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Gidi thiéu vé khudén mau

n Gidi thiéu

n Lap trinh tdng quat (generic programming)
n Lap trinh tdng quat trong C
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n Khudén mau ham

n Khuén mau lop

n Cac tham sb template khac

n Template sir dung template
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S
Gioi thiéu

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

n Dé& két thuc, ta sé gidi thiéu mot kiéu triru twong hod khac
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Lap trinh tong quat
n Ta da tap trung vao viéc triru twong hod cac chi tiét dé
tao dwoc cac [&p doi twong - gdom nhirng thr co cung
tap thudc tinh va hanh vi
n Moiy twdng dwoc ban dén déu xoay quanh doi tuong -
bieu dien khai niém hoac bieu dién trong C++
n Bay gi®, ta ndi vé mot phqug phap lap trinh ma triru
twong hoa chinh cac I¢p doi twong.
n Day la mirc tiép theo trong qua trinh logic phat trién cta
triru tweng hoa.
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Lap trinh tong quat

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

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

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

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

n Nhwng néu dinh nghia ham cho cac kiéu di liéu khac
nhau nhwng khéng can phai khac nhau thi sao?
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Lap trinh tong quat
n Vidu, xét ham sau:

void swap (int& a, inté& b) |
int temp;
temp = a; a = b; b = temp;

Ham ' _ -
Néu ta mudn thuc hién viéc twong tw cho mét kiéu div liéu khac, chang
han float?

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

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

class Stack {

n Vi du khac: ta dinh nghia mét lop pupLies 0
bieu dién cau truc ngan xép cho kiéu int ~Stack () ;

void push (const ints i) ;
void pop(int& 1)
bool isEmpty() const;

}i

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

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

S dung trinh tién xt ly ctia C
Trinh tién x& ly thwe hién thay thé text truwdc khi dich
Do d6, ta c6 thé dung #define dé chi ra kiéu di liéu va thay dbi tai chd

khi can
#define TYPE int

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

TYPE temp; Teee—

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

Hai han ché:

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

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

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

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

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

ngay sau no

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

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

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

nhirng phirc tap cua lap trinh khuén mau
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Khudn mau ham

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

n Dinh nghia ham swap () bang khuén mau:

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

swap<int>(x, v); // Invokes int version of Swap ()
swap<float>(a, b); // Invokes float version of Swap ()
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Khudn mau Iop

n Twong tw v&i khuén mau ham véi tham sb thude
céac kiéu tuy vy, ta cling c6 thé dinh nghia khudn
mau l&p (class template) st dung cac thé hién
cia moét hodc nhiéu kiéu di liéu tuy y

Ta ciing c6 thé dinh nghia template cho struct va
union

n Khai bao mét khuén mau |&p cling twong tw vOi
khuén mau ham
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Khudn mau 1&p

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

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

cho mot cap gia tri kidu int: | ane secon

n Ta co thé stra khai bao trén thanh femplate <typename T>
mot khudn mau I4y kiéu tuy y: e e
Tuy nhién hai thanh vién first va second T second;

phai thudc cung kiéu b

n Hodc ta co thé cho phép hai template <typename T, typename U>
.  n n , .2 - struct Pair {
thanh vién nhan cac kieu dir T first;
liéu khac nhau: U second;

}i
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Khudn mau Iop

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

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

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

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

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

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

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

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

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

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

n Tiép theo, ta sé tao mot template cho I&p Stack da duwoc
md ta trong cac slice trvéc
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Khudn mau 1&p

