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Gié6i thiéu

Lap trinh 12 mdt trong nhitng budc quan trong nhat trong quy trinh giai quyét
mdt bai todn. Nhiéu ngdn ngit 1ap trinh da duoc ra doi nham gitip chiing ta giai
quyét cdc bai toan mot cach hiéu qua nhat. Mdi ngén ngit 14p trinh c6 nhing thé
manh va nhuoc diém riéng. Cac ngdn ngir 1ap trinh c6 thé chia ra thanh hai loai
chinh 12 ngdn ngit 14p trinh bac thip (gan giii voi ngdn ngir mdy), va ngdn ngit
1ap trinh bac cao (ngan giii v6i ngdn ngit ty nhién clia con nguoi).

Gido trinh nay trang bi cho sinh vién nhitng kién thirc co ban vé 1ap trinh. Ngon
ngtt 1ap trinh C++ duoc st dung dé minh hoa cho viéc lap trinh. Viéc lya chon
C++ boi vi né 1a mot ngdn ngit 14p trinh hudng ddi twong chuyén nghiép duoc
str dung rong rii trén toan thé gidi dé phat trién cdc chuong trinh tir don gian
dén phirc tap. Hon thé nita, sy mém déo ciia C++ cho phép ching ta giai quyét
nhitng bai todn thuc t& mot cach nhanh chéng, ngoai ra cho phép chiing ta quan
1y va tuong tic truc tiép dén hé thong, bo nhé dé nang cao hiéu qua cia chuong
trinh.

Gido trinh dugc chia thanh 8 chwong, mdi chwong trinh bay mot van dé 1y
thuyét trong 1ap trinh. Céc van dé 1y thuyét dugc mo ta bang céc vi du thuc té.
Két thiic mdi chwong 1a phan bai tap dé sinh vién giai quyét va nam rd hon vé 1y
thuyét. CAu triic cua gido trinh nhu sau:

e Chuong 1: gidi thiéu cdc khdi niém co ban vé 1ap trinh va quy trinh giai
quyét mot bai toan. Sinh vién s& hiéu vé ngdn ngir 14p trinh bac cao va ngdn
ngir 1ap trinh bac thip. Cudi chuong chiing toi gidi thidu vé méi truong 1ap
trinh cling nhu ngén ngtr 1ap trinh C++.

e Chuong 2: Ching t6i gi6i thiéu cdc khdi niém co ban vé bién sd, hang sb,
cic kiéu dit liéu co ban va céc phép todn co ban. Sau khi hoc, sinh vién s&
biét céch khai bdo va sir dung bién sd, hang sd, va cdc phép todn trén bién va
hang s6.

e Chuong 3: Truong ndy gidi thiéu vé cau triic chuong trinh ciing nhu céc cau
tric diéu khién. Cu thé 1a céc ciu r& nhanh (if-else, switch), ciu tric 1ap (for-
do, while-do, repeat) sé dugc gidi thi¢u.

e Chuong 4: Chuong trinh con va ham s& duoc gidi thiéu dé sinh vién hiéu
dugc chién luoc 1ap trinh “chia dé tri”. Ching toi s& trinh bay chi tiét vé



cach khai bdo va sir dung ham, cling nhu céch truyén tham so, truyén gia tri
cho ham.

Chuong 5: Chuong ndy trinh bay cau tric dit liéu kiéu mang va xau ki tu.
Cich khai bdo va sir dung mang mot chiéu ciing nhu mang nhiéu chiéu va vi
du lién quan dugc trinh bay chi tiét & chuong nay.

Chuong 6: Pay 1a mot chuong twong ddi dic thi cho C++, khi chiing t6i
trinh bay vé& bd nhé va kiéu dit liéu con trd. Céu trdc bo nhd, cich quan 1y
va xin cép phép bo nhd dong thong qua viéc su dung bién con tré s& duoc
trinh bay.

Chuong 7: Trong chuong nay chiing t6i s& trinh bay vé céu tric dit lidu triru
tuong (cu thé 12 struct va class trong C++). Sinh vién s¢€ hiéu va biét cdch
tao ra nhiing cAu trdc dit liéu troru twong phu hop voi céc kiéu dbi tuong dir
liéu can biéu dién. Cudi chwong, ching tdi cling gidi thiéu vé 14p trinh hudng
ddi tuong, mot thé manh cua ngon ngir 1ap trinh C++.

Chuong 8: Ching t6i gidi thi¢u vé cich vao ra dir li¢u. Sinh vién s€ dugc
gidi thiéu chi tiét vé cach lam viéc véi cdc tép dit ligu.



Chuong 1. Mé dau

Trong chuong nay, ching t6i s& gi6i thiéu qua mot s6 khai niém co ban vé:
chuong trinh, 13p trinh, ngdbn ngtr 1ap trinh.

1.1. Chwong trinh la gi?

Ban chic chin dd ding qua nhiéu chwong trinh khéc nhau, vi du nhu chuwong
trinh soan thao vin ban “Microsoft Word”. Chwong trinh, hay phan mém, duoc
hiéu don gian 12 mot tp cic 1énh dé mdy tinh thuc hién theo. Khi ban dwa cho
may tinh mot chuong trinh va yéu cau may tinh thyc hién theo céc 1€nh cua
chuong trinh, ban dang chay chuong trinh do6.

1.2. Lap trinh la gi?

Lap trinh 12 c¢6 thé hiéu don gian 1a qud trinh viét ra cdc 1énh hudng din mdy
tinh thyc hién dé giai quyét mot bai toan cu thé nao d6. Lap trinh 1a mot bude
quan trong trong quy trinh giai quyét mot bai todn nhu mé ta & Hinh 1.1.

Mcrc thap phu thudc
vao may tinh
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Hinh 1.1: Quy trinh gidi quyét mét bai todn.
Quy trinh trén cé thé duoc chia ra thanh hai mutrc: mic cao ddc lap véi may tinh
(machine independent) va muic thép phu thudc vao may tinh (machine specific).
1.2.1. Mirc cao doc 1ap véi may tinh

Muc cao doc 1ap voi mdy tinh thuong duoc chia thanh ba budc chinh la: xac
dinh van d¢, thiét ké thuat todn va 1ap trinh.



Xac dinh van dé: Budc nay dinh nghia bai toan, xdc dinh dit liéu dau vao, céc
rang budc, yéu cau can giai quyét va két qua dau ra. Budc nay thuong st dung
but/gidy va ngdn ngit ty nhién nhu tiéng Anh, tiéng Viét dé mo ta va xdc dinh
van dé can giai quyét.
Thiét ké thuat toan: Mot thuat todn 12 mot bo céc chi din nham giai quyét mot
bai todn. Céc chi dan nay can duogc dién dat mot cdch hoan chinh va chinh xédc
sao cho moi nguoi ¢ thé hiéu va tién hanh theo. Thuét todn thuong dugc mod ta
duéi dang ma gia (pseudocode). Budc nay c6 thé sir dung gidy bit va thuong
khong phu thudc vao ngdn ngir 1ap trinh. Vi du vé thuat toan “tim udc ) chung
16n nhat (UCLN) ctia hai s6 x va y” viét bang ngdn ngit ty nhién:

e Budc 1: Néu x>y thi thay x bang phan du ctia phép chia x/y.

e Budc 2: Néu khong, thay y bang phan du ctia phép chia y/x.

e Budc 3: Néu trong hai s6 x va y ¢6 mot s6 bang 0 thi két luan UCLN
12 s6 con lai.

e Budc 4: Néu khong, quay lai Budc 1.
hoic bang ma gia:
repeat
if x>y then x :=xmod y
else y := ymod x
untilx=00ry=0
if x =0 then UCLN :=y
else UCLN :=x

Lap trinh 13 buéc chuyén dbi thuat todn sang mot ngdn ngit 1ap trinh, phd bién
la cac ngdn ngtr 1ap trinh bac cao, vi du nhu cidc ngdn ngtr C++, Java. Budc
nay, 1ap trinh vién sit dung mot chuong trinh soan thao van ban dé viét chuong
trinh. Trong va sau qud trinh 1ap trinh, nguoi ta phai tién hanh kiém thir va sta
16i chwong trinh. C6 ba loai 16i thuong gip: 16i cd phdp, 16i trong thoi gian
chay, va 18i 16-gic (xem chi tiét & Muc 1.5).



1.2.2. Mirc thap phu thuc vao may tinh

C4c ngdn ngir 13p trinh bac cao, vi du nhu C, C++, Java, Visual Basic, C#, duoc
thiét ké dé con ngudi twong ddi dé hiéu va dé s dung. Tuy nhién, mdy tinh
khéng hiéu duge cdc ngdn ngit bac cao. Do d6, trude khi mot chuwong trinh viét
béng ngdn nglr bac cao co thé chay duogc, n6 phai dugc dich sang ngon ngir
may, hay con goi la ma may, ma may tinh c6 thé hiéu va thuc hién duoc. Viée
dich d6 dugc thyc hién béi mot chuong trinh mdy tinh goi 1a chuong trinh dich.

1.3. Ngon ngir 1ap trinh va chwong trinh dich

Nhu chiing ta thiy, qud trinh giai quyét mot bai todn thong qua cic budc khéc
nhau dé chuyén d6i tir ngdn ngir tu nhién ma con ngudi hiéu duoc sang ngdn
ngit mdy ma may tinh c6 thé hiéu va thuc hién dugc. Ngon ngit 14p trinh thuong
duogc chia ra thanh hai loai: ngén ngit 1ap trinh bac thap va ngén ngit 1ap trinh
bac cao.

Ngon ngir lap trinh bac thip nhu hop ngtt (assembly language) hoac ma may
12 ngdn ngir gan v4i ngdn nglt mdy ma mdy tinh c6 thé hiéu dugc. Pic diém
chinh cta céc ngdn ngit nay 1 ching c6 lién quan chit ché dén phan cing cia
may tinh. Cac ho mdy tinh khac nhau st dung cac ngén ngr khiac nhau. Chuong
trinh viét bang cdc ngdn ngir nay c6 thé chay ma khong can qua chwong trinh
dich. Cdc ngdn ngit bac thap c6 thé ding dé viét nhitng chwong trinh can tdi wu
héa vé tc do. Tuy nhién, ching thuong khé hiéu dbi véi con nguoi va khong
thuan tién cho vi€c 1ap trinh.

Ngon ngir 1ap trinh bac cao nhu Pascal, Ada, C, C++, Java, Visual Basic,
Python, ... 14 cdc ngdn ngir ¢6 mirc d6 triru tugng héa cao, gan véi ngdn ngir ty
nhién cua con nguoi hon. Viéc st dung cdc ngbébn ngtt nay cho viéc 1ap trinh do
d6 dé dang hon va nhanh hon rat nhiéu so voi ngdn ngit 14p trinh bac thap. Khac
v6i ngdn ngit bac thap, chuong trinh viét bang cdc ngdn ngit bic cao néi chung
c6 thé st dung duoc trén nhiéu loai mdy tinh khic nhau.

Cic chuong trinh viét bang mot ngdn ngit bac cao mudn chay duoc thi phai
dugc dich sang ngdn ngit mdy bang cach st dung chuong trinh dich. Chuong
trinh dich c6 thé chia ra thanh hai loai 12 trinh bién dich v trinh thong dich.

Mot s6 ngdn ngir bac cao nhu C, C++ yéu cau loai chuong trinh dich duoc goi
12 trinh bién dich (compiler). Trinh bién dich dich mi ngudn thanh mi may —
dang c6 thé thuc thi dugce. Két qua cua viée dich 1a mot chuong trinh thuc thi
dugc va c6 thé chay nhidu 1an ma khong can dich lai. Vi du, voi ngdn ngit C++
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mdt trinh bién dich rat phd bién 12 gec/g++ trong bd GNU Compiler Collection
(GCC) chay trong cidc moi truong Unix/Linux cling nhu Windows. Ngoai ra,
Microsoft Visual C++ 1a trinh bién dich C++ phd bién nhit trong mdi trudong
Windows. Mot sé ngdn ngir bac cao khac nhu Perl, Python yéu cau loai chuong
trinh dich goi 1a trinh thong dich (interpreter). Khac véi trinh bién dich, thay
vi dich toan bd chuong trinh mot lan, trinh thong dich vwra dich viura chay
chuong trinh, dich dén dau chay chwong trinh dén dé.

Trong mén hoc ndy, C++ dugc chon 1am ngdn ngir thé hién. Py 1a mot trong
nhitng ngén ngi 1ap trinh chuyén nghiép dugc sir dung rong rdi nhit trén thé
gidi. Trong pham vi nhdp mon cua mon hoc nay, C++ chi dugc gidi thiéu ¢ muc
rat co ban, rat nhiéu tinh nang manh cta C++ s€ khong dugc néi dén hodc chi
duoc gidi thiéu so qua. Ngudi hoc nén tiép tuc tim hiéu vé ngdn ngit C++, vuot
ra ngoai gidi han cia cudn séch nay.

1.4. Maoi treong 1ap trinh béc cao

bé lap trinh giai quyét mot bai toan béng ngon ngit 1ap trinh bac cao, ban can c6
cong cu chinh la: chuong trinh soan thdo, chuong trinh dich danh cho ngoén ngr
st dung, va cdc thu vién chuan cta ngoén ngtt su dung (standard library), va
chuong trinh tim 16i (debugger).

Céc buée co ban dé xay dung va thuc hién mot chuong trinh:

1. Soan thio: Ma ngudn chuong trinh duoc viét bang mot phan mém soan thao
van ban dang text va luu trén 6 dia. Ta c6 thé ding nhitng phan mém soan
thao van ban don gian nhat nhu Notepad (trong moi truong Windows) hay vi
(trong moi truong Unix/Linux), hodc cac cong cu soan thao trong moi truong
tich hop dé viét ma ngudn chuong trinh. Ma ngudn C++ thuong dit trong
céc tép voi tén co phén mé rong la . cpp, cxx, .cc, hodc .C (Viét hoa).

2. Dich: Dung trinh bién dich dich ma ngudn chuong trinh ra thanh cic doan
ma mdy riéng 1é (goi 1a “object code™) luu trén 6 dia. Céc trinh bién dich phd
bién cho C++ 12 vc.exe trong bd Microsoft Visual Studio hay gcc trong b
GNU Compiler v6i cac tham s6 thich hop dé dich va lién két dé tao ra tép
chay dugc. Véi C++, ngay truée khi dich con cé giai doan tién xu 1y
(preprocessing) khi cic dinh hudng tién xt 1y duge thuc thi dé 1am cac thao
tdc nhu bd sung céc tép van ban can dich hay thay thé mot s6 chudi van ban.
Mot s6 dinh hudng tién xir Iy quan trong s& duoc gidi thiéu dan trong cubn
siach nay.
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3. Lién két: Mot tép ma ngudn thudng khéng chira diy du nhitng phan cin
thiét cho mot chwong trinh hoan chinh. N6 thudong dung dén dir liéu hoic
ham dugc dinh nghia trong céc t¢p khac hodc trong thu vién chuan. Trinh
lién két (linker) két ndi cidc doan mi mdy riéng 1é voi nhau va véi cdc thu
vién c6 sin dé tao ra mot chuong trinh ma mdy hoan chinh chay dugc.

4. Nap: Trinh nap (loader) s€ nap chuong trinh dudi dang ma mdy vao bo nho.
Cic thanh phan bo sung tir thu vién ciing dugc nap vao bo nhd.

5. Chay: CPU nhéan va thuc hién lan luot cac 1énh cua chuong trinh, dir liéu va
két qua thuong dugc ghi ra man hinh hoic 6 dia.

