghi trén di tuong ham
cling nhr cac 16p thude KHAI NIEM adatable trong cac muc 434vad35s

Cac KHAI NIEM d3 duoc gi6i thidu & trén 1a nhitng KHAI NIEM co
béan va chung nhat vé ¢bi trong ham. Hidu duoc v nghia cac KHAI NIEM do
cho ta mdt cai nhin tdng quan va & rang vé& d6i twong ham trong STL ddng
thoi giap ta sir dung ddi tuong ham khi [4p trinh mét cach d& dang hon.

4.3. Cac déi twong ham cé sén

STL xay dung sin rat nhidu ddi tuong ham tién loi cho sir dung véi
khudn hinh giai thuét, véi bd chira hay cho cac muc dich khac ctia ngudi 1ap
trinh. Céc dbi tuong ham cé sén trong STL dugc phan thanh bén 16p:

« Cac phép toan sé hoc

e Cac phép so sanh

s Cac phép toan logic

e Cacbd thich nghi trén d6i tuong ham

Ta s& lan lugt xem xét cac dbi twong ham cia ba 16p dau vé cach s
dung cling nhu pham vi img dung trong 18p trinh.

Mubn sir dung cac ddi trong ham c¢6 sin trong STL ta cin thém din
huéng bién dich #include<functional> vao dau chuong trinh.

4.3.1. Cac phép toan sé hoc

4.3.1.1. plus

DO tuong ham plus thuc hién phép cong hai déi tuong kidu T va tra
vé két qua kidu T. Néu £ 1a mot di twong ham cta Iép plus, x va y 14 hai
doi twgng kidu T thi £ (%, y) tra vé x+y. Céc yéu chu khi sir dung plus:

* Yéu cdu T phai nap chdng toan tir operator+

e Kiéu trd v& ciia toan tit operator+ phai ¢ thé chuyén kidu duoc

thanh kiéu T.
» T phai la Assignable
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Vi du vé sur dung plus

finclude <jostream>
#include <functicnal>
#include <algorithm:
using namespace std;

int main{)

{ .
int a{5]) = {15,12,9,4,79};
int b[5] = {5,10,28,12,2001};

plus<int> s;
ostream_iterator<int> out(cout,” ");
transformfa, a+5%,b, out, s) ;

}

20 22 37 16 2080

Trong chuong trinh ¢6 sir dung transform 1la mét khudn hinh gid
thuit cia STL. Ham transform thuc hién mdt phép toan dinh nghia béi
tham s6 cudi trén mdt ddy cac ddi tuong va tra vé két qua phép toan 1én mot
tham 58 khac. Cu thé trong chuong trinh ham transform thuc hidn phép
toan plus dinh nghia béi plus<int> s 1én cac d6i tuong cta hai diy
nguyén a, b va ghi két qua ra man hinh ostream iterator<int>
s{cout, " ™). Viétnhu trén la cach viét tuong minh d& theo déi, ta ciing
¢6 thé viét gon hai lénh khai bao vao trong ham transform nhu sau:

transform{a, a+5,b, ostream iterator<int> ({(cout, ™ ]}, plus<int>
S :

Déi tuong ham plus thupc KHAI NIEM Adaptable Binary Function,
do véy bit cit ham nao cia STL sir dung tham s6 khudn hinh thude KHAI
NIEM Adaptable Binary Function d&u ¢6 thé st dung ddi twong ham plus,

4.3.1.2. minus

Péi tuong ham minus thuc hién phép toan nguoc lai véi plus. Néu £
la mdt dbi tuong ham cha 10p minus, x va y 13 hai d6i tuong kiéu T thi
£ {x,y) trd vé x-y. Céac yéu cau khi sir dung minus:

e Yéu cau T phai nap chong toan tlr operator-
o Kiéu tra vé ciia operator— phai chuyén kiéu duoc thanh kiéu T.
¢ T phai la Assignable
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Vi du sir dung minus:

#include <iostream:-
#include <functional>
#include <algorithm>
using namespace std;

int main{)

{
int a[$] = (15,12,9,4,79};
int b[5] = {5,10,28,12,2001};

transform(a, a+5, b, ostream iterator<int>{cout,"
"y, minus<int>{}};

}

10 2 -19 -8 -1922

Ham transform thuc hién phép toan trir [én cac d6i tuong caa hai diy
a, b va dua két qua ra man hinh.

Doi tugng ham minus thudec KHAI NIEM Adaptable Binary Function
nén bat ki ham cia STL s dung d6i sé 1a d6i tueng ham kidu Adaptable
Binary Function thi ¢é thé st dung dugec minus.

4.3.1.3. multiplies

Déi tuong ham multiplies thuc hién phép nhan hai sé. Néu £ 1a mét
déi tuong ciia 1op multiplies, x va vy la hai dbi tuong kiéu T thi £ (x, v)
tra vé& x.y. Cac yéu ciu khi sir dung multiplies:

* Yéu cdu T phai nap chdng toan tir operator*

¢ Kibutra v cla operator* phai chuyén kiéu duoc thanh kidu T.
e T phai [a Assignable

Vi du vé sir dung multiplies

#include <iostream>»
#include <functional:>
finclude <algorithms-
using namespace std;

int main{}

{

int a[5] = (15,12,9,4,79};
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int b[5} = {5,10,28,12,2001};

transformia, a+5,b, ostream iterator<int>{cout,” "),multiplies
<int> ());

}

75 120 252 48 158079

Ham transform thuc hién phép nhén trén cac doi tuong cia hai diy a,
b va ghi két qua ra man hinh.

Pbi tuong ham multiplies thudc KHAI NIEM Adaptable Binary
Function, nén bt ki ham nao cta STL sir dung déi sb 14 d6i tuong ham kiéu
Adaptable Binary Function d&u ¢6 thé sir dung multiplies.

4.3.1.4. divides

Déi tuong ham divides thyuc hién phép chia /. Néu £ 13 mét d6i tuong
cta lop divides, x va vy 12 hai doi tuong kiéu T thi £ {x, y) trd vé x/y. Cac
yéu cdu khi sir dung divides:

e Yéu cdu T phai nap chdng toan tir operator/
¢ Kibutra vé clia operator/ phéi chuyén kiéu dugc thanh kiéu T.
s T phai ld Assignable

Vi du v& str dung divides

#include <iostream>
#include <functicnal:x
#include <algorithm>
using namespace std;

int main{)
{
int a[5] = {15,12,9,4,79};
int b[5] = ({5,10,28,12,2001};
transform{a, at5,b,ostream iterator<int>{cout,"”
"y, divides<int> ()}
}

31000

Ham transform thyuc hién phép chia 1én cac déi twong cia hai diy
a, b va ghi két qua ra man hinh.

DP&i tuong ham divides thudc KHAI NIEM Adaptable Binary
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Function nén bat ki ham nao cta STL sir dung dbi s6 1a ddi tuong ham kidu
Adaptable Binary Function déu ¢6 thé sir dung divides.

4.3.1.5. modulus

béi tugng ham modulus thuc hién phép chia %. Néu £ la mét dbi
tuong cia lép modulus, x va v 1a hai ddi tuong kidu T thi £ (x,y) tra vé
x%y. Yéu cau khi sir dung modulus:

» T phai nap chéng toan tir operators?
e Kiéu tra vé clia operators phai chuyén kidu dugc thanh kidu T.
e T phai la Assignable

Vi du vé sir dung modulus

#include <iostream>
#include <functional>
#include <algorithm>
using namespace std;

int main ()
{
int a[5] = {15,12,9,4,79};
int B[5] = {5,10,28,12,2001};
transform{a,at+5,b,ostream iterator<int> (cout,” "), modulus
<int>» ());:- B
}
029 479

Ham transform thuc hién phép chia % 1&n cac ddi tuong cia hai day
a, b va ghi k&t qua ra man hinh.

P6i tugng modulus thuge KHAT NIEM Adaptable Binary Function
nén bat ki ham nao ctia STL sur dung d6i s6 13 dbi tuong ham kiéu Adaptable
Binary Function déu ¢é thé s dung modulus.

4.3.1.6. negate

Doi tuong him negate thuc hién phép toan phi dinh. Néu £ 1a mét déi
tuong ciia lop negate, x la d6i tugng kiéu T thi £ (x) tra vé -x. Cac yéu cau
khi sit dung negate:

* T phéi nap chéng toan tir operator-
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s Kiéu tra vé cia toan tir operator- phai chuyén kiéu duoc thanh
kiéu T
e T phai I3 Assignable

Vi du vé sir dung negate;

#include <iostream>
#include <functionals>
#include <algorithm-
using namespace std;

int main{}
{
int a[5] = {15,12,9,4,79};
transform{a, a+5, ostream iterater<int> (cout,”
"}, negate<int>(});

1

~15 -12 -9 -4 -79

Chi ¢ trong vi du trén ta st dung médt ham nap chéng khac cia
transform (STL cé hai khuén hinh giai thuat transform) trong d6 déi 50
cubi 1a mdt ham thudéc KHAI NIEM Adaptable Unary Function. Ham
transform thuc hién phép toan pha dinh 1én cac ddi tuong cha diy a va in
két qua ra man hinh.

Déi tuong ham negate thugc KHAI NIEM Adaptable Unary Function
nén bét cir ham nio cda STL su dung d6i s6 1a d6i twong ham kiéu Adaptable
Unary Function déu c6 thé str dung duoc negate.

4.3.2. Cac phép toan so sanh

Déi tuong ham cho cac phép toan so sinh ciing 1a nhiing d6i tuong ham
don gian nhung duoc s dung rit phd bién trong cac giai thuat STL, ddc biét
la cac giai thuat lién quan dén sép xép hay phén hoach.

4.3.2.1. equal_to

D61 tuong ham equal to thue hién phép so sanh bing nhau giira hai
doi tuong. Néu £ 1a mat ddi tuong cla lop equal to, x va y la hai dbi tuong
kidu T thi £ (x,v) tra v& true néu x va y bing nhau, trd vé false néu x vi
y khac nhau. Yéu cau khi sir dung equa 1 to:
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* T phai 13 Equality Comparable hay T chi cdn nap chdng toan ti

operator== va toan tir ndy la quan hé tuvong duong.

Vi du vé st dung equal to:

#include <icstream>
#include <functional>
#include <vector>

using namespace std;

template <class InputIterator,class T,class BinaryPredicate>

int cbject count (InputIterator first,Inputlterator last,T key,int

count=0)

{
BinaryPredicate comp;
for{Inputlterator i = first:;i != last;i++)

if (comp{*i, key)) count++;

return count;

}

int main{)

{
vector<int> V;

.push_back{l):

-push_back{3);

-push _back{3)};

-push_back(3);

.push_back(2);

.push back(2);

.push_back (1) ;

.push_back (3}

R

copy (V.begin(},V.end(),ostream jterator<int> {cout, ™ "});

typedef vector<int>»::iterator IntVecltr;
typedef equal_to<int> eComp;

cout << "\nSo lan xuat hien cua 4 trong day: "

<< bbject_count<1ntVecItr,int,eComp> {(V.begin () ,V.end({)

.4}
<< endl

<< “S0 lan xuat hien cua 3 trong day”

<< object_count<IntVecltr, int, eComp>
{(V.begin(),V.end{} , 3}
<< endl;




195 Chuong 4. POl TUONG HAM

T3 332213 :
So lan xuat hien cua 4 trong day: 0 _ .
So lan xuat hien cua 3 trong day: 4

Ham object count duyét qua cac d6i tuong cia mdt diy va so sanh
d6i tuong voi key theo tiéu chuin so sanh Binary Predicate. Cu thé, trong
chuong trinh object count dugc dinh nghia dé duyét trén cac ddi tuong
kiéu vector<int> véi ham so sanh equal to<int>.

Do6i tuong ham equal to thudc KHAI NIEM Adaptable Binary
Predicate, do d6 bat ki ham nao cua STL (hoic ham nguoi dung tu dinh
nghia) sir dung tham s khuén hinh la d6i tuong ham kiéu Adaptable Binary
Predicate thi déu sir dung duoc véi equal_to.

4.3.2.2. not_equal_to

P6i tuong ham not_equal_to thuc hién phép so sanh bing nhau gitra
hai d6i tuong. Néu £ 1a mot doi tuong ciia lop not_equal_to, x vay la hai
d5i tuong kidu T thi £(x,y) trad v& true néu x va y khac nhau, tra vé
false néu x va y bang nhau. Yéu cau khi sir dung equal to:

e T phai la Equality Comparable hodc T c¢6 nap chéng toan tir
operator!=.

Vi du sir dung not_equal to:

typedef not_equal_to<int> neComp;

cout << "\nSo phan tu khac 4 trong day: "

<< object_count<IntVecltr,int,neComp> (V.begin(),
V.end() ,4) << endl

<< "So phan tu khac 3 trong day: "

<< object_count<IntVecltr,int,neComp> (V.begin(),
V.end() ,3) << endl;

3 e SR el B
So phan tu khac 4 trong day: 8
So phan tu khac 3 trong day: 4

|

Péi tuong ham not_equal to thudc KHAI NIEM Adaptable Binary
Predicate, do d6 bat ki ham nao ctiia STL hoic ngudi dung dinh nghia c6 si
dung tham s khudn hinh 1a Adaptable Binary Predicate déu sir dung duoc
not equal to.
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4.3.2.3. less

Déi tuong ham less thuc hién phép so sanh nhd hon giita hai déi
tuong. Néu £ la d6i tuong cia I6p less, x va y 1a hai déi tuong kiéu T thi
f(x,y) travé true néux < y vanguoc lai. Yéu cau khi sir dung less:

e T 14 kidu Less Than Comparable hofic T ¢6 nap chdng toan tir

operator< va toan tir nay 1a quan hé thir tu mét phan.

Vi du vé st dung less:

typedef less<int> lComp;

cout << "\nSo phan tu nho hon 4 trong day: "
<< object_count<IntVecItr,int,lComp> (V.begin(),V.end()
,4) << endl
<< "So phan tu nho hon 3 trong day: "
<< object_count<IntVecltr,int,lComp> (V.begin(),V.end()
;3) << endl;

L3 332 2% 3
So phan tu nho hon 4 trong day: 8
So phan tu nho hon 3 trong day: 4

Péi tuong ham less thuoc KHAI NIEM Adaptable Binary Predicate,
do d6 bat ki ham nao cia STL hodc ngudi dung dinh nghia c6 st dung tham
s6 khuén hinh 1a Adaptable Binary Predicate déu sir dung dugc less.

4.3.2.4. less_equal

Doi tuong ham less equal hoan toan tuong ty nhu less nhung né
thuc hién phép so sanh nhé hon hoic bﬁng.

Vi du sir dung less _equal:

 typedef less_equal<int> leComp;

cout << "\nSo phan tu nho hon hoac bang 2 trong day: "
<< object_count<IntVeclItr, int,leComp>
(V.begin(),V.end () ,2) << endl;

b 33 Rl Sl 11 _
So phan tu nho hon hoac bang 2 trong day: 4




197 Chuong 4. POl TUGNG HAM

4.3.2.5. greater

D6i tuong ham greater thuc hién phép so sanh I6n giira hai déi
tuong. Néu £ 12 mot d6i tuong clia 16p greater, x va v 1a hai ddi tuong kidu
T thi £ (x,y) trd v& true néu x > vy va nguoc lai. Yéu ciu khi st dung

greater:

e T la kiu Less Than Comparable hoic c6 nap chdng toan tur
operator>

Vi du sir dung greater:

typedef greater<int> gComp;

cout << "\nSo phan tu lon hon 2 trong day: "
<< object count<IntVecltr, int,gComp> (V.begin(),V.end()
,2) << endl;

1-3:3.32 2:.1-3 Sei L
So phan tu lon hon 2 trong day: 4

DP6i tuong ham greater thudc KHAI NIEM Adaptable Binary
Predicate, do d6 bat ki ham nao cua STL (hodc ham nguoi dung ty dinh
nghia) sir dung tham s6 khudn hinh 1a d6i tuong ham kiéu Adaptable Binary
Predicate thi déu sir dung duoc vl greater.

4.3.2.6. greater_equal

D6i tugng ham greater equal ciing twong tu nhu ddi tugng ham
greater nhung thuc hién phép so sanh 16n hon hoic bing giira hai dbi
tuong.

Vi du stir dung greater equal:

typedef greater equal<int> geComp;

cout << "\nSo phan tu lon hon hoac bang 2 trong day: "
<< object count<IntVecItr,int, geComp>
(Vv.begin(),V.end() ,2) << endl;

133 2.9 3
So phan tu lon hon hoac bang 2 trong day: 6_.
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4.3.3. Cac phép toan logic

Cac d6i tuong ham biéu didn cic phép toan logic trong STL khéng
duoc st dung truc tiép mdt cach rong rai nhu voi cac phép toan sd hoc hay
céc phép so sanh. Tuy nhién, khi sit dung ching véi cic bd thich nghi cia d6i
twong ham ching lai té ra rat hitu ich.

4.3.3.1. logical_and

Déi tugng ham logical and biéu dién phép logic VA toan hoc. Néu
£ 14 mét ddi tuong cia lép logical and, x vay l hai d6i tuong kiéu T thi
f(x,y) tra v& true khi vi chi khi ¢4 x va y 14 true. Yéu cau khi sir dung
logical_and:

e T phai chuyén kiéu duge thanh kidu bool.

Vidustdung logical_and:

#include <vector»
#include <algorithm>
#include <functional>
#include <iostream>
#include <stdlib.h>
#include <time.h>
int main{ }
{
using namespace std;
vector <bool> vl, v2, v3( 7 };

srand({ (unsigned)time{ NULL ) }:
for ( int 1 =0 ; 1 <« 7 ; i++ }
{
vl.push_back((beol} (rand()%2));

v2.push_back({bool) (rand{(}%2)};
}

cout << boolalpha; // Dat co in gia tri legic
ostream_iterator<bool> out{cout," "):

cout << "Vector vl:" << endl;
copy{vl.begin{},vl.end{},cut);
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cout << "\nVector v2:" << endl;
copy (v2.begin(),v2.end(),out);

cout << "\nKet qua phep AND hai vector:" << endl;
transform(vl.begin(),vl.end(),v2.begin(), out,

logical_and<bool>());
}

Vector vl:

true true false false true true false
Vector v2:

false false true false true false false
Ket qua phep AND hai vector:

false false false false true false false

Ham transform thuc hién phép toan logic VA 1én c4c phan tir cua hai
; A. 1: 1A . ad o Bxs '
vector vl vav2 roi ghi két qua ra man hinh.

Do6i tuong ham logical and thuc KHAI NIEM Adaptable Binary
Predicate, do d6 bat ki ham nao ctia STL hoic cia ngudi dung dinh nghfa c6
str dung tham s6 khuon hinh thugc KHAI NIEM Adaptable Binary Predicate
déu sur dung dugc logical and.

4.3.3.2. logical_or

Doi tugng ham logical or biéu dién phép logic HOAC toan hoc.
Néu £ 1a mét ddi tuong cia 16p logical or, x vy 12 hai d6i tuong kiéu T
thi £ (x,y) trd vé true khi va chi khi x hoic y 1 true. Yéu céu khi sir dung
logical or:

e T phai chuyén kiéu duoc thanh kiéu bool.

Vl du sir dung logical or: trong vi du v& logical an?_ﬂlay hai
dong cudi bang hai dong sau:

cout << "\nKet qua phep OR hai vector:" << endl;
transform(vl.begin(),vl.end(),v2.begin(),out,logical_or<bool>());

Vector vl: . Ly %&Qr%ﬁ
false false false true false f&lse fglsa .
Vector v2: . aa o
true false. faise'false true false false

Ket qua phep OR hai vector:

true false false true true false false
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Ham transform thuc hién phép toan logic HOAC lén cac phan tir cia
hai vector v1 va v2 rdi ghi két qua ra man hinh.

D61 tugng ham logical or thuéc KHAI NIEM Adaptable Binary
Predicate, do d6 bat ki ham nao cua STL hoic cua nguoi dung dinh nghia cé
sit dung tham s6 khudn hinh thuéc KHAI NIEM Adaptable Binary Predicate
déu sir dung dugc logical or.

4.3.3.3. logical_not

D6i tuong ham logical not biéu dién phép logic PHU PINH toan
hoc. Néu £ 1a mot d6i tuong ciia I6p logical not, x va y 1a hai déi tuong
kiéu T thi £ (x,y) trd vé true khi va chi khi x hodc vy la true. Yéu cdu khi
str dung logical not:

e T phai chuyén kiéu dugc thanh kiéu bool.

Vi du sir dung logical not: trong vi du vé logical and, thay hai
dong cudi béng hai dong sau:

cout << "\nPhu dinh cua'vl: " << endl;
transform(vl.begin(),vl.end(),out,logical not<bool>() );

Vector vi:
false false false true false false false
Phu dinh cua vl: :

" true true true false true true true

Doi tuong ham logical not thugc KHAI NIEM Adaptable
Predicate, do d6 bat ki ham nao cia STL hoic cia ngudi dung dinh nghia c6
sir dung tham s6 khuén hinh thugc KHAI NIEM Adaptable Binary Predicate
déu sir dung dugc logical not.

4.3.4. Cac bd thich nghi cua déi twong ham

Ta di biét ring, bd thich nghi la cac 16p trung gian lam nhiém vu
chuyén cac théng diép téi cac I6p mubn nhan thdng diép. Qua céac chuong vé
bd chira va bd duyét ta da lam quen va thay duoc loi ich ctia bd thich nghi
d6i véi ching nhu thé ndo. Véi dbi tuong ham, ta ciing c6 cac bd thich nghi
riéng. Cac bo thich nghi nay s& dem dén mét dién mao méi cho nhimng dbi
tuong ham ta da xem xét & trén. Thuc vdy, nhimg déi tugng ham co ban STL
cung cdp chua thé thda man hét cac yéu cdu cia ngudi 14p trinh. Str dung cac
bo thich nghi ta s& thiy su tién loi va uyén chuyén trong viéc két hop cac ddi
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trong ham co ban dé thoa man duoe cac yéu ciu tir don gian dén phic tap ma
STL khéng thé dap ung hét duoc.

Ngoai dinh nghia chung vé bd thich nghi trong chwong 1, véi ddi tuong
ham, cac bd thich nghi cho ching cé thé duoc dinh nghia nhu sau: Bé thich
nghi trén doi twong ham la cac lop lam nhiém vu tao ra mot doi twong ham
mai tir mot hay nhiéu d6i neong ham da co.

Lan lugt cac bd thich nghi duoc gidi thidu dudi ddy s& cho thiy 13 tit
ca cac diéu ta d3 nhic dén & trén. Ngudi doc nén doc ki 1t cd cac bd thich
nghi, vi ¢6 nhimg dig¢u giai thich cho bd thich nghi nay hoan toan c6 thé ap
dung dugc cho cac b thich nghi khac nén trong trinh bay chung s& khong
duoc lip lai trong c4c phan sau nira. Mit khac, theo quan diém su pham, cling
khong thé giai thich moi diéu ngay tir bd thich nghi dau tién vi nhu véy sé
gy kho khian cho ngudt doc mé lam quen vén STL. Giéi phép duara & day 1a
trong mdi bé thich nghi lai giai thich mdt it va kém vi du minh hoa cu thé cho
ngudi doc dé nim bit, sau do cudi chuong s& c6 muc téng hop lai.

4.3.4.1. binderist

binderlst la b thich nghi ding d& chuydn mot dbi tuong ham hai
doi thanh mot d6i tuong ham mat ddi. Cy thé, néu £ 13 mt d&i tueng cua lép
binderlst, thi £ (x) s&tra vé dbi tuong ham F (¢, x) trong d6 < 1a hing so,
F Ia doi neomg ham hai doi thuée KHAI NIFM adaptable binary function. Ca
F va ¢ duoc truyén cho cu tir cha £ khi khéi tao. KHAI NIEM Adaptable
Binary Function s& duoc noi 13 trong muc 3.5, tir goc 6 sir dung ta chi can
biét rang tht ca cac d6i twong ham hai d6i ma STL cung cdp déu thube KHAI
NIEM nay va do vy, ¢ thé sir dung ching véi binderlst.

Ta xem xét vi du sau dé hidu 1d hon v& binderist, & day doi tuong
ham less cta STL lam nhiém wvu so sanh hai s8. Khi go1 toan tir less{x, y)
ta c6 két qua true néu x < y va.nguoc lai. Bay gio, gia st trong chuong
trinh ta cin mdt dbi tuong ham ménh d& mét d6i s6 co toan tir so sanh mét gia
tr1 hing ¢ v6i d6i sé. Cho di mdi 1dn goi ta truyén cho x gid tri ¢ ta ciing
khong thé sir dung less vi less 14 d6t tuong ham hai d6i s6. Tuy nhién, néu
sit dung binderlst voi less ta s& cb duge d6i tuong ham mot d6i sé nhu
yéu clu,

less<int> F;
int ¢ = 5;
binderlst<less<int> > five less_ than(F,c}-
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cout << "5 nho hon 67 " << {five less than(&) ? "Dung" : "Sai™)
<< endl;
cout << "S5 nho hen 4?7 " << {(five_less_than(4) ? "Dung" : "Sai")
<< endl;

5 nho hon 6?7 Dung
5 nho heon 47 Sai

Trong chuong trinh trén, ta khai bao mét doi tugng ham ménh d& mot
d6i five less thanla d6i twong thudc 16p binderlst<less<int> >.
Poan mi binderist<less<int> > cho biét ta s& tao ra mdt ddi tuong
ham mét doi tir d6i tuong ham hai dbi less<int>. ((J day, less<int>
dugc cung cdp nhu tham s6, khudn hinh cho binderist. Néu khdng cung
cdp tham s6 khuén hinh nay s& gy 15i vi binderlst 1a l6p khuén hinh,
muén sir dung phai cung cép tham sb khudng hinh). Dé sir dung déi tugng
ham mdt d6i d6, phai cung cdp cac tham sé cho cdu tir cia nod:
five less than(F,c) trong d6, F la mét doi tugng cla less<int>vac
12 mot 56 nguyén.

Cach viét nhu trén 1a d& cho rd hom, song khi d3 quen, ta ¢6 thé vit nhu
sau cho ngén gon:

binderlst<less<int> > five_less_than({less<int> {}, 5):

five_lessless_than co thé truyén vao cho him dudi dang tham
s6 nhu chuong trinh sau:

#include <iostream>
#include <functional>
#include <vector>
using namespace std;

template <class Inputlterator,class Predicate>

velid print if{InputIterator first,Inputlterator last,Predicate
pred)

{
for (Inputlterator i = first;i != last; i++)
{
if (pred(*i} == true)
cout << *i << " *;

!

vold main()
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vector<int>» v;
ostream ilterator<int> oif{cout," "};

v.push_kack(10}; v.push_back{4}: v.push back(15});
v.push back(2}; v.push back{-1); v.push back(8);
cout << "v: "; copy(v.begin{(}),v.end{),ol); cout << endl;

// tao doi tuong ham menh de 1 doi so
binderlst<less<int> > five less than({less<int> (]}, 5};
// su dung doi tucong ham trong ham '
cout << "Cac so lon hon 5: ";

print if{v.begin(),v.end{),five_less_than);

1

v: 10 4 15 2 -1 8
Cac s8¢ lon hon 5; 10 15 8

Ham print if chi in cac s trong khodng [first, last) néu s6 do
théa man diéu kién pred. Nghia 13 véi moi bd duyét 1 thude
[first,last) néu pred{*i) == true thi s& in *i ra man hinh. Nhu
vay, ddi s cho print_ if ngoai cac by duyét first va last con cd mot
ddi sb 1a dbi tugng ham ménh d& mot déi. Sau khi dung binderlst dé tao ra
dbi tuong ham mot dbi five less than ta di sir dung d6i tuong ham nay
nhu trong chuong trinh:

print_if{v.begin(},v.end{),five less_ than);

Thue té khi sir dung, nhét 13 d6i véi cac giai thuat cia STL, ngudi ta
dung mét ham tién loi hon binderlst ma vin cho két qua tuong tu. Thay vi
ding binder1st ngudi ta dung ham bindist mét cach truc tiép nhu sau:

print_if{v.begini},v.end(),bindlst(less<int> (},5)};

Cau lénh trén tuong duong von:

binderlst<less<int> > five_less than(less<int> (), 5};
print_if(v.begin{},v.end{(),five_less_than};

C6 thé thay cach viét nay chi cin mdt dong 1énh trong khi néu ding
binderilst phai thém mdt dong 1énh khén tao. Tuy nhién, d6i v&i ngudi méi
1am quen, cach viét nay lai khéng 16 rang bang cach ding binderist. Khi
khéi tao dbi tuong ham bing binderlst, qua cach dit tén ngudi ta c6 thé
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hinh dung ra muc dich hodc y nghia cia d6i tuong ham d6. Khi nhin vao cu
lénh bindlst (less<int> (}),5) ngudi méi lam quen c6 thé s& khong
hiéu dugc né c6 ¥ nghia gi. Thuc chit ham bindlst ciing nhin diu vao hai
tham sb gdm d6i twong ham F v4 hing ¢ va tra vé ddi tuong ham £ sao cho
£(x) trd v& F (¢, x). Chuong trinh ¢6 thé viét lai nhu sau:

void main ()

{
vector<int>» wv;
ostream_iterator<int> oi{cout,” ");

v.push back{10}); v.push_back({4}; v.push back{l5);
v.push_back{2}; v.push back(-1); v.push_back(8};
cout << "v: "; copy({v.begin(),v.end{},oci}; cout << endl;

cout << "Cac so lon hon 5: ™;
print if{v.begin{),v.end(},bindlst{less<int> (},5)});

4.3.4.2. binder2nd

B thich nghi binder2nd ciing twong tu nhu binderist. Néu £ I3
mét ddi twrgng cia lop binder2nd thi £ (x) trd vé F (x, c) trong d6 F la déi
twong ham hai doi s6 thugc KHAI NIEM Adaptable Binary Function, ¢ 14
hing s6. F va ¢ dugc truyén cho c¢du tir ¢ha binder2nd khi khdi tao déi
tuong méi. Co thé thiy binder2nd va binderlst dung nhu tén goi chi
khac nhau & thir ty clia x va ¢. binderlst cu thé hda tham sé thi nhat trong
F(x,y) thanh hing s8, con binder2nd cu thé héa tham sb thir hai thanh
héng s6. Théng thudng, néu khong sir dung dbi tugng cla binder2nd nhidu
lan thi ngudi ta ding him bind2nd vi né tién lgi hon. Vi du ding bind2nd
trong chwong trinh trén (chuong trinh minh hoa bindist):

cout << "Cac so nho hon 5: ";
print_if (v.begin(),v.end(),bind2nd{less<int> {),5));

Cac 50 nho hon 5: 4 2 -1

C6 thé thay 14 chi cin thay bindlst bing bind2nd li ta co két qua
hoan toan nguoc lai. Pigu nay cé thé giai thich dé dang vi bind2nd cu thé
héa tham s6 thir hai thanh hing s6 trong khi bindlst cu thé héa tham sb thir
nhat. Do vdy, trong print if, khi ding bindlst ta s& goi kiém tra
less (5, x) con khi dung bind2nd tasé goi less{x,5).
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Néu khéng dung bind2nd ta c6 thé ding truc tiép binder2nd dé tac
ra mdt dbi tugng va truydn vao cho print_if. (Cach lam tuomg tu nhu doi
vdl binderlst)

cout << "Cac so nho hon 5: ";
binder2nd<less<int> > five_greater_than({less<int> {},5});
print_if({v.begin{),v.end(),five_greater_ than}:

R& rang néu khong ding lai five greater than nhiéu lin thi ding
trirc tiép bind2nd s& don gidn hon. Didu quan trong la khi diing binder2nd
v&i doi twomg ham nao thi phdi cung cdp d6i neong ham d6 nhw tham s6
khudn hinh khi khoi tao. Vi du néu viét nhu sau trinh bién dich s& bao 16i:

binder?nd five greater than{less<int> (},5};

Diéu nay ciing diing cho tat ca cac bd thich nghi khac vé& dbi tuong
ham.

4.3.4.3. unary_negate

Déi tuong ham unary negate 1 mdt bd thich nghi trén céc dbi tuong
ham thuéc KHAI NIEM Adaptable Predicate. Gia st ¢6 pred la mét aéi
tugng clia ddi tuong ham Predicate thude KHAI NIEM Adaptable Predicate,
£ 1a mot ddi tugng cua unary negate<Predicate>. Khi do, £(x) ==
'pred (x). Co nghia la cac dbi tugng ciia unary negate thuc hién phép
phii dinh logic cac d6i trong ham twong Ung. pred sé& dugc dua vao nhu tham
s6 cho céu tir ciia £, con Predicate thi dwec cung cdp nhu tham sé khuén hinh
cho unary negate,

Vi du, ta c6 d6i tuong ham odd thudc KHAI NIEM Adaptable
Predicate nhu sau:

class odd : public unary function<int, bool>

{

public:
odd () {}
bool cperator () (int n} const

{

return (n % 2) == 1;
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Déi tugng ham trén kidm tra tinh chét 16 cia mdt s8 nguyén. oda duoc
thira ké tir I6p unary function<int,bool> dé thudc KHAI NIEM
Adaptable Predicate. Chu y ring di mét ddi twong ham cé toan ti goi ham
mot doi tra vé kiéu bool (tirc 13 thujc KHAI NIEM Predicate) ma khong
thudc KHAI NIEM Adaptable Predicate thi cling khéng s dung duge val
unary negate(xem muc 4.3.5). Khi 46, néu muén ¢c6 mdt d6i tugng ham
even kiém tra tinh chéat chén ciia s6 nguyén thi ta khong can phai viét lai mot
16p tuong tu nhu 16p odd nita ma chi cin ding unary negate nhu sau:

unary negate<odd> even{odd(});

LiOc nay, 101 go1 odd (3) sé cho két qua true, trong khi even(3) sé
cho két qua false. Can chi v Ia trong khi cai dit odd thi toan tir goi ham
cia odd duoc khai bao 1a ham thanh phdn hing nhos tir khoa const phia sau
tén ham. Néu khong co tir khéa const, trinh bién dich s& bio 18i. Xin xem
thém muc 4.3.5 dé biét 5 hon.

Vi du sau minh hoa cho unary negate. Trong chuong trinh cé su
dung déi tugng ham odd & trén va print_if trong vi du vé binderist va
binderZnd.

vold mainf)
{
vecteor<int> wv;
ostream iterator<int> oi {cout,™ "):

v.push_back(10}); v.push back{34); v.push back{15);
v.push back{21l]); v.push back{ll); v.push_back(8};

cout << "v: "; copy{v.begin{),v.end{),o0l}; cout << endl;

cout << "Cac so chan: ";

print if{v.begin(),v.end(},odd{});
cout << "\nCac so le: ";
unary_negate<odd> even(odd());
print if{v.begin{},v.end(),even};

}

v: 10 34 15 21 11 8
Cac sc chan: 15 21 11
Cac 3¢ le: 10 34 8

T4t ca cac bd thich nghi trén d&i tuong ham déu ¢6 mét ham tién loi
- 5 ~ A A a [ LA A
tuong Ung va unary negate ciing the. Neu khong sir dung even nhicu lan
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trong chuong trinh thi hai dong lénh

unary negate<odd> even{odd());
print_if(v.begin(},v.end{),even);

¢6 thé viét gon lai nhé ham not 1 nhu sau:

print if{v.begin(},v.end{) ,notl {edd(})}:

Ham notl chi nhin mot tham sb la dbi tugng ham thude KHAI NIEM
Adaptable Predicate va tra v& d6i tuong ham khac phu dinh lai d6i tuong ham
trén. Cha y riang ddi twong ham do not1 tra lai chi sinh ra khi chay chuong
trinh. Ta khéng thé viét twong minh mét lop, ching han AdaptablePred, rai
dung trong chuong trinh nhu sau:

AdaptablePred even = notl{odd{))

notl chi dung vdi cac ham dang print if hodc cac khudn hinh gidi
thuit ciia STL s& nhéc dén trong chuong sau. Piy la mét diém bat loi cua
notl ¢ling nhu ¢lla bindlst, bind2nd hay cac ham tuong img vdi cac bd
thich nghi trén d6i tucmg ham khac. Tuy nhién, hiém khi ta dung d6i tuong
ham mot cach truc tiép ma hay ding véi giai thuit vd nhu vdy notl,
bindlst,.. van dugc sir dung thudng xuyén.

4.3.4.4. binary_negate

Tuong tu nhir unary negate,binary negate thuc hién phép phu dinh
logic ddi voi cac dbi tugng ham thude KHAI NIEM Adaptable Binary Predicate.
Cu thé, néu £ la dbi tugng ctia lop binary negate<Predicate> thi
f(x,y) == !pred(x,y) trong d6 Predicate la d6i tuong ham thudc
KHAI NIEM Adaptable Binary Predicate, pred la ddi tugng cia
I6p Predicate va dugc truydn vao cho cdu tr cua

binary negate<Predicate> khi khdi tao £. Xét chuong trinh minh hoa
sau.

#include <iostream>
#include <functional>
#include <vector>
#include <algorithm:>
using namespace std;
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_template <class T>
class abs_greater : public binary function<T,T,bool>

{

public:
abs_greater({} [}
bool operator{} (const T& vl,const T& vZ) const

{
T tl = wvl; T 2 = v2;
if (vl < 0) £l = —-v1;
1f {(v2 < 0} t2 = —w2;
return ti > t2;

};

vold main{}

{
vector<int> v;
ostream_iterator<int> oif(cout,”™ ");
v.push_back({10}); v.push_back({-34); wv.push_back{~15};
v.push_back{2l); v.push_back({(ll}; v.push back(8);
cout << "v: "; copylv.begin(),v.end(},0i); cout << endl;
// Sap xep day so giam dan theo tri tuyet dei
sort(v.begin{),v.end{),abs_qreater(int> {(yy;
cout << "v: "; copy{v.begin(},v.end{),ci); cout << endl;
// Sap xep day so tang dan theo tri tuyet doi
binary negate<abks greater<int> > abs_less(abs_greater<int>

sort{v.begin(},v.end{),abs less);

it

cout << "vi “; copy(v.begin{),v.end{],0l}; cout << endl;

v: 10 -34 -15 21 11 8
v: ~34 21 -15 11 10 8
v: 8§ 10 11 -15 21 -34

Dbi tuong ham abs_greater la d6i tuong ham cho phép so sanh 1én
hon vé gia tri tuyét d6i. Pay 1a ddi tuong ham thudc KHAI NIEM Adaptable
Binary Predicate vi duoc thira ké tir I6p binary function (xem muc
4.3.5). Trong chuong trinh, ta dung mét khudn hinh giai thudt sort cia STL
dé sip xép cac s trong vector theo thi ty quy dinh béi mdt d6i tuong ham
so sanh (& diy la abs greater va abs less) Khi ding sort v&i
abs_greater ta duoc diy sip xép theo thir tu gidm dén vé tri tuyét dbi. Khi
dung sort vd1 abs less talai duoc day cé tinh chit nguoc lai. Nhu vy, ¢b
thé thdy nh& ding binary negate ta di tiét kidm duoc céng stc khong
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phéi viét thém mét dbi tuong ham abs_less tuong ty nhu abs greater
nira ma tao ra ngay tiu abs greater.

