Chuong 8. Tai dinh nghia

Chuong nay théo luan vé tai dinh nghia ham va toan tir trong C++. Thuat ngit
tdi dinh nghia (overloading) nghia 13 ‘cung cap nhiéu dinh nghia’. Téi dinh
nghia ham lién quan dén viéc dinh nghia cac ham riéng biét chia sé clng tén,
mdi ham c6 mot dau hiéu duy nhat. Tai dinh nghia ham thich hop cho:

e Dinh nghia cdc ham vé ban chat 1a [am cung cong viéc nhung thao tac
trén cac kiéu dir liéu khac nhau.

o Cung cap cac giao di¢n to1 cung ham.

Tai dinh nghia ham (function overloading) 1a mét tién loi trong 1ap trinh.

Giéng nhu cic ham, cac toan tir nhan céc toan hang (céac dbi s6) va tra vé
mot gia tri. Phan 16n cac toan tir C++ ¢6 san da duoc tai dinh nghia roi. Vi du,
toan tir + c6 thé dugc st dung dé cong hai ) nguyén, hai s6 thuc, hodc hai
dja chi. Vi thé, nd c6 nhiéu dinh nghia khac nhau. Cac dinh nghia xay dung
sdn cho cac toan tir dwoc gidi han trén nhiing kiéu ¢ san. Cac dinh nghia
thém vao c6 thé dugc cung cip boi cac 1ap trinh vién sao cho chung ciing co
thé thao tac trén cac kiéu nguoi ding dinh nghia. Mdi dinh nghia thém vao
duoc cai dat boi mot ham.

Tai dinh nghia céc toan tor s¢ dugc minh hoa bang cach sir dung mot s6
16p don gian. Chung ta s& thao luan cac qui luét chuyén kiéu cé thé dugc sir
dung nhu thé nao dé rat gon nhu cu cho nhiéu tai dinh nghia cua cung toan
tur. Chung ta s€ trinh bay céc vi du cua tai dinh nghia mot s6 toan tir phé bién
gdm << va >> cho xuit nhap, [] va () cho cac 16p chira, va cac toan tir con tro.
Chung ta cling s& thdo luan viéc khaoi tao va gan tu dong, tam quan trong cua
viéc cai dat chinh xac chung trong cac 16p str dung cac thanh vién dir liéu
dugc cp phat dong.

Khong giéng nhu cac ham va cac toan tir, cac 10p khong thé duogc tai
dinh nghia; mdi 16p phai c6 mot tén duy nhat. Tuy nhién, nhu ching ta s&
thdy trong chuong 8, cic 16p c6 thé dugc sira d6i va mé rong thong qua kha
nang thira ké (inheritance).

Chuong 8: Tai dinh nghia 122



8.1. Tai dinh nghia ham

Xem xét mot ham, GetTime, tra vé thoi gian hi¢n tai cua ngay theo cac tham
sO clia nd, va gia sur rang can c6 hai bién thé cia ham nay: mot tra vé thoi
gian theo gidy tinh tir nira dém, va mot tra vé thoi gian theo gid, phut, gidy.
RS rang cac ham nay phuc vu cing muc dich nén khong c6 1y do gi lai dé cho
chung c6 nhiing cai tén khéac nhau.

C++ cho phép cac ham dugc tai dinh nghia, nghia 1a ciing ham c6 thé c6
hon mdt dinh nghia:

long GetTime (void); // sb gidy tinh tir nira dém
void GetTime (int &hours, int &minutes, int &seconds);

Khi ham GetTime dugc goi, trinh bién dich so sanh s6 lugng va kiéu cac
doi so trong 101 goi voi cac dinh nghia cua ham GetTime va chon mét cai khop
voi 101 goi. Vi du:

inth,m,s;
long t= GetTime(); //khdp voi GetTime(void)
GetTime(h, m, s); /1 khdp voi GetTime(int&, int&, int&);

Pé tranh nham 14n thi mdi dinh nghia cia mot ham dugc tai dinh nghia
phai ¢c6 mot dau hié¢u duy nhat.

Céac ham thanh vién ctia mot 16p ciing c6 thé dugc tai dinh nghia:

class Time {
/..
long GetTime (void); // b gidy tinh tir nita dém
void GetTime (int &hours, int &minutes, int &seconds);

¥

Tai dinh nghia ham giap ta thu dugc nhiéu phién ban da dang cta ham
ma khong thé cé dugc bang cach st dung don ddc cac doi s6 mac dinh. Céc
ham duoc tai dinh nghia cling c6 thé c¢6 cac doi s mac dinh:

void Error (int errCode, char *errfMsg ="");
void Error (char *errMsg);

8.2. Tai dinh nghia toan tw

C++ cho phép lap trinh vién dinh nghia cac y nghia thém vao cho céc toan tu
xac dinh trudc cua n6 bang cach tai dinh nghia chiing. Vi du, chung ta c6 thé
tai dinh nghia céc todn tir + va —dé cong va trur cac doi twong Point:

class Point {

public:
Point (int X, int y) {Point::x =x; Point::y =y;}
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Point operator + (Point &p) {retumn Point(x +p.x,y +p.y);}
Point operator - (Point &p)  {return Point(x - px,y - p.y);}
private:
ntx,y;
Sau dinh nghia nay thi +va —c6 thé duogc str dung de cong va trir cac diém
gidng nhu 1a chiing duoc str dung dé cong va trir cac so:

Point p1(10,20), p2(10,20);
Pointp3 =pl +p2;
Pointp4=pl -p2;

Viéc tai dinh nghia cédc toan tir + va — nhu trén sir dung cac ham thanh
vién. Mot kha nang khac 1a mdt toan tir c6 thé duoc tai dinh nghia toan cuc:

class Point {
public:
Point (intx, int y) {Point::x =x; Point::y =y;}
friend Point operator + (Point &p, Point &q)

_ _ _ {retum Point(px +qx,p.y +qy);}
friend Point operator - (Point &p, Point &q)

' {retum Point(px - gX,p.y - qy);}
private:
ntx,y;
Str dung mot toan tir da tai dinh nghia twong duong véi mot 161 goi rd
rang tdi ham thi cong no6. Vi du:

operatorHpl, p2) //tuong duong voi: pl +p2

Thong thudng, dé dinh nghia mot toan tir A xac dinh trudc thi chung ta
dinh nghia mot ham tén operator A . Néu A 1a mot toan tir nhi hang:

e operator A phai nhan chinh xac mot doi so néu dugc dinh nghia nhu mot
thanh vién cua 16p, hoac hai d6i s6 néu dugc dinh nghia toan cuc.