Thuong thi khong phai chuong trinh nao ciing chay dugc va chay ding ngay &
lan chay thir dau tién. Chuong trinh c6 thé c6 18i cd phap nén khong qua duoc
budc dich, hoidc chuong trinh dich dugc nhung gip 16i trong khi chay. Trong
nhiing truong hop d6, 1ap trinh vién phai quay lai budc soan thao dé sira 16i va
thuc hién lai cac budc sau do.

Soan thao Dich Lien két Nap Chay
(edit) (compile) (link) (load) (execute)

O dia

Hinh 1.2: Cdc bwéc co bin dé xdy dung mot chwong trinh.

Dé thuén tién cho viéc lap trinh, cic cong cu soan thdo, dich, lién két, chay...
noi trén duoc két hop lai trong mot mdi truong 1ap trinh tich hgp (IDE —
integrated development environment), trong do, tAt ca céc cong doan ddi voi
ngudi ding chi con 12 viée chay cdc tinh ning trong mot phan mém duy nhat.
IDE rét hitu ich cho céc 1ap trinh vién. Tuy nhién, ddi v6i nhitng nguoi méi hoc
lap trinh, thoi gian dau nén ty thuc hién cdc bude dich va chay chuong trinh
thay vi thong qua céc chirc nang ctia IDE. Nhu vay, ngudi hoc s& ¢6 thé nim
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dugc ban chit cdc budc ciia qud trinh xay dung chuong trinh, hiéu dugc ban
chit va dic diém chung cua cdc IDE, tranh tinh trang bi phu thuoc vao mot IDE
cu thé.

Vi du vé cdc IDE pho bién 1a Microsoft Visual Studio — méi trudng 1ap trinh
thuong mai cho mdi truong Windows, va Eclipse — phan mém mién phi véi cic
phién ban cho ca méi truong Windows ciing nhu Unix/Linux, ca hai déu hd tro
nhiéu ngén ngit 1ap trinh.

Danh cho C++, mot s6 mdi trudong lap trinh tich hop phd bién 1a Microsoft
Visual Studio, Dev-C++, Code::Blocks, KDevelop. M&i méi trudng c6 thé hd
trg mot hodc nhiéu trinh bién dich. Chang han Code::Blocks hd trg ca GCC va
MSVC Do C++ ¢6 céac phién ban khac nhau.

C6 nhitng ban cai dat khac nhau ctia C++. Cac ban ra doi trudc chuan C++ 1998
(ISO/IEC 14882) c6 thé khong hd tro ddy du céc tinh ning dugc dic ta trong
chuan ANSI/ISO 1998. Ban C++ do Microsoft phat trién khac véi ban C++ cia
GNU. Tuy nhién, cdc trinh bién dich hién dai hdu hét hd tro C++ chudn, ta ciing
nén chon ding céc phan mém nay. Ngon ngit C++ duoc ding trong cubn séch
nay tudn theo chuan ISO/IEC 14882, con goi 12 "C++ thuan tdy" (pure C++).

1.5. L&i va tim 16i

Trong va sau qué trinh 14p trinh, ching ta phai tién hanh kiém thir va sira 1i
chuong trinh. Cé ba loai 16i thuong gip: 16i ct phdp, 16i run-time va 15i 16-gic.

L3i ci phap 12 do 14p trinh vién viét sai v6i cdc quy tic ci phdp ciia ngdn ngix
1ap trinh, chang han thiéu diu chim phay ¢ cudi 1énh. Chuong trinh bién dich s&
phat hién ra céc 15i cd phdp va cung cép théng bdo vé vi tri ma né cho 1a ¢6 16i.
Néu trinh bién dich néi rang chuong trinh ¢6 18i ct phap thi chac chan 1a ¢6 15i
cti phép trong chuong trinh. Tuy nhién, 16i 12 chd nao thi trinh bién dich chi ¢6
thé dodn, va n6 c6 thé doén sai.

L&i run-time 12 16i xuét hién trong khi chwong trinh dang chay. L6i dang ny s&
gy ra thong béo 16i va ngiing chuong trinh. Vi du Ia khi chuong trinh thuc hién
phép chia cho 0.

L&i 16-gic c6 nguyén nhan 13 do thuat to4n khong ding, hodic do 1ap trinh vién
gip sai s6t khi thé hién thuat todn bang ngdn ngir 1ap trinh (vi du viét nham dau
cong thanh déu trir). Khi ¢6 15i 16-gic, chuong trinh ctia ban ¢6 thé dich va chay
binh thudng, nhung két qua cua chuong trinh dua ra lai c¢6 trudng hop sai hodc
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hoat dong ctia chuong trinh khdng nhu mong doi. Loi 16-gic 12 loai 16i khé tim
ra nhat.

Néu chuong trinh cta ban dich va chay khong phat sinh thong béo 15i, tham chi
chuong trinh cho ra két qua c6 ding véi mdt vai bo dir licu test, diéu do khong
c6 nghia chuong trinh ctia ban hoan toan khéng ¢4 18i. Dé c¢6 thé chic chin hon
vé tinh ding dan cta chuong trinh, ban can chay thir chuong trinh véi nhiéu bo
dir liéu khic nhau va so sanh két qua ma chwong trinh tao ra vai két qua mong
doi.

1.6. Lich sir C va C++

Ngon ngir 1ap trinh C dugc tao ra b1 Dennis Ritchie (phong thi nghiém Bell) va
duogc sir dung dé phat trién hé diéu hanh UNIX. Mot trong nhirng dac diém ndi
bat ctia C 1a doc 1ap véi phan ctng (portable), tirc 13 chuong trinh c6 thé chay
trén céc loai mdy tinh va céc hé diéu hanh khac nhau. Nam 1983, ngon ngit C da
dugc chuan héa va dugc goi 1a ANSI C béi Vién chuin héa quéc gia Hoa Ky
(American National Standards Institute). Hi¢n nay ANSI C van la ngon ngtr 1ap
trinh chuyén nghiép va dugc st dung rong rai dé phat trién céc hé théng tinh
todn hiéu nang cao.

Ngon ngir 1ap trinh C++ do Bjarne Stroustrup (thudc phong thi nghiém Bell)
phat trién trén nén 1a ngdn ngir 1ap trinh C va cam hang chinh tir ngdn ngir 1ap
trinh Simula67. So v6i C, C++ 12 ngdn ngit an toan hon, kha niang dién dat cao
hon, va it ddi hoi cdc k¥ thuat bac thip. Ngoai nhitng thé manh thira ké tir C,
C++ hd tro triru twong héa dir lidu, 14p trinh huéng ddi twgng va 1ap trinh téng
quat, C++ gitp xay dung dé dang hon nhitng hé thong 16n va phirc tap.

Bit ddu tir phién ban dau tién nim 1979 vdi cdi tén "C with Classes" (C kém 16p
d6i twong)' véi cdc tinh nang co ban cia 1ap trinh hudéng ddi tuong, C++ duoc
phat trién dan theo thoi gian. Nam 1983, cdi t€n "C++" chinh thuc ra doi, cic
tinh nang nhu ham ao (virtual function), ham trung t€n va dinh nghia lai todn to
(overloading), hang ... dwoc bd sung. Nam 1989, C++ c6 thém 16p triru tugng,
da thira ké, ham thanh vién tinh, héng ham, va thanh vién kiéu protected. Cac bo
sung cho C++ trong thap ki sau d6 13 khuoén mau (template), khdng gian tén
(namespace), ngoai 1€ (exception), cac toan tu ddi kiéu dix li€éu moi, va kiéu dir

" Theo 15i ké cua Bjarne Stroustrup tai trang c4 nhén cua ong tai trang web cta phong thi nghiém AT&T
http://www?2.research.att.com/~bs/bs_faq.html#invention

14



liéu Boolean. Nam 1998, 1an dau tién C++ duoc chinh thirc chun héa qudc té
béi t6 chuce ISO, két qua 1a chuan ISO/IEC 148827,

Di kém véi sy phat trién ctia ngdn ngit 12 sy phat trién cua thu vién chuan C++.
Bén canh viéc tich hop thu vién chuan truyén théng ctia C vdi cdc stra d6i nhod
cho phit hop v6i C++, thu vién chuan C++ cdn ¢ thém thu vién stream I/O
phuc vu viéc vao ra dir liéu dang dong. Chuin C++ nam 1998 tich hop thém
phé.l’l 16n thu vién STL (Standard Template Library — thu vién khuon mdu
chudn)’. Phan nay cung cap cdc cdu tric dir liéu rat hitu ich nhu vector, danh
sdch, va cdc thudt toan nhu sép xép va tim kiém.

Hién nay, C++ 1a mét trong cac ngdn ngit 1ap trinh chuyén nghi¢p dugc st dung
rong rai nhat.

1.7. Chuwong trinh C++ dau tién

Chuong trinh don gian trong Hinh 1.3 s€ hién ra man hinh dong chit “Hello
world!”. Trong chwong trinh ¢6 nhitng dic diém quan trong ctia C++. Ta s& xem
x€ét tung dong.

2 Vin ban nay (ISO/IEC 14882:1998) sau d6 dugc phat hién 18i chinh stra vao nim 2003, thanh phién ban
ISO/IEC 14882:2003.

* STL vén khong ndm trong thu vién chudn ma 12 mot thu vién riéng do HP va sau d6 1a SGI phat trién.
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4/‘ Céc chu thich
// The first program in C++

// Print "Hello world!" to the screer

Dinh huéng tién x& ly dé khai bao st

#include <iostrears «———— | dung thu vién chuén vac/ra iostream

using namespace stc; <— 1‘ Khai bao sir dung khéng gian tén chuén std

int main() X X N NP
{ Han main() la noi chwong trinh bat dau
cout << "Hello world!': thwe hién va két thuc Ham main() xuat
o hién dung mét Ian trong chuwong trinh Hamr

returr @; main() tra lai mot gia tri nguyén cho biét
) trang thai két thdc cua chwong trinh

Lénh return két thuc ham
Gia tri C dwoc tra vé dé cho bié
chwong trinh két thuc binh thuwdng

Viét ra man hinh déng chi
‘Hello world!”

Hinh 1.3: Chwong trinh C++ ddu tién.

Hai dong dau tién bat dau bang chudi // 1a cdc dong chd thich chuong trinh. D6
1a kiéu chd thich dong don. Céc dong chi thich khong gy ra hoat dong gi cia
chuong trinh khi chay, trinh bién dich bé qua cdc dong nay. Ngoai ra con c6
dang chi thich kiéu C ding chudi /* va */ d& danh ddu diém bét dau va két thic
chi thich. Céc 1ap trinh vién dung chi thich dé giai thich va gidi thiéu vé noi
dung chuong trinh.

Dong th ba, #include <iostream> 13 mot dinh huéng tién xir 1y
(preprocessor directive) — chi dan vé mot cong viéc ma trinh bién dich can thuc
hién trudc khi dich chuong trinh. #include la khai bdo vé thu vién s& dugc st
dung trong chuong trinh, trong truong hop nay la thu vién vao ra dr liéu
jostream trong thur vién chuan C-++.

Tiép theo 12 ham main, phan khong thé thiéu ctia mdi chuwong trinh C++. NG bat
dau tir dong khai bdo header cta ham:

int main()
MGdi chwong trinh C++ thuong bao gdm mdt hodc nhiéu ham, trong d6 cé ding
mot ham c6 tén main, day 1a noi chuong trinh bat dau thuc hién va két thic.
Bén trdi tr main la tir khéa int, né c6 nghia 1a ham main s€ tra vé mat gid tri la
sd nguyén. Tur khéa 1a nhimg tir ddc biét ma C++ danh riéng cho nhimg muc
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dich cu thé. Chuong 4 s& cung cip thong tin chi tiét vé khdi niém ham va viéc
ham tra vé gid tri.

Than ham main dugc bat dau va két thic boi cip ngodc {}, bén trong d6 1a
chudi cdc 1énh ma khi chuong trinh chay ching s€ dugc thuc hién tudn tu tu
1énh dau tién cho dén Iénh cudi cing. Ham main trong vi du dang xét c6 chua
hai 1énh. Mdi 1énh déu két thic béng mot diu cham phay, cdc dinh hudng tién
xtr 1y thi khong.

Lénh thér nhat gdm cout, todn tir <<, xau ki tu "Hello world!", va ddu chim
phay. N6 chi thi cho mdy tinh thyc hién mdt nhi¢ém vu: in ra man hinh chudi ki
tu nam gitra hai diu nhdy kép — "Hello world!". Khi 1énh dugc thyc thi, chudi ki
ty Hello world sé& dugc gui cho cout — luéng dir li€u ra chuan cia C++,
thuong duoc ndi v6i man hinh. Chi tiét vé vao ra dit liéu s& dugc néi dén trong
Chuong 8. Chudi ki ty nam gitra hai ddu nhdy kép duoc goi 12 mot xau ki tw
(string). Dé y dong

using namespace std;

nim ¢ gan dau chuong trinh. T4t ca thanh phan cua thu vién chuan C++, trong
d6 c6 cout dugc ding dén trong ham main, dugc khai bdo trong mot khong gian
tén (namespace) c6 tén 12 std. Dong trén thong bdo véi trinh bién dich rang
chuong trinh vi du cia ta s& st dung dén mot s thanh phan nim trong khéng
gian tén std. Néu khdng c6 khai bdo trén, tién to std: : s& phai di kem theo tén
clia tit ca céc thanh phan cta thu vién chuin dwoc dung trong chuong trinh,
chang han cout s& phai dugc viét thanh std: : cout. Chi tiét vé khong gian tén
nam ngoai pham vi cua cudn séch nay, nguoi doc co thé tim hiéu tai cac tai licu
[1] hodc [2]. Néu khong c6 luu y dic biét thi tt ca cdc chwong trinh vi dy trong
cubn sdch nay déu sir dung khai bdo st dung khéng gian tén std nhu & trén.

Lénh thtr hai nhay ra khoi ham va tra vé gid tri 0 1am két qua ctia ham. Pay Ia
budc c6 tinh chit quy trinh do C++ quy dinh ham main can tra lai mot gid tri 1a
sd nguyén cho biét trang thdi két thic cia chuong trinh. Gid tri 0 duoc tra vé ¢
cubi ham main c6 nghia rang ham da két thiic thanh cong.

bé y rﬁng tat cdc 1énh nam bén trong cap ngoac {} cua than ham déu duogc 1
dau dong mot mirc. V&i C++, viée nay khong c6 ¥ nghia vé ci phdp. Tuy nhién,
né lai gidp cho céu tric chuong trinh dé thdy hon va chuong trinh dé& hiéu hon
d6i voi nguoi 14p trinh. Pay 12 mot trong céc diém quan trong trong cdc quy udc
vé phong c4ch 1ap trinh. Phu luc A s& huéng dan chi tiét hon vé& cic quy udc
nay.
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Pén day ta c6 thé sira chuong trinh trong Hinh 1.3 d¢ in ra 10i chao "Hello
world!" theo cédc cich khdc nhau. Chang han, ta ¢ thé in ra cing mot ndi dung
nhu cii nhung bang hai 1énh goi cout:

cout << "Hello "; cout << "world!";

hodc in ra 16i chao trén nhiéu dong bang cdch chén vao giita x4u ki tu cac ki tu
xuéng dong (ki tu dac bi¢t dugc ki hi¢u 1a \n):

cout << "Hello \n world!\n";
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Bai tap

1.
2.