Tuong mg véi binary negate ta ¢6 ham not2 ma trong nhiéu
truong hop, st dung not2 s& thudn tién hon. Khi dung not2 phai truyén
tham s6 14 mét dbi twong ham thugc KHAI NIEM Adaptable Binary
Predicate. Vi du dung not2 thay cho binary negate:

sort{v.begin{),v.end () ,not2{abs_greater<int> (}}};

4.3.4.5. unary_compose

Cén chi ¥ la unary compose va binary compose khéng c6
trong STL chuén dugc Ansi C++ cbng nhan. Tuy nhién trong ban STL phan
phdi béi SGI (Silicon Graphic Inc) lai ¢6 hai bé thich nghi nay va xét thay
chiing cling rét tién lgi nén chiing tdi muén dwa ra dé gisi thidu. Chung t6i d3
bién dich thir trén cac trinh bién dich quen thugc va mai théy cb g++ va gee
trén RedHat Linux 7.2 do sir dung STL cia SGI nén hd tro hai b thich nghi
nay. Tuy nhién, van ¢ thé st dung hai bo thich nghi nay véi cac trinh bién
dich khéac theo hai cach sau. Cach thir nhit thay vi dung b6 thu vién STL ¢6
san trong trinh bién dich, hiy ding truc tiép bd thu vién STL do ching t6i
cung cip trong dia CD di kém quyén sach nay. Pdy la b thu vién cia SGI
nén c6 sin hai bd thich nghi unary compose va binary compose. Cach
thir hai ban ¢6 thé sao chép nguyén miu ca hai b thich nghi ching tdi cho
dudi day (hoac tim trong dia CD di kém) ghép vao tép chira cac d6i tuong
ham cia trinh bién dich ban dang dung (Vi du trong VC6.0 hay Visual NET 1a
tép functional (mg véi dan hudng bién dich #include <functional> ). Ching
tdi da lam theo céch thir hai véi bd Visual. NET va két qua van ding nhu khi
bién dich bing g++ trén Linux. Sau d4y 12 nguyén miu cia hai b thich nghi
va cac ham tién loi tuong img. '

// unary_compose and binary compose (extensions, not part of the l
standard) .

template <class Operationl, class _Operation2>
class unary compose
: public unary function<typename Operation2::argument type,
typename _Operationl::result_type>
{
protected:
_Cperationl  opl;
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_Operation2 _ op2:
public:

unary_compose{const Operationlé _ x, const _Operation2& __y)

—_opl{_ =), __op2{_ ¥y} {}

typename Operationl::result_type i

operator () {const typename _COperation2::argument type& __ X)
const |

return _ opl{ op2{_ x}];

}

b:

template <class _Operationl, class _Operation2>
inline unary compose<_Operationl, Operation2>
composel {canst _Operationls _ opl, const Operation2& _ op2)
{
return unary compose<_Operationl,_OperationZ>»{_ opl, _ op2):

}

template <class Operationl, class _Operation2, class
_Operation3>
class binary_compose
public unary function<typename Operation2::argument type,
typename _Operationl::result_type> |
protected:
_Operationl _M opl:
_Operation2 M op2;
_Operation3 M opl;
public:
binary_compose (const _Operationlé __ x, const Operation2& _ vy,
const Operationds _ z)
: _ Mopl(__x}, Mop2(_ vy}, Mop3{ =z} {}
typename Operationl::result_type
operator () (const typename OperationZ::argument_type& _ X}
const |
return M opl{ M op2{ =x}, M op3{ =x));
}
b

template <class _Operationl, class _Operation2, class

_Operation3>

inline binary compose< Operationl, _OperationZ, _Operaticn3>

compose2 (const _Operationle _ opl, const Operation2& _ opZ,
const _Operation3d& __op3}

return binary compose< Operationl, Operation2, Operation3>
(__opl, __op2, _ op3}:
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unary compose la mot by thich nghi cho phép thuc hién phép hop
cic ham. Trong dai sb, ban d3 biét ¢ nhimg ham hop kiéu nhu
g(f(x)£(x)) vaunary compose cho phép thuc hién trong tu nhung trén
cac d6i trong ham ctia C++. Cu thé, néu £ va g déu 1a ddi tuong ham thudc
KHAT NIEM Adaptable Unary Function, thi ¢6 thé dung unary_compose
tao ra dbi tuong ham h sao cho h (x) twong dwong voi £ (g (x)). Mudn si
dung, £ va g can dugc truyén vao cho cdu tir khi khoi tao h, ddng thoi kié:
clia £ va g duoc dung nhu tham s6 khuén hinh che unary compose. Vi du
sau minh hoa cach st dung unary compose. Ta cai ddt hal ddi tuong ham
plus_c va multiply c déu la cac déi tuong ham thudc KHAI NIEM
Adaptable Unary Function. plus ¢ (x) thuc hién phép cdng x + ¢ trong
khimultiply <(x) thuc hién phép nhan x*c.

#include <iostream>
#include <functionals>
#include <algorithm>
using namespace std;

template <class T>
class plus ¢ : public unary function<T,T>
{
private:
T ¢
public:
plus_c (T constant] : c{constant} {}
T operator{) (T x) const
( -
X += ¢;
return x;

}:
template <class T»
class multiply ¢ : public unary function<T,T>
{
private:
T e;
public:
multiply c{T constant) : c{constant] {}
T operator{] {T %} const
{

X *= ¢;

return x;
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}
b
wvold main{}
{
plus_c<int> p(S}; // Khol taoc doi tuong voi hang ¢ gan bang
5
multiply c<int> m(3};// Khol tac dei tuong voi hang c¢ bang 3
cout << mi{p{2)} << endl; // Thuc hien {(2+51*3
unary_ compose<multiply c<int>,plus c<int> > hi{m,p}’
cout << h{2) << endl; // Thuc hien {2+5}*3
}
21
21

J—

Dé thuc hién phép tinh (2+5) *3, trong chuong trinh sir dung hai cach:
mét 1 truc tiép bing m(p (2) }, hai 1a khai bao dbi tuong ham hop h ciam va
p 101 goi h(2). Dé khai bao h, trude tién phai cung cdp plus c<int> vi
multiply c<int> nhu tham sé khuén hinh cho unary compose, sau do
truyén m va p cho céu tir khoi tao h. Ca hai cach déu cho cung két qua la gia
tri cta phép tinh (2+5)*3 = 21. Ban doc ¢ thé hoi rang tai sao phai sit
dung mot cach ric réi nhu thé trong khi chi cén viét don gidn m(p(2)) ciing
di co két qua tuong tu. Tuy nhién, unary_compose duoc thiét ké khong chi
dé sir dung truc tiép nhu trén ma muc dich chinh la sit dung véi cac ham, dic
biét 1a cac gid1 thudt trong STL. Vi dy, ta c6 thé thuc hién lan oot plus cva
multiply c 1én mét diy s6 bang khuén hinh gidi thuit transform nhr
sau.

plus c<int> p(5);
multiply c<int> m{3);
unary compese<multiply e<int>,plus c<int> > him,p}:

int a(é)] = {1,2,3,4,5,G};
transform{a, a+6, ostream iterator<int> (cout,” "],h};

18 21 24 27 30 33

R& rang, déi s cudi cung cho transform la mét déi twong ham mét
d6i. Néu khéng st dung unary_compose ta khdng con cich niao khac dé tao
mét déi tuong hiam nhu yéu clu. unary_ compose ciling c6 mdt ham
composel twong ung dé st dung thuan tién hon. Vi du trén co thé viét lai
bing composel nhu sau;
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plus_c<int>» p(5);
rultiply_c<int> m{3)};

int a[6] = {1,2,3,4,5,6};
transfermia, a+6, ostream iterater<int> (cout,”
") ,compeosel{m, p})s

R® rang, cach viét trén ngin gon hon mét chat khi khong phai khai bao
h. Nhung thuc té, viéc khai bao 4y d4 &n trong ham composel 1di. (Néu
mudn, ban ¢4 thé xem nguyén miu cia composel ngay sau nguyén mau cia
unary compose di dvara¢ trén).

C6 thé néi rang ding cac bd thich nghi mét cach két hop ta co thé tao
ra v s6 nhimg déi tuong him mdi. Ta s& ching minh diéu nay qua viéc tao ra
d&1 tuong ham hop co v nghia nhu trén, ma khong can cai dit thém plus c
hay multiply c nita. Doan chuong trinh sau co két qua hoan toan gidng hai
doan chuong trinh trude, nhung khong sir dung plus_c hay multiply c
ma chi sir dung cac d6i tuong ham cé sin cia STL cung véi bd thich nghi
binderlst.

int a[ée) = {1.,2,3,4,5,6};
transform{a, a+6,ostream_iterator<int> (cout,” "},
coemposel {bindlst (multiplies<int> {},3), // doi tuong
ham 1 -
bindlst {plus<int> {),5}}): // doi tuong
ham 2

Thuc té ta'da sir dung ghép nodi cac ham tuong tng vai cac bd thich
nghi dé tao ra mot dbi twgng ham hop tuong ty nhu h trong vi du dau tién:

composel {bindlst {multiplies<int> (},3),bindlst(plus<int> (},5})};

Trudc tién, bindlst (plus<int> (), 5) tao ra mdt ddi tuong ham
tuong tu nhr plus c<int>p(5), bindlst (multiplies<int{}>{(),
3) tao ra mdt déi tuong ham kidu nhu multiply c<int> m(3). Ta 44 biét
binderlst thuc hién vidc cu thé héa tham s6 thir nhit ciia mot dbi tuong
ham hai tham sé. O trén, bind1st cu thé hoa tham sé thir nhat 1a 5 déi véi
plus<int> d& ¢6 d6i tuong ham thuc hién phép céng 5+x va cu thé hoa
tham sé tha nhét 1a 3 ddi véi multiplies<int> dé cé dbi tugng ham thuc
hién phép nhén 3*x. Sau d6, composel lam ndt nhiém vu con lai 13 hop hai
d6i twong ham d6 lai. Cha y ring vi phép cong va phép nhén c6 tinh chét giao
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hoan nén néu ¢ trén ta ¢6 ding bind2nd thay cho bindlst thi vin cho két
qua tuong tu vi x+5 cling nhu 5+x. V@i cac phép khdng cé tinh giao hoan
nhir so sanh lén hon, nhod hon thi sir dung bind1st hay bind2na 14 digu cén
phai xét dén.

4.3.4.6, binary_compose

Nhur da nhic dén khi gisi thigu v& bd thich nghi unary compose, bd
thich nghi binary compose ciing khéng ¢d trong STL chudn cua ANSI
C++. Tuy nhién, ching t6i vin mudn gidi thiéu ¢ ddy vi tinh tién loi cha bd
thich nghi nay.

Trong dai s, ta hay gip cac ham hop kidu nhr £ (gl (x),g2(x)) va
binary compose la mét bo thich nghi cho phép thuc hién phép hop tuong
tu nhu vay trén cac d6i tuong ham. Cu thé, néu £ 14 mot dbi twong ham thuée
KHAI NIEM Adaptable Binary Function, g1, g2 1 hai d6i tugng ham thudc
KHAI NIEM Adaptable Unary Function thi ¢ thé ding binary compose
48 tao ra mdt d6i twong him h sao cho hi{x) twong  duong
f{gl(z),g2(x)). D& tao ra h tir binary compose ta ciing phai 1dn lugt
khai bao cac tham sb khudn hinh va truyén £, gl, g2 cho cdu tir cta h nhu
dbi vai unary compose. Néu dd quen vdi unary compose c6 1& khdng
cin noi nhidu nita va xem xét vi du sau minh hoa compose?, mot ham tién
lot dé sinh cac ddi tugng thay cho binary compose.

#include <iostream>
#include <functiocnal>»
#include <algorithm>
using namespace std;

void main ()

{

int af6]) = {1,2,3,4,5,6};
transform{a, at+6,ostream jterator<int> ({cout,” "},
compose? {(multiplies<int> (), // dol tueng
ham 1
bindlst{plus<int> (},5), // doi tuong ham
2
' bind2nd (minus<int> {),5}));// doi tuong ham
3

}
-24 -21 =16 <% 0 11

e




215 Chuong 4. DOI TUONG HAM

Ham transform trong vi du trén thuc hién phép tinh (x+5)* (x-5)
lén déy 1,2, 3, 4,5, 6 va in két qud ra man hinh. Trudc tién bindlst tao ra
mdt d6i tuong ham thuc hién phép cdng x+5, bind2nd tao ra ddi tuong
ham thuc hidn phép trir x-5. Sau d6 compose?2 thuc hién phép hop tir hai dbi
twong ham trén v&i d6i tuong ham multiplies cd sin trong STL dé& duoc
tich (x+5)* (x=5). Lun ¥ 1a phép trir khéng co tinh chét giao hoan nén dé
tao d6i tuong ham thuc hién x-5 ta phai ding bind2nd, néu dung bindlst
ta s& ¢6 két qua nguoc lai la (x+5) * (5-x).

4.3.4.7. pointer_to_unary_function

Day 14 bd thich nghi dung ¢ tuong thich ngugc véi nhimg ham ¢ san
trong C++ truyén théng nhu abs, fabs, sqrt,. hoc cic ham ta d viét tir
truée nhung khong mudn méit thoi gian nang cdp 1én thanh d6i twong ham. Tu
d4u chuong ta d3 ndi cac con tré ham ciing co thé coi 1a cac d6i tugng ham va
do viy, co thé dugc ding & nhitng noi cin dén déi twong ham nhu mét s6 vi
du ta 44 chi ra. Vi du mdt con trdé ham khai bao nhu sau: T (*f) (A) s8
twong (mg v&i mdt dbi twong ham thugc KHAI NIEM Unary Function.
(Ngudi doc cin bidt 13 v& con tré ham, ching tdi khdng nhéc lai vé khéi niém
ndy. Khai bao nhur trén s& dugc doc nhu sau: £ la con trd 141 ham nhin mot
tham s6 kidu A va ¢ kidu tra v& T). Tuy nhién, tai nhimg noi chi sir dung
cac ddi tuong ham thudc KHAI NIEM Adaptable Unary Function, con
trd6 trén lai khoéng st dung dugc. B6 la ly do tai sao can dén
pointer to unary function, bd thich nghi ndy lam nhiém vy chuyén
cac con tré ham thanh cic d6i twong ham thudc KHAI NIEM Adaptable
Unary Function.

Vi du, st dung hiam gia tri tuyét d6i abs voi khudn hinh giai
thuat transform trong STL nhu sau s& khéng cin dén
pointer to unary function, bdiléyéu chu dbi s6 clia transform chi
1a 441 twrong ham thuéc KHAI NIEM Unary Function:

int a[5} = {2,-14,5,15,-4};
transform{a, a+5,ostream iterator<int> ({(cout, nomy L abs)

214 515 4 - _ *

Trong doan mai trén, abs dugc truyén vao transformnhu mot con trd
ham, tirc 12 mét i tuong ham. transform &p dung abs 1én mang nguyén
a va in két qua ra man hinh. Tuy nhién, néu mudn in ra diy cé cing tri tuyét
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d6i nhung mang d4u 4m, ta cin phai 48t hop ham abs vdi dbi tuong ham
negate bing ham bd thich nghi composel. Tuy nhién, composel chi nhin
doi s6 14 cac ddi tuong ham thuéec KHAI NIEM Adaptable Unary Function
nén can phai chuydn abs tir con tré ham thanh déi tiwong ham thuéc KHAI
NIEM Adaptable Unary Function.

int a[5] = {2,-14,5,15,-4};
pointer_to_unary_functieon<int, int> abs_ functor(abs):
transform{a, a+5, ostream_iterator<int> {(cout,™ "},
composel (negate<int> (}, abs_functor));

-2 -14 -5 -15 -4

Ham abs nhin tham s6 dau vao kidu int va kidu tra v& ciing 13 kidu
int nén <int, int> dugc cung cip cho pointer to unary function
nhu tham s6 khuén hinh cén con tré abs duge truyén vao cho ciu tir cia
abs_functor khi khéi tao. Nhu vdy, ta da tao ra abs_functor cé y nghia
giéng nhu abs, nhung lai la déi tuong ham thupc KHAI NIEM Adaptable
Unary Function. Do d6, ¢ thé truyén abs functor vao cho composel. Ta
cling c6 thé dung ham ptr_fun thay cho pointer to unary function
dé chuong trinh viét ngén gon hon nhu sau:

int a[s5} = {2,-14,5,15,-4};
transform{first, last, first,
composel (negate<double>, ptr_fun{fabs)});

Ham ptr fun nhin ddi s6 1a mot con tro téi ham mot dbi sé va tra vé
d6i tuong ham thuéc KHAT NTEM Adaptable Unary Function tuong {ing voi
con tro ham dé.

4.3.4.8. pointer_to_binary_function

Diy la ddi tuong ham twong ty nhu pointer to_unary function,
nhung 4p dung cho cic con tré6 t6i him hai tham sb.
pointer_to_binary function ding dé& chuyén cic ham hai tham sé
binh thuong thanh cac d6i tugng ham thuéec KHAI NIEM Adaptable Binary
Function, D& sit dung, ta phii cung cip ba tham s khuén hinh cho
pointer to_binary function, gdm kiéu ctia hai tham sé va kiéu tra vé
ctia hAm mudn chuyén thanh dbi tuong ham. T4t nhién, con trd ham van phai
duoc truyén vao cho cdu tir khéi tao. Vi du sau s& minh hoa cich dung
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pointer to binary function va ham nap chong ptr fun tuong img.
Chu y la ham ptr fun 'mg véi pointer to binary function khac
vél ham ptr fun img vdi pointer to unary_function Ddy la ha
ham nap chdng,

int a[5] = {2,-14,5,15,4};
ostream_iterator<int> oi{cout," "}

pointer_to_binary function<double,double,double>
pow_functor (pow)

transform{a, a+b, oi,bind2nd {pow functor,2));
cout << endl;

transform{a, a+5, 0i,bind2nd{ptr fun{pow},2});

4 196 25 225 16
4 196 25 225 16

Ta c6 hai ham transform thuc hién cung mdt nhidém vy 1a tinh binh
phuong cac sb trong mang a, rdi ghi két qua ra man hinh, nhung mdt ham
ding pointer to binary function, mdt him ding ptr_fun. Chiy 13
do tham sb va gia tri tra v& ciia pow (ham liiy thira) d8u 13 kiéu double, nén
ta phai cung cip double nhuy tham s6 khudn hinh cho
pointer to binary function, Ngoai ra, ta cling dung ham bind2nd
chir khéng ding bind1st, vi ta mudn tinh x” chir khong phai 2%,

4.3.5. Xay dwng cac déi twong ham adaptable

O cac muc trudc, ta da xét tdi nhitg ddi tuong ham dang adaptable. B
la cac d6i twong ham thudc KHAI NIEM Adaptable Unary Function,
Adaptable Binary Function. Tuy nhién, chua ¢6 mdt dinh nghia chinh thirc vé
cac KHAI NIEM ndy, ma mdi chi giéi thidu 1a cac ddi tuong ham thudc
KHAI NIEM adaptable (va ciing chi ¢6 cac ddi tuong ham dang nay), duoc
ding cho cac bd thich nghi cua dbi fuong ham.

Mbét cach tdng quat, cac ddi tuong ham dang adaptable la cac doi tuong
ham trong cai dit c6 tir khéa typedef d& dinh nghia kiéu cla gia tri trd vé
(result type) va kiéu cia cic tham s (argument_type,
first argument type,.. néu c6). Tuong {mg véi ba KHAI NIEM chinh
ctia déi twong ham la Generator, Unary Function va Binary Function ta c6 céc
KHAI NIEM Adaptable Generator, Adaptable Unary Function va Adaptable
Binary Function.
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4.3.5.1. Adaptable Generator

Trén thuc té, ta khéng sir dung dén cac dbi twong ham thude KHAI
NIEM Adaptable Generator. Cé thé thdy diéu nay qua muyc 434 Cac bd
thich nghi duoc glm thiéu trong muc 4.3.4 déu nhan d6i sb 1a cac dbi tuong
ham thudc hai KHAI NIEM Adaptable Unary Function va Adaptable Binary
Function. Hon nita, tit cd cic déi tuong ham trong STL ciing déu chi thudc
hai KHAT NIEM nay. KHAI NIEM Adaptable Generator chi ¢6 ¥ nghia kh
xdy dung thu vién. Tuy nhién, néu ban doc vin mudn quan tim t6i déi tugng
ham thudéc KHAT NIEM nay thi xin tham khao hai muc 4.352va4353.

4.3.5.2, Adaptable Unary Function

C6 hai cach dé tao ra mét ddi tugng ham thuoc KHAI NIEM Adaptable
Unary Function. Cach thir nhét, chinh quy, dinh nghia kidu trd vé va kidu
tham sb trong khai bao lép bing typedef. Cach thir hai don gian hon, cho
phép d6i twong ham thira ké tir I6p unary function. Day la cach ta di lam
trong mét s6 vi du v& bd thich nghi & muc 4.3 4. unary function la mét
1ép khudn hinh chi c6 mt nhiém vu la dinh nghia kidu tra v& va kiéu tham sé
trong khai bao. Do vady, khi mdt d6i tuong ham thira ké tir
unary function, né s& thugc KHAI NIEM Adaptable Unary Function.

Vi du sau s& minh hoa cach tao dbi tuong ham thudc KHAI NIEM
Adaptable Unary Function bing typedef.

#include <iostream>
#include <algorithm»
#include <functional>
using namespace std;

template <class Arg,class Res>»
class inverse
{
public:
typedef Arg argument_type;
typedef Res result type;
inverse() {}
Res cperator{} (Arg x) const
{
return 1/x;

b

Y
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void main{}

{

float af5] = {1.0,2.0,3.0,4.0,5.0};
transform{a, a+5, ostream iterator<float> (cout,”\n"},
composel (negate<float> (),inverse<float,float> tyyys

}

-1

-0.5

-0.333333

-0.25

-0.2

Do co hai dong khai bao typedef dinh nghia kidu tra vé va kiéu tham
sé nén inverse la déi tuong ham thudc KHAI NIEM Adaptable Unary
Function. Vi viy, inverse ¢0 thé duoc dung véi composel va negate dé
tao ra ddi twong ham -1/x nhu trong chuong trinh. Theo cach thir hai, ta
khong can hai dong typedef ma chi cin cho inverse thira ké tir 1op
unary function<Arg, Res> nhu sau:

template <class Arg,class Res>
class inverse : public unary function<Arg,Res>
{
public:
inverse () {1}
Res operator(} (Arg x) const
{

return 1/x;

}:

Cin lwu ¢ t&i thir tu cia hai tham sd khudn hinh cho
unary_ function:Arg trudc, Res sau. Vi day 1a thir tu trong nguyén mau
clia unary function, ndubi dao nguoc trinh dich c6 thé s& bao 16i. Néu cai
dt theo cach thir nht, thi tu nay khéng quan trong, vi ta tu dinh nghia béng
typedef. Nhung néu thira ké tir unary function, thi thi tu nay lai quan
trong.

Chu ¥ thir hai 13 toén tir goi ham ciia d6i tuong ham phai duoc khai bao
va cai dat 1a ham thanh phdn hing bing tir khoéa const di sau tén ham. Khai
bao nhu viy d& cac ddi twong hing cla inverse ¢ thé goi duoc toan tr goi
ham cia chiing. Néu toan tir gei ham clia inverse khong dugc cai dat 1a ham
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thanh phan hang thi véi mét déi twong hing nhu sau: const
inverse<float, float> inv ta s& khéng thé goi dugc inv(x). Ban doc
c6 thé thic mic ring: vy d6i tuong hing inverse & dau trong chuwong trinh
trén? Cau tra 1oi: néd chinh Ia tham sd cho ham composel vi composel duoc
khai bao nhu sau:

template <class _Operationl, class _Operation2>»
inline unary compose<_Operationl, Operation2>
composel (const _Operationl& _ opl, const OperationZe __op2}
{
return unary_compose< Operationl, Operation2>{__opl, _ op2};

}

C6 thé thdy ca __oplva__ op2 du la cic dbi tuong hing va trong
chwong trinh,  opl chinh 13 mét &6 tuong cua kidu
inverse<float, float>,

Ghi nhé hai quy tic sau khi cai dit cic toan tir goi ham (ciing nhu ham
thanh phan) cia mét 16p:

¢ Néu ham thanh phin khéng lam thay dbi néi dung cua l6p thi nén
khai bao 12 ham thanh phan hing d& cé thé duoc goi tir ca ddi tuong
hiing 13n dbi tuong khéng phai hing,

e Néu ham thanh phan khéng phai ham thanh phin hing thi déi twong
¢6 thé goi dugc him thanh phin chi 1a cac déi tuong khéng hing,

4.3.5.3. Adaptable Binary Function

Cach tao ra mét doi tugng ham thuéc KHAI NIEM Adaptable Binary
Function ciing tuong ty nhu cdc cach tao ra mot ddi tuong ham thude KHAI
NIEM Adaptable Unary Function. C6 hai cach 1a dung typedef khai bao cac
kidu tra v&, tham s6 mot cach truc tidp holic thira ké tir Iép c6 sin la
binary_ function. Vi dusau dua ra cach ding typedef.

#include <iostream>
#include <algorithm>
#include <functional>
using namespace std;
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template <class3 Argl,class Arg2,class Res>
class plus_inverse
{
public:
typedef Argl first argument type;
typedef Arg2 second argument_type;
typedef Res result_types
plus_inverse() (]
Res operator{) {(const Arglé x,const Arg2& y) const
{

return 1/{x+y):
Y

vold maind)

{
flecat a[4] = {0.5, 1.5, 2.5, 3.5},
float b[4] {1.5, 3.5, 0.5, -0.5};
ostream iterator<float> oi {cout,” "};

(4

cout << "a: " ; copyfa,at+d,ol); cout << endl;
cout << "b: " ; copyib,b+4,0i}; cout << endl;

cout << "atb: "; transformi{a,a+d,b,oi,plus<fleat> (}):
cout << endl;

cout << "1/ (atb): ";

transform(a, a+4,b, ol,plus inverse<fleat, float,flecat> (}});

as 0.5 1.5 2.5 3.5

b: 1.5 3.5 0.5 -0.5

atb: 2 5 3 3

i/{a+b): 0.5 0.2 0.333333 0.333333

Cai d3t lai plus_inverse bing cach thia ké tir binary function:

template <class Argl,class Arg2,class Res>
class plus_inverse : public binary function<Argl,ArgZ,Res>
{
public:
plus_inverse(} {}
Res operator() {(const Arglé x,const Arg2é y) const
{

return 1/{x+y);
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Gibng nhu v6i inverse, operator () cua plus inverse phai
duoc khai bao 1a ham thanh phan hang va thi ty cia Argl, Arg2 va Res li
quan trong. Xem xét k¥, ngudi doc ¢b thé thay 1d plus ciing 13 dbi tuong ham
thude KHAT NIEM Adaptable Binary Function nhr plus inverse, nhung
khi st dung chi can cung cip mét tham sé khuén hinh, trong khi do, véi
plus_inverse ta phai cung cp ba tham s khudn hinh. D6 1 vi véi plus,
STL quy dinh ca hai tham s6 va kidu tra v& phai cing mét kidu. Co thé lam
diéu nay véi plus_inverse;

template <class T>»
class plus_inverse : public binary function<T,T, T>
{
public:
plus_inverse{) {}
T operator{} {const Ta x,const T& y) const
{

return 1/({x+y);

Y

4.3.6. B& thich nghi trén ham thanh phan cua I6p

Muc 4.3.4.5 da gi6i thidu vé hai b thich nghi gitp chuyén cic ham binh
thudng thanh cac déi tuong ham adaptable. Biy gitr ta xét 161 cic bd thich
nghi giip chuyén ham thanh phin ciia mét 1op thanh déi twong ham tuong
. i ’ A . . ~ - ~ A A - +
Ung deé c6 the sir dung duoc tai nhitng noi yéu ciu doi trong ham.

4.3.6.1. mem_fun_t va mem_fun_ref_t

Gia sir X 1& modt 16p c6 ham thanh phan Result X::f () (nghia 12 ham
thanh phan khéng ddi s& c6 két qua tra vé 1a Result). Khi d6, néu muén sir
dung X::f() tai nhimg noi doi hoi d6i twong ham, ta phai cin dén
mem_fun_t hodc mem fun ref t.

Pé sir dung mem_fun_t, phai cung cdp hai tham sé khudn hinh 1a 13p x
va Result la kiéu tra vé cda X: : £(). Cau tir cila mem_fun ¢an dugc truyén
vao modt tham sé 1a con tré t&i ham thanh phin X::f, trong khi d6
operator () lai cAn tham s6 1a con tro x cia kiéu x*. Néu F 13 dbi twong
cua mem_ fun<Result, X>, sau khi khoi tao véi con tré ham X: : £ (), toan
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tir go1 ham F(x) sé& twong duong vén x->f (). Chuong trinh sau minh hoa
cach dung mem fun,

#include <iostream>
#include <functicnal>
#include <vector>
using namespace std;

class Cbject
{
public:
virtual void say_hi({} = 0;
bi
class ObjChildl : public Object
{
public:
void say hi{}
{

cout << "Xin chao! Toi la dei tucong con 1!'" << endl;

bi
class ObjChild2 : public Object
{
public:
vold say_hif)
{

cout << "¥in chaco! Toi la doi tuong con 2!™ << endl;

};
template <class Inputlter,class UnaryFuncs
void my fer{Inputlter first, Inputlter last,UnaryFunc f}
{
for {(Inputlter i = first; 1 !'= last; i++}
fi*i})s

vold main()

{
vector<Object*> v,
v.push back{new CbjChildl):;
v.push_back(new CbjChild2);
v.push_back{new ObjChildl};

mem_fun_t<void, Object> mfun(Object::say hi);
// Dung mfun truc tiep
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Object* o = * (v.begin());

mfun (o) ;

// Dung mfun voi my for
my_for(v.begin(),v.end(),mfun) ;

}

Xin chao! Toi la doi tuong con 1!
Xin chao! Toi la doi tuong con 1!
Xin chao! Toi la doi tuong con 2!
Xin chao! Toi la doi tuong con 1!

D& thay, st dung mem_fun_t d6i v&i ham thanh phan tuong tu nhu sir
dung pointer_to_unary function véi ham. Trudc tién, phai cung cap
hai tham s6 khuon hinh 1a void, Object cho mem_fun, sau d6 cung cap
con tr6 ham thanh phan Object::say hi cho céu tir cia mfun. Cudi cung,
str dung mfun mét cach truc tiép hodc nhu tham s6 cho ham my for da duogc
chi rd & trong chuong trinh.

Ung v6i mem fun_t, STL c6 ham mem_fun, nhén dau vao la con trd
ham thanh phan X : : £ () va tra vé d6i twong ham tuong g, Vi du trén ¢6 thé

K . wE
viet lal vol mem_fun:

// Dung ham mem fun
my_for(v.begin{),v.end(),memﬂfun(object::say_hi}};

Xin chao! Toi la doi tuong con 1!
Xin chao! Toi la doi tuong con 2!
Xin chao! Toi la doi tuong con 1!

B0 thich nghi mem_fun ref t ciing tuong tu nhu mem fun t, nhung
dung cho cic ddi tuong cua kidu X, chir khong phai x*. Do vy, néu F la déi
tuong ciia mem fun ref t<Result,X>, xla doi tuong cua X thi F(x) s&
tuong duong vdi x. £ (). Chu y ring x khong phai con trd, nén ta khong thé
dung k¥ thuit da hinh cia hudéng dbi tuong déi véi mem_fun ref t nhu
trong vi du trén. Néu muén ap dung mem fun ref t trén mdt ddy céc doi
tuong, tat ca cac doi tuong d6 phai thudc cung mot kidu. Ta khong thé dung
lai vector v trong vi du trén véi mem fun ref t viv chia céac doi tuong
thudc hai kiéu khac nhau, ma phai tao ra vector méi v2 chi chia cac dbi
tuong cung kiéu Objchild2 (Hon nita, ciing khdéng duoc la kidu
ObjChild2*). Xem xét doan chuong trinh sau:
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vector<QbjChild2> v2;
vZ.push back({ ObjChild2 ()},
vZ.push back({ Objchild2 ()}
v2.push_back({ ObjChild2(})

mem _fun_ref t<void,ObjChild2> mfr(CbjChild2::say_hi};
my for{v?.begin(),vZ.end{}, mfr};

¥Xin chao! Tei la doi tuong con 2!

¥in chao! Teoi la doi tuong con 2!

Xin chao! Tei la doi tuong con 2!

Chi ¥ 13 x duoc truyén vao cho toan tir operator () cua F dudi dang
tham chiéu, nén néu ham thanh phin £ ¢6 lam thay déi ndi dung cna x, su
thay dbi ddy van cé hidu luc sau Ii goi F(x). (Didu nay clng dung véi
mem fun t vi x duoc truyén vao dudi dang con trd). Vi du trén khéng cho
thdy 15 diéu nay. Néu mudn, ban doc c6 thé viét mdt chuong trinh khac dé
kiém nghiém.

mem_fun ref € clng co ham twong tng la mem fun ref véi mét
tham s6 1a con tré ham thanh phén va tra vé mét d6i tuong ham tng voi ham
thanh phin d6. Hai dong 1&nh cubi trén c6 thé viét gon lai thanh:

my for(vZ.begin(),vZ.end(},mem fun ref(ObjChild2::say hi}}:

4.3.6.2. mem_funi_t va mem_funi_ref_t

Day 1a hai bd thich nghi tirong tu nhu hai bd thich nghi trén nhung cho
cac ham thanh phin ¢ mét d6i sé. Gia sit 16p X c6 ham thanh phin Result
X::f (Arg), % 1a con tro kiéu X *. Ldp mem funl t<Result,RArg> cb chu
tr nhin con tré ham X::f lam tham s8. F 1a d6i tuong cua
mem funl t<Result,X,Arg>, a thudc kiéu Arg, khi d6 F(x,a) s& tuong
duong v6i x->f (a). Nhu véy, tai nhimg noi yéu cau d6i tuong ham hai tham
sb ta ¢6 thé sir dung mem_funl_t d& tao ra dbi tuong ham cin thiét tir ham
thanh phan mét bién cia 16p. Chd ¥ ring tham s6 khudén hinh cho
mem funl_t 1d ba tham sb bao gbm kiéu tra v&, 16p X va kidu tham sb. Vi
dy, dung mem funl t dugce cho dudi ddy. Pdy 1a chuong trinh in bang clu
chuong.

#include <iostream>
#include <functicnal>»
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#¥include <algorithm>
using namespace std;

template <class T>
class print row
{
private:

T c;
public:

print row(T x} : ci{x) {}

vold print({T X}

{

cout €< ¢ << " ox " << ¥ f/ vidu 2 x5 = 10
<< " = " << c*¥ << endl;

}
bi
template <class T,class Inputlter,class BinaryFunc>
void my transform (T x, InputIter first, InputIter last,
BinaryFunc F)
{

for {(InputlIter 1 = first; i '= last; i++)

{

F{r,*1);

1

vold main()

{
print_row<int>* pr = new print_row<int>({2);
int a[9] = {1,2,3,4,5,6,7,8,9};

mem_funl t<void,print row<int>,int> mf (print_row<int>::print};
my transform{pr,a,a+9,mf);

}

2x1=2
2 x 2 =1
2 X3 =28
2 x4 =28
2 x5 =10
2 x6=12
2 x 7 =14
2 x 8 =186
2 x 9 =18

Thay vi khai bao mf mét cach “ric réi” nhu trén, ta ¢6 thé ding ham

mem_fun dé co duoc déi twong ham tuong tw nhu mf lam tham sé cho
my transform. Luu y ring theo dung nhu cac quy tic dat tén, dang 1& tén

“ nhai 1a him mem_fun1 nhung STL khuyén c4o nén dung ham nap chdng
1 funvimem funl s&bi bd di trong cic phién ban sau. Hai ciu lénh cudi
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A .
viét gon lai nhu sau:

my_transform(pr, a, a+9,mem_fun(print row<int>::print);

mem_funl ref_t ciling tuong ty nhu mem funi t. (14 st lop X cd
ham thanh phin Result X::f(Arg), x la con tro kidu X, lop
mem funl t<Result, Arg> cd cdu tr nhin con tré ham X: : £ lam tham sb,
F 1a d6i tuong ciamem_funl t<Result,X,Arg>, a thudc kidu Arg, khi d6
F(x,a) s& tuong duong wvd1 x->f(a). Su khac nhau gita
mem_funl_ref t va mem funl t chi ld mem funl t fam viéc véi cac
con tré d6i tuong trong khi mem _funl ref t lam viéc véi tham chiéu déi
wong. Nhu vy, voi mem funl t ta ¢6 thé ding trong k¥ thuit da hinh cia
huéng dbi tuong nhung vdi mem funi ref t thi khong. Ban doc tu viét vi
du véimem funl ref t.