Tuy nhién, néu A 12 mot toan tir don hang:

e operator . phai nhan khong d6i s6 néu dugc dinh nghia nhu mot thanh vién
cua 16p, hodac mot doi s6 néu duoc dinh nghia toan cuc.

Bang 8.1 tong két cac toan tir C++ c6 thé duoc tai dinh nghia. Nam toan
tur con lai khong duoc tai dinh nghia la:
* : 7 sizeof
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Bang 8.1

Cic toan tir c6 thé tai dinh nghia.

ponhang -+~ L =Lt~ J&|e]-]Q]>]>*
new delete
+ - * / % | & | Al << >
= |l+=| = F|%|&|F|=|<<]|>
Nhi hang = =
=|=|<|>]|<=|>|& |1 (0]0],
&

Toan tir don hang (vi du ~) khong t}lé duoc tai dinh nghia nhu nhi hang
hodc toan tir nhi hang (vi du =) khong thé dugc tai dinh nghia nhu toan tr don
hang.

C++ khong hd tro dinh nghia toan tir new boi vi diéu nay c6 thé dan dén
su mo hd. Hon nita, luat wu tién cho cac toan tir xac dinh trude ¢d dinh va
khong thé duogc sira d6i. Vi du, du cho ban tai dinh nghia todn tr * nhu thé
nao thi n6 s€ luén c6 d wu ti€n cao hon toan tir +.

Céc toan tir ++ va — c6 thé dugc tai dinh nghia nhu 12 tién td ciing nhur 13
hau t6. Cac luat tuong duong khong duoc ap dung cho céc toan tir di tai dinh
nghia. Vi duy, tai dinh nghia + khong anh hudng to1 += trir phi toan tir += cling
duogc tai dinh nghia rd rang. Céc toan tir =, =, [], va () chi c¢6 thé duoc tai dinh
nghia nhu cdc ham thanh vién, va khong nhu toan cuc.

Pé tranh sao chép cac ddi twong 16n khi truyén chung tdi cac toan tir da
tai dinh nghia thi cac tham chiéu nén duoc st dung. Céc con tro thi khong
thich hgp cho muc dich nay béi vi mot toan tir dd dugce tai dinh nghia khong
thé thao tac toan bd trén con tro.

u: Cac toan tir trén tap hop

L6p Set duge gidi thidu trong chuong 6. Phan 16n cac ham thanh vién cua Set
duoc dinh nghia nhu 1a c4c toan tir tai dinh nghia tot hon. Danh sach 8.1 minh
hoa.
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Danh sach 8.1

1 | #include <iostream.h>

2 | const maxCard = 100;
3 | enum Bool {false, true};

4 | class Set {
5| public:
6 Set(void) { card=0; }
7 friend Bool operator & (constint, Set&);  // thanh vien
8 friend Bool operator == (Set&, Set&); //bang
9 friend Bool operator != (Set&, Set&); // khong bang
10 friend Set operator * (Set&, Set&); // giao
11 friend Set operator+ (Set&, Set&); //hop
12 /...
13 void AddElem(const int elem);
14 void Copy (Set &set);
15| woid  Print (void);
16 | private:
17 int elems[maxCard]; // cac phan tu cua tap hop
18 int card; // so phan tu cua tap hop
19 | };

O day, ching ta phai quyét dinh dinh nghia cac ham thanh vién toan tir
nhu 1a ban toan cuc. Ching cé thé dugc dinh nghia mét cach dé dang nhu la

ham thanh vién. Viéc thi cong cac ham nay la nhu sau.
Bool operator & (const int elem, Set &set)
{

for (register 1 =0; 1 < set.card; ++1)
if (elem == set.elems[i])
return true;
return false;
H

Bool operator== (Set &set1, Set &set2)

if (setl.card = set2.card)
return false;
for (register i =0; 1 < setl.card; ++)
if (I(setl.clems[i] & set2)) /st dung & d tai dinh nghia
retum false;
retum true;

H
Bool operator !=(Set &setl, Set &set2)

return !(setl == set2); // st dung == d4 tai dinh nghia

Set operator * (Set &setl, Set &set2)
Set res;
for (register 1=0; 1 < setl .card; ++i)

if (setl.elems[i] &set2)  //strdung & da tai dinh nghia
res.elems[res.card++] = set].elems][i];
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retumn res;

}
Set operator + (Set &set1, Set &set2)

Set res;

setl.Copy(res);

for (register i =0; 1 < set2.card; +H)
res.AddElem(set2.elems]i]);

retumn res;

h
Ct phap dé su dung cac toan tir nay ngan gon hon ct phap cua cac ham
ma chiing thay thé nhu dugc minh hoa bdi ham main sau:
int main (void)
Set sl, s2, s3;

s1.AddElem(10); s1.AddElem(20); s1.AddElem(30); s1.AddElem(40);
s2.AddElem(30); s2.AddElem(50); s2.AddElem(10); s2.AddElem(60);

cout<<"sl="; s1.Print();
cout<<"s2="; s2.Print();

if (20 & s1) cout << "20 thuoc s1'\n";

cout<<"sl giaos2=";  (s1 * s2).Print();
cout<<"sl hops2=";  (s1+s2).Print();

if (s1 I=s2) cout<<"sl =s2\n";
retum 0;

}

Khi chay chuong trinh s& cho két qua sau:

s1={10,20,30,40}
s2={30,50,10,60}

20 thuoc sl

sl giao s2 = {10,30}

s1 hop s2 = {10,20,30,40,50,60}
sl /=s2

8.3. Chuyén kiéu
Céc luat chuyén kiéu thong thudng c6 sin ciia ngdn ngit ciing ap dung t6i cac
ham va cac toan tir da tai dinh nghia. Vi duy, trong

if (a' & set)
/...

toan hang du ctia & (nghia 1a 'a) duoc chuyén kiéu an tir char sang int, boi vi
toan tir & da tai dinh nghia mong do1i toan hang dau ctia n6 thudc kiéu int.
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Bét ky su chuyén kiéu nao khac thém vao phai duoc dinh nghia boi lap
trinh vién. Vi du, gia sir chiing ta mudn ti dinh nghia toan tir + cho kiéu Point
sa0 cho n6 co thé dugce sir dung dé cong hai diém hodc cong mot sb nguyén
t6i ca hai toa do ciia mot diém:

class Point
/...
friend Point operator + (Point, Point);
friend Point operator + (int, Point);
friend Point operator + (Point, int);

|8

Pé 1am cho toan tir + c6 tinh giao hoan, ching ta phai dinh nghia hai ham dé
cong mot s6 nguyén véi mot diém: mot ham ddi vai truong hop sd nguyén 1a
toan hang dau tién va mot ham ddi véi trudng hop s6 nguyén 1a toan hang thi
hai. Quan sat rang néu chiing ta bat dau xem xét cac kiéu khac thém vao kiéu
int thi tiép can nay din dén murc d6 bién doi kho kiém soat clia toan tir.