2 S 0k

Trinh bay cc budc chinh dé giai quyét mot bai toan.

Tai sao can phai ¢6 chuong trinh dich, sy khac biét gitta trinh bién dich
va trinh thong dich?

Su khéc bié¢t gitta ngébn ngir 1ap trinh bac cao va ngdn ngit 1dp trinh bac
thap?

Liét ké ra tAt ca céc ngon ngir 1ap trinh bac thép, bac cao ma ban biét
Trinh bay vé mdi trudng 1ap trinh bac cao.

Lam quen véi mdi trueong 1ap trinh Dev-C.

Viét mot chuong trinh C++ dé hién ra man hinh tén cua ban.

Trinh bay su khéc biét gitra C va C++.

Trinh bay cic loai 16i thudng gip khi 1ap trinh.
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Chuwong 2. Bién, kiéu dir liéu va cac phép toan

Pa s chuong trinh khong chi c6 nhiing hoat dong don gian nhu 1a hién thi mot
xau ki ty ra man hinh ma con phai thao tac v4i dit liéu. Trong mdt chuwong trinh,
bién 12 tén ciia mot ving bd nhd dugc dung dé luu dit lidu trong khi chuong
trinh chay. Dit liéu Iuu trong mot bién duoc goi 1a gid tri cua bién d6. Chiing ta
c6 thé truy nhap, gdn hay thay d6i gid tri ciia cdc bién, khi bién dugc gan mot
gid tr1 méi, gid tri cti s€ bi ghi de 1én.

#include <iostream>

Khai béo bién toan cuc
using namespace std; -totaIAppIes kieu int

int totalApples; 4""__—_____—_——_———_——_——_——

int main()

Khai bao bién dia phuong

{ _ numberOfBaskets
int numberOfBaskets = 5; sau do6 gan gia tri 5 cho n6

int applePerBasket; -

cout << "Enter number apples per baskets: ";

cin >> applePerBasket;
\ Gan gia tri nhap tlr ban phim

cho bién applePerBasket

totalApples = numberOfBaskets * applePerBasket;
cout << "Number of apples is " << totalApples;

return 0;

Hinh 2.1: Khai bdo va si dung bién.
Hinh 2.1 minh hoa viéc khai bdo va str dung bién. Trong d6, cic dong
int totalApples;

int numberOfBaskets = 5;
int applePerBasket;

N

la cac dong Kkhai bao bién. totalApples, numberOfBaskets, va
applePerBasket la cac tén bién. Céc khai bdo trén c6 nghia réng totalApples,
numberOfBaskets, va applePerBasket la dir li€u thudc kiéu int, nghia la cac
bién nay s& gilt gid tri kiéu nguyén. Dong khai bdo numberOfBaskets c6 mot
diém khdc véi hai dong con lai, d6 1a numberOfBaskets dugc khoi tao vai gida
tri 5. C++ quy dinh rang tit ca cdc bién déu phai duoc khai bdo véi mot céi tén
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va mot kiéu dir liéu trude khi bién d6 duoc st dung. Céc bién thudc cliing mot
kiéu c6 thé dugc khai bdo trén ciing mot dong, cich nhau béi mot dau phay.
Chang han, c6 thé thay hai dong khai bdo cho numberOfBaskets, va
applePerBasketbéng:

int numberOfBaskets = 5, applePerBasket;

Chuong trinh trong Hinh 2.1 yéu cdu ngudi ding nhép s tdo trong mdi gio
(applePerBasket), tinh tong sd tdo (totalApples) véi dit kién da biét 12 s6 gid
tdo (numberOfBasket), roi in ra man hinh. Cuy thé, dong

cout << "Enter number apples per baskets: “;

in ra man hinh xau ki tu Enter number apples per baskets: . D¢ l1a 161 moi
nhap dit liéu, 12 huéng dan danh cho ngudi sir dung chuong trinh.

Dong tiép theo

cin >> applePerBasket;

doc dir liéu duoc ngudi dung nhap vao tir ddu vao chuan — thudng 1a tir ban
phim. Khi chay Iénh nay, chuong trinh s€ doi nguoi dung nhép vao mot gia tri
cho bién applePerBasket. Ngudi ding ddp ung bang cich g& viao mot sb
nguyén dudi dang chudi céc chit s6 roi nhan phim Enter dé guri céc chir s6 d6
cho mdy tinh. Pén luot né, mdy tinh bién ddi chudi cdc chit sé né nhan duoc
thanh mot gia tri kiéu nguyén rdi chép gia tri nay vao bién applePerBasket.
Tuong ng v6i cout 13 dbi twong quan 1y dong dir liéu ra chuin cua thu vién
C-++, cin 1a d6i trong quan 1y dong dir liéu vao chuan, thuong 12 tir ban phim.

Tiép theo 12 1énh gan
totalApples = numberOfBaskets * applePerBasket;
Lénh nay tinh tich gid tri cia hai bién numberOfBaskets va applePerBasket

roi gdn két qua cho bién totalApples, trong d6 * 1a ki hiéu ctia phép nhan va =
12 ki hi€u cua phép gén.
Lénh in két qua ra man hinh

cout << "Number of apples is << totalApples;

hién thi lién tiép hai thanh phan: xau ki tw "Number of apples is " va gid tri
ctia bién totalApples.
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Ngoai viéc in gid tri cia mot bién, C++ con cho phép ta in két qua ciia mot biéu
thtrc. Do dé, ta ¢c6 mdt lya chon khic 1a gdp cong viéc cua hai I¢nh trén (tinh
tich hai bién va in tich ra man hinh) vao mot 1énh:

cout << "Number of apples is << numberOfBaskets *

applePerBasket;

Khi d6, bién totalApples vén duoc ding dé luu trit két qua cta phép tinh trd
nén khong con can thiét, ta c6 thé x6a bo dong khai bdo bién nay. Dé y 1a 1énh
trén dai va chiém ca sang dong thi hai. C++ cho phép mot 1énh nam trén nhiéu
dong, ddu cham phay cudi mdi 1énh s& gitip trinh bién dich hiéu dau 1a két thic
cua Iénh.

2.1. Kiéu dir liéu

Moi bién phai dugc khai bdo dé luu gitr gid tri thudc mot kiéu dir li€u nao dé.
Ngon ngtr 13p trinh bac cao thuong c6 hai loai ki€u dit liéu: céc kiéu dir liéu co
ban va céc kicu dir liéu dan xuat.

2.1.1. Kiéu dir liéu co ban

Kiéu dit lidu co ban 1a kiéu dir liéu do ngdn ngit 14p trinh dinh nghia san. Vi du
nhu céc kiéu sd nguyén — char, int, long int. Bién thudc kiéu nguyén dugc
ding dé luu céc sb c6 gid tri nguyén. Di voi kiéu co ban ching ta thuong quan
tdm dén kich thudc bd nhé cua kiéu dir liéu, gidi han gid tri ma kiéu di lidu d6
c6 thé luu gitt. D1 véi céc kiéu ddu cham dong (floating-point) dé luu cic gia
tri thude kiéu s thuc, ching ta con quan tam dén do chinh xdc cua kiéu dir liéu
d6. Tai lidu chuan C++ khong quy dinh chinh xdc sb byte can ding dé luu cic
bién thudc cic kiéu dit lidu co ban trong bd nhé ma chi quy dinh yéu cau vé
kich thudc cua kiéu dit liéu nay so véi kiéu dir liéu kia. Cdc kiéu nguyén c6 dau,
signed char, short int, int va long int, phai ¢ kich thudc ting dan. Mdi kiéu
nguyén c6 ddu tuong tmg véi mot kiéu nguyén khong dau voi ciing kich thude.
Cic kiéu nguyén khong dau khong thé biéu dién gid tri 4m nhung cé thé biéu
dién sb gia tri duong nhiéu gip ddi kiéu c6 dau twong tng. Tuong tu, céc kiéu
cham dong, float, double va long double ciing phai c¢6 kich thudc ting dan.
Bang 2.1 liét k& mot s kiéu dit lidu co ban ctia C++ véi kich thuée duoc nhiéu
ban cai dat C++ str dung.
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Kich thwéce

Kiéu M6 ta thong dung  Pham vi (twong tng véi kich thwéc)
(byte)
, cac ki tuy ASCII
ky tu / . <
char Z - 1 signed char: -128 — 127, hoac
50 hguyen nho unsighed char:0 — 255
bool gid tri Boolean 1 true hodc false
short & nouven ) signed short: -32767— 32767
S0 ngtye unsigned short: 0— 65536
int <6 neuven 16n 4 signed int: 2147483648 — 2147483647
sy unsigned int: 0 — -4294967296
lon s6 nguyén 4 signed long: 2147483648 — 2147483647
g rat 16n unsigned long: 0 — -4294967296
float 56 thuc 4 +/- 1.4023x10™* — 3.4028x10*
s6 thuc voi
double .~ 8 +/- 4.9406x107** — 1.7977x10°%
d0 chinh xac cao
50 thuc véi
1ong A p3 4 -324 308
d0 chinh xac 8 +/- 4.9406x107" — 1.7977x10
double

rat cao

Bing 2.1: Mgt 56 kiéu div ligu co bén trong C++.

Mot sb luu ¥:

e Kich thudc va pham vi cta cdc kiéu dit liéu co ban phu thudc vao hé thng
ma chuong trinh dugc bién dich tai d6. Tuy nhién, & tat ca cdc hé théng, kiéu
char bao gi0o cling c6 kich thudc 1a 1 byte; cac kiéu dix li€u char, short,
int, long phai c6 kich thudc ting dan; con cic kiéu float, double, long

double phai c6 d chinh xic cao dan.

e Kiéu char ding dé luu cdc ki ty don (c6 ma nho hon 256), chang han nhu
chit cdi La-tinh, chit sb, hay cdc ki hi¢u. Trong C++, mét ki ty don duogc
doéng trong cap nhay don, vi du 'A". Dé Iuu céc ki tu ¢6 ma 16n hon 255, ta
c6 thé st dung kiéu wchar_t.
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e Kiéu dir liéu bool chi c6 hai gid tri true va false. Ta c6 thé ding bién
thudc kiéu nay dé luu céu tra 10i cia nhitng ciu hoi ding/sai chang han nhu
"C6 phai index 16n hon 100?" hay luu céc trang thai "Ta da tim thay gid tri
am chua?". Céc gid tri true va false trong C++ thuycrachilaOva 1.

2.1.2. Kiéu dir liéu din xuét

Kiéu dir liéu dan xuét 1a kiéu dir liéu duoc x4y dung tir cc kiéu dit liéu co ban
béng cac toan tu nhu * (con trd), & (tham chiéu), [] (méang), () ham, hodc dugc
dinh nghia bﬁng co ché struct hay class. Cac kiéu dir liéu dugce dinh nghia
béng co ché struct hay class con dugc goi la cac kiéu dit liéu c6 cau tric hodc
kiéu dit liéu triru tugng. Chi tiét vé céc kiéu dir liéu din xuat s& dugc trinh bay
dan dan trong cc chuong sau.

2.2. Khai bao va sir dung bién

Pé bit dau s dung mot bién, ching ta phai tién hanh hai budc: dit cho bién
mot céi tén hop 1€ va khai bdo bién.

2.2.1. Pinh danh va céch dit tén bién

Pinh danh (identifier) 12 thuét ngir trong ngdn ngi 1ap trinh khi néi dén tén (tén
bién, tén ham, tén 16p...). Pinh danh 13 mot chudi ki tw (bao gdm cdc chir cdi
a..z, A..Z, chir $6 0..9, dau gach chan ‘_’) viét lién nhau. Dinh danh khong duogc
bét dau bang chit s6 va khong duge tring véi cic tir khéa (nhitng tir mang ¥
nghia dac biét) cua ngdn ngir 1ap trinh. Luu ¥, C++ phén biét chit cai hoa va chir
céi thuong.

Céch dat tén bién tuén thu theo cdch dat tén dinh danh. Vi du vé cdc tén bién:

e _sinhvien, sinhvien_01, sinhvien_01 la cic tén bién hop 1¢ khac nhau

® 0lsinhvien, sinhvién, "sinhvien" la cic t€n bién khong hop 1€

Tén bién nén dé doc, va goi nhé dén cong dung cua bién hay kiéu dir liéu ma
bién s& luu trit. Vi dy, néu can ding mot bién dé luu sé luong qua téo, ta c6 thé
dit tén 1a totalApples. Khong nén sir dung cic tén bién chi gdm mot ki ty va
khong c6 y nghia nhu a hay b.
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2.2.2. Khai bio bién

Cé4c ngbn ngir 14p trinh dinh ki€u manh, trong d6 c6 C++, yéu cau mdi bién
trudc khi dung phai dugc khai bdo va bién phai thugc vé mdt kiéu dir liéu nao
do6. Co thé chia cac bién thanh hai loai:

e céc bién duoc khai bdo & ngoai tit ca cac chuwong trinh con 12 bién toan cuc,
c6 hiéu lyc trén toan bd chuong trinh, chéng han bién totalApples trong
Hinh 2.1.

e céc bién dugc khai bdo tai mot chuong trinh con 1a bién dia phwong, c6
hiéu Iyc & bén trong chuong trinh con d6, chang han numberOfBaskets va
applePerBasket trong Hinh 2.1 12 céc bién dia phuong ctia ham main va chi
c6 hi€u lyc ¢ bén trong ham main.

Chuong 4 s€ n6i ki hon vé hai loai bién trén.

Trong C++, bién ¢6 thé dugc khai bdo gan nhu bét ctr dau trong chwong trinh,
mién 13 trude dong dau tién sir dung dén bién d6 (xem Hinh 2.1).

Mot bién dia phuong da dugc khai bdo nhung chua dugc gdn mdt gid tri nao
duogc goi 1a bién chua dugc khoi tao. Gid tri ctia bién chua dugc khoi tao thuong
l1a khong x4c dinh. Dé trdnh tinh trang nay, ta c6 thé khoi tao gid tri cua cac bién
bang cdch géan gi4 tri ngay tai 1énh khai bdo bién.

2.3. Hing

Hang 12 mot loai bién dic biét ma gid tri cua né duoc xdc dinh tai thoi diém
khai bdo va khong duogc thay doi trong sudt chuong trinh. Dé khai bdo mot
hing, ta thém tir khéa const vao phia trude 1énh khai bdo bién. Vi du:

const float PI = 3.1415926535;
const float SCREEN_WIDTH = 317.24;

Hing duoc ding dé dit tén cho céc gid tri khong thay d6i dugc diung trong
chuong trinh, chang han nhu d rong man hinh nhu trong vi du trén. Coéng dung
ctia hang 12 mdi khi can thay d6i gid tri d6, ta chi can stra 1énh khai bdo hing
thay vi tim va sira gid tri twong Ung tai tit ca cdc vi tri ding dén né. Ngoai ra,
mdt cdi tén c6 y nghia dit cho mot gia tri dugc dung di dung lai s€ giip cho
chuong trinh dé& doc va dé hiéu hon.
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2.4. Cac phép toan co ban

2.4.1. Phép gan

Phép gin 1a cich gén mdt gid tri cho mot bién hoidc thay doi gia tri cia mot
bién. Lénh gan trong C++ 1a:

bién = biéu thirc;
trong d6 dau bang (“=") duoc goi 12 dau gdn hay todn tir gan. Luu ¥, ddu bang
trong C++ khong ding dé so sanh gi4 tri nhu trong mot s6 ngdn ngit l1ap trinh
khéac. Vi du

symbol = 'A';
12 phép gén gid tri ‘A’ cho bién symbol, khong phai 12 biéu thirc so sdnh xem
gid tri cua symbol c6 phai 1a 'A' hay khong.
Cong viéc cuia phép gén 12 tinh gid tri ctia biéu thirc bén phai dau gan rdi luu gid
tri 6 vao trong bién nam bén trdi ddu gén.
Biéu thirc ¢6 thé 1a mot sb, mot bién, hodc mot biéu thirc phirc tap. Luu ¥ rang

mot bién c6 thé xuat hién ¢ c4 hai bén cua dau gan. Vi du 1€nh sau tang gia tri
cua bién apples thém 2.

apples = apples + 2;

Diém dac biét cua C++ la ban than phép gan cling chinh 1a mdt biéu thirc véi
gid trj tra vé 12 két qua ctia phép gan. Vi du, phép gin x = 3 12 mot biéu thirc c6
gid tri bang 3.

