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TONG QUAN VE THW VIEN CHUAN STL

. GI®I THIEU THU VIEN CHUAN STL

C++ dwoc danh gia 1a ngén ngir manh vi tinh mém déo, gan gii véi ngdn ngl» may. Ngoai ra, véi kha nang l4p trinh
theo mau ( template ), C++ da khién ngdn ngi |ap trinh tr& thanh khai quéat, khdng cu thé va chi tiét nhw nhiéu ngon
ngtr khac. Strc manh ctia C++ dén t» STL, viét tat clia Standard Template Library - mét thw vién template cho C++
véi nhirng cAu trac di liéu cling nhw gidi thuat dwoc xay dwng tbng quat ma van tan dung dwoc hiéu ning va téc do
ctia C. V&i khai niém template, nhirtng nguoi lap trinh da dé ra khai niém 1ap trinh khai lwgc (generic programming),
C++ dwoc cung cap kém véi bd thw vién chuan STL.

STL gém cac thanh phan chinh:

e Container (c&c bo lwu trir div liéu) 1a cac cAu trac dir liéu phd bién da template héa dung dé lwu triv cac kiéu
di¥ liéu khac nhau. Cac container chia lam 2 loai:
0 Sequential container (c&c ctdl tuan tw) bao gom list, vector va deque
o Asociative container (cac ctdl lién két) bao gébm map, multimap, set va multiset
« lterator (bién I&p) gibng nhw con tré, tich hop bén trong container
e Algorithm (céc thuat toan ) la cac ham phé bién dé 1am viéc véi cac bd lwu trik nhw thém, xoa, stra, truy xuét,
tim kiém, sp xép ..
e Function object (functor): MGt kiéu dbi tvong co thé goi nhw 1 ham, dung ra day la 1 ky thuat nhung trong
STL n6 dwgc nang cao va két hop véi cac algorithm
e Céc adapter (b twong thich) , chia lam 3 loai:
o container adapter (cac bd twong thich lwu trir) bao gdm stack, queue va priority_queue
0 iterator adapter (cac bd twong thich con trd)
o function adapter (cac b6 twong thich ham)

Nhirng thanh phan nay lam viéc chung v&i cac thanh phan khac dé cung cép cac giai phap cho céc van dé khac nhau
clia chuwong trinh.

B6 thw vién néy thue hién toan bo cac cdng viéc vao ra div liéu (iostream), quan ly mang (vector), thuc hién hau hét
céc tinh nang cuia cac cau truc di liéu co ban (stack, queue, map, set...). Ngoai ra, STL con bao gdm céc thuat toan
co ban: tim min, max, tinh tbng, sdp xép (v&i nhiéu thuat toan khac nhau), thay thé cac phan ttr, tim kiém (tim kiém
thwéng va tim kiém nhj phan), trén. Toan bo céc tinh ning néu trén déu duwoc cung cap dwéi dang template nén viéc
lap trinh luén thé hién tinh khai quat hoa cao. Nhé vay, STL lam cho ngdn ngir C++ tré nén trong sang hon nhiéu.

Dac diém thw vién STL 1a dwoc hd tro trén cac trinh bién dich & ca hai méi trwdng WINDOWS l&n UNIX, vi vay nén
khi si dung thw vién nay trong x( ly thuan tién cho viéc chia s& ma ngudn véi cong dong phat trién.

Vi thw vién chuén duwoc thiét ké bdi nhivng chuyén gia hang dau va da duwoc chirng minh tinh hiéu qua trong lich str
tén tai cta no, cac thanh phan cua thw vién nay duoc khuyén céo st dung thay vi ding nhung phan viét tay bén
ngoai hay nhitng phuwong tién cap thap khac. Thi dy, dung std::vector hay std::string thay vi dung kiéu mang don
thuan 1a mét cach hivu hiéu dé viét phan mém dwoc an toan va linh hoat hon.

Céc chirc nang clia thw vién chudn C++ dwoc khai béo trong namespace std;

Dw&i day ta sé tim hiéu tirng thanh phan cda STL
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Il. NHAP XUAT VOl IOSTREAM

Nhw ching ta sé thdy, C++ st dung nhap/xuét kiéu an toan (type safe). Viéc nhap/xuét duoc thuc hién mot cach tw
dong theo 16i nhay cdm vé kiéu di liéu. M6i thao tac nhap xuét cé dwoc dinh nghia thich hop dé xd ly mét kiéu div
liéu cu thé thi ham do6 dwoc goi dé xtr ly kiéu di liéu d6. Néu khong cé dbi sanh gitra kiéu cla div liéu hién tai va mot
ham cho viéc x Iy kiéu dir liéu d6, mét chi dan 16i bién dich dwoc thiét 1ap. Vi thé di liéu khong thich hop khdng thé
"lach" qua hé théng.

Céc d&c tinh nhap xuat mo ta theo hwéng déi twong. Ngweéi ding co thé chi dinh nhap/xuét clia cac kiéu dir liéu tw
dinh nghia ciing nhw céc kiéu di liéu chudn. Kha nang mé rong nay la mét trong cac dac tinh quan trong clia C++.

1.CAC LOP STREAM

C++ str dung khai niém dong tin (stream) va dwa ra céac I¢'p dong tin dé td chirc viéc nhap xuét. Dong tin c6 thé
xem nhw mot diy cac byte. Thao tac nhap la 14y (doc) cac byte tlr dong tin (khi d6 goi la dong nhap - input) vao
b6 nhé. Thao tac xuét la dwa cac byte tir bd nhé ra dong tin (khi d6 goi la dong xuét - output). Cac thao tac nay la
doc lap thiét bi. D& thuc hién viéc nhap, xuét Ién mét thiét bi cu thé, ching ta chi can gén dong tin véi thiét bi nay.

Khai ném stream:
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—file marker

—chubi byte, két thac béi ky hiéu end_of file
— Input: ttr ban phim, dia... vao bd nh&

— Output: t&v bd nhé ra man hinh, may in...
— file cling dwoc coi la mét dong

L&p streambuf 14 co s& cho tat ca cac thao tac vao ra béng toan tt, né dinh nghia cac déc trwng co ban clia cac
ving dé& m lwu trir cac ky tw dé xuat hayn hap. Lép ios 1a 16p dan xuét tir streambuf , ios di nh nghia cac dang co
ban va kha nang kiém tra 16i dung cho streambuf . ios 1a 16p co s& 4o cho céc I&p istream va ostream. Mai l&p
nay cé dinh nghfa chdng toan t&r “ << ” va “ >> " cho céc kiéu di lié u co s& khac nhau.

C6 4 16p quan trong can nhé la:

+ L&p co s& ios

+ Tl 1&'p ios dan xuét dén 2 16p istream va ostream

+ Hai l&p istream va ostream lai dan xuét tdi I&p iostream
So db ké thira gitra c4c 16'p nhw sau:

105

N

Istream ostream

\/

iostream
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Lépios

+ Thubc tinh clia I&p: Trong 1&p ios dinh nghia cac thuéc tinh dwgc st dung lam cac c& dinh dang cho viéc
nhap xuét va cac co kiém tra I6i (xem bén dwdi).

+ Céc phuong thire: Lép ios cung cp mot sb phwong thire phuc vu viée dinh dang div liéu nhap xuét, kiém
tra 16i (xem bén duai).

L&p istream
L&p nay cung cAp toan tlr nhap >> va nhiéu phwong thirc nhap khac (xem bén dwéi) nhu cac phwong thire:
get, getline, read, ignore, peek, seekg, tellg,...

L&p ostream
L&p nay cung cAp toan tl xuat << va nhiéu phwong thirc xuét khac (xem bén dwéi) nhw cac phwong thire:
put, write, flush, seekp, tellp,...

L&p iostream
L&p nay thira ké cac phwong thire nhap xuét clia cac I&p istream va ostream.

Thuw vién iostream clia C++ cung cip hang tram kha ndng ctia nhap/xuét. Mét vai tap tin header chira cac phan
clia giao dién thw vién:

Phan I&n chwong trinh C++ thuwéng include tap tin header <iostream> ma chira cac théng tin co' ban ddi héi
tAt c& cac thao tac dong nhap/xuét:

« dong nhap chuan néi véi thiét bi nhap chuan — Standard input (cin)
« dong xuat chuan ndi véi thiét bi xuat chuan — Standard output (cout)
« dong bao 16i - ndi véi thiét bi bao 16i chuan:

Khéng c6 bé nhé dém ( unbuffered error ) cerr

C6 dung bd nh¢ dém ( buffered error ) clog

Header <iomanip> chtva théng tin hivu ich cho viéc thwe hién nhap/xuét dinh dang véi tén goi 1a cac bo xi ly
dong biéu hién bang tham sb (parameterized stream manipulators).

Header <fstream> chira cac thdng tin quan trong cho cac thao tac xt Iy file do ngwoi dung kiém soat.

Header <strstream> chra céc théng tin quan trong cho viéc thwe hién cac dinh dang trong bd nhé. Biéu nay
twong tw x& ly file, nhwng cac thao tac nhap/xuét téi va tir mang cac ky tw hon la file.

Header <stdiostream.h> két ho'p kiéu nhap/xuét cii ctia C v&i C++ theo hwéng dbi twong.
2. NHAP XUAT CO BAN VOI TOAN TUP >> VA <<
3. NHAP KY TY VA CHUOI KY TY

Chiing ta nhan thay toan t» nhap >> chi tién lgi khi dung dé& nhap céac gia tri s6 (nguyén, thuc). D& nhap ky tw
va chudi ky tw nén dung cac phwong thire sau (dinh nghia trong |&p istream):

istream::get();
istream::getline();
istream::ignore();

3.1. Phwong thirc get

C6 3 dang (thuc chét c6 3 phwong thirc cuing cé tén get):
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Dang 1: int istream::get() ;
Céch thire doc clia get() ¢6 thé minh hoa qua vi du sau:

char ch;
ch = cin.get();

+ Néu gb ABC<Enter>

thi bién ch nhan ma ky tw A, cac ky tw BC<Enter> con lai trén dong vao.
+ Néu gb A<Enter>

thi bién ch nhan ma ky tw A, ky tw <Enter> con lai trén dong vao.

+ Néu gb <Enter>

thi bién ch nhan ma ky tw <Enter> (b&ng 10) va dong vao réng.

Dang 2: istream& istream::get(char &ch) ;

char dwoc tham chiéu béi ch.
Chay:
+ Céch thire doc clia get dang 2 ciling giébng nhw dang 1
+ Do get() dang 2 tra vé tham chiéu t&i istream, nén c6 thé s dung cac phwong thire get() dang 2 néi
dudi nhau va ciing c6 thé két hop véi toan tlr >>. Vi duy:

cin.get(chl); cin.get(ch2); cin.get(ch3);
c6 thé viét chung trén mot cau 1énh sau: cin.get(chi1).get(ch2) >> ch3;
Dang 3: istream& istream::get(char *str, int n, char delim =\n);

Dung dé doc mét day ky tw (k& ca khodng trang) va dwa vao ving nhé do str trd t&i. Qua trinh
doc két thac khi xay ra mét trong 2 tinh huéng sau:

+ Gap ky tw gi¢i han (cho trong delim). Ky ty gi¢i han mac dinh 1a \n (Enter)

+ Da nhan da (n-1) ky tw

Chay:

+ Ky tw két thic chudi \0 dwoc bd sung vao day ky tw nhan duwoc

+ ky tw gi¢i han van con lai trén dong nhap dé danh cho cac lénh nhap tiép theo.

+ Ciling gidng nhw get() dang 2, c6 thé viét cac phuong thire get() dang 3 néi dudi nhau trén mét dong
lénh, va ciing c6 thé két hop véi toan tir >>

+ Ky tw <Enter> con lai trén dong nhap c6 thé 1am tréi phwong thire get() dang 3. Vi du xét doan chuong
trinh:

char ht[25], qq[20], cq[30];

cout << “\nHo tén: “;

cin.get(ht,25);

cout << “\nQué quan: “;
cin.get(qq,20);

cout << “\nCo quan: “;
cin.get(cq,30);

cout <<"\n” <<ht<<” “<<qQ<<” “<<cqQ;

Doan chwong trinh dung dé nhap ho tén, qué quan va co quan. Néu gé:

Pham Thu Huong<Enter>
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thi cau I&nh get() dau tién s& nhan dwoc chudi “Pham Thu Huong” cAt vao mang ht. Ky tw <Enter> con lai
sé& lam tréi 2 cau Iénh get tiép theo. Do d6 cau lénh cudi cung sé chiin ra Pham Thu Huong.
Dé khac phuc tinh trang trén, cé thé dung mét trong céc cach sau:

+ Dung phwong thirc get() dang 1 hoac dang 2 dé Iy ra ky tw <Enter> trén dong nhap trwéc khi
dung get (dang 3).

+ Dung phwong thirc ignore dé lay ra mot sb ky tw khdng can thiét trén dong nhap trwéc khi ding
get dang 3.

cin.ignore(n) ; // L4y ra (loai ra hay bd qua) n ky tw trén dong nhap.
Nhw vay dé c6 thé nhap dwoc ca qué quan va co quan, can slra lai doan chwong trinh trén nhw sau:

char ht[25], qq[20], cq[30];

cout << “\nHo tén: “;

cin.get(ht,25);

cin.get(); // Nhan <Enter>

cout << “\nQué quan: “;
cin.get(qq,20);

cin.ignore(1); // Bo qua <Enter>
cout << “\nCo quan: “;
cin.get(cq,30);

cout <<"\n” <<ht<<” “<<qQ<<” “<<cqQ;

3.2. Phwong thirc getline

Twong tw nhw get dang 3, c6 thé dung getline d& nhap mét day ky tw tir ban phim. Phwong thirc nay
dwoc mo ta nhw sau:

istream& istream::getline(char *str, int n, char delim =\n);

Phwong thirc dau tién lam viéc nhw get dang 3, sau dé né loai <Enter> ra khéi dong nhap (ky tw <Enter>
khéng dwa vao day ky tw nhan dwoc). Nhw vay co thé ding getline d& nhap nhiéu chudi ky tw (ma khdng
lo ngai cac cau lénh nhap tiép theo bi troi).

Vi du doan chwong trinh nhap ho tén, qué quan va co quan bén trén cé thé viét nhw sau (béng
cach dung getline):

char ht[25], qq[20], cq[30];

cout << “\nHo tén: “;
cin.getline(ht,25);

cout << “\nQué quan: “;
cin.getline(qq,20);

cout << “\nCo quan: “;
cin.get(cq,30);

cout <<"\n” <<ht<<” “<<qQ<<” “<<cqQ;

Cha y: Ciing giéng nhw get() dang 2 va get() dang 3, c6 thé viét cac phwong thire getline() néi dudi nhau
trén mot dong lénh hoadc két hop véi toan tir >>

3.3. Nhap dong th&i gia tri s6 va ky tw

Nhw @4 noi trong 2, toan t& nhap >> bao gi¢ ciing dé lai ky tw <Enter> trén dong nhap. Ky tw <Enter>
nay sé lam troi cac Iénh nhap ky tw hodc chudi ky tw bén dwdi. Do vay can dung:
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hoéc ignore();
hoac get() dang 1
hoac get() dang 2
dé loai bd ky tw <Enter> con lai ra khdi dong nhap truwéc khi thue hién viéc nhap ky tw hodc chudi ky tw.
4.CAC HAM THANH VIEN KHAC
Céac ham thanh vién khac cua istream
- Ham ignore dung dé bd qua (loai bd) mét sé ky tw trén dong nhap.
istream& ignore(int n = 1, int delim = EOF);//bd qua dén n ky tw hodc dén lic bat gap eof.

- Ham putback():
istreamé& putback(char ch);

bat mét ky tw nguwoc lai dong nhap
- Ham peek():
int peek();
Ham tra vé ky tw ké tiép ma khong trich né tir dong.
Céac ham thanh vién khéc cta ostream
- Xuét ky tw bang ham thanh vién put
ostream& put(char ch);
C6 thé goi lién vi du cout.put( ‘A" ).put( \n"); khi 6 toan t&r dau chdm(.) dwoc tinh tir tréi sang phai
- Doéng bd dong nhap va dong xuét
Mac dinh cin va cout dwoc d?)ng bd: std ::cin.tie (&std ::cout); do dé ta théy nhirng gi dwgc nhap vao ban
phim khéng can qua bd dém ma hién ngay lén man hinh.Dé déng bd cac cép 10 khéc ta cling ding cl
phap instream.tie( &outstream );( instream va outstream la tén stream )
Dé bd dbng bo: instream.tie( 0 );
Nhap xuét khéng dinh dang
Nhap/xuat mirc th&p (nghta I nhap/xuét khéng dinh dang) chi dinh cu thé sé byte nao d6 phai dwoc di
chuyén hoan toan tw thiét bi t&i bd nhd hodc tir bd nhé téi thiét bi. Vi khong c6 céc xt Iy trung gian nén

cung cép téc do va dung lwong cao, nhung cach nay khong tién loi I&m cho 1ap trinh vién.

Nhéap/xuét khéng dinh dang dwoc thwe hién véi cac ham thanh vién istream::read() va ostream::write().

- Ham istream::read():
istream& read(unsigned char* puch, int nCount);

Trich cé&c byte tlr dong cho dén khi gi¢i han nCount dat dén hodc cho dén khi end- of-file dat dén.
Ham nay c6 ich cho dong nhap nhj phan.

- Ham ostream::write():
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ostream& write(const unsigned char* puch, int nCount);

Cheén nCount byte vao tir viing dém (dwoc tré bdi puch va psch) vao dong. Néu file dwoc mé &
ché do text, cac ky tw CR c6 thé dwgc chén vao. Ham nay c6 ich cho dong xuét nhi phan. Chéng
han:

char Buff[]="HAPPY BIRTHDAY",
cout.write(Buff,10);

- Ham int istream::gcount() tra vé sb ky tw da trich béi ham nhap khéng dinh dang cudi cling.

5.CAC TRANG THAI DONG

Khéi niém co: chra trong mét bit, cé 2 trang thai:
Bat (on) cégiatri 1
Tat (off) cégiatrio

M&i stream Iwu gilr nhitng co trang thai cho ta biét thao tac nhap, xuét c thanh cong hay khong, va nguyén nhan
gay l6i. Cac co nay, cling nhw ¢ dinh dang, thyc chat la cac phan tir ctia 1 vector bit (1 s6 nguyén ). Ching bao
gom.

e goodbit: bat khi khong c6 16i xay ra va cac co khac déu tat.

o eofbit: bat khi gap end-of-file.

e failbit: bat khi viéc nhap tré nén khéng chinh xac nhuwng stream van én. Vi du nhw thay vi nhap sb
nguyén thi ngwdi dung lai nhap ky tw.

e badbit: bat khi bang cach nao dé stream bi hdng va mét di liéu.