Mot tiép can t6t hon 13 sir dung ham xay dung dé chuyén dbi tuong t6i
cuing kiéu nhu chinh 16p sao cho mot toan tir da tai dinh nghia ¢ thé didu
khién cong viéc. Trong truong hop nay, chung ta can mot ham xay dung nhan
mot int dic ta ca hai toa dd cua mot diém:

class Point {
/...
Point (int x) { Point::x =Point::y =x; }
friend Point operator + (Point, Point);
I8

D61 voi cac ham xay dung cua mot doi so thi khong can goi ham xay dung
mot cach rd rang:

Pointp=10; //twong duong véi: Point p(10);

Vi thé c6 thé viét cac bieu thirc lién quan dén cac bién hodc hang thudc kicu
Point va int bang cach st dung toan tur +.

Point p(10,20), g=0;
q=p+5; //twong duong véi: q=p + Point(S);

O day, 5 dugc chuyén tam thoi thanh ddi tuong Point va sau d6 dugc cong vao
p. Doi tugng tam sau do sé dugc huy di. Tac dong toan bd 1a mdt chuyén kiéu
khong tuwong minh tir int thanh Point. Vi thé gia tri cuoi cia qla (15,25).

Cai gi xay ra néu chang ta mudn thuc hién chuyén kiéu nguoc lai tir kiéu
16p thanh mot kiéu khac? Trong truong hop ndy cac ham xay dung khong thé
dugc str dung boi vi ching ludn tra vé mot dbi tuong cua 16p ma chung thudce
vé. bé thay thé, mot 10p c6 thé dinh nghia mot ham thanh vién ma chuyén rd
rang mot d6i twong thanh mot kiéu mong mudn.
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\{i du, véi 1op Rectangl; da cho chung ta co thé dinh nghia mot ham
chuyén kiéu thuc hién chuyén mdt hinh chitr nhat thanh mot di€ém bang cach
tai dinh nghia todn tir ki€u Point trong 16p Rectangle:

class Rectangle {
public:
Rectangle (int left, int top, int right, int bottom);
Rectangle (Point &p, Point &q);
/

operator Point () {retumn botRight - topLeft;}

private:
Point topLeft;
Point botRight;
|5

Toén tir nay dugc dinh nghia dé chuyén mét hinh chit nhat thanh mot diém
ma toa do cua nd tiéu biéu cho d6 rong va chiéu cao cua hinh chir nhat. Vi
thé, trong doan ma

Point p(5,5);
Rectangle 1(10,10,20,30);
r+p;

truée hét hinh chit nhat r dwgc chuyén khdng firong minh thanh mot dbi twong
Point bdi toan tir chuyén kiéu va sau d6 dugc cong vao p.

Chuyén kiéu Point cling ¢6 thé dugc ap dung nwong minh bang cach sir
dung ky hi¢u ép kiéu thong thuong. Vi du:

Point(r); // ép kiéu tudng minh thanh Point
(Point)r; // ép kiéu tuong minh thanh Point

Thong thuong voi kiéu nguoi ding dinh nghia X di cho va kiéu Y khac
(c6 san hay ngudi dung dinh nghia) thi:
» Ham xdy dung dugc dinh nghia cho X nhén mot d6i sb don kiéu Y s&
chuyén khong tuong minh cac doi tuong Y thanh cac doi tuong X khi
duoc can.

e Tai dinh nghia toan tir Y trong X s& chuyén khong twong minh cac ddi
tuong X thanh cac doi tuong Y khi duoc can.

class X {
/... .
X(Y&), // chuyén'Y thanh X
operator Y ();  //chuyén X thanh Y

b

Mot trong nhitng bt loi ctia cac phuong thire chuyén kiéu do nguoi dung
dinh nghia 14 néu chung khong dugc sir dung mot cach han ché thi chung co
thé 1am cho cac hoat dong cua chuong trinh 1 kho c6 thé tién doan. Ciing c6
su rui ro thém vao cua viéc tao ra sy mo hd. Sy mo hod xay ra khi trinh bién
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dich ¢6 hon mdt chon lug cho né Qé ap dung céc qui luat chuyén kiéu nguoi
dung dinh nghia va vi thé khong thé chon dugc. Tat ca nhitng trudng hop nhu
thé dugc bdo cao nhu nhirng 161 béi trinh bién dich.

Dé minh hoa cho cac mo hd c6 thé xay ra, gia sir rang chiing ta ciing dinh
nghia mot ham chuyén ki€u cho 16p Rectangle (nhdn mot doi s6 Point) cling
nhu la tai dinh nghia cac toan tir +va -:

class Rectangle {
public:
Rectangle (int left, int top, int right, int bottom);
Rectangle (Point &p, Point &q);
Rectangle (Point &p);

operator Point () {retum botRight - topLeft;}
friend Rectangle operator + (Rectangle &r, Rectangle &t);
friend Rectangle operator - (Rectangle &r, Rectangle &t);

private:
Point topLeft;
Point botRight;
18

Bay gio, trong
Point p(5,5);
Rectangle 1(10,10,20,30);
r+p;

r+pco thé duoc thong dich theo hai cach. Hodc la

r+ Rectangle(p) // cho ramdt Rectangle
hoac la:
Point(r) +p // cho ra mét Point

Néu 1ap trinh vién khong giai quyét sy mo hd bdi viée chuyén kiéu tuong
minh thi trinh bién dich s€ tir choi.
Vi du: Lép S6 Nhi Phén

Danh sach 8.2 dinh nghia mét 16p tiéu biéu cho cac sb nguyén nhi phan nhu
la mot chuoi cac ky tuw O va 1.
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Danh sach 8.2

Chu giai

#include <iostream.h>
#include <stringh>
int const binSize = 16; // chieu dai so nhi phan la 16
class Binary {
public:
Binary (const char*);
Binary (unsigned int);
friend Binary  operator + (const Binary, const Binary);
operator int (); // chuyen kieu
void Print (void);
private:
char Dbits[binSize]; // cac bit nhi phan
1

6 Ham xay dung ndy cung cAp mot s6 nhi phan tir mau bit ciia no.

7 Ham xdy dung ndy chuyén mot sé nguyén duong thanh biéu dién nhj
phan tuong duong cia no.

8 Toan tir + dugc tai dinh nghia dé cong hai s6 nhj phan. Phép cong dugc
lam tirng bit mQt. D€ don gian thi nhiing 16i tran dugc bd qua.