2.4.2. Cac phép toan sb hoc

C++ hd trg nim phép toan ) hoc sau: + (cOng), - (trr), * (nhan), / (chia), %
(modulo — iy phan du ctia phép chia). Phép chia dugc thuc hién cho hai gia tri
kiéu nguyén sé& cho két qua 1a thuong nguyén. Vi du biéu thirc 4 / 3 cho két qua
bang 1, con 3/ 5 cho két qua bang 0.

Mot sé phép gan kém theo biéu thirc xudt hién nhiéu lan trong mot chuong
trinh, vi vy C++ cho phép viét cic phép gdn biéu thirc d6 mot cdch gan ngon
hon, st dung cac phép gan phuc hop (+=, -=, *=, /=, %=, >>=, <<=, &=, "=, |=).

Céch str dung phép gan phuc hgp += nhu sau:

bién += biéu thurc; tuong duong bién = bién + biéu thurc;
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Vi du:
apples += 2; tuong duong apples = apples + 2;
Céc phép gan phtrc hop khic dugc st dung tuong tu.

C++ con cung cép cac phép toan ++ (hay --) dé tang (giam) gia tri cua bién Ién
mot don vi. Vi du:

apples++ hay ++apple c6 tic dung tdng apples thém 1 don vi
apples-- hay --apple c6 tdc dung gidm apples di 1 don vi

Khic biét giita viéc viét phép ting/giam & trude bién (ting/giam trudc) va viét
phép ting/giam & sau bién (ting/giam sau) la thoi diém thuc hién phép
tang/giam, thé hién ¢ gid tri cta biéu thirc. Phép tang/giam trudc duoc thyc hién
trude khi biéu thire duoc tinh gid tri, con phép tang/giam sau dugc thyuc hién sau
khi biéu thirc dugc tinh gi tri. Vi du, néu apples von c6 gid tri 1 thi céc biéu
thirc ++apples hay apples++ déu c6 hiéu ung la apples duogc tang tur 1 1€n 2.
Tuy nhién, ++apples 1a biéu thiic ¢ gid tri bang 2 (ting apples trudc tinh gid
tri), trong khi apples++ 12 biéu thiic ¢6 gia tri bang 1 (ting apples sau khi tinh
gid tri biéu thirc). Néu ta chi quan tdm dén hiéu Gmg tang hay giam cta céc phép
++ hay — thi viéc phép todn dugc dat trudc hay dat sau khdong quan trong. D6
cling 12 cach dung phd bién nhit ctia cdc phép todn nay.

Luu ¥, can hét stc can than khi st dung céc phép ting va giam trong cdc biéu
thirc. Viéc nay khong duoc khuyén khich vi tuy né c6 thé tiét kiém dugc mot
hai dong 1énh nhung lai lam giam tinh trong sang cua chuong trinh.

2.4.3. Cac phép toan quan hé

Cic phép todn quan hé duoc st dung dé so sanh gid tri hai biéu thic. Céc phép
todn nay cho két qua bang 0 néu ding va khic 0 néu sai. Ta sir dung gid trj cia
mot biéu thirc quan hé nhu 1a mot gid tri thude kiéu bool. Vi duy:

bool enoughApples = (totalApples > 10);

Céc phép todn quan h¢ trong ngdn nglr C++ dugc liét ké trong Bang 2.2.
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Ky hi¢u toan hoc | Toan tir cia C++ | Vidu Y nghia
> > X >y x 16n hon y
< < X <y x nhé hon y
> >= X >=y | x16n hon hoic bang y
< <= X <=y | x nho hon hodc bang y
= == X ==y x bang y
#* = X l=vy x khicy

Bdng 2.2: Cdc phép todn quan hé.

(13 29

(13

Chd ¥ tranh nham 13n giita phép gan gid tri “=” va phép so sanh bang
Nhirng nham 13n giita cdc phép todn kiéu nay thuong dian dén nhiing 15i 16gi
rat khé phat hién.

>l

2.4.4. Cac phép toan lo-gic

Toén tir C++ | Y nghia Vidu Y nghia cia vi du
& and X && y Cho gia t‘r1 dung?I khl ca.X va y duing,
nguoc lai cho gid tri sai.
I or x ||y Cho gi4 tri ding khi hodc x ding hoac y
ding, ngugc lai cho gia tri sai
| ot I Phu dinh cta x. Cho gié tri ding khi x sai;
cho gid tri sai khi x ding

Bdng 2.3: Cdc phép todn lo-gic.

Cic phép todn 16-gic danh cho cic toan hang 1a céc biéu thirc quan hé hodc cic
gid tri bool. Két qua cua biéu thirc 16gic 12 gid trj bool.

Vi du:
bool enoughApples = (apples > 3) && (apples < 10);

c6 két qua 1a bién enoughApples nhdn gid tri 12 cdu tra 10i cta cAu hoi "bién
apples c6 gid tri 1on hon 3 va nho hon 10 hay khong?".

2.4.5. D§ wu tién cua cac phép toan

Duéi ddy 12 mirc 6 vu tién ctia mot s6 phép toan thudng gap. Thir ty cua ching
nhu sau:
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Céc phép toan nam trong cap diu ngoac () c6 do uu tién 16n nhét. Vi du:
2 * (1 + 3) cho két qua bang 8

Céc phép toan *, /, +, -. Trong d6 *, / ¢6 d6 uu tién nhu nhau va cao hon +, -.
Vi du:

2%1+3chokétqualas
Céc phép toan so sanh <, >, <=, >=. Vi du:
3 +4 <2+ 6 cho két qua ding
Céc phép todn 16-gic c6 thur thir ty vu tién nhu sau: !, &&, Il. Vi du:
1110 && 0 twong dwong véi 1 11 (0 && 0) va cho két qua 1
2.4.6. Twong thich giira cac kiéu

Vé co ban, gid tri gdn cho mdt bién nén cing kiéu véi bién d6. Khi mot bién
dugce gan mot gid tri khong ding véi kiéu dit liéu cia bién d6, thi gid tri d6 s&
duoc chuyén doi sang kiéu cua bién (type conversion). Mot vai truong hop
thudng gap trong viéc chuyén kiéu la:

Chuyén do6i gitra so thyc va s6 nguyén

int x = 2.5; // X nhéan gia tri 2
double y = 3.5; // y nhéan gia tri 3,5
X =Y; // X nhé&n gia tri 3

Phép chia cua s6 nguyén

int divisor = 4;
int dividend = 6;
int quo = dividend/divisor; // quo nhéan gia tri 1.

Luu ¥: Phép chia mot sé nguyén cho mot sd nguyén sé& cho két qua 1a mot sb
nguyén. Mudn két qua 12 mot s6 thyc thi it nhat mot trong hai sb phai 12 s thuec.
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Bai tap

1.

Hay viét chuong trinh tinh dién tich cua mgt hinh tron. Ban kinh 1a mot
s6 thuc va duge nhap vao tir ban phim. Dién tich hinh tron dugc hién ra
man hinh.

Nhap tir ban phim hai sb nguyén la chiéu cao cia Peter va Essen. Hay
tinh xem Peter cao gép bao nhiéu 1an Essen. Vi du, néu chiéu cao cua
Peter 1a 180, chiéu cao cta Essen 1a 150, thi hién ra man hinh dong chir
“Peter is 1.2 times as tall as Essen”.

Nhap tir ban phim médt s6 nguyén la nhiét d¢ dudi dang d¢ F (Fahrenheit),
hay hién ra man hinh nhiét 46 dudi dang do C (Celsius). Sinh vién ty tim
hiéu cong thirc chuyén doi.

Viét mot chuong trinh trong d6 c6 hai hiang sb WIDTH véi gid tri bang
3.17654, va hang sb LENGTH vé6i gid tri bang 10.03212. Tinh va hién ra
man hinh dién tich cta hinh chit nhat vdi hai canh 1a WIDTH va LENGTH.
Nhap tir ban phim bdn sd nguyén a, b, ¢ va d. Hiy tinh va hién ra man
hinh gid tri cta biéu thic:

(a+b) > (c+d) || (a-Db)>(c-d)
Trinh bay su khéc biét giita bién dja phuong va bién toan cuc.
Viét mot chuong trinh c6 chtra hai bién: bién dia phuwong bonus va bién

toan cuc score. Nhap gid tri hai bién tir ban phim, tinh va hién ra man
hinh tong cua score va bonus.

. Haytinh gid tri coabiéuthirc: 1 + 3 < 2 * 4 - 1 88 1
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Chuong 3. Cac cau tric diéu khién

Nhu da noi & phén trén, chuong trinh may tinh ma ching ta 1ap trinh tao ra thuc
chét 12 mot tap cdc 1énh. Cdc chwong trinh duoc viét bang ngdn ngit bic cao
thudng chira mot ham chinh (trong C++ 12 ham main), noi chuong trinh bét dau
thuc hién cic 1énh.

Trong chuong nay ching ta s€ tim hiéu tha tu thuc hién céc 1énh trong mot
chuong trinh.

3.1. Ludng diéu khién

Ludng diéu khién cia chuong trinh 12 tht tw céc 1énh (hanh dong) ma chuong
trinh thyc hién. Cho dén chuong niy, ching ta méi gip thir ty don gian: tha tu
tuan tu, nghia la cdc hanh dong dugc thuc hién ding theo thlr ty ma ching dugc
viét trong chuwong trinh. Vi dy, Hinh 3.1 la so dd minh hoa mot cAu trdc tuan tu
dién hinh, trong d6 hai hanh dong va cdc miii té€n biéu dién thtr tu thuc hién céc
hanh dong.

tinh totalApples ————1 Leénh C++ tuong Ung
PP totalApples = numberOfBaskets * applePerBasket

Lénh C++ twong trng ﬁ

in totalApples

cout << "Number of apples is " << totalApples

Hinh 3.1: So' d6 chuyén trang thdi ciia mét doan lénh cé thir tw thuc thi tudn tu.

Trong chuong nay, ta sé lam quen véi cac luéng diéu khién phtrc tap hon. Hau
hét cic ngdn ngit 14p trinh, trong d6 ¢6 C++, cung cip hai loai 1énh dé kiém sodt
ludng diéu khién:

e 1énh ré nhanh (branching) chon mot hanh dong tir danh sach gdm nhiéu
hanh dong.

e Iénh lap (loop) thuc hi¢n 1ap di 1ap lai mdt hanh dong cho dén khi mot
diéu kién dimg ndo d6 dugc thoa man.
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Hai loai 1énh d6 tao thanh cic ciu tric diéu Khién (control structure) bén trong
chuong trinh.

3.2. Cac cau truc ré nhanh

3.2.1. Lénh if-else

Lénh if-else (hay goi tat 1a 1énh if) cho phép r& nhanh bang céch Iya chon
thuc hién mot trong hai hanh dong. Vi dy, trong mot chuong trinh Xép loai diém
thi, néu diém cua sinh vién nhé hon 60, sinh vién dé dugc coi 1a truot, néu
khong thi duoc coi 1a dd.

[score < 60] [score >= 60]

in "Failed" in "Passed"

@<

Hinh 3.2: So' d6 mét lénh if.

Thuat todn nhé nay dugc thé hién bang so do trong Hinh 3.2. Trong d6 hinh qua
trdm biéu dién diém r& nhdnh, noi chuong trinh dua ra quyét dinh xem nén ré
theo hudng nao. Tir diém ré nhanh c6 céc mii tén di ra, mdi mili tén kém theo
mot diéu kién. Ludng diéu khién s& di theo miii tén nao ma diéu kién cia nd
duoc thoa man.

Ciing c6 thé trinh bay thuat todn bang ma gia nhu sau:

If student’s score is less than 60
print “Failed”

else
print “Passed”

Thé hién thuat toan trén bﬁng mot 1énh if-else cua C++, ta cd doan ma:
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if (score < 60)

cout << "Failed";
else

cout << "Passed";

Khi chuong trinh chay mot 1énh if-else, dau tién né kiém tra biéu thic diéu
kién nam trong cdp ngoic don sau tir khéa if. Néu biéu thiic c6 gid tri bang
true thi Iénh nam sau tir khéa if s& dugc thuc hién. Nguoc lai, 1énh nam sau
else s& dugc thuc hién. Chd y 1a biéu thic diéu kién phai dugc dit trong mot
cap ngoac don.

#include <iostream>
using namespace std;

int main()

{
int score;
cout << "Enter your score: ";
cin >> score; //get the score from the keyboard

if (score < 60)
cout << "Sorry. You’ve failed the course.\n";
else
cout << "Congratulations! You’ve passed the course.\n";

return 0;

}
Két qua chay chuong trinh

Enter your score: 20
Sorry. You’ve failed the course.

Enter your score: 70
Congratulations! You’ve passed the course.

Hinh 3.3: Vi du vé céu triic if-else.

Chuong trinh vi du trong Hinh 3.3 yéu cau ngudi diing nhap diém rdi in ra céc
thong bdo khic nhau tiy theo diém s6 du dd hodc truot. DE y rang cdc 1énh nam
bén trong khéi if-else can dugc lui dau dong mot mirc dé chuong trinh trong
sang sua dé doc.
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Trong ciu tric r& nhdnh if-else, ta c6 thé bo phan else néu khong mudn
chuong trinh thyc hién hanh dong nao néu diéu kién khong thoéa man. Chang
han, néu mudn them mot 15i khen dic biét cho diém s xuat sic tir 90 tré 1én, ta
¢6 thé thém 1énh if sau vio trong chuong trinh tai Hinh 3.3.
if (score >= 90)
cout << "Excellent!";

Ta c6 thé ding cdc cdu tric if-else 16ng nhau dé tao ra diéu kién r& nhanh
phtrc tap. Hinh 3.3 1a mdt vi du don gidn véi chi hai truong hop va mdt 1é€nh if.
Xét mot vi du phtrc tap hon: cho trudc diém s (luu tai bién score kiéu int),
xédc dinh xép loai hoc luc A, B, C, D, F tuy theo diém d6. Quy tic xép loai 1a:
néu diém tlr 90 trd 1én thi dat loai A, diém tir 80 téi dudi 90 dat loai B, v.v.. Tai
doan ma xét cic trudong hop cua xép loai diém, ta c6 thé dung cau tric if-else
16ng nhau nhu sau:

if (score >= 90)
grade = 'A';

else
if (score >= 89)
grade = 'B';
else
if (score >= 70)
grade = 'C';
else
if (score >= 60)
grade = 'D’';
else
grade = 'F';

Pé y rang mdi khéi 1énh if-else sau nim trong phan else cta khéi 1énh if-
else lién trudc. Néu score khong dudi 90, diéu kién ctia ca bdn 1énh if-else
déu cho két qua true. Tuy nhién, do diéu kién cua 1énh if-else ngoai ciing
thoa man, chi c6 1énh gan dau tién grade = 'A' dugc thuc thi, cdn toan bd
phﬁn,else cua 1énh if-else ngoai cung, bao génlba]énh if-else con lai, bi
bo qua.