Cé&c co trén c6 thé dwoc truy xuét thong qua cac ham twong rng: good(), eof(), fail() va bad()
Ban c6 thé |4y toan bd cac c& bang ham ios::iostate rdstate();
Xem vi du bén dwai:

int x;
cout << "Enter an integer: ";
cin >> x;
/I The state of the stream can be gotten with rdstate.
ios::iostate flags = cin.rdstate();
/' We can test for which bits are set as follows.
/I Note the use of the bitwise & operator.
/I'lt's usually easier to test the bits directly:
if (flags & ios::failbit)
cout << "failbit set." << endl;
else cout << "failbit not set." << endl;
if (flags & ios::badbit)
cout << "badbit set." << endl;
else cout << "pbadbit not set." << endl;
if (flags & ios::eofbit)
cout << "eofbit set." << endl;
else cout << "eofbit not set." << endl;
if (cin.good())
cout << "Stream state is good." << endl;
else cout << "Stream state is not good." << endl;
if (cin.fail())



STL(Standard Template Library ) |8

cout << "Are you sure you entered an integer?" << endl;
else cout << "You entered: " << x << endl;

Ban c6 thé dét lai cac cd trang thai bng phwong thire clear():
void clear(ios::iostate flags = ios::goodbit );
Phwong thirc nay sé reset toan bd cac bit vé 0 va bat co flags.

VD: cin.clear() s& dwa trang thai dong vé OK, cin.clear(ios: failbit) s& bat failbit ( x6a nhirng céi khac ) con
cin.clear( ios::failbit | ios::badbit) sé bat failbit va badbit.

Dé bat 1 c& ma khong 1am &nh hudng dén c& khéc, ta ding toan tkr | véi chinh vector bit:
cin.clear( ios::badbit | cin.rdstate());
Hoac ham setstate:

void setstate( ios::iostate states)
Vi du:

cin.setstate( ios::failbit | ios::badbit)
6.DINH DANG XUAT

6.1. Pinh dang gia tri xuat

Dinh dang la xac dinh céc théng sé:

- B6 rong quy dinh

- B6 chinh xac

- Ky tw don

- Va céc théng sé khac

+ Do rong thuc té cla gia tri xuat: Nhw d& néi & trén, C++ sé bién dbi gia tri can xuét thanh mot chudi ky tw roi
dwa chudi nay ra man hinh. Ta sé goi s6 ky tw cta chubi nay 1a do réng thuc té cla gia tri xuét.

Vi du:

int Nn=4567, m=-23 ;
float x =-3.1416 ;
char ht[] = “Tran Van Thong” ;

D6 rong thwe té ctianla 4, cham la 3, cla x 1a 7, cha ht 1a 14.

+ D6 réng quy dinh 1a sb vj tri téi thiéu trén man hinh danh dé in gia tri. Theo mac dinh, dé réng quy dinh béng 0.
Chuing ta c6 thé dung phwong thire cout.width() dé thiét 1ap rong nay. Vi du:

cout.width(8);

sé thiét 1ap do rong quy dinh 1a 8.

+ Méi quan hé gitra d6 rong thyc té va do rong quy dinh

- Néu d6 rong thye té 16n hon hodc bang dé rong quy dinh thi sb vi tri trén man hinh chiva gia tri xuét sé bang do
rong thuc té.

- Néu d6 rong thye t& nhd hon dé rong quy dinh thi sb vi tri trén man hinh chiva gia tri xuét sé bang d6 réong quy
dinh. Khi d6 s& c6 mét sé vi tri dw thira. CAc vi tri dw thira s& dwoc don (I&p day) béng khoang tréng.

+ Xac dinh ky tw don: Ky tw don méc dinh 1a du cach (khoang tréng). Tuy nhién c6 thé dung phwong thire
cout.fill() @& chon mét ky tw don khac. Vi du:

int n=123; /96 réng thuc té 1a 3
cout fill(%): // Ky t dén 1a *
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cout.width(5); / B¢ réng quy dinh la 5
cout << n;

thi két qua in ra 1a: **123
+ Do chinh x&c 1a s6 vi tri danh cho phan phan (khi in sé thuc). D chinh xac méc dinh 1a 6. Tuy nhién c6 thé
dung phwong thire cout.precision() d& chon dé chinh xac. Vi du:

float x = 34.455 ; // D6 rong thuc té 6
cout.precision(2) ; // Do chinh xéac 2
cout.width(8); // B réng quy wéc 8
cout.fill(0) ; /1 Ky twr dén la sé 0
cout << X ;

thi két qua in ra 1a: 0034.46

6.2. Cac phwong thirc dinh dang

6.2.1. Phuwong thirc int cout.width() cho biét 6 rong quy dinh hién tai.
6.2.2. Phuwong thire int cout.width(int n)

Thiét lap d6 rong quy dinh mai [a n va tra vé d6 rong quy dinh trwéc d6.dd rong quy dinh n chi c6 tac dung cho
mot gia tri xuat. Sau d6 C++ thiét lap lai bang 0.
Vi du:

int m=1234, n=56;
cout << “\nAB”
cout.width(6);
cout << m;

cout << n;

thi két qua in ra la: B 123456

(gitva B va sb 1 c6 2 dau cach).

6.2.3. Phuwong thirc int cout.precision()

Cho biét d6 chinh xac hién tai (dang ap dung dé xuét céc gia tri thirc).

6.2.4. Phwong thirc int cout.precision(int n)

Thiét lap d6 chinh xac sé& ap dung 1a n va cho biét dd chinh xac trwéc 6. Do chinh xac dwoc thiét 1ap sé c6 hiéu
lwe cho t6i khi gap mot cau lénh thiét 1ap do chinh xac maéi.

6.2.5. Phuwong thire char cout.fill()

Cho biét ky tw don hién tai dang dwoc ap dung.

6.2.6. Phuwong thire char cout.fill(char ch)

Quy dinh ky tw don méi sé dwoc dung la ch va cho biét ky tw don dang dung trudc do. Ky tw dén duwoc thiét 1ap
s€ c0 hiéu Iyc cho téi khi gap mét cau I1énh chon ky tw don maoi.

Viduy:

float x=-3.1551, y=-23.45421,
cout.precision(2);

cout.fill(*");

cout <<"\n";

cout.width(8);

cout << x;

cout <<"\n";

cout.width(8);

cout <<y;

Sau khi thwee hién, chwong trinh in ra man hinh 2 dong sau:



STL(Standard Template Library ) |10

**.3.16
**.23.45

6.3. Co dinh dang

6.3.1. Cac co dinh dang

C6 thé chia céc c& thanh cac nhém:

Nhom 1 gém céc c& dinh vi (can 18) :
-ios::left: Khi bat c& ios:left thi gid tri in ra nam bén trai vung quy dinh, cac ky ty don nam sau
-ios::right: Khi bat cd ios:right thi gia tri in ra ndm bén phai viing quy dinh, cac ky tw don ndm trwéc.
-ios::internal: C& ios:internal c6 tac dung gibng nhw c& ios::right chi khac la dau (néu c6) in dau tién
Mac dinh c¢ ios::right bat.

Nhém 2 gébm céc c& dinh dang sb nguyén:

+ Khi ios::dec bat (mac dinh): S6 nguyén dwoc in dwéi dang co s6 10

+ Khi ios::oct bat : S6 nguyén dwoc in dwéi dang co s6 8

+ Khi ios::hex bat : Sé nguyén dwoc in dwéi dang co sb 16

Nhém 3 gdm céc c& dinh dang sb thuc:

ios::fixed ios::scientific  ios::showpoint

Méc dinh: Co ios::fixed bat (on) va c¢& ios::showpoint tét (off).

+ Khi ios::fixed bat va cd ios::showpoint tét thi sb thwe in ra dwéi dang thap phan, sb chir s6 phan phan (sau dau
cham) dwoec tinh bang d6 chinh xac n nhwng khi in thi bé di cac chir s6 0 & cubi.

Vi du néu dd chinh xac n = 4 thi:

S6 thwe -87.1500 dwocin:  -87.15
S6 thwe 23.45425 duwocin:  23.4543
S6 thwe 678.0 dwoc in: 678

+ Khi ios::fixed bat va cd ios::showpoint bat thi sb thwc in ra dwéi dang thap phan, sb chir sb phan phan (sau
dau chdm) dwoc in ra ding bang dd chinh xac n.
Vi du néu d6 chinh x&c n = 4 thi:

S6 thwe -87.1500  dwoc in:  -87.1500
S6 thwe 23.45425  duwocin:  23.4543
S6 thwe 678.0  dwocin:  678.0000

+ Khi ios::scientific bat va c& ios::showpoint tat thi sé thyc in ra dwéi dang mii (dang khoa hoc). Sé chir s6 phan
phan (sau dau cham) clia phan dinh tri dwoc tinh bang dé chinh xac n nhwng khi in thi bé di cac chir s6 0 & cubi.
Vi du néu d6 chinh x&c n = 4 thi:

S6 thwe -87.1500  dwocin:  -8.715e+01
S6 thwe 23.45425  duwocin:  2.3454e+01
S6 thwe 678.0  dwocin:  6.78e+02

+ Khi ios::scientific bat va c& ios::showpoint bat thi s thyc in ra dwéi dang mi. Sé chir sb phan phan (sau dau
cham) ctia phan dinh tri dwoc in ding bang dd chinh x&c n.
Vi du néu do chinh xac n = 4 thi:
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S6 thwe -87.1500  dwocin:  -8.7150e+01
S6 thwe 23.45425  duwocin:  2.3454e+01
S6 thwe 678.0  dwocin:  6.7800e+01

Nhém 4 gébm céc hién thi:

ios::showpos ios::showbase ios::uppercase

C¢& ios::showpos

+ Néu c& ios::showpos tat (mé&c dinh) thi dau céng khong dwoc in truéc sé dwong.

+ Néu c& ios::showpos bat thi ddu céng dwoc in truéc sé dwong.

C¢& ios::showbase

+ Néu cd ios::showbase bat thi s6 nguyén hé 8 duoc in b4t dau bang ky tw 0 va sb nguyén hé 16 dwoc bat dau
bang céc ky tw Ox. Vi du néu a = 40 thi:

dang in hé 8la: 050
dang in hé 16 1a 0x28

+ Néu c& ios::showbase tat (mac dinh) thi khéng in 0 trwéc sé nguyén hé 8 va khodng in Ox truéc s6 nguyén hé
16. Vi du néu a = 40 thi:

danginhé8la: 50
danginhé 161a 28

Co& ios::uppercase
+ Néu co ios::uppercase bat thi cac chir s6 hé 16 (nhw A, B, C, ...) duoc in dwdi dang chiy hoa.
+ Néu cd ios::uppercase tat (mé&c dinh) thi cac chir s6 hé 16 (nhw A, B, C, ...) duoc in dwdi dang chir thudng.

6.3.2. Cac phwong thirc bat tat co

Céc phuong thirc nay dinh nghia trong 1&p ios.

+ Phuwong thirc

long cout.setf(long f) ;

sé& bat cac co liét ké trong f va trd vé mot gia tri long biéu thi cac c& dang bat. Théng thweng gia tri f duwoc xac
dinh bang céch t6 hop cac co trinh bay trong muc 6.1.

Vi du:

cout.setf(ios::showpoint | ios::scientific) ;
sé bat cac co ios::showpoint va ios::scientific.

+ Phuwong thirc

long cout.unsetf(long f) ;

sé tat cac co liét ké trong f va trd vé mét gia tri long bidu thi cac c& dang bat. Théng thwdng gia tri f dworc xac
dinh bang céch t6 hop cac cd trinh bay trong muc 6.1.

Vi du:

cout.unsetf(ios::showpoint | ios::scientific) ;
sé tat cac cd ios::showpoint va ios::scientific.

+ Phuwong thirc

long cout.flags(long f) ;

c6 tac dung gibng nhw cout.setf(long). Vi du:
cout.flags(ios::showpoint | ios::scientific) ;

sé bat cic co ios::showpoint va ios::scientific.
+ Phuwong thirc

long cout.flags() ;
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sé tra vé mot gid tri long biéu thi cac c& dang bat.

6.4.Cac bd phan dinh dang va cac ham dinh dang
6.4.1. Cac b6 phan dinh dang (dinh nghia trong <iostream.h>)
Céc bo phan dinh dang gém:

dec
oct
hex
endl
ends
flush

Chuing ¢6 tac dung nhuw c& dinh dang nhung dwoc viét nbi dudi trong toan tdr xuat nén tién st dung hon.
Vidu:

cout.setf(ios::showbase)
cout << "ABC" << endl << hex << 40 << "" << 41;

Chwong trinh sé in 2 dong sau ra man hinh:

ABC
0x28 0x29

6.4.2. Cac ham dinh dang ( stream manipulator )

Céac ham dinh dang gém:

setw(int n) // nhw cout.width(int n)
setpecision(int n) // nhw cout.pecision(int n)
setfill(char ch) // nhw cout. fill(char ch)
setiosflags(long 1) // nhw cout.setf(long f)

resetiosflags(long I) // nhw cout.unsetf(long f)

Cac ham dinh dang c6 tac dung nhw cac phwong thire dinh dang nhwng dwoc viét ndi dudi trong toan tir xuét nén
tién str dung hon.

Mudn st dung cac ham dinh dang can b sung vao dau chwong trinh chi thi #include <iomanip>
Vi du c6 thé thay phwong thire  cout.setf(ios::showbase) ;
bang ham cout << setiosflags(ios::showbase) <<*“...”;

7.CAC DONG CHUAN
C6 4 dong tin (d6i twong cla cac I&p Stream) da dinh nghta trwéc, dwoc cai dat khi chwong trinh khéi dong.

Hai dong chuan quan trong nhat la:

cin dong input chu&n gan voi ban phim, giéng nhuw stdin cta C.
cout dong output chuan gan v&i man hinh, giong nhw stdout cda C.

Hai dong tin chuan khéc:

cerr dong output I6i chuén gan véi man hinh, gibng nhw stderr cta C.
clog gidng cerr nhwng c6 thém bd dém.
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Chay 1: C6 thé dung cac dong cerr va clog dé xuét ra man hinh nhw da dung déi véi cout.

Chay 2: Vi clog c6 thém bod dém, nén dir liéu dwoc dwa vao bo dém. Khi ddy bd dém thi dwa dir liéu tir bo dém
ra dong clog. Vi vay truwéc khi két thic xuét can dung phwong thire: clog.flush()dé day div liéu tir bd dém ra
clog.Clog thudrng dworc st dung cho cac (ng dung wu tién vé tbc do.

Chuong trinh sau minh hoa cach ding dong clog. Chdng ta nhan thay, néu bd cau lénh clog.flush() thi s& khéng
nhin thay két qua xuat ra man hinh khi chwong trinh tam dirng b&i cau Iénh cin.get()

float x=-87.1500;
clog.setf(ios::scientific);
clog.precision(4);
clog.fill('*");
clog.width(10);

clog << x;

clog.flush();

cin.get();

Xuét ra may in
Trong s6 4 dong tin chuan khéng dong nao gén véi may in. Nhw vay khong thé dung cac dong nay dé xuét di

liéu ra may in. Dé xuét dir liéu ra may in (cling nhw nhap, xuét trén tép) can tao ra cac dong tin méi va cho nd
gan v&i thiét bi cu thé.

Dé tao mét dong xuét va gén né véi may in ta cé thé dung mét trong cac ham tao sau:

ofstream Tén_dong_tin(int fd) ;
ofstream Tén_dong_tin(int fd, char *buf, int n) ;

Trong doé:

+ Tén_dong_tin 1a tén bién dbi twong kiéu ofstream hay goi 1a tén dong xuét do chiing ta t dat.

+ fd (file descriptor) 1a chi sO tap tin. Chi sO tap tin dinh san doi v&i stdprn (may in chuan) la 4.

+ Cac tham so buf va n xac dinh mét vang nho n byte do buf trd t&i. Vung nhé sé dwoc dung lam bd dém cho
dong xuat.

ofstream prn(4) ;
sé& tao dong tin xut prn va gan n6 voi may in chuan. Dong prm sé c6 bo dém méc dinh. D liéu trudc hét chuyén
vao bd dém, khi day bé dém thi di¥ liéu sé dwoc day tir bd dém ra dong prn. Bé chd déng yéu cau day dir liéu tw

bd dém ra dong prn c6 thé str dung phwong thire flush hodc bd phan dinh dang flush. Cach viét nhw sau:

prn.flush(); / Phwong thic
prn << flush ; // B6é phan dinh dang

Dung chudi ky tw 1am bd dém:

char buf[1000] ;
ofstream prn(4,buf,1000) ;

Tao dong tin xuét prn va gan n6 voi may in chuén. Dong xuét prm st dung 1000 byte clia mang buf 1am b dém.
Cac cau lénh duwoi day cling xuat di¥ liéu ra may in:

prn << “\nTong = “ << (4+9) ; // Bwa di¥liéu vao bo dém
prn << “\nTich = “<< (4*9) ; // Puwa dirliéu vao b dém
prn.flush() ; // Xuat 2 dong (¢ bd dém) ra may in

Cha y: Trwéce khi két thic chwong trinh, di liéu tlr bd dém sé dwoc tw dong day ra may in.