9  Toan tir chuyén kiéu nay duoc sir dung dé chuyén mot d6i tugng Binary
thanh doi tugng int .

10 Ham nay don gian chi in mau bit clia s6 nhij phan.

12 Mang nay dugc sir dung dé giir cac bit 0 va 1 cia s lwong 1 bit nhu 1a
cac ky tu.

Cai dat cac ham nay la nhu sau:
Binary::Binary (const char *num)
{
int iSrc =strlen(num) - 1;
intiDest=binSize - 1;

while (iSrc >= 0 && iDest >=0) // sao chep cac bit
bits[iDest—] = (num[iSrc—]=="'0'?'0":'1");

while (iDest >=0) // dat cac bit trai ve 0
bits[iDest—] ='0%

Binary::Binary (unsigned int num)

for (register i =binSize - 1;1>=0; i) {
bits[i] = (num % 2=07'0":"1";
num >>=1;
H
}

Binary operator + (const Binary n1, const Binary n2)
unsigned carry =0;
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unsigned value;
Binary res="0";

for (register i =binSize - 1;1>=0; i) {
value=nlbits[i]="'0'?0: 1)+
(n2.Dbits[i]="0'?0: 1)+ carry;
res.bits[i] = (value %2=07?'0":"1");
carry =value >>1;
}

return res;

H
Binary::operator int ()
unsigned value =0;

for (register 1 =0; 1 < binSize; ++)
value = (value << 1)+ (bits[i]=="0'? 0 : 1);
return value;

}
void Binary::Print (void)

char str{binSize + 1];
stmepy(str, bits, binSize);
str{binSize] ="0%

cout << str<<"\nn';

}
Ham main sau tao ra hai ddi twong kiéu Binary va kiém tra toan tir + .

main ()
{
Binarynl ="01011";
Binaryn2="11010";
nl.Print();
n2.Print();
(n1 +n2).Print();
cout<<nl + Binary(5) <<"'n'; //cong va chuyen thanh int
cout<<nl - 5<<"\n}; // chuyen n2 thanh int va tru
H

Hai hang cudi ciia ham main ¢mg x& hoan toan khac nhau. Hang du cua hai
hang nay chuyén 5 thanh Binary, thuc hién cdng, va sau do chuyén két qua
Binary thanh int trudc khi géi n6 dén dong xuat cout. Pi€u nay tuong duong
voi:

cout << (int) Binary::operator-H(n2,Binary(5)) <<"n’;

Hang th hai trong hai hang nay chuyén nl thanh int (bdi vi toan tir - khong
dugc dinh nghia cho Binary), thuc hién trir, va sau do géi két qua dén dong
xuat cout. Diéu nay tuong duong voi:

cout << ((int) n2) - 5 <<"n;
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Trong truong hop nay thi toan tur chuyen kiéu dugc ap dung khong tuong
minh. Két qua cho boi chuong trinh 1a bang ching cho cac chuyén kiéu duoc
thuc hién chinh xac:

(0000000000001011
(0000000000011010
(000000000100101
16

6

8.4. Tai dinh nghia toan tir xuat <<

Viéc xuit df)ng bd va don gian cho cac kiéu co san duoc md rong dé dang
cho céc kiéu nguoi dung dinh nghia bang cach tai dinh nghia thém nira toan
tir <<. D6i voi bat ky kiéu nguoi dung dinh nghia T, chung ta c6 thé dinh
nghia mot ham operator << dé xut cac d6i twong kiéu T:

ostreamé& operator << (ostreamé&, T&);

Tham so dau phai 1a mét tham chicu t6i dong xuat ostream sao cho c6 nhiéu sur
dung cua << c6 thé ndi vao nhau. Tham so thr hai khong can la mdt tham
chiéu nhung dic¢u nay lai hiéu qua cho cac doi tugng co kich thudce 1on.

Vi dy, thay vi ham thanh vién Print ctia 16p Binary chung ta c¢6 thé tai dinh
nghia toan tir << cho 16p. Béi vi toan hang du cta toan tr << phai 1a mot ddi
tugng ostream nén n6 khong thé duogc tai dinh nghia nhu 13 mot ham thanh
vién. Vi thé n6 duoc dinh nghia nhu 1a ham toan cuc:

class Binary {
/...

friend ostreamé& operator << (ostreamé&, Binary&);
|5
ostream& operator << (ostream &os, Binary &n)

char str{binSize + 1];

stmcpy(str, n.bits, binSize);

str{binSize] ="0%

cout <<str;

returm os;

}

Twr dinh nghia da cho, << co6 thé duoc dinh nghia cho xuét cac sd nhi phan
theo cach giong nhu céc kiéu c6 san. Vi du:

Binarynl ="01011",n2="11010";
cout<<nl <<"+"<<m2 <<"="<<nl +m2 <<}

s€ cho ra két qua sau:

(0000000000001011 +0000000000011010 = 0000000000100101
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Vi cach thic don gian, kiéu xuAt nay loai bo di ganh ning cua viéc nho
tén ham xuat doi véi moi ki€u nguoi dung dinh nghia. Trong truong hop
khong st dung tai dinh nghia <<thi vi du cudi c6 thé dugc viét nhu sau: (gia
su rang \n da dugc xo6a tir ham Print):

Binarynl ="01011",n2="11010";

nl.Print(); cout<<"+"; n2.Print();
cout<<"="; (nl +n2).Print(); cout <<"n;

8.5. Tai dinh nghia toan tir nhap >>

Viéc nhap céac kiéu ngudi dung dinh nghia duoc lam cho dé& dang bang cach
tai dinh nghia toan tir >> theo cting cach véi << dugc tai dinh nghia. Dbi voi
béat ky kiéu ngudi dung dinh nghia T ching ta c6 thé dinh nghia mdt ham
operator>> nhap cac ddi tuong kiéu T:

istreamé& operator >> (istream&, T&);

Tham s6 dau tién phai la m¢t tham chiéu t&i dong nhép istream sao cho sur
dung nhiéu >> ¢6 thé dugc noi vao nhau. Tham s6 thir hai phai 1a mot tham
chiéu vi n6 s€ duoc stra 361 boi ham.