Véi cdc khoi 1énh if-else 10ng nhau nhu & trén, khi phai 1ui ddu dong qud xa
vé bén phai, dong con lai qud ngin khién mdi 1énh c6 thé phai trai trén vai dong,
dan dén viéc chuong trinh khé doc. Do d6, da sb lap trinh vién C++ thuong
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diing kiéu lbi dau dong nhu dudi ddy. (Hai cdch lui ddu dong nay 1a nhu nhau
d6i v6i trinh bién dich vi n6 bo qua cdc ki tu tring.)

if (score >= 90)
grade = 'A';

else if (score >= 80)
grade = 'B';

else if (score >= 70)
grade = 'C';

else if (score >= 60)
grade = 'D';

else
grade = 'F';

Hinh 3.4 12 chuong trinh hoan chinh thuc hién nhiém vu yéu cau ngudi diing
nhap diém sd sau d6 tinh va in ra xép loai hoc lyc tuong tng.
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#tinclude <iostream>

using namespace std;

int main()

{

int score;
char grade;

cout << "Enter your score:

cin >> score;

if (score >= 90)

grade = 'A';

else if (score >= 80)
grade = 'B';

else if (score >= 70)
grade = 'C';

else if (score >= 60)
grade = 'D';

else
grade = 'F';

cout << "Grade = " << grade << endl;

return 0;

)

Hinh 3.4: Ciu triic if-else long nhau.

Hinh 3.3:

Mot didu can dic biét luu ¥ 1a néu mudn thuc hién nhiéu hon mét 1énh trong
mdi truong hop cua 1énh if-else, ta can dung cap ngoac {} boc tap Iénh do
thanh mot khéi chwong trinh. Vi du, phién ban phirc tap hon cia Iénh if trong
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if (score < 60) {
cout << "Failed" << endl;
cout << "You have to take this course again" << endl;

}

else {
cout << "Congratulations!!!" << endl;
cout << "You passed this course. ";

}

Pé tranh 16i quén cdp ngodc, c6 mot 10i khuyén 1a tap théi quen diing cip ngoidc
ngay ca khi khéi 1énh chi bao gdm ding mot 1énh. Ching han, xét khdi 1énh
16ng nhau dudi day:
if (mathGrade == 'A")
if (artGrade == 'A")
cout << "You have got two A's!" << endl;

else
cout << "You don't have grade A for math." << endl;

Thong béo trong phan else ddng ra can duoc thyc thi khi xép hang ctia mon
Todn (mathGrade) khong dat A. Tuy nhién, trong thyc té, trinh bién dich lai
hiéu ring phan else d6 ciing cp v6i 1énh if thi hai — 1énh if gin nhét, nghia
la:

if (mathGrade == 'A")
if (artGrade == 'A")
cout << "You have got two A's!" << endl;
else

cout << "You don't have grade A for math." << endl;

Cic 16i 16gic dang nay thuong khé phat hién. Di v6éi C++, viée 1ui dau dong
chi nham muc dich dé 1ap trinh vién dé doc chwong trinh chir khong ¢ ¥ nghia
véi trinh bién dich. Cach giai quyét la sir dung cdp ngodc {} dé chi rd cho trinh
bién dich rang 1énh if thir hai nam trong 1énh if ngoai cling va rang phan else
cung cdp vdi Iénh if ngoai cung d6:
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if (mathGrade == 'A') {
if (artGrade == 'A")
cout << "You have got two A's!" << endl;

}

else
cout << "You don't have grade A for math." << endl;

3.2.2. Lénh switch

Khi ching ta mubn viét mot cAu tric r& nhadnh ¢ nhiéu Iwra chon, ta c6 thé sir
dung nhiéu 1énh if-else 1ong nhau. Tuy nhién, trong truong hop viéc lua chon
ré nhanh phu thudc vao gid tri (kiéu $6 nguyén hoac ki ty) cua mdt bién hay
biéu thirc, ta ¢6 thé sir dung cdu tric switch dé chuong trinh dé hiéu hon. Lénh
switch dién hinh c6 dang nhu sau:

switch (bkﬁLjhdt) {
case hdng_]:
tap_lénh_I; break;
case hdng_Z:
tap_léenh_2; break;
default:
tap_léenh_mdc_dinh;

}

Khi 1énh switch dugc chay, biéu_thirc duoc tinh gia tri va so sanh véi hang_I.
Néu bang nhau, chudi 1énh ké tir tdp_lénh_I dugc thuc thi cho dén khi gap 1énh
break dau tién, dén day chuong trinh s& nhay téi diém két thic ciu tric switch.
Néu biéu_thirc khong c6 gid tri bang hang_I, né s& duoc so sanh véi hang_2,
néu béng nhau, chuong trinh s€ thuc thi chudi 1énh ké tur tdp_lénh_2 t6i khi gap
1énh break dau tién thi nhay t&i cudi cdu tric switch. Quy trinh ct tiép dién
nhu vay. Cudi cung, néu biéu_thirc c¢6 gia tri khdc véi tat ca cdc gid tri da duoc
liét k& (hang_1, hang_2, ...), chuong trinh sé& thuc thi tdp_lénh_mdc_dinh nam
sau nhin default: néu nhu c6 nhan nay (khong bat budc).

Vi duy, 1€nh sau so sanh gia tri cua bién grade voi cac hﬁng ki tu 'A', 'B', 'C' va
in ra cac thong bao khic nhau cho tirng truong hop.
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switch (grade) {

case 'A':

cout << "Grade = A"; break;
case 'B':

cout << "Grade = B"; break;
case 'C':

cout << "Grade = C"; break;

default:
cout << "Grade is not A, B, or C.";

}
N6 twong duong véi khdi Iénh if-else 10ng nhau sau:
if (grade == 'A")
cout << "Grade = A";
else if (grade == 'B")
cout << "Grade = B";
else if (grade == 'C")
cout << "Grade = C";

else
cout << "Grade is not A, B, or C.";

}

Luu ¥, cdc nhan case trong cu tric switch phai 1a hang chir khong thé 1a bién
hay biéu thirc. Néu can so sdnh v6i bién hay biéu thirc, ta nén dung khéi 1énh
if-else 16ng nhau.

VAn dé d3c biét ciia cAu tric switch 1a cdc 1énh break. Néu ta khong tu gén mot
1énh break vao cudi chudi 1énh can thuc hién cho mdi trudng hop, chwong trinh
s& chay tiép chudi 1énh ctia truong hop sau chir khong ty dong nhay t6i cudi cdu
tric switch. Vi dy, doan chuong trinh sau sé chay 1énh in thir nhét néu grade
nhén mot trong ba gia tri 'A’, 'B', 'C' va chay Iénh in thtr hai trong truong hop
con lai:
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switch (grade) {

case 'A':
case 'B':
case 'C':

cout << "Grade is A, B or C."; break;
default:
cout << "Grade is not A, B or C.";

}

Chuong trinh trong Hinh 3.5 1a mot vi du hoan chinh sir dung cau tric switch
dé in ra cdc thong bdo khic nhau tuy theo xép loai hoc luc (grade) ma nguoi
diing nhap tir ban phim. Trong d6, case 'A' két thic vdi break sau chi mot
1énh, con case 'B' chay tiép qua case 'C', 'D' rdi méi gip break va thodt
khoi 1énh switch. Nhan default dugc ding dé xu 1y truong hop bién grade gt
gia tri khong hop 1€ ddi véi xép loai hoc lyc. Trong nhiéu chuong trinh, phﬁn
default thuong dugc ding dé xu 1y cdc truong hop khong mong doi, chang
han nhu dé bat 16i céc ki hiéu hoc lyc khéng hop 18 ma ngudi ding c¢6 thé nhap
sai trong Hinh 3.5.
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#include <iostream>

using namespace std;

int main()

{

char grade;

cout << "Enter your grade: ";

cin >>

switch

{

grade;

(grade)

case 'A':

case

case

cout
'B':

cout
'C':

<<

<<

case 'D':

case

cout
1 F 1 :
cout

<<

<<

default:

}

return

}

cout <<

0;

"Excellent!\n"; break;

"Great!\n";

"Well done!\n"; break;
"Sorry, you failed.\n"

"Error! Invalid grade.

Két qua chay chuong trinh

Enter your
Excellent!

Enter your
Great!
Well done!

Enter your
Well done!

Enter your
Sorry, you

grade: A
grade: B
grade: D
grade: F
failed.

; break;

",
)

Hinh 3.5: Vi du sit dung ciu triic switch.
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3.3. Cic cau tric lip

Céc chuong trinh thuong can phai 1ap di 1ap lai mot hoat dong nao d6. Vi du,
mot chuong trinh xép loai hoc luc s€ chira cac 1énh ré nhanh dé gan xép loai A,
B, C... cho mét sinh vién tuy theo diém sb cua sinh vién nay. Dé xép loai cho
cd mot 16p, chuong trinh s€ phai 13p lai thao tdc d6 cho tirng sinh vién trong 16p.
Phéan chuong trinh 13p di 1dp lai mot 1énh hodc mot khdi 1énh duge goi 1a mot
vong lap. Lénh hoac khdi 1énh duge lap di 1ap lai duoc goi 1a than cua vong lp.
CAu trdic 13p cho phép lap trinh vién chi thi cho chuong trinh 1dp di 1ap lai mot
hoat dong trong khi mot diéu kién ndo d6 van duoc théa man.

Khi thiét ké mot vong 1p, ta can xdc dinh than vong 13p thyc hién hanh dong gi.
Ngoai ra, ta con can mot co ché dé quyét dinh khi nao vong lap s& két thc.

Muc nay sé& gi6i thiéu vé céc 1énh lip ma C++ cung cap.
3.3.1. Vong while

Vong while lap di lap lai chudi hanh dong, goi 1a than vong lap, néu nhu diéu
kién 13p van con duoc théa man. Cu phép ctia vong 1ip while nhu sau:
while (diéu_kién_ldp)
than_vong_lap
Céu tric nay bat dau bang tir khéa while, tiép theo 1a diéu kién lap dit trong
mot cdp ngodc don, cudi ciing 1 than vong 13p. Than vong lap hay chtra nhiéu
hon mot 1€nh va khi d6 thi phai dugc géi trong mot cap ngodc {}.

Khi thuc thi mot cdu tric while, dau tién chuong trinh kiém tra gid tri ctia biéu
thtrc diéu kién, néu biéu thic cho gid tri false (thuc chit 1a béng 0) thi nhay
dén diém két thiic 1énh while, con néu diéu kién lip c6 gid tri true (thuc chét 1a
mot gid tri nao d6 khac 0) thi tién hanh thuc hién tap 1énh trong than vong lap
r0i quay trd lai kiém tra diéu kién 1ap, néu khong thoa man thi két thiic, néu thoa
mén thi lai thue thi than vong 1ap rdi quay lai... Tap 1énh & than vong 13p c6 thé
lam thay d6i gi4 tri ctia biéu thuc diéu kién tir true sang false (thuc chat la tir
khac 0 sang bang 0) dé dirng vong lap.

Vi dy, xét mdt chuong trinh ¢6 nhiém vy dém tr 1 dén mot ngudng number cho
truedc. Poan ma dém tir 1 dén number c6 thé duoc viét nhu sau:
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count = 1;
while (count <= number)

{

cout << count << ", ";
count++;

}

Gia str bién number c6 gia tri béng 2, doan ma trén hoat dong nhu sau: PAu tién,
bién count duoc khdi tao bang 1. Vong while bt dau bang viéc kiém tra diéu
kién (count <= number), nghia la 1 < 2, diéu kién théa man. Than vong lap
dugc thuc thi 14n thr nhat: gid tri 1 cua count dugc in ra man hinh kém theo
dau phay, sau d6 count dugc ting 1én 2. Vong lap quay vé diém xuét phat: kiém
tra diéu kién lap, gio 12 2 < 2, vin théa man. Than vong ldp dugc chay lan thi
hai (in gid tri 2 clia count va ting count 1én 3) truéc khi quay lai diém xuét
phdt ctia vong lap. Tai 1an kiém tra diéu kién 13p nay, biéu thirc 3 < 2 cho gid tri
false, vong lap két thic do diéu kién 1ap khong con dugc théa man, chuong
trinh chay tiép & 1énh nam sau ciu tric while dang xét.

Céu tric while trong doan ma trén c6 thé duoc biéu dién bang so d6 trong Hinh
3.6. Trong so d0, miii tén sau chudi hanh dong in bién count va ting bién count
quay nguoc tro lai diém kiém tra diéu kién r& nhanh, chudi hanh dong s€ lap lai
néu diéu kién count <= number van tiép tuc duoc théa man. Con néu count >
number, vong while di dén diém két thiic, trao diéu khién cho Iénh tiép theo
trong chudi 1énh ciia chuong trinh.

|count <= number’

in count tang count thém 1

|[count > number’

®

Hinh 3.6: So d6 mét vong lip while.
Chuong trinh hoan chinh trong Hinh 3.7 minh hoa c4ch st dung vong 1dp while
dé in ra cdc s6 nguyén (bién count) tir 1 cho dén mot ngudng gid tri do ngudi
diing nhap vao tir ban phim (luu tai bién number). Kem theo 13 két qua cua cic
lan chay khic nhau véi cdc gié tr1 khac nhau cua number. Pac biét, khi nguoi
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diing nhap gid tri 0 cho number, than vong while khong chay mot 1an ndo, thé
hién & viéc khéng mot sd nao dugc in ra man hinh. Li do 12 vi néu number bang
0 thi biéu thitc count <= number ngay tir dau vong while di c6 gid trj false.

#include <iostream>
using namespace std;

int main()

{

int count, number;
cout << "Enter a number: “;
cin >> number;

count = 1;
while (count <= number)

{

cout << count << ", ";
count++;

}
cout << "BOOOOOM!" << endl;

return 0;

¥
Két qua chay chuong trinh

Enter a number: 2
1, 2, BOOOOOM!

Enter a number: 1
1, BOOOOOM!

Enter a number: ©
BOOOOOM!

Hinh 3.7: Vi du vé vong lip while.
Vong lap vo tan

Mot trong nhirng 16i chwong trinh thuong gip 12 mot vong 1ip khong thé két
thic, than vong lap dé dugc lap di 1ap lai ma khong bao gid ngung. Mot vong
13p nhu vay duogc goi 1a vong ldp vo tan. Thong thudng, mot vai 1énh trong
than mot vong while hay do-while s& lam thay d6i gid tri cia mot vai bién dé
biéu thirc diéu kién cho gia tri false (hoac 0), chéng han 1énh tang bién dém
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count trong Hinh 3.7. Néu (céc) bién d6 khong duoc thay ddi gid tri mot cich
thich hop hoic khi diéu kién lap duoc viét khong chinh xé4c (c6 thé do thuat todn
sai hay nham 14n khi viét ma chuong trinh), ta s€ nhan dugc mot vong 1ap vo
tan do diéu kién 1dap khong bao gio nhén gid tri false.