4.3.7. Bang cac déi twong ham cé trong STL

Béng sau liét ké tat ca cac doi tugng ham co trong STL cho ngudi doc
tién tra clru,

Tén ham Khdri tao operator{}
plus plus<T> p; p(T argl,T arg2)
minus minus<T> m; m({T argl,T arg2)
miltiplies maltiplies<T> m; m{T argl,T arg2}
divides divides<T> d; d{T argl,T arg2)
Modulus modulus<T> m; d(T argl,T argl)
negate negate<T> n; ni({T arg)
equal_te equal_to<T> e; e{T argl,T arg2l)
Not_equal to not_equal_to<T> ne; ne (T argl,T arg2)
greater greater<T> g; g(T argl,T argz2}
less less<T> 1: 1{T argl,T arg2)
greater equal greater_equal<T> ge; ge(T argl,T arg2)
less equal, less _equal<T> le; le(T argl,T arg2)
logical and logical and«T> la; 1a(T argl,T arg2)
logical_or logical_or<T> lo; lo{T argl,T arg2}
logical not logical not<T> 1ln; 1In{T arg}
unary_ function unary_function<Arg, Result>| uf(Arg a)

uf
binary_ function binary function<aArgl, Arg2,| bf(Argl al, Argz -
Result> bf
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unary compose Unary compose<

AdaptableUnaryFunctionl,
AdaptableUnaryFunction2>

binary compose binary compcse<

AdaptableBinaryFunction,
AdaptableUnaryFunctionl,
AdaptableUnaryFunctionz>

unary negate unary_negate
: <AdaptablePredicate>
binary negate binary negate

<AdaptableBinaryPredicate>
binderlst binderlst

<AdaptableBinaryFunction>

binder2nd binderZnd
<AdaptableBinaryFunction>

pointer to unary | peinter_to_unary function
function <Arg, Result>

: peinter to binary| pointer_teo binary function
_function <Argl, Arg2, Result>

4.4. Tém tét

4.41. Ghi nh¢

Po6i twong ham 1a dbi twong cb toan tir goi ham operator (). Khi sur
dung déi tuomg ham trong chuong trinh, ta goi dén d6i twong nhung hinh thic
gidng nhu goi dén ham.

P4i tuong ham trong lap trinh hudng déi tuong bing C++ thay thé cho
con trd ham trong lap trinh C truyén théng. Didm wu viét ciia doi tuong ham
s0 v31 con trd ham la tinh khai luge. Véi dic tinh nay, déi twong ham tré
thanh mot thanh phan quan trong trong ldp trinh khai luoc.

D61 tuong ham ban than 14 d6i tugng nén c6 kha nang dong goi dir Hiéu.
Khi néi v& sir dung dbi tuong ham tirc 12 sir dung toan t&r goi hdm cla né.
Toan tir goi ham 12 thanh phin quan trong nhit ciia mét déi tuong ham. Mot
dd1 tuong ham ¢6 thé nap chdng nhiéu toan tir got ham va dugc sir dung mot
cach rit linh hoat.

Péi tuong ham ¢ thé duge sir dung truc tiép trong chuong trinh bing
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cach goi1 toan tir goi ham, nhung déy khéng phai 1a iing dung hay dung cta
d6i tuong ham. Thay vao do, ddi twong ham thuong duoc sir dung nhur tham
sb truc tiép hodc tham sé khudn hinh cho mét ham. Céc gidi thuit hodc cac b
chira thudmg sir dung déi tuong ham nhu tham sé khuén hinh.

Ba KHAI NIEM co ban cho dbi tuong ham 1a Generator, Unary
Function va Binary Function tuong ung véi cac d6i tuong ham co toan tr goi
ham khéng d6i, mot dbi va hai dbi sd.

Thu vién STL cai dit sin mdt s6 dbt tugng him co ban va hay ding
nhét gom: cac phép toan s6 hoc, cac phép toan logic va cac phép toan so sanh.
Ngoai ra con ¢6 cac bd thich nghi trén dbi tuong ham. Véi cac bd thich nghi,
ta c6 thé két hop dé c6 dwoc nhimg dbi tuong ham phic tap tir nhitng dbi
tugng ham don gian.

4.4.2. Cac 16i hay gip khi lap trinh

Nham 14n giita cdu tir va toan tir goi ham ctia mdt ddi twong ham vi hinh
thirc clia chung giéng nhau,

Sir dung toan tir goi ham cila mdt dbi twong ham trudce khi khai tao. Lai
nay hay gip khi sir dung d6i tuong ham d8 truyén tham sé truc tiép cho ham.

4.5 Baitap

Bai tip 4.1 Xem lai vi du trong muc 4.3.4.6 minh hga ham compose2.
Viét lai vi du d6 bing sir dung unary compose truc tiép.
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Chuwong 5
GIAl THUAT

Muc dich chuong nay:

o Gidi thidu v& giai thudt trong lap trinh khai tugc

e Tim hiéu céc giai thuét c6 trong STL

e Biét cach sir dung cac giai thudt hiéu qua vo1 b chira va dbi tuong
ham

5.1. Giai thuat

5.1.1. Khai niém vé thuét toan

Thuét toan hay giai thudt khdng con 1a khai niém méi mé vai nguc‘ri 1ap
trinh. Thuat toan 1a mot thu tuc thuc hién timg budc mot dé glal quyet mot
16p bai toan nao dé. Nhac dén thuat toan, noi chung 1a phai nhic dén cdu tric
dir liéu nhu trong cudn sach noi tleng cua Niclaus Wirth, nguoi sang lap ra
ngdn ngil Pascal “Chuong trinh = Cau trdc dir lidu + Gidi thuat”. Rit nhiéu
thuit toan va cau truc dit lidu da duoc dua ra ké tir khi ra doi ngdn ngit tap
trinh cip cao dau tién.

Trong nhimg quyén sach trinh bay vé thuit toan, mdt thuét toan thuorng
duoc mo ta bing lwru dd hoic bing ngdn ngilr gia méd va do vay, xuat hién
thudt ngu cai dit thuat toan. Cai dit thuat toan la cong viée ciia ngudi lap
trinh d& chuyén nhimg md ta thuit toan bing luu 85 hoic bing ngdn ngir gid
ma thanh nhitng doan ma trén mét ngdn ngir cu thé va lam viée vdi nhimg di
lidu cu the.

Do 4 thuit toan va nhu'ng khé.i niém lién quan trong lap trinh truyén
thong Mot ngudi l, p trinh t5i thiéu cAn ndm dugc nhitng thut toan cling nhu
chu tric dit lidu c& ban, nhim tranh viéc phat minh lai nhimg gi da ¢ ddng
thori phat trién nhanh ting dung clia minh.

5.1.2. Giai thuat trong 1&p trinh khai lwgc

Giai thuat 1a mdt khai nidm khong méi trong lap trinh khai luge, vi thuc
chit né 13 mdt ham thuc hidn mot giai thudt ndo do theo hudng tiép can khai
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luoc. Didu d6 ¢ nghia 14 giai thudt duec thé hién béi ham ¢ tinh linh hoat
cao, 1am viéc duoc trén nhiéu kiéu dir liéu. Trong cac thu vién, né duoc thé
hién dudi dang cac khudn hinh ham, do vy ta goi tit 1a khudn hinh gidi thuit.
Khuén hinh giai thuit trong 14p trinh khai luge ¢6 nhing diém gibng va khac
$0 vl cac ham trién khai thuat toan trong lap trinh truyén théng. Trudc hét,
khudn hinh gidi thuat ciing duge d& ra nham gidi quyét mot lop bai toan
chung hay gip. Ching ciing lam viéc trén nhiing dit liéu trong 1ap trinh khai
lugc la cac bd chira. Pidm khac biét Ion nhét 14 tinh linh hoat clia cac khuén
hinh giai thudt ma cac ham trién khai cac thudt toan thong thudng khong co.
Noi cach khac, ham giai thuat dugc tham sb hoa mét cich trigt dé, dé co thé
lam viéc trén nhimng dit i8u kidu bét ki, ngoai ra con c6 thé c6 tinh mém déo
nhét dinh trong xir Iy, Do d3 mang tinh khai lwoc nén viéc mo ta ham giai
thuat dudi dang luu d6 hay gia mi la khéng cin thiét. Khuén hinh giat thuat
trong 18p trinh khai tugc duoc cai dit thanh mét ham cu thé trong mét ngdn
ngit xac dinh (ADA, C++) va ngudi lap trinh ¢6 thé sir dung duoc ludn.

Sau day ta nghién ciru viéc xay dyng mdt khudn hinh gia thuat khai
luoc don gian dé hidu 16 hon vé& khubn hinh giat thuat trong 14p trinh khai
luge va yu diém clia ndé so voi thuat toan thong thudng. Xét mdt thuat toan
tim kiém duyét tir ddu dén cudi duoc cai dit bing ngdn ngilt C++:

const int* my search {int* first, int* last, const inte& val) |
while(first '= last && *first '= wval)
++first;
return first;

Ham trén duyét tim val trong khodng [first,last) néu tim thay s&
tra vé con trd tdi vi tri dAu tién tim dwoc, néu khdng s& tra vé last.

int x[5} = (1,5,3,5,4};

cout << "Tim 5 trong day: "
<< ({my_search{&x[0],&x[5],5) != &x[5])? "Co" : "Khong")
<< endl;

cout << "Tim 7 trong day: "
<< ((my search(&x([0},&x[5],7) != &x{5]}? "Co” : "Khong")
<< endl;

Tim 5 treong day: Ceo

Tim 7 trong day: Khong

a . 5 - a - . - A
R rang, thuit toan trén chi dugc cal dat trén mang céc s6 nguyén. Dé
thuat toan thirc hién duoc véi dit lidu kidu bét ki, ta chuyén ham trén thanh
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dang ham khudn hinh:

template <class T»>
const T* my search {T* first, T* last, const T& wval) {
while (first != last && *first !'= wval)}
++first;
return first;

} |

Thuit toan trén tuy di duoc khudn hinh hoa nhung van con diém chua
duoc 161 vu. Viée sir dung con 1ré toi kiéu glatri T co thé thay bfmg sit dung
kiéu bd duyét. Khi d6, my search dugc col la mét khudn hinh giai thuat.
Cach khudn hinh gia thuat duyét trén phén to cua ddy khdng phu thude truc
tiép 1én kiéu dir 1iu ma 4n trong cic d6i tugng bd duyét. Nhu vy, khudn
hinh giai thudt dugce tdch khdi cac bd chira ma chi thao tac théng qua cac bd
duyét.

template <class Inputlterator,class T>

const Inputlterator my_search{Inputlterator first,Inputlterator
last, const T& val)
{
while (first !'= last && *first != val}
++firsc;
return first;

Trong cai dat giai thuit, ta chi can hai thao tac co ban 1&n bd duyét 13
phép I4y tham chiéu * d& nhan déi tuong tré téi boi bd duyét va phép ting ++
d& nhan duoc b duyét tiép theo trong ddy. Do vdy, tham sb cho khudn hinh
giai thuat 1a bd duyét thupe KHAT NIEM Input Iterator. Bay gid, khuén hinh
giai thudt di lam vidc t6t trén mang nguyén théng thuong cling nhu trén cac
bd chira caa STL.

// St dung my_search v&i mang nguyén
int x[%) = {1,5,3,5,4};
cout << "Tim 5 trong day: "

<< {{my search(ex(0},&x[5],5) != &x[5])7? "Co"™ : "Khong")
<< endl;

cout << "Tim 7 trong day: "
<< ({my search(&x[0],&x[5],7) '= gx[5117? "Co" : "Khong"}
<< endl;

// St dung my_ search véi vector
vector<int> v;
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v.push back({l)};v.push back(2);v.push _back(4);
cout << "Tim 2 trong vector: "

<< {(my search(v.begin{),v.end(},2) != v.end{))7? "Co" :
kg Khong " }

<< endl;

Tim 5 trong day: Co
Tim 7 trong day: Khong
Tim 2 trong vector: Co

Nho tinh khai luge cua khudn hinh giai thudt va vén bd thu vién STL
cung cép sin nhitng khudn hinh giai thut tién loi nhat, ngudi 14p trinh khéng
con phéi cai dat lai nhitng thudt toan “kinh dién” nita. Lay vi du cu thé vdi
khudn hinh giai thuat tim kiém & trén, trong 1ap trinh truyén théng, ta s& phai
cai dit lai my_search mdi khi mudn dung né trén mét kidu dir lidu khac.
Cho du viéc cai dit lai co thé hoan toan tuong tu khéng giy khd khin nhung
cing gdy lang phi thdt gian va c¢dng stc. V&i khudn hinh gidl thujt
my search dugc thiét ké khai luoc ta co thé dung né trén mét kiéu dir lidu
bat ki, mién 1a thda min mot sé yéu clu nhét dinh cho tham sé dau vao. Day
chinh 13 diém hon hén caa lap trinh khai luoc gitip ta bd qua dwgc nhing chi
tiét phu dé tap trung duy nhat vao van dé can giai quyét.

5.1.3. Str dung khudn hinh giai thuat trong STL

N6i dén khudn hinh giai thuit trong STL 12 ndi dén cac khudn hinh giai
thudt kha luoe. Ching 14 cac ham kbudn hinh sir dung bé duyét dé thao tac
trén cac bd chira nham thyc hién mdt muc dich nao dé. Bd thu vién STL duoc
xdy dung theo huéng tiép cin huwomg gidi thudt véi trung tam 1a cac khudn
hinh giai thuat. C6 thé thady mdt nira ciia STL la cac khuén hinh giai thuit,
Qua nhiing chuong trude, ta di biét duge mét s6 khai niém mdi va quan trong
nhu bé duyét, bd chita va di tuong ham. Ca ba dwoc dua ra nhim muc dich
hd tro dé thiét ké nén cac khudn hinh giai thuat khai lugc nhat.

STL dua ra mét tap cac khudn hinh giai thuat rat da dang va phong phu
v6i muc dich gitip nguai 14p trinh nhanh chéng dé dang, sir dung ching & moi
noi cin dén trong chuong trinh. Do s6 luong khudn hinh giai thuét nhiéu, cic
khudn hinh giai thudt lai ¢6 tinh khai luge co thé duoc ap dung rat da dang,
nén viéc nhd va sir dung thanh thao chung cing do1 héi kinh nghiém va mét
thoi gian nhat dinh dé 1am quen. Tuy nhién, khi da tré nén quen thude voi cac
khudn hinh gidi thuit trong STL, ta s& ¢6 xu hudng sir dung chung ngay cang
nhiéu hon. Ddng thdi, ta cling quen v&i xu hudng quan tdm t&i nhiém vu dich
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thuc cAn gidi quyét hon 12 quan tdm té1 khudn hinh gidi thudt cia STL thuc
hién n6 nhu thé nao.

5.1.3.1. Str dung khuén hinh giai thuit véi bé duyét va bg chira

Nhu d3 néi1, khudn hinh giai thudt lam viéc vt cac bd chiua thong qua
cac bd duyét. Hau hét cac khudn hinh giai thuét déu cé dang sau: “Duyét tir vi
tri nay cta bd chira dén vi tri kia ciia bd chira va thuc hién thao tac sau ... *.
Nhu vdy, dau vao ciia khudn hinh giai thuit thuong 14 hai bd duyét tro dén vi
tri dau va cudi cia qua trinh duy8t trén bd chira. Pé thyc hién thao tac, khudn
hinh giai thudt cin phai truy cap 1én cac phan tir cha bd chira bang cach lay
tham chiéu cua bd duyét duyét. C6 thé minh hoa bing so d6 co ché truy cdp
cha khudn hinh giai thudt nhu sau:

P
last °
. "oy - U
ham gidr thudt b duyét ~ L
4 ,/, bd chira

Co ché lam viéc cha gidi thudt duoc gidi thich nhim muc dich gtip
o oqa + A A ' A <A ' s - ‘s + S
ngudi 1ap trinh néu mubn c6 the tu viet cac giai thudt khai luge cua néng
minh. Tuy nhién, néu sir dung cac khudn hinh giai thuét ¢6 san ctia STL ta chi
can dua vao cac bd duyét khudn hinh giai thuat doi hoi ma khdng can quan
tdm khudn hinh giai thut s& thuc hién trén bé chia bang cach nao.

Xét vi du vai khudn hinh giai thudt copy:

template <class Inputlterator, class Outputlterator>

outputIterator copy(Inputlterator first,
Inputlterator last,
CutputIterator result);

Ham néay thuc hién viéc sao chép cac phan tir tir khoang [first,
last) toi khoang [result, result + (last - first) ). Khuén
hinh gidi thudt nay ta da sir dung rat nhidu 14n trong cac vi du trude véi muc
dich hidn thi két qua ra man hinh. Pay 1a mét phong cach 1ap trinh tot. Thay
vi ding mét vong For va tai mdi budce lap lai viét két qua ra man hinh, ta sao
chép thing dir lidu ra man hinh nhd khudn hinh giai thuat copy. Theo khai
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bao cia copy, ta can cung cip tham s vao cho khudn hinh gidi thuit la ba bd
duyét trong d6 first va last la hai bd duydt thudc KHAI NIEM Input
Iterator, cOn result la bd duyét thudec KHAI NIEM Output Iterator.

Cé thé so sanh hai cach viét qua vi du dudi day. Vi du nay c6 s dung
lép person di nhic dén trong chuong 4.

#include <iostream>
#include <algorithm>
#include <vector>
#include "../person.h”
using namespace std;

void main [}

f
person pl{"Tran vu","Truc");
person p2("Dang Cong", "Kien"):
perscon p3("Tran Kim", "Chi™}:
perscn pd{"Cao Tran”, "Kien"):

list<person> 1l;
1.push back{pl);1l.push_back(p2};
l.push back{p3};1l.push back{pd);

cout << "sSu dung vong for" << endl;

list<person>»::iterator i;

for {i = l.begin{}; 1 '= l.end(); i++}
cout << *i << endl;

cout << "Su dung thuat tecan copy” << endl;
cepy(l.begin(),l.end(),ostream iterator<person>{cout,
ll\nll) } ;

Cé thé nhdm l4n néu cho ring ostream iterator<person>{cout,
"\n") 12 mét dbi tugng ham. Thuc ra, do fa loi goi toi cau tir cia mot bd
duyét dac biét la ostream iterator. Chi tiét vé ostream iterator di
duoc néi dén trong chuong 3. Ta ¢é thé viét tudng minh nhu sau néu sir dung
copy nhiéu lan:

ostream_iterator<person> oi{cout, "\n");
copy(l.begin{),l.end{),0l);
// ... su dung copy tren cac container khac wvan dung oi
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Sau day la két qua chay chuong trinh:

Su dung vong for

[Tran Vu Truc)'

[Dang Cong Kien]

[Tran Kim Chi]

[Cao Tran Kien]

Su dung thuat toan copy
[Tran Vu Truc]

[Dang Cong Kien]

[Tran Kim Chi]

[Cao Tran Kien]

Co6 thé thay cach dung copy ciing cho cung két qua nhu cach ding
vong for nhung ngé’m gon va thuan tién hon. Tat nhién, khudn hinh giai thuat
copy khong chi duoc sir dung cho muc dich hién thi két qua nhung ta s& noi
dén chi tiét hon vé copy trong muc 5.2.2.1 clia chuong nay. Bay, gio ta xét
mot vi du nita & minh hoa thém vé cach sir dung giai thuat voi bo chira va bo

duyét.

#include <iostream>
#include <list>
#include <algorithm>

using namespace std;

void main ()

{

I

int a[6]
int b[3]

{ 10, -30, 5, 40, 20 };
{ 5, 40, 20 };

I

// Neu trinh dich ho tro member template function
list<int> list_a(a, a+5);
list<int> list_b(b, b+3);

// Neu trinh dich khong ho tro, su dung cac dong sau
// list<int> list_a, list_b;

// list_a.insert(list_a.begin(), a, a+5);

// list_b.insert(list_b.begin(), b, b+3);

ostream iterator<int> oi{cout, " ");

cout << "List a: ";
copy(list_a.begin(),list _a.end(),0i);

cout << "\nList b: ";
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copy{list_b.begin(},list_b.end(}),0i});

// Thuat tean search tim vi tri giong nhau dau tien
list<int>»::iterator ia;

ia = search(list _a.begin{}, list_a.end(}, list_b.begin{},
list_b.end{}):

cout << "\nPhan tu giong nhau dau tien:" << *la << endl
<< "Tai vi tri: "
<< {{int)distance{list_a.begin{),ia}+l) << endl;

// Thuat toan egqual kiem tra su giong nhau cua hail day
cout << "Kiem tra lai:"”

<< {equal({ia,list a.end{),list_b.begin{)}? "Dung"
”Sai"}

<< endl;

Chuong trinh st dung hai khudn hinh gidi thuit search va equal
duoc STL cung cip theo nguyén mau dudi day:

template <class Forwardlteratorl, class ForwardIteratorZ>»

Forwardlteratorl search{ForwardIteratorl firstl,
ForwardIteratorl lastl,
ForwardIterator? first2,
ForwardlteratorZ2 last2):

template <class Inputlteratorl, class InputIteratorZ>
bocl equal {InputIteratcrl firstl,

Inputlteraterl lastl,

InputIterator2 first2);

J

Khuén hinh giai thuit search tim ddy con trong ddy [firstl,
lastl) gidng véidiy [first2, last2) vatrd vé vi tri gibng nhau dau tién.
Ta phai truyén tham sd vao l1a bén bd duyét thusc KHAI NIEM Forward
Iterator khi sit dung seaxrch.

Khuén hinh giai thuit equal so sanh har ddy [firsti, lastl) va
[first2, last2) 1dl trd v& true ndu hai diy gidng nhau vd false néu
nguoc lai, trong d6 last2 dugc ngidm dinh bang first2 + (lastl -
firstl). Do viy ta chi can truyén tham sb vao la ba bd duyét thude KHAI
NIEM Forward Tterator khi st dung equal.
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Két qua chay chuong trinh:

List a: 10 -30 5 40 .20

List b:.5.-40:20

Phan tu giong nhau dau tien:5
i g L AR i

Kiem tra lai:Dung

5.1.3.2. St dung déi twong ham véi khudn hinh giai thuat

Nham tang thém tinh khai luoc cho giai thuat, cac doi tuong ham duoc
dua vao cac khuon hinh giai thuat dudi dang tham s6 truc tiép hodc tham sb
khuén hinh. Nhu vy, khudn hinh giai thuat sir dung d6i tuong ham dé thuc
hién cac thao tac bén trong va sir dung bd duyét dé giao tiép bén ngoai véi cac
bo chira.

d6i tuong ham

,._.--'-"'"
last *
. . U
ham giai thuat bo duyét ) *
4 7 b6 chira

Viéc sir dung ddi twong ham nhu tham sé truc tiép hay tham sé khuén
hinh mdi cach ¢é nhimng dic diém va ung dung riéng. Sau day, ta s& xem xét
ca hai cach sir dung d6 bang nhimg vi du nhd minh hoa. Trudc hét tré lai véi
khuon hinh giai thudt my search trong muc 5.1.2.

template <class Inputlterator,class T>

const Inputlterator my search(InputlIterator first, InputIterator
last, const T& val)

{
while (first != last && *first !'= wval)
++first;
return first;
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Trong ham nay ta sir dung phép so sanh mic dinh 13 toan tir khac nhau
(cAu lénh *first != last). Dé cai thién ta s& dua vao mét tham sé nira
cho khuén hinh giai thut 1a mdt déi tuong ham thuc KHAI NIEM Binary
Predicate ¢ nhiém vu so sanh giita *first va val. Khi d6 my search ¢
thé duoc dung d& tim kiém theo mét tidu chi bit ky.

template <class Inputlterator,class BinaryPredicate,class T»
const Inputlterator my search{Inputlterator first,
Inputlterator last,
censt T& wval)

BinaryPredicate comp;

while (first != last && 'comp(*first,val))
++first;

return first;

Theo nguyén mau trén, d61 twong ham dugc cung cip cho my search
nhu mét tham s6 khudn hinh. Viéc khéi tao hay sir dung d6i twong ham trong
my_search nhu nao ta khéng cin quan tdm, chi can cung cép kiéu déi tuong
ham khi sir dung my_search la di. Vi dy, chuong trinh sau sir dung mét déi
trong ham cé toan tir goi ham 1a phép toan tim dong du véi modul 2 dé tim s
chén dau tién trong day:

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

// Dol tuong ham dong du
class congruence

{
public:
kool operator() (int nl, int n2}

{
return {({nl % 2] == (n2 % 2)):

}:

veld main ()

{
vector<int> v;
v.push_back(l)iv.push back({3);v.push back(2);v.push back(5};

typedef vector<int»::iterator IterInt;
ostream iterator<int> oi{cout, " ");




STL - LAP TRINH KHAT LUGC TRONG C++ 240

cout << "Vector: " << endl;
copy (v.begin(),v.end(},0l);

cout << "\nTim so chan dau tien trong vector: "

<< *my search<IterlInt, congruence,int>
{v.kegin(},v.end(}),2)

<< endl;

}

Vector:
1325

Tim so chan dau tien treng wvector: 2

Tét nhién, ta ciing co thé sir dung cac d6i tugng ham c6 sin trong STL
phu less, greater, equal to, . hoic mét dbi tugng ham bat ki khac
thudéc KHAI NIEM Binary Predicate. Can luu v 14 ddi tuong ham d6 phai c6
cdu tir khéng dbi (mic dinh hodc khéng) dé sir dung trong my search. Nhu
trong vi du trén, dbi tuong ham congruence cé cau tir khéng dbi mic dinh
nén c¢é thé st dung duoc. Day 12 didm bét loi cua cach st dung doi tuong ham
nhu tham sé khudn hinh vi chinh sur che gidu viée khai tao d6i tugng ham bén
trong khudn hinh giai thuat khién viéc sir dung khuén hinh giai thuat khong
duoc linh hoat. Ngudi l4p trinh khong biét duoc phai cung cip d8i tuong ham
nao phu hop. Pic biét, khi ddi tuong ham co déng goi dit liéu ta khdng nén sir
dung cach nay. Ciing vi ly do do, tit cd cac gidi thuit cua STL déu cai dit
theo cach thir hai la sir dung ddi twong ham mét cach tryc tiép nhu sau:

template <class InputIterator,class BinaryPredicate,class T>
const Inputlterator my search{Inputlterator first,

InputIterator last,

BinaryPredicate comp,//truyen truc
tiep

const T& wval)

while (first '= last && 'comp(*first,wval})
++first:
return first;

Véi cach sir dung truc tiép, tham sé déi twgng ham duoc truyén vao nhu
dbi tuong ciia mét 16p, sau d6 trong khudn hinh gidi thuat, ddi tuong nay s&
thuc hién mdt sb thao tac trén cic bd duyét truyén vao Ta thay d6i tuong ham
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congruence chua duoc khai lugc tron ven vi méi chi thue hign phép toan
déng du mic dinh theo modul 2. Pé congruence thuc hién dugc phép toan
ddng du modul bit ki, ta 6 hai cach giai quyét:

s Truyén thém tham so thir ba cho toan tir goi ham lam modul va thuc
hién phép toan theo modul nay:

/{ Doi tuong ham dong du

class congruence

{

public:
bool operator(} {int nl, int n2, int m)
{

return [({nl % m}) == {(n2 % m)};

Yi

+ Dong gbdi modul vao dir lidu va khi dung phai khéi tao modul:

// Doi tuong ham dong du

class congruence

{

public:
// Cau tu co mot dol so
congruence (int modul) : mi{modul} {J);

bool coperator({}{int nl, int n2)

{
// Kiem tra tinh dong du theo medul m
return {{(nl $ m) == (n2Z % m));

}

void setModul (int modul)

{
m = modul;

}

private:
int m; // Modul

}: |

Céach thir nhit khéng kha thi vi theo nguyén mau ciia my_search, ddi
tuong ham truyén vao phai thudc KHAI NIEM Binary Predicate, trong khi d6
congruence lai ¢d toan t&r goi ham ba dbi. Néu mudn sir dung duoc
my search vdi congruence ta phéi sifa lai my_search: truyén thém tham
s6 modul, thay ddi ciu lénh kiém tra thanh comp (*first,val, modul).
RS rang, cach lam nay vua ric ol vira khéng hiéu qui, vi biy gio
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my search khong thé lam viée duoc vdi cac doi tuong ham khac thudc
KHAI NIEM Binary Predicate ciia STL. Pén day, ta hiéu rd hon tal sao cac
do6i tuong ham trong STL chi c6 cac toan tir goi ham nhiéu nhét hai tham sé
va khong c6 khuon hinh giai thuat nao trong STL dung dén d6i tuong ham cé
toan tir goi ham nhiéu hon hai tham sé.

Cach 1am th{r hai rd rang hiéu qua hon va hoin toan tuin theo phong
cach caa STL. Khi sir dung congruence ta cin khdi tao trudc va sau do
truyén vao my search.

void main () .
{
vector<int> wv;
v.push_back(ll};v.push_back(lB);v.push_back{lZ);v.push_back(
25) ¢
typedef vector<int>::iterator IterInt;
ostream iterator<int> oi(cout, " ");
cout << "Vector: " << endl;
copy (v.begin(),v.end(),01i);
// Khoi taoc doi tuong ham tinh dong du theo modul 2
! congruence congrc(2);
i
' cout << "\n\nTim so chan dau tien trong vector: "
<< *my_search (v.begin(),v. end(}, congrc, 2)
<< endl;
// Tinh dong du theo modul 5
congrc.setModul (5) ;
cout << "\nTim so dong du voi 3 theo modul 5: "
<< *my_search (v.begin(),v.end(), congrc, 3)
<< endl;
}
Vector: L
1l 13 12 25 ;.
«Tim sogchan;dau_tié@itrqgg vector: 12
Tim so dong%ﬁu voi 33thed¥modu1-5: 13
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Trong muc trudc ta ciing d3 nhic dén khuén hinh gidi thuat equal so
sanh su “giéng nhau” giira hai ddy. Nguyén miu clia equal trong STL duoc
cho nhu dudi day:

template <class Inputlteratorl, class InputlIterator2>
bool equal (Inputlteratorl firstl,

Inputlteratorl lastl,

Inputlterator2 first2);

Nhung day chi 1a mt ham nap chdng ciia equal. Trong STL con ¢6
mot ham nap chdng equal khac cho phép ta dinh nghia sy “giéng nhau” theo
mot tiéu chi nao dé bing mét ddi tuong ham thuoc KHAI NIEM Binary
Predicate:

template <class InputIteratorl, class InputIterator2
class BinaryPredicate>
bool equal (InputlIteratorl firstl,
Inputlteratorl lastl,
InputIterator2 first2,
BinaryPredicate binary pred);

Vi du, ta c6 thé so sanh su giéng nhau vé tinh chat chan 1¢ cia hai day
nho sir dung d6i tugng ham congruence & trén:

void main ()

{
int x[5] = {1,0,1,1,0};
int yI[5] {3,4,5,7,8};
int z[5] {1,2,3,4,5}:

congruence congrc(2); // Doi tuong ham tinh dong du modul 2
cout << "Tinh tuong dong chan le giua x va y: "
<< (equal (&x[0],&x[5],&y[0],congrc) ? "Tuong dong"
"Khong tuong dong")
<< endl;
cout << "Tinh tuong dong chan le giua x va z: "
) << (equal (&x[0],&x[5),&z[0],congrc) ? "Tuong dong"
"Khong tuong dong")
<< endl;

Tinh tuong dong chan le giua x vé?ﬁfﬁTﬁéﬁ§;ﬂ5§ﬁﬁ':ﬁ _
Tinh tuong dong chan le giua x va z: Khong tuong dong
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Tém lai, 6 thé thdy viéc dua thém céc toan tir goi ham vao lam tham sé
cho cac khudn hinh giai thuit khién cac khudn hinh giai thuat cang mang tinh
khat lugc hon. Cung mét khudn hinh giai thuit ta cé thé thao tac trén nhidu
kiéu dir lidu nhd cé bs duyét va bd chira, theo nhiéu cach khac nhau thong
qua doi twong haim. Muc 5.2 tiép theo ctia chuong s& trinh bay tht ci cac
khuén hinh gidi thudt sin cé cta STL cing cac tng dung cta ching trong lap
trinh khéi luge. Ngudi doc s& dan lam quen véi cach thire st dung khudn hinh
_iai thudt trong chuong trinh va su tién loi ctia ching.

5.2. Cac giai thuét trong STL

Cac gidi thuat trong STL duoc chia thanh ba 16p chinh 14 cac giai thuét
lam do1 bién, cic giai thujt khong lam déi bién va cac giai thuat sép xép. Viée
phan chia cac giai thudt ¢ling cé mirc tuong d6i nham giup nguoi lép trinh d&
ndm vimg va tién loi trong tra ciu. D& sir dung cac giai thuat ciia STL cin
thém hudéng din bién dich #include <algorithm> vao diu mdi chuong
trinh.

Céc giai thuat cia STL sé lan luot duoc gid1 thidu trong cac muc tiép
theo véi mdt kiéu mau nhu sau:

I.  Nguyén miu: dua ra nguyén miu ciia khuén hinh giai thut trong
STL. Ban doc nén cht y t6i nguyén miu dé nim duoc cac tham
s0 khudn hinh va cac tham sé thuc cua khuén hinh giai thudt. Vi
du, mét nguyén mau nhu sau:

template <class ForwardIterator, class LessThanComparable>
bool binary search(Forwardlterator first, ForwardIterator last,
censt LessThanComparables wvalue);

cho biét tham s6 khudn hinh cho khudn hinh giai thudt 13 hai kidu
thudc cac KHAI NIEM Forward Iterator via Less Than
Comparable. Néu ban chua quen thudc véi cac KHAT NIEM cin
cho khudn hinh giai thuét, hdy tra trong phu lyc. Phai nim duoc
KHAI NIEM img v6i mdi khudn hinh giai thuat, ta méi sir dung
ching mdt cach ding din, nhit 1 khi 1am viéc véi cac kiéu do
ngudi dung tu dinh nghia.

2. Giai thich: dwa ra giai thich ngén gon vé giai thudt, cach sir dung
ching trong chuong trinh.

3. Chuong trinh vi dy; d4y 13 cac chuong trinh don gian dugc viét ra
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nhim muc dich gitip ban doc nim rd hon cach sir dung giai thuat.
Tuy nhién, khi ban doc d4 quen ¢6 thé mét sb giai thudt, & day sé
khéng dua ra vi du nita vi khudn kho han ché ciia quyén sach.

4. Cac yéu cdu dic biét khi sir dung: Cac yéu cau cén tuin theo khi
st dung gidi thuét, chil y&u 13 cac yéu cAu véi cac tham sb cua
ham. O day chi dwa ra cac yéu ciu dic bidt. Mat s y&u ciu mic
nhién nhw khi sao chép tir ddy thir nhdt sang day thie hai, dd@y thir
hai phai duoc cdp phat di chd chira ching 161 s& khéng dua ra,
ban doc ¢6 thé tim trong tham chiéu cia STL.

5. D§ phirc tap cla giai thuét,

5.2.1. Cac giai thuat khong lam dbi bién

Nhu v nghia clia tén goi, cic giai thuat khong lam ddi bién khi thuc
hién trén cac bd chira s& khéng lam thay dbi cac ddi tugng duoc chira trong
bd chira. Céc gidi thuat dang nay chi yéu la cac ham duyét, tim kiém hay so
sanh.

5.2.1.1. Khudn hinh giai thuét for_each

Nguyén mau ham:

template <class Inputlterator, class UnaryFunction>

UnaryFunction for_each(InputIterator first, Inputlterator last,
UnaryFunction f£}; ‘

Khi giai quyét mot bai toan, ngudi 1ap trinh rat hay gip trudng hop phai
thuc hién mot thao tac nao d6 1én mét ddy d6i tuong. Theo cach thong thudng
ta hay viét mét vong lip for, while, ... va thuc hién thao tac d6. Trong
STL, khuén hinh giai thut for each s& lam don gian hoa cic cdng viéc nhwr
viy. Ham nay 4ap dung d6i tuong ham f lén mdi phin tr trong doan
[first,last) . Nghia la tai mdi lin l&p clia for_each, f s& sir dung todn
tir goi ham véi tham s6 12 mét phan tir cta ddy. Gia tri trd vé (néu c6) cua f bi
bo qua. Ham for each tra vé d6i tuong ham sau khi né d3 duoc ap dung lén
tit ca cac phén tir cha diy.

Nhu vay, d& giai quyét vAn dé trén cin dong goi thao tac vao ddi tuong
ham f, goi ham for each véi cac tham s6 1a f va cac bd duyét trd dén vi tri
dAu va vi tri sau cudi cia ddy mubn ap dung thao tac.
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Vi du sau s& minh hoa cach ding for each d in cac s ra man hinh.
Néu ban khéng quen véi cach hién thi bing nap chdng toan tir operator>>
va dung ham copy , sir dung cach sau véi for each.

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

template<class T> class print
{

public:
print() : count(0) {}
void operator() (T x)

{

cout << x << ' '; ++count;

}
int count;
}i
int main{()
{
int A[] = (1, 4, 2, 8, 5, 7}:
const int N = sizeof (A) / sizeof (int);

print<int> P = for_each(A, A + N, print<int>());
cout << endl << "Da in " << P.count << " so0." << endl;

Yl 4 2845 7
Da in 6 so.

Trudce tién cai dit mot dbi twong ham print vdi toan tir goi ham thuc
hién viéc hién thi. Sau d6, trong chuong trinh, mdi lan can in mot day ta goi
ham for each vdi cac tham s6 1a vi tri dau, vi tri sau cudi cia day va mot
d6i tuong cua print. Cha y tham sé thir hai 1a vi tri sau cudi cua ddy chu
khong phai vi tri cudi. Néu dung mot trong cac bd chira cua STL ta ¢ thé
dung ham end () dé c6 vi tri sau cu6i. Néu dung méang nhu trong vi du trén,
ta ¢6 6 phan tir. Nhu véy, tham s6 thir hai phai 1a A[6] tic 1a phan tir thi 7
(khong xac dinh) chir khong phai laA[5].