Tiép theo 16p Binary chung ta tai dinh nghia toan tir >> dé nhap vao mot
chuoi cac bit. Nhac lai, boi vi toan hang dau tién cua toan tir >> phai 1a mdt
doi tugng istream nén nd khong theé duoc tai dinh nghia nhu 18 mdt ham thanh
vién:

class Binary {

/...

friend istreamé& operator >> (istreamé&, Binary&);
|5
istreamé& operator >> (istream &is, Binary &n)

char str{binSize + 1];

cin>> str;

n= Binary(str); // use the constructor for simplicity
return is;
H

Vi dinh nghia da cho nay thi todn tir >> ¢4 thé dugc sir dung dé nhap vao cac
s0 nhi phan theo cach cua cac kiéu dir 1i€u c6 san. Vi dy,

Binary n;
cn>>n;

s& doc mot s6 nhi phan tir ban phim tdi n.
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8.6. Tai dinh nghia ]

Danh sach 8.3 dinh nghia mét 16p vecto két hop don gian. Mot vecto két hop
12 mot mang mot chidu ma céc phan tir ¢6 thé duoc tim kiém bang ndi dung
ctia chiing hon 13 vi tri ctia chung trong mang. Trong AssocVec thi mdi phan tir
c6 mot tén dang chudi (thong qua d6 né co thé duoc tim kiém) va mot gia tri
s& nguyén két hop.

Danh sach 8.3

Chu giai

#include <iostream.h>
#include <string h>
class AssocVec {
public:
AssocVec (const int dim);
~AssocVec (void);
int& operator [] (const char *idx);
private:
struct VecElem {
char *index;
mt value;
o *elems; // cac phan tu cua vecto
nt dim; //kich thuoc cua vecto
int used; // cac phan tu duoc su dung toi hien tai
|

5 Ham xay dung tao ra mdt vecto Kkét hop c6 kich ¢& duogc chi dinh boi
tham so0 cua no.

7 Toan tir [] da tai dinh nghia dugc st dung dé truy xuét cac phén tor cua
vecto. Ham tai dinh nghia [] phai c6 chinh xac mét tham s6. V&i mét
chudi da cho né tim kiém phan tir tuong tmg chta trong vecto. Néu mot
viéc so khép chi s6 duoc tim thay thi sau d6 mot tham chiéu toi gid tri
két hop voi né dugc tra vé. Nguoc lai, mot phén tir mo1 dugce tao ra va
mot tham chiéu téi gia tri nay dugc tra ve.

12 Céac phan tir vecto duoc biéu dién bdi mot mang dong cua cac ciu tric
VecElem. Moi phﬁn tr cia vecto g@)m mot chudi (duoc biéu thi boi index)
va mot gia tri s6 nguyén (duoc biéu thi bai value).

Thi cong cia cac ham nay nhu sau:
AssocVec::AssocVec (const int dim)
{

AssocVec::dim=dim;

used=0;

elems =new VecElem[dim];
H

AssocVec::~AssocVec (void)
{
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for (register 1 =0; 1 <used; ++i)
delete elems]i].index;
delete [] elems;
H

int& AssocVec::operator [] (const char *idx)
{

for (register 1=0; 1 <used; ++i) // tim phan tu ton tai
if (stremp(idx,elems[i].index) == 0)

retum elems]i].value;

if (used < dim && // tao ra phan tu moi
(elems[used].index =new char|strlen(idx)+1]) = 0) {

strepy(elems[used].index;idx);
elems[used].value=used + 1;
retumn elemsfused+].value;

h

static int dummy =0;

retumn dummy;

Chu y rang boi vi AssocVec::operator{] phai tra vé mot tham chiéu hop 18,

mot tham chiéu t6i mot sé nguyén tinh gia duoc tra vé khi vecto day hay toan
ttr new thit bai.

Mot biéu thirc tham chiéu 1a mot gia tri trai va vi thé c6 thé xuét hién trén
ca hai phia ciia mot phép gan. Néu mot ham tra vé mot tham chiéu sau d6 mot
101 goi ham téi ham d6 c6 thé duoc gan tdi. Pidu nay 14 tai sao kiéu tra vé cua
AssocVec::operator[] duoc dinh nghia 1a mot tham chiéu.

St dung AssocVec chiing ta bay gid c6 thé tao ra cac vecto két hop ma xir
1y rat giong cac vecto binh thuong:

AssocVec count(S),

count["apple"'] =5;
count["orange''| = 10;
count|"fiuit"] = count["apple"] + count["orange"';

Diéu nay s& dat count["fruit"] téi 15.

8.7. Tai dinh nghia ()

Danh sach 8.4 dinh nghia mot 16p ma trén. Mot ma tran la mot bang cac gia
tri (mang hai chiéu) ma kich thuéc cta né duge biéu thi boi sé hang va sb cot
trong bang. Mot vi du cua ma tran don gian 2 x 3 s€ la:

110 20 30
M=15 52 19]
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Ky hi¢u toan hoc chuan dé tham khao céc phén tir clia ma tran 1a cac dau
ngodc. Vi du phan tir 20 clia ma tran M (nghia 13 trong hang dau va cot thir
hai) dugc tham khao téi nhu 12 M(1,2). Pai sé hoc ctia ma tran cung cip mot
tap cac thao tac dé cai dat ma tran bao gém cong, trir, nhan, va chia.