8.THAO TAC VO FILE STREAM
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8.1.Céac |&p dung dé nhap, xuéat div liéu 1én file

Nhuw d& noi & trén, C++ cung cép 4 dong tin chudn dé 1am viéc voi ban phim va man hinh. Muén nhap xuét
Ién tép chung ta can tao cac dong tin ma&i (khai bao cac doi twgng Stream) va gan chung voi mét tép cu thé. C++
cung cap 3 I&p stream dé lam diéu nay, do la cac lop:

ofstream dung dé tao cac dong xuét (ghi tép)
ifstream duing dé tao cac dong nhap (doc tép)
fstream dung dé tao cac dong nhap, dong xuét hodc dong nhap-xuét

So dd dan xuét cac |&p nhw sau:

i0s
I
istream fstreambase ostream
ifstream ofstream
\ /
fstream

8.2.Céch str dung fstream :

Dé dinh nghia 1 dbi twong file ta dung ct phép fstream dataFile;
(¢ day dataFile chila tén do ngudi dung dat ma thoi )
bé mé 1 file ta dung cu phap sau :
dataFile.open("info.txt", ios::out);
Hoé&c don gidn truyén tham sb vao constructor:
fstream dataFile("info.txt", ios::out);
O day doi héi 2 dbi sb : déi thir nhét 1a 1 chudi tén chiva tén file. Di thir 2 1a ché do ( mode) ma file va cai nay
cho ta biét ché dé nao ma chuing ta dung dé mé file. O vi du trén thi tén file la info.txt con flag file & day la
ios::out. Cai nay n6 n6i cho C++ biet chiing ta m¢ file & ché do xuat ra.
Ché d6 xuat ra cho phép di¥ liéu cé thé dwgc ghi vao file.

datafile.open("info.txt", ios::in);

Con & vi du nay thi tre la ta dang mé file & ché do nhap vao, ttre la cho phép dir liéu dwoc doc vao tw file.
+ Tham s6 mode c¢6 gia tri mac dinh la ios::out (m& dé ghi). Tham s6 nay c6é thé la mot trong cac gia tri sau:

ios::binary ghi theo kiéu nhi phan (mé&c dinh theo kiéu van ban)
ios::out ghi tép, néu tép da c6 thi né bj ghi dé

ios::app ghi bd sung vao cudi tép

ios::ate chuyén con tré tép t&i cudi tép sau khi mé tép
ios::trunc x0da néi dung cla tép néu no ton tai

ios::nocreate néu tép chwa c6 thi khdng lam gi (bd qua)

ios::noreplace  néu tép da co thi khdng lam gi (bd qua)

Chuing ta thé s dung nhirng ché dé trén chung véi nhau va chiing sé dwoc két ndi véi nhau bang toan ti |.
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Dong Iénh trén cho phép ta mé& file info.txt & ca 2 ché dd xuét va nhap. ) )
Cha'y : Khi dung riéng Ié thi ios::out s& x6a ndi dung cua file néu file d& dwoc tao san. Tuy nhién néu dung chung
V@i ios::in, thi ndi dung file cli sé dwogc gilr lai. Va néu file chwa duwgc tao, nd sé tao ra 1 file méi cho ching ta

luén.
8.3.Cac thap tac co’ ban
—Ghi/doc file (nhw cout, cin)

« outClientFile << myVariable
« inClientFile >> myVariable

—Dong file outClientFile.close();

Bay gi¢ la 1 vi du hoan chinh :

/I This program uses an fstream object to write data to a file.

#include <iostream>
#include <fstream>
using namespace std,;

int main()
{

fstream dataFile;

cout << "Opening file...\n";

dataFile.open("demofile.txt", ios::out); // Mé& file dé ghi vao

cout << "Now writing data to the file.\n";

dataFile << "Jones\n"; /I Ghi dong th 1
dataFile << "Smith\n"; /I Ghi dong th 2
dataFile.close(); /l Bong file

cout << "Done.\n";
return O;

}

File Output: JONES\WSMITHH\n<EOF>

Khi file dwgc dong lai thi ki ty end-of-file s€ dwoc tw dong ghi vao.
Khi file lai dwg'c mé ra thi tuy theo mode con trd sé nam & dau file hodc vi tri end-of-file do.

8.4.Kiém tra file c6 ton tai hay khéng trwéc khi mé

D6i khi chuing ta sé& can kiém tra xem file ¢ ton tai trwéc khi chiing ta mé& né ra hay khéng va sau day la 1 vi du:

fstream dataFile;
dataFile.open("value.txt", ios::in);
if(dataFile.fail())

{
dataFile.open("value.txt", ios::out);

else dataFile.close();

8.5.Céch truyén 1 file vao ham

Chung ta khi lam viéc v&i nhitng chwong trinh thye sw thi doi khi chung ta cén phai truyén file stream vao ham
nao dé dé tién cho viéc quan ly, nhwng khi truyén phai lwu y la ludn ludn truyén bang tham chiéu.
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#include <iostream>
#include <fstream>
#include <string>

using namespace std,;
bool OpenFile(fstream &file, char *name);
void ShowContents(fstream &file);

int main()

{
fstream dataFile;
if(lOpenFile(dataFile, "demo.txt"))

cout << "Error " << endl;
return O;
}
cout << "Successfully.\n";
ShowContents(dataFile);
dataFile.close();

return O;

}

bool OpenFile(fstream &file, char *name)
{
file.open(name, ios::in);
if(file.fail())
return false;
else
return true;
}

void ShowContents(fstream &file)
{
string line;
while(getline(file, line)){
cout << line << endl;
}
}

8.6. Cac ham dinh vi cho file tuan tw

« con trd vj tri ghi sb thi tw clia byte tiép theo dé doc/ghi
 cac ham dat lai vi tri cGa con tro:

— seekg (dat vi tri doc cho I6p istream)

— seekp (dat vi tri ghi cho ostream)

— seekg va seekp laycac dbi sb 1a offset va méc (offset: sb byte twong dbi ké tir méc)
«Mbc(ios::beg mac dinh)

— ios::beg - dau file

—ios::cur -vi tri hién tai

— ios::end -cudi file

« cAc ham |4y vi tri hién tai ctia con tré:

—tellg va tellp

*Vi du:

fileObject.seekg(0)

//dén dau file (vi tri 0), m&c dinh déi sb the hai la ios::beg
fileObject.seekg(n)

//dén byte thi n ké tir dau file

fileObject.seekg(n, ios::cur)
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/ltién n byte

fileObject.seekg(y, ios::end)

/Nui 'y byte ké tr cudi file
fileObject.seekg(0, ios::cur)

//dén cubi file

/Iseekp twong tw

location = fileObject.tellg()

/N4y vi tri doc hién tai cla fileObject

8.7.File nhi phan
8.7.1.Dbinh nghia:

File nhi phan 14 file chva n6i dung khong nhét thiét phai 1a ASCII text.

Tét ca nhirng file tlr dau t&i gier ching ta thao tac déu & dang méc dinh la text file. C6 nghta la di liéu trong
nhirng file nay déu da dwoc dinh dang duwdi ma ASCIIl. Tham chi la s6 di chang nira khi né dwgc Iwu trong file voi
toan t& << thi n6 d& dc ngam dinh chuyén vé dang text. Vi du :

ofstream file("num.dat");
short x = 1297;
file << x;

Dong lénh cubi cling cla vi du trén sé ghi ndi dung clia x vao file, ching dwoc lwu vao & dang ki tw '1', '2','9", '7".
Thye sw 1a con s6 1297 dwoc lwu dwdi dang nhi phan, va chiém 2 byte trong bd nhé may tinh.
Vi x kiéu short n6 sé dwoc lwu nhw sau :
00000101 | 00010001
Dé ghi truc tiép cac byte ching ta s& diing mode ios::binary

file.open("stuff.dat", ios::out | ios::binary);
8.7.2.Ham write va read :
8.7.1.1.Write
-Ham write dung dé ghi 1 file stream & dinh dang nhi nhan. Dang téng quéat cia ham write nhw sau :
fileObject.write(address, size);

O day chung ta ¢ nhirng lwu y sau :

-fileObject 1a tén ctia déi twong file stream.

-address |a dia chi d4u tién cta 1 ving nhé dwoc ghi vao file. i s6 nay c6 thé 1a dia chi ctia 1 ki tw hodc la con
tr t&i kiéu char.

-size 1a s6 lwong byte clia viing nhéd ma né dwoc write. D6i s6 nay bat budc phai la kiéu integer( s6 nguyén
dwong )

Chuling ta xét vi du sau :

char letter ="A’;
file.write(&letter, sizeof(letter));

-Déi thir nhat & day la dia chi ca bién letter. Va dbi nay sé néi cho ham write biét rang di liéu dwoc ghi vao file &
dau trong vung nho.

-Déi thir 2 sé 1a kick thudc clia bién letter, va ddi nay sé néi cho ham write biét sé lwong byte ctia dir liéu sé ghi
vao file. B&i vi dir s& dwoc lwu khac nhau trén tuy hé théng khac nhau, nén cach tét nhat la ching ta ding toan
ttr sizeof d& quyét dinh sb bytes dwoc ghi. Va sau khi ham nay dwoc thuwc hién, ndi dung cla bién letter sé duoc
khi vao file nhi phan cla ddi twong "file"dd.

Chiing ta xem tiép 1 vi du sau :
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char data[] = {'A’, 'B', 'C', 'D'};
file.write(data, sizeof(data));

Trong vi du nay thi ddi thir 1 1a tén ctia mang (data). Vi khi ta truyén tham s6 la tén ctia mang thi tie 1a ta da
truyén con trd trd t&i vi tri dau tién clia mang. Béi thir 2 cling ¢ y nghia twong tw nhw vi du 1. Va sau khi gap nay
thwe hién thi néi dung clia mang sé dwoc ghi vao file nhi phan twong tng véi déi twong file.

8.7.1.2.Read

Ham read thi sé& dung doc vao sbé di liéu nhi phan tir file vao bdé nhé may tinh. Dang téng quat 14 :
fileObject.read(address, size);

-O day fileObject la tén cta dbi twong file stream. ]

-address la dia chi dau tién ma viing nhé ma di liéu dwoc doc vao duoc lwu. Va déi nay cé thé 1a dia chi cta 1 ki
tw hay 1 con trd t&i kidu char.

-size ciling |a sb lwong byte trong bd nhé dwoc doc vao tir file. Va dbi nay bat budc ciing phai la sb kiéu integer (
nguyén dwong )

Twong ty ham read ta cling c6 2 vi du sau :

char letter;
file.read(&letter, sizeof(letter));

va:

char data[4];

file.read(data, sizeof(data));
Néu chung ta mudn ghi cac kiéu khac vao file nhi phan thi ta phai ding ct phap c6 dat biét sau day.
reinterpret_cast<dataType>(value)

O ¢t phap trén thi dataType sé la kiéu di¥ liéu ma chiing ta muén ép vé, va value sé& 1a gia tri ma chling ta mudn
ép vé dang byte.
Vidu:

int X = 65;
file.write(reinterpret_cast<char *>(&x), sizeof(x));

Déi véi mang thi :

const int SIZE = 10;
int numbers[SIZE] = {1,2,3,4,5,6,7,8,9,10};
file.write(reinterpret_cast<charr *>(numbers), sizeof(numbers));

Vi du:

/I This program uses the write and read functions.
#include <iostream>

#include <fstream>

using namespace std,;

int main()
{
const int SIZE = 10;
fstream file;
int numbers[SIZE] = {1, 2, 3, 4, 5,6, 7, 8, 9, 10},

/I Open the file for output in binary mode.
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file.open("numbers.dat", ios::out | ios::binary);

/I Write the contents of the array to the file.
cout << "Writing the data to the file.\n";
file.write(reinterpret_cast<char *>(numbers), sizeof(numbers));

/I Close the file.
file.close();

/I Open the file for input in binary mode.
file.open("numbers.dat", ios::in | ios::binary);

/I Read the contents of the file into the array.
cout << "Now reading the data back into memory.\n";
file.read(reinterpret_cast<char *>(numbers), sizeof(humbers));

/I Display the contents of the array.

for (int count = 0; count < SIZE; count++)
cout << numbers[count] << " ";

cout << endl;

/I Close the file.
file.close();
return O;

}
9. BINH NGHIA TOAN TU << VA >> CUA BAN

Nhuw da noi, nhap xuét trong C++ r4t manh, nho' co' ché da nang hoa toan tir, C++ cho phép ta dinh nghia nhap
xuat doi v&i cac kiéu dir liéu tw tao.

Toan t& >> dwgc da nang hoa cé prototype:
ostream & operator << (ostream & stream, ClassName Object);

Ham todn ttr << tra vé& tham chiéu chi dén dong xuét ostream. Tham sb thi» nhat ctia ham toan t& << la mét tham
chiéu chi dén dong xuét ostream, tham sé tht hai la dbi twong duoc chén vao dong. Khi st dung, dong trao cho
todn tlr << (tham sbé thir nhét) |a toan hang bén trai va déi twong dwoc dwa vao dong (tham sb thi hai) la toan
hang bén phai. Ta sé st dung toan tt nay véi dbi sb thir nhat |a ostream nén né khong thé 1a 1 ham thanh vién.

Con ham toan tl cla toan t&r >> dwoc da nang héa co prototype nhw sau:
istream & operator >> (istream & stream, ClassName Object);

Ham toan t& >> tra vé tham chiéu chi dén dong nhap istream. Tham sb thir nhat ciia ham toan t& nay 1a mét
tham chiéu chi dén d(‘)ng nhap istream, tham s6 thiy hai la doi twong clia I&p dang xét ma chung ta muon tao
dwng nh& vao di¥ liéu lay tir dong nhap. Khi str dung, dong nhap déng vai toan hang bén trai, déi twgng nhan di
liéu déng vai toan hang bén phai. Cling nhw trwdng hop toan tlr <<, ham toan t&r >> khong la ham thanh vién cla
&p.

Théng thwéng 2 toan tir nay dwoc cap quyén friend.

Vi du v&i l&p point:
#include<iostream>
class point
L

int x,y;

public:
friend ostream & operator << (ostream & Out,const point & P);
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friend istream & operator >> (istream & In,point & P);

%
ostream & operator << (ostream & out,const point & p)
{ out << "("<<px<<" "< py <<
return out;
/ICho phép cout << a<<b<<g;
}
istream & operator >> (istream & in,point & p)
{
char c;
in>>p.x>>c>>p.y;
return in;
}
int main()
L
point p;
cin >> p;
cout << "Toa do: " << p;
return O,
}

10.STRING STREAM

Thw vién chuén ciing cho phép nhap xuét dir liéu tir 1 chudi ky tw c6 sén trong bd nhé.Tinh ndng nay dwoc cung
cap trong header strstream.
Vé cach st dung, string stream cling c6 constructor va cac mode nhu file stream:

strstream::strstream( char *, int, ios_base::openmode = ios_base::in|ios_base::out )

Dbi s6 thir nhat 1a mang lwu b dém.
Dbi s6 thir 2 13 kich thudc toi da ctia bo dem.
Baoi so thir 3 |a mode.

Ciing nhw file, string stream c6 3 loai:

istrstream
ostrstream
strstream

Sau day 1a 1 vi du vé st dung osstream dé ddi tir 1 sb nguyén sang 1 chudi:

#include<iostream>
#include <strstream>
int main()
{
long x = 235323429;
char buf[10];
ostrstream oss(buf,10,io0s::out);
0SS << X << ends;
/lends dai dién cho ky tw null
cout << oss.str();//cout << buf;
cout << "\nSo ky tu la: " << oss.pcount();
cout << "\nDia chi buffer: " << (void*)oss.rdbuf();
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return O;

}

[ll. CONTAINER & ITERATOR

1. Téng quan vé container

Container (thung chira) la khai niém chi cac dbi twong lwu trlr cac dbi twong (gia tri) khac. Déi twong container
sé cung cAp cac phwong thirc dé truy cap cac thanh phan (element) ctia no.

Container nao cling c6 cac phwong thirc sau day:

Phwong thirc M0 ta

size() S6 lwong phan ter
empty () Tra vé 1 neu container rong 0 néu nguoc lai.
max_size() Tra ve sb lwong phan to toi da da dugc cap phat

== Tra ve 1 néu hai container gidng nhau
I= Tra vé 1 néu hai container khac nhau

begin() Tra vé con tré dén phan tlr dau tién clta container

end() Tra vé con tré dén phan tte cudi cung cla container

front() Tra vé tham chiéu dén phan t&r du tién cta container

back() Tra vé tham chiéu dén phan t&r cudi cung ctia container

swap() Hoan ddi 2 container v&i nhau (giong viéc hoan déi gia tri ctia 2 bién)

Cac container chia lam 2 loai:

o Sequential container (cac ctdl tuan tw) bao gom list, vector va deque
0 Asociative container (cac ctdl lién két) bao gom map, multimap, set va multiset

Container M6 ta Header
Bitset M6t chudi bit <bitset>
deque Hang doi <queue>
list Danh sach tuyén tinh <list>
map Lwu trir cap khoa/gia tri ma trong dé méi khéa chi dwoc két hop véi 1 gia tri. <map>
multimap Lwu trir cap khoa/gia tri ma trong dé mot khoa cé thé két hop véi 2 hay nhiéu hon 2 gia tri. | <map >
multiset Mét tap hop ma trong dé cac phan i c6 thé gidng nhau ( theo 1 cach so sanh nao do ) <set>
priority_queue | M6t hang doi wu tién. <queue>
set Mét tap hop ( trong d6 méi phan ttr 1a duy nhat - theo 1 cach so sanh nao dé ) <set>
stack Mét ngan xép. <stack>
vector Mang dong <vector>
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B&i vi tén kiéu str dung trong container ndm trong mét I&p template khai béo ty y, do dé cac kiéu nay dwoc khai
béo typedef thanh cac tén va cé y nghia.Cac tén nay lam cho dinh nghia cac container khd chuyén hon Mot vai

tén typedef phd bién duoc dwa ra trong bang sau:

Typedef Name
size_type
reference
const_reference
iterator
const_iterator
reverse_iterator
const_reverse_iterator
value_type
allocator_type
key_type

key compare

value_compare

Mo ta

M6t s6 nguyén ( twong dwong size t)
Mét tham chiéu dén 1 phan t

Mot tham tri dén mot phan .

Mot bién 1ap

Mot tham tri 1ap

M6t bién 1ap nguoc

M6t tham tri Iap ngwoc

Kiéu di¥ liéu dwoc lwu trir trong container
Kiéu cua allocator.

Kiéu cta khoa.

Loai ham so sanh 2 khéa

Loai ham so sénh 2 gia tri.

Mé&c du khdng thé xem xét ki tat ca cac loai container trong chwong nay, nhwng & phan sau sé nghién ctru ki 3
dai dién: vector, list, map va 1 thé hién hivu dung ctia vector 1a string. Mot khi ban hiéu dwoc cadch ma nhivng
container nay lam viéc, thi ban sé& khéng gap kho khan gi trong viéc str dung nhirng loai khac.

2. lterator (b6 lap)

La khai niém st dung dé& chi moét con tré trd dén cac phan tr trong 1 container. M®i container c6 moét loai iterator
khac nhau. Trong thw vién STL thi nguoi ta tich hop I&¢p doi twong Iterator cung véi cac container. Tw twdng do

thé hién nhw sau:

o Céc dbi twong Iterator 1a cAc con trd dén cac déi twong cla 1op lwu triv:
typedef__gnu_cxx::__normal_iterator <pointer,vector_type> iterator;

o Khai béo I&p lterator nhw 1a 1 1&p nam trong 1&p lwu triv.
0 Xac dinh trong I&p Iwu trir cac phuwong thirc thanh phan nhw:

= begin() — tra lai con tré kiéu dbi twong lterartor dén phan tlr dau tién cia ndm trong déi twong 16p

lwu triv.

= end() — tra lai con trd kiéu Iterator tré dén 1 ddi twong nao d6 bén ngoai tap cac phan tir dwoc
lwu trle. BOI twong bén ngoai nao d6 coé thé cé cac dinh nghia khac nhau.Trong trwdng hop cu

thé nhw vector ta cé thé hiéu 1a tré dén phan t&r sau phan t& cudi cung.
0 Xac dinh trong |&'p dbi twong kiéu Iterator cac toan t& nhu sau:
= ++p hodc p++ : chuyén iterator p dén phan tr ké tiép.
= —-p hodc p-- : chuyén iterator p dén phan ttr dang trwéc no.
= *p:x&c dinh gia tri cGa phan tr ma iterator p trd dén.
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Nhw ban biét, mang va con tré c6 méi quan hé chat ché véi nhau trong C++. Mt mang c6 thé dwoc truy xuét
théng qua con trd. Sy twong dwong nay trong STL 1a mébi quan hé gitra iterator va container. N6 cung cép cho
ching ta khad nang xt ly theo chu ki théng qua ndi dung cla container theo mét cach giébng nhw 1a ban st dung
con tré dé tao xt ly chu ky trong mang.