Xét mot vi du nira tinh tong cia cac sb chin trong ddy. Ta cai dat mot
doi tuong ham evenSum nhu sau:

class evenSum

{
private:
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int s;

public:
evensSum{} : s{0) {}:
~evensum{) {};

wvoid operator(} {(int n);
int getSum(};
bi
void evenSum::operator () (int n}
{
if (in% 2) == O
3 += 17
}
int evenSum::get3um()
{

return s;

Déi tugng ham evenSum ¢6 thanh phén riéng s d& luu tdng cac sd
chin, Toan tir goi ham ciia evensSum c6 mot d6i s6 14 n. Néu n chin s& dugc
c¢ong thém vao s. Sir dung evensum trong chuong trinh véi for_each nhu
sau:

void main{}
{
evensum mysum;
int a[5) = { 1,2,4,5,8};

cout << "Day so: " << endl;
for_each{a, a + 5, print<int>(}));

cout << "\nTeng cac so chan trong day: " << endl;
mysum = for each(éa(0],&af5], mysum);

cout << mysum.getSum({} << endl;

}

??hg cac '$0 chan trong.day: .~ ... - Cwen
2 .. Do S . :

Ta sir dung doi tuorng ham print trong vi du trudc d& hién thi. Cén luu
y toi cach truyen tham sé chi vi uri trong hai l4n sit dung ham for each. Hai
cach sir dung déu tuong dwong nhau, nhung céch thir nhit “co v&” che du di
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tinh chét “sau cudi” cia tham sé thir hai. Tuy ngudi idp trinh quen sir dung
cach nao ciing dugc, nhimg trong nhiing bai toan 16n, tot nhat 14 nén sir dung
bé chira c6 sin cua STL. Thir hai, cach truyén déi tuong cia evenSum ndi
riéng vi cic dbi twong ham khac néi chung cho or_each la truyén theo
kiéu tham bién. Do viy, néu khdng co cu lénh:

mysum = for each{&a[0],&a[5],mysum);

ma chi thuc hién:

for_each{s&al0],&a(5] ,mysum);

thi sau khi in ra ta s& c6 két qua sai 13 0. Ly do 12 mysum chi duge truyén vao
nhir tham bién, nén sau khi ra khéi ham for each né ldy lai gia tri trude khi
truyén vio.

D{ phire tap cla khudn hinh gidi thuit for each la tuyén tinh. Ham
thuc hién tit ca (last - firstfirst) lan ham f.
Chi y:

I. Theo nhu nguyén miu cia for each, hai tham sé diu la cac
bién thudc kidu c6 KHAI NIEM la Input Iterator. Tuy nhién,
trong chuong trinh ta dung cac dia chi mang a, a+5. Pidu nay
hoan toan dugc phép vi STL coi cac dia chi mang nhu cac bd
duyét dé nhim twong thich nguoc.

2. Ching ta ludn dung d6i twong ham thds s 1am tham sé cho cac
khudn hinh giai thudt trong cac chuong trinh minh hoa. Tuy
nhién, nhu da biét trong chuong 4, céc con #ro ham ciing duoc coi
la cic d61 tuong ham. Do véy, ching ciing ¢6 thé dugc s dung
vdi cac giar thuit. Piéu nay giap ban tin dung dugc mét 58 ham
¢6 sin trong thu vién nhu abs, sin, cos,...

3. Ban doc s& thay ring céac giai thuat dugc khudn hinh héa rat cao.
M3i giai thudt ¢6 it nhit mdt tham s6 khudn hinh. Tuy nhién, khi
sit dung ngudi 1dp trinh khéng nhit thiét phai cung cip tham sb
khuén hinh mdi 1in goi dén mot khudn hinh giai thudt vi cac ham
¢6 co ché tr xac dinh kidu. Dya vao tham sb cung cép cho ham,
khudn hinh gidi thujt s& ty xac dinh xem tham s6 c6 dung véi
kiéu khai bao trong nguyén mau khong. Do vy, ta cé thé viét:

for each{&a[0],&a[5],mysum);
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ma khong phai viét 1a

for each<int,evenSum> (&af[0],&al[5],mysum);

5.2.1.2. Khuén hinh giai thuat find

Nguyén miu ham:

template<class InputIterater, class EqualityComparable>
Inputliterator find(Inputlterator first, Inputlterator last,
const EqualityComparables value);

Khuén hinh giai thuit find thuc hién viéc im kiém value trén mot
khoang [first,last) va trd vé bd duyét dau tién i thoa mén *i ==
value. Néu khéng tim théy, find trd v& bd duyét last. Sir dung find rat
dé dang. Chi cin luu y bd duyét last tré dén vi tri sau vi tri cudi cha diy
mudn tim. Vi du sau s& minh hoa khudn hinh giai thuit £ind:

#include <iostream>
#include <algorithm»
#include <list>»

using namespace std;

void main ()

{
int a[10] = { 1,5,4,3,6,10,5,6,7,8};

list<int> list_a;
list a.insert{list_a.begin(}, a, a+8);

ostream iterator<int> oif{cout, " ™)
cout << "Day so: " << endl;
copy(list_a.begin(),1list_a.end{),oi}:
cout << endl;

list<int>;:iterator il =
find(list a.begin(),list_a.end(),3);
il++;
list<int>»::iterator i2 = find{il,list a.end({},5);

cout << "Cac so nam giuwa hai se 5 thu 1 va thu 2: ©
<< endl;

copy(il,i2,oi};

cout << endl;
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12++;

cout << "Tim 5 tiep: ";

list<int>::iterator i3 = find(i2,list_a.end(),5);

cout << ((i3 == list_a.end()) ? "Khong con" : "Van con")
<< endl;

}

Day so: G
1. 534499 10 5 @
Cac so nam giua hai so 5 thu 1 va thu 2:
g6 .10 o : .

~ Tim 5 tiep: Khong con

Trong chuong trinh c6 tit ca ba lan sit dung khuén hinh giai thuat
find. Lan thir nhat tim duoc i1 12 bd duyét tro t6i vi tri dau tién co gia tri 5.
Sau khi tang i1 tiép tuc tim dugc i2 trd td1 vi-tri thir hai ¢6 gia tr1 5. Lan
cudi cung £ind khdng tim thiy phan tir ndo ctia 1ist c6 gia tri 5 nita nén tra
vé vi tri sau vi tri cubi. Nhu di biét, vi tri nay nhan dugc bing cach goi ham
thanh phﬁn end () ctialdp 1list. Khi dem so sanh hai gia tri thay bz‘ing nhau,
nén lénh cout dua thong bao ra man hinh la khong tim thay.

Do phuc tap cua khudn hinh giai thuadt find la tuyén tinh, £ind thuc
hién nhiéu nhit (last - first) phép so sanh bang.
5.2.1.3. Khuén hinh giai thuat find_if

Nguyén mau ham:

template<class fnputIterator, class Predicate>
Inputlterator find_if(Inputlterator first, Inputlterator last,
Predicate pred); )

Khuon hinh gidi thuat find if la mé rong cia khudn hinh giai thuat
find. Khi tim kiém, khudn hinh giai thuat find sir dung toan tir so sanh mic
dinh 1a operator==. Khudn hinh giai thuit find if cho phép tim kiém
theo mét tiéu chuin bat ki, duoc quy dinh béi dbi tuong ham pred. Pay la
d6i tuong ham thudc KHAI NIEM ménh dé, tirc 1a c6 gia tri tra vé kiéu bool.
Khuén hinh giai thudt find if tim kiém trong khodng [first,last) va
tra vé bo duyét ddu tién i néu pred(*i) bing true. Néu khong tim théy,
find if trd vé last.

Mdt cach tdng quat, néu mét giai thudt cé sir dung tham s6 1a ddi tuong
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ham thuéc KHAI NIEM Predicate, khudn hinh gidi thudt 46 c6 dudr if &
trong tén goi. Mot sb giai thuit khac st dung d6i twong ham thude KHAI
NIEM Binary Predicate nhu ham adjacent find trinh bay trong muc sau,
khéng theo quy tic nhur vay, ma sir dung nap chdng ham.

Sir dung find if ciing twong tu nhu sir dung f£ind, nhung thay vi
£ o) . i . 41 £ A Y . A
cung cdp gia tri de so sanh, ta phai cung cap o1 tugng ham so sanh. Can luu
v day 12 déi tuong ham mot tham sé va phdi tuong thich kidu véi cac phan tir
trong day tim kiém. Vi du sau minh hoa khudn hinh giai thuat find if.

#include <iostream>
#include <algorithm>
finclude <list>
#include <functional>»
using namespace std;

void main ()
{
int a[10] = { 12,4,-4,3,8,13,51,-6,22,-38};

list<int> list_a:
list a.insert{list_a.begin(}, a, a+l0);

ostream iterator<int> oi(cout, " "};
cout << "Day so: " << endl;
copy{list a.begin{},list_a.end{},oi);
cout << endl;

// Tim so am thu nhat

list<int>::iterator 1il;

il=
find_if(list*a.begin{],list_a.end{},bind2nd(1esscint>(},O)]:

// Tim so am thu hai

114+;

list<int>::iterator 12;

i2 = find_if(il,list_a.end(),bind2nd{less<int>{},0)};

cout << "Cac so duong giua hai so am thu 1 va thu 2: 7
<< endl;

copy{il,i2,01i);

cout << endl;:

124+
cout << "Con so am nua? - ";

list<int»::iterater i3;
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i3 = find _if(i2,1ist_a.end(),bind2nd(less<int>(),0));

cout << ((i3 == list_a.end()) ? "Khong con" : "Van con: ")
<< (*13)
<< endl;
}
Day so:

I8 e 81381 -620 -3 . T
Cac so duong giua hai so am thu 1 va thu 2:
o e

Con so am nua? - Van con: -38

Chuong trinh trén sir dung ham bind2nd. bind2nd la mdt ham cho phép
chuyén mét ddi tuong ham hai d6i s6 thanh mét ddi tuong ham mot ddi s6. Nhur
str dung trong chuong trinh, bind2nd két hop tir dbi tuong ham hai dbi sb less
(Xem chuong Poi tuong ham) va gia tr1 0 thanh mét dbi tuong ham mot ddi sb.
Doi tuong ham nay tra vé két qua so sanh nhé hon cua ddi sé véi 0.

D6 phuc tap cia khudén hinh gidi thuit find if 13 tuyén tinh.
find if thuc hién nhiéu nhat 1 (last - first)lan ham pred.

5.2.1.4. Khudn hinh giai thuat adjacent_find

Nguyén mau ham:

template <class ForwardIterator>
ForwardIterator adjacent find(ForwardIterator first,
ForwardIterator last);

template <class ForwardIterator, class BinaryPredicate>
ForwardIterator adjacent_find(ForwardIterator first,
ForwardIterator last, BinaryPredicate binary_pred);

Nguyén miu clia adjacent find cé hai ham nap chdng Tuong tu
nhu find va find if, mft ham adjacent find dung toan tir so sanh méic
dinh 13 operator==, ham nap chdng con lai sir dung d6i tuogng ham ménh dé
binary pred.

Ham adjacent find dugc sir dung khi muén tim hai s6 lién tiép c6
cung tinh chéat nao d6. Ham thir nhét tim va tra v& bd duyét diu tién i, sao
cho *i == *(i+1). Ham tha hai tim va tra vé bd duyét dau tién, sao cho
binary pred(*i,*(i+l)) == true. Néu khong tim thay, ham tra vé b
duyét tro to1 vi tri sau vi tri cudi.
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Vi du sau minh hoa ca hai ham nap chong adjacent find: ham thi
nhét tim hai sé béng nhau lién tiép ddu tién, ham thir hai tim hai b 1@ lién tiép
dau tién.

#include <iostream>
#include <list>

#include <algorithm>
using namespace std;

class prod _odd {
public:
int operator(} (const int& vl, const int& v2)
{ return v1%2 != 0 && v2%2 != 0; }
Yi
void main{)
{
int al[6]l = { 2, 9, &, 6, 13, 7};
list<int> 1;
l.inserti{l.begin(},a,a+b};
// Hien thi
ostream iterator<int> oi({cout, " "};
cout << "Day so: " << endl;
copy (1.begin(}),l.end{),0l};
cout << endl;
// Su dung ham nap chong thu nhat tim hai so bang nhau lien

tiep
list<int>::iterator i = adjacent find (l.begin(), l.end())};
if {1 !'= l.end(])
{
cout << "Hai so bang nhau lien tiep: ”
<< *L o< "™y
1447
cout << *i++ << endl;
}
else
cout << "Khong co hai so bang nhau lien tiep" <<
endl;

// Su dung ham nap chong thu hai tim hai so le lien tiep
i = adjacent_find {l.begin{), l.end(},prod_odd(}};

if (1 != l.end(}}
{
cout << "Hai s¢ le lien tiep: "
<< YL o€ "My
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i++;
cout << *i++ << endl;

else
cout << "Khong co hai so le lien tiep" << endl;

}

Day so:

289 6.8 13 7 .

Hai so bang nhau lien tiep: 6 6
Hai so le lien tiep: 13 7

Khuon hinh gidi thudt adjacent find c6 d6 phuc tap tuyén tinh. Néu
first == last, khong c6 phép so sanh nao thuc hién. Nguoc lai, c6 nhidu
nhitla (last - first - 1) phép so séanh.

5.2.1.5. Khuén hinh giai thuat find_first_of

Nguyén miu ham:

template <class Inputlterator, class ForwardIterator>
InputIterator find first_of (Inputlterator firstl, Inputlterator
lastl, ForwardIterator first2, ForwardIterator last2);

template <class Inputlterator, class ForwardIterator, class
BinaryPredicate>

Inputlterator find first of (InputIterator firstl, Inputlterator
lastl, ForwardIterator first2, ForwardIterator
last2,BinaryPredicate comp);

Tuong tu khudn hinh gidi thuat find, find first of cling thuc hién
tim kiém tuyén tinh trén mot diy cac ddi tuong. Tuy nhién, khudn hinh giai
thuat £ind chi tim kiém mét gié tri dic biét nao do trong khi £ ind first of
tim kiém mot gia tri bat ki trong khoang dinh truéc. Khudn hinh giai thuat
nay rat tién loi trong nhitng bai toan tim kiém kiéu ton tai nhu thé.

Nguyén mau cho ta thay c6 hai ham nap chéng cua £ ind first of.
Ham thir nhat tim kiém trong khoadng [firstfirstl,lastl) va tra vé bd
duyét i ddu tién sao cho tdn tai bd duyét j trong khoéang

[firstfirst2,last2) ma *i == *3j. Tuong tuy ham nap chéng thir hai st
dung doi tuong ham comp d8 so sanh va tra vé b duyét i dau tién sao cho
comp (*i,*j) == true.
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Vi dy, voi didy a1 = {10, 13, 25,3, 9, 44, 7} vaa2 = {1, 2, 3, 4},
khi 4p dung khudn hinh giai thudt find first of thir nhit s& nhan duoc
két qua 14 bd duyét trd vao phin tir thir tu coa al, vi trong diy a2 cd phén tir
thir ba cling ¢ gia tri 3.

#include <iostream>
#include <algorithm>
#include <list>

using namespace std;

vold main{}

{

int all7] {10, 13, 25, 3, 9, 44, 7};
int a2(4] = {1, 2, 3, 4};

list<int> Ll;Ll.insert{Ll.begin{}),al,al+7);
list<int> L2; L2.insert(L2.begin(}, a2, a2+4);

list<int>::iterator i = find first_of (Ll.begin(), Ll.end(),
L2.begin{), L2.end{));
cout << "Ket qua tim kiem: " << *i << endl;

Ket gqua tim kiem: 3

Chuong trinh sau minh hoa cach dung khudén hinh giar thudt
find_first of vdi déi tuong ham. Doi tugng ham is_twice thude KHAI
NIEM Binary Predicate. Toan tir goi ham cia is twice tra vé gia trl true
néu tham s6 thir hai gp d61 tham sb thir nhit. Vi hai day {34, 76, 45, 12, 8,
55} va {35,9,24}, khi 4p ding khudn hinh giai thuit find first of cung
vdi is_twice s& cO két qua tra vé 12 phén tir thir nAm vi 24 == 12*2.

#include <jiostream>
#include <list>
#include <algorithm>
using namespace std;

template <class T>
class is_twice
{
public:
bool operator(} (const T &x,const T &y}

{
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1f (x*2 == y) return true;
else return false;

yi
void main()

{

int al[6]
int a2 [3]

{34, 76, 45, 8, 12, 55};
{35,9,24});

list<int> L1; Ll.insert{Ll.begin(),al,al+6};
list<int>» L2; L2.insert(L2.begin(},a2,a2+3};

list<int>::iterator i =

find first of (Ll.begin(},Ll.end{()},L2.begin{},L2.end{},1s twice<in
£> {}};

cout << "Ket gqua tim kiem: " << *i << endl;

}

Ket gqua tim kiem: 12

Pé thuc hién, find first of phai thuc hién toi da 13 (lastl -
firstl)*{last2 - first2) phép sosanh.

5.2,1.6. Khuén hinh giai thuét count

Nguyén mau:

template <class Inputlterator, class EqualityComparable>
iterator_traits<InputlIterator>::difference type
count {InputIterator first, Inputlterator last,

const EqualityComparable& wvalue);

Ham giai thuat count dugc dung khi cin dém xem trong mét khoang
[firstfirst, last) cd bao nhiéu phﬁn tr ¢d gia tri b?ing value. Theo
nguyén mau, ngudi mdéi quen vdi STL c6 thé e ngai khi thay khai bao kidu tra
vé clia count la iterator traits<InputIterator>::difference type
va khong biét né 1a kidu gi nhung thuc té, khi sir dung ta chi yéu ding kiéu
int hodc céc kidu s6 nguyén thong thuong khac. STL khai bao mét cich ric
rdi nhu thé 1a & x4y dvng bd thu vién. Theo quan diém ngudi ding ta chi can
st dung m6t cach don gian véi cac kiéu sé nguyén théng thuomg, Tuy nhién,
khdng phai trinh bién dich nio ciing hd trg iterator traits vind doi héi
phai hd tro mét tinh ning ciia C++ goi la ddc ta mot phan. Ching to1 di thir
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nghiém va thdy ring cac trinh bién dich sau c¢6 thé st dung
iterator traits 13 VisualC++ 6.0 (trén Windows 98 tr¢ di),
Visual NET (trén Windows 2000 tr¢ di), va g++ 3.0, gee 2.96 (trén RedHat
Linux 7.2). Vi du, chay chuong trinh sau véi cac trinh bién dich trén:

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

volid main()
{
char* p = "Chuong trinh minh hoa ham giai thuat count";
cout << p << endl;
int n = count(p,p + strlen{p},'o'};
cout << "Ki tu \'o\' xuat hien " << n << " lan trong cau
tren" << endl;

}

s& cho két qua:

Chuong trinh minh hoa ham giai thuat count °
Ki tu 'o' xuat hien 3 lan trong cau tren

Thue t&, STL ¢con m6t ham nap chéng khic clia count khéng sit dung
iterator traits. Ham nay la phién ban cii va c6 bon d6i sé nhu nguyén
mau dudi day:

template <class Inputlterator, class EqualityComparable, class
Size>
volid count (InputIterator first, Inputlterator last,

const EqualityCemparable& wvalue,

Sizes nj;

Ham nay ciing ¢ém xem trong diy cé bao nhiéu phin tir ¢ gia tri bing
value rdi gan vao n. Ham nay van dugc ding vi vin dé tuong thich nguoc va
vi médt s6 it trinh bién dich khéng hé tro dic ta mét ph'?m vi du nhu Borland C
4.5 Tuy nhién, ngudi dung nén sir dung ham thir nhat, vi ham sau s& bi loai
bo khai STL. (VisualC++ da khdng con hd trg ham thir hai).

b6 phtc tap: khudn hinh gid thudt count sit dung ding first -
last phép so sanh khi thuc hién.
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5.2.1.7. Khudn hinh giai thut count_if

Nguyén miu:

I template <class Inputlterator, class Predicate>
iterator traits<Inputlterator>»::difference_type
| count_if (Inputlterator first, Inputlterator last, Predicate pred}:

Nhu dd néi, nhitng khuén hinh gidi thuat c6 dudi _if la m& rdng cia
nhimg khuén hinh gidi thudt cang tén. Khuén hinh giai thuit count_if ciing
tuong tu nhu khudn hinh giai thuat count nhung sit dung d6i tuong ham
thudc KHAT NIEM Predicate khi so sanh. Khudn hinh giai thut count_if dém
14t ca cAc phén tr 1 trong khoang (first,last) saochopred(*i) == true.

Vi du sau st dyng dbi tuong ham va count_if dé dém cac sb chin
trong mét ddy s6 nguyén:

#include <icstream>
#include <vector>

#include <algorithm>»
using namespace std;

class modulus2
{
public:
bocl operator{) {(int nl)
{
return ({nl & 2} == 0});

yi

void main{)

{ _
vector<int> v;
v.push back(l);v.push back{3);v.push back{2};
v.push_back(5) ;v.push_back{14);v.push back(6):

cout << "Vector: " ;
copy (v.begin(},v.end (), ostream_iterator<int>» (cout," "));

int n = count_if {(v.begin()},v.end{),modulus2());
cout << "\nSo cac so chan: " << n << endl;

}

Vector: 1 325 14 6
So cag¢ so chan: 3
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Tuong tu count, count_if ciing c6 mdt ham nap chdng khac la phién
ban cii cia STL va ciing nhu count, khéng nén sir dung ham ¢ii nay néu nhu
trinh bién dich ¢6 hd trg ham méi.

D phirc tap: count_if thyc hién tt ¢ (firstfirst - last) lan

ham pred d8 so sanh.

5.2.1.8. Khuén hinh giai thuit mismatch

Nguyén mau ham:

template <class Inputlteratorl, class Inputlterator2>
pair<InputIteratorl, Inputlterator2> mismatch(Inputlteratorl
firstl, Inputlteratorl lastl, InputIterator2 first2):

template <class Inputlteratorl, class InputIteratorz2,

class BinaryPredicate>
pair<Inputlteratorl, InputlIterator2> mismatch({InputIteratorl
firstl, InputIteratorl lastl, Inputlterator?
first2,BinaryPredicate binary_ pred};

Khéng giéng cac khudn hinh gidi thuat £ind da gidi thiéu, mismatch
tim kiém su khac nhau dAu tién gilra hai diy. Vi du c6 hai diy Al =
{ 3,1,410,1,5 9,3 } va A2 = { 3,1,4,10,2,3,9,3,12,7 }, khi
4p dung mismatch két qua tra vé s& 1 cip bd duyét tré vao vi tri thir ndm
trong hai ddy tuong Gng véi cdp gia tri (1, 2) dugc in nghiéng.

Ham nap chdng thir nhat tim bd duyét i d4u tién trong [first,last)
saocho *i 1= *(first2 + (i - firstl)).Két qua tra vé chinh la cip
b duyét i va (first2 + (i - firstl). Néukhéng tim thdy i nhu viy
két qua tra vBlalastlva (first2 + (lastl - firstl)). Nhu vdy, cb
thé thiy 12 déy th hai phai c6 sé phan tir nhiéu hon hoéic bing déy thir nhat.

Ham nap chdng thir hai cling tim kiém twong tw nhung khong dung
operator!= mic dinh, ma ding d6i tugng ham binary pred sao cho
binary pred(*i, *{first2 + (i - firstfalsefirstl)) ==
false. Chiy 13 véi mismatch ta tim kiém sao cho gid tri tra vé cia ddi
twrong ham ménh d¢é 1a false.
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u '
f f

Chuong trinh sau s& minh hoa ca hai ham nap chdng cia mismatch.
Trong chuong trinh cai dit mdt d6i tuong ham ménh dé eps diff hai tham
s6 so sanh do léch gifta hai bién véi mot gia tri dinh truée. Déi tuong ham
nay s& dugc truyén vao khi sir dung ham mismatch thi hai.

T

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

template <class T»
class eps_diff
{
private:
T eps;
public:
eps_diff (T epsilon) : eps({epsilon) {}:
bool operator() (T wvall,T val2l}
{
if {wvall > wal2)}
return ((vall - val2) < eps):
else
return (({val2 - vall) < eps):

}:

vold mainti}

{
float a[5] {1.11, 3.01, 0.14, 0.22, 2.5};
fleat b[S} = {1.11, 3.¢1, 0.14, 0.25, 2.51}:
float c[6] {1.14, 3.02, 0.04, 0.19, 2.45, 4.12}:
// Khai bac bien cho ket qua tra ve
pair<float*,float*> difpos(0,0);

[

// Hien thi
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ostream iterator<float> oi(cout, " ");

copy(a,a+5,01); cout << endl;
copy (b, b+5,01) ; cout << endl;
copy (c,c+6,01) ; cout << endl;
// Su dung ham mismatch thu nhat

difpos = mismatch (a,a+5,b):;
cout << "\nDay thu 1 va day thu 2 khac nhau tai vi tri: ";
cout << difpos.first - a + 1 << endl;

// Su dung ham mismatch thu hai

cout <<"Day thu 1 va day thu 3 lech nhau qua 0.05 tai vi
tid . 8% :

difpos = mismatch(a,a+5,c,eps_diff<float>(0.05));

cout << difpos.first - a + 1 << endl;

Ta xem céch sir dung khu6n hinh giai thudt mismatch thir hai trong vi
du trén. Toan tir goi ham cua d6i tuong ham eps diff trd vé true, néu do
léch giita hai bién truyén vao nhé hon eps cho trudc va tra vé false, néu
nguoc lai. Do vy, khi khéi tao eps_diff véi gia tri 0.05 rdi dua vao
mismatch, mismatch s&tim va trd vé vi tri ddu tién cua cip phan tur trong
hai day léch nhau qua 0.05.

Két qua:

1x 33 3,0%50.14,,0.22:255 .5
11 3,01 0.14.0.25-2.5],
3 o g i 02 0.04 0. 19 2,409V 8- 72

Day thu 1 va day thu 2 khac nhau tai wi tri: 4
_Day thu 1 va day thu 3 lech nhau qua 0.05 ta; vi tr1. 3

Pé thuc hién, mismatch can t6i da (1astl - firstl) phép so sanh,
hoic (lastl - firstl) lan thuc hién d6i tuong him binary predpred.

5.2.1.9. Khuén hinh giai thuat equal

Nguyén mau:

template <class Inputlteratorl, class InputIterator2s>
bool equal (InputIteratorl firstl, Inputlteratorl lastl,
InputIterator2 first2);
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template <class Inputlteratorl, class Inputlterator2,
class BinaryPredicate>
bool equal (Inputlteratorl firstl, Inputlteratorl lastl,
InputIterator2 first2, BinaryPredicate binary pred):

Khudn hinh giai thuit mismatch tim kiém s khac nhau ddu tién giira
hai ddy, con equal kiém tra xem hai diy ¢6 glong nhau hay khong khi so
sanh timg phan tir mét. Tuy nhién, khong nhét thiét hai ddy phai c6 s6 phén tur
bing nhau. equal chi kiém tra dén phin tr cudi cing cia ddy thi nhét. Néu
cho dén lac d6, hai ddy vin gibng nhau, equal s& trd vé true, mi khong
quan tam t&i phan con lai clia ddy thir hai.

4 *-
1 I

Vi du véi hai ddy trén, ap dung equal ta s& nhin dugc két qua tra vé 1a
true. Nhin vao nguyén mau cia equal ta thdy c6 hai ham nap chong. Ham
thit phat tra v& true néu voi moi bd duyét i trong khoang
[firstfirstl,lastl) cé ding thirc saw: *i == *{first2 + (i -
first1l)). Twong ty, ham thi hai trd vé true néu mot b duyét i trong
khodng [firstfirstl,lastl), binary predpred(*i,*(first2 +
(i - firsttruefirstl))) == true.

Chuong trinh sau minh hoa ci hai ham equal. Chuong trinh c6 si
dung d6i tugng ham eps_diff trong vi du vé ham mismatch.

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

template <class T>
class eps_diff
{
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// ¥em vi du ve mismatch

}i

void main()

{

float a[5] {1.11, 3.01, 0.14, 0.22, 2.51};
float b[6] = {1.11, 3.01, 0.12, 0.25, 2.49, 1.98};

// Hien thi

ostream _iterator<float> oi(cout, " ");
// In ra man hinh cac day
copy(a,a+5,01i); cout << endl;

copy (b,b+5,01) ; cout << endl;

I/ Su dung ham equal thu nhat
if (equal(a,a+5,b))
cout << "Hai day giong nhau" << endl;
else
cout << "Hai day khac nhau" << endl;
/! Su dung ham equal thu hai
if (equal(a,a+5,b,eps_diff<float> (0.05)))
cout << "Hai day xap xi nhau" << endl;
else
cout << "Hai day khong xap xi nhau" << endl;
}

2,11 .3001.0.14 0.22°2.51 L .
1.11 3.01 0,1@0.25 2.49 : -
Hai day khac nhau ;
Hai day xap xi nhau

Lan goi equal thir nhét cho két qua false, vi tai vi tri thir ba co
0.14 != 0.12 con lan goi equal thir hai cho két qua true, vi cho dén
phén tir cudi cung cuia day thir nhét, cic phén tir ciia hai ddy van khong léch
nhau qua 0. 05.

Khuén hinh giai thuit equal phai thyc hién t6i da la (lastl -
firstl) phép so sanh hodc (lastl - firstl) l4n toan tir goi ham cua
d6i tuong ham binary pred.

5.2.1.10. Khudn hinh giai thuat search

Nguyén mau:

template <class ForwardIteratorl, class
ForwardIterator2> ; .
ForwardIteratorl search(ForwardIteratorl firstl,
ForwardIteratorl lastl,ForwardIterator2 first2,
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ForwardIterator2 last2});

template <class Forwardlteratorl, class ForwardIteratorZ, class
BinaryPredicate>

Forwardlteratorl search{Forwardliteratorl firstl, ForwardIteratorl
lastl, FerwardIterator2 first2, ForwardIteratorZ last2,
BinaryPredicate binary pred};

Khudn hinh gii thudt search tim trong ddy [firstfirstl, lastl)
ddy con gidng v&i diy (firstfirst2,last2). Néu tim thay, search tra
vé b6 duyét i dau tién coa diy con. Néu khéng tim thay ddy con nao théa
min, search tra v& last1l.

firstl i — bd duyét tra vé fastl

oy | :

b6 chiral 13 9 44i 2 11 4 | 8 3 !_"_J
| B
bd chira2 ‘f 114 4 !__T_l
first2 last2

Khuén hinh giai thuit search khéng quy dinh s& phan tir cta diy thir
nhét phai nhiéu hon s6 phin tir cia day thir hai. Trong hai ham nap chong,
ham thir nhét so sanh cac phan tir ctia hai diiy bang toan tir operator==, cdn
ham thir hai sir dung d6i tuong ham ménh dé bina ry pred.

Vi du sau minh hoa cach dung hai ham search. V&i ham nap chéng tha
hai sir dung d6i twong ham divided (khdng cé trong STL). Toan ti goi ham
ctia divided kidm tra tinh chia hét ciia hai tham bién truyén vao.

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

class divided
{
public:
bool operator{} (int wvarl,int wvar2}




265 Chuong 5. GIAI THUAT

return (varl % wvar2) == 0;
}
)i
void main ()
{
int v1[6] = {1, 1, 2, 6, 8, 10};
int v2[2] = { 2, 4 };
// Hien thi
ostream iterator<int> oi (cout, " ");
cout << "wvl: "; copy(vl,vl+6,0i); cout << endl;
cout << "w2: "; copy(v2,v2+2,01i); cout << endl;
!/ Su dung ham search thu nhat
int* location = search (vl, vl + 6, v2, v2 + 2);
if (location == vl + 6) // tro den vi tri sau vi tri cuoi
cout << "vl khong chua v2";
else
cout << "Tim thay v2 trong vl tai vi tri: "
<< location - vl +1;
cout << " // Ham search thu nhat" << endl;

/! Su dung ham search thu hai
location = search (vl, vl + 6, v2, v2 + 2, divided() );
if (location == vl + 6) // tro den vi tri sau vi tri cuoi
cout << "vl khong chua v2";
else
cout << "Tim thay v2 trong vl tai wvi tri: "
<< location - vl +1;
cout << " // Ham search thu hai" << endl;

}

vis 1.1..2:6:8 10
vl khong chua v2 // Ham search thu nhat
Tim thay v2 trong vl tai vi tri: 4 // Ham search thu hai

Khi sir dung, ham search thir hai c6 két qua tra vé nhu trén vi da sir
dung d6i tuong ham divided dé kiém tra. Do 6 chia hét cho 2 va 8 chia hét
cho 4 nén search tra vé bod duyét tro vao vi tri cia 6.

Khuén hinh gidi thuat search c6 d6 phitc tap binh phuong trong
truong hop tdi nhat. Khi d6, search phai thuc hién (lastl - firstl) *
(last2 - first2) phép so sanh. Tuy nhién, truong hop t6i nhét it khi xay
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ra. D§ phirc tap trung binh cuia search chi 13 tuyén tinh.

§.2.1.11. Khuén hinh giai thudt search_n

Nguyén mau:

template <class
ForwardIterator
last,

ForwardIterator, class Integer, class T>
search_n{ForwardIterator first, Forwardlterator

Integer count, const T& valuej;

template <class

class
ForwardIlterator
last,

ForwardIlterater, class Integer,
T, class BinaryPredicate>
gsearch n({ForwardIterator first, ForwardIterator

Integer count, const T& value,
BinaryPredicate binary pred);

Khuoén hinh giai thuit search n tim kiém trong khoéng
[first,last) diy con gdm count phin tir trong d6 tit c cac phan tir déu
¢6 gia tri bang value, Néu tim thdy, search ntrd vé bd duyét diu tién cia
ddy con. Néu khéng search_n trd vé last. Chinh x4c hon, search_n chi
tim trong khodng {firstfirst, last - count) va fra vé bd duyét i
d4u tién sao cho moi bd duyét i trong khoang [i, 1 + count), *j ==

value.

Ham nap chdng thi hai tim diy con gém count phén tir sao cho moi
bd duyét i trong ddy, binary pred(*i, value) == true.

Vi du sau minh hoa hai hdim search_n.

class divided
{
public:

{

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

bool operator{) (int wvarl,int var?)

return {varl % var2) == (;
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)i
void main()
{
int a(8] = (1, 2, 3, 5, 10, 10, 10, 14};
// Hien thi
copy(a,a+8,ostream iterator<int> (cout," ")); cout << endl;
// su dung ham search n thu nhat
int n = 3,val = 10;
int* res = search n(a,a+8,n,val);
if (res == a + 8)
cout << "Khong tim thay" << endl;
else
cout << "Tim thay "
<< n
<< " phan tu lien tiep bang "
<< val
<< " tai vi tri " << res - a + 1<< endl;
// Su dung ham search_n thu hai

val = 5;
res = search n(a,a+8,n,val,divided());
if (res == a + 8)

cout << "Khong tim thay " << endl;
else
cout << "Tim thay "
<< n
<< " phan tu lien tiep chia het cho "
<< val
<< " tai vi tri " << res - a + 1 << endl;

4123 5 90 1010 14 .
Tim thay 3 phan tu lien t:.ep bm_lo ta:L viotrl 4 :
Tim thay 3 phan tu lien tiep chia he o 5 tai vi tri 3

SRR s

P phuc tap cia search nla tuyén tinh, search_n thuc hién t0i da
(last - first) phép so sanh hodc 161 goi tdi toan tir ham cliabinary pred.

5.2.1.12. Khudn hinh giai thuét find_end

Nguyén mau:

template <class Forwardlteratorl, class ForwardIterator2>
ForwardIteratorl find end(ForwardIteratorl firstl,
ForwardIteratorl lastl, ForwardIterator2 first2, ForwardIterator2
last2);
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template <class ForwardIteratorl, class ForwardIterator2,

class BinaryPredicate>
ForwardIteratorl find end{ForwardIteratorl firstl,
ForwardIteratorl 1asti ForwardIterator2 first2, ForwardIterator?
last2, BinaryPredicate comp):

Dung ra, khudn hinh giai thudt find_end phai c6 tn la search end
vi find_end gidng cic khudn hinh gidi thuit search hon la giéng cac
khudn hinh giai thuat £ind. Ciing chinh vi thé, trong tai liéu tham chiéu cia
STL ciing nhu trong cudn sach nay, £ ind end duoc xép sau cac khudn hinh
gidi thudt search, ma khéng dugc xép sau cac khudn hinh giai thudt find.

Tuong tu search, find end ciing tim ddy con trong khoang
[firstfirstl, lastl) sao cho diy nay giéng v diy
[firstfirst2,last2), nhung khac vén search, find end tim ddy con
cudi cing thoa mén tinh chét d6. Néu tim thdy, £ ind_end tra vé bd duyét
dau tién cia ddy con, néu khong tim théy, find end tra v& last1.

firstl i - bo duyét travé  lastl

; ............... _ : .............. ; -

bf) chual 13! 21 12 : 2 11 21 12 ; 3 ___|
|
b6 chita? Tl 12 | T_I
first2 last2

Theo nguyén maiu, cé hai ham nap chdng cia find end. Ham thu
nhat tim va tra vé bd duyét i cubi cung sao cho vé moi bd duyét § trong
(firstfirst2,last2), *] = *{(i + (j - first2)). Ham thir hai
tim sao cho binary pred(*(i+(j-first2)), *j) == truetrue,

Chuong trinh sau minh hoa hai ham nap chdng £ ind_end. Déi tuong
ham same_signed c6 toan tir goi ham kidm tra su cung d4u cua hai bién,
same_signed s& dugc sir dung trong ham find end thir hai.
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{

}i

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

template <class T>
class same signed

public:

bool operator() (T vall,T wval2)
{

return (vall*val2 > 0);

void main()

int af8] = (1, 1, 1, -1, -1, ‘1, -1, 1};
int b[4] = {-1,-1,-1};
int c([3] = (-1,-2,3};
// Hien thi
ostream iterator<int> oi(cout,” ");
cout << "a: "; copy(a,a+8,0i); cout << endl;
cout << "b: "; copy(b,b+3,01); cout << endl;
cout << "c: "; copy(c,c+3,01i); cout << endl;
// Su dung ham find_end thu nhat
int* res = find end(a,a+8,b,b+3); .
if (res == a + 8)

cout << "Khong tim thay" << endl;
else

cout << "Day con cuoi cung trong a bang b tai vi tri

<<'res - . a + 1 << endl;
// 5u dung ham find end thu hai
res = find end(a,a+8,c,c+3,same_signed<int>() );
if (res == a + 8)
cout << "Khong tim thay" << endl;

else
cout << "Day con cuol cung trong a cung dau voi ¢ tai
vi tri "
<< res - a + 1 << endl;
}
R R —1 —1 rls . ik R R ks ke i Ak b
B oy o1 ; 1 3 _'d:,'ff_ sl ala il __;_ jil
Slseee B . i iy § By il Bt dinn wbis via

Day con cuoi cung trong a bang,h taﬁ vi tri 9
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Ta thdy, tuy c6 4 s6 -1 lién tiép, nhung két qua tra v& tai vi tri 5 vi
find _end tim ddy con cudi cung. Néu thay vi ding find end, ta dung
search s& c6 két qua tra vé tai vi tri thir 4. Véi ham £ind_end thir hai, két
qua ravelaviti6vi (-1,-2,3) cung dau voi (-1,-1,1) .