Danh sach 8.4
1 | #include <iostream.h>
2 | class Matrix {
3 public:
4 Matrix (const short rows, const short cols);
5 ~Matrix  (void)  {delete elems;}
6 double&  operator () (const short row, const short col);
7 friend ostream& operator << (ostreamé&, Matrix&);
8 friend Matrix operator +(Matrix&, Matrix&);
9 friend Matrix operator - (Matrix&, Matrix&);
10 friend Matrix operator * (Matrix&, Matrix&);
11 private:
12 const short rows; //sohangcuamatran
13 const short cols; //s0 cot cliama trén_
14 double *elems; // cac phén tr cia ma trdn
15 | 1
Chu giai

4 Ham xay dyng tao ra mot ma tran c6 kich c& dugc chi dinh boi cac tham
s6 ctia nd, tat ca cac phan tir ctia nd duogc khai tao 13 0.

6 Toan tu()da tai dinh nghia dugc sir dung dé truy xuét cac phén tr cua ma
tr4n. Ham tai dinh nghia toan tir () c6 thé khong c6 hay co nhiéu tham sd.
N6 tra vé mot tham chiéu toi gia tri ctia phan tir duoc chi dinh.

7 Toan tr << da tai dinh nghia dugc sur dung dé in mot ma tran theo hinh
thirc bang.

8-10  Cac toan tir d4 tai dinh nghia nay cung cip cac thao tac trén ma tran.
14 Cac phén tlr ciia ma tran duoc biéu didn béi mot mang dong kiéu double.
Viéc cai dit cia ba ham dau tién nhu sau:

Matrix::Matrix (const short r, const short ¢) : rows(r), cols(c)

elems =new double[rows * cols];

H
double& Matrix::operator () (const short row, const short col)
static double dummy = 0.0;

retum (row >= 1 && row <=rows && col >= 1 && col <= cols)
? elems]|(row - 1)*cols + (col - 1)]

: dummy;
}
ostream& operator << (ostream &os, Matrix &m)
{
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for (register r= 1; r <=m.rows; ++1) {
for (int c = 1; ¢ <=m.cols; ++c)
08 <<m(r,c)<<"";
0s <<

h

return os;

}

Nhu trude boi vi Matrix::operator() phai tra vé mot tham chiéu hop 1&, mot
tham chiéu t&i mot s6 thue double tinh gid dugc tra vé khi phén tir duoc chi
dinh khéng ton tai. Poan mi sau minh hoa ring cic phan tir ciia ma tran la
cac gid tri trai:

Matrix m(2,3);

m(1,1)=10; m(1,2)=20; m(1,3)=30;
m(2,1)=15; m(2,2)=25; m(2,3)=35;
cout<<m<<"n

Diéu nay s€ cho két qua sau:

10 20 30
15 25 35

8.8. Khoi tao ngam dinh

Hay xem xét dinh nghia cia toan tu + da tai dinh nghia cho 16p Matrix sau:
Matrix operator + (Matrix &p, Matrix &q)

Matrix m(p.rows, p.cols);
if (p.rows == q.rows && p.cols == g.cols)
for (register r = 1; r <=p.rows; ++1)
for (register ¢ = 1; ¢ <=p.cols; ++¢)

m(r,c) =p(r,c) + q(re);
retum m;

}

Ham sau tra vé mot doi tuong Matrix dugc khéi tao téi m. Viéc khoi tao duoc
dicu khién boi mot ham xay dung bén trong do trinh bién dich ty dong phat ra
cho 16p Matrix:

Matrix::Matrix (const Matrix &m) : rows(m.rows), cols(im.cols)
{

}

Hinh thirc khoi tao nay dugc goi 1a khéi tao ngdm dinh boi vi ham xay dung
dac biét khoi tao tirng thanh vién mdt ctua doi tuong. Néu chinh céc thanh
vién dir liéu cua dbi tugng dang dugc khoi tao lai 1a céc ddi tugng cua 16p
khac thi sau d6 chung ciing duoc khoi tao ngdm dinh.

elems=m.elems;
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Két qua cua viéc khoi tao ngém dinh 1a cac thanh vién dir liéu elems cua
ca hai dbi tugng s& tro t6i cung khdi da dugc cp phat dong. Tuy nhién m
duoc hity nho vao tra vé cia ham. Do d6 cac ham hiy x6a di khéi da duoc tro
t6i boi meelems bo lai thanh vién dir liéu ctia ddi tugng da tra vé dang tro t6i
mot khéi khong hop 18! Cudi cung diéu nay dan dén mot that bai trong khi
thuc thi chuong trinh. Hinh 8.2 minh hoa.

Hinh 8.2 L&i ciia viéc khéi tao ngam dinh
sao chép ngam dinh clla m dugc tao sau khi m bi hty
Matrix m
rows
cols
elems
. . " " ’
sao chép ngam sao chép ngam

dinh cita m Dynamic dinh cla m Invalid
rows Block rows Block
cols cols
elems elems

Khoi tao ngam dinh xdy ra trong cac tinh hudng sau:

e Khi dinh nghia va khéi tao mdt ddi tugng trong mot cau 1énh khai bao
ma su dung doi tuong khac nhu 1a bd khéi tao cua nd, vi du 1énh khoi tao
Matrixn=m trong ham Foo bén dudi.

e Khi truyén mot dbi sb 1a dbi twong dén mot ham (khong c6 thé dung
dugc doi s6 con tré hay tham chiéu), vi du m trong ham Foo bén dudi.

« Khi tra vé mot gia tri dbi twong tir mot ham (khéng ¢ thé dung duge ddi
s0 con tro hay tham chicu), vi du return n trong ham Foo bén duéi.

Matrix Foo (Matrix m) //sa0 chép ngam dinh tdi m

Matrixn=m;  //sao chépngim dinht6in

/...

retumn; // sa0 chép ngam dinh n va tra vé sao chép
}

R& rang viéc khoi tao ngdm dinh 13 thich hop cho cac 16p khong co cac
thanh vién dir 1iu con tré (vi du, 16p Point). Cac van dé gay ra boi khoi tao
ngam dinh cia cac 16p khac c6 thé dugce tranh bang cach dinh nghia cac ham
x@y dung phu trach cong viéc khoi tao ngdm dinh mot cach ro rang. Ham xay
dung nay con dugc goi la ham xdy dung sao chép. Daoi vai bat ky 16p X da
cho thi ham xay dung sao chép luén c6 hinh thirc:

XX (const X&);
Vi du v6i 16p Matrix thi diéu nay c6 thé duoc dinh nghia nhu sau:

class Matrix {
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Matrix (const Matrix&);
/..