Hinh 3.8 minh hoa m{t vong 1dp v6 tan khi bién count tang dan dén vo6 han
nhung lu6n nhén gid trj 1¢ va khong bao gid ¢6 thé c6 gid tri bang 12 dé két thic
vong lip while. Py c6 thé goi 1a 15i 16-gic. Néu doan chwong trinh ¢6 nhiém
vu tinh tong céc s6 1, 3,5, 7,9, 11 thi diéu kién 13p nén dugc sira thanh (count
< 12) dé chuong trinh c6 thé chay ding.

#include <iostream>
using namespace std;

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

{
int sum;
int count = 1;
while (count != 12) {
sum = sum + count;
count = count + 2;
}
return 0;
}

Hinh 3.8: Vi du vé vong Lip vé tin.
3.3.2. Vong do-while

Vong do-while rit gidng v6i vong while, khic biét chinh 1a & chd than vong
lap s& duoc thyc hién trudc, sau dé6 moi kiém tra diéu kién lp, néu ding thi
quay lai chay than vong l13p, néu sai thi ding vong lap. Khic biét d6 c6 nghia
rang than ctia vong do-while ludn dugc chay it nhat mot lan, trong khi than
vong while c6 thé khong dugc chay 1an nao.
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Cong thirc ctia vong do-while téng quat 1a:

do

than_vong_lap

while (diéu_kién_lap);
Tuong ty nhu & vong while, thdan_vong_lap cua vong do-while c6 thé chi g@)m
mot 1énh hoac thuong gap hon la mdt chudi 1énh duoc boc trong mot cap ngoac
{}. Luu y ddu chAm phay dat cudi toan bd khdi do-while.
Cong thirc tong qut ctia vong do-while & trén tuong duong véi cong thirc sau
néu diing vong while:

than_vong_lap

while (diéu_kién_ldp)
than_vong_lap

DPé minh hoa hoat dong cua hai cAu tric lap while va do-while, ta so sanh hai
doan ma dudi day:

count = 1; count = 1;

while (count <= number) { do {
cout << count << ", "; cout << count << ", ";
count++; count++;

} } while (count <= number);

Hai doan mi chi khac nhau & chd mot bén trdi dung vong while, bén phai ding
vong do-while, con lai, cdc phan than vong lap, diéu kién, khoi tao déu giong
hét nhau. Poan bén trai duogc léy tor vi du trong muc trudce, néd in ra cac s6 tur 1
dén number. Poan mi diing vong do-while bén phai ciing thuc hién cong viéc
giéng hét doan bén trdi, ngoai tror mot diém: khi number nho hon 1 thi né van
dém 1 trude khi dirmg vong ldp — than vong lp chay 01 1an trudc khi kiém tra
diéu kién.

Pé minh hoa 16 hon, ta xem xét Hinh 3.9 12 ban sira d6i ctia vi du trong Hinh
3.7 bang cdch thay ciu tric while bing cau tric do-while va giit nguyén cdc
phan con lai. Két qua chay chwong trinh cho thiy hoat dong ctia chuwong trinh
trong Hinh 3.9 khéng hoan toan nhur mong muén. Cu thé, khi number duoc nhép
gid tri 0, chwong trinh van dém mot 1an trong khi déng ra khong nén dém lan
nao nhu chuong trinh nguyén gbc trong Hinh 3.7. B6 1a mot minh hoa vé sy
khéc biét gitra hoat dong cua hai cAu triic while va do-while. Trong bai todn cu
thé nay, ciu tric do-while khong phai 12 lya chon t6t so v6i cdu tric while.
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#include <iostream>
using namespace std;

int main()

{

int count, number;

cout << "Enter a number: “;
cin >> number;

count = 1;

do {
cout << count << ", ";
count++;

} while (count <= number);

cout << "BOOOOOM!"™ << endl;

return 0;

¥
Két qua chay chuong trinh

Enter a number: 2
1, 2, BOOOOOM!

Enter a number: 1
1, BOOOOOM!

Enter a number: ©
1, BOOOOOM!

Hinh 3.9: Vi du vé vong lip do-while.

Tan dung dac diém chay mot lan trude khi kiém tra diéu kién, chuong trinh
trong Hinh 3.10 1am nhiém vu nhép tir ban phim mot chudi sé két thic bang s6
0 va tinh téng cua ching. Cong viéc lap di 1ap lai 1a nhap vao mdt s6 (input) roi
cong don gid tri cia sb d6 vao tong (sum). Diéu kién 13p 1a s vira nhap phai
khéc 0. RS rang, khong can va khong nén kiém tra diéu kién lip trudc khi 1an
dau thyc hién than vong lap. Trong truong hop niy, cau tric do-while 1a lya
chon tdt hon so véi ciu tric while.

Chuong trinh trong Hinh 3.10 con 1a mét vi du vé mot vong 1dp khong ding con
dém dé diéu khién vong lip ma ding mot bién canh hay cd trang thdi dé danh
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dau diém két thic. O day, 0 1a gid tri canh ddnh d4u phan tir dir liéu cudi cling
ma nguoi dung nhap vao chuong trinh.

#include <iostream>
using namespace std;

int main ()

{
int total = ©;
int input;
do {
cout << "Enter a number (0 to stop) ";
cin >> input;
total = total + input;
} while (input != 0);
cout << "The sum of the numbers you entered is " << total;
return 0;
}

Két qua chay chuong trinh

Enter a number (0 to stop) 2
Enter a number (0 to stop) 4
Enter a number (0 to stop) 1
Enter a number (@ to stop) ©

The sum of the numbers you entered is 7

Hinh 3.10: Vong ldp do-while diing bién canh.

3.3.3. Vong for

Vong for la cau tric ho trg viéc vict cac vong lap ma so lan 1ap dugc kiém soat
bang bién dém. Chang han, doan ma gid sau ddy mo ta thuat todn in ra c4c so tu
1 dén number:
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Lam nhiém vu sau day doi voi moi gid tri cua count tir 1 dén number:
In count ra man hinh

Poan ma gia dé c6 thé dugc viét bang vong for ciia C++ nhu sau:

for (count = 1; count <= number; count++)

cout << count << ", ";
Vi number c6 gid tri bang 3, doan trinh trén cho két qua in ra man hinh la:
1, 2, 3,
CAu triic tong qudt ctia vong lap for 1a:

for ( khoi_tao; d‘iéu_kién_ldp; cdp_nhat)
thdan_vong_lap

Trong d6, biéu thirc khdi_tao thudng khdi tao con dém diéu khién vong lip,
diéu_kién_ldp xdc dinh xem than vong 13p c6 nén chay tiép hay khong (diéu

kién nay thuong chtra ngudng cudi cting ctia con dém), va biéu thirc cdp_nhdt
lam ting hay giam con dém. Ciing twong ty nhu & cdc cau tric if, while..., néu
than_vong_ldp c6 nhiéu hon mot 1énh thi cin phai boc né trong mot cip ngoic
{}. Luu y rﬁng cap ngoac don bao quanh by ba khoi_tao, diéu_kién_ldp,
cdp_nhdt, cling nhu hai ddu chdm phay ngin cdch ba thanh phan dé, 1a cic

thanh bat budc cta cd phdp cau tric for. Ba thanh phan d6 ciing c6 thé 1a biéu

thirc rong néu can thiét, nhung ké ca khi d6 van phai c6 du hai diu cham phay.

Trong hau hét céc trudong hop, cau tric for tong quit ¢ trén tuong duong véi

cAu tric lap while sau (ngoai 1€ dugc néi dén trong Muc 0):

khoi_tao;
while ( d‘iéu_kién_ldp )
{
thdan_vong_lap
cap_nhdt;

}

Ta c6 thé khai bdo bién ngay trong phan khdi_tao cua vong for, chang han dbi
v6i bién con dém. Nhung cic bién duoc khai bdo tai d6 chi c6 hiéu lyc & bén
trong cAu tric lap (chi tiét vé pham vi cua bién s& duoc néi dén trong Muc 4.4).

Vi du:
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for (int count = 1; count <= number; count++)

cout << count << ", ";

Hinh 3.11 minh hoa cdch sir dung vong lap for dé tinh diém trung binh tir diém
ctaa 10 mdén hoc (sé mon hoc luu trong bién subjects). Nguoi dung s€ dugc
yéu cau nhap tir ban phim diém s6 cta 10 mdn hoc trong khi chwong trinh cong
don téng cua 10 diém sb nay. Cong viéc ma chwong trinh can 1ap di lap lai 10
lan 1a: nhap diém ctia mot mon hoc, cong ddn diém d6 vao téng diém. Dau tién
vong for s& tién hanh budc khdi tao voi muc dich chinh 1a khoi tao bién dém.
Viéc khéi tao chi duogc tién hanh duy nhat mot 1an. Trong vi du nay, bién count
duogc khai bdo ngay tai vong for va khai tao gia tri bang 0. Tiép theo vong for
s& tién hanh kiém tra diéu kién 1dp count < subjects. Néu diéu kién sai, vong
lap for s¢€ két thic. Néu diéu kién ding, than vong ldp for s€ dugc thuc hién
(nhdp mot gid tri kiéu float rdi cong don vao bién sum). Sau d6 1a budc cap
nhat voi nhiém vuy tang bién dém thém 1. Két qua 1a vong lap s& chay 10 lan voi
cdc gid tri count bang 0, 1, .., 9 (khi count nhédn gid tri 10 thi diéu kién lip
khong con diing va vong lap két thiic).

#include <iostream>
using namespace std;

int main()
{
float sum = 9;
int subjects = 10;

cout << "Enter the marks for " << subjects << " subjects: ";
for (int count = @; count < subjects; count++) {

float mark;

cin >> mark;

sum += mark;

}

cout << "Average mark =

<< sum/subjects;

return 0;

Hinh 3.11: Vi du vé vong ldp for.

Xét mot bai todn khéc: Tinh 14i gui tién tiét kiém. Mot ngudi gii mot sb tiét
kiém ki han 12 thdng v&i s6 tién ban dau 12 1.000.000 VND, lii suit 12% mot
nam. Gia s tién 14i hang nim khong dugc it ra ma gdp chung vio von. S6 tién
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nam trong s tiét kiém sau mdi nam (ki han 12 thang) dugc tinh theo cong thic
sau:

amount = principal * (1 + interest_rate) "

trong d6 amount la s tién trong s tiét ki€ém, principal 1a von ban dau,
interest_rate 12 13i xuat hang ndm, va year 12 s6 nam da gii. Hay tinh va in ra s6
tién trong sb tiét kiém vao thoi diém cubi cic ki 12 thang hang nam trong vong
5 nam theo dang

Year Amount in deposit
1 XXXX
2 XXXX

Thuat toan cho bai toan d6 nhu sau:

Khoi tao cdc bién amount, principal, interestRate
In @é muc hai cot Year va Amount in deposit ra man hinh
Vaoi year chay tur 1 dén 5, thuc hién cdc cong viéc sau:
tinh amount sau year nam theo cong thiurc
in amount theo cot

Chuong trinh hoan chinh cho trong Hinh 3.12. Trong d6 ¢6 mét sé diém can
chay.

Thér nhét, vin dé dinh dang céc gia tri s6 khi in ra man hinh. Pinh dang mac
dinh khi in ra man hinh la dinh dang khoa hoc, chéng han s 1120000 & hé thap
phan s& c6 dang 1.12e+006. Ta s& nhin thiy két qua nay néu x6a bo dong sau
khoi chuong trinh:

cout << fixed << setprecision( 2 ); // set number display
format

Dong trén khong hién thi gi ra man hinh ma chi dit cau hinh cho céc 1an in tiép
theo. Cu thé, fixed gidp quy dinh rﬁng cdc gié tri thuc in ra theo dang c6 diu
cham thap phan (hé do ludng Anh-My, twong dwong voi ddu phay thap phan
cua hé mét), con setprecision( 2 ) quy dinh rﬁng cdc gia tri thyc dugc in ra
v6i d6 chinh xdc 2 chit s6 sau ddu chdm. PG 12 hai trong nhiéu phép dinh dang
ludng dit lidu (stream manipulator). Cac phép dinh dang nay nam trong thu vién
jomanip cua thu vién chuan. Do d6, dé str dung ching, ta phai c¢6 dinh huéng
tién xir Iy #include <iomanip> & ddu tép ma ngudn (xem phan dau ctia chuong
trinh trong Hinh 3.12).
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Thtr hai 1a sir dung ham thu vién toan hoc dé tinh liiy thira. C++ khong c6 phép
tinh Ity thira. Thay vao d6, thu vién <cmath> trong thu vién chuan C++ cung
cAp ham pow. Ham pow( x, y ) cho két qua 1a gia tri ctia phép tinh x’. Dé
diing ham nay, ta ciing can c6 dinh hudng tién xir 1y #include <cmath> & dau
tép md nguodn.

#include <iostream>
#include <iomanip>
#include <cmath> // standard C++ math library

using namespace std;

int main()

{
double amount; // amount at end of each year
double principal = 1000000; // initial amount
double interestRate = .12;

cout << "Year\tAmount on deposit"” << endl; // display
headers

cout << fixed << setprecision( 2 ); // set number display
format

// calculate amount on deposit for each of five years

for ( int year = 1; year <= 5; year++) {
amount = principal * pow( 1.0 + interestRate, year );
cout << year << "\t" << amount << endl;

}

return 0;

}

Két qua chay chuong trinh

Year Amount on deposit
1 1120000.00
2 1254400.00
3 1404928.00
4 1573519.36
5 1762341.68

Hinh 3.12: Tinh tién tiét kiém hang nam sir dung vong for.
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3.4. Thuat toan va cac cau trac diéu khién long nhau

3.5. Cac lénh break va continue

Nhu d3 gidi thidu ¢ cdc muyc trude, cdc vong lap while, do-while, va for déu
két thiic khi kiém tra biéu thuc diéu kién duogc gid tri false va chay tiép than
vong 13p trong treong hop con lai. Cac Iénh break va continue la cic Iénh
nhay cho phép thay ddi ludng diéu khién d6.

Lénh break khi dugc thyc thi bén trong mdt cAu tric lap hay mdt cAu tric
switch c6 tdc dung 1ap tlrc chdm dut cu tric do, chuong trinh s€ chay tiép &
1énh ndm tiép sau cAu tric d6. Lénh break thuong dugc dung dé két thic sém
vong ldp (thay vi doi dén luot kiém tra diéu kién lap) hodc dé bo qua phﬁn con
lai cua cau tric switch (nhu tai céc vi du trong Muc 3.2.2).

Vé vi du str dung 1énh break trong vong lip. Chang han, néu ta stra vi du trong
Hinh 3.11 dé vong for nging lai khi nguoi diing nhap diém sé c6 gid tri m, ta
c6 chuong trinh trong Hinh 3.13. Véi cai dat nay, khi nguoi dung nhdp mot
diém sd c6 gia tri am, diéu kién (mark < @) s& cho két qua true, chuong trinh
thodt khoi vong for va chay tiép tir 1énh if nam sau d6. Trong trudng hop do,
bién count chua kip ting dén ngudng subjects (diéu kién lip cua vong for
chua kip bi phd v§). Do do, biéu thirc (count >= subjects) trong 1énh if sau
d6 c6 nghia "vong for c6 chay du subjects lan hay khong?" hodc "vong for
c6 bi ngét gitra chimg boi 1énh break hay khong?", hay 12 "dit liéu nhap vao ¢
thanh cong hay khong?".
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#include <iostream>
using namespace std;

int main()
{
float sum = 09;
int count, subjects = 10;

cout << "Enter the marks for " << subjects <«
for (count = @; count < subjects; count++) {
float mark;
cin >> mark;
if (mark < @) break;
sum += mark;

subjects: ";

}

if (count >= subjects) // successful

cout << "Average mark = " << sum/subjects;
else

cout << "Error: Invalid mark!";

return 0;

Hinh 3.13: Vi du vé lénh break.