S6 luong cac phép so sanh ma find_end thuc hién ti 18 v6i (lastl -
firstl) * {last2 - first2). Néu cd Forward Iterator] vi Forward
Iterator2 thude kidu Bidirectional Iterator, do phitc tap clia find end Id
tuyén tinh. Trong truomg hop tdi nhét, find_end phai thuc hién (lastl -
firstl) * (last2 ~ first2) phép so sanh.

5.2.2. Cac giai thuat lam ddi bién

Cac gidi thuat lam d4i bién khi thyc hién trén cic bd chira s& gy bién
dbi 1&n cac d6i tugng luu trir trong cac bd chira d6. Chi y 14 tuy giai thuét lam
viée véi cic bd duyét nhung viéc bién dbi chi thuc hién trén cac déi tuong
duoc trd béi bd duyét. Tir goe dd sir dung, cac giai thuat 1am ddi bién duoc
ding nhidu hon cac gidi thudt khong 1am ddi bién va cach sir dung cling rat
linh hoat. Cac giai thuit lam ddi bién gém cac ham phuc vu muyc dich nhu sao
chép, hoan vi, thay thé, khai trién, ...

5.2.2.1. Khuén hinh giai thuat copy

Ching ta d3 qua quen véi khudn hinh gidi thudt copy trong sudt cc
chuong trinh tir chuong 1 dén gio. D6 14 vi copy duoc sir dung nhiéu cho
muyc dich hién thi. Tuy nhién, ta mdi sir dung mét cdch mic nhién, ma chua
giai thich 16 rang v& giai thuét ndy. Nguyén miu ciia hdm copy cho nhu sau:

template <class Inputlterator, class Cutputlterator>
CutputlIterator copy{Inputlterator first, Inputlterator last,
Ogutputlterator result);

Khudn hinh giai thuat copy thyc hién viéc sao chép cac phén tir trong
khodng [first,last) td khodng [result, result + {last -
first)), nghia la copy thuc hién cac phép gin *result =
*firstfirst, *(result + 1) = *{(first + 1), v.v... Viéc sao chép
c6 thé thuc hién tir bd chira nay sang b chira khac, nhung ciing c6 thé thuc
hién ngay trén chinh mdt bd chia. Gia tri trd vé cla copy la result +
(last ~ first). Chi ¥ ring khodng [result, result + (last -
first)) phai la khodng hop 1&. Mt cich don gian, ddy duoc sao chép phai
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(last - first). Chi y ring khodng [result, result + (last -
first)) phaila khoang hop 1é. Mt cich don gian, diy duoc sac chép phai
c6 du chd cho cic phan tir sao chép. Ngoai ra, cdn thém mot didu kién 1a
result khong thudc khodng [first,last) khi sao chép trén cac khoang
chdng nhau cia ciing mét ddy. Néu didu kién nay khéng théa man, chuong
trinh vin chay nhung khéng cho ra két qua mong mudn.

1 1

Vi du sau minh hoa cach st dung copy.

#include <iostream>
#include <algorithm>
#include <vector>

using namespace std;

void main{}

{
ostream iterator<int> oi{cout , " ");
vector<int> a(8),b(8);

af0] = 1; a[l] = 2 al2] = 3; a[3] = 4;

// Ap dung copy tren cung mot day

copy{a.begin(),a.begin() + 4,a.begin() + 4);

// Hien thi

cout << "g: "; copyla.begin{),a.end{},0i); cout <<
endl;

// Ap dung copy tren hal khoang chong nhau

copyla.begin(} + 2, a.begin{} + 6, a.begin{) + 1);

// Hien thi

cout << "a: "; copyla.begin(),a.end({),0l); cout <<
endl;

// BAp dung copy tren hai day khac nhau:

copy{a.begin{),a.end(),b.begin()};

// Hien thi
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cout << "b: "; copy (a.begin(),a.end(),0i); cout <<
endl;
}
az d 2.3 a4 L e 3 4
-t i B S e e e g
bl 394 1922 3 4

Dong lénh vector<int> a(8), b(8); tao ra hai vector kich
thuéc 8. Lan thir nhat copy sao chép 4 phén tir dau tién vao 4 phén tir tiép
theo trong cling mdt vector a. Lan thir hai, copy thuc hién viéc sao chép
trén hai khoang chdng lén nhau. (Sao chép cac phan tir 3, 4, 1, 2 d& 1én cac
phan tir 2, 3, 4, 1). Didu nay hoan toan 1a dugc vi nhu da néi, viéc thay ddi gia
tri chi thuc hién trén cac d6i tuong ma khong lién quan t6i cac bo duyét. Lan
thir ba, copy thuc hién viéc sao chép tir vector a sang vector b. Chuy
latakhditao a va b cung kich thudc nén co thé sao chép duoc. Néu khai
tao b vai1 kich thudc nho hon hodc khong khéi tao kich thude, chuong trinh
s& gay 16i.

Néu sao chép trén cac khoang chdng nhau ma result thudc
[first,last) thi s& gy két qua sai. Vi du, trong chuong trinh trén thay
cau lénh:

copy (a.begin() + 2, a.begin() + 6, a.begin{() + 1); "~

bing:

copy(a.begin() + 2, a.begin() + 6, a.begin() + 3);

thi s& co két qua:

SEar L e L W TR e
Silad 308 3.0
o gl TR uhe 0 Y A

R rang, ta muon sao chép cac phan tir 3, 4, 1, 2 1én cac phén tr4,1,2,
3 nhung két qua chi toan cac s6 3. Nguoi doc mudn tim hiéu thém, xin xem
phan bai tdp & cudi chuong. Ngudi 1ap trinh chi cdn nhd ring result khong
duoc thude khoang [first, last) khi sao chép cac khoang chéng nhau cua
cung mot day.

Ung dung hay dung nhit cia copy la hién thi két qua ta di rét quen
thudc. Khi hién thi, thay vi sao chép vao mdt bo chira nao do, copy s€ sao
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chép céc phan tr ra man hinh qua mét bd duyét dic bidt la
ostream iterator. Chi tiét v& ostream iterator cd thé xem trong
chuong vé b6 duyét.

Khuén hinh giai thudt copy ¢6 d6 phirc tap tuyén tinh, copy phai thue
hién last - first phép gan.

5.2.2.2. Khudn hinh giai thuét copy_backward

Nguyén méu:

template <class Bidirectionallteratorl, class
Bidirectionallterator2>

Bidirectionallterator? copy_backward(Bidirectionallteratorl
first,

BidirectionalIterateorl last,
BidirecticnalIterator2 result):

Nhu tén goi, khuén hinh giai thudt copy backward thuc hién viée sao
chép nguoc la1 vai khudn hinh giai thudt copy théng thuémg. Nghia 3
copy_backward thuc hién viéc sao chép cac phin tir trong khoang
(first,last) vao khodng [result - (last - first), result)
nhung copy_backward tién hanh cic phép gan tir cudi diy nguoc lai:
*(result - 1)= *(last - 1), *(result - 2} = *(last - 2),
v.v... Gia tri tra vé cia copy_backward lad result - (last - first}.
Diéu kién dé copy_ backward thuc hién dugc la [result - {(last -
first), result) phaila khoang hop 1é. Mt cach don gian, diy dugc sao
chép phai c6 di chd cho cac phin tir sao chép. Ngoai ra, cin thém mét diéu
kién 13 result khdng thudc khodng [first,last) khi sao chép trén cac
khoing chéng nhau thuc cing mét diy. Néu didu kién nay khdng thoa man,
chuong trinh van chay nhung khong cho ra két qua mong mudn.
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Ngudi doc ¢6 thé thic méc tai sao can dén hai ham copy gan nhu gidéng
hét nhau cho cung mdt muc dich. Néu thuc hién viéc sao chép trén cac day
khong chong nhau, hai ham hoan toan tvong dwong. Nhung khi thuc hién sao
chép trén cac khoang chong nhau cia cung mot dy s& cé su khac biét. Luu y
to1 diéu kién result khong thuc khoang [first,last) trong hai ham. Déi
Vv6i copy, diéu kién nay co nghia la b6 duyét ddu cia day dwoc sao chép
khong dwoc nam trong ddy sao chép, trong khi d6 véi ham copy_backward
diéu kién d6 lai c6 nghia 1a b6 duyét cudi cia day dwoc sao chép khong duoc
nim trong day sao chép. Tom lai, viéc quyét dinh st dung copy hay
copy backward phu thudc vao viéc c6 sao chép trén cac khoang chong
nhau hay khong.

Vi du sau minh hoa khudn hinh giai thuat copy backward.

#include <iostream>
#include <vector>

#include <algorithm>
using namespace std;

void main()

{
ostream iterator<int> oi(cout, " ");
vector<int> v1(7),v2(5);

v1[4] = 5; v1([5] = 6; vi[6] = 7;

cout << "vl: "; copy(vl.begin(),vl.end(),0i); cout << endl;
// 8Su dung copy backward tren cung mot day
copy_backward(vl.begin() + 4,vl.end(),vl.begin() + 4);

// Hien thi

cout << "vl: "; copy(vl.begin(),vl.end(),0i); cout << endl;
// Su dung copy backward tren hai day
copy_backward(vl.begin() + 2,vl.end(),v2.end());

// Hien thi

cout << "v2: "; copy(v2.begin(),v2.end(),0i); cout << endl;
}
vi: 00T ey
Vls 0 6 S e
v2: 6 ThH 6] ;

Khu6n hinh giai thuat copy backward c6 d6 phirc tap tuyén tinh.
copy backward phai thuc hién last - first phép gan.
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5.2.2.3. Khudn hinh giai thuat swap

Nguyén mau:

template <class Assignable>
wvolid swap(Assignables a, Assignables b}

Tir goc 40 st dung, khudn hinh gidi thudt swap 1a mét trong nhimng
khudn hinh giai thuit don gian nhét cia STL. N6 thyc hién viéc hoan chuyén
gia tri gira hai tham sb: gia tri cla a dugc gan cho b va gia tri cua b
duoc géan cho a.

Vi du st dung swap:

int x = 1;
int y = 2
Swap{x; y}; // M == 2’ y ==

T4t nhién, véi dic tinh khai luoc, swap khéng chi lam viéc voi kiu
nguyén, ma cé thé lam viée vor kidu bt ki, D& thuc hién, swap cén goi mdt
ham c4u tir sao chép va mét toan tir gan. Do vdy, tham s6 cho swap phai la
kidu Assignable tirc 13 co céu tir sao chép va toan tir gan. Co ché 1am viéc clia
swap vi vy chua hin 12 t8i wu cho moi kiéu. Vi du, néu sir dung swap voi
hai vector<double> ¢6 N phin tir s& mét khoang 3*N phép gan trong khi
néu st dung ham thanh phin swap cua chinh vector chi mat 9 phép gan,
Néu mubn ti uu, ngudi ding nén tu dinh nghia ham thanh phan swap cho
kidu riéng cia minh khi cén thiét, Cac bd chira cia STL nhu vector, deque
déu c6 co ché dac bidt bén trong cac bd chira dé khi goi khudn hinh giai thujt
swap cho hai bd ch(ra, n6 sé goi t01 ham thanh phén swap cla chinh bd chira.
Chi tiét vé& vin d& nay xin xem thém trong chuong vé cic b chira.

5.2.2.4. Khuén hinh giai thuit swap_ranges

Nguyén. mau:

template <class ForwardIteratorl, class ForwardIteratorl> ‘

Forwardlterator? swap_ranges (ForwardIteratorl firstl,
ForwardIteratorl lastl,
ForwardIterator2 first2);

Trong khi swap chi hoan chuyén gi4 tri ciia hai d6i tuong, swap ranges
hodn chuyén gia tri cia mot diy dbi tuong. Khudn hinh giai thudt
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swap_ranges hoan chuyén mdi phin tir trong khodng [first,last)
tuong (mg véi mot phén tir trong khoang [first2, first2 + (lastl -
firstl)). Gia tri tra vé cla swap ranges la first2 + (lastl -
firstl).

Vi du sir dung swap ranges:

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

void main()

{
ostream iterator<int> oi(cout,” ");
vector<int> v1(6),v2(6);
fill (vl.begin(),vl.end(),0);
fill(v2.begin(),v2.end(),1);

cout << "vl: "; copy(vl.begin(),vl.end(),0il); cout << endl;
cout << "v2: "; copy(v2.begin(),v2.end(),0i); cout << endl;

swap_ranges (vl.begin(),vl.end(),v2.begin());

cout << "vl: "; copy(vl.begin(),vl.end(),0l); cout << endl;

cout << "v2: "; copy(v2.begin(),v2.end(),0l); cout << endl;
}
v1: 000000
we: 1 111 17
wil: 11 359097
v2: 0000 00

Chuong trinh sir dung khudn hinh giai thuit £i11 dé khdi tao vector
véi mot gia tri cho trude. Khudn hinh giai thuat £i11 s& dugc dé cap sau.
Thuc té, néu str dung swap_ranges nhu trén ta c¢6 thé dung swap nhu duéi
day cing duoc:

swap (vl,v2);

Tai sao lai can swap_ranges khi swap ciing lam dugc diéu tuong tu?
Tuy nhién, truong hop trén la ta hoan chuyén toan b vector. Khong nhat
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thiét lac nao ta ciing can hoan chuyén toan bd vector ma chi cin hoan
chuyén mot phan nhu sau:

swap_ranges (vl.begin(),vl.begin() + 3, v2.begin());

khi d6 s& c6 két qua:

vi: 000000
vy 141 L
vise1l 1. 1.0 0 0
v2:a.0 0 0°F:1 1

RS rang véi trudng hop hoan chuyén mét phin cua day ta budc phai
dung swap_ranges. Ngoai ra, ta ciing ¢6 thé hoan chuyén cac phén tir ngay
trén chinh mot ddy. Diéu nay, swap khong thé lam dugc. Chi ¥ 1 khi hoan
chuyén cac phin tir trong cing mét diy, hai khodng [firstfirstl,
lastl) va [first2, first2 + (lastl - firstl)) khong duoc
giao nhau. '

D6 phuc tap cia swap ranges la tuyén tinh. swap_ranges thuc

hién tat cd lastl - firstl phép hoan chuyén.

5.2.2.5. Khuén hinh giai thuat transform

Nguyén mau:

template <class Inputlterator, class Outputlterator, class
UnaryFunction>

OutputIterator transform(InputIterator first, Inputlterator last,

OutputlIterator result, UnaryFunctiom
op);

template <class InputlIteratorl, class Inputlterator2, class
Outputlterator, class BinaryFunction>
Outputlterator transform(Inputlteratorl firstl, Inputlteratorl
lastl,

Inputlterator2 first2, Outputlterator
result, BinaryFunction binary op);

C6 thé néi, transform 1a mot giai thuat kha manh va cé nhiéu ung
dung. Néu ban doc dd quen véi for each s& thiy transform con tién loi
hon va cach sir dung ciing tuong tw. Pdi véi ham nap chdng thir nhit c6 bdn
tham s0, transform thuc hién op (*i) trén mdi bd duyét i cia khoang
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[first, last) va két qua tra vé cho b duyét ra twong tmg bét dau tir result.

Nghia la voi moi 0 £ n < last - first, transform thuc hién phép
gan * (result + n) = op(*(first + n)).Péy rang diy chinh la diém
hon hin cia transform so véi for_each vi véi for_each, két qua tra vé
cua toan tir goi ham op bi bé qua.

Ham nap chong thir hai ciia transform c6 nim tham s6, ciing tuong tu
nhung thyuc hién trén hai ddy. Nghiala véimoi 0 £ n < last - first,
transform thyc hién phép gan *(result + n) =
binary op(* (firstl + n),*(first2+n)).

Chuong trinh sau minh hoa hai ham nap chéng transform

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

void main()
{
vector<int> v(5),y(8)/
// Khoi tao v voi gia tri 5
£fill (v.begin(),v.end(),5);
// Khoi tao nua dau cua y voi gia tri 2
f£fill (y.begin(),y.begin() + 4,2);
// Khoi tao nua cuoi cua y voi gia tri -2
transform(y.begin(),y.begin()+4, y.begin()+4,negate<int>());

ostream iterator<int> oi(cout," ");

cout << "v : "; copy(v.begin(),v.end(),01); cout <<
endl;

cout << "y : "; copy(y.begin{(),y.end(),0i); cout <<
endl;

cout << "v + y 1 ";

// Cong hai vector bang trasform va hien thi
transform(v.begin(),v.end(),y.begin(),0i, plus<int>() );
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Sau khi dung fill ¢ khéi tao nira diu vector vy, ta ding transform
¢ khoi tao nira sau bang cach lay nghich ddu nira ddu nhd d6i tuong ham
negate. Bon gia tri 2 dau tién lan luot bi dao dau thanh -2 va ghi tiép vao
nira sau cha y. Piy i vi du cho thiy cach dung khudn hinh giai thut
transform thir nhat va trén hai khoang thudc ciing mét diy. Lan thir hai, ta
dung khudn hinh gid thudt transform thir hai thyc lén phép cdng trén hai
vector v vay nhd dbi tuong ham plus 1oi ghi két qua ra man hinh qua bd
duyét dic biét o1,

Qua vi du trén c6 thé thay sir dung transform rét linh hoat. Ta ¢6 thé
thuc hién transform trén mdt diy hoic trén hai diy. Cac két qua thuc hién
co thé luu lai trén cac bd chita hodc ghi thing ra thit bi hién thi hodc ra file.

Khuén hinh giai thuit transform ¢ 49 phuc tap tuyén tinh, co tat ca
last - first lan thyuc hién toan tir goi ham op hoic binary op.

5.2.2.6. Khuén hinh giai thuat replace va replace_if

Nguyén mau:

template <class ForwardIterator, c¢lass T>

void replace (Forwarditerator first, ForwardIterator last, ccnst
T& old_value,const T& new value)

template <class ForwardIterator, class Predicate, class T>

veoid replace_if (ForwardIterator first, Forwardlterator last,
Predicate pred, const T& new_value)

Khudn hinh giai thuat replace thay thé moi phdn tir trong khodng
[first,last) co gia tri old value bing gia tri méi new value. Khudn
hinh gidi thudt replace if tuong tu tim moi by duyét i trong khodng
[first, last), néu predpred(*i}) == true thi thuc hién phép gan *1i
= new_value,

Chuong trinh duoi ddy minh hoa hai khudn hinh gidi thuit replace
vareplace if.

finclude <iostream>
#include <algorithm>
#include <functional>

using namespace std;
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volid main ()

{
int af{e6] = {1, 2, 3, 4, 5, €};

ostream iterator<int> oi{cout, "™ ");
cout << "a: "; copy{a,a+6,0i); cout << endl;

replace_if (a,a+6é,bind2nd{less<int> {)},5),5};
cout << "a: "; copyla,a+é,01); cout << endl;

replace(a,at6,5,6);
cout << "a: "; copy(a,até,ol); cout << endl;

a: 1234568
a: 355556
a: 6 6 6 6 6 6

Ham bind2nd dugc si dung dé két hop mét déi tuong ham hai tham sb
véi mét gia tri thanh mot dbi tugng ham mét tham sé. Cu thé trong chuong
trinh ta két hop ddi tugng him less<int> véi gia tri 5 dé& duoc déi trong
ham kiém tra xem mét s6 c6 nhéd hon 5 hay khéng. Khuén hinh giai thuat
replace if trong chuong trinh thay tat ca cac sé nho hon 5 bing 5, sau dé
khudn hinh gidi thuft replace thay tit c4 cic gia tri 5 thanh gid tri 6 vi ta

c6 két qua nhu trén.

Cé thé thiy st dung replace va replace if kha dé dang. D§ phirc
tap clia ca hat giai thut nay déu la tuyén tinh, Chung thyc hién tt ca last —

first phép so sanh va nhidu nhét 13 1ast - first phép gan.

5.2.2.7. Khudn hinh giai thudt replace_copy va replace_copy_if

Nguyén miu:

template <class Inputlterator, class Qutputlterator, class T>
Outputlterator replace_copyl(InputIterator first, Inputlterator

last,

OutputIterator result, const T& old value, const T& new_value};
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template <class InputIterater, class Outputlterator, class
Predicate, class T>

Cutputlterator replace_copy_if{Inputlterator first, Inputliterator
last,outputlterator result, Predicate pred,const T& new value)

Nhu tén goi, khudn hinh giai thudt replace copy vira lam nhiém vu
sao chép vira lam nhiém vu thay thé. Khi cin phai sao chép mét sé dbi tuong
tir b chira nay sang b chira khac, dong thoi mdt s6 ddi tuong dic biét s&
khdng duoc sao chép ma thay thé, ta dung replace_copy. Khudn hinh gii
thudt nay sao chép cac phan tir trong khodng [first, last) sang [result
+ (firstfirst - last)) nhung voi nhing bd duyét i ma *i ==
old value thi khéng sao chép ma thay bang new value. Nghia 1 vé1 moi
nsao cho ¢ € n < last - first, replace copy thuc hién phép gan
*(result + n) = new value néu va chi néu *(first + n) ==
old value, néu khéng replace copy thuc hién phép gan * (result +n) =
*{(first + n}.

Khuén hinh giai thudt replace_copy if lam viéc tuong tu
replace copy nhung thay diéu kién kiém tra * (first + n) =
old value biang didu kién kiém tra predpred(* (first + n)) =
truetrue.

I

Chuong trinh duéi day minh hoa hai gidi thuat trén.

#include <iostream>
#include <algorithm-
#include <functicnalx>
using namespace std;

wvoid main(}

{

int a[6] = {1, 2, 3, 4, 5, &};
ostream_literator<int> oil{cout, " "};
cout << "a: "; copyla,at6,0l); cout << endl;

"

cout << "a: ";
replace_copy_if({a,a+6,01l,bind2nd(less<int> (},5),5):
cout << endl;

cout << “a: ";
replace copy{a,a+6é,01,5,6);
cout << endl;
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Ayl 253 408 8
&t 5 555 -5eb 6
a2 34 .66

Nhén xét ring két qua ra & hang thir hai giéng véi két qua dua ra trong
vi du vé replace va replace if, nhung két qua ra & hang tht 3 lai
khong gidng. Ly do & chd replace_copy va replace_copy if thuc
hién sao chép lén diy khac (& day 1a ra man hinh), nén sau khi goi
replace_copycopy if,ddy a vidnla1l, 2, 3, 4, 5, 6 cha khong
phiilas, 5, 5, 5, 5, 6nhutrén Viy dé tranh nhdm 13n, chuong trinh
nén viét lai nhu sau:

doante =y "hiasY
replace_copy_if(a,a+6,0i,bind2nd(less<int> (),5),5);
cout << endl;

cout << r'cr "y
replace_copy(a,a+6,0i,5,6);
cout << endl;

Ao
o e
(NN
w o w
B o
o o
o oo

D6 phirc tap clia replace_copy va replace copy if déu la tuyén
tinh, c4 hai déu phai thuc hién last - first phép so sénh va last -
first phép gan. '

§.2.2.8. Khuén hinh giai thuat fill va fill_n

Nguyén miu

template <class ForwardIterator, class T>

void fill (ForwardIterator first, ForwardIterator last, const T&
value) ;

template <class Outputlterator, class Size, class T>

OutputIterator fill n(OutputIterator first, Size n, const T&
value) ;
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Ta d3 st dung £i11 kha nhiéu ian trong cac vi du minh hoa cho cac
giai thuat khac, Khudn hinh giai thudt £111 gan gia tri value cho moi phén
tlr trong khodng [first, last). Vidu:

vector<int» v{10);
£ill {v.begin{),v.end({}, 1);

sé tao ra vector v voi 10 phé\m trcogidatn 1. Co thé théy khi sir dung £111
véi mét bd chira, ching han vector trong vi du trén, bd chira d6 phai khéi
tao kich thudc trudc. Trong vi du trén, néu viét:

‘ vector<int> v; \

& khong sai v& mit ch phap nhung, khi chay chuong trinh, £i11 s& khong
thue hién phép gan nao hét.

Tuong tu nhu £i11, khudn hinh giai thuft £i11_n cling thyc hién phép
gan gia tri value cho mol phén tr trong ddy {firstfirst, first + n).
Vi du doan mi sau:

vector<int> v(10);
fill ni{v.begin(}),5,2);
copy (v.begin(},v.end(},ostream iterator<int> {cout, ™ "))

cho két qua

2222200000

Khi dung £i11 n chi cdn chd y [firstfirst,first+n) pha la
khoang hop 1&. Néu diéu kién nay khéng thda man, khi chuong trinh chay s&
gy 18i. Tuong tu nhu £i11, kich thude cila b chira ciing can khéi tao trude
khi ap dung £111 n.

b6 phic tap cha £ill va £ill n cung la tuyén tinh, £111 n thuc
hién t4t ca n phép gan trong khi £111 thuc hién last - first phép gén.

5.2.2.9. Khudn hinh giai thuat generate va generate_n

Nguyén mau:

template <class ForwardIlterator, class Generator>
void generate(ForwardIterator first, ForwardIterator last,
Generator gen};
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template <eclass Outputlterator, class Size, class Generator>»
Outputliterator generate_n({Outputlterator first, Size n, Generator

gen) ;

Khuén hinh giai thudt generate ciing 1a mét trong cac glal thuat sinh
s nhr £111 nhung tién lo1 hon. Trong khi £ill chi sinh cac sé glong hét
nhau, generate st dung d6i tuong ham gen cé thé sinh cic sb ngdu nhién
hodc cac s6 theo mét quy ludt nao doé do gen dinh ra. Véi moi b duyét i
thuoc {first, last), generate thuc hién phép gan *i = gen(*i}.
Khudn hinh gidi thudt generate n twong ty thyc hién phép gan
*1 = gen{*i) véimoi 1 thufc [firstfirst, first+n).

Chuong trinh sau déng generate 4 sinh mét bd s6 nguyén ngiu
nhién va ding generate n dé sinh bd sb Fibonacei.

<iostream>
<algorithm>

#include
#include

#include
finclude
#include

<vector>
<stdlik.h>
<time.h>

using namespace std;

class Fibonacci
{
public:
Fibenacci {) : vl {0), v2 {1) {)
int operator ()} ()
{
int r = vl + v2;
vl = v2;
vZ = r;
return vl;
}:
private:
int vl;
int v2;
}:

volid maini(}

{
srand{ (unsigned)time{ NULL )} });
ostream iterator<int> oi{cout,” ");
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vector<int> (5}, y (10},

generate (v.begin{},v.end{}, rand);
cout << "w: "; copy{v.begin{),v.end{},oi}; cout << endl;

Fibonacci f:
generate n{y.begin(},10,£);
cout << "y: "; copy(y.begin(},y.end{(}),0l}; cout << endl;

}

v: 10559 295%5 19281 13638 8677
y: 1123518 13 21 34 55

Chi y d& dung rand va srand khi sinh s& ngiu nhién cin khai bdo hai
thu vién 1a stdlib.h va time.h Tuy rand khong phéi la d6i tuong ham,
nhung ¢6 thé ding nhu déi tuong ham trong chuong trinh trén. Diéu nay da
duoc nhéc dén trong muc 2.2.2 trudc khi gidi thiéu cac giai thuat.

Khudn hinh giai thuit generate va generate n c6 d6 phic tap
tuyén tinh. generate cin goi last - first lin toan tir goi ham cla gen
trong khi generate n cin goin lan.

5.2.2.10. Khuén hinh giai thudt remove va remove_if

- x
Nguyén mau:

template <class ForwardIterator, class T> ]

ForwardIterator remove (Forwardlterator first, ForwardIlterator
last,

const T& value);

template <class ForwardIterator, class Predicate»

ForwardIterator remove_if (ForwardIterator first, ForwardIterator
last,Predicate pred);

Xo6a cac phan tir trong mdt diy 13 thao tac rat hay gap trong khi gidi
quyét nhimg bai toan thuc té, Hai khuén hinh gidi thudt remove va
remove if s& gilp ngudi 1ap trinh trong thao tac nay. Khudn hinh giai thuét
thir nhit, remove x6a khdi [first,last) cic phin tir c6 gia tri bang
value, Két thic, remove tra vé bd duyét new last sao cho trong
[firstfirst,new last) khong tdn tai bd duyét i ma *i == value.
Chu y rang cac bd duyét trong khodng [new last, last) van c6 thé lay
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tham chiéu nhung gi4 tri chiing tro td1 13 khéng xac dinh. Khudn hinh giai
thuat thr hai, remove if x6a khdi [first,last) cc phin tir c6 gia tr] x
néu predpred(x} == truetrue.

Hai khuon hinh giai thudt remove va remove if d&u khéng lam thay
ddi thir ty cla cac phan tr. Chi nhimg phﬁn tir théa man diéu kién cua ham
méi bi x6a khoi day. Can luu g, tir x6a d& gay nhdm 13n ring kich thudc ctia
b6 chia bi thay d6i. Thuc té b chira vin c6 kich thudc nhu thé, nhung cac
phan tir tinh tr new_last trd di 14 khdng xac dinh. Chuong trinh duéi day
minh hoa hai khuén hinh giai thuat nay.

#include <iostream>
#include <algorithm>
#include <vector>»
#include <functional>»
using namespace std;

class gen
{
private:
int s;
public:
gen{int sum) : s{sum-1){};
int operator{} {}
{
S++:
return s;

Yi
void mainf()
{
vector<int>» a{l0);
generate nia.begin{) + 5,5,gen(6}};
fill{a.begin(}),a.begin{)+5,5);
ostream iterator<int> oi {cout, " ");
cout << "a: "; copyla.begin{},a.end{),o0i); cout << endl:

vector<int>::iterator new last =
remove (a.begin{),a.end(),5);

cout << "a sau remove: “; copy(a.begin(},new_last,oi}:
cout << "\nsize{a): "; cout << a.size{) << endl;
new last =

remove_if(a.begin(},new last,bindZnd({equal to<int> (},8));

cout << "a sau remove_if: "; copy{a.begin(),new last,oi);
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cout << "\nsizef{a}: "; cout << a.sizel) << endl;

a: 55555678910

a sau remove: 6 7 8 9 10
size{a): 10

a sau remove if: 6 7 ¢ 10
size(a): 10

5.2.2.11. Khudn hinh giai thudt remove_copy va remove_copy_if

Nguyén mau ham:

template <class InputIterator, class Qutputlterator, class T>
Outputlterator remove copy{Inputlterator first, InputlIterator
last,

cutputIterator result, const T&
value) ;

template <class Inputlterator, class Outputlteratcer, class
Predicate>

Outputlterator remove copy_if (InputlIterator first, Inputlterator
last,OutputIterator result, Predicate pred};

remove copy sao chép cac phdn tir ¢6 gia tri khac value trong
khoang [first, last) sang khodng khac bit dau tir result. Thiz tu cac phan
tirtrong (first, last) khi sao chép sang khong bi thay ddi.

remove copy 1f sao chép cac phin tir trong khoang [first, last)
sang khodng khac bit diu tir result trir cac phén tir img véi bd duyét i sao
cho pred(*i) == true. Thi tw cac phan tir trong [first, last) khi sao
chép sang khong bi thay di.

Ca hai khuén hinh giai thuat déu yéu céu result khdng duoc
thube khodng {first, last). Vi du sau minh hoa hai ham remove copy
va remove _copy if.

#include <iostream>
#include <algorithm>
#include <functional>
using namespace std;

void main ()}
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int a{6) = {1, 2, 3, 1, 2, 3 };
int b(6] = { 12, 10, 8, &, 4, 2 };
ostream_iterator<int> oi (cout," "J;

copy(a,a+6,0i}); cout << endl;
// sao chep cac so khac 1 ra man hinh
remove copy{a,at6,0i,1); cout << endl;

copy (b,bt+6,01); cout << endl;
// sac chep cac so nho hon 8 ra man hinh
remove copy if({b,b+6,0i,bind2nd(less<int> (},8});

5.2.2.12. unique va unique_copy

Nguyén mau:

template <class ForwardIterators

ForwardIterator unique {(ForwardIterator first, ForwardIterator
last};

template <class ForwardIterator, class BinarYPredicate)

Forwardlterator unique (ForwardIterator first, ForwardIterator
last,

BinaryPredicate binary pred):

Khuén hinh gia1 thuit unique thuc hién thao tic x6a khoi diy
[first,last) cac phan tir gidng nhau lién tiép, trir phdn tu ddu tién, sau dé
trd lai by duyét new_last sao cho {firstfirst,new last) khdng con
cac ph?m 1114 giéng nhau lién tiép. Nghia la day {1, 1, 1, 2, 2, 1, 1}
sau khi 4p dung unique s& trd thanh {1,2,1}. Cac phan tir trong khoang
[new last,last) van ¢c6 thé lfiy tham chiéu nhung gia tr1 chiang tro ti la
khéng xdc dinh. unique khéng lam thay d6i tha tr cac phéan tir trude va sau
khi x6a. Hai ham nap chdng clia-unique chi khac nhau & chd mét ham dung
toan tit operator== mic dinh khi so sinh, mét ham ding déi twong ham
ménh dé binary pred.
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unique cé 43 phirc tap tuydn tinh. Ham th nhit thyc hién
{last — first) - 1 phép sc sanh, ham thu hai thyc hién (last -
first} - 1 14n gei déi tuong hdm binary pred.template <class
InputIterator, class OutputIterator>

outputlterator unique_copy(Inputlterator first, InputlIterator
last,

Qutputlterator result);

template <class Inputlterator, class Outputlterator, class
BinaryPredicate>

Cutputlterator unique_copy{Inputlterater first, Inputlterator
last,

CutputIterator result, BinaryPredicate
binay pred);

Khudn hinh gia thuit unique copy sao chép tur ddy [first, last)
sang diy bit diu tir result nhung dbi véi cic phén tir gidng nhau lién tiép,
unique copy chi sao chép phéan tir ddu tién. Gi4 tri tra vé 1a result last
sa0 cho diy {result,result last) khéng c6 hai phan tir lién tiép béng
nhau. Hai khudn hinh giai thuit unique copy chi khac nhau & chd mét ham
ding toan tr operator== mijc dinh khi so sanh, mdt ham ding d& tuong
ham ménh dé binary pred. '

b6 phac tap cua unique copy la tuyén tinh. Co t4t ci last -

first phép so sanh va nhidu nhat last - first phép gan.

5.2.2.13.reverse va reverse_copy

Nguyén mau:

template <class Bidirecticonallterator>»

void reverse (Bidirectionallterator first, Bidirecticnallterator
last); ‘

template <class BidirecticnalTlterator, class Cutputlterator>
OutputIlterator reverse copy(Bidirectionallterator first,
Bidirectionallterator last, Outputlterator result):

Khudn hinh gidi thuit reverse déo nguoc thir t cac phén tir trong déy
(first,last). Nghia la didy (1,2,3} sau khi ap dung reverse s& tr¢
thanh {3,2,1}.
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reverse c6 do phirc tap tuyén tinh, reverse goi téi khudn hinh giai
thuit swap chinh xac (last - first) / 2 lan

Khuén hinh giai thudt reverse copy sao chép cac phan nr tir day
[first,last) sang ddy bit ddu tir result sao cho thir tu cac phén ti trong
day két qua nguoc lai v6i thir tu cac phin tir trong diy ban du.

Khi dung reverse copy phdi chid ¥ hai diy [first,last) vi
[result, result+({last - first)) khdng dugc chéng nhau.

reverse_copy ¢6 dd phlic tap tuyén tinh. D& thiy reverse copy
thuc hién tht cd last - first phép gan.

5.2.2,14. rotate va rotate_copy

Nguyén miu:template <class ForwardIterator>
inline ForwardIterator rotate{ForwardIterator first,
ForwardIterator middle,ForwardIterator last);

template <class ForwardIterator, class Qutputlterator>
QutputIterator rotate_copy{ForwardIterator first, ForwardIterator
middle, ForwardIterator last, Outputlterator result):;

Khuén hinh giai thuit rotate hoan chuydn vi tri cac phén ti trong
[first,last) sao cho [first,middle) thé chd [middle, last) va
nguoc lai. Xem xét vi du sau:

char X[] = "Standard-template-library":
cout << X << endl;
rotate (X, X+9,X+25);
cout << ¥ << endl:

Standard-template~library
template-libraryStandard-

rotate co dd phirc tap tuyén tinh, né thuc hién nhidu nhit last -
. ‘ ’ A . ’ 5 A >
first phép hoan chuyén vi tri cic phan t.

rotate copy ciing tuong tu nhu rotate, nhung thay vi thuc hién
trén chinh ddy {first,last), rotate copy sao chép két qua sang day
khac bit dau tir result. Didu kién dé thyc hién rotate copy la hai khoing
(first, last) va [result, result + (first - last)) khdéng dugc
chdng nhau.
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rotate copy ¢6 4 phic tap tuyén tinh, né thuc hién tat ca
last - first lansao chép phan tir.

5.2.2.15. random_shuffle

Nguyén miu:

template <class RandomAccessIterator>

void random_shuffle {RandomAccessIterator first,
RandomAccessIterator last);

template <class RandomAccesslIterator, class
RandomNumberGenerator>

vold random shuffle{RandomAccessIterator first,
RandomAccessIterator last, RandomNumberGenerator& rand)

Khuén hinh giai thuit random shuffle tao mdt bd hoan vi nglu
nhién gifta cac phén tir cha diy [first,last). Vi du, néu c6 diy
{1,2,3,4} thi sau khi ap dung random shuffle ta ¢d thé duoc diy
{2,3,4,1} hodc mot diy bit ki khac trong 4t hoan vi clia diy ban dau.
Théng thuong, ta khong méy khi cin dén ham nap chéng thir hai cia
random_shuffle. Néu sir dung him ndy ta phai cai dit mét d6i tugng ham
rand ¢6 nhiém vu sinh b sé ngau nhién, trong khi C++ di ¢ sdn mdt ham
twong tu nhu vay va duoc st dung trong ham thi nhét 16i. Vi du sau minh hoa
khuén hinh giai thuat random shuffle tha nhit.