5

Matrix::Matrix (const Matrix &m) : rows(m.rows), cols(im.cols)
{

intn=rows * cols;
elems =new double[n];
for (register i =0; i <n; ++i)

elems[i]=m.elems][i];

// cing kich thude
// sao chép cac phan tir

8.9. Gan ngim dinh

Cac ddi tuong thudc cung 16p duoc gan téi mot 16p khac boi mot tai dinh

nghia toan tur gan bén trong ma dugc phat ra tu dong boi trinh bién dich. Vi
du d¢é dic¢u khién phép gan trong

Matrix m(2,2), n(2,2);
/..
m=n;
trinh bién dich tu dong phat ra mdt ham bén trong nhu sau:

Matrix& Matrix::operator = (const Matrix &m)
{

TOWS = INLIOWS;
cols=m.cols;
elems =m.elems;

}

B1eu nay giéng y hét nhu trong viéc khai tao ngam dinh va dugc goi 1a
gan ngam dinh. N6 ciing c6 cung van dé nhu trong khéi tao ngam dinh va c6
thé khic phuc bang cach tai dinh nghia toan tir = mot cach rd rang. Vi du dbi
v6i1 16p Matrix thi viée tai dinh nghia todn tr = sau day 1a thich hop:

Matrix& Matrix::operator = (const Matrix &m)

if (rows == m.rows && cols ==m.cols) { ~ //phai khop
intn=rows * cols;

for (register i=0; i<n;+H) //sao chép cic phén tir
elems[i] =m.elems]i];

return *this;

}

Thong thuong, dbi véi bat ky 16p X di cho thi toan tir = dugc tai dinh
nghia bang thanh vién sau cua X:

X& X::operator = (X&)
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Toan tir = chi ¢6 thé duoc tai dinh nghia nhu la thanh vién va khong thé duogc
dinh nghia toan cuc.

8.10.T4ai dinh nghia new va delete

Cac ddi twong khac nhau thudng c6 kich thudc va tan sd sir dung khac nhau.
Két qua 1 chung c6 nhiing yéu cau bd nhd khac nhau. Cu thé cac ddi tugng
nho khong dugce didu khién mot cach hiéu qua bdi cac phién ban mic dinh
clia toan tir new va delete. Moi khéi duoc cp phét boi toan tir new giit mot vai
phi duoc dung cho muc dich quan 1y. Déi v6i cac d6i tuong 16n thi diéu nay
khong dang ké nhung ddi voi cac ddi tuong nho thi phi nay c6 thé 16n hon
chinh cac khéi. Hon nita, ¢ qua nhiéu khéi nho cé thé 1am cham chap dir doi
cho cac cp phat va thu hoi theo sau. Hiéu suat cua chuong trinh bang cach
tao ra nhiéu khdi nho tu dong co thé duoc cai thién dang ké bai viée sir dung
mot chién luoc quan 1y bd nhé don gian hon cho cac dbi tuong nay.

Céc toan tir quan 1y luu trir ddng new va delete co thé duoc tai dinh nghia
cho mdt 16p bang cach viét chong 1én dinh nghia toan cuc cua cac toan tir nay
khi dugc str dung cho céc doi tuong cua 16p do.

Vi du gia sir ching ta mudn tai dinh nghia toan tir new va delete cho 16p
Point sao cho céac doi tuwong Point dugc cap phat tr mot mang:

#include <stddefh>
#include <iostream.h>

const int maxPoints=512;

class Point {
public:
/...
void* operator new (size tbytes);
void operator delete  (void *ptr, size_t bytes);
private:
intxVal, yVal;

static union Block {
mt  xy[2];
Block *next;
*blocks; //tro toi cac luu tru ranh
static Block *freeList; // ds ranh cua cac khoi da lien ket
staticint  used; // cac khoi duoc dung
|3

Tén kiéu size t dugc dinh nghia trong stddefh.. Toan tir new s& ludn tra vé
void*. Tham sd cta new 1a kich thudc cua khdi duoc cip phat (tinh theo byte).
DPéi s6 tuong Ung luon dugc truyén mdt cach ty dong tdi trinh bién dich.
Tham sb dau cua toan tir delete 1a khdi dugc x6a. Tham sb hai (tuy chon) 1a
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kich thudc khdi da cap phat. Cac dbi sé duoc truyén mot cach tu dong téi
trinh bién dich.

Vi cac khoi, freeList va used 1a tinh nén chung khong anh huong dén kich
thudc cua doi tugng Point. Nhitng khoi nay duoc khéi tao nhu sau:

Point::Block *Point::blocks = new Block[maxPoints];
Point::Block *Point::freeList=0;
int Point::used =0

Toan tir new nhan khdi c6 san ké tiép tir blocks va tra vé dia chi cta no.
Toan tir delete giai phong mot khdi bang cach chén né trudc danh sach lién
két duoc biéu dién bai freeList. Khi used dat t&i maxPoints, new tra vé 0 khi danh
sach lién két 1a rdng, nguoc lai new tra vé khdi dau tién trong danh sach lién
ket.

void* Point::operator new (size_t bytes)

Block *res = freeList;
retum used < maxPoints
? &(blocks[used++])
((res=—=0 70
: (freeList = freeList-=>next, res));
H

void Point::operator delete (void *ptr, size_t bytes)

((Block*) ptr)-=>next = freeList;
freeList = (Block™) ptr;
}

Point::operator new va Point::operator delete duoc triéu goi chi cho cac dbi
tuong Point. Loi goi new vai bat ky d6i s6 kiéu khac s& tridu goi dinh nghia
toan cuc ctia new, tham chi néu 16i goi xdy ra bén trong mdt ham thanh vién
cua Point. Vi du:

Point *pt=new Point(1,1); // goi Point::operator new

char *str=new char{10]; // goi ::operator new

delete pt; // goi Point::operator delete
delete str; // goi ::operator delete

Khi new va delete dugc tai dinh nghia cho mét 16p, new va delete toan cuc ciing
c6 thé duoc str dung khi tao va hity mang cac dbi tuong:

Point *points =new Point[S];  // goi ::operator new
/...
delete [] points; // goi ::operator delete

Toén tir new dugc tri€u goi trude khi ddi tugng duogc xay dung trong khi
toan tu delete dugc goi sau khi doi twong da dugc huy.
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8.11.T4i dinh nghia ++ va --