Ban c6 thé truy xuét dén cac thanh phan ctia mét container bang str dung mét iterator:

<container> coll;
for (<container>::iterator it = coll.begin(); it != coll.end(); ++it)

{

Iterator dinh nghia thé nao Ia “phan t&r dau”, “phan t& cudi”, “phan tl tiép theo” ... clia container, n6 che di cau
trac ndi tai va cho phép ta viét cac doan ma tong quat dé duyét hay chon phan t&r trén cac container khac nhau
ma khdng can biét bén trong cta container dé ra sao.

C6 5 loai iterator dwgc mo ta trong bang dwdi.

Iterator Quyeén truy cdp

Random access (Randlter ) | Chira va nhan gia tri. Cac thanh phan c6 thé truy xuat ngau nhién

Bidirectional ( Bilter ) Chtra va nhan gié tri. Di chuyén t&i trwéc va sau

Forward ( Forlter ) Chtra va nhan gia tri. Chi cho phép di chuyén téi.

Input ( Inlter ) Nhan nhwng khéng Iwu trir gia tri. Chi cho phép di chuyén t&i.
Output ( Outlter ) Chira nhwng khong nhan gia tri. Chi cho phép di chuyén téi.

Néu container khai bao const, chling ta phai diing const_iterator thay vi iterator:

const list<string> list1;
list<string>::const_iterator i = list1.begin();

STREAM ITERATORS

Stream Iteartor cung cap kha nang xt Iy trén dong nhap xuét, ban c6 thé them bat, xoa sira tryc tiép trén
stream. M6t vi du 1a nhap vain ra 1 container khéng can vong for():

vector <int> v (istream_iterator <int>(cin), istream_iterator <int>());
copy(v.begin(), v.end(), ostream_iterator<int>(cout, " "));
REVERSE_ITERATOR

Trong céc reversible container con dinh nghia thém reverse_iterator ( iterator ddo nguoc ). N6 dwoc dinh vi tuan
tw theo mét trinh tw nguoc lai véi iterator. Vi vay, reverse_iterator dau tién sé tré dén cubi ctia container, tang
gia tri clia reverse_iterator s& lam no6 tré dén thanh phan ding trwéc ... Twong rng véi iterator end() va iterator
begin() ta co reverse_iterator rbegin() va reverse_iterator rend();

Vi du : duyét list theo 2 chiéu
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#include <iostream>
#include <list>
using namespace std,;
int main()
{
int A[] ={3,2,3,1,2,3,5,3};
int n = sizeof(A)/sizeof(*A);
list<int>V;
for (int i=0; i<n; i++)
V.push_back(A[i]);

list<int>::iterator vi;
cout << endl << "Danh sach theo chieu xuoi" << endl;
for (vi=V.begin(); vi'=V.end(); vi++)

cout << *vi << endl;

list<int>::reverse_iterator rvi,
cout << endl << "Danh sach theo chieu nguoc" << endl;
for (rvi=V.rbegin(); rvil=V.rend(); rvi++)

cout << *rvi << endl;

return O;

}
Chuyén déi qua lai giira reverse_iterator va iterator:

- Ham thanh vién base(): trd v& mot iterator tré dén phan tlr hién tai ctia reverse_iterator.
- Tao reverse_iterator tw iterator: Contructor reverse_iterator(RandomAccesslterator i);
Vi du:

vector<int> v;

vector<int>::iterator it(v.begin());
vector<int>:: reverse_iterator ri(v.rbegin());
/Igoi contructor
assert(ri.base()==v.end()-1);

ri=v.begin();

/Igoi contructor

assert(ri.base()==it);

*Lénh assert(); dung dé kiém tra mét biéu thire diéu kién.

3. Sequential container

3.1.VECTOR
3.1.1. Gidithiéu :

L&p mang dong vector<T> c6 san trong thw vién chudn STL clia C++ dinh nghia mét mang déng
cé&c phan t& kiéu T, vector c6 cac tinh chét sau:



3.1.2.
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- Khéng can khai bao kich thudc clia mang, vector ¢ thé ty dong cap phat bd nhé, ban sé
khéng phai quan tam dén quan ly kich thwéc cla no.

- Vector con c6 thé cho ban biét s lwong cac phan tir ma ban dang lwu trong né.

- Vector cé cac phuwong thire clia stack, duwoc tdi wu hoa véi cac phép toan & phia duéi (rear
operations)

- HO tro tAt ca cac thao tac co' ban nhw chén ,xda, sao chép ..
Cu phap

Dé c6 thé dung vector thi ban phai thém 1 header va phai c6 using std::vector;
Cu phép cua vector ciing rat don gian, vi du :

vector<int> v ;
vector<int> v(10);
vector<int> v(10, 2);

Khai béo vector v ¢é kiéu int. Cha y kiéu cta vector dwoc dé trong 2 d4u ngo&c nhon.

Dang 1 kh&i tao 1 vector c6 kich thwéc ban dau 1a 0, vi kich thwéc clia vector c6 thé nang lén,
cho nén khéng can khai bao cho né cé bao nhiéu phan t& ciing dwoc. Hodc néu muén thi ban
cling c6 thé khai bao nhuw dang 2, nhuwng ciing nhan manh lai rdng mé&c du size = 10, nhung khi
ban thém vao hodc x04 bét di thi kich thwéc nay cling van thay déi dwoc.

Trong dang 3 thi 10 phan t& cla vector A s& dwoc khéi tao bang 2.

Dong thoi ta cling co6 thé khéi tao cho 1 vector sé 1a ban sao clia 1 hodc 1 phan vector khac, vi
du:

vector<int> A(10,2);
vector<int> B(A);
vector<int> C(A.begin(), A.begin() + 5 )://ban sao 5 phan tu dau tien

Hay theo d&i vi du sau:

#include <iostream>
#include <vector>

using namespace std,;
int main()
{
vector<int> V(3);
V[0] = 5;
V[1] = 6;
V[2] =7,
for (int i=0; i<V.size(); i++)
cout << V[i] << endl;
return O;

Vi du trén cho ban thay viéc st dung vector rat don gian, hoan toan gidng véi mang nhwng bod
nhé dwoc quan ly tw ddng, ban khéng phai quan tam dén giai phéng cac ving bd nhé da xin cap
phat.
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Trwdng hop xac dinh kich thwéc mang khi chwong trinh dang chay, chdng ta dung ham dwng
mac dinh dé khai bao mang chwa xac dinh kich thwéc, sau dé dung phwong thirc resize( size _t
n ) dé xac dinh kich thwéc ctia mang khi can.

reaE | e | maiay
‘ 3 “ 2 ‘ 9 ‘ 5 ‘ A ‘: 0 H 0 H 0 =v.resizel:8}
3.1.3. Cac phuwong thirc
3.1.3.1. Cac phuwong thire clia stack: push_back() va pop_back()
7
.push_back(7
1 3 2 9 5 a 7 | VRS
v.front() v.back()
2 ‘ 3 ‘ 2 ‘ 9 ‘ 5 ‘ 4 ‘ 7 ‘ v.pop_back()
v.front() v.back()
L
17
| R |

#include <iostream>
#include <vector>
using namespace std,;
int main()
L
inti;
vector<int>V,
for (i=0; i<5; i++) // L&p 5 lan, méi lan dwa thém 1 sé vao vector
V.push_back(i); // Nhw vay, vector c6 thé duoc st dung nhw stack
cout << end| << "Mang ban dau:" << endl;
for (i=0; i<V.size(); i++) // Ghi lai n6i dung cia mang ra man h.nh
cout << V[i] << endl;
V.pop_back(); // X6a phan tir vira chén vao di
cout << end| << "Xoa phan tu cuoi:" << endl;
for (i=0; i<V.size(); i++) // In ndi dung ctia vector sau khi xéa
cout << V[i] << endl;
return O,

V&i vi du trén, ban c6 thé thay ta c6 thé str dung vector nhw 1 stack:
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- Khéng nén dung toan td [] dé truy xuét cac phan tr ma nd khdng tdn tai, nghia la vi du vector
size = 10, ma ban truy xuét 11 1a sai. D& thém vao 1 gia tri cho vector ma né khéng cé size truéc
hodc da full thi ta ding ham thanh vién push_back(), ham nay sé& thém 1 phan t& vao cudi vector.

- Twong tw vé&i thao tac x6a mot phan t&r & cudi ra khdi vector, ban ciing chi can st dung 1 lénh:
pop_back()

3.1.3.2.  Xoa tai vi tri bat ky, x6a tréng
Vi du:

#include <iostream>
#include <vector>
using namespace std,;
template <class T>
void print(const vector<T>&v)
{

for (int i=0; i < v.size(); i++)

cout << vJi] << endl;

}

int main()

{

char *chao[] = {"Xin", "chao", "tat", "ca", "cac", "ban"};
int n = sizeof(chao)/sizeof(*chao);

vector<char*> v(chao, chao + n);

/lday la 1 cach khoi tao vector

cout << "vector truoc khi xoa" << endl;
print(v);

v.erase(v.begin()+ 2, v.begin()+ 5);

/Ix6a tir phan t& thi 2 dén phan t& thir 5

v.erase( v.begin()+1);
/Ix6a phan t ther 1
cout << "vector sau khi xoa" << endl;
print(v);
v.clear();//X6a toan bd cac phan ti
cout << "Vector sau khi clear co "

<< v.size() << " phan tu" << endl;
return O,

}
3.1.3.3. Phwong thirc chén

iterator insert ( iterator position, const T& X );
void insert ( iterator position, size_type n, const T& X );
void insert ( iterator position, Inputlterator first, Inputlterator last );

Vidu:

/I inserting into a vector
#include <iostream>
#include <vector>
using namespace std,;
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int main ()

{
vector<int> v1(4,100);
vl.insert (v1l.begin()+3, 200 ); //chen 200 vao trwoc v tri ther 3
vl.insert (vl1.begin()+2 ,2,300); //chén 2 1an 300 vao truéc vi tri thir 2

vector<int> v2(2,400);
inta[] = {501, 502, 503 };
vl.insert (v1.begin()+2, a, a+3); //chén mang a (3 phan t) vao trwéc vi tri thir 2

vl.insert (v1.begin()+4,v2.begin(),v2.end());/chen v2 vao truwéc vj tri thir 4
cout << "v1 contains:";
for (int i=0; i < v1.size(); i++)

cout << " " << v1]i];
return O;

Output:

v1 contains: 100 100 501 502 400 400 503 100 200 300 300 100

3.1.3.4. Mot sb ham khéac va chirc nang

Nhipng toan tlr so sanh dwgc dinh nghia cho vector: ==, <, <=, 1=, >, >=
Tham chiéu back(), front()

template<class _TYPE, class _A>

reference vector::front( );

template<class _TYPE, class _A>

reference vector::back();

Tra vé tham chiéu dén phan tlr dau va cubi vector: v.front() < v[0] va v.back() & v[v.size()-1]

#include <iostream>
#include <vector>
using namespace std,;

int main ()

{
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int a]] ={3,2,3,1,2,3,5,7};
int n = sizeof(a)/sizeof(*a);
vector<int> v(a, atn);

cout << "phan tu dau la " << v.front() << endl;
cout << "phan tu cuoi la " << v.back() << endl;
cout << "gan phan tu cuoi la 9 ..." << endl;
v.back() = 9;

cout << "gan phan tu dau la 100 ..." << end|;
v.front() = 100;

cout << "kiem tra lai vector: ";

for (inti=0; i < v.size(); i++)
cout << v[i] <<%

cout << endl;

return O;

Output:

phan tu dau la 3

phan tu cuoi la 7

gan phan tu cuoila 9 ...

gan phan tu dau la 100 ...

kiem tra lai vector: 1002312359

Press any key to continue ...

Ham thanh vién empty()

Dé xac dinh vector c6 réng hay khong ta ding ham thanh vién empty(), ham nay tra vé true néu
vector réng, va false ngwoc lai. Cl phap :

if(v.empty() == true) {
cout << "No values in vector \n";

}

- capacity() : Tra vé sb luong phan t&r téi da ma vector dwoc cip phat, day 1a 1 con sb c6 thé thay
ddi do viéc cap phat bd nhé tw ddng hay bang cac ham nhu reserve() va resize()

Sy khéc biét gitba 2 ham size() va capacity() :

#include<vector>
#include<iostream>
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int main(int argc , char **argc)
{
vector<int >s01,s02[10];
sol.reserve(10);
cout <<"Kich thuoc toi da:"<<sol.capacity();

cout <<"\n Kich thuoc hien tai cua mang 2 "<<so02.size()<<endl;
return O;

}

- reserve(): cap phat viing nhé cho vector, gidng nhw realloc() ctia C va khdng giéng
vector::resize(), tac dung ctia reserve dé han ché vector ty cap phéat ving nhé khong can thiét. Vi
du khi ban thém 1 phan t& ma vwot qua capacity thi vector sé cap phéat thém, viéc nay 13p di 1ap lai
sé& lam gidm performance trong khi ¢ nhirng trwéng hop ta cé thé wéc lwong dwoc can st dung bao
nhiéu bé nhé.

Vi du néu ko c6 reserve() thi capacity sé 1a 4 :

#include <iostream>
#include <vector>

using namespace std;

int main()

{
vector< int > my_vect;
my_vect.reserve( 8 );
my_vect.push_back( 1);
my_vect.push_back( 2 );
my_vect.push_back( 3);

cout << my_vect.capacity() << "\n";
return O;

}

- swap(); hoan dbi 2 container v&i nhau (giéng viéc hoan dbi gia tri ctia 2 bién ). Vi du : v1.swap(v2);

3.1.4. Kiém tra tran chi sé mang

C6 mot van dé chwa dwoc dé cap dén tir khi ta lam quen véi vector, d6 1a kha nang kiém tra tran chi sé mang
(range check), dé biét vé& kha na&ng nay, chung ta lai tiép tuc véi mét vi du méi:

#include <iostream>
#include <vector>
#include <conio.h>
using namespace std,;
int main()

{
try { // st dung try...catch dé bay 16i

vector<long> V(3, 10); // Khé&i tao vector gbm 3 thanh phan
/I Tét ca géan gia tri 10
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cout << "V[0]=" << V[0] << endl; / Bwa thanh phan 0 ra man hinh

cout << "V[1]=" << V[1] << endl; / Bwa thanh phan 1 ra man hinh

cout << "V[2]=" << V[2] << endl; // Bwa thanh phan 2 ra man hinh

cout << "V[3]=" << V[3] << endl; / Thanh phan 3 (Iénh nay hoat déng khong
/1 dang vi V chi ¢6 3 thanh phan 0,1,2

cout << "V[4]=" << V[4] << endl; / Thanh phan 4 (cang khéng dung)

/I Nhuwng 2 1énh trén déu khong gay |6i

cout << "V[0]=" << V.at(0) << endl; // Khong s dung [], dung phwong thirc at
cout << "V[1]=" << V.at(1) << endl; // Thanh phan 1, OK

cout << "V[2]=" << V.at(2) << endl; // Thanh phan 2, OK

cout << "V[3]=" << V.at(3) << endl; // Thanh phan 3: Lbi, chwong trinh dirng
cout << "V[4]=" << V.at(4) << endl;

getchar();
} catch (exception &e) {

cout << "Tranchiso! " << end!;

}

return O;

}
Trong vi du nay, ching ta lai c6 thém mét sé kinh nghiém sau:

- Néu str dung ct phép bién_vector[chi_sé], chuong trinh s& khong tao ra 16i khi str dung chi s mang nam
ngoai vung hop 1& (gibng nhw mang thwéng). Trong vi du, ching ta méi chi |y gia tri phan té véi chi s6
khong hop 18, trwdng hop nay chi cho két qua sai. Nhwng néu ching ta géan gia tri cho phan t&» khéng hop l1é
nay, hau qua sé nghiém trong hon nhiéu vi thao tac d6 sé& lam hdéng cac gia tri khac trén bd nho.

- Phuwong thirc at(chi_sd) c6 tac dung twong tw nhw dung ky hiéu [], nhwng cé mét sy khac biét 1a thao tac
nay c6 kiém tra chi s6 hop I&. Minh chirng cho nhan xét nay trong vi du khi chwong trinh chay dén vi tri 1énh
V.at(3), Iénh nay khong cho ra két qua ma tao thanh thdng béo I8i.

3.15 Mang 2 chiéu v&i Vector

#include <iostream>
#include <vector>

using namespace std,;

int main()

{

vector< vector<int> > matrix(3, vector<int>(2,0));

/Ichu y viet > > de khong nham voi toan tu >>
for(int x = 0; X < 3; x++)
for(inty = 0; y < 2; y++)
matrix[X][y] = x*y;

for(int x = 0; X < 3; X++)
for(inty = 0; y < 2; y++)
cout << matrix[x][y];
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cout << '\n';

return O;

Vi du nay minh hoa viéc st dung mang 2 chiéu, thuc chat day Ia mét vector cla vector. Mang 2 chiéu st
dung bién phap nay c6 thé cé kich thwédc khac nhau gitra cac dong (vi du mang 2 chiéu la niva trén ctia ma
tran)

Bang: cac ham thanh vién Ié&p vector

Ham thanh phan M6 ta

template<class Inlter> Gan gia tri cho vector theo trinh ty ti start dén

end.
void assign(Inlter start, Inlter end);

Template<class Size, class T) Gan gia tri ctia val cho num phan t&r cla

vector.
Void assign(Size num, const T &val = T());

Reference at(size_type |); Tra vé mét tham chiéu dén mét phan tir duwoc
chi dinh bai i.
Const_reference at(size_type ) const;
Reference back(size_type I); Tra vé mét tham chiéu dén phan td cubi cing
cla vector.

Const_reference at(size_type |) const;

Iterator begin(); Tra vé mét bién |ap chi dinh phan t& dau tién
cla vector.
Const _iterator begin() const;

Size_type capacity() const; Tra vé dung lvong hién thoi cta vector. Day la
s6 lwong cac phan tir ma né cé thé chira trwéc
khi né can cap phat thém viing nhé.

Void clear(); Xba tat ca cac phan tt trong vector.

Bool empty() const; Tra vé true néu vector rong va tra vé false néu
nguoc lai.

Iterator end(); Tra vé mot bién |ap dé két thic mot vector.

Const_iterator end() const

iterator erase(iterator i); X6a mét phan t&r duoc chi bdii. Tra vé mot
bién 1&p chi dén phan t& sau phan t& dwoc
xoba.