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

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

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

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

Bat dau bang mét ngan xép don gian

n Khai bdo va dinh nghia I&p Stack cho kiéu int

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

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

int contents[max];
int current;
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Stack::Stack () { this->current = 0; }
Stack::~Stack () {}
void Stack::push(const int& i) throw(logic error) {
if (this->current < this->max) ({
this->contents|[this->current++] = i;
}
else {
throw logic error (“Stack is full.”);
}
}
void Stack::pop(inté& i) throw(logic error) {
if (this->current > 0) {
i = this->contents[--this->current];
} else {
throw logic_error (“Stack is empty.”);
}
}
bool Stack::isEmpty() const { return (this->current == 0;) }
bool Stack::isFull() const { return (this->current == this->max); }
28
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n Chuyén khai bao va dinh nghia trwéc thanh mét phién
ban tong quat:
template <typename T>
class Stack { *-*_—-__—-—_—““——————______
public: Thém lénh template dé
Stack () ; néi rang mét phan cla kiéu
~Stack() ; sé dwoc chi rd sau
void push(const T& i) throw (logic error);
void pop(T& 1) throw (logic error);
bool isEmpty () const;
bool isFull () const;
private:
static const int max = 10;
T contents[max];
int current;
}i
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‘ template <typename T>< 
Stack<T>::Stack() { this->current = 0; }

’

M6i phwong thikc can mot
template <typename T> Iénh template dat trudc

Stack<T>::~Stack() {}

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

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

this->contents[this->current++] = i;
}
else { Ta dang dinh nghia moét I6p
throw logic error (“Stack is full.”); | Stack<type>, ch¥ khong dinh
} nghia I&p Stack

}

template <typename T>
void Stack<T>::pop(T& i) {

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

i = this->contents[--this->current];
} else {
throw logic_error (“Stack is empty.”);

}

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

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

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

@20
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Template Stack

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

int x = 5, y;
char ¢ = 'a', d;

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

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

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

n Nh¢ lai rang trong cai dat Stack, ta c6 mét hang max quy dinh sb
lwong t6i da cac dbi twong ma ngan xép cé thé chira
Nhw vay, mbi thé hién sé& c6 cung kich thudc dbi véi moi kiéu cha déi
twong dwoc chira
n Néu ta khdng mudn doi hdi moi Stack déu cé kich thwdce ti da nhw
nhau?
n Ta co thé thém mot tham sb vao 1énh template chira motsd int
(gia tri nay sé dwoc dung dé xac dinh gia tri cho max)
template <typename T, int I>

// Specifies that one arbitrary type T and one int I
// will be parameters in the following statement

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

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

template <typename T, int I>

class Stack { ‘h-“““——————_____________

public:

Stack () ; Khai bao tham s6 méi

~Stack () ;
void push(const T& i) throw (logic_error);
void pop(T& i) throw (logic error);

bool isEmpty () const; . X . -z

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

static const int max = I; . .
nao do
T contents[max];

int current;

}i
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" A
Cac tham s6 khudn mau khac

template <typename T, int I>
Stack<T, I>::Stack() { this->ourrent=—6+—1 |
- . — 1 |swacaclénh
template <typename T, int I> template
Stra tén 16p | StackkT I>::~Stack() {}
dung cho cac
toan tlr pham vi \;;;;I;E§\<ng?name T, int I>
void Stack<T, I>::push(const T& 1) {
if (this->current < this->max) {
this->contents[this->current++] = 1i;
}
else {
throw logic_error (“Stack is full.”);
}
}
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T ——
Cac tham s6 khudn mau khac

n Gi® ta c6 thé tao cac thé hién cla céac I&p Stack
v&i cac kiéu dir liéu va kich thwéc da dang

Stack<int, 5> s; // Creates an instance of a Stack
// class of ints with max = 5
Stack<int, 10> t; // Creates an instance of a Stack
// class of ints with max = 10
Stack<char, 5> u; // Creates an instance of a Stack
// class of chars with max = 5
Lwu y rang cac lénh trén tao thé hién cua 3 1op khac

nhau
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Cac tham s6 khuén mau khac
n Cac rang budc khi st dung céac kiéu thuc
s lam tham s6 cho |énh template:
Chi c6 thé dung céac kiéu sd nguyén, con trd,
hodc tham chiéu
Khéng dwoc gan tri cho tham s6 hodc 13y dia
chi cia tham sé
@ 2004 Tran Minh Chau. FOTECH. VNU 37
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Cac tham s6 khudn mau khac

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

n Ta c6 thé khai bao 16p Map:

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

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

Map< string, int, Stack> wordcount;

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

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

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

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

@ 2004 Tran Minh Chau. FOTECH. VNU 40