#include <iostream>
#include <algorithm»
#include <functicnal>
#include <vector>
#include <time.h>
using namespace std;

class Object
{
private:
int id;
public:
Object{int identify} : id{identify) {}
vold print id ()}
{
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cout << "My id is: " << id << endl;

}i
void main()
{
srand( (unsigned)time( NULL ) );

vector<Object*> v;

v.push_back(new Object (1))
v.push_back(new Object(2)):;
v.push_back(new Object(3));
v.push_back(new Object(4));

// in id cua cac doi tuong
for_each(v.begin(),v.end(),mem fun(Object::print_id));
// hoan vi cac doi tuong

random_shuffle (v.begin(),v.end());

cout << "Cac doi tuong da hoan vi!" << endl;

// in id cua cac doi tuong

for each(v.begin(),v.end() ,mem_fun(Object::print_id));

}

My id is:
My .id. is:
My id-as;
My id is: - i
Cac doi tuong da hoan vi!
My id is: 2 ;
My id is: 4

My id is: 3

My id is: 1

W D

Chuong trinh trén thuc hién viéc hoan vi cac d6i tuong kiéu Object*
cia vector v bang random shuffle. Chu y ring do random shuffle
str dung ham rand cua thu vién C++ nén trudc khi dung random _shuffle ta
nén c¢6 dong lénh srand( (unsigned)time( NULL ) ), dé mdi lan chay
s& cho mdt bd hoan vi khac nhau. Him mem_fun tao ddi tuong ham tir ham
thanh phan da duoc gid1 thiéu trong chuong veé doi tuong ham. Néu ban doc
da quén, nén xem lai muc 3.6.1.

random_shuffle c6 d phiuc tap tuyén tinh. Néu last != first,
random_shuffle thuc hién tat ca (last - first) - 1 phép hoan chuyén
phan tir.
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5.2.2.16. partition va stable_patition

Nguyén miu:template <class ForwardIterator, class Predicate>
ForwardIterator partition{ForwardIterator first,
ForwardIterater last, Predicate pred)

template <class Forwardlterator, class Predicate>

Forwardlterator stable_partition{ForwardIterator first,
ForwardIlterator last, Predicate pred);

Khudn hinh giai thut partition thay doi lai thir ty cac phén ti trong
diy [first,last) dua trén d6i tuong ham ménh dé pred sao cho céc phén
tr thoa mén pred sé dimg trudc cac phin tir khéng thoa mén pred. Két qua
tra vé clia pred 13 b8 duyét middle sao cho moi bd duyét i thudc day
{first, middle ), pred(*i) == true va moi bd duyét j thudc diy
[middle,last), pred(*j)} == falsefalse. Vi du saun sip xép cac sb
nguyén sao cho s6 chin dimg trudc, s6 I8 dimg sau:

#include <iostream>»
#include <algorithm>
#include <functicnal>
using namespace std;

void main()
{
int A{] = {1, 2, 3, 4, 5, &, 7, B, 9, 10};
const int N = sizeof{A)/sizeof {int):;
partition{A, A + N,
compeosel (bind2nd {(equal _te<int>{}, 0},
bind2nd (modulus<int>{), 2}));
copy{A, A + N, ostream_iterator<int>{cout, " "});

)

102846573891

Khuén hinh giai thuit stable partition tuong tu nhu partition
nhung thir ty cia céc phan tir théa méin pred dimg trude middle va thir tu
cia cac phén tir khéng thoa min pred dimg sau middle khdng thay déi so
v&i diy ban dau. Nghia la néu chay vi du trén vdi stable partition tasé
¢6 két qua;

24681013878 ... .
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P phirc tap cla partition la tuyén tinh, trong khi do
stable partition lai phirc tap hon. partition thuc hién last -
first phép so sanh véi pred va nhidu nhdt (last - first) / 2 phép
hodn chuyén. stable partition cling thuc hién last - first phép so
sanh voi pred, nhung thuc hién N*log (N) phép hoan chuyén trong trudng
hop t6i nhat va N phép hoan chuyén trong truong hop tét nhat, trong dé
N = last - first).

5.2.3. Cac giai thuat sip xép

Cac giai thudt sip xép trong STL gitp ngudi lap trinh bt dugc rat
nhiéu cdng sitc trong cac img dung thuc tién doi hoi cac bai toan lién quan
dén sép xép. Trong cac giai thudt dugc gidi thiéu dudi day, mdi ham dédu c6
hai ham nap chdng. Mdt ham ding toan tir so sanh operater<, ham kia
dung dbi twong ham so sanh comp. Cac ham nap chdng ding operator< cho
két qua 1a cac day dugc sip xép theo thir tu ting dan. Néu mudn so sanh véi
chc tiéu chi khac 6 thé sir dung cac ham nap chdng dung ddi twong ham so
sanh comp. Chi y, khai niém ting dén sir dung & day c6 y nghia nhu sau; néu
bo duyét i dung trude bd duyét § trong diy thi *j < *i la sai. Didu nay
khong c6 nghia la *i < *j hay *i < *j. Déi vdi cac ham nap chdng sit
dung déi tvong ham so sanh, khai nidm ting dén cé nghia la comp (*3, *1i)
== false. Ban doc cin lwu y didu nay vi ching ta thudng ¢6 théi quen hinh
dung viéc so sanh véi céc sé nguyén trong khi cac giai thudt sip xép cia STL
lam viéc dugc voi rat nhidu kidu va dbi tuong, Can nhic lai 13, khai niém ting
din c6 nghia 1a néu i dung trudc j thi *3 khdong nhé hon *i hoic
comp{*j,*1) == false

5.2.3.1. sort va stable_sort

Nguyén mau:

template <class RandomAccesslIterator>
void sort{RandomAccessIterator first, RandomAccessIterater last);

template <class RandomAccessIterator, class StrictWeakOrdering>
vold sort{RandomAccessIterator first, RandomAccessIterator last,
StrictWeakOrdering comp);
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Khuén hinh giai thuit sort sip xép cac phan tir trong ddy
[first, last) sao cho phan tir dimg sau khong nhd hon phin tir ding
trudc. Néi chung, néu khong ¢b nhing yéu ciu dic biét, sort la mdt giai
thuat sip xép du manh cho cac img dung. Ta s& khéng phai mat cong cai dat
quicksort hay mét thudt toan sip xép nao ma co thé ding luén sort cha
STL la du. Giai thudt nay st dung introsort, mdt thuit toan dugc danh gia
la nhanh ngang vé1 quicksort.

Ham nap chdng tha nhat cla sort ding todn tr operator< mic dinh
khi so sanh. Ham nap chong thit hai dung d6i twong ham hai tham s& comp.
Ta dung ham nap chdng thir hai khi muén sip xép véi cac toan tir so sanh
khac nhu operator>, operator<=, operator>=,.. Riéng b chira 1ist
ciia STL ¢4 ham ham thanh phin sort hoat dong hiu qua hon va do viy
khong nén dung khudn hinh giai thuit sort véi 1ist. (Xem chuong vé bd
chira, muc vé& 1ist).

int A[] = {1, 4, 2, 8, 5, 7};

const int N = sizeof{A) / sizeof (int};

sort (A, A + Nj}:

copy (A, A + N, ostream_iterator<int»{cout, " "}};

124578

D& phirc tap clia sort 1a O(N.log(N)) trong ca truong hop x4u nhét
va trudng hop trung binh.

template <class RandomAccessaIterator>

void stable_ sort{RandomAccesslterator first, RandomAccessIterator
last);

template <class RandomAccesslterator, class StrictWeakOrdering>
void stable_sort (RandomAccessIterator first,
RandomAccessIterator last, StrictWeakOrdering comp);

Khuén hinh giai thudt stable sort tuong tu nhu sort nhung giit
nguyén thir tu tuong d6i ca cac phan nr. Nghia 13 néu x dimg trude y, x
khong nhé hon y va y cing khéng nhé hon x, sau khi sdp xép x vén ding
trudc y. Viduy, '
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#include <iostream>
#include <algorithm
#include <functional>
using namespace std;

class lt_nocase
{
public:
lt_neocase(} {}
bool operatort) {char ¢1, char c2)
{
return tolower(cl} < teclower({c2):
}
yi
int main{)
{
char A[] = "fdBeACFDbEac"™;
const int N = sizeof{A) - 1;
stable_sort (A, AN, lt nocase(}); |
cout << A << endl;

}

AaBBCedDeRfF

D6i tuong ham so sanh 1t_nocase so sanh cic ki ty khéng phan biét
chit hoa, chir thuomg. RS rang khi so sanh véi 1t nocase thi a khéng nho
hon A va A cling khdng nhd hon a (nhung khdng thé noi ring a bing B).
Ta thiy ring thir tu twong d6i cia cac ki tw A, a hay B,b 13 khéng ddi sau
stable sort. Didu niy khéng ding néu ta ding sort. stable sort hiu
dung khi sip xép cac ban ghi ¢6 nhidu truomg. Vi du nhu khi s_:';p xép tén
ngudi trong mét danh sach. Ta co thé ding sort d& sip xép danh sach theo
tén sau d6 dung stable sort dé sp xép lai danh sach theo ho.

Do phirc tap cha stable sort trong trudng hop t3i nhat 1a N1og2 (N)
va trudmg hop t6t nhat la Nlog (N) v6i N = last - first. stable sort
sir dung thudt toan sip xép trén merge_sort.
5.2.3.2. partial_sort va partial_sort_copy

Nguyén miu:

template <class RandomAccessIterator>

vold partial_sort{RandomAccesaIterator first,
RandomAccessIterator middle,
RandomAccessIterator last);
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template <class RandomAccessIterator, class StrictWeakOrdering>
vold partial sort{RandomAccessIterator first,
RandomAccesslterator middle,
RandomAccessIterator last,
StrictWeakOrdering comp) !

partial sort chi sip xép mot phan diy [first,last) cho dén
middle. Nghia 13 (middle — first) phin tir nho nhét s& dugc sip xép
trong khoang [firstfirst,middle), con cic phan tit trong khoang
fmiddle, last) khéng duoc sip xép va thir tu cila ching l1a khéng xic dinh.
Ly do ding partial sort la trong nhiéu trudmg hop chi cin sip xép mét
phin cia diy. RS rang la ding partial sort s& nhanh hon ding sort.
partial sort sit dung thudt toan sép xép vun dbng heapsort va cd do
phirc tap la NlogM trong d6 N = last - first, M = middle -
first.

Hai khudn hinh giai thuit partial sort chi khac nhau & diém la mot
ham ding toén tir so sanh operatorsort va mdt ham dung doi twong ham
comp d& so sanh,

Vi dy, sir dung partial sort:

int A[] = {7, 2, 6, 11, 9, 3, 12, 10, 8, 4, 1, 5};
const int N = sizeof{A) / sizecf(int):

partial_sort{A, A + 5, A + N);
copy (A, A + N, ostream iterator<int>{cout, " "}};

1,23 451112109876

Nguyén mau clia part ial sort_copy:

template <class Inputlterator, class RandomAccesslterator>

RandomAccesslterator

partial_sort_copy{Inputlterator first, TInputlterator last,
RandomAccessIterator result first,
RandomAccessIterator result_last);

template <class Inputlterator, c¢lass RandomAccessIterator,
class StrictWeakOrdering>
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RandomAccessIterator partial_sort copy(Inputlterator first,

Inputlterator last,RandomAccesslterator result first,
RandomAccessIterator result_last, Compare compT;

Khudn hinh gid1 thuidt partial sort copy cling tuong tu nhu
partial sort nhung sao chép két qua 1én diy bit ddu tir result first.
Nghia [ partial sort_copy sao chép N phén tir tu diy [first,last)
sang ddy [result first, result first + N) (trong d6 N 13 s nho
hon trong hai s6 1ast - first va result last - result first).
Cac phén tir trong diy [result first, result first + N) dugc sip
xép theo thir tyr ting dén.

b6 phic tap cha partial sort copy xdp xi (last - first)
log (N) phép tinh, trong d6 N la sé nhod hon trong hai s& (last — first)
va {result last - result first).

5.2.3.3. nth_element

Nguyén mau:

template <class RandomAccessIterator>
void nth element (RandomAccessIterator first, RandomAccesslterator
nth, RandomAccesslterator last);

template <class RandomAccessIterator, class StrictWeakOrdering>

vold nth_element {RandomAccessIterator first, RandomAccessIterator
nth, RandomAccessIterator last, StrictWeakOrdering comp):

Nhu tén goi, nth_element sép xép lai diy [first, last) sao cho

phan tir tré bdi bd duyét nth s& c6 cing gia tri v&i phan tit & vi tri tuong img

A I - A - A 1 - A Ll 3 - A -

néu diy duoc sdp xep ting dan, Ngoai ra khong phan tr nao ding sau phan ti

nth nhé hon cac phﬁn tx dung truéc nth, Hai ddy ([first,nth) va

[nth, last) tuy thé khéng dugc bao dam 1a di duoc sip xép theo thir tu.
Ching chi ¢é tinh chét da ké & trén. Xét vi du sau:

int Al = {7, 2, €6, 11, 9, 3, 12, 10, 8, 4, 1, 5};
const int N = sizeof(d) / sizeof(int):
nth_element(A, A + 6, A + N};

copy (A, A + N, ostream iterator<int>{cout, " ")}:5 2 6 1 4 3 7
8 9 10 11 12 i
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C6 thé thiy phén tir tha 6 (danh chi s6 tir 0) ¢6 gia tri 7 (Day trén khi
sipxépsélal, 2, 3,4,56, 78,9, 10, 11, 12) va cac phin tir sau 7 khéng cé
phan t&r ndo nhd hon cac phén tir trude 7.

(Chwong trinh trén khi bién dich vdi g++ trén hé diéu hanh Linux méi
cho két qua nhu trén trong khi bién dich vén VC6.0 hodc Visual NET trén
Windows déu cho két qua 14 mdt diy da sip xép. Pdy chi la su tring hop
ngiu nhién va két qua nhu thé vin hoan toan ding. Néu ban thuc sy mudn
thay hai day sau va trude nth khdng duge sip xép, hdy chay thir chwong trinh
voi s6 lwong phén tir 16n hon va nth x& dich vé mot trong hai phia cang xa
cang tét).

Tinh trung binh, d6 phuc tap cia nth 13 tuyén tinh voi last - f£irst.

5.2.3.4. lower_bound

Nguyén mau:

template <class ForwardIterator, class LessThanComparable>
ForwardIterator lower_ bound{ForwardIterator first,
ForwardIterator last,const LessThanComparable& wvalue);

template <class ForwardIterator, c¢lass T, class
StrictWeakOrdering>

ForwardIlterator lower bound{ForwardIterator first,
ForwardIterator last,const Té& value, StrictWeakOrdering comp);

Cho truéc mdt diy di sép xép ting din [first,last),
lower bound s& tim ra vj tri ddu tién trong déiy cb thé dién duoc value
vao ma khong lam hong tinh chat dugc sdp xép cia diy.

Khudn hinh gidi thudt lower bound thi nhét tra vé b duyét i xa
nhét cé tinh chdt moi bd duyét j thude [firstfirst,i), *j < value.
Déi voi ham nap chdng thir hai, tinh chat trén s& 1 moi bd duyét j thude
[firstfirst,i), comp(*j, value) == true. Chuy ring gia tri tra
vé la bd duyét i, nhung vi tri ¢o thé chén duoc value vao la vi tri trudce i
Néu value lén hon moi sb trong ddy, gia tri trd vé& s& 1a b duyét last,
nguoc lai néu value nhé hon moi sb trong diy, gia tri tra vé s& 1a bo duyét
first.
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B phirc tap cia lower bound phu thudc vao KHAI NIEM cia b
duyét. Néu tham sb khudn hinh cho bd duyét thudc KHAI NIEM Random
Access lterator, lower bound thuc hién log(last - first) + 1 phép so
sanh. Con néu chi la Forward Tterator, s6 phép so sanh s& ti 18 voi (last -
first).

5.2.3.5. upper_bound

Nguyén méu;

template <class ForwardIterator, class LessThanComparable>
ForwardlIterator upper_bound{ForwardIterator first,
ForwardIterator last, const LessThanComparables value);

template <class Forwardlterator, class T, class
StrictWeakOrdering>

ForwardIterator upper bound{ForwardIterator first,
ForwardIterator last, const T& value, StrictWeakOrdering comp);

Cho trudc mot diy di sip xép ting din [first,last),
upper bound s& tim ra vi tri cudi cing trong diy c6 thé dién duoc value
vao ma khong lam hong tinh chat sip xép cta day.

Khuén hinh gii thuit upper bound thir nhat trd v& bd duyét i xa
nhat ¢6 tinh chit moi b duyét § thube [firstfirst,i), value khdng
nhé hon *j. Péi voi ham nap chéng thit hai moi by duyét i thude
[firstfirst,i), comp(value, *j) == false. Chiy ring gia tri trd
vé 1abd duyét i nhung vi tri c¢6 thé chén dugc value véo la vi tri trudc i.
Néu value I6n hon moi sb trong day, gia tri tré v& s& 1a b duyét 1ast.

D$ phirc tap clia upper bound phu thudc vio KHAI NIEM cia bd
duyét. Néu tham s§ khuén hinh cho bd duyét thudc KHAI NIEM Random
Access Iterator, upper bound thyc hién log(last - first) + 1
phép so sanh. Con néu chi 1a Forward Iterator, s phép so sanh s& ti 18 véi
(last - first).

5.2.3.6. equal_range

Nguyén miu:

template <class ForwardIterator, class LessThanComparable>
pair<ForwardIterator, ForwardIterator>
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equal_range{ForwardIterator first, Forwarditerater last,
const LessThanComparable& value);

template <class ForwardIterator, class T, class
StrictWeakOrdering>

pair<ForwardIterator, Forwardlterator>
equal_range{Forwardlterator first, ForwardIterator last, const T&
value, StrictWeakOrdering comp);

Cé thé cho ring equal range li hop cla lower_bound va
upper bound., Khuén hinh gidi thuét nay dong thoi tim vi tri dau tién va
cudi cing trong diy da sip xép [first,last) sao cho c¢6 thé chén thém
value vio ma khong lam 4nh hudng téi thir tu d3 sip xép cia diy. Cip b
duydt tra v& (i, 3) cb tinh chat sau:

» Moi bd duyét k thudc [firstfirst, 1), *k < value. (Tinh
chét ciia lower bound)

e Moi bd duyét k thudc [firstfirst, 3), value khong nho hon
*k. (Tinh chat ciia upper bound)

Moi bd duyét k thudc [1,73), value khong nhd hon *k va *k cing
khéng nho hon value (cha ¥ ring nbu thé chua chéc di la value == *k 1).
(Suy ra tir hai tinh chat trén). Do phirc tap cia equal range phu thudc vao
KHAI NIEM cia bd duyét. Néu tham s& khudn hinh cho bé duyét thude
KHAI NIEM Random Access Iterator, equal range thuc hién
2*log(last - first) + 1 phép so sanh con néu chi la Forward Iterator,
s& 56 phép so sanh ti 18 voi (last - first).

5.2.3.7. binary_search

Nguyén mau:

template <class ForwardIterator, class LessThanComparable>
bool binary_ search (ForwardIterator first, Forwardlterator last,
const LessThanComparable& value};

template <class ForwardIterator, class T, class
StrictWeakOrdering>

bool binary search({ForwardIterator first, Forwardlterator last,
const T& value, StrictWeakOrdering comp);
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Nhu tén goi, binary search cai dit thuét toan tim kiém nhi phan.
Khudn hinh giai thudt binary search tim kiém trong dily [first, last)
mdt phan tr fwong dwong véi value va tra vé true néu tim thay va tra vé
false néu nguoc lai. Chi y ring, phén tir tim thay x tuong dwong véi value
c6 nghia l1a x khéng nhé hon value vd value ciing khéng nhé hon x. Do
vy KHAI NIEM cho value chi la Less Than Comparable chit khong phai
Equality Comparable. Hai ham nap chéng clia binary search chi khac
nhau la mét ham dung toén tr so sanh operator< mét ham dung d6i tuong
ham comp.

Noi chung, khi tim kiém mét phan 1 trong mét diy, ta thudng mubn
biét nhiéu thong tin hon 13 chi biét su tdn tai cia né nhu véi
binary search. Trong nhiing trirdmg hop nhu vdy, dung lower bound,
upper bound hay equal range s& hiéu qua hon (Cac gidi thuit nay cling
sir dung thuat toan tim kiém nhj phén).

DS phtc tap: nhiéu nhit binary search thuc hidn log{(last-
first) + 2 phép so sanh. Nédu KHAI NIEM cila bd duyét la Random
Access lterator, d6 phirc tap cila binary search la ham log nhu trén. Néu
chi 12 Forward Iterator, dd phitc tap clia binary_search la tuyén tinh va ti
18 vé1 (last - first).

5.2.3.8. merge

Nguyén mau:

template <class Inputlteratorl, class Inputlterator2, class
CutputlIterator>

OutputIterator merge (InputIteratorl firstl, Inputlteratorl lastl,
InputIterator? first2, Inputlterator2 lastz,
CutputlIterator result);

template <class Inputlteratorl, class InputIterator2, class

CutputlIterator, class StrictWeakOrdering>

Outputlterator merge {InputIteratorl firstl, Inputlteratorl lastl,
InputIterator? first?, InputlteratorZz lastz,
Outputlterator result, StrictWeakOrdering

comp) ;

Khuén hinh giai thuit merge tdn hai diy da sip xép
[firstfirstl,lastl) va [firstfirst2, last2) theo thi tu ting dan
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thanh mot diy bt dau tir result va diy nay ciing dugc sdp xép theo thir tu
tang dan. Thir tr twong d6i ciia cac phan tr trong day két qua khong bi thay
d61 so véi thir tu cia ching & trong hai diy ban diu.

Ham nap ch&ng thir nhat cta merge s dung toan t& so sanh
operator< mic dinh trong khi ham thir hai sir dung toan tir so sanh comp.
Véi ham thi hai ta ¢6 thé ding khi mudn ¢6 day sép xép giam dan ching han.

D6 phire tap cia merge 1a tuyén tinh, nhidu nhit (lastl - firstl)
+ (last2 - first2) - 1 phép so sanh dugc thyc hién,

5.2.3.9. inplace_merge

Nguyén mau:

template <class Bidirectionallterator>

inline void inplace_merge{Bidirecticnallterator first,
BidirectionalIterator middie,
Bidirectionallterator last);

inline void inplace merge(Bidirectionallterator first,
Bidirectionallterator middle,
BidirectionalIterator last,

|
template <class Bidirectionallterator, class StrictWeakOrdering>
StrictWeakOrdering comp);

inplace merge trén hai diy di sip xép lién nhau [firstfirst,
middle) va [middle, last) thanh mdt diy [first,last) dugc sip xép.

5.2.3.10.min va min_element

Nguyén mau:

i template <class T> const T& min({const T& a, const Té& by :

I
template <class T, class BinaryPredicate>

const T& min{const T& a, const T& b, BinaryPredicate comp):;

Khudn hinh giai thuat min trd vé déi tuong nhé nhat trong hai doi
tuong a vab. Ham thir nhit str dung toan tir so sanh operator< va tra vé
a néu a < b, Ham thi hai sir dung ddi tugng ham so sanh comp va trd vé




STL - LAP TRINH KHAI LUGC TRONG C++ 304

b néucomp(b,a) == truevatrivé a néunguoc lai. Chu ¥ I3 khi ta goi
min(a, b), trong min sé goi d&n comp (b, a).

template <class ForwardIterator>
ForwardTterator min_element {ForwardIterator first,
ForwardIterater last);

template <class ForwardIterator, class BinaryPredicate>
ForwardIterator min element {ForwardIterator first,
ForwardIterator last, BinaryPredicate comp);

Khuén hinh gidi thust min_element tra vé d6i twong nho nhit trong
diy [first,last). min_element tra vé bd duyét i diu tién sao cho
khéng tén tai j thudc [first,last) ma *3 nhd hon *i. Ham tha nhit s
dung toan t so sanh operator<, ham thir hai st dung d6i tuong ham so
sanh comp.

5.2.3.11. max va max_element

Nguyén mau:

template <class T> const T& max({const T& a, const T& b};

template <class T, class BinaryPredicate:>
const T& max{const T& a, conat T& b, BinaryPredicate comp);

Khudn hinh giai thuit max tra vé d6i tueng lon hon trong hai dbi tueng
a va b. Him th nhit sit dung toan tir so sanh operator>, ham thit hai sir
dung d6i tuong ham so sanh comp. Ham thir hai sit dung déi twong ham so
sanh comp va trd vé b néu comp (b,a) == true vatra vd a néu nguoc
lai. Chi y 1a khi ta goi max (a,b), trong max s& goi dén comp (b, a).

template <class ForwardIterator>

ForwardIterator max_element (ForwardIlterator first,
ForwardIterator last};

template <class ForwardIterator, class BinaryPredicate>
ForwardIterater max_element (ForwardIterator first,
ForwardIterator last, BinaryPredicate comp):
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Khuén hinh gidi thuit max element tra vé ddi tugng l6n nhat trong
dily [first,last). max element fra vé bd duyét i diu tién sao cho
khéng ton tai § thude [first, last) ma *3 nhd hon *i. Ham thi nhét sir
dung toan tir so sanh operator>, ham thir hai sir dung d6i twong ham so
sanh comp.

5.2.4. Cac gidi thuat trén tap hop

5.2.4.1. includes

Nguyén mau:

template <class Inputlteratorl, class InputlIterator2:>»
bool includes{InputIteratorl firstl, Inputlteratcorl lastl,
Inputiterator? first2, Inputlterator? last2);

template <class Inputlteratorl, class InputlteratorZ, class

StrictWeakOrdering:

kool includes (Inputlteratorl firstl, InputIteratorl lastl,
Inputlterator?2 first2, Inputlterator? last2,

StrictWeakOrdering comp);

J

Khudén hinh giai thuit includes kiém tra xem diy di sip xép
[firstfirstl, lastl) co chira diy da sép xép (firstfirst2, last2)
hay khong. Yéu ciu cia includes noéi riéng va cac giai thudt trén tdp hop
n6i chung 1a cac diy déu phai 1a cac ddy d3 sdp xép thir tr ting din. Hai ham
nap chdng trén khac nhau & cach chung xac dinh khi ndo mot phan ti nhé hon
mét phin tr khac. Ham thr nhit st dung toan t so sanh mic dinh
operator<, ham thir hai st dung d6i tuong ham so sanh comp thudc KHAL
NIEM Strict Weak Ordering,

5.2.4,2, set_union

Nguyén mau:

template <class Inputlteraterl, class Inputlteratorl, class
outputiterator>

Outputlterator set union{Inputlteratorl firstl, InputIteratorl
lastl,

Inputlterator2 first2, Inputlterator2 last2,Outputlterator
result);
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OutputlIterator, class StrictWeakOrdering>

Qutputlterator set union(InputIteratorl firstl, Inputiteratorl

‘ template <class Inputlteratorl, class InputIterator?, class
| lastl,

InputIterator2 first2, Inputlterator2
last2,

QutputIterateor result,
StrictWeakOrdering comp);

Khudn hinh giai thudt set union tao ra mdt diy sap xép la hop cia hai
day sép xép [firstfirstl,lastl) va [firstfirst2,last?). Kétqui
tra v& 14 con tré dén vi tri sau cudi cia dy két qua. Trong truong hop don gian
nhét, set_union hoat déng theo ding nhu Iy thuyét tip hop: day két qua s&
chira moi phin tr c6 mit & mdt trong hai diy [firstl,lastl),
[first2, last2) hodc ca hai Trong truomg hop téng quat, khi mdt day c6
thé c6 nhidu phan tir reong dwong nhau, két qua ra s& khong don gian nhu vay.
Néu c6 mot gia tri xult hién trong [firstfirstl,lastl) n lin va trong
(firstfirst2,last2) m lan, trong diy két qua no s& xuit hién max (n,m)
lan,

Hay xem x¢t vi du sau minh hoa khudn hinh giai thudt set _union.

#include <iostream>
#include <algorithm>»
using namespace std;
void main{)

{

int al5] = {1,2,3,4,5};
int b[5] = {3,4,5,6,7};
ostream iterator<int> oif{cout," "};

cout << "a hop b: ":
set_union{&al[0], &a[5],&b[0], sb(5],0i);
cout << endl:

int c[é]
int d[6]

{lr 112f3r4r‘;};
{1,1,1,2,3,4};

ceut << "¢ hop d: ";
set union(&c(0], &c[6],&d[0), &d[6],01);

SN
[ K
|- Y
W
s
LS|

Vi du trén minh hoa truong hop thong thuong (a hep b) va truong hop
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tdng quat (c hop d) khi sir dung khuén hinh giii thuit set_union lén cac

13p hop.

5.2.4,.3. set_intersection

Nguyén mau:

template <class Inputlteratorl, class Inputlterator2, class
GutputIterator>

Qutputlterator set intersection{Inputlteratorl firstl,
InputIteratorl lastl,InputIterator? first2, InputlIterator2 last2,
CutputIterator result);

template <class Inputlteratorl, class InputIteratorZ, class
Qutputlterator,class StrictWeakOrdering>

Cutputlterator set intersection(Inputliteratorl firstl,
InputIteratorl lastl, Inputlterator?2 first2, InputlteratorZ last2,
Outputlterator result, StrictWeakOrdering comp);

Khuén hinh giai thuit set intersection thyc hién phép giao tip
hop gilta hai khodng [firstfirstl,lastl) va [firstfirst2,last2).

5.2.4.4, set_difference

Nguyén miu:

template <class Inputlteratorl, class Inputlterator?, class
Qutputlterator>

Outputlterator set_difference({InputIterateorl firstl,
InputlIteratorl lastl,Inputlterator2 first2, Inputlterator? lastZ,
Cutputlterator result);

template <class Inputlteratorl, class Inputlterator2, class
Outputlterator, class StrictWeakOrdering>

Outputlterator set_difference(InputIteratorl firstl,
Inputlteratorl lastl,Inputlterator2 first2, Inputlterater? last2,
OutputIterator result, StrictWeakOrdering comp);

5.2.4.5. set_symmetric_difference

Nguyén mau:

template <class InputlIteratorl, class Inputlterator2, class
OutputIterator>
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Qutputiterator set_symmetric_difference(Inputlteratorl firstl,

InputIteratorl lastl,

_ InputlIterator2 firstz,

i InputlteratorZ last2,
L Outputlterator result):;

template <class Inputlteratorl, class Inputlterator?, class
Outputlterator,class StrictWeakOrderings>
! Outputlterator set_symmetric difference(InputIceratorl firstl,
Inputliteratorl lastt,
‘ Inputlterator? firstZ,
| Inputlterator? lastl,
a Cutputlterator result,

i StrictWeakOrdering comp) ;

5.3. Tém tit
5.3.1. Ghi nh&

Khuén hinh giai thudt 1a cadc khudn hinh ham cai dit céc thuit toan.
Khudn hinh gia1 thuét ¢o tinh khai lvge cao: khudn hinh giai thuat dwoc tham
s héa, khudén hinh héa mét cach triét dé, lam wviéc khéng phu thudc véo dir
lidu cu the, ¢6 tinh mém déo nhit dinh trong xir Iy, Ngudi dung khdng cin cai
dat lai cac thudt toan quen thudc, ¢é thé dung ngay khudn hinh giai thuat cho
nhitng muc dich cfia minh. Khudn hinh giai thuit 12 trung tim cta STL néi
riéng va cia mét thu vién lap trinh khai luoc n6i chung.

Gidr thudt lam viéc vdi bd chia thdng qua bé duyét. Nhe d6, gidi thuit
khéng bi phu thudc vao b chia cu thd. Vi dbi twong ham lam tac nhan bén
trong, gias thudt co tinh mém déo trong xu ly.

Giai thut trong STL c6 thé chia thanh ba 1dp chinh. Lop cac giai thudt
khong lam ddi bién. Lép nay chi yéu bao gdm céc khudn hinh giai thuat
duyét hodc tim kiém nhu: for_each, find, count, search,... Ldp thi hai
2dm cac giai thuat lam dbi bién, Lép nay bao gom cac gidi thuat sao chép,
x06a, dbi chd nhu: copy, transform, replace, remove, fill, .. Ldp tha
ba 1a cac giai thuat sip xép: sort, merge, equal range, min, max,... va
cac ham giai thuét cho phép toan tip hop Cac khudn hinh giii thuit trong tén
co dudt _1if chi khac cac khuén hinh giai thuat cung tén khong cé dudi if &
cach so sanh. Thay cho todn tir so sinh mic dinh (operator==,
operator<), cac hdm niy dung dbi tuong ham so sanh tuong tng. Nho vy,
tinh mém déo cia giai thudt duoc tang 1én.
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Khi st dung gidi thudt, can chi v cung cip ding kidu ciua tham sé
khuén hinh. Sir dung thanh thao giai thut trong STL s& tiét kiém duoc rit
nhidu céng sirc cho ngudi 1ap trinh, giup ngudi 1ap trinh tap trung vao cdng
viéc chinh cin giai quyét. Ty xdy dung céc giai thudt 1a mdt phong cach lap
trinh tot 4 tiét kiém ma ngudn, tiét kiém thai gian, cdng sitc.

5.3.2. Cac 18i hay gap khi lap trinh

L4i sai kidw: bd duyét trong nguyén miu la Bidirect iterator nhung chi
cung cap Forward iterator. D61 tugng ham trong nguyén méu yéu ciu Binary

function nhung lai cung cap ddi tuong ham thudc KHAL NIEM Unary
function.

Léi thiéu cdc yéu cau cho kiduw: Khi yéu cau gia tri T 12 kiéu Equality
Comparable, T phai nap chdng toan tit so sanh operator==. L3i nay hay xay
ra khi ngudi dimg st dung kigu tu dinh nghia va do d6, c6 thé dinh nghia
thiéu mét hosc vai toan tir ma kidu yéu céu.

L6i vi pham cdc diéu kién ciia bién: Céc diéu kién cua bién nhu khoing
hop 1€, khodng chdng nhau phai duoc tun thu. Vi du yéu\cﬁu result khéng
duge thube trong khoang [first, last) nhung khi dung lai khong thoa
min, s& gy ra théng bao 18i hoic két qui sai.

5.4. Bai tap

1/ Xem lai vi du trong muc 2.2.7. Néu mudn vidc sao chép bing
replace copy if thuc hién ngay trén chinh a, ta c6 thé thay bd duyét oi
bang con trd a nhu sau:

replace copy if{a,a+6,a,bind2nd{less<int> {},5},5};

cout << "b: ";
replace_copy(a,a+é,01,5,6);
cout << endl:

12345686
b: 6 6 6 66 6

Héi lam nhu trén la ding hay sai?

2/ Dung negate va sort dé sip xép mét ddy theo thir tu gidm dan.
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Chwong 6
LAP TRINH KHAI LUVOC

Muc dich chuong nay
e Gigi thiéu tiép cin khai luoc
¢ Y tudng lap trinh khai lugc trong STL

Trong quy trinh phat trién phidn mém {mg dung, nguoi ta thuong nhic
dén 2 tiép cin cin ban: top-down va bottom-up. Vai tiép cin top-down, hé
thong duge xay dung tir tong thé dén chi tiét. Tir mot yéu cau téng thé, hé
théng dugc cac nha phat trién phén rd thanh cic hé théng con, cac hé thong
con nay lai tiép tuc duoc phén rd thanh cac mé dun nhé hon cho t6i khi cac
md dun nay ¢ thé d& dang mé hinh hoéa va phat trién. C6 thé néi tiép can top-
down kha phit hop véi thuc té phat trién phan mém img dung bdi né xuit phat
tir cac van d& dat ra, phén tich va thiét k& ching theo ciu triic nghiép vy, tir do
xdy dung giai phap tuong ng ¢6 tinh chit ché cao. Tuy nhién dimg vé goc 86
céng nghé phan mém, cach tiép ¢an nhu vdy khé dam bao tinh sir dung lai cia
cac md dun phan mém. Do cac md dun nay dugc xay dung tir qua trinh phén
rd chirc nang nghiép vu nén kha ning st dung lai chiing trong cac img dung
khéc (tham chi trong cac phién ban ké tiép cia hé théng hién tai) rat thip. Han
ché nay di nhién s& kéo theo chi phi phat trién ton kém ciia cac nha phat trién
phéan mém chuyén nghiép.

D& nang cao tinh st dung lai, cac md dun phan mém cin phai dugce xay
dung sao cho ching phy thudc ti thidu véi nhau va véi cac bat toan nghiép
vu dit ra. Trong tiép cin bottom-up, cac mé dun phan mém duoc xay dung
truge (thuomg dudi dang céc thu vién), san phdm cudi cung s& duoc hinh
thanh bing cach 1ip ghép cac md dun nay. Co thé thiy rd tu tudng cia tiép
can nay trong phuong phip phat trién phin mém hudéng thanh phén
(component-based) dwoc d& cdp nhidu trong thoi gian gan diy. Viéc déo
nguoc thir tu phat tridn (tir nhitng mé dun cu thé lip ghép thanh hé thong
hoin chinh) tao nén su phan chia trong cac nha phat trién phn mém. Mot
nhém di theo con dudng phat trién phin mém img dung bing cach lép ghép
cac md dun ¢o sin theo mét kién tric phi hop yéu ciu nghiép vy dit ra, trong
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khi nhom con lai tép trung nghién citu, phat trién cic md dun mang tinh tdng
quat, c6 thé ap dung cho nhiéu (mg dung khac nhau.