Iterator erase(iterator start, iterator end); X6a nhirng phan tt trong day tir start dén end.

Tra vé mét bién lap chi dén phan t&r sau cung
cla vector.
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Reference front();

Const_reference front() const;

Tra vé mot tham chiéu dén phan t&r dau tién
cla vector.

Allocator_type get_allocator() const;

Tra vé vung nhé dwoc cap phat cho vector.

Iterator insert(iterator I, const T&val=T());

Chen val tryc tiép vao trwdc thanh phan duoc
chi dinh béi i. bién I&p chi dén phan t&r dwoc tra
Ve.

Void insert(iterator 1, size_type num, const T&
val);

Chén num val mét cach tryce tiép trwdc phan tor
dwoc chi dinh bai i.

Template<class Inlter>

Void insert(iterator I, Inlter start, Inltr end);

Cheén chudi xac dinh tiy start dén end truc tiép
trwéc mot phan t&r dwoc chi dinh bdi i.

Size_type max_size() const;

Tra vé sb lwgng phan ttr I6n nhat ma vector co
thé chira.

Reference operator[](size_type i) const;

Const_reference operator[](size_type i) const;

Tra vé mot tham chiéu dén phan t&r dwoc chi
dinh béi i.

Void pop_back();

Xba phan t& cudi cung trong vector.

Void push_back(cons T&val);

Thém vao mét phan tt cé gia tri val vao cubi
cla vector.

Reverse_iterator rbegin();

Const_reverse_iterator rbegin() const;

Tra vé bién 1ap nghich chi diém két thic cua
vector.

Reverse_iterator rend();

Const_reverse_iterator rend() const;

Tra vé mét bién 1ap nghich chi diém bat dau
clia vector.

Void reverse (size_type num);

Thiét Iap kich thwéc cha vector nhidu nhét 1a
bang num.

Void resize (size_type num, T val =T());

Chuyén dbi kich thwéc cua vector dwoc xac
dinh b&i num. Néu nhw kich thwéc cla vector
tang |én thi cac phan t& c6 gia tri val sé dwoc
thém vao cubi vector.

Size_type size() const;

Tra vé s6 lwgng cac phan tir hién thoi cla
trong vector.

Vois swap(vector<T, Allocator>&ob)

Chuyén dbi nhirng phan t& dwoc lwu trong
vector hién théi véi nhirng phan tr trong ob.
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List trong STL la danh sach lién két d6i. Khéng gidng nhw vector, hé tro' truy xuat mét cach ngau nhién (
random access ), mot danh sach chi c6 thé dwoc truy xudt mot cach tudn tw. Nghia 1a néu ban muédn truy
xuét mot phan t&r bat ki trong list thi ban phai bat dau duyét tlr phan t& dau tién hoac phan t& cudi cuing cua
list réi duyét Ian lwot qua céc iterator dén phan tor do.
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Dé st dung list, ban phai khai bao file header list: #include <list>
List c6 thé khéi tao béng constructor méc dinh hodc sao chép tir mang, tir list khac hay container khac

int a[10];
list<int> listO;
list<int> listl(a+2,a+7);

list<int> list2(list1.begin()++,--listl.end());

Cac ham thwdng dung cua list

Phwong thirc M6 ta

size() S6 lwgng phan t cda list

empty () Tra vé 1 néu danh sach |a tréng, 0 néu ngwoc lai
max_size() Tra vé sb lwgng phan ti t6i da cua list
front() Tra vé phan t&r dau tién cla list

back() Tra vé phan t& cudi cuing cua list

begin() Tra vé phan tt 13p dau tién ctia danh sach
end() Tra vé phan tt 13p cudi cung cla danh sach
sort() Sap xép danh sach véi toan tir <
push_front() | dwa moét phan tdr vao dau list

push_end() dwa mét phan t&r vao cubi list
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pop_front() g& phan t&r dau list ra

pop_end() g& phan t&r cudi list ra

Vi du dwéi ching ta tao mét list, dwa phan t&r vao va truy xuét phan to

list<string> list1;
listl.push_back("Zebra");listl.push_back("Penguin");list1l.push_front("Lion");
list<string>::iterator i;

for(i=listl.begin();i!=listl.end();++i) cout<<*i<<endl;

Néu chang ta mudn mét list chira nhiéu list, ta chi can khai bao

list<list<string> > listOfList;

Cac ham thwdng dung khac cua list:

list1.insert(list1.begin(),"Seadog");//chén phan tir "Seagon” vao vi tri dau list
list1.insert(++list1.begin(),2,"Seadog");//chén phan td "Seagon” vao mét vi tri cu thé
list1.erase(list1.begin());//x6a mét phan tir & mét vi tri cu thé
list1.erase(++list1.begin(),3);//x6a 3 phan tir bat dau tir mét vj tri cu thé
list1.clear();//x0a tat cd cac phan ti

list1.remove("Zebra");//tim kiém va x6a phan ti "Zebra"

list1.reverse();//sdp xép giam dan (descending)

list1.resize(int);/thiét 14p sé phan tir méi cda list

iterator i=list1.find(++list1.begin(),--list1.end(),"Penguin”);

/1tim kiém phan tir "Penguin”, bdt dau & mét vi tri cu thé két thic & mét vi tri cu thé khac

/1 trd vé iterator tré dén phan tdr nay. Néu khong tim thdy, ham nay trg vé vj tri két thic, & day la --
listl.end()

Cac ham vdi hai list

listl.splice(--listl.end(),list2,list2.begin());

/Isplice(cut va paste) mét phan ta tir vj tri list2.begin() cda list2 dén vij tri --listl.end() cda listl
listl.splice(--listl.end(),list2);

/Isplice(cut va paste) tat ca phan t cda list2 dén vi tri --list1.end() cda listl

listl.merge(list2);

/1 Trén danh séach listl véi danh séach list2 véi diéu kién cé 2 danh séch déu da sdp xép véi toan
tr <

//Danh séch duoc trén ciing sé duwoc sdp xép véi toan tir <.

//B6 phurc tap la tuyén tinh)

list2.swap(listl);//swap 2 list, nghia /a temp = list2; list2 = list1; listl = temp;

Bang: cac ham thanh vién lép list

Template<class Inlter> Gan gia tri cho danh sach theo trinh tw t&r bat dau dén

két thac.
Void assign(Inlter start, Inlter end);

Template<class Size, class T> Gan num phan t&r cia danh sach bang gia tri value.
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Void assign (Size num, const T&val=T());

Reference back();

Tra vé mét tham chiéu dén phan t& cudi cung trong
danh sé&ch. (Chi dén phan t& cubi ciing clia danh sach.)

Const_reference back()const;

Iterator begin();

Tra vé mot bién I&p chi dén phan t&r diu tién ctia danh
séch. (Chi dén phan t&r dau tién danh séach.)

Void clear();

Xba tat ca cac phan tt trong danh sach.

Bool empty()const;

Tra vé true néu danh sach réng, va false néu nguoc lai.

Iterator end();

Const_iterator end() const;

Tré dén cudi danh sach.

Iterator erase(iterator i);

X6a phan t& dwoc chi dinh b&ii. Chi dén phan tr ké
sau phan t&r da dwoc xoa.

Iterator erase(iterator start, iterator end);

Xba nhirng phan te tlr vi tri start @én end. Chi dén phan
ttr ké sau phan tt cubi cung dwoc xoa.

Reference front();

Const_referencefront() const;

Tra vé mot tham chiéu chi dén phan tir dau tién cua
danh séach.

Allocator_type get_allocator() const;

Tra vé vang nhé duoc cap phat cho danh sach.

Iterator insert(iterator i, const T &val=T());

Cheén gia tri val mét cach trwe tiép vao trwéc phan ti
dwoc chi dinh b&i i. Tra vé mét bién I&p chi dén phan tor
nay.

Void insert(iterator |, size_type num, const
T&val=T());

Chén num gia tri val truec tiép trwéc phan tlr dwoc chi
dinh bdi i.

Template<class Inlter>

Void insert(iteratir i, Inlter start, Inlter
end);

Chén theo trinh tw dwoc xac dinh tir start dén end truwc
tiép trwdc phan t dwoc chi dinh bdii.

Size_type max_size max_size() const;

Tra vé sO lwong cac phan t& ma danh sach c6 thé gil.

Void merge(list<T. allocator>&aob);
Template<class Comp>

Void merge(<list<T, Allocator>&ob,
Comp cmpfn);

Tron danh sach co th ty dwgce chira trong ob véi mét
danh sach c6 th& ty dang goi thirc hién phwong thirc.
Két qua la mét danh séch cé thv tw. Sau khi trén, danh
séch chia trong ob la réng. &' dang th 2, mét ham so
sanh dwoc dinh nghia dé xac dinh gia tri cia mét phan
ttr thi nhé hon gia tri mot phan t& khéc.

Void pop_back();

Xba phan t& cudi cung trong danh sach.

Void pop_front();

Xba phan t& dau tién trong danh sach.

Void push_back(const T&val);

Thém mot phan tlr c6 gia tri dwgc xac dinh bdi val vao
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cudi danh sach.

Void push_front(const T&val);

Thém mét phan tlr c6 gia tri dwgc xac dinh béi val vao
dau danh séach.

Reverse_iterator rbegin();

Const_reverse_iterator rbegin() const;

Tra vé mot bién 1ap ngwoc chi dén cudi danh sach.

Void remove(const T&val);

Xba nhirng phan t c6 gia tri val trong danh séach.

Template <class UnPred>

Void remove_if(UnPred pr);

X6a nhixng ma phan tlr néu nhw pr 1a true.

Reverse_iterator rend();

Const_reverse_iterator rend() const;

Tra vé mot bién 1ap ngwoc chi dén dau danh sach.

Void resize(isze_type num, T val=T());

Thay ddi kich thuwéc clia danh sach dwoc xac dinh béi
num. Néu nhw danh sach dai ra thém, thi nhitng phan
tr o gia tri val dwoc thém vao cubi.

Void reverse();

Dao ngwoc danh sach dang goi thiwre hién phwong thirc.

Size_type size() const;

Tra vé so lwgng cac phan t hién tai trong mang.

Void sort ();
Template <class Comp>

Void sort(conm cmpfn);

Séap xép danh sach. Dang tht 2 si dung ham so sanh
cmpfn dé xac dinh gid tri cGa phan tl nay c6 nhé hon
gia tri ciia phan tl kia khéng.

Void spilice(iterator i, list <T, allocator>
&ob);

Chén ndi dung clia ob vao trong danh sach dang goi
thwe hién phwong thive tai vi tri dwoc chi dinh béi i. Sau
thao tac nay ob la réng.

Void splice(iterator i, list <allocator> &ob,
iterator el);

Xba phan t& dwoc chi dinh béi el trong danh sach ob va
[wu trlr n6 vao trong danh sach dang goi thyec hién
phwong thire tai vi tri dwoc chi dinh b i.

Void splice(iterator I, list<T,

Allocator>&ob, iterator start, iterator end).

Xo6a moét mang phan tlr bat dau ttr vj tri start dén vi tri
end va lwu né vao trong danh sach dang goi thwc hién
phwong thirc bat dau tir vi tri i.

Void swap(list<T, Allocator> &ob);

Hoan vi néi dung nhirng phan ttr dwoc lwu trir trong
danh sach dang goi thwc hién phuwong thirc véi nhivng
phan tt trong ob.

Void unique();
Template<class BinPred>

Void unique(BinPred pr);

X6a nhirng phan tt trung trong danh sach dang goi
thwe hién phwong thire. Dang 2 st dung pr dé dinh
nghia sy duy nhét.
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3.3.DEQUE #include <deque>

deque giéng list ngoai triv:

-cho phép random access, v&i operator[], nghia la d[5], d[6], etc nhu mang
-dwoc toi wu hoéa véi cac phép toan & phia dau (front operations )

-khéng c6 sén cac ham splice,sort, merge, reserve.

Vi du:
deque<int> d;
d.push_front(5);
cout<<d[0];
3.4.STRING

3.4.1. Gioithiéu:

Céac chwong trinh C++ ¢6 thé st dung chudi theo cach thirc cii cia Ngon ngd C: mang cac ky tw két thic
b&i ky tw ma ASCII 14 0 (ky tw null ) cling v&i cac ham thw vién khai bao trong <string.h> . Nhirng bét tién
khi dung theo cach nay cha yéu dén tir viéc quan bd nhé dong va ky tw null, truyén va tra lai gid tri cho
ham.

Thuw vién chuén cung cép kiéu string (xau ky tw) , gidp cac ban tranh khdi hoan toan céc phién phirc néu
trén. String thwc chat la mot vector<char> cé bd sung thém mét sé phwong thirc va thudc tinh, do do, né
c6 toan b cac tinh chéat cla 1 vector, vd ham size(), push_back(), toan te [] ...

Céc chi thi #include can khai bao dé st dung string :

#include <string>
using std::string;
/lusing namespace std;

3.42. Skrdung:

3.4.2.1. Cac phép toan va phwong thirc co ban:

e CAc toan t +, += dung dé ghép hai chudi va ciing d& ghép moét ky tw vao chudi;

e Cé&c phép so sanh theo thir ty tr dién: == (bang nhau), != (khac nhau), > (I6n hon), >= (I6n hon
hay bang), < (nhé hon), <= (nhd hon hay bang);

e Phuong thire length( ) va phép lay chi sb [ ] dé& duyét tirng ky tw cha chudi: néu s la bién kiéu
string thi s[i] la ky tw th&r i cda s v&i 0 < i <s.length( );

e Phép gan (=) dung dé gan bién kiéu string bang mét chudi, hoac bang string khéc, chang han:
string s="ABCDEF”; hay s1=s2; ma khong can copy xau.
Nhirng constructor thweng st dung nhét:

string();
string(const char *str);
string(const string & str);

e CO thé dung toan tr << vai cout dé xuét mot chudi ra man hinh hodc ding toan t& >> véi cin dé
nhap mot chudi ky tw dén khi gap mét khoang trong thi dirng.

char st[|="ABCDEF";
string s;

s="XYZ",

cout << s << endl;



STL(Standard Template Library ) |39

s=st;

cout << s.length() << *: " << s << endl;

...

Nhép mét string: istream& getline (istreamé& in, string& str, char delimiter = \n’);

Doc 1 dong van ban tir d6i twong nhap (istream) in (c6 thé la file hay déi twong chuan cin) tirng
ky tw dén khi ky tw delimiter dworc nhap vao ( méac dinh 1a \n ) (thweng dwoc ding thay cho cin >>
khi nhap chudi c6 ky tw space).C6 thé dung két hop véi toan tir >>

/I getline with strings
#include <iostream>
#include <string>
using namespace std;

int main ()

{
string str;
short age;
cout << "Please enter full name and age"<< endl;
getline( cin, str) >> age;
cout << "Thank you " << str << "I\n";

return O;

}

3.4.2.2.  Céc phuong thirc chén, xéa, lay chudi con

- Phuong thire subst‘r(int pos, int qchar) trich ra chu6i~con cQa mot chudi cho trwérce, vi du )
str.subst~r(2,4) tré vé chudi con gom 4 ky tw cla chudi str ké tir ky tw & vi tri thi 2 (ky tw dau tién
cla chudi & vi tri 0).

/Iget substring

#include <iostream>

#include <string>

#include <conio.h>

using namespace std;

int main ()

{
string s="ConCho chay qua rao";
cout << s.substr(2,4) << endl;
/I cout << new string(str.begin()+2, str.begin()+2+4);
getchar();

return O;
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}

- Phuong thirc insert( ) chén thém ky tw hay chudi vao mét vi tri nao do clia chudi str cho trudec.
C6 nhiéu cach dung phwong thirc nay:

str.insert(int pos, char* s; chén s (mang ky tw két thic “\0’) vao vi tri pos
cla str;
str.insert(int pos, string s); chén chudi s (kiéu string) vao vi tri pos clta chubi str;

str.insert(int pos, int n, int ch);  chén n 1an ky tw ch vao vi tri pos cta chubi str;

/I inserting into a string

#include <iostream>

#include <string>

#include <conio.h>

using namespace std;

int main ()

{
string str="day la .. xau thu";
string istr = "them";
str.insert(8, istr);
cout << str << endl;
getchar();
return O;

}

- Phuong thire str.erase(int pos, int n) x6a n ky tw cta chubi str k& tlr vi tri pos; néu khdng quy
dinh gia tri n thi tat ca cac ky tw cla str ttr vj tri pos tré di sé bj xéa
/I erase from a string
#include <iostream>
#include <string>
#include <conio.h>
using namespace std;

int main ()
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string str="day cung la xau thu";
str.erase(0, 3); // " cung la xau thu"
cout << str << endl;

str.erase(6, 2);

cout << str << endl; // " cung xau thu"
getchar();

return O;

}

3.4.23.  Sosanh (compare) .
Ban c6 thé don gidn la str dung nhirng toan t& quan hé ( ==, =, <, <=, >=) dwgc dinh nghia san. Tuy
nhién, néu muén so sanh mét phan ctia mot chudi thi s& can st dung phwong thirc compare():

int compare ( const string& str ) const;

int compare ( const char* s ) const;

int compare ( size_t posl, size_t nl1, const string& str ) const;

int compare ( size_t posl, size_t nl, const char* s) const;

int compare ( size_t posl, size_t nl, const string& str, size_t pos2, size_t n2 ) const;
int compare ( size_t posl, size_t n1, const char* s, size_t n2) const;

Ham tra vé 0 khi hai chudi bang nhau va Ién hon hodc nhé hon 0 cho trwéng hop khac
Vi du:

/I comparing apples with apples
#include <iostream>

#include <string>

using namespace std,;

int main ()

{
string strl ("green apple");
string str2 ("red apple");

if (strl.compare(str2) != 0)

cout << strl << "is not " << str2 << "\n";
if (strl.compare(6,5,"apple") == 0)

cout << "still, " << strl << " is an apple\n";
if (str2.compare(str2.size()-5,5,"apple") == 0)

cout << "and " << str2 << " is also an apple\n";
if (strl.compare(6,5,str2,4,5) == 0)

cout << "therefore, both are apples\n”;
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return O;

3.4.2.4.  Céc phuong thirc tim kiém va thay thé

- Phwong thire find( ) tim kiém xem mat ky tw hay mot chudi nao dé c6 xuét hién trong mét chudi
str cho trwéc hay khéng. C6 nhiéu cach dung phwong thire nay:
str.find(int ch, int pos = 0); tim ky tw ch ké ti vi tri pos dén cudi chudi str
str.find(char *s, int pos = 0);  tim s (mang ky tw két thic “\0’) ké ti vi tri pos dén cudi

str.find(string& s, int pos = 0);  tim chudi s k& tw vi tri pos dén cubi chubi.