Lénh continue nam trong mot vong 1dp co tic dung két thic 1an 1ap hién hanh
ciia vong lip d6. Hinh 3.14 12 mot ban stra d6i khéc cua chwong trinh trong
Hinh 3.11. Trong phién ban nay, chuong trinh khéng ghi nhan diém sd c6 gid tri
am, ciing khong két thic chuwong trinh sau khi bdo 16i nhu ban trong Hinh 3.13,
ma yéu clu nhap lai cho dén khi ndo thanh cong. Khi gap diém sb am duoc
nhap vao Gﬁén.mark),lénh continue dugc thyc thi c6 tdc dung bo qua doan
Iénh ghi nhan diém & nta sau cta than vong while (doan cong ddn vao téng
sum va tang bién dém count). Lan lap duogc thyc hi¢n sau d6 s€ yéu cau nhép lai
diém cho mon hoc dang nhdp do (xem két qua chay chuong trinh trong Hinh
3.14).
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#include <iostream>
using namespace std;

int main()

{
float sum
int count

H
0, subjects = 3;

cout << "Enter the marks of " << subjects << " subjects.\n";
while (count < subjects) {

float mark;

cout << "#" << count + 1 << ": ";

cin >> mark;

if (mark < 9)

{

cout << mark <<
continue;

ignored\n";

}

sum += mark;
count++;

}

cout << "Average mark =

<< sum/count;

return 0;

¥
Két qua chay chuong trinh

Enter the marks of 3 subjects.

#1: 8.0
#2: 7.2
#3: -5

-5 ignored
#3: 10.0

Average mark = 8.4

Hinh 3.14: Vi du vé lénh continue.

Mot diém can luu ¥ 12 cdc 1énh break hay continue chi ¢ tic dung dbi voi
vong lap trong ciing chira né. Chang han, néu c6 hai vong 1ap 16ng nhau va 1énh
break nam trong vong 1ap bén trong, thi khi dugc thuc thi, 1énh break dé chi cé
tac dung két thiic vong 1ap bén trong.

Mot vong 1ap khong c6 break hay continue ¢ cdu tric don gian va d& hiéu vi
thoi diém kiém tra diéu kién 1ap 1a diém duy nhat quyét dinh 1ap hay dimg. Vi
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mot 1énh break két thic sém vong lap hodc mdt 1énh continue két thic sém lan
13p hién hanh, céu tric lip s& khé hiéu. Vay nén nguoi ta khuyén nén tranh hai
1énh nay néu c6 thé.

3.6. Bieu thirc di€u kién trong cac cau tric dieu khién

Hau hét cic cau tric diéu khién ma ta néi dén trong chuwong nay déu diung dén
mot thanh phan quan trong: biéu thirc diéu kién. Trong cic vi dy trudc, ta méi
chi ding dén cdc diéu kién don gian, ching han count <= number hay grade
= 'A", v6i duy nhat mot phép so sanh. Khi can viét nhitng diéu kién phic tap
hon, can dén nhiéu diéu kién nho, ta c6 thé két hop chiing bang cic phép todn
l16gic & (AND - va), | | (OR —hodc) va ! (NOT - phu dinh). Vi du:

Khi kiém tra diéu kién 80 < score < 90, bt déng thirc todn hoc nay can duoc
tach thanh hai diéu kién don. Bat dang ding khi ca hai diéu kién don déu thoa
mén. D6 1a khi ta can ding phép toan 16gic && (AND).
if (score >= 80 && score < 90)
grade = 'B';

Khi mot trong hai diéu kién xay ra, hodc tién da hét hodc tdi da diy, thi khong
thé mua thém hang. Trudng hop nay, ta can ding phép toan 1ogic || (OR).
if (moneylLeft <= @ || bagIsFull)
cout << "Can't buy anything more!";
Tiép tuc lap trong khi dir liéu vao chwa c6 gid tri bang gid tri canh — danh dau
diém cudi cua chudi dit liéu:

while ( !(input == 9))

O day, ta c6 thé dung phép phu dinh. Hodc nhiéu ngudi chon céch don gian hon
l1a dung phép so sanh khéc (!=):

while (input != 0)

Mot diéu can dic biét luu ¥ khi diing todn tir so sdnh bang (==): trdnh nham 1an
vGi phép géan (=). Nham 14n dang nay s& dan dén nhiing 15i 1dgic rat khé phat
hién. Chéng han cau 1énh s€ in ra 101 khen "Excellent!" néu xép loai hoc luc
dat loai A:
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if (grade == 'A")
cout << "Excellent!";

Néu ta viét nhAm thanh:

if (grade = 'A")
cout << "Excellent!";

thi khi kiém tra diéu kién, cAu 1énh nay s& sira gid tri ctia bién grade thanh A’
thay vi so sanh. Biéu thirc gdn grade = 'A' c6 gid tri bang gia tri dugc gdn
('A"), gid tri nay khdc 0 nén dugc hiéu 1a true. Khi biéu thirc diéu kién cta 1énh
if nay ludn c6 gié tri true, doan 1é€nh s¢€ hién thi 161 khen cho moi loai hoc luec.

Mot goi ¥ céch tranh 18i nay 12 nén tap théi quen viét cac biéu thirc so sanh theo
kiéu ('A' == grade) thay vi (grade == 'A") theo théi quen thong thuong.
Vi vi tr gid tri hing & bén tréi, bién ¢ bén phai, thi khi ta ching may viét nham
== thanh = thi trinh bién dich s& phat hién 15i bién dich "sai cd phdp cta phép
gin 'A' = grade" thay vi im ling do khéng thé phat hién 15i ldgic.
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Bai tap

1.

Nhap vao tir ban phim mot sb nguyén nam trong khoang tir 0 dén 10 1a
diém ctia mot sinh vién. Hiy st dung cdu triic switch dé phan loai sinh
vién do:

e DPiém<5: kém

e 5<Piém < 7: trung binh

e 8<Pibm<9: gioi

e Piém=10: Xuat sic

Nhap vao tir ban phim hai s6 nguyén a va b. Néu

® a>b: hién ra man hinh dong chit “a is greater than b”.

® a<b: hién ra man hinh dong chir “a is smaler than b”.

® a=>b: hién ra man hinh dong chit “a is equal to b”.

. Nhap vao tir ban phim ba sb a, b, c. Hiy kiém tra xem ba sb d6 c6 thoa

man 12 d dai cdc canh ciia mot tam gidc hay khong? Néu co, hién ra
man hinh thong bdo vé dién thich cta tam gidc d6. Néu khong, thong béo
ra man hinh ba sé d6 khong phai 14 3 canh ctia mdt tam gidc.

Nhép tir ban phim hai sd nguyén. Tinh thuong cua s6 10n chia cho s bé.

Nhap tir ban phim ba s6 nguyén. Tinh tong cta sé nho nhat va sé 16n
nhat.

Nhap vao tir ban phim danh séch céc sd nguyén thé hién cho diém cua
mot 16p hoc. Qud trinh nhap ding lai khi s nhap vao 12 mot sé am. Hay
cho biét s6 luong sinh vién trong 16p va tinh diém trung binh cta 16p hoc
vira nhap.

. Nhap vao tir ban phim mot s6 nguyén duong, hdy tinh tong tit ca cic sb

nguyén duong 1¢ nho hon s6 nhap tir ban phim.

. Nhap tir ban phim mot sb nguyén duong. Hay kiém tra xem sb nguyén

duong d6 c6 phai 12 s6 nguyén t6 hay khong.
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Chuong 4. Ham

Cic chuong trinh vi du ma ta gip tir dau dén gid déu ngan véi duy nhat mot
ham chinh — ham main. Khi can giai quyét bai todn phtc tap hon, ham main s&
dai hon, va phtrc tap hon, dan dén chuong trinh khé doc, khé hiéu, lap trinh vién
dé mic 15i, va 18i kh6 tim.

Pé giai quyét cic bai toan 16n va phiic tap, nguoi ta thudng st dung chién lugc
chia dé tri. Nghia 1a, chia bai todn thanh mdt chudi céc bai todn nho hon, dé
hon, va ching c6 thé duoc gidi moQt cach it nhiéu doc lap voi nhau, sau d6 két
hop lai dé co mot 101 gidi hoan chinh cho bai todn ban dau. Trong 1ap trinh, chia
dé trj duoc thé hién béng viéc chia chuong trinh thanh cic chwong trinh con.
Doan ma chira trong than mot chuong trinh con s€ dugc thuyc thi mdi khi
chuong trinh con d6 dugc goi (hay kich hoat). Chuong trinh con chinh la mot
trong cdc co ché cho phép mo-dun héa chuong trinh.

Bén canh chién luoc chia dé tri, viéc sir dung chuong trinh con con mang lai
cho 1ap trinh vién kha nang tai sit dung ma, st dung cac chuong trinh con nhu
12 céc khéi lap ghép dé xay dung céc chuong trinh méi. Chwong trinh con ciing
gitip trdnh duoc cic doan méd gidng nhau 13p di 1ap lai trong mot chuong trinh.

Nguoi ta khuyén rang do dai mdi chwong trinh con khong nén vuot qua mot
trang man hinh dé 1ap trinh vién c6 thé kiém sodt t6t hoat dong clia chwong trinh
con dé.

Trong C++, tit ca cdc chuong trinh con déu dugc thé hién boi cu tric ham.
Ngay ca chuong trinh chinh (main) cling 1a m¢t ham. Mot ham dugc kich hoat
khi né dugc goi tir bén trong mot ham khéc, chéng han ham pow dugc goi tur
trong ham main ctia chuong trinh trong Hinh 3.12. Khi ham dugc goi thuc hi¢n
xong cdng viéc ctia minh, né tra két qua vé cho noi goi né hodc don gian 1a tra
quyén diéu khién vé cho noi goi né. C6 thé so sanh ham duoc goi nhu 13 mot
nguoi thg, con ham goi nd nhu 1a nguoi chu. Nguoi chu giao viéc cho nguoi thg
A, nguoi thg A thyc hién cong viéc va khi lam xong thi bdo cdo két qua lai cho
ngudi chi. Nguoi thg A trong khi 1am nhiém vu ctia minh ciing c6 thé yéu cau
mdt nguoi thg khac (B) thyc hién mdt nhi¢ém vu con trong d6. bén day quan hé
gitra nguoi thg A va nguoi thg B cling twong ty nhu quan hé gitra nguoi chu va
nguoi tho B.
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Chuong nay s€ néi ve cach dinh nghia cic chuong trinh con (hodc cdc ham) va
céc van dé lién quan nhu bién dia phuong, céch truyén dir li¢u vao trong ham.

4.1. Cac ham co6 san

Céc ngdn ngit 1ap trinh bic cao thuong cung cap rat nhiéu cdc ham c6 sin cho
nguoi dung st dung. Cdc ham d6 dugc chia thanh cdc nhém hay cdc thu vién
khac nhau. Khi mudn su dung ham c6 san d6, ta chi can chi ra cho chuong trinh
biét 12 ham d6 ndm & thu vién ndo (sit dung #include) va sau d6 c6 thé sir dung
ham d6 mot cach binh thuong. Vi du nhu tai chuong trinh trong Hinh 3.12, ta da
st dung ham pow va khai béo include thu vién cmath chira n6.

Mot sO thu vién cua C++ hay duoc sur dung:
e jostream: cung cap cic ham li€n quan dén nhap va xuat dir liéu
¢ cmath: cung cap cidc ham lién quan dén todn hoc.

e cstdlib: cung cap cidc ham cho cic myc dich chung nhu: quan 1y by nhé
dong, sinh s6 ngﬁu nhién, tim ki€ém-sap x¢p...

e cstring: cung cap cdc ham xir ly chudi ki ty nhu: tinh d6 dai, sao chép
chudi...

C6 thé tra ctru chi tiét vé céc thu vién nay tai [4].

Vi dy, Bang 4.1 liét ké danh sach mQt s6 ham todn hoc thong dung.

Bdng 4.1: Cdac ham todn hoc trong thw vién cmath.

Ham Miéu ta

ceil( x) s6 nguyén nhé nhat khéng nho hon x

cos( x) ham lugng gidc cos x (x do bﬁng radian)

exp( x) e

fabs( x ) gid tri tuyét ddi cua x

floor( x ) s6 nguyén 16n nhat khong 16n hon x

fmod( x, y) phan du cta phép chia x/y (y gi4 trj kiéu thuc)
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log( x) logacoséecﬁax(lnx)

logl0( x) loga co s6 10 cua x (logx)

pow(X,y) x>

sin( X ) ham lugng gidc sin x (x do bang radian)
sqrt( x ) can bac 2 cua x (x la gié tri khong am)
tan( X ) ham lugng gidc tan x (x do bﬁng radian)

4.2. Cau tric chung ciia hAm

Ngoai viéc st dung cdc ham c6 san trong thu vién, 1ap trinh vién con ty xay
dung cdc ham cua riéng minh. Sau khi dugc dinh nghia, mdt ham cé thé duoc
str dung nhiéu 1an. Ham dugc dinh nghia theo cong thtc:

kiéu_trd_vé tén_ham (tham_sé_l 5 tham_sé_Z,...)
{
than_ham

}
trong do:
® kiéu_tra_ve la ki€u gid tri ma ham s€ trd vé. Pay cd thé la mdt trong céic
kiéu dit liéu c¢6 san ciia C++ hodc mot kiéu dir liéu ngudi dung tu dinh nghia.
Trong C++, néu ham khong trd vé€ gié tri nao, thi kiéu_tra_vé dugc thay thé
bang tu khoda void.

e én_ham la dinh danh ctia ham, cach dat tén ham tuan tha theo cach dat dinh
danh va gidng céch dit tén bién.

e tham_sé_1, tham_so_2,...1a danh sich cic tham s6 dau vao ctia ham. Tén
day du cua ching 13 cdc tham sé hinh thirc (formal parameter)®. Day 1a
phuong tién dé truyén dit liéu vao trong ham.

® than_ham la noi chtra chudi cac 1énh.

* Con duge goi tat 12 "tham sb".
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Hinh 4.1 mo6 ta c4ch khai bdo, cai dat va st dung mot ham tinh dién tich hinh
chit nhat (calculateArea) trong C++. Ham calculateArea nhan,haithanlsé
dau vao 1a rectanglelength va rectangleWidth, né tinh dién tich hinh chit
nhétﬂuutmiﬁénarea)véuﬁlaikétqué(@nhr@turn area;).

#include <iostream>
using namespace std;

//Khai bdao va dinh nghia mét ham moi
int calculateArea (int rectanglelLength, int rectangleWidth)
{

int area = rectangleLength * rectangleWidth;

return area; //ham tra lai mot gia tri

}

//ham chinh cua chuong trinh
int main ()

{

int length = 3;

int width = 2;

int area = calculateArea (length, width);

cout << "The area is: " << area;

return 0;
}

Hinh 4.1: Vi du vé khai bdo va siv dung ham.

Luu y:

Vié¢c khai bdo va dinh nghia (thdn ham) ham cé thé tich ra thanh hai phén khac
nhau. Ta s€ gap ¢ nhitng vi du ¢ cdc chuong sau.