Néu nhu nhiém vu dit ra cho nhom thir nhét 1a twong di 15 rang xuét
phat tir cac yéu cau nghiép vu dit ra thi vé1 nhdm thir hai cong viée doi ho
ngudi thiét k& va 1ap trinh phai dwoc trang bi cac phuong phap ludn dé c6 the
md hinh héa va phat trién cac méd dun tdng quat, c6 tinh sit dung lai cao.
Trong cdng nghé phin mém, thiét ké khai luoc (generic design) va ldp trinh
khai luge (generic programming ) 12 thudt ngir dé cap dén cac phuong phap
luén nhu vay.

Thiét ké khai luoc tip trung nghién clr, phat tridn cac md hinh thiet ké
c6 thd dugc s dung phd bién trong cac ing dung. Tiéu biéu cho thiét ke khai
luoc la hai k¥ thudt: miu thiét k& (design patterns) va miu quy trinh
(framework). MAu thiét k& cung cfp nhimg khuén mau (patterns) theo tiép
cin hudng ddi tuong gitp cac nha thiét ké d& dang td chuc cac 16p trong mot
img dung mét cach hidu qua va d& dang sit dung lai. Trong cudn sach noi
tidng “Design Patterns”, cac tac gid Erich Gamma, Richard Helm,; Ralph
Johnson, John Vlissides di théng ké 23 mau thiét ké co ban dugc chia lam 3
nhom :

- =
Nhom Mau Muc dich
Creational | Abstract Factory Xay dung cic dbi trong thudc cling nhém ndo
do
Builder Xay dyng cac ddi twong cAu thanh tr cdc ddi
trgng khic
Factory Method Giao dién tao d6i tong
Prototype Tao ra dbi twgng bing dbi tegng miu
Singleton Dong géi cic thi tuc trong mt ddi tuong
Structural | Adaptor Giao dién cho mdt dbi urgng |
Bridge Tich biét giita giao dién va thé hién cta doi
tueng
Composite Déi tirgng hep thanh
Decorator B sung chirc ning cho di trong ma khong cin
sit dyng ké thira
Fagade Giao dién voi mdt he théng
Flyweight Laru trit hidu qua tap dbi tugng
Proxy Chu néi &é truy nhép t61i mdt ddi tuong
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Behavioral | Chain of responsibility | B6i tugng hu trix cdc véu cAu chirc nz‘mg
Command Péi trgng thye hi€n céc yéu cdu chirc ning _
Interpretor _ Kiém tra chinh 1a va dich ngén ngir |
Iterator Duyét tsén danh sich déi tuong )

Mediator Co ché twong tic chung giira cic dbi tuong |
Memento Liru trir tﬁfmg tin bén ngoai ddi trgng i
Observer Quan sat sy phu thudgc gitra cac dbi tuong va

thuc hi¢n cip nhit cic ddi tuong chn thay déi

State Trang thai ciia mt dbi tuong ]
Strategy Giai thudt 1!
Template Method Cac budc cia gidi thuat T
Visitor Bo sung cac chie ning cho déi tucmg ma khong !

can thay déi lép tuong tng |

Cac miu thiét ké khong gidng véi cac thu vién. C6 thé hinh dung vé
mau thiét k& nhu mdt sidu md hinh (meta model). Trong nmg ung dung cu
thé, cac nha phan tich thiét ké s sit dung sidu mé hinh niy dé tao ra nhimg
mb hinh lép cu thé cho img dung ctia minh. Tinh khai heoc trong mau thiét ké
thé hlen & chd chung khong phu thude bat ky ung dung nao, bat ky cong cu
phat trlen nao. Cac nha thiét ké sir dung chiing @& rut ngn qua trinh thiét ké
ma van dat duoc hiéu qua cong viéc.

Néu nhu cac miu thiét ké mang lai ich loi khéng nhé trong viée thiét ké
cac 16p cu thé ciia mot img dung thi mau quy trinh (framework) lai tip trung
vao viéc vach ra cic quy trinh tdng quat cho vidc thiét ké nhitng khdi chic
nang cia ng dung. Vi du, dé xiy dung co ché quan Iy ngudi st dung cho
mdt ing dung, cic nha thiét ké miu quy trinh d& xuét ra cac méd hinh lwu trix
théng tin ngudi st dung, co ché phan quyén cho ngudi sir dung, mé hinh thuc
hién cac yéu ciu bd sung, loai bo hojc cip nhat, phan quyén cho ting ngudi
sir dung. Ciing giéng nhu muc tiéu cia miu thiét k&, miu quy trinh quan tim
t61 tinh khai lugc trong thiét ké, chi c6 didu chung khéng ap dung cho vidc
thiét ké nhiing 16p cu thé ma ap dung cho cic khéi chirc néng cu thé.

Thiét ke khai tugc chi dimg lai & mire do thiét k& Ca miu thiét ké va
miu quy trinh chi tao ra cac khudn miu tdng quat trg gitp cac nha thidt ké mé
hinh héa Ung dung mét cich nhanh chéng va hidu qua cha chua d& cip t6i
viéc x4y dung mi ngudén nhu thé nao. Lap trinh khai luoc ciing tiép thu tu
tudng khai luge nhung khong phai ap dung cho giai doan thiét ké ma cho giai
doan lap trinh. Trén cing mdt ban thiét ké, cac 14p trinh vién luén mong mudn
viét dugc nhimg doan ma ngudn vira ngin gon lai vira ddm bdo hidu qué sir
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dung va dé dang st dung lai. Viée tan dung céc thu vién phan mém cé sin 1a
con dudng ngén nhat dé dat duoc két qua nhu viy. Mot s6 nha phat trién lua
chon viéc phat tridn cac thur vién phin mém mang tmh chuyen dung, ap dung,
vao nthitng linh virc cu the vi du nhu thu vién dai s tuyén tinh, thu vién &
hoa,... Nguoc lai mot s&6 nha nha phat trién khac theo phong cach lip trinh
khai luoc thi lai xay dung nhiing thu vién mang tinh tdng quat, ap dung cho
moi (ng dung, moi linh vue. Khdng thé néi dang thu vién nao can thiét hon,
tuy nhién do thu vién chuyén dung thuéng bao ham cac cau trac dir lidu va
cac giai thudt kha cu thé do vay ung dung six dung cac thu vién nay dm hoi
phai tuin thu mdt cach kha ngat nghéo va cliing nhic khi st dung ¢ac cau tric
dir liéu va thu vién nay. Trong khi do, cac thu vién phat trién véi phong cach
1ap trinh khai tuge lai quan tAm to1 viée x4y dung cac cau trac dit 1iéu va gidi
thudt sao cho chung co thé sir dung mét cach linh hoat nhat trong {mg dung,

Cé thé t6m tht mot s6 nguyén tic chinh ciia l4p trinh khai luoe nhir sau:

o  Xay dung thu vién cac cu trac dir lidu va giai thudt tong quat mang
tinh str dung lai cao trong cac img dung.

¢ Dam bao tinh thich nghi cia ching trong moi Ung dung bang cach
tach roi chiing khoi cac yéu t6 ngén ngir cu thé nhu kiéu dir lidu

s DPam bio tinh hiéu qua cla ching khi duge cu thé hoéa trong timg
ung dung.

e Dam bao tinh ddc 18p cia ching voi cac cdng cy phat trién.

Trong phdn tiép theo ching td1 xin minh hoa y tudng ciia 1ap trinh khat

luoc duoc thé hién trong b thu vién khudn hinh chuan STL.

6.1. Lap trinh khai lwoc trong STL

C6 thé noi, STL 1a mét thé nghiém kha hoan hdo cta lép trinh khai
luoc. Tinh khai lugc cia STL duge the hién & cac khia canh

6.1.1. Thw vién cla cac clu truc div li¢u va giai thuéat tbng quat

Nhur d3 dé cip td: trong cac chuong trudce, STL bao gdm 5 thanh phén
chinh : B6 chira, B& duyét, Giai thudt, Péi tuong ham va B4 thich nghi.

Cé thé noi cac cdu tritc hcrp thanh chiém da s6 trong cac cau truc dir l:éu
co ban, V&i bé chita, STL cung cip cho ngudi st dung nhung cau truc dir iéu
hop thanh rét phd bién nhu tap hop, mang, danh sach moc néi, ngan xep, hang
doi, bang tra (map),... Nguoi sir dung co thé dé dang s\ dung cac céu trac dir
ligu nay théng qua nhung khuén hinh STL cung cap Piéu dang né1 & day 1a
cac cAu tric dir liéu nay duoc thiét ké thong nhét. Ngudi su dung cé thé sir
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dung cung mdt tén ham thanh phin trong nhidu cu triic dit liu khac nhau,
mién 14 cdu trac d6 cé hd tro.

Vi du : ham thanh phin push back() c6 thé duoc sir dung trong da s6
cac bd chita cia STL.

M0t chu tric kha dac sic khac ciia STL 1a bd duyét. Néu nhu trong C,
C++ con tré 1a mdt khai niém quan trong trong moi thao tac di lidu thi vl bd
duyét, STL da thay thé duoc phan nao khai niém con tro nay. Bo duyét khic
phuc dugc mét s6 han ché cta con trd nhu

e Tranh cho ngudi sit dung can thiép truc tiép t¢i bd nhd vit Iy

® B6 sung cac phuong thic thao tac (dong goi con tré thanh dbi
tuong).

Ngoai ra nhu d& cip tdi & chuong 111, bd duyét 1a b phan trung gian dé
tach rdi gifra t6 chire lwu trir di lidu va co ché xt 1y dir lidu. Hau hét cac glal
thuét trong STL déu thao tac vdi bd duyét thay vi thao tac truc tiép véi ciu
trac dir liéu ( bo chira). Nho khai niém bd chirta ndy ma lap trinh vién c¢6 thé
dé dang str dung (hodc tu xdy dung) cac gidi thuat trén cdu trac dir lidu ma
khdng phai thay d6i ndi dung cta chang.

Déi tuong ham ciing la mét trong nhimg thé manh ctia STL. Déi twong
ham dong goi cac co ché xir ly dir lidu thanh cic doi twong, nhé vy nhimg
thao tac duoc linh dong hon. Trong mét giai thude, thay vi sir dung léi goi téi
mot ham cu thé, nguén sir dung c6 thé sir dung déi twong ham dai dién. Nho
vay gidi thuft c6 thé d& dang thay dbi dé ap dung cho nhimg tinh hudng x Iy
khac nhau.

Vi du: Ham sort() cb thé dugc sir dung cho viée sép xép mét danh
sach véi nhiéu tidu chi sip xép khac nhau bing cich ap dung véi cac déi
tuong ham tuong g

M@t thanh phdn khic khéng kém phin quan trong trong STL 14 cac bd
thich nghi. Mt mit, ngudi sir dung quan tdm téi tinh da dang ctia thu vién,
mat khac, ho lai quan tidm tdi tinh théng nhét cua ching. Chfmg han vé mot
tip d6i tuomg, lap trinh vién ¢ thé sir dung céu truc mang hay c4u trac danh
sach moc néi dé quén 1y (tinh da dang), tuy nhién khi thao tac véi ching, ho
lal mudn coi ching nhu nhiing ngan xép hay hang doi (tinh théng nhit). Bb
thich nghi ¢6 thé xem nhu mét giao dién théng nhit gifta nhimg yéu ciu ma
ngudi st dung cin véi nhing cu tric ma thu vién h tro.

Cubi cing, khéng thé khoéng nhic dén cac giai thuit mang tinh khai
luge cao ciia STL. STL bao ham nhimg giai thujt cuc ky don gian nhung lai
duge s dung thudong xuyén trong moi img dung. §8 luong cac giai thuat
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trong STL ciing khong nhiéu, tuy nhién lai c6 49 linh hoat cao. Diéu nay giap
cho ngudi st dung khéng cin phai ghi nhé quéa nhiéu ¢l phap ma vén thuc
hién duoc cong viéc mong mudn.

6.1.2. Béc lap véi kiédu dir liéu

STL khéng phai 1a mét thu vién dbi tugng ma 1a mét thu vién khudn
hinh. Thu vién nay khéng phuc vy mét lop kiéu dix lidu dic thu nhu thuong
thdy & cac bd thu vién khac ma n6 hoan toan xay dung trén nhung, kidu dit
liéu triru twong. Chinh vi vy clng mét doan méa ngudn, STL c6 thé ap dung
cho mdot 1op kidu dit lidu khac nhau. Mot bd chira vector ¢6 thé duge sir
dung trong Umg dung cho cac vector s6 nguyén, sb thuc hay tham chi
vector cac d6i tuong ngudi sir dung tu dinh nghia. Twong tw nhu véy, cung
mbt gidi thudt sort co thé sir dung dé sp xép trén cac danh sach sd nguyén,
s thuc,. . chi cin ching dugc sép xép tudn tu.

Cé thé thiy tit ca cac thanh phin ciia STL déu ap dung nguyén tc nay.
Cac b chira six dung nhimg kiéu dir lidu triru tuong cho phép lap trinh viée
xiy dung céc céu tric dir lidu khac nhau véi cung mdt khudn hinh. Cac bd
duyét cho phép théng nhat khai niém con trd duyét cho nhiéu bd chua khac
nhau, Khuén hinh giai thuét hoat dong v&i cac bd duyét ma khong cin quan
tam td1 vlec chung tham chleu té1 ddi tuong kiu gl. Lép dbi tugng ham ciing
duoc gin voi cac tham sb khuén hinh do d6 ¢6 thé tao ra lop nhitng d6i tuong
ham cu thd. Bd thich nghi 1 ting giao dién gilra yéu céu nguol sir dung vén
cac khudn hinh trong STL do véy ching ciing duoe tham 56 hoa bai nhing
kiéu dir liéu 1a tham sb khudn hinh.

Tinh déc 1ap véi kiéu dir lidu gitp cho STL ¢6 mét kha nang linh hoat
cao trong u'ng dung. Véi cling giae dién théng nhat, 14p trinh vién ¢6 thé tao

ra nhung chu tric dir liéu méi, ap dung nhung giai thudt trén d6 ma khong cin
viét thém (hoac viét thdm rét it) ma ngudn.

6.1.3. Tinh hiéu qua

Trén mot ngdn ngit Iﬁp trinh, viéc tbng quat hoa thudng kéo theo tinh
kém hiéu qua trong thuc té 4p dung. STL ciing khéng phai mét ngoai 1€, tuy
nhién tac giad STL d3 c6 glng han ché t6i da cia su kém hiéu qua nay bing
cach phan loai cac khudn hinh va chi sir dung nhimg xu ly hiu qua trén cic
khudn hinh thich hop. Vi du nhu thanh phin ham push_front () chi cé mit
trong khudn hinh 1ist (danh sach méc ndi) chir khéng c6 mit trong khudn
hinh vector (mang). So véi cic thu vién khac, ching han nhu MFC, mét vai
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cdu tric clia STL 16 ra khong thyc sw hiéu qua , tuy nhién trén cac thu vién d6
thudng khéng ¢é duoc sur gon gang va théng nhét nhu véi STL.

Mat khac, vdi su phat trién ciia C++, han ché nay hoan toan c6 thé g1l
quyét duoc bing nhimg phuong phap cu thé hoa khudn hinh trén cic dir liu
dac thi dé tao nén nhimng céu tric dir lidu va giai thuat hidu qua.

6.1.4. Tinh ddc 1ap v&i moi trwdng phat trién

Co 1& khdng chi ¢6 STL méi ¢o6 tinh chat nay, nhiéu thir vién khac cliing
duoc xdy dung vén muc dich ap dung cho cac méi truomg phat tridn khac
nhau. Tuy nhién lgi thé ciia STL so véi cac thu vién khac & chd no da tro
thanh mét chuan thu vién cia C++ do vay héu hét cac cong cu phat trién C++
déu c6 hd tro STL. Pay 1a mot dic didm quan trong cho cic nha phat trién béi
vl STL ho s& khong phal quan tm 131 viéc xay dung lai ma ngudn khi thay
d6i mdi trudng phat trién,

6.2. M& réng lap trinh khai lwoc véi nén tang STL

Vin dung y tudng lap trinh khai lugc ctia STL, dong thoi cling sit dung
chinh b3 thu vién nay, mdt sb trung tdm nghién cru di dua ra cac bd thu vién
khudn hinh khac phuc vu céc 1op img dung dic thu hon.

Trong phu luc ciia cudn sach nay, ching t6i xin gidi thiéu t6i ban doc
hat bé thu vién nhu vay

¢ Thu vién khudn hinh cho ma tran MTL (trudong dai hoc Notre Dame —
Phap).

¢ Thu vién khudn hinh cho d6 thi GTL (truong dai hoc Passau - Pirc).
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Phu luc A

CAC KHAI NIEM TRONG STL

C4 hai tidu chi d& phén loai cac thanh phin cta thu vién STL. Theo
cach thir nhit, cac thanh phén duge xép vao 7 loai:
B& chia
BS duyét
Cac thuat toan

Tién ich
B6 thich nght
7. B cap phat

1
2
3
4. Dbéi tuong ham
5
6

Theo cach th hat, cac thanh ph?m duoc phin vao 3 loal
1. Céu trac dit liéu (cac cau tric va cac 1op)
2. Ham
3. KHAINIEM

Hai cach phén loal trén hoan toan doc lap. Mai cach déu co thé ap dung
cho moi thanh phin trong STL. Vi du, néu xét theo cach phan loai thir nhit,
vector thuéc pham tru bd chiaa Néu xét theo cach phan loai thir hai, vector
thudc 16p cac cau triac di lidu.

Trong cudn sach nay, ching 15i trinh bay vé thu vién STL dya theo
cach phin loai thir hat. Ching to1 chon hudng tiép can nhim gidi thidu toi
ddng dio ban doc mét thu vién Vap trinh hitu ich ma khong doi hoi & nguds
doc nhirng kién thirc qua sau vé lap trinh.

Trong cac chuong 2,3 va 4, ching t5i d trinh bay cac cau truc dir hiéu
co ban clia STL. Cac cdu tric nay bao gdm cac 16p bd chira, cac bd duyét, cac
doi tuong ham va cac bd thich nghi. Cac ham trong thu vién STL la cac g
thuit di duoc trinh bay trong chuong 5. Tuy nhién, véi mong mudn trinh by
thu vién STL dé hiéu nhit, chiing ta chi xem xét cac KHAI NIEM trong phan
Phuy luc.
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A1. So lwoe vé KHAI NIEM

Hau hét cac bd chira, céc giai thuat va cac dbi tuong him cia STL duoc
cung cip duéi dang cc khudn hinh. Do véy, khi sir dung, cac lop nay can xem
xét t61 kiédu dir lidu nio ¢o thé thay thé cho tham sé khuén hinh. Mot kidu dir
lidu c6 thé thay thé cho tham s8 khudn hinh phai thod min mét sé didu kién
nhit dinh. Cac didu kién duoc g got 1a rang budc va phu thude vao ting 1ép cu
thé. Tép cac rang bude ¢b thé ¢6 duge chia vao cac nhom. M3i nhém cac rang
budc duroc goi la KHAI NIEM.

Cac KHAI NIEM duoc x4y dung theo nguyén tic tinh chinh dén. Nghla
1a, cac KHAI NIEM phire tap duoc xdy dung bing cach két hop cac KHAI
NIEM don gian hon véi nhau. Viée tinh chinh ciing c6 thé 12 bd sung thém
hodc sita d6i cac rang bude tir cac KHAT NIEM khac. P4 tao ra mét KHAL
NIEM mdi, nguoi ta cé thé két hop ca hai co ché trén. Vi cach thire nay, mdt
KHAI NIEM c6 thé 13 két qua tlr viéc két hop ¢6 sua doi va bd sung tir mot
hoic nhiéu KHAI NIEM tién d& Khi do, ta ndi ngan gon KHAI NIEM duroc
tinh chinh tir cic KHAI NIEM tidn & Luwu y ring, viéc tinh chinh khéng phai
luc nao cling tao ra mdt KHAI NIEM méi phirc tap hon.

KHAI NIEM khéng duoc dinh nghia nhu mét phin ciia ngén ngit lap
trinh néi chung va ngén ngl C++ ndi riéng. Khdng cé cach nao dé dinh nghia
mot KHAI NIEM trong chuong trinh hay thé hién mét cdu tric cu thé nao dé
12 mé hinh ctia mét KHAI NIEM. Tuy viy, KHAI NIEM 14 mdt phin dic biét
quan trong cua thu vign STL. Su dung cac KHAI NIEM tao ra su thudn tién
trong viéc xdy dumg ciing nhu sit dung thur vién. Poi véi nguoi xay dung thu
vién, sir dung KHAI NIEM tao ra su déc lap twong d6i gifra d& xuit giao dién
va xdy dung phan thuc thi ctia cic ham.

A.2. Cac KHAI NIEM trong STL

Dé tién trinh bay ching t6i tam chia cac KHAI NIEM trong thu vién
STL vao 4 lap sau:

I. Cac KHAl NIEM co sé, bao gdm: Assignable, Default
Constructible, Equality Comparable va Less Than Comparable.

2. Cac KHAI NIEM lién quan téi bd chia, bao gdm: Container,
Forward Container, Sequence, Associative Container, Reversible
Container, Back Insert Sequence, Front Insert Sequence, Simple
Associative  Container, Pair Associative Container, Unique
Associative Contamner, Multiple Associative Container, Sorted
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Associative Container, Hash Associative Container, Unique Sorted
Associative Container, Random Access Container.

3. Cac KHAI NIEM lién quan t&i bd duyét, bao gém: Output Iterator,
Trivial Iterator, Input Iterator, Forward Iterator, Bidirection Iterator
va Random Access Iterator.

4, Cac KHAI NIEM lién quan téi dbi twong ham, bao gdém Generator,
Unary Function, BinaryFuntion, Adapable Generator, Adapable
Unary Function, Adapable Binary Function, Predicate, Hash
Function, Binary Predicate, Adapable Predicate, AdapbleBinary
Predicate, Strict Weak Order, Monoid Operation vd Random
Number Generator

A.2.1. Cac KHAINIEM co s&

KHAI NIEM Assignable

Mt kidu dit lidu duoc goi Assignable néu c¢6 thé sao chép cac doi tuong
va gan gié tri cho bién thudc kiéu nay.

KHA! NIEM Default Constructible.

Mét kiéu dir liéu duoc goi 1a Default Constructible néu né ¢b cau tir
mic dinh. Didu d6 co nghia la ¢6 thé tao ra mét ddi trong thude kidu nay ma
khéng can khai tao ddi tuong vdi bat clr mét gia tri nao.

KHAI NIEM Equality Comparable

M@t kidu dir liéu dugc goi 1a Equality Comparable néu hai d6i tuong
thude kidu nay cé thé so sanh su ngang bang théng qua toan tir == dong thoi
quan hé ngang bing duoc dinh nghia bdi toan tir == 1a mdt quan hé tuong
duong.

KHAI NIEM LessThan Comparable

M5t kidu dif liéu duoc goi 1a Less Than Comparable néu hai d6i tuong
thude kidu nay cé thé xac dinh trat tu bing toan tir < dong thdi quan hé duoc
dinh nghia qua toan tir < 1 quan hé bit d6i ximg.
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A.2.2. Cac KHAI NIEM lién quan t&i bd chira

KHAI NIEM Container

Mot kiéu dir lidu dwoc goi 13 Container néu né cho phép luu trlr mét tap
cac doi tuong thude kidu khac. Cac dbi tuong nay dugc gor 1a phan tir cua
Container

KHAI NIEM Container duge tinh chinh tir KHAT NIEM Assignable

KHAI NIEM Forward Container

Mot kiéu dit lidu thoa min KHAT NIEM Forward Container néu né 1a
mot Container dong thoi cac phan tir ciia né dugc sép xép theo mét trét tu
nhit dinh.

KHAT NIEM Forward Container duoc tinh chinh tir cac KHAI NIEM
Container, Equality Comparable va LessThanComparble.

KHAI NIEM Reversible Container

Mét kiéu dit liéu duoc goi 1a Reversible Container néu nd thoa man cac
diéu kién cua KHAT NIEM Forward Container ddng thoi bd duyét ciia né 1a
mot Bidirection Iterator. Cac bd chira dang nay cho phép duyét bé chia theo
thir tu tir cudi lén dau.

KHAI NIEM Reversible dugc tinh chinh tir KHAI NIEM Forward
Container.

KHAI NIEM Random Access Container

Mt kiéu dir liéu duoc goi 14 Random Access Container néu no la
Reversible Container ddng théi b duyét cia né la mdét Random Access
Iterator. Cac bd chira dang nay cho phép théi gian truy nhap mét phan tir ludn
la mot hfmg sd.

KHAI NIEM Random Access Container duoc tinh chinh tr KHAI
NIEM Reversible Container.

KHAI NIEM Sequence

Mot Sequence fa mdt Container v&i kich thude bién ddi. Cac phéan tir
trong mdt Sequence duoc t6 chie theo thir tu tuyén tinh. Sequence hd tro cac
thao tac bd sung va loai bd cac phén tur.
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KHAI NIEM Sequence dugc tinh chinh tir cac cac KHAI NIEM
Container va Default Constructible.

KHA! NIEM Front Insert Sequence

Mbt kiéu dir lidu la Front Insert Sequence néu né 14 mdt Sequence dong
thdi né hd tro cac co ché cho phép thoi gian d8 bd sung hay truy xuit mot
phan tir & dau diy ludn la hing sb.

KHAI NIEM Front Insert Sequence duoc tinh chinh tr KHAI NIEM
Sequence.

KHAI NIEM Back Insert Sequence

Back Insert Sequence la mot Sequence cho phép bd sung hay truy xuat
phan tir & cudi voi thoi gian hing sb.

KHAI NIEM Back Insert Sequence duoc tinh chinh tir KHAI NIEM
Sequence.

KHAI NIEM Associative Container

Associative Container 1a mét Container ¢ kich thudc kha bién cho
phép truy xuft cac phdn tir dua trén gia tri khoa. Viée luu trir cac phin t
duoc O chic dua trén gia tri khoa. Pay la mdt ddc trung quan trong cta
Associative Container. Dic trung nay din t&i mot s6 tinh chat cua Associative
Container,

e Tha nhét, vidc bd sung cac phan tir khong can chi dinh vi tri bd
sung.
¢ Thir hai, mdi phén tir trong mot Associative Container lién quan téi
hai gia tri: gia tri phan dit liéu va gia tri khoa. Gia tri khoa clia mdt
phén tir khéng duoc phép thay dét.
KHAI NIEM Associative Container duoc tinh chinh tir cic KHAI
NIEM Container va Default Constructible.

KHAI NIEM SimpleAssociativeContainer

Simple Associative Container 1a mdt Associative Container ¢d gia tn
phan dir liéu va gia tri khoa 1a mot. Do vay gia tri clia khoa ciing 12 gia tri
phan dit liéu va ciing 1a gia tri ctia phin ta.
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KHAI NIEM Simple Associative Container dugc tinh chinh tir KHAI
NIEM Associative Container.

KHAI NIEM PairAssociativeContainer

Pair Associative Container 1a mdt Associative Container vét mdi phan
tir mdt cip bao gom gia tri khoa va gia tri phén ti. Hai gia tri nay hoan toan
déc 18p v&i nhau. Nhu vay, gia tri ctia mot phan ti 14 mdt cip gia tri.

KHAT NIEM Pair Associative Container dugc tinh chinh tr KHAI
NIEM Associative Container.

KHAI NIEM Sorted Associative Container

Sorted Associative Container 4 mdt Associative Container. Cac phan tir
trong Sorted Associative Contatner dugc sip xép theo mdot trét tu nhét dinh.
Trét tu ndy dugc xac dinh theo mdt quan hé gifra cac gia tri khoa.

Viéc sap xép cac phan tir trong Sorted Associative Container giup cho
d6 phirc tap ctia hau hét cta thao tac trén b chira khdng vuot qua logsn.

KHAI NIEM Sorted Associative Container duoc tinh chinh dua trén hai
KHAI NIEM Reversible Container va Associative Container.

KHAI NIEM Hash Associative Container

Hash Associative Container 12 mot Associative Container duoe td chirc
lwru trir gibng mdt bang bim. Cac phén tir trong Hash Associative Container
khéng c6 mét trat tw nhat dinh nao va thuc té 1a chung khéng duoc sip xép.
b6 phiic tap cua cac thao tac trén Hash Associattve Contamer trong truong
hop x4u nhit 12 O(n) con trung binh 13 O(C) véi C 1a mét hing sb. Pidu nay
¢6 nghia 13 d6i voi nhimg tmg dung chi don thudn luu trir va truy xuft cac gia
tri, thir tu 12 khoéng quan trong, sir dung Hash Associative Container hiéu qua
hon Sorted Associative Container.

KHAI NIEM Hash Associative Container dugc tinh chinh tir KHAI
NIEM Associative Container.

KHAI NIEM Unique Associative Container

Mot Unique Associative Container 1a m$t Associative Container thoa
-~ - A ~ v . X - ’ - - - -
mén yéu cau khéng chira hai phan tir ¢6 cung gia tri khoa.
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KHAI NIEM Unique Associative Container dugc tinh chinh tir KHAI
NIEM Associative Container.

KHAI NIEM Multiple Associative Container

Mt Multiple Associative Container la mét Associative Container cho
phép nhidu hon mét phan tir ¢6 cing gia tri khoa.

KHAI NIEM Multiple Associative Container duoc tinh chinh tir KHAI
NIEM Associative Container.

KHAI NIEM Unique Sorted Associative Container

Unique Sorted Associative Container 12 mdt Sorted Associative
Container thod man rang budc vé tinh duy nhat cia gia tri khoa trong tip cic
phan tir do Unique Associative Container quy dinh.

KHAI NIEM Unique Sorted Associative Container dugc tinh chinh tu
cac KHAI NIEM Sorted Associative Container va Unique Associative
Container.

A.2.3. Cac KHAI NIEM lién quan té&i bd duyét

KHAI NIEM Trivialiterator

Mot ddi tuong duoc goi 1a Trivial Iterator néu né duoc st dung dé trod
téi mot 441 tuong khac. Viéc giai tham chiéu trén d6i tuong Trivial Iterator
cho phép tham chiéu t&i déi twong duoc né trd téi.

KHAI NIEM Trivial Iterator duwoc tinh chinh tir cac KHAI NIEM
Assignable, Equality Comparable va Default Constructible.

KHAI NIEM Input Iterator

Input Iterator 12 mot Trivial Iterator trd to1 mot phén tr trong mdt tip
cic phan tir. Ngoai vidc hd tro phép gidi tham chiéu d& tham chiéu téi doi
twong dang trd t&i, Input Tterator con ¢6 lidn hé véi phan tir k& tiép cia phén
tir dang duge tro t6i trong tép cac phan tir. Lién hé nay cho phép Input Iterator
¢6 thé tro t6i phan tir ké tiép nay bing cach tyr ting 1én mdt don vi.
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KHAI NIEM Input Iterator dwoc tinh chinh tr KHAL NIEM
Triviallterator. Trivial Iterator.

KHAI NIEM Output Iterator

Mot ddi tuomg Qutput lterator s& phai hd tro cic co ché dé luu lai mét
gl tri vio mot tép phan tir tai vi tri né dang trd td1. Output Iterator khong cho
phép tham chiéu t¢i mét déi tugng nio.

KHAI NIEM Output Iterator dugc tinh chinh tir cac KHAI NIEM
Assignable va Default Constructible.

KHAI NIEM Forward iterator

Mét d6i tuong Forward Iterator cho phép truy xudt cac phin tir trong
mdt tap cac phin tir ddng thdri cho phép luu lai mot gia tri vao sau vi tri nd
dang troé toi. Forward Iterator chi cho phép duyét diy cac gia tri theo mét
chiéu nhat dinh.

KHAI NIEM Forward Iterator duoc tinh chinh tir cac KHAI NIEM
Input Iterator va Outputlterator Qutput [terator

KHAI NIEM Bidirection Iterator

Mt doi tueng Bidirection Iterator cho phép truy xudt cic phén tir trong
mdt tdp cac phin tir ddng thoi cho phép tuu lai mdt gia tri vao sau vi tri né
dang trd tdi. Bidirection Iterator cho phép duyét diy cac gia tri theo ca hai
chiéu,

KHAI NIEM Bidirection Iterator duoc tinh chinh tir KHAI NIEM
ForwardIterator. Forward Iterator.

KHA! NIEM Random Access Iterator

Mot Random Access Iterator 1a mét Bidirection Iterator cho phép dich
chuyén téi cac phén tir dimg trudc hoiic sau phan tr dang trd i (khéng nhit
thiét 1 lién k&) véi tht gian 13 hing sé.

KHAI NIEM Random Access Iterator duoc tinh chinh tir cac KHAI
NIEM Bidirection Iterator va LessThanComparable Less Than Comparable.
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A.2.4. Cac KHAI NIEM lién quan té&i déi trong ham
KHAI NIEM Generator

M6t ddi tuong duoc goi la mot Generator néu né ¢b toan tu £o1 ham
khéng tham so.

KHAI NIEM Generator dugc tinh chinh tir KHAI NIEM Assi gnable.

KHAI NIEM Unary Function
Mét dbi tuong dugce goi 134 mdt Unary Function néu nd c6 toin tir goi
ham mét d6i sb.

KHAI NIEM Unary Function dugc tinh chinh tr KHAI NIEM
Asstgnable.

KHAI NIEM Binary Function
Mbt dbi tuong dugce goi 12 mdt Binary Function néu né cé toan tir goi
ham hai d6i s6.

KHAI NTEM Binary Function dugc tinh chinh tir KHAI NIEM
Assignable.

KHAI NIEM Adapable Generator

Mét Adapable Generator 14 mt Generator ¢6 dinh nghia typedef cho
kiéu tra v& trong phan dinh nghia.

KHAI NTEM Adapable Generator dugc tinh chinh tr KHAI NIEM
Generator

KHAI NIEM Adapable Unary Function

Mdt Adapable Unary Function la mét Unary Function ¢6 cac dinh nghia
typedef cho kidu tra v& va kiéu ctia d6i sd.

KHAI NIEM Adapable Unary Function dugc tinh chinh tir KHAI
NIEM UnaryFunction Unary Function
KHAI NIEM AdapableBinaryFunction

Mbt Adapable Binary Function 13 mdt Binary Function cé cac dinh
nghia t ypedef cho kidu tra v& va kidu cua cac d6i s6.
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KHAI NIEM Adapable Binary Function duoc tinh chinh tir KHAI
NIEM BinaryFunction. Binary Function

KHA! NIEM Predicate
M&bt Predicate 1a mét Unary Function c6 kidu ciia gia tri tra vé& la bool .

KHAI NIEM Predicate duoc tinh chinh to KHAI NIEM
UnaryFunction. Unary Function

KHAI NIEM BinaryPredicate

Mot Binary Predicate 13 mdt BinaryFunction c6 kiéu cia gia tr tra vé 1a
bool.

KHAI NIEM Binary Predicate duoc tinh chinh tr KHAI NTEM
BinaryFunction Binary Function

KHAI NiEM AdapablePredicate

Mot Adapable Predicate 14 mt Predicate ¢c6 dinh nghia typedef cho
kieu ddi s6 va gia tri tra vé (bool)

KHAI NIEM Adapable Predicate dugc tinh chinh tir cdc KHAI NIEM
Predicate va AdapableUnaryFunction. Adapable Unary Function

KHAI NIEM AdapableBinaryPredicate
Mgt Adapable Binary Predicate la mot Binary Predicate ¢6 dinh nghia
typedef cho kiéu ddi sb va gia tr tra vé (bool).

KHAT NIEM Adapable Binary Predicate duoc tinh chinh tir cac KHAI
NIEM Binary Predicate va AdapableBinaryFunction. Adapable BinaryFunction.

KHAI NIEM StrictWeakOrdering

Strict Weak Ordering 1a mét Binary Predicate so sanh hai d6i tuong.
StreakWeakOrdering s& tra vé gi4 tri true néu ddi tuong tuong img vl tham
s6 ddu dimg trude dbi tuong tuong (ng véi tham sé thir hai Vi tir nay phai
thoi mian KHAI NIEM tuong tng trong toan hoc.

KHAI NIEM Strict Weak Ordering duogc tinh chinh tt KHAI NIEM
BinaryPredicate. Binary Predicate
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KHAI NIEM MonoidOperation

Monoid Operation 12 mét BinaryFunction thoa man 3 didu kién sau

e Kiéu clia cac dbi sb va két qua tra vé phai 12 mdt.

o Tdn tai mét phén tir trung hoa (identity element). Phan tir trung hoa
ctia ham hai d6i s6 £ trén tap gia tri T 13 mét phén tir id thude T sao
cho v&i moi = thude T ta ludbn ¢6 £ (%, id) =£(id, x) = =

e C6 tinh két hop, nghia 1a néu £ 1i mét ham hai ddi s6, x, y va z 13
ba d6i twong cang kidu thi £ (£(x,y), z) = £(x, £(y, 2}).

KHAI NIEM RandomNumberGenerator

Random Number Generator 1a mét ham mét dbi sé ding dé sinh ra mt
s6 nguyén ngiu nhién. $6 nghu nhién dyoc sinh ra niam trong khoang {0, Nj
v&i N 14 gia tri cia dbi sO.

KHAI NIEM Random Number Generator dugc tinh chinh tu KHAI
NIEM UnaryFunction Unary Function

KHAI NIEM HashFunction

Hash Function la mot Unary Function dong vai trd anh xa giﬁa gia tri
cia dbi s véi gia tri tra ve Hash Functlon dam bdo rang gla tri tra vé chi phu
thuoc duy nhit vao ddi sd. Ddng thin, néu gia tri cha 481 s6 bang nhau, gia tri
tra vé ctia ham ciing bing nhau.

KHAI NIEM Hash Function dugc tinh chinh tr KHAI NIEM
UnaryFunction Unary Function
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Phu luc B

MOT SO THU VIEN KHUON HINH KHAC

STL da trd thanh mot xu huéng, mdt phong cach 13p trinh mdéi. Hién
nay trén thé glO’l di co rat nhiéu bd thu vién duoc xdy dung theo phong cach
STL. C6 thé k& ra & ddy mot vai thu vién tiéu bidu:

MTL (Matrix Template Library): bd thu vién khuén hinh cho ma
trin. Diy la bo thir vién do trudng Pai hoc Notre Dames phat trién.
MTL cung cap cac dang khac nhau cita ma tran (thua dic, duodng
cheo tam giac,...) dud dang cac 16p bd chira. MTL dong thdt cung
cap cac 16p b duyét, dbi tuong ham, giai thust dé lam viéc trén ma
tran.