Céc toan tir ting va giam mot ciing c6 thé dugc tai dinh nghia theo ca hai hinh
thire tién t6 va hau to. Dé phan biét giita hai hinh thirc nay thi phién ban hau
td duoc dic ta dé nhan mot dbi sb nguyén phu. Vi du, cac phién ban tién t va
hau t6 ctia toan tir ++ c6 thé dugc tai dinh nghia cho 16p Binary nhu sau:

class Binary {
/l

fiend  Binary operator++  (Binary&); /tiento
fiiend  Binary  operator++ (Binary&, int); //hauto
5

Maic du chung ta phai chon dinh nghia cac phién ban nay nhu la cac ham
ban toan cuc nhung chung ciing c6 thé duoc dinh nghia nhu 1a cic ham thanh
vién. Ca hai dugc dinh nghia dé dang theo thuit ngit cla toan tir + da duoc
dinh nghia trudce do:

Binary operator ++ (Binary &n) //tien to
{

retumn n=n+ Binary(1),
H

Binary operator ++ (Binary &n, int) //hauto
{

Binary m=n;

n=n+ Binary(1),

retumm;
§

Chu y rang chung ta don gian da phot 1o tham s phu cta phién ban hau td.
Khi toan tir nay dugc str dung thi trinh bién dich ty dong cung cap mot doi so
mac dinh cho né.

Poan ma sau thuc hién ca hai phién ban cua toan ti:

Binarynl ="01011";
Binaryn2="11010";
cout <<-Hnl <<"'n';
cout <<n2++<<"n';
cout<<n2 <<'\n}

N6 sé& cho két qua sau:
0000000000001100

(0000000000011010
(000000000011011

Céc phién ban tién to va hau so cia toan tir -- c6 thé duoc tai dinh nghia
theo cung céch nay.
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Bai tap cudi chuwong 8

8.1

8.2

8.3

8.4

8.5

Viét cac phién ban tai dinh nghia ctia ham Max d€ so sanh hai s6 nguyén, hai
s0 thuc, hoac hai chudi, va tra vé thanh phan 16n hon.

Tai dinh nghia hai toan tir sau cho 16p Set:

« Toan tir - cho hiéu cuia cac tap hop (vi du, s - £ cho mét tap hop gém céc
phan tur thudc s ma khong thude 7).

 Toan tir <= kiém tra mot tip hop co6 chira trong mot tap hop khac hay
khong (vi dy, s <=t 1a true néu tat ca cac phan tir thudc s cling thudc 7).

Tai dinh nghia hai toan tr sau day cho 16p Binary:
e Toan tir - cho hiéu cua hai gia tri nhi phan. Dé don gian, gia sir raing toan
hang dau tién luén 16n hon toan hang thir hai.
e Toan tir [] liy chi s6 mot bit thong qua vi tri ctia n6 va tra vé gia tri cia
no6 nhu 1a mdt s6 nguyén 0 hoac 1.

Cac ma tran thua dugc sir dung trong mot s6 phuong thire sé (vi dy, phan tich
phﬁn tir ¢6 han). Mot ma tran thua 1a mgt ma tran c6 dai da s6 cac ph'?ln tr cua
no6 1a 0. Trong thyc té, cic ma tran thua co6 kich thudc 1én dén 500 x 500 1a
binh thuong. Trén mdt may st dung biéu dién 64 bit cho cac sb thuc, luu trit
mot ma tran nhu thé nhu mot mang s€ yéu ciu 2 megabytes luu trit. Mot biéu
dién kinh té hon sé& chi can ghi nhan cac phan tir khac 0 cing véi cac vi tri cta
chung trong ma tran. Pinh nghia mgt 16p SparseMatrix st dung mot danh sach
lién két dé ghi nhan chi cac phén tir khac 0, va tai dinh nghia céc toan tu +, -,
va * cho no6. Cling dinh nghia mt ham xay dung khéi tao ngﬁm dinh va mot
toan tir khoi tao ngdm dinh cho 16p.

Hoan tat viéc cai dit cua 16p Sting. Cha ¥ rang hai phién ban cta ham xay
dung ngﬁm dinh va toan tr = ngﬁm dinh duogc doi hoi, mdt cho khai tao hoac
gan téi mot chudi bang cach st dung char*, va mot cho khoi tao hodc gan
ngﬁm dinh. Toan tr [] nén chi muc mot ky tu chudi béng cach su dung vi tri
ciia nd. Toan tir + cho phép ndi hai chudi vao nhau.

class String {
public:
String  (const char*);
String  (const String&);
String (const short);
~String  (void);

String&  operator =(const char*);

String&  operator =(const String&);

char&  operator [](const short);

int Length(void)  {retum(len);}

friend String operator Hconst String&, const String&);
friend ostreamé& operator << (ostreamé&, String&);
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8.6

private:
char *chars; // cac ky tu chuoi
short len; // chieu dai cua chuoi

enum Bool {false, true};

typedefunsigned char uchar;
class BitVec {
public:
BitVec (const short dim);
BitVec (const char* bits);
BitVec (const BitVec&);
~BitVec (void){ delete vec; }
BitVec& operator = (const BitVec&);

BitVec& operator & (const BitVec&);
BitVec& operator |= (const BitVec&);
BitVec& operator = (const BitVec&);
BitVec& operator<<=  (const short);
BitVec& operator>>=  (const short);

int operator [] (const short idx);

void Set (const short idx);
void Reset (const short idx);
BitVec operator ~ (void);

BitVec operator & (const BitVec&);
BitVec operator | (const BitVec&);
BitVec operator (const BitVec&);

BitVec operator << (const short n);
BitVec operator>> (const short n);

private:

Bool  operator=—=  (constBitVec&);

Bool operator = (const BitVec&);
friend ostreamé& operator << (ostream&, BitVec&);

uchar  *vec;

short  bytes;

Mot vécto bit 1a mot vécto v6i cac phan tir nhi phan, nghia 1a mdi phén tir co
gia tri hodc 1a 0 hodc 1a 1. Céc vécto bit nho dugce biéu dién thuén tién bfmg
cac s6 nguyén khong dau. Vi du, mot unsigned char c6 thé bang mot vécto bit 8
phan tir. Cac vécto bit 1on hon c6 thé dugc dinh nghia nhu mang cua céc
vécto bit nhé hon. Hoan tat sy thi cong cta 16p Bitvec, nhu duge dinh nghia
bén dudi. Nén cho phép cac vécto bit cta bat ky kich thude duge tao ra va
duoc thao tac bang cach sir dung cac toan tir két hop.

Chuong 8: Tai dinh nghia
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