Néu khong quy dinh gia tri pos thi hiéu m&c nhién la 0; néu tim ¢ thi phwong thirc tra vé vi tri
xuét hién dau tién, nguwoc lai tra vé gia tri -1.

/ffind substring

#include <iostream>

#include <string>

#include <conio.h>

using namespace std;

int main ()

{
string str="ConCho chay qua rao";
cout << str.find("chay") << endl; // 7
cout << (int)str.find("Chay") << endl; // -1
getchar();
return O;

}

- Ham tim kiém nguoc (rfind)

/ffind from back

#include <iostream>

#include <string>

#include <conio.h>

using namespace std;
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int main ()

{
string str="ConCho chay qua chay qua rao";
cout << str.find("chay") << endl; // 7
cout << (int)str.rfind("chay") << endl; // 16
getchar();

return O;

- Phuong thirc replace( ) thay thé mét doan con trong chudi str cho trwéc (doan con ké ti» mot vi
tri pos va dém t&i nchar ky tw ky tw vé phia cu0| chudi) b&i mét chudi s nao do, hodc bdi n ky tw
ch nao dé. Cé nhiéu cach dung, th ty tham sb nhw sau:

str.replace(int pos, int nchar, char *s);
str.replace(int pos, int nchar, string s);
str.replace(int pos, int nchar, int n, int ch);

/I replace from a string
#include <iostream>
#include <string>
#include <conio.h>
using namespace std;
int main ()

{

string str="con cho la con cho con. Con meo ko phai la con cho";
str.replace(4, 3, "CHQO"); // "con CHO la con cho con. Con meo ko phai la con cho”;
cout << str << endl;

getchar();

return O;

3.4.25.  Chuyén ve dang C-string



STL(Standard Template Library ) |44

Ham thanh vién c_str() s& giup ban chuyén ti string thanh dang C-string:

const charT* c_str () const;

Ham nay cling tw dong sinh ra ky tw null chén vao‘cuéi xau. .
T prototype ta cling thay dwgc ham trd vé mot hang chudi, diéu nay dong nghia véi viéc ta khong
thé thay doi chudi tra vé.

Goi phuwong thirc c_str();

string s = "some_string";
cout << s.c_str() << endl;
cout << strlen(s.c_str()) << endl;

Sau day la vi du dung c_str() va cac ham trong <string.h>

/I strings vs c-strings
#include <iostream>
#include <string.h>
#include <string>
using std::string;
int main ()
{
char * cstr, *p;
string str ("Xin chao tat ca cac ban");

cstr = new char [str.size()+1];
strcpy (cstr, str.c_str());
/I cstr la 1 ban sao c-string cda str

p=strtok (cstr," ");

while (p'=NULL)

{
cout << p << endl,
p=strtok(NULL," ");

}

delete[] cstr;
return O,

Output:

Xin
chao
tat
ca
cac
ban
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3.4.2.6. Mot sb phuong thirc khac

Con nhieu phwong thc tién ich khac nhw: append(), rfind(), find_first_not_of(),
find_last_not_of(), swap(). Cach dung cac ham nay déu duoc trinh bay trong hé théng huwéng dan
(help) cta cac méi trwdng co hd tro STL (trong VC++ la MSDN). Ngoai ra cac phwong thirc nhw
find_first_of() twong tw nhw find(), find_last_of() twong tw nhw rfind().

3.5.BITSET

bitset cé cAu tric gidbng nhw mét mang, nhwng méi phan o chi chiém mét bit (nén nhé kiéu dir liéu
char méi phan ttr chiém 8 bit)
Vi du sau ta khéi tao mét bitset 7 phan ttr véi 5 phan t& dau la 1,1,0,1,0

#include<bitset>
bitset<7> b(string("01011"));
for(int i=0;i<7;i++) cout<<b[i]<<endl,

3.6.VALARRAY

valarray gidng nhw la mét mang lwu trir cac phan tlr. N6 dang chu y vi né c6 thé lam viéc dwoc véi
cac ham toan hoc thwdng dung trong thw vién <math>, <functional>, cac toan t&r co’ ban va cling nhw
nhiéu ham ty dinh nghia.Valaray cho phép tinh toan hang loat trén 1 bang sb.

#include<valarray>
#include<cmath>

int i=0;

int al[]= {3,2,6,4,5}

valarray<int> v1(al,5);

v1 <<= 3;//phép toan << (djch trai bit)
for(i=0;i<4;i++) cout<<vl][i]<<endl;
double a2[] = {2.4,6.8,0.2};
valarray<double> v2(a2,3);

v2 = sin(v2);//ham sin
for(i=0;i<3;i++) cout<<vZ[i]<<endl;

4. Associative Container

4.1.

Associative bao géom map (4nh xa) multimap (da anh xa) set (tap hop) multiset (da tap hop)

Sw khac nhau gitra cac associative container va sequential container :

-cac sequential container lwu trir cac phan tr (goi la cac value) va cac value nay dwoc truy xuét
tuan tw theo vj tri ctia chiing trong bd lwu triv

-cac associative container lwu trir cac phan ttr (goi |a cac value) va cac khéa (goi la cac key) lién
két v&i cac value va cac value nay dwerc truy xuat theo cac key ma chang cé lién két

Map & multimap
Kiéu map cho phép ban lay twong (rng gitka mét gia tri véi mot gia tri khac, hai gia tri nay tao thanh mét

cap gia tri. Trong d6 gia tri dau cla cap 1a khoa (key), key la duy nhét (khéng c6 2 key clung xuét hién
trong 1 map). Do d6, tir key ban c6 thé tim dwoc gia tri twong (ng véi key trong cap.
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sa i g,
ST

i ri 6|y 10{q||12] z

Néu thye hién tim kiém binh thwéng trén mot mang N phan td, ban phai mét trung binh N/2 phép tim
kiém. Dir liéu cla cac key dworc td chire dwdi dang cay heap (la trai nhd hon géc, 14 phai lén hon géc)
nén viéc tim kiém céc cap theo khoa rat nhanh, thoi gian trung binh 1a log2N (vi d6 sau cla cay 1a log2N).

#include<map>

map<char*,int> maplnt; /anh xa t&r moét char* dén mét int
maplnt[‘one"] = 1,

cout<<maplnt['one"];

Nhw ban thay, trong map ta truy xu4t 1 phan tt v&i operator[] théng qua khoa ( key) thay vi chi s6é (index)
Anh xa trong map di tr mot key dén mét value. Vi du sau key |a 16p string, value 1a I&p Person

class Person
{
public:string name;
Person(string name):name(name){}
friend ostream& operator<<(ostream& os,const Person& p)
{
0s<<p.name;
return os;

}
¥
typedef map<string,Person> MP;
void display(const MP& mp)

{
for(const_iterator i=mp.begin();i'=mp.end();++i)
cout<<(*).first<<" "<<(*i).second<<endl;
}
int main()
{

MP mapPerson;Person p("Viet");
mapPerson.insert( value_type("one",p) );
display(mapPerson);

return O,



STL(Standard Template Library ) |47

Giai thich:
value_type thwc chét 1a Iép pair ctia thw vién utility: pair<string,Person>, ham dwng ctia né dung dé khéi
tao mét cap (key,value) cho mét anh xa.

Con mét cach khac 1a dung ham make_pair

pair<string,Person> pr = make_pair(string("two"),Person("Nam"));
mapPerson.insert(pr);

Comparator

Mét functor dung lam tiéu chi so sanh, sdp xép, etc cac phan tl trong mét map goi 1a mét comparator.
Comparator s& dinh nghia thé nao |a Ién hon, nhé hon, bang nhau theo cach cta ching ta, hodc theo
mot sb cach da dinh nghta sén: less, greater ... Khi d6 map thay vi c6 2 argument nhu map<key K,value
V> thi ¢6 3 argument la map<key K,value V,comparator C>

Dung comparator dé so sanh

class comparePerson
{
public:
bool operator()(Person pl,Person p2)
{
return pl.name.compare(p2.name);
}
¥
typedef map<Person,int, comparePerson> MAP;
MAP pMap;
Person p=new Person(...);
MAP::iterator i=pMap.find(d);
if(i==pMap.end()) pMap.insert(MAP::value_type(d,1));

Dung comparator dé sap xép

class comparePerson

{
public:
bool operator()(const Person& pl,const Person& p2)
{
return pl.name.compare(p2.name);
}
¥

typedef map<string,Person,comparePerson> MP;

MP mapPerson;Person p("Viet");
mapPerson.insert(pair<string,Person>("one",Person("Nam")));
mapPerson.insert(pair<string,Person>("two",Person("Viet")));
mapPerson.insert(pair<string,Person>("three",Person("An")));
display(mapPerson);

Ban lwu y 1a tAt ca cac asociative container déu c6 xay dwng s&n comparator méc dinh 1a less<key>
(trong thw vién functional) Nghta Ia khi ban khai b4o

map<char*,int> maplnt;
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thwe rala
map<char*,int,less<char*> > maplint;
Vi du:

typedef map<char*,int> MI;

typedef map<char*,int>::iterator Mll;

MI m;m[‘c"] = L;m["'b"] = 2;m["'a"] = 3;

for(MIl i=m.begin();i'=m.end();++i)
cout<<(*).first<<" "<<(*i).second<<endl;

Chay thtr ban sé& thdy cac value trong map da duoc sép xép lai vi tri theo cac key clia ching
comparator dung v&i cac sequential container

class People
{
public:
int age;
People(int age ) { (*this).age=age; }
¥
class AgeSort
{
public:
bool operator()(const People*& a,const People*& b)
{
return (*a).age>(*b).age;
}
¥
typedef list<const People*> LP;
int main()
{
const People* p1 = new People(5);const People* p2 = new People(7);
LPp;
p.push_back(pl);
p.push_back(p2);
p.sort(AgeSort());//using sort with comparator
for(LP::const_iterator i=p.begin();i'=p.end();++i)
cout<<(**i).age;
return O,

}

Néu ban biét tan dung, map c6 thé &ng dung dé giai rat nhiéu dang bai toan khéac nhau. Trong phan nay,
chudng toi xin gi&i thiéu 2 trng dung clia map:

- Str dung lam tir dién: Vi duy: tra ciru thdng tin cda sinh vién theo ma sb

- Dém sb lwong ctia mot thanh phan (cho mét loat cac phan tir, tim xem c6 bao nhiéu phan t& va méi
phan t&r xuat hién bao nhiéu lan)

Vi du: ttr dién
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#include <iostream>
#include <map>
using namespace std,;
class sv
{
public:
int maso;
string ten;
string lop;
void print()
{
cout <<’ ‘<< endl
<< "Ma so: " << maso << endl
<<"Hoten: " << ten << end|
<< "Lop: " <<lop << endl;

}
3
int main ()
{
svall= {
{1342, "Mai", "48th"},
{43212, "Lan", "47th"},
{33133, "Cuc", "47th"},
{43321, "Truc", "45th"},
{1234, "Dao", "42th"}
3
int n = sizeof(a)/sizeof(a[0]);
map<int, sv>m,;
for (int i=0; i<n; i++)
m[alfi].maso] = a[i];
m[43212].print();
m[1234].print();
return O,
}
Vi dy: dém

#include <iostream>
#include <stdlib.h>
#include <map>
using namespace std,;
int main()
{
string a[] = {"chuoi", "na", "oi", "tao", "chuoi", "oi", "na", "tao", "o0i'};
int n = sizeof(a)/sizeof(a[0]);
map<string, int> m;
for (int i=0; i<n; i++)
miafi]] ++;

map<string, int>::iterator j;
for (j=m.begin(); j'=m.end(); j++)
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cout << "Xau ky tu " << j->first << " xuat hien "
<<j->second << "lan " << end|;
return O;

}

Multimap
V&i map thi méi key chi &nh xa dén mét va chi mét value. V&i multimap thi méi key cé thé anh xa dén
nhiéu hon mét value, néi cach khac |a nhiéu value trong multimap cé chung moét key

#include<map>

typedef multimap<string,Person> MP;

MP multimapPerson;
multimapPerson.insert(MPVT("one",Person("Nam")));
multimapPerson.insert(MPVT("one",Person("Viet")));
display(multimapPerson);

typedef multimap<Person,int,comparePerson> MAP;

Ciing chinh vi li do nhiéu value trong multimap c6 thé c6 chung mét key nén multi khéng c6 operator]
nhw map, tirc 1a ban khdng thé goi multimapPerson[“one”]

4.2.Kiéu hash_map (anh xa diing mang bam)

Kiéu map cho phép &nh xa gitra tap khoa va tap gia tri véi thoi gian O(IogN) Map st dung cAu tric
d» liéu kiéu cay nén do phirc tap la log2N. Tuy nhién, ban c6 thé s dung cAu tric di liéu manh hon
la mang b&m (hash_map). Hash_map c6 thé tim kiém theo khoa v&i d6 phirc tap O(1).

4.3.Set & mutiset
set ciing giébng map ngoai trir mét diéu, key ciing chinh la value

#include<set>
set<int> s;
for(int j=0;j<6;j++) s.insert(rand());
for(set<int>::iterator i=s.begin();i'=s.end();++i)
cout<<(*i)<<endl;
set dung v&i comparator (greater dong vai trd comparator):

set<int,greater<int> > s;

for(int j=0;j<6;j++) s.insert(rand());

for(set<int,greater<int> >::iterator i=s.begin();i!=s.end();++i)
cout<<(*i)<<endl;

set khdng cé operator(]

Multiset

multiset ciing giéng set ngoai trir mét didu, méi key cé thé anh xa dén nhiéu hon mét value, néi cach khac la
nhiéu value trong multiset c6 chung mét key

Ban c6 thé thac méc diéu nay chang co y nghia gi, vi trong set thi key ciing chinh 1a value, vang, chinh vi thé
nén moét multiset s& co thé chira nhirng phan ttr gibng nhau:

#include<set>
set<int> s;
s.insert(1);
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s.insert(1);

for(set<int>::iterator i=s.begin();i'=s.end();++i)
cout<<(*i)<<endl;

multiset<int> ms;

ms.insert(3);

ms.insert(3);

for(multiset<int>::iterator mi=ms.begin();mi'=ms.end();++mi)
cout<<(*mi)<<endl;

4.4. Kiéu hash_set (tap hop)

Pascal |a mét trong it ngdn ngir c6 kiéu di liéu nguyén thay la tap hop. C va C++ khong c6 kiéu di liéu nay.
Tuy nhién, ban c6 thé st dung kiéu di¥ liéu tap hop trong STL. Tap hgp trong STL con manh hon tap hop
trong Pascal rat nhiéu vi n6 hé tro tht ca céc kiéu dir liéu (tap hop trong Pascal chi hé tro dang sb) véi sb
lweng phan t& khéng han ché (tap hop cla Pascal chi dwoc ti da 256 phan ti).

IV.FUNTION OBJECT ( FUNCTOR)

1.

KHAI NIEM

Mét function object (d6i twong ham) 1a mét object (d6i twong) dwoc st dung nhw mét function (ham). Goi
function object nghia 1a ching ta dang goi dén operator() cGa né. Viét mét function object nghia la viét
operator() cho mét I&p. Cac function object la cac object, b&i vay ching c6 trang thai, con cac ham binh
thweng thi khong, do dd, chung co thé tng x& khac nhau tly vao trang thai — va diéu do tao nén sy linh hoat

Vay function object la mét instance clia mét I&p ma Iép d6 phai cé it nhat mot ham thoa:

quyén truy xuét phai la public

phai la mét ham thanh vién, khdng phai 1a mgt ham friend

khong phai la mét ham static

c6 khai bao operator()

PHAN LOAI

Generator: M6t loai functor ho&c function khéng cé dbi sb va tré vé value_type vi du ham rand() trong

<stdlib> va mét sb thuat toan chang han nhw generate_n() - sinh mét chudi.

- Unary: Mét loai functor ho&c function ding mét déi sé duy nhét cla value_type vatra vé mot gia tri ma

c6 thé khong phai value_type ( void chang han).
- Binary: M6t loai functor ho&c function nhan hai déi sé clia hai kiéu bat ky va tra vé gia tri nao do.
- Unary Predicate: M6t unary operation tra lai gia tri bool.

- Binary Predicate: Mét binary operation tra lai gia tri bool.
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Ngoai ra, ta con phan loai dwa trén tinh chat object ctia functor:
- LessThanComparable: Mét functor cé dinh nghia it nhat mét toan to <.
- Assignable: M6t functor c6 dinh nghia toan tlr gan (=)

- EqualityComparable: Mét functor c6 dinh nghia toan t& so sanh twong dwong ==

SU’ DUNG FUNCTION OBJECT

Vi du ta viét mét ham binh thwéng nhw sau
void iprintf(int i) const

cout<<i<<end!;
} )
Bay gi¢ ta s€ viet mét I¢p nhu sau
class iprintf
{
public:
void operator()(int i) const

cout<<i<<end!;

}
3

Instance cla I&p nay la mét object dwoc goi la function object, la mét object dwge st dung nhw mot
function. St dung nhw thé nao ?

iprintf x;

X(5);

iprintf()(5);

hoac

Khi ta goi iprintf()(5) nghia la ching ta dang goi dén operator() cta I&p iprintf

Cai dat cu thé cho operator() tlly thudc vao ngir canh sir dung cta function object. Sw phirc tap
h6éa nay mang lai ing dung :

1.Lam tiéu chi sap xép cho cac container: néu cac phan ti clia set |a cac kidu co ban nhw int hay
string, chlng ta c6 thé st dung cac tiéu chi sap xép san c6 nhw greater hay less.

Vi du dong khai bdo :  std::set< std::string, greater< std::string > > strSet;

Tuy nhién, néu cac phan t&r can dwa vao set cé kiu do nguwdi dung dinh nghia, vi du 1a cac ddi
twong clia mot 16p, ma tham chi lép d6 khong cé operator < > thi |am sao dé xac dinh thir tw clia ching
trong set? Cach giai quyét la ching ta ty dinh nghia mét tiéu chi sdp xép méi, day chinh 1a lic can dén
function object. ( xem trong phan associative container )

2.Lam tham s6 cho cac STL algorithm — sé& dwoc néi dén ngay sau day.

Viéc moét function object dwgc st dung & dau sé quyét dinh cach viét operator() ctia I&p d.

Vi du dwéi day la mét I6p cé nhiéu hon mét operator()
class iprintf
L
inti;
public:iprintf(int i):i(i){}
public:
void operator()() const
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{

cout<<i<<endl;
void operator()(int i) const
cout<<"Integer:"<<i<<endl;
void operator()(float f) const

cout<<"Float:"<<f<<endl;

}
I3
int main(int argc,char** argv)
{
iprintf x(20);
x();
x(5); /lgia str khéng co operator()(int i), cau nay sé€ goi operator()(float f)
X(2.3); /lgia str khéng c6 operator()(float f), cau nay sé goi operator()(int i) voii= 2
x("'something");  //16i
return O,

}

Twong tw thay vi iprintf(5); x(7); ching ta ciing cé thé goi iprintf(5)(7);

C6 moét didu cha y & vi du trén 1a néu cung tén tai operator()(int i) va operator()(float f) thi cu Iénh x(2.3); sé
b&o 16i ambiguous (nhap nhang) gitra hai ham. C6 mét cach don gian l1a viét lai thanh x((float)2.3); V& chuyén
ambiguous con néi thém sau.