GTL (Graph Template Library): bd thu vién khuén hinh cho dd thi.
Piy 1a bd thu vién do truong Pai hoc Passau phat trién, GTL tap
trung chu yéu lén cic giai thudt phuc vu cho dd thi nhu cac giai

thuat BFS, DFS, cac gid1 thuét sip xép, tim dudng truyén théng trén
d6 thi.

BTL (Boost Template lerarles) c6 thé noi day la mét tdp hop cac
thu vién khudn hinh do nhidu ngudi phat trién duge quan ly bai to
chirc Boost. Mai thanh vién cita Boost ¢ thé thém vao cac thu vién
khudn hinh cta chinh minh ho#c sira dbi cac thu vién sin c¢é mét
cach tuy y. Hién tay, BTL ¢6 khoang 50 thu vién khudn hinh bao
gom rit nhidu thé loai, trong d6 c6 ca thu vién cho dd thi (BGL -
Boost Graph Library).

XTL (XML Template Library): b$ thu vién khuén hinh cho XML.

MySQL++: bd thu vién khudn hinh cho hé quan tri co s& dir lidu
MySQL. MySQL 1a mét trong nhitng hé quan tri co s& di liéu
thudng gip trén nén Unix/Linux. MySQL++ 13 bd thur vién cung cip
mot giao dién ldp trinh cho MySQL. Phién ban méi nhit cia
MySQL++ di duoc viét lai theo phong cach STL.

CGI++: bdé thu vién khudn hinh cho 14p trinh CGI (Common
Gateway Interface). Cling nhu My SQL-H CGI++ méi dugce viét

lai theo phong cach STL. Diéu nay c6 thé minh ching cho su phat
trién clia xu hudng lap trinh STL.
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s DTL (Database Template L1brary) bd thu vién khudn hinh cho lap
trinh véi co s& dit liéu. DTL ¢é thé lam vidc dugc véi nhiéu hé quan

tri co s& dir lidy, trén hé didu hanh Windows ciing nhu trén hé didu
hanh Unix/Linux.

Céac bd thu vien trén va con nhiéu bd thur vién khudn hinh khac van con
dang duoc phat trién, mé rong Chung t01 Xin glm thidu dud day mét cach
chi tiét hon v& hai bd thu vién tiéu biéu la MTL va GTL.

B.1. Thw vién MTL

Trong cac bd thu vién liét ké & trén, MTL 1a bd thu vién dugc xay dung
gidng voi STL nhéat. Tix cach xay chmg thu vién, cac thanh phan ciia thu vién
cho dén tai lidu tham khao déu gibng véi STL. Tuy phan tai liéu tham khao
ctia MTL chua dwoc day di nhu cua STL va con nhidu thiéu sot, nhung néu
ban doc da quen véi STL thi viéc 1am quen vé1 MTL s& khong qua kho khan.

B.1.1. Cai dat MTL

Cung nhu cac bd thu vién kiéu STL khac, MTL c6 thé dugc bién dich
trén nhidu hé didu hanh. Chung t6i di thir bién dich MTL trén Linux, Unix
véi gee, trén Windows vdi Visual C++ 6.0 va Visual C.NET JE:! cac hé diéu
hanh va trinh bién dich C++ phd bién & Viét Nam. Nguoi ding mudn s dung
MTL tren hé didu haoh nao, 1én trang web http://Isc.nd. edufresearchf’mtl dé
14y v& bd thu vién tucrng {mg,. Tai thoi diém chang t61 hoan thanh cubn sach
(11/2002), ban doc c6 thé tham khao nhu sau:

e Tép mtl-2.1.2-21 tar.gz danh cho hé diéu hanh Linux/Unix.

o Tép mtl-2.1.2-20.zip danh cho hé diéu hanh Windows, trinh bién
dich VC6.

e Tép mti-2.1.2-21zip danh cho hé diéu hanh Windows, trinh bién
dich VC7 (hay VC.NET).

Ban doc c6 thé 14y ba tép nay trong dia CD di kém. Sau khi gidi nén,
t1m tép INSTALL huong din cach cai dit. Viée cai dat MTL trén Windows
rit d& dang: chi cin dat bién duong dan cho céc tép tidu & chi &1 thu muc
giai nén mtl-2.1.2-xx 1a xong. Sau d6, khi sir dung ta thém cac dan huéng
bién dich nhu #include <<mtl/matrix.h>.

Chuong trinh sau tao hai ma trén, thuc hién phép nhin ma trén trén
ching rdi in ra.

#include <mtl/matrix.h>

#include <mtl/utils.h> B
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#include <mtl/mtl.h>
using namespace mtl;
void main()
{
typedef mtl::matrix <int>::type MATRIX;
MATRIX m(4,4), n(4,4), p(4,4);
for (int i = 0; i < 4; i++)
for (int j = 0; j < 4; j++)
{
m(i,j) = j;
n(le}' = 1i;
}
print_all matrix(m);
print_all matrix(n);
mtl::mult(m,n,p):;
print_all matrix(p):

}

4x4

[

[0,1,2,31,
[0,1,2,3},
[0,1;2,3],
[0,1,2,3]

B

4x4

[

(0,0,0,0],
(1;1,1.17,
[2!2#212] ’
[3,3,3,3]

]

4x4

£
[14,14,14,14],
[14,14,14,14],
[14,14,14,14],
[14,14,14,14}
]

B.1.2. Cac thanh phan cua MTL

Cac thanh phan chinh ciia MTL bao gém b chira, bd duyét, b sinh, b
chon, ddi tuong ham, gidi thuat. Do khudn khd han hep cta quyén sach,
ching t61 khong thé trinh bay chi tiét cac thanh phan dé ma chi giéi thiéu
so bd. Ban doc nén tham khao thém trong tai liéu cia MTL di kém trong
dia CD.
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Pinh dang ma trén

Trudc khi ndi vé céc thanh phén cia MTL, ta can n6i dén dinh dang cua
ma trin trong MTL. Dinh dang cia ma tran bao gdm bén dinh dang: kleu
phan tir, kidu hinh dang, kiéu luu trir va kiéu huéng. Kiu phin tir bao gém
int, double, float, bool,. . Kiéu hinh dang bao gdm: rectangle (hinh
chir nhét), band (hmh dai), dlagonal (dudong chéo). Kiéu hinh dang lién
quan td1 viéc phan bd vi tri cac phan tir khac 0 trong ma trén. Vi du, ma trén
tam giac (trudng hop dédc biét cia band):

[1 2 3 4 5 )
[o & 7T 8 9 ]
{0 0 10 11 12 ]
[0 © 0 13 14 ]
[0 0 0 0O 15 ]

Kidu luu trir lién quan t6i phan bé mat 46 cac sd khac 0 trong ma trén
nhu déc, thua, nén... Chfmg bao gbm: packed, banded, dense, array,
compressed. Kiéu huéng gdm column major va row major. Khi ma
tran co kidu hudng i column  major, bd duyét hai chiéu trén ma trén s&
duyet trén chc cot. Khi ma trén c6 kidu hudng 13 row _major, bd duyét hai
chiéu trén ma trin s& duyét trén cac hang B& chira, bd duyét, bd chon, bd
sinh,... cac thanh phan khac cia ma tran déu lién quan chit ché t6i mét trong
cic dinh dang trén clia ma trdn. M6t ma trén khi khong thé thiéu dugc mot
trong bdn dinh dang d6. Vi du sau dinh nghia mdt ma tran nguyén hinh chir
nhit lru trit kidu ddc va cd huong 1a edt:

typedef matrix<int,
rectangle<>,
dense<>,
column _major>::type ColMatrix;

B& chira va bd duyét

MTL xiy dung cic bd chia img vé céc KHAI NIEM: Matrix,
ColumnMatrix (ma trin ct), DiagonalMatrix (ma tran duong cheo)
RowMatrix (rna tran hang), TwoDStorage (ma tran luu trir hai chidu) va
Vector. KHAI NIEM trung tam trong MTL tAt nhién 13 KHAI NIEM Matrix.
Matrix cé thé coi nhu mét b chira cia bo chira hay mdt bd chira hai chiéu
(2D contamer) Vi 14 bd chia, MTL ¢6 cic ham thanh phan begin(),
end () tra vé cac bd duyét hai chiéu (2D iterator - duyét timg hang hodc timg
cdt). Giai tham chidu bd duyét hai chidu ta duoc bd chira mdt chiéu (1D
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container). B chira mét chiéu lai ¢6 cac ham begin(}, end() tra vé& bd
duyét mét chiéu (1D iterator - duyét ting phan tir cia hing hay ¢t). Poan
chuong trinh sau in ra ma trdn a ding b duyét mét chidu va bd duydt hai
chiéu:

typedef Matrix::const_iterater i; // bo duyet hai chieu
typedef Matrix::OneD::const_iterator j; // be duyet mot chieu

for (i = A.begin{}; i '= A.end(}; i++)
{
for(j = (*i).begin(); 3 '= (*i)}.end{}); J++)
cout << {*j) << " ",

cout << endl;

|

Tir cac KHAI NIEM trén, MTL cung c4p rit nhidu bd chira hitu dung:
column matrix, row matrix, diagonal matrix, triangle matrix,
symmetric matrix,.. Lién quan tdi bd chira con cd bd sinh {generator),
bd chon (selector), bé thich nghi (adaptor),...

B sinh quan trong nhat 1 matrix. Khi sinh mét ma tran, phai cung
cdp du bon dinh dang nhu di néi. Cac bé sinh con lai gdm band _view,
block  view, symmetric_ view, tri_ view va triangle view.
Cac bo sinh nay tao ra ma tran véi dinh dang mdi t&r ma tran dﬁy da. Vi dy, ¢b

A N . . x - s . - A )
the dung triangle view d& tao ra ma tran tam glac to ma tran day di
Chwong trinh dudt day minh hoa cach dung band _view:

#include <iostream>
#include "mtl/matrix.h"
#include "mtl/mtl.h"

template <class Matrix>
void print_banded views(Matrixs A)
{

using namespace mtl;

const int M = A.nrows(};

const int N = A.nrows();

std::cout << "Ma tran day du” << std::endl;
print_all matrix(A):

std: :cout << std::endl;

typedef rows_type<Matrix>::type RowMatrix;

std::icout << "Ma tran dai:" << std::endl:

band_view<RowMatrix>::type B{2, 1, A);
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print_all banded(B, 2, 1);
std: :cout << std::endl;

}
void main/{()
{

using namespace mtl;
int M =5, N = 5;
typedef matrix<double>::type Matrix;

Matrix A(M, N);:

1]

for (int j
for (int
A(i,3)

0; J < N; ++3j)
= 0; 1 < M; ++1i)
double(i * N + j);

o

print_banded views (A);

}

Ma tran day du
5x%5

[

(0,1,2,3,41,
[5,6,7,8,9],
[10511,12;13.147,
[15,16,17,18,181,
120,21 ,22,23+24)
]

Ma tran dai:

Bxs

[

(0,1,0,0,0],
[5,6,7,0,0],
[10,11,12,13,0]);
[0:16,17,18.19], -
[0.0,22,23,24]

]

B6 chon gom 15 16p. Cac bd chon dung dé dinh dang ma tran trén hai
dinh dang luu trir va hinh dang. Vi du bd chon diagonal dung dé dinh ra ma
tran duong chéo. B chon dense dung & dinh ra ma tran c6 kiéu luu trir dic.

Giai thuat

MTL c6 tat ca 40 giai thuat. (So sanh: STL ¢6 60 giai thuat) Co thé n01
céac thuat toan trén ma tran da duoc cung cap day da. C6 thé liét ké ra mot so
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thuat toan quen thudc: cong hai ma tran, nhan hai ma trén, ma tran chuyén vi,
ma tran nghich ddo,... Vi du sau minh hoa giai thuat chuyén vi ma tran
transpose:

#include <mtl/matrix.h>
#include <mtl/mtl.h>
void main()
{
using namespace mtl;
typedef matrix< double,
rectangle<>,
dense<external>, // external cho phep sinh ma
tran tu du lieu ben nghoai
column major>::type Matrix;
const Matrix::size_type N = 3;
Matrix::size_type large;
double dA[] = { 1, 3, 2, 1.5, 2.5, 3.5, 4.5, 9.5, 5.5 };
Matrix A(dA, N, N); // sinh ma tran tu mang dA
cout << "Ma tran ban dau: " << endl;
print_all matrix(A);
transpose(A); // ham giai thuat chuyen vi
cout << "Ma tran chuyen vi: " << endl;
print_all matrix(A);

}

Ma tran ban dau:
3x3

[

[4,%.5,4.51,
13,2.5.9.81,
[2,3:.5,5.58)

] .

Ma tran chuyen vi:
3x3

[

Bl 3,21,
R B
[4.5.9.5 5.5]

]

Vi du sau minh hoa cach dung khuén hinh gidi thudt tri  solve dé
gidi phuong trinh X*T = B.

#include "mtl/matrix.h"
#include "mtl/mtl.h"
#include "mtl/utils.h"
#include "mtl/linalg vec.h"
using namespace mtl;
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void main()
{
typedef matrix< double,
triangle<lower>,
packed<>,
row_major >::type Matrix;
typedef external vec<double> Vector;
const int N = 3;

Matrix A (N, N);

set_diagonal (A, 1);

A(1,0)
A(2,0)

Ap-1 TR (ALY =0l
3; A(2,1) 5; A(2,2) = 6;

I
]

double db[] = { 7, 46, 115};
Vector b(db, N):;

std::cout << "Ma tran tam giac A" << std::endl;
print_row(A);

std: :cout << "Vector b:" << std::endl;
print_vector (b);

tri_solve (A, b);
std: :cout << "Nghiem phuong trinh A*x = b:" << std::endl;

print_vector (b);

}

Ma tran tam giac A
[

(1.1,

(2,4,),

PLS T,

] .

Vector b:

[7i46,.115,]

Nghiem phuong trinh A*x = b:
(7,8,9,1 :

N6i chung, mot bo thu vién 16n nhu MTL khéng thé trinh bay ngan gon
bing mot phu luc ma khong c6 thiéu sét. Chung tdi chi hy vong qua phan phu
luc niy, cac ban cé dugc mot cai nhin khai quat vé MTL va ¢6 thé sir dung
dugc MTL cho mét s6 cai dit don gian vé ma tran. Mong rang s& c6 dip trinh
bay chi tiét hon v& b thu vién nay trong mét quyen sach khac.
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B.2. Thw vién GTL

Hién nay, GTL méi chi ra phién ban 1.0.0 nhung phién bin nay ciing
cung cip kha du cac dang do thj va cac thuat todn quen thudc tren dd thj. GTL
rat tién dung cho nhiing ngudi phat trién cin dén cac cai dat vé dbd thi, cdy va
cac thuat toan lién quan,

B.2.1. CaidatGTL

GTL c6 thé bién dich trén Windows véi Visual C++ 5.0 trd lén. GTL
ciing ¢6 thé bién dich duoc trén cic hé didu hanh khac, chi tiét xem trong tai
lidu &1 kém. Chung t: chi gici thleu cach st dung GTL véi Visual C++
Nguoi doc co thé down!oad GTL vé tr http://www.uni-passau.de/ hoic tim
trong dia CD di kém quyén sach. Sau khi giai nén, vao thu muc src va chay
tép GTL.dsw dé mé moi truomg lam viée cia Visual C++ v&i hai dé n:
GTLStatic (tao thu vién GTL tinh) va GTLDynamic (tao thu vién GTL dong).
Trong mdi truong lam viée cta Visual C++, md tdp GTL h va tim dén hai
dong 81 va 83 vai ndi dung nhu sau:

‘ 81: define GTL_EXTERN __ declspec{dllexport!
83: define GTL_EXTERN __ declspec{dllimport}

Hiy sira lai har dong trén thanh:

83: define GTL_EXTERN //__ declspec(dllimport)

{ 8l: define GTL_EXTERN // declspec(dllexport)

hodic x6a hin cum ___declspec(dllexport). Vi néu d2 lai hai dong trén, khi
bién dich cac ung dung sau nay sir dung GTL s& bi thdng bao 15i. Sau khi di
sira, lan luot bién dich hai thu vién GTLStatic va GTLDynamic cho hai cich
su dung tinh hoic dong Vao Tools > Optlons sau do chon Directories va
them vao cac dudng dan cho cac tep t:eu dé va tép thu vién ciia GTL. Vi du,
néu thu muc GTL dugc gidi nén ndm & 4 C\, thu myc cho cac tép tiu dé s@
la CAGTL\include, thu muc cho tép thu vién finh 1a CAGTL\include\lib-
debug, thu muc cho tep thu vién ddng la CAGTL\bin- debug Nhur vy, ban d3
hoan thanh xong phan cai dat thu vién GTL va ¢6 the str dung chung cho cac

“bai toan Iap trinh cia minh. Mai khi sir dung, ban cin thiét 1ap d& 4n cia minh
st dung thu vién GTL tinh hay ddng. Vi du, muén sir dung thu vién tinh, vao
Projects > Settings > Link va thém GTLStaticlib vio 6 object/library
modules. Mét cha y nira, khi sir dung GTL cling véi thu vién MFC clia Visual
C++ s& bj thong bao cic 151 lién két rit kho hiéu. D& loai bo 1i nay, vao
Projects > Settings, chon tab Link va thdm tuy chon /FORCE:MULTIPLE vao
Projects Options.
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Chuong trinh sau minh hoa cach tao mét dd thi v&i hai dinh va mot cung.

#include <GTL/graph.h>

void main()

{
graph G;
G.make undirected();
node nl = G.new_node () ;
node n2 = G.new_node();
G.new_edge(nl, n2);

cout << G << endl;

}

[0]:: ¥~>{1}
[1]:: -->[0]

Chuong trinh chay cho két qua nhu trén chi sau khi ban da cai dat xong
GTL va d an cua ban duoc thiét 1ap sir dung thu vién GTL tinh hay dong.

Chuong trinh trén tao mét dd thi G véi hai dinh n1, n2 va mdt cung
giita hai dinh rdi in ra. Do thi G duoc khéi tao véi mdc dinh la do thi co
huéng. Ham thanh phin make undirected lam cho G trg thanh v huéng.
Néu khong c6 1énh G.make undirected(), két qua s& la:

b0k se-241)
cREb e

Ban doc can cha y t6i diém nay khi sir dung GTL.
B.2.2. Cac thanh phan ctia dé thj

Pinh va cung

Mot db thi bao gdm cac dinh va cac cung ndi cac dinh. Cac 16p node va
edge tuong mg dung d& bidu dién c4c dinh va cac cung. Lép node ¢ cau tir
dé khai tao mot dinh nhung néi chung khéng nén sir dung cach nay dé tao
dinh. Lép graph c6 ham thanh phﬁn new_node dé tao mot dinh moi dong
thoi gan ludn cho dinh d6 mét chi s0. Trong vi du trudce, 0 va 1 chinh 1a cac
chi s6 duoc tao ra va c6 thé 1am dai dién cho céac dinh.

Pé tao mdt cung cua dd thi, nén ding ham thanh phan new edge cua
16p graph. Mot cung c6 thé tao ra tir chi mét dinh, cung nhu thé duoc goi la
cung tu ndi vong. Nguoc lai, tir hai dinh c6 thé tao ra duoc nhidu cung, cac
cung nhu thé duoc goi 1a da-cung. Vi du sau minh hoa hai truomg hop trén.
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#include <GTL/graph.h>

vold main()

{
graph G;
node n0 = G.new node (} ;
noede nl = G.new_node (};
// cung tu noi vong
G.new edge (n0,no) ;

// da cung
G.new edge{nl, n0):
G.new edge{nl, n0);

cout << G << endl;

b

, [0]:: ==>[0]
P [11:: —-»{0}~->10)

D4 thi tao ra trong vi dy trén dugc minh hoa bing hinh v& sau:

S,

0 1

Cé thé coi @6 thi nhu mdt b chira. Khac véi cac bd chira cia STL, db
thi trong GTL ¢6 thé chira hon mét kidu dit liéu, d6 14 dinh va cung. Dé duyét
cac dinh trén db thi, dung bd duyét dinh node _iterator. bé duyét cac cung
trén dd thi, ding bd duyét cung edge iterator. Vi du sau minh hoa hai

cach duyét trén dd thi img véi dinh va cung.

#include <GTL/graph.h>

vold main(}

{
graph g;
nede nl = g.new node();
node nl = g.new node(};
nede nZ = g.new_node();

edge el = g.new_edge (n0,n2);
edge el g.new_edge (nl,n2);

graph: inode_iterator ni = g.nodes_begin();
for{/ni != g.nodes_end{) ini++)

cout << "Dinh thu: " << {*ni}.id({) << endl;
graph::edge iterator ei = g.edges_begin();
for(;ei != g.edges end({)reit++)
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cout << "Canh thu: " << (*ei).id{) << endl:;

Quan hé gilra cac dinh va cac cung

M6t dinh ctia 45 thi ¢6 thé ¢d cac dinh k&, cung k&. Do do, GTL xiy
dung cac bd duyét tuong Ung la adj nodes iterator - bg duyét trén cac
dinh k&, adj edges iterator - bd duyét trén cic cung ké. Khai niém dinh
k& va cung ké thay ddi khi dd thi 1 vd huéng hay c6 huéng. Néu dd thi cé
hudng, cung k& 1a cAc cung di ra tir dinh. Dinh ké 1a cac dinh nim trén cung ké.
Néu db thi vd hudng, cung ké 1a cac cung ndi téi dinh, dinh ké 1a cac dinh ndm
trén cung k&. Vi dd thi ¢6 hudmg, ¢é duyét trén cc cung di vio hay cung di ra,
ta c& cac bd duyét in edges iterator va out_edges_iterator. Ngoal
ra d& duy8t trén tit ca cac cung, khong phén biét di vao hay di ra ta c6 bd
duy8t inout edges_iterator. Vi du sau minh hoa cac cich duyét dinh
ké, cung ké, cung ¢ vao, cung di ra trén mdt nat,

#include <GTL/graph.h>

wvoid main(}

{

graph g;
node n(4]:
for {int i=0;i<4;i++)

nl(i] = ¢g.new_node();
edge e[4];
e[0} = g.new_edge(n[1l],n[0]};
e[l] g.new_edge(n[2]},n{0]);
e[2] = g.new_edge(n{0],n[1]),
e[4] = g.new_edge(n[0],n[3]);

cout << "So dinh cua do thi: " << g.nurber_of nodes() <<
endl;

cout << "Sc cung cua do thi: " << g.number of edges() <<
endl;

// duyet dinh ke

node::adj_nodes_iterator ani = n(C}.adj_nodes_begin(};

cout << "Duyet dinh ke wvoi dinh " << n[0].id{) << endl;

for (rani '= n[0].adj_nodes _end(); ani++)

{

cout << "Duyet dinh " << {*ani).id({) << endl;

}

// duyet cung ke

node::adj_edges_iterator aei = n(0).ad]_edges begin{);

cout << "buyet cung ke voi dinh " << n[0].id{) << endl;
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for (;aei != n[0].ad)_edges_end(); aei++)
{
cout << "Duyet cung " << (*aei).id() << endl;
}
// duyet cung di vao
node::in_edges_iterator iei = n[0].in_edges_begin();

for (;iei != n[0]).in_edges_end(); iei++)
( :
cout << "Duyet cung " << (*iei).id() << endl;
}
// duyet cung di ra
node: :out_edges_iterator oei = n[0].out_edges_begin();

for (;oei !'= n[0].out_edges_end(); oei++)
{
cout << "Duyet cung " << (*oei).id() << endl;
}
}

cout << "Duyet cung di vao dinh " << n[0].id() << endl;

cout << "Duyet cung di ra tu dinh " << n[0].id() << endl;

So dinh cua do thi: 4

So cung cua do thi: 4
Duyet dinh ke voi dinh 0
Duyet dinh 3 '
Duyet dinh 1

Duyet cung ke voi dinh 0
Duyet cung 3

Duyet cung 2 .
Duyet cung di vao dinh 0
Duyet cung 1

Duyet cung 0

Duyet cung di ra tu dinh 0
Duyet cung 3 i
Duyet cung 2

by

Két qua trén cho thay, cac cung ké ciing 1a cac cung di ra. Piéu nay phu
hop vai ly thuyét vi g duoc khoi tao mic dinh 1a db thi c6 huéng. Néu thém

Iénh g.make_undirected () vao sau lénh khéi tao g, s& duoc két qua khac:

So dinh cua do thi"é”

So cung cua. do thi: d.
Duyet, dinh ke voi inh 9
Duyet dinh 3
Duyet dinh 1
Duyet~d1nh 2
Duyet dinh 1
Duyet cung ke voi d1nh 0
Duyet cung 3 i
Duyet cung 2
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Duyet cung 1

Duyet cung 0

Duyet cung di vao dinh 0
Duyet cung 1

Duyet cung 0

Duyet cung di ra tu dinh 0
Duyet cung 3

Duyet cung 2

8

- 3 A A - A o A - ) v A .
Lic nay, so cung ke bang tong cua so cung di vao va so cung dira.

Gan di¥ liéu cho dinh va cung cua db thi

L6p graph ciia GTL biéu dién cho cac db thi dudi goc d toan hoc. D6
thi tao ra bo1 graph chua cé dit liéu thuc, chi ¢6 cac dinh, cung va mbi quan
hé toan hoc giita chung. Va1 ngudi lép trinh, dd thi con can ¢6 dir lidu thuc.
Vi dy, mudn v& mét do thi, cac dinh can c6 toa d6. Vi bai toan tim duong di
ngin nhét giira cac thanh phd, cac cung cia dd thi can c6 trong sb. Dé giai
quyét cac van dé trén, co thé dung bd chira map cua STL. Nhung GTL dua ra
mot giai phap thuén tién hon, d6 la dung cac lép khuén hinh node map va
edge map.

Lop node map dung anh xa giira cac dinh va dir ligu. Lép edge map
dung anh xa giira cac cung va dir liéu. Vi du dé gan nhan cho cac dinh, ta c6
thé 1am nhu sau;

void main()
{
graph g;
node n = g.new_node();
node_map<string> node_label (g, "Nhan mac dinh");

cout << "Nhan dinh n: " << node_label[n] << endl;
node_label[n] = "A";
cout << "Nhan dinh n: " << node_label[n] << endl;

}

Nhan dinh n: Nhan mac dj_nh"-.-sg._::
Nhan dinh n: A

Cau tir dé khai tao mot ddi tuong 16p node map (hay edge map) can
hai tham s6: d6 thi mu6n anh xa dinh (hay cung) va gia tri mic dinh dé anh
xa. Néu khong c6 phép gan lai sau d6, cac dinh (cung) s& nhén gia tri mic
dinh ban dau nhu trong vi du trén.

Vi du sau minh hoa 13 hon cach dung hai 16p nay.
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#include <GTL/graph.h>
#include <GTL/ncde_map.h>
#include <GTL/edge_map.h>
#include <math.h>
template <class T>
class point
{
private:
T _x; // toa do X
T y; // toadoy
public:
peint(T x,T y):_=x{(x),_y{y¥I{};
point () {};
~point () {};
T getx{) { return x; };
T gety(} { return _y; };
void setxy(T x,T ¥) { X = X; _y =¥/ };
¥

void main{}

{
graph g;
// anh xa giua cac dinh va cac toa do
node_map<peoint<int> > nede_point{g, peint<int>{(0,0)};
// anh xa giua cac cung va chieu dai cung
edge_map<flcat> edge length{g, 0};

point<int> pl(4]};
p{0].setxy(0,0);
pll].setxy({0,1};
pl2).setxy(l,0});
pl3].setxy{1,1};

node nl4]:
edge e[3];

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

{
n(i] = g.new_node{);
// gan toa do cho ¢ac dinh
nede_pointin[i]l = p{i];

}

I

e (0] g.new_edge (n[0] ,n{1}};
el[l] g.new _edge(n[0],n([3]);
el[2] = g.new_edge{n[2]),n[3]);
// gan chieu dai cho cac cung
edge_lengthle[0]]) = 1;

edge length[e[l]] = sqrt{2):
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edge_length(e[2]] = 1;

cout << "Toa do cac dinh cua do thi: " << endl;
for (1 = 0; 1 < 4; i++)
{

cout << " (" << node_point[n[i]].getx ()
cout << "," << node point[n[i]].gety() << ")" <<
endl;
}
cout << "Do dai cac cung cua do thi: " << endl;

for (i = 0; i < 37 i++)
{
node s = e[i].source();
node t = e[i].target();
cout << "Khoang cach tu (" << node_point[s].getx();
cout << "," << node_point[s].gety() << ") toi (";
cout << node_point[t].getx() << "," <<
node_point([t].gety()/
cout << ") la: " << edge_length[e[i]] << endl;
}
}

Toa do cac dinh cua do thi:
(0,0) '
(0,1). ..
g t10) x? e e i
Do dai cac cung cua do thi: 5
Khoang, each: tus (0,0} Lol {0 1) Yas 1 = |
Khoang cach tu (0,0) toi (1,1) la: 1.41421
Khoang cach tu (1,0) toi (1;1) 1la: 1

o

Cac thuat toan trén dé thi

Tt ca céc thudt toan cia GLT duoc xiy dung dudi dang 16p ma khong
phai la giai thut nhu trong STL. Diéu nay 1a do c6 rat nhidu thir lién quan téi
mdt thuét toan do thi: cac diéu kién du dé ap dung thuat toan, cac két qua thuc
hién thudt toan, cac tity chon cho két qua... Khong thé dong géi tat ca vao mot
giai thudt dugce. RO rang, trong truong hop nay, xay dung cac thuat toan dudi
dang 16p sé c6 loi hon.

Do mdi 1a phién ban 1.0.0, cac cai dat cho thuat toan cuia GTL chua
nhiéu. Chung bao gom:

e dfs: tim kiém theo chiéu sau trén do thi.
e bfs: tim kiém theo chiu rong trén dd thi.
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biconnectivity: kiém tra tinh lién thong hai phia.
components: phat hién cac thanh phan lién théng,

topsort: Sép xép topo.

st_number: danh so st.

maxflow pp vamaxflow f£f:tim ludng cuc dai.

fm partitionvaradio cut partition: phin hoach da thi.
planarity: kiém tra tinh phang ciia d thi.

Tat ca cac thudt toan trén déu xdy dung tir 1op algorithm, do d6 cb
mot giao dién chung:

® check: ham thanh phan kiém tra thuit toan c¢6 ap dung véi d6 thi

dugc khong, Ung véi mbi thuat toan, mébt dd thi phat théa min mot
s6 didu kién nao dé méi ap dung dugc thuat toan. Do do, nén goi téi
check trudce khi goi run.

run: thue hién thuét toan trén do thi. Sau khi thuc hién, mét sé thanh
phin ctia thudt toan ding dé luu két qua s& thay di. Vi du, véi thuat
toan BFS hay DFS ta s& c6 céac s6 luu thi tu duyét.

reset: thiét 1ap lai trang thai ban du cua thuét todn dé co thé thuc
hién lai hofc thuc hién trén mét do thi khac. Luu y, chi cac thanh
phan luu két qua cha thuat toan bj thiét 1ap lai, cac thanh phin tiy
chon khong bi thiét 1ap lai.

Vi du dudi diy minh hea hai thuit toan co ban nhét cta do thi 1a DFS
va BFS.

{

g

g
n

f

Lo Qe s gt}

g.
cout << M--—-mmm - LOADED GRAPH —-—=w==-—-—-—— " << endl;
cout << g << endl;

finclude <GTL/graph.h>
#include <GTL/dfs.h>
finclude <GTL/bfs.h>
wvoid main(}

raph g;

.make_undirected(}):;

ode n[g];

or (int 1 = 0; i < 6; i++}
n{i] = g.new_ncde{);

.new_edge (n(0],n(1]};

.new_edge (n[0Q),n{31);

.new_edge (n[0],n[5]);

.new_edge(n[2],n[5])’

new_edge{(n(3],n[4]};
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cout <€ Mmoo DFS ~=-=-—m e " << endl;
dfs mydfs;
mydfs.start_node(n{0]); // duyet tu nut n[0]
cout << "Kiem tra dieu kien du de thuc hien DF5: *;
if (mydfs.check(g) '= algorithm::GTL_OK)
{
cout << "khong thoa man!" << endl;
}
else
{
cout << "thoa man!” << endl;
nmydfs. runfg);
graph: :nede_iterator ni;

for (ni = g.nodes_begin{}; ni != g.nodes_end{); ni++}
{

cout << " Dinh " << *ni;

cout << " -- thu tu duyet bang dfs -- " <«

mydfs[*ni] ;
cout << endl;

cout << M-—mmmmm———— BFS ——————— e " << endl;
bfs mybfs:
mybfs.start node(n[0]); // duyet tu nut n{0]
mybfs.calc_level (true); // co tinh bac bfs cho moi dinh
cout << "Kiem tra dieu kien du de thuc hien BFS: ";
if (mybfs.check(g) != algorithm::GTL_OK)
{
cout << "khong thoa man!" << endl;
}
else
{
cout << "thoa man'!'" << endl:
mybfs.runig);
graph: :node_iterator ni;

for (ni = g.nodes begin{); ni != g.nodes_end(}; ni++)
{
cout << " Dinh ” << *ni;
cout << " -- thu tu duyet bang bfs -- " <«
mybfs{*ni);
cout << " -- bac bfs ~- " << mybfa.level (*ni})

<< endl;
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[3):: <==>[4]1<-->[0]
[4]:: <=-=>[3]
[5]:: <~~}[2]<——>I0]"

_________________ DPS s=maoiilodaiulo el (o0

Kiem tra dieu kien du de thuc hien DFS:
Dinh [0] == thu tu duyet bang dfs --

Dinh [1] -- thu tu duyet bang dfs --
Dinh [2] -- thu tu duyet bang dfs --

Dinh [3] -- thu tu duyet bang dfs --
Dinh [4] -- thu tu duyet' bang dfs' --"
Dinh [5] -- thu tu duyet bang dfs --
——mm e BFS —mmmm e - e R §
Kiem tra dieu kien du de thuc hien BFS: thoa man!
Dinh [0] -- thu tu duyet bang bfs -- 1 -- bac bfs ~--
Dinh [1]) -- thu tu duyet bang bfs -- 4 -- bac bfs --

Dinh [2] -= thu tu duyet bang bfs -- 5 == bac bfs --

NEHENBE O
¥

Dinh [3] =-- thu tu duyet bang bfs -- 3 -- bac bfs --
Dinh [4] -- thu tu duyet bang bfs' -- 6 —-- bac bfs --
Dinh [5] -- thu tu duyet bang bfs -- 2 -- bac bfs -- 1

Hinh vé& dudi ddy minh hoa dd thi g, thir tu cac dinh dugc thim bﬁng
thuat toan BFS va DFS.

3/3/“3//5‘5/3/4

4
DA thi ban diu Db thi DFS Pb thi BFS

Vi s6 trang han ché ciia quyén sach, ching t6i khong thé gidi thidu chi
tiét hon vé hai bd thu vién GTL va MTL. Hy vong véi nhiing gi da trinh bay,
ban doc biét dugc thém hai b thu vién hitu dung niva trong 1p trinh. Ngoai
ra, ban doc c6 thé tham khao tai liéu v& GTL, MTL va mét sb b thu vién
khac trong dia CD di kém quyén sach. Moi thic méc vé cach cai dit, chay thu
chuong trinh, xin giri ti ching t6i theo dia chi: thuynt@it-hut.edu.vn.
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CAC TRANG WEB HUFU ICH VE STL

1. http://www.sgi.com/Tech/STL/ trang chii vé STL cta hing Silicon Graphic.

http://infosun. fmi. uni-passau de/GTL/ trang chi c¢lia GTL.
http /fwww.osl.iu.eduw/research/mtl/ trang cha cia MTL.

h ol

http://www boost.org/ trang chii cila td chirc Boost, té chirc quén Iy thar
vién BTL.

h

http.//www.geocities.com/corwinjoy/dtl/index.htm trang chi cia DTL

6. http://dtemplatelib.sourceforge.net/index htm trang vé DTL trén
sourceforge. net. Néu geocities.com bi chin proxy, cé thé qua trang web
nay dé 14y DTL.

7. http://www. mysql.com/downloads/api-mysql++.html: trang vé
MySQL++.

8. http://sourceforge.net/projects/cgi-plus-plus/ trang vé CGI++ trén
sourcforge.net.

9. http:.//www stlport.org/ Trang ch(i cia STLPort.

10. http://directory. goggle. com/Top/Computers/Programming/Languages/C++/
Class_Libraries/STL/ cac dia chi v& STL trén google.com. Trén trang nay
gid thidu rat nhidu dia chi lién két tdi nhitng trang c6 bai bao, sach, hudng
dén str dung, thur vién, .. lién quan dén STL,

11. http.//www .bruceeckel com trang chu cia Bruce Eckel, tac gid Thinking
In C++. Tai ddy ban co thé 14y v& cac sach cua B.Eckel mién phi.

12. http.//www research att com/~bs/homepage html Trang chi ctia Bjarne
Stroustrup.

13. http://www.cygnus. com/misc/wp/index htmi Chuin ANSI/ISO C++.
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Nguw&i lap trinh vién gidi la ngwdi co kha néng
td chive, xay dung ma ngudn mét cach hiéu qua,
ké thira v& khai thac duoc téi da thanh qua clia
ban than cling nhw cla cac nhém phat trién khac,
dugc déng goi dwdi dang cac thw vién phan
mém. Xuat phat tlr nhu clu @8, trong cudn sach
nay, ching téi gidi thiéu véi ban doc cach tiép
can 1ap trinh khai lvoc - mdt cach tiép can dac
biét - thong qua thw vién khudn hinh chudn STL
(Standard Template Library).

Cubn sach nay danh cho sinh vién chuyén
nganh cdng nghé thong tin ddng thdi cling nham
téi dbi twgng 1a cac nha thibt k& va phat trién
phdn mém (rng dung. Hy vong day sé& 13 mdt tai
liéu tham khao t&t dbi v&i cac gigo vién céng nghé
théng tin khi xay dwng gido trinh 1&p trinh hudng
dbi twong trong ngdn nglr C++.
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