Predicate

Predicate c6 mét dinh nghia phtrc tap hon. M6t predicate dwoc dé cap dén & day la mét function hogc
mot functor cé diéu kién gia tri trd vé ding hodc sai hodc mot giatri co thé chuyén kiéu thanh dung hoac
sai. Trong C/C++, ding c6 nghia 1a khéc 0 va sai ¢6 nghia 1a bang 0

Vi du ham sau day la mét predicate

double truefalse(double n)

{

return n;

}

Mét s6 ham thudng diing trong algorithm

Ham find

vector<int> v;
v.push_back(4);v.push_back(3);v.push_back(2);
vector<int>:iterator i = find (v.begin(),v.end(),3);
if(i'=v.end()) cout<<*i;

Ham find tim ttr phén tdr v.begin() dén phan t& v.end() va tra vé iterator tré dén phan tir co gia tri la 3, néu
khong tim thay sé tra vé v.end()

Ham find_if

int 1sOdd(int n)
{

return n%2;

}

int main()

{
list<int> [;
l.push_back(4);l.push_back(5);l.push_back(2);
list<int>::iterator i=find_if(I.begin(),l.end(),IsOdd);
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if(i'=l.end()) cout<<*i;

Ham find_if tim t& phan t& v.begin() dén phan t& v.end() va tra vé iterator tré dén phan td& c6 gia
tri thda predicate, néu khong tim thay sé tra vé v.end()

Lwu y, lic nay IsOdd déng vai trd |a mét predicate, xac dinh xem phan t&r cla list c6 la sé 1& hay
khong (trc |a khi dwa vao lam tham sb clia ham I1sOdd c6 tra vé mot sb khac 0 hay khéng)
Chuing ta viét lai predicate nay bang cach dung functor

class IsOdd
{
public:
bool operator()(int n) const

return n%:2;

}

I3

int main()

{
list<int> [;
l.push_back(4);l.push_back(5);l.push_back(2);
list<int>::iterator i=find_if(l.begin(),l.end(),IsOdd());
if(i'=l.end()) cout<<*i;

- Ham equal
O trén ching ta m&i xét cac vi du véi predicate cd mét dbi sb, ta xét mot ham khac clia algorithm diing
predicate nhiéu hon mét déi so, ham equal

class compare
{
public:
bool operator()(int i,int j) const

return i==j;

}

I3

int main()

{
compare c;
inta[] = {1, 2, 3, 4, 5};
list<int> I(a,a+3); //list it phan t& hon méng
cout<<equal(l.begin(),l.end(),a,c)<<endl;
a[2] = 6;
cout<<equal(l.begin(),l.end(),a,c)<<endl;
return O,

}

Ham equal so sanh tirng phan tlr cla list tor phan tr 1.begin() dén phan tu l.end() voi tieng phan t&r twong
(rng clia mang a sao cho méi cap phan to deu thda predicate la c, tra vé 1a true néu tirng cap phan tt so
sanh v&i nhau déu cho gia tri true (khong can quan tam dén sb lwong phan tir c6 twong tng khong)
Nhwng chi can mét cap tra vé false thi ham sé tra veé false

4. THU VIEN FUNCTIONAL

#include <functional>

a)Hang cda mét predicate
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C6 nhiéu sy map me do tiv dong nghta gira cac khai niém toan hoc trong ca hai ngon ngir tiéng Viét va
tleng Anh, do do dinh nghla sau chi & mirc cb géng chinh xac nhét co thé duoc:
Sb toan t&r (operand) ciia mot phép toan (operator), twong (ng la sb déi s6 (argument) ctia mét ham
(function), dwgc goi la hang (arity) ctia phép toan hay ham dé

Twong tw, sb toan ti (operand) ctia mét biéu thirc (expression), twong (rng la sé dbi sb (argument) cla
mét déi twong ham (functor), dwoc goi la hang (arity) ca biéu thirc hay doi twong ham do

Vi du:

-Unary (don nguyén, don phan, mot toan hang, mét ngbi):

n! (giai thtra cla n) la mét unary operator

n! la mét unary expression, chi bao gdm mét unary operator

int giaithua(int n) 1& mét unary function

mot object cla class giaithuafint operator()(int n)...} la mét unary functor

-Binary (nhi nguyén, nhj phan, hai toan hang, hai ngéi):

a + b 1a mét binary expression, chi bao gdm mét binary operator
int addition(int a,int b) 1& mét binary function
mot object cla class addition{int operator()(int a,int b)...} la mét binary functor

-Ternary (tam nguyén, tam phan, ba toadn hang, ba ngbi):

b*b—4*a*clamot ternary expression, bao gdbm mét unary operator va ba binary operator
double delta(double a, double b,double c) [a mét ternary function

mot object cla class delta{ double operator()(double a, double b,double c)...} 1a mét ternary
functor

Ngoai ra con c6 nhiéu tir gbc Latin khac nhw quaternary (bbn toan hang) quinary (nam toan hang) ... n-
ary goi chung la nhiéu toan hang.

Hang cua predicate tlrc la hang cua function hay functor ma déng vai tro predicate. Nhw vi du & trén,
addition la mét binary predicate, delta la mét ternary predicate
- CAu tric unary_function trong thw vién functional

Trong thw vién functional da dinh nghia sén cAu trac unary_function:

template<class Arg,class Result>
struct unary_function
{
typedef Arg argument_type;
typedef Result result_type;

3

unary_function |a c4u tric dinh nghia s&n cho tét ca unary function va unary functor v&i Arg |a kiéu div
liéu cla ddi s6 va Result la kiéu tra vé ctia ham c6 operator()

Chung ta viét lai I&p 1sOdd, dinh nghia né 1a mét unary_function
class 1sOdd:public unary_function<int,bool>
{
public:
bool operator()(int n) const

return n%:2;

}
) 3
- Cau trdc binary_function trong thw vién functional
Twong tw, trong thw vién functional da dinh nghia san cau tric binary_function

template<class Argl,class Arg2,class Result>
struct binary_function
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{
typedef Argl first_argument_type;

typedef Arg2 second_argument_type;
typedef Result result_type;

g

binary_function la cAu tric dinh nghfa san cho tat ca binary function va binary functor véi Arg1 Ia kiéu div
liéu clia doi so thir nhat va Arg2 la kiéu di¥ liéu cda ddi so thir hai va Result la kiéu tra vé ciia ham cé
operator()

Chling ta viét lai I&p compare, dinh nghia né 1a mét binary_function

class compare:public binary_function<int,int,bool>
{
public:

bool operator()(int i,int j) const

return i==j;
}
¥

Twong ty chung ta cé thé tw viét cac cAu tric ternary_function, quaternary_function, van van néu mudn.
Vi du dwéi day 1a mot cau trac ternary_function ty viet va mét 16p dwoc dinh nghia la mét
ternary_function

template<class Argl,class Arg2,class Arg3,class Result>
struct ternary_function
{
typedef Argl first_argument_type;
typedef Arg2 second_argument_type;
typedef Arg3 third_argument_type;
typedef Result result_type;
I3
class multiply:public ternary_function<int,float,long,double>
{
public:
double operator()(int i,float f,long I) const

return i*f*;
}
3

Rang budc (bind) todn hang cho predicate

C6 nhiéu ham chi ch&p nhan mot dbi s6, nhung ching ta lai can chuyén vao cho né cac
predicate la binary predicate nhw binary functiop hay binary functor. Trong trwdng hgp d6 ching ta can
rang budc toan hang cho binary predicate d6 dé né tré thanh mét unary predicate.

Vi du ching ta can dung ham find_if dé tim cac phan t trong mét vector thda mét binary
predicate, nhwng find,_if lai chi chap nhan unary predicate, khi d6 ching ta can rang budc toan hang cho
binary predicate d6 dé né tré thanh mét unary predicate

binary predicate mudn dwoc rang budc toan hang phai dwoc dinh nghia 1a mét binary_function
+Ham bind1st
Ham bind1st rang bugc toan hang thi nhét ctia mét binary predicate vGOi mot gia tri cho trudc dé no tré
thanh mét unary predicate véi doi so con lai cta binary predicate ban dau tré thanh doi so cta unary
predicate két qua

class compare:public binary_function<int,int,bool>
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{
public:
bool operator()(int i,int j) const

return i+1==
}
I3
int main()
{
vector<int> v;
v.push_back(4);v.push_back(0);v.push_back(1);
vector<int>::iterator i=find_if(v.begin(),v.end(),bind1st(compare(),0));
if(i'=v.end()) cout<<i-v.begin();
return O,

}

Trong vi du trén, dbi s6 thir nhét cua compare() d& duoc rang bue bang 0, compare() tr& thanh mét
predicate chi cé mot dbi sb 1a dbi sé con lai cua compare() ban dau, va find_if chi viéc truyén tham sé la
iterator tré d&n cac phan tlr ctia v vao déi s6 nay, qua trinh chay vong lap dién ra giébng nhw sau

compare()(0,4) //phép so sanh 0 + 1 == 4 trg vé false

compare()(0,0) //phép so sanh 0 + 1 == 0 tr4 vé false

compare()(0,1) //phép so sanh 0 + 1 == 1 trg vé true

+Ham bind2nd
Ham bind2nd rang bugc toan hang the hai clla moét binary predicate v&i mot gia tri cho trudc dé no tré
thanh mét unary predicate v&i doi s6 con lai cla binary predicate ban dau tré thanh déi s6 clia unary

predicate két qua

class compare:public binary_function<int,int,bool>

{
public:
bool operator()(int i,int j) const
return i+1==j;
}
I3
int main()
{

vector<int> v;

v.push_back(4);v.push_back(0);v.push_back(1);

vector<int>::iterator i=find_if(v.begin(),v.end(),bind2nd(compare(),1));
if(i'=v.end()) cout<<i-v.begin();

return O,

}

Trong vi du trén, d6i s6 thir hai cua  compare() d& dugc rang bude bang 1, compare() tré thanh mot
predicate chi c6 mot dbi sb 1a dbi s6 con lai ctia compare() ban dau, va find_if chi viéc truyén tham sb 1a
iterator tré d&n cac phan tlr ctia v vao déi s6 nay, qua trinh chay vong lap dién ra giébng nhw sau
compare()(4,1) //phép so sanh 4 + 1 == 1 tr4 vé false
compare()(0,1) //phép so sanh 0 + 1 == 1 trg vé true
compare()(1,1) //phép so sanh 1 + 1 == 1 trg vé false (thuc ra khdong cé phép so sénh nay, ham
da trg vé iterator roi)
b)Cac ham toan hoc co ban cla thw vién functional

Bao gém cong (plus) trir (minus) nhan (multiplies) chia (divides) chia l&y dw (modulus) d6i dau (negate)
Cac ham nay rat don gian, vi du:

negate:
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int a[]={1,-2,3};
transform(a,a+3,a,negate<int>());
for_each(a,a+3,0utput<int>());

plus:

int a[]={1,2,3,4,5};

int b[]={6,7};

int c[5];

transform(a,a+5,b,c,plus<int>());

O vd trén c6 mét didu dang cha y, ban ty tim xem
modulus:

int a[]={1,2,3,4,5};

int b[]={2,2,2,2,2},

int c[5];
transform(a,a+5,b,c,modulus<int>());

Cai vi dy ham modulus nay hoi ... ki ki. Modulus la mét binary function, gia str bay gi¢ ching ta m’uén
cac phan tt clia a luén modulus cho 2 thi lam thé nao ? Phai rang budc toan hang cho modulus dé no tré
thanh mot unary function thoéi:

int a[]={1,2,3,4,5};
int b[5];
transform(a,a+5,b,bind2nd(modulus<int>(),2));

Céc ham so sanh bao gbm equal_to (==) not_equal_to (=) greater (>) less (<) greater_equal (>=)
less_equal(<=) logical_and (&&) logical_or (|[) logical_not (')
Cac ham nay cach dung y nhw nhau, lay mét vi du ham greater:

int a[]={3,2,5,1,4};
sort(a,a+5,greater<int>());
for_each(a,a+5,0utput<int>());

Gia str ta mu6n dung ham count_if voi ham greater, tré vé sé phan t& nhé hon 3 chéng han. Ta lam thé
nao ? greater la mét binary function, lai phai rang budc toan hang cho né véi ddi s6 thir nhat 1a 3 roi

int a[]={3,2,5,1,4};
cout<<(int)count_if(a,a+5,bind1st(greater<int>(),3));
for_each(a,a+5,0utput<int>());

V.THU VIEN ALGORITHM

Nhuw da gidi thiéu trong cac phan trude, STL cung cép cac thudt toan co ban nham muc dich gidp ban
khong phai code lai nhirng giai thuat qua co ban nhw (sap xép, thay the, tim kiém...). Cac cong cu nay khong
nhirng gilp ban rat ngan thoi gian [ap trinh ma con ca thdi gian g& rdi khi thuat toan co ban dwoc cai dat khong
chinh xac.

Ngoai ra, v&i STL Algorithm, ban c6 nh|eu Iwa chon cho nhirng thuét toan co ban. Vi dy, véi thuét toan
sap xép, ban c6 the lwa chon gitra thuat toan s&p xép nhanh (quicksort) cho két qua rat nhanh v&i do phirc tap
NlogN trong da sb cac trwdng hop, nhung lai cé dd phirc tap N*N trong trudng hop xAu nhét va thuat toan sép
xép vung dbng (heapsort) chay cham hon quicksort nhung cé dé phirc tap trong moi trwd'ng hop 1a NlogN.

Chu y rang cac thuat toan ctia STL Algorithm c6 thé ap dung cho moi kiéu iterator, ké ca con tré thuong
(khéng phéi la iterator clla STL). Nhw vay, cac thuat toan sap xép, tim kiém, thay thé khéng nhirng ap dung dwoc
cho cac kieu vector, list... ma con c6 thé ap dung cho mang thong thwdng.

Dé khai bao stir dung STL algorithm, cac ban phai include file header algorithm: #include <algorithm>
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Do thw vién <algorithm> gdm rét nhiéu ham khac nhau, trong khudn khé tai liéu nay khong thé néu hét
duwoc, xin gidi thiéu so lwgec mot sO nhém ham sau:

- Nhém cac ham khéng thay dbi container

- Nhém cac ham thay ddi container

- Nhém céc ham sap xép

- Nhém cac ham trén danh sach dwoc sap xép
- Nhém céc lam trén heap

- Nhém céac ham tim min/max

1. NHOM CAC HAM KHONG THAY BOI CONTAINER

- Céc thuat toan tim kiém, bao gém find(), find_if() tim theo diéu kién, search() dung dé so khép 1 chudi
lién tiép cac phan tt cho trwdc, ham search_n tim kiém véi sb 1an 13p xac dinh, ham find_end tim két qua
cudi cung, find_first_not_of(), find_last_not_of() ...

/ffind

int A[] = {3,4,2,6,3,1,2,3,2,3,4,5,6,4,3,2,1};

int N = sizeof(A) / sizeof(*A);

int first = find(A, A+N, 1) - A;

cout << "So thu tu cua phan tu dau tien = 1: " << first << endl;
[ffind_if

vector<int>::iterator it;

it = find_if(v.begin(),v.end(), IsOdd );

first = it - v.begin();

cout << "Phan tu le dau tien la " << *it << " o vi tri thu " << first << endl;
/Isearch

string A = "Xin chao tat ca moi nguoi !";

string B = "chao";

int vitri = search(A.begin(), A.end(), B.begin(), B.end()) - A.begin();
cout << "Vi tri dau tien xuat hien B trong A: " << vitri << endl,

- Céc thuat toan dém:
= Ham count dung dé dém sé lwgng phan t&r trong mét chudi cac phan i cho truéc

list<string> I;l.push_back("hello");l.push_back("world");
cout<<(int)count(l.begin(),l.end(),"hello")<<endl;

= Ham count_if dung dé dém s lwong phan tir théa mét diéu kién nao do trong mét chudi cac
phan tlr cho trwdc, ham can moét predicate mot doi s6

class 1sOdd

{
public:
bool operator()(int n) const{return (n%?2)==1;}

ir’1t main(int argc, char* argv[])
list<int> I;for(int i=0;i<10;i++) l.push_back(i);

cout<<(int)count_if(l.begin(),l.end(),IsOdd())<<endl;
}

2. NHOM CAC HAM THAY BOI CONTAINER



STL(Standard Template Library ) |60

Ham fill @& td mét ving gid tri ctia 1 container (thwéng la 1 mang, 1 vector)

vector<int> v(8); /[v:00000000
fill(v.begin(),v.begin()+4,5); /Iv:55550000
fill(v.begin()+3,v.end()-2,8); /Iv:55588800

Ham generate sé “sinh” tirng phan t& trong khodng nao day clia vector bang cach goi ham dwoc chi dinh
( moét ham tra vé cung kiéu va khéng co dbi s6)

template <class Forwardlterator, class Generator>
void generate(Forwardlterator first, Forwardlterator last, Generator gen);

Vi du v&i ham rand():

vector<int> V;
srand( time(NULL) );
/...

generate( V.begin(), V.end(), rand );

Ham for_each dung dé duyét tirng phan tdr trong mét chudi cac phan ti cho trudc
Dung for_each dé¢ in ra cac phan tt, vi du:

void display(const string& s){cout<<s<<endl;}
list<string> I;l.push_back("hello");l.push_back("world");
for_each(l.begin(),l.end(),display);

Twong ty dung véi mét functor:
template<typename T>class Output

public:
void operator()(const T& t){cout<<t<<endI;}

iﬁt main(int argc, char* argv[])

{
list<string> I;l.push_back("hello");l.push_back("world");
for_each(l.begin(),l.end(),Output<string>());

}
Ham transform: phan ttr dwoc stra ddi tirng céi trong mdt pham vi theo mét chire ndng ma ban cung cap.
Ham nay c6 hai phién ban:

int increase(int i){return ++i;}

vector<int> v2,

v2.resize(vl.size());
transform(v1.begin(),v1.end(),v2.begin(),increase);

Phién ban thr nhat sé |4y tat ca phan t& tir v1.begin() dén v1.end(), transform ching bang ham increase,
sau d6 chép gia tri da transform vao bét dau tir v2.begin()

int addition(int i,int j){return i+j;}
vector<int> v3;
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v3.resize(vl.size());
transform(v1.begin(),v1.end(),v2.begin(),v3.begin(),addition);

Phién ban thir hai sé& |y tat ca phan ti tir v1.begin() dén v1.end(), transform ching bang ham addition
véi dbi s6 thir hai la tht ca phan tir tir v2.begin(), sau d6 chép gia tri da transform vao bat du tiy
v3.begin()

- Thay thé céac gia tri (replace)

int myints[] = { 10, 20, 30, 30, 20, 10, 10, 20 };
vector<int> a (myints, myints+8); /10 20 30 30 20 10 10 20
replace(a.begin(), a.end(), 20, 99); // 1099 30 3099 10 10 99

- Ham replace_if cho phép tim gia tri theo diéu kién do mét ham tra vé. D& s dung 1énh nay ban phai
khai bao 1 ham co gia tri tra ve la bool nhéan tham s0 la gia tri cua 1 element. Khi ham tra ve true, gia tri
twong rng sé bi thay thé béi gia tri m&i. Ham kiém tra nén khai bao inline dé téc do nhanh hon.

vector<int> a;

/I set some values:

for (int i=1; i<10; i++) a.push_back(i); /123456789
replace_if(a.begin(), a.end(), SoLe, 0); /020406080

- Dao nguwoc containter (reverse)

vector<int> a;

/I set some values:

for (int i=1; i<10; ++i) a.push_back(i); /123456789

reverse(a.begin(),a.end()); /1987654321
- Copy iterator ( twong tw memcpy() dbi véi pointer )

intaf]={1, 2, 3,4,5, 6}
int n = sizeof(a)/sizeof(*a);
vector<int> vi(a, a+n);

vector<int> v2(n);

copy(v1l.begin(), vl.end(), v2.begin());
/lcopy_n(v1.begin(), v1.size(), v2.begin());
copy(V.begin(), V.end(), ostream_iterator<int>(cout, " "));

- Xba véi remove va remove_if
Vidu1:
/Iremove

int A[] ={3,1,4,1,5,9};
int N = sizeof(A)/sizeof(*A);
vector<int> V(A, A+N);

vector<int>::iterator new_end =
remove(V.begin(), V.end(), 1);
V.resize(new_end - V.begin());
copy(V.begin(), V.end(), ostream_iterator<int>(cout, " "));
/I The output is "3 45 9".

Vidu 2:
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#include <iostream>
#include <algorithm>
#include <vector>

using namespace std,;

bool 1sOdd(int x)
{

return x%2;

}

int main()

{
intaf] ={3,1,4,8,5, 2,9}
int n = sizeof(a)/sizeof(*a);
vector<int> vec(a, a+n);
vector<int>::iterator new_end =

remove_if( vec.begin(), vec.end(), 1sOdd );
vec.erase(new_end, vec.end());

copy(vec.begin(), vec.end(), ostream_iterator<int>(cout, " "));
/I The output is "4 8 2".

return O;

}

- Céc ham c6 hau té _copy nhw remove_copy, remove_if_copy, replace_copy, replace_if_copy,
reverse_copy st dung twong tw nhwng tao ra va thao tac trén ban sao container

3. NHOM CAC HAM SAP XEP
- Ham sort ( quicksort )
Ham nay c6 2 phién ban:
+S&p xép lai mot chubi phan tir theo thi tw tang dan (ascending)
sort (v.begin(),v.end());
+Sap xé&p lai m6t chudi phan tlr thda mot binary predicate

sort(A, A+N, greater<int>() );
Hoac:

template<typename T>class Bigger{
public:

bool operator()(const T& t1,const T& t2){return t1>t2;}
I3
template<typename T>class Output{
public:

void operator()(const T& t){cout<<t<<endI;}

ir’1t main(int argc, char* argv[]{
vector<int> v;for(int i=0;i<10;i++) v.push_back(i);
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sort(v.begin(),v.end(),Bigger<int>());
for_each(v.begin(),v.end(),Output<int>());
return O,

}
- Ham is_sorted kiém tra xem 1 chudi d& dwoc sép xép hay chua:

intA[]={1, 4, 2,8,5, 7}
const int N = sizeof(A) / sizeof(int);

assert(lis_sorted(A, A + N));
sort(A, A + N);
assert(is_sorted(A, A + N));

4.NHOM CAC HAM TREN DANH SACH DU O C SAP XEP

Mét sé thuat toan nhw tim kiém, thém vao danh séch... hoat déng nhanh hon (d6 phtrc tap la log2n thay
vi n). Thw vién <algorithm> hd tro mét s ham lam viéc riéng véi cac danh sach da sap xép theo thir tw
tang dan.

- Tim can dwd&i va céan trén (lower_bound, upper_bound)

Ham lower_bound(first, last, value) tra vé iterator ctia element cudi cung trong danh sach da s&p xép co
gia tri khéng vwot qua [value].

Ham upper_bound(first, last, value) trd vé iterator clia element dau tién co gia tri 1&n hon [valuel.

int myints[] = {10,20,30,30,20,10,10,20},
int size = sizeof(myints)/sizeof(myints[0]);

vector<int> v(myints,myints+size); /110 20 30 30 20 10 10 20
vector<int>::iterator low,up;
sort (v.begin(), v.end()); //'10 10 10 20 20 20 30 30

low=Ilower_bound (v.begin(), v.end(), 20);
up= upper_bound (v.begin(), v.end(), 20);
cout << "lower_bound tro vao vi tri: " << int(low- v.begin()) << endl;//3
cout << "upper_bound tro vao vi tri: " << int(up - v.begin()) << endl;//6

- Tim kiém nhj phan (binary_search)

Ham binary_search(first, last, value) tra vé true néu tim thay gia tri value trong danh sach da sap xép ti
first dén last.

int myints[] = {1,2,3,4,5,4,3,2,1};

int size = sizeof(myints)/sizeof(myints[0]);
vector<int> v(myints,myints+size);

sort (v.begin(), v.end(), greater<int>() );

cout << "Tim phan tu 6... ";

if (binary_search (v.begin(), v.end(), 6, LonHon))

cout << "Tim thay\n";
else cout << "Khong tim thay\n";

- Tron 2 danh sach da duoc sap xép (merge)
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int first[] = {5,10,15,20,25};

int second[] = {50,40,30,20,10};

vector<int> v(10);

vector<int>::iterator it;

sort (first,first+5);

sort (second,second+5);

merge (first,first+5,second,second+5,v.begin());
//5 10 10 15 20 20 25 30 40 50

- Cac phép toan trén tap hop:
- Xé&c nhan tap con includes

intAl[]={1,2,3,4,5,6, 7}
intA2[]={1, 4,7}
intA3[]={2,7,9}

const int N1 = sizeof(Al) / sizeof(int);
const int N2 = sizeof(A2) / sizeof(int);
const int N3 = sizeof(A3) / sizeof(int);

cout << "A2 contained in Al: "

<< (includes(Al, Al + N1, A2, A2 + N2) ? "true" : "false") << endl;
cout << "A3 contained in AL: "

<< (includes(Al, Al + N2, A3, A3 + N3) ? "true" : "false") << endl;

- Hop (set_union)

int first[] = {5,10,15,20,25};

int second[] = {50,40,30,20,10};

vector<int> v(10);

vector<int>::iterator it;

sort (first,first+5);

sort (second,second+5);

vector<int>:iterator end_it=set_union (first, first+5, second, second+5, v.begin());
copy(v.begin(), end_it, ostream_iterator<int>(cout, " "));

//5 10 15 20 25 30 40 50

- Giao (set_intersection)

int first[] = {5,10,15,20,25};

int second[] = {25,40,15,20,10};

vector<int> v(10);

vector<int>::iterator it;

sort (first,first+5);

sort (second,second+5);

vector<int>:iterator end_it =set_intersection(first, first+5, second, second+5, v.begin());
/110 15 25

- Phép loai ( set_difference ) |y ra cac phan tt sai khac

int first[] = {5,10,10,20,25};

int second[] = {25,40,15,20,5};
vector<int> v(10);
vector<int>::iterator it;

sort (first,first+5);

sort (second,second+5);
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vector<int>:iterator end_it =set_difference(first, first+5, second, second+5, v.begin());
//10 10 15 40

- Phép trir tap hop ( set symmetrlc dlfference) gan giéng set_difference nhwng khac & ché
néu c6 1 phan tr Iap n 1an & tap 1 va m |an & tap 2 thi n6 sé xuéat hién |[m-n| |an & output.

5. CAC HAM TREN HEAP

Bao gbm tao heap (make heap), thém phan tt vao heap (push_heap), x6a phan t&r khdi heap
(pop_heap), sap xép heap (sort_heap)

/I range heap example
#include <iostream>
#include <algorithm>
#include <vector>

using namespace std,;

int main ()
{
int myints[] = {10,20,30,5,15};
vector<int> v(myints,myints+5);
vector<int>::iterator it;
make_heap (v.begin(),v.end());
cout << "initial max heap :" <<v.front() << endl;
pop_heap (v.begin(),v.end()); v.pop_back();
cout << "max heap after pop : " << v.front() << endl;
v.push_back(99); push_heap (v.begin(),v.end());
cout << "max heap after push: " << v.front() << endl;
sort_heap (v.begin(),v.end());
cout << "final sorted range :";
for (unsigned i=0; i<v.size(); i++)
cout << """ << if;
return O;

}
6,CAC HAM TIM MIN & MAX
- Tim min & max trong 1 cap:
const int X = min(3, 9),
y = max(3, 9);
assert(x == 3);
assert(y == 9);

- Tim min & max trong 1 tap

int A[] = {3,4,2,6,3,1,2,3,2,3,4,5,6,4,3,2,1};
int N = sizeof(A) / sizeof(*A);

cout << "So nho nhat trong mang: " << *min_element(A, A+N) << endl;
cout << "So lon nhat trong mang: " << *max_element(A, A+N) << end|;

VI. CAC BO TWONG THICH
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1.CONTAINER ADAPTER (CAC BO TUONG THICH LUU TRO)
Bao gbm stack, queue va priority_queue

Goi la cac bd twong thich bdi vi né 1am céac bo lwu trir khéac tré nén twong thich véi né bang cach déng
géi (encapsulate) cac bd lwu trir khac tré thanh bo lwu trlk co s& cta ndé. Vi du:

stack<int,vector<int> > s;

Khi d6 vector tré thanh bg lwu trir co s& cla bd twong thich stack.
Néu khong khai bao bo lwu triv co s&, stack va queue mac dinh s dung deque 1am bo lwu trik co' s&,
trong khi priority_queue mac dinh st dung vector lam bd lwu trir co sé&, cé nghia la khi khai bao

stack<int>s; thycrala stack<int,deque<int> > s;
Lwu y 2 ca stack va queue déu c6 cac ham sau

void push(T) thém phan t& vao
void pop(T) g& phan t& ra

stack c6 thém ham T top() truy xuét phan t& & dinh
gueue c6 thém ham:

T front() truy xuét phan t tiép theo
T back() truy xuét phan t& cudi cung ctia queue

priority_queue la queue trong dé phan t& dau tién lubn ludn 1a phan t& 1&n nhat theo mét tiéu chuén sap
xép nao do, priority_queue giébng nhw khai niém heap (dbng) ma ta da biét (heap va giai thuat heapsort
trong mén CTDL)

Thue ra priority_queue chi la queue mé&c dinh c6 cai s8n thém comparator less<T> giéng nhw cac
associative container thdi. Ta c6 thé cai lai comparator do ta dinh nghia cho né (vi du bai dwéi day cai
greater<T>)

#include <queue>
class Plane{
int fuel;
public:  Plane(int fuel){(*this).fuel=fuel;}
friend ostream& operator<<(ostream& os,const Plane& p){
os<<p.fuel<<endl;return os;}
bool operator>(const Plane& p) const{
return fuel>p.fuel;}
¥
typedef priority_queue<Plane,vector<Plane>,greater<Plane> > PriorityQueuePlane;
int main(){
vector<Plane> vP;
vP.push_back(Plane(4));vP.push_back(Plane(7));
vP.push_back(Plane(3));vP.push_back(Plane(9));
PriorityQueuePlane v(vP.begin(),vP.end());
while(lv.empty(){
cout<<v.top();v.pop();

}

return O;
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Lwu y |a priority_queue c6 push, pop va top, khéng cé front va back

2.ITERATOR ADAPTER (CAC BO TUONG THICH CON TRO)

Céc bd twong thich iterator thay dbi cac van hanh cla iterator, thwéng 1a 1am container va iterator khac
tr& nén twong thich véi né, bang cach dong géi (encapsulate) cac container va iterator khac tré thanh
container va iterator co s& clia né. Chlng cé dang khai bao co ban nhw sau:

#include<iterator>
template<class Container,class Iterator>
class IteratorAdapter
{
/Indi dung
3

IteratorAdapter<vector<int>,vector<int>:iterator> vectorintAdapter;

Mot sb Adapter thweng duwoc st dung 1a reverse _iterator, insert_iterator, back insert iterator, front insert
iterator

list<int> L;
L.push_front(3);
back_insert_iterator<list<int> > ii(L);

*i++ = 0;
*i++ = 1;
*i++ = 2;

copy(L.begin(), L.end(), ostream_iterator<int>(cout, " "));
/I The values that are printed are 301 2

Khéng hoc thém vé iterator adapter
3.FUNCTION ADAPTER (CAC BO TUONG THICH HAM)

C6 2 bd twong thich ham chung ta da hoc trwéc d6 |a bind1st va bind2nd. Ching ta sp hoc notl, not2,
mem_fun, mem_fun_ref va ptr_fun. T4t cd d&u ndm trong thw vién functional

notl

DAéi gia tri trd vé& clia mot unary predicate tlr false thanh true va ngwoc lai, unary predicate phai dwoc dinh
nghia 1a unary_function

Vi du dung 1sOdd tim cac sé chén (nghia |a IsOdd tra vé not(true))

class 1sOdd:public unary_function<int,bool>{
public:bool operator()(const int& n) const{return n%?2;}
¥
int main(int argc, char* argv[]){
int af] = {1,2,3,4,5};
cout<<count_if(a,a+5,not1(IsOdd()))<<endl;
return O,
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not2

DAdi gia tri trd vé& clia mét binary predicate tir false thanh true va nguwoc lai, binary predicate phai dwoc
dinh nghta la binary_function

Vi du dung compare dé so sanh 2 mang véi cac phan tir khéng bang nhau (nghia 1a compare tra vé
not(true))

class compare:public binary_function<int,int,bool>{
public:bool operator()(int i,int j) const{return i==j;}
¥
int main(int argc, char* argv[]){
int a]] = {1,2,3,4,5};
int bf] = {6,7,8,9,10},
cout<<equal(a,a+5,b,not2(compare()))<<endl;
return O,

ptr_fun
Chuyén mét con tré ham (function pointer) thanh mét functor. Ban doc cé thé thac méc functor hon
function pointer & diém nao ma lai cAn chuyén nhw vay. Cau tra |oi 1a tbc do:

“A suitably-defined object serves as well as - and often better than - a function. For example, it is easier to
inline the application operator of a class than to inline a function passed as a pointer to function.
Consequently, function objects often execute faster than do ordinary functions”- Stroustrup.

Dai y lanéu két hop véi ter khda inline thi functor cho téc dé cao hon function

int addition(int a,int b){return a+b;}
int output(int a){cout<<a<<endl;return 0;}
int(*cong)(int,int) = addition;
int(*xuat)(int) = output;
int main()
{
int af] = {1,2,3,4,5};
int bf] = {6,7,8,9,10},
int c[5];
transform(a,a+5,b,c,ptr_fun(cong));
for_each(c,c+5,ptr_fun(xuat));
return O,

}

O day ching ta c6 binary function la addition va unary function 1a output, va binary function pointer la
cong va unary function pointer |a xuat, va ta dung ptr_fun dé chuyén cac con tré ham nay thanh binary
functor va unary functor dé déng vai tro predicate dung trong hai ham transform va for_each

Xét 1 vi du khac:

#include<numeric>

double acc(double total, double elements){
return total+elements;

}

int main(){
multiset<double> s;
for(int i=0;i<6;i++) s.insert(0.3);
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double sum = accumulate(s.begin(),s.end(),0.0,ptr_fun(acc));

}

O day dang cha y cé ham accumulate ( cGa thw vién <numeric> ).Ham nay dwoc truyén vao functor acc
(do ptr_fun chuyén tir function thanh functor) tham sé |a total = 0.0 va lan lwot la cac phan t&r cla set, sau
dé acc tinh téng total va cac element rdi tra vé dé& accumulate tich Ity va cudi cung tra gia tri ra bién sum.

ptr_fun chi dung cho stand-alone va static member function, v&i non-static member function phai 2 ham
dwoi day:

mem_fun va mem_fun_ref

+mem_fun
Chuyén mét ham thanh vién (member function) ctia mét I&p thanh mét functor va truyén vao functor nay
céac dbi sb la cac con trd ma tré dén cac dbi twong cla lép dé

class Person{
int age;
public:
Person(int age):age(age){}
int display(){cout<<age<<endI;return 0;}
¥
int main(){
list<Person*> |,
l.push_back(new Person(4));
l.push_back(new Person(5));
for_each(l.begin(),l.end(),mem_fun(&Person::display));
return O,

}

+mem_fun_ref
Chuyén mét ham thanh vién (member function) ctia mét I&p thanh mét functor va truyén vao functor nay
cac dbi sb 1a cac tham chiéu ma tham chiéu dén cac dbi twong cua lép d6

class Person{
int age;
public:
Person(int age):age(age){}
int display(){cout<<age<<endI;return 0;}
¥
int main(){
list<Person> |;
l.push_back(Person(4));
l.push_back(Person(2));
l.push_back(Person(5));
for_each(l.begin(),l.end(),mem_fun_ref(&Person::display));
return O,

}

Muc dich chinh la dé ting hiéu suét chwong trinh, thir cwe ki quan trong trong 1ap trinh game. Twéng
twong ban sé phai goi 1 cau lénh nhw thé nay

for(list<Person*>::iterator i=I.begin();i'=l.end();i++) (**i).display();
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goi t&i tirng ham thanh vién cla tirng phan t&r cla list, gidm hiéu suét kinh khing
Thay vao d6 dung mem_fun hay mem_fun_ref, chi can truyén vao mét con tré hay mét tham chiéu ti
ham thanh vién, tang hiéu Suét rd rét.

KHUYEN CAO: ptr_fun va mem_fun hay mem_fun_ref, c& 3 ham nay déu tra lai functor, dwoc st dung
rat nhiéu khong vi tang téc d6 va hiéu suét chwong trinh. So sanh gitra cac ngbn ngir véi nhau, nhd vao
nhirng déc diém nhw con tré, etc, cuing véi nhixng ham tién ich d4c biét trong STL nhat 1a 3 ham nay, dé
cling dat dwg'c mot muc dich thi dung C++ dat dwoc tde d6 va hiéu suat hon bat ki ngdn ngir bac cao
nao khac. Do dé hiéu va s dung nhuan nhuy&n 3 ham nay gilp ting performance ctia chwong trinh.