Bién duoc khai bdo trong mot ham dugc goi 12 bién dia phuong ctia ham do,
nghia 1a n6 chi ¢6 pham vi la bén trong than ham d6. Gia st trong chuong trinh
ctia ta ¢6 hai ham, mdi ham khai bao mot bién c6 tén gidng nhau, vi du area. Ta
s& ¢6 hai bién khéc nhau tinh cd ¢ tén gidng nhau, va viéc sira d6i bién area
trong ham nay s& khong c6 anh huong gi dén bién area trong ham kia. Tic 13,
d6i véi mdy tinh, hai bién nay khong c6 lién quan gi dén nhau.

4.3. Cach sir dung ham

Dé st dung mdt ham, ta goi t€n ham, theo sau la cdp ngodc don chira cac gia tri
truyén vao cho ham (xem cach goi ham calculateArea tur trong ham main &
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Hinh 4.1). Céc gid tri truyén vao cho ham duogc goi 1a cic doi sb (argument)’.
Nhu trong 101 goi ham calculateArea(length, width) tai Hinh 4.1, length
va width 12 cdc d6i s6. Mot ham c6 thé duoc goi nhiéu lan véi cac ddi sb khac
nhau.

Khi chuong trinh thyc thi mot 161 goi ham, gia tri cua cac ddi s6 duoc sao chép
vao cdc tham sb hinh thirc twong tng, nghia 12 gi4 tri ctia length dugc chép vao
rectangleLength va gid tri cida width dugc chép vao rectangleWidth, roi
doan ma dinh nghia ham dugc thyc thi. Cubi cung, 1€nh return tra vé mot gia
tri (la gid tri cua biéu thirc nam ngay sau tur khéa return) cho doan ma chuong
trinh dd goi ham nay. Pong thoi, ludng diéu khién ctia chuong trinh ciing quay
tré lai v6i noi goi ham va cdc 1énh ndi tiép phia sau 10i goi ham s& duoc thuc
thi.

4.4. Bién toan cuc va bién dia phwong

Chuong 2 da gidi thi€u cdc khdi niém co ban vé bién. Trong muc nay, ta sé ban
ki hon vé cic loai bién, hi¢u lyc va pham vi cta bién.

Chiing ta da biét rang bién c6 cédc thudc tinh nhu: tén, kiéu, kich thudc, gii tri.
Ngoai ra, moi bién con c6 cic dic diém khéc, cu thé 1a:

e thoi gian sdng: bién ton tai bao 1au trong bo nhé
e pham vi: bién c6 thé dugc st dung tai nhirg noi nao trong chuong trinh
4.4.1. Pham vi ciia bién

Pham vi (scope) ctia mot bién 1a nhitng noi ching ta ¢ thé st dung bién doé.
Mot bién c6 thé cé pham vi toan cuc hay pham vi dia phuong.

Bién toan cuc (global variable) 1a bién duoc khai bdo bén ngoai tit ca cdc ham
(bién totalApples trong Hinh 2.1). Bién toan cuc co thé dugc st dung trong
toan bo chwong trinh, ngay ca bén trong cdc ham, mién 12 doan ma st dung bién
nam sau dong I1énh khai bao bién dé.

Bién dia phwong (local variable) 1 bién duoc khai bdo bén trong mot ham
hodac mét khéi Iénh (trong C++, mot khéi Iénh duogc goi trong cdp ngoac {}).
Bién dia phuong chi c6 thé su dung bén trong khdi 1énh ma né duge khai béo tai

5 Mot s6 tai lidu ding thudt ngit "tham sb thyc sy” hay "tham di" dé chi ddi s6. Mot s6 tai liéu khéc dung thuat
ngit "tham s6" dé goi chung cho ca tham s hinh thirc 1dn di sb.
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d6. Khéi 1énh nay c6 thé 12 than cia mot ham hodc mot khdi cdu tric diéu khién
(xem Chuong 3). Chéng han, tai chuong trinh trong Hinh 4.2 ¢6 ba bién x khdc
nhau v&i cdc pham vi khdc nhau: bién x duoc khai bdo trong ham foo c6 pham
vi 1a ham foo; bién x dugc khai bdo ngay tai dong dau tién caa than ham main
c6 pham vi 1a toan bd than ham main do cdp ngodc {} gan nhat chinh 1a cip
ngodc bao quanh than ham main; va bién x duoc khai bdo bén trong than vong
for ctia ham main chi ¢ pham vi bén trong vong for. Diy 1a cdc bién hoan
toan doc 1ap. Sira d6i ddi v6i bién nay hoan toan khong ¢6 anh huong gi dbi voi
cic bién kia (thé hién ¢ cdc dong output: con dém x clia vong for thay doi gid
trj trong khi hai bién x con lai khong c6 gi thay ddi).

#include<iostream>
using namespace std;

void foo( void );

int main()

{
int x = 5; // local variable to main
foo();
for (int i = 1; i <= 3; i++) {
int x = 1 * i; // local variable to for loop
cout << "Local x in for loop is " << x << endl;
}
cout << "Local x in main is " << x << endl;
}
void foo()
{
int x = 0; // local variable to foo
cout << "Local x in foo is " << x << endl;
¥

Két qua chay chuong trinh:

Local x in foo is ©
Local x in for loop is 1
Local x in for loop is 4
Local x in for loop is 9
Local x in main is 5

Hinh 4.2: Vi du vé pham vi ciia bién.
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4.4.2. Thoi gian sdng ciia bién

Trong truong hop mic dinh véi 1énh khai bdo thong thuong, mot bién s& duge
tao ra khi chuong trinh chay dén 1énh khai bdo bién d6 va ton tai cho dén khi
chuong trinh ra khdi pham vi cta bién d6. Cu thé, céc bién toan cuc c6 pham vi
la toan by chuong trinh, nén chiing dugc sinh ra va khoi tao ding mot lan va
"sdng" cho dén khi chuong trinh két thiic.

Véi cdc bién dia phuong dugc khai béo theo kiéu thong thudng, pham vi cia
ching kéo tir 1énh khai bdo ching cho dén hét khdi chuong trinh chira 1énh khai
bdo d6. Do d6, cac bién nay duoc tao ra mdi khi chuong trinh chay dén 1énh
khai bdo bién va bi hity di khi chuong trinh chay dén hét khéi. Nguoi ta con goi
cdc bién dia phuong nay 12 bién tw doéng (automatic variable).

Truong hop ngoai 1& trong C++ 1 cic bién dia phuong duoc khai bdo voi tir
khéa static. Cic bién nay tuy I bién dia phuong nhung "sdng" cho dén khi
chuong trinh két thic mdc dit né khong thé duoc truy nhép t6i trong khi chuong
trinh dang chay & ngoai pham vi ctia né. Céc bién static nay gitt nguyén gia tri
ctia minh gifta cdc 1an goi ham. Ngudi ta goi cdc bién dia phuong loai nay Ia
bién tinh (static variable).

Chuong trinh trong Hinh 4.3 1a mdt vi du minh hoa sy khac nhau gitra bién tinh
va bién thong thuong. Trong ham staticVariableTest c6 hai bién dia
phuong: x 1a bién tu dong va y 1a bién tinh. Ca hai déu dugc khai bdo véi gid tri
khoi tao bang 0, cung dwoc in ra man hinh trwéc khi ting thém 1.
staticVariableTest duoc goi bon lan tir trong ham main, mdi lan lai in ra
man hinh mot dong thong bdo gia tri ciia x va y. Két qua in ra man hinh cho
thdy x c6 gid tri bang O trong tat ca cdc 10i goi ham, trong khi bién tinh y mdi
lan lai tang thém 1. LAn nao budc vao ham staticvariableTest, x cling nhan
gid tri khoi tao (0). Trong khi d6, y chi dugc khéi tao béng 0 ddng mot lan, né
khong bi hay khi ham két thic ma né van "sdng" va giit hiéu ing cta phép ting
& cudi ham staticVariableTest tir 1an goi ham trudc cho dén lan goi ham sau.
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#include <iostream>
using namespace std;

void staticVariableTest()

{
int x = 9;
static int y = 0;
cout << "x = " << x << ", y =" <<y << endl;
X++; Y++;

}

int main()

{
staticVariableTest();
staticVariableTest();
staticVariableTest();
staticVariableTest();
return 0;

}

Két qua chay chuong trinh:

Hinh 4.3: Vi du vé bién tinh.

r r

4.5. Tham so, doi so0, va co' ché truyén tham so cho ham

Trong phan nay ching ta s€ tim hiéu ki vé céc co ché truyén tham sé cho ham.
C6 hai co ché chinh 1a truyén gia tri va truyén tham chiéu véi diém khéc
nhau cdn ban: mét bén chi cho phép ham dugc goi thao tic trén ban sao dit li¢u
ctia noi goi ham, bén kia cho phép ham duoc goi truy nhap truc tiép.

4.5.1. Truyén gia tri

Trong co ché truyén gia tri hay truyén bang gia tri (pass-by-value), tham sb
duoc truyén bang gid tri, nghia 13 ban sao cua ddi sé dugc chép vao tham sb
tuong (mg trong ham chir ban than ddi s thi khong dugc truyén vao ham. Cic
thay doi d6i voi ban sao s& khong c6 anh hudng gi dbi voi ban gde, cho nén, khi
ham thyc hién cdc stra doi d6i véi mot tham s thi céc stra d6i nay khong ¢ anh
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hudng gi t6i d6i sb twong tmg dugc ding cho 161 goi ham. Tét ca cic vi dy trong
chuong nay cho dén ddy déu dung co ché truyén gi4 tri.

Xem thém minh hoa trong Hinh 4.4. Viéc tham sb hinh thirc 1imit bi thay d6i
gid tri tir bén trong ham sum khong c6 anh hudng gi dbi véi d6i sd upperLimit
(mot bién ctiia ham main) duoc dung khi goi ham nay. Sau khi 161 goi ham dugc
thuc hién xong, upperLimit van giit nguyén gia tri 12 9.

#include <iostream>
using namespace std;

int sum(int limit)

{
int total = ©;
for ( ; limit > @; limit--)
total += limit;
return total;
¥
int main ()
{
int upperLimit = 9;
int total = sum (upperLimit);
cout << "The sum of numbers from 1 to " << upperLimit
<< " is " << total << endl;
return 0;
¥

Két qua chay chuong trinh:

The sum of numbers from 1 to 9 is 45

Hinh 4.4: Vi du vé truyén gid tri cho ham.

Truyén gid tr1 dugc xem la lya chon an toan do n6 ddm bao réng ham duoc goi
s& khong gy hiéu tng phu khéng mong mubn di véi dit lidu cta noi goi ham.
St dung co ché truyén gia tri 1a mot trong cidc khia canh cua phong céach lap
trinh tot. Tuy nhién, co ché nay c¢6 mot nhugce diém: néu dit lidu duogc truyén
vao ham c6 kich thude 16n thi s& tén phi vé thoi gian chay va bo nho.

4.5.2. Truyén tham chiéu

Khdc véi truyén gia tri, co ché truyén tham chiéu hay truyén bang tham
chiéu (pass-by-reference) cho phép ham dugc goi truy nhap truc tiép téi dir liu
cua noi goi ham va sura dir liéu d6 néu mudn. So véi truyén gia tri, co ché truyén
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tham chiéu gitp chuong trinh ¢6 hiéu ning cao hon do tranh dugc chi phi cho
viéc sao chép dir liéu. Tuy nhién, truyén tham chiéu 1am cho chuong trinh kém
an toan do nguy co ham dugc goi lam roi loan dit li€u cuia ham goi. Muc nay noéi
vé mot co ché ma C++ cung cip dé truyén tham s6 bang tham chiéu. Ngoai ra,
Chuong 6 s€ n6i dén mot dang truyén tham chiéu khac dic thi cia C/C++: con
tro.

Trude tién ching ta tim hiéu vé khai niém tham chiéu trong ngdn ngit 1ap trinh
C++. Tham chiéu (reference) cia mot bién vé ban chat 1a mot biét danh hay
mot cdi tén khéc cla chinh bién d6. Céc thao tdc trén tham chiéu ctia mot bién
cling ¢6 hiéu qua gidng hét nhu thao tic trén chinh bién d6 va nguogc lai. Sau
khi khai bdo, tham chiéu dugc st dung trong chuong trinh nhu cic bién khéc.
Vi dy dong:

int &numberStick = numberUSB;

khai bdo numberStick la mot tham chiéu téi mot bién kiéu int c6 tén
numberUSB. Luu ¥ riang trong khai bdo c6 ddu &. Ngoai ra, tham chiéu phai
dugc khai tao ngay khi khai bdo, C++ khong chap nhan tinh trang mot tham
chiéu khong chiéu di dau ca.

Hinh 4.5 minh hga cach khai bdo va st dung tham chiéu. Bién numberstick
dugc khai bdo (c6 ddu & vao dang trudc tén bién) 12 mot tham chiéu téi bién
numberUSB (stick 1a mdt tén goi khac ciia USB stick). Moi tinh todn va tic dong
trén bién numberStick sé& tuong ty nhu trén bién numberUSB va nguoc lai vi
thue chat hai bién nay 12 mét.

#include <iostream>
using namespace std;

int main()
{
int numberUSB = 10;
int &numberStick = numberUSB;

numberStick ++;
cout << numberUSB <<
return @;

<< numberStick;

N

Hinh 4.5: Vi du vé khai bdo va siv dung tham chiéu.
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Trong nhiéu truong hop, ching ta muén viéc thay ddi gid tri cia mot tham sd
trong ham s& lam thay doi gid tri cua d6i s6 twong tng. Vi du, khi ta viét mot
ham nhép gia tri cho céc bién tir ban phim.

Pé 1am nhu vay, ta co thé st dung co ché truyén tham chiéu. Tc 13, tham sb
hinh thtrc s& 1a mot tham chiéu téi dbi s6 twong ng. Trong co ché ndy, cic sta
d6i d6i voi tham sd hinh thire & bén trong ham duoc thuc hién trén chinh dbi s6
dung cho 161 goi ham.

Hinh 4.6 minh hoa co ché truyén tham chiéu véi ham getStudent. Ham nay
nhap hai s6 nguyén tir ban phim va luu ching vao hai tham s6 id va mark (da
duoc khai bdo 1a tham chiéu). Viéc luu gid tri vao id va mark s& lam thay doi
gid tri ctia d6i s6 12 cdc bién twong Ung ctia ham main.

Khac biét duy nhit vé ct phdp giita truyén gid tri va truyén tham chiéu 13 & danh
sdch khai bdo tham s6 hinh thirc. Bé quy dinh tham s nao s& duoc truyén bang
tham chiéu, can c6 dau & dat ngay sau tén kiéu dir liéu tai khai bdo tham sd d6
trong dinh nghia ham. Trong vi du ham getStudent, c6 cdc diu & dit tai khai
bdo cua céc tham sd id va mark.

void getStudent (int &id, int &mark);

Luu y: Ham getStudent khong can tra vé gid tri gi nén n6 da duogc khai bdo véi
tir khéa void cho kiéu gid tri tra vé va khong can c6 1énh return kém gid tri
trong than ham.
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#include <iostream>
using namespace std;

void getStudent (int &id, int &mark)

{
cout << "Enter student’s id and mark: ";
cin >> id >> mark;
return;
}
int main()
{
int id1, marki;
getStudent (idl, markl);
cout << "Student " << idl << " gets mark " << markl << endl;
int id2, mark2;
getStudent (id2, mark2);
cout << "Student " << id2 << " gets mark " << mark2 << endl;
cout << "Total mark: " << (markl + mark2);
return 0;
}

Két qua chay chuong trinh

Enter student's id and mark: 1 5
Student 1 gets mark 5

Enter student's id and mark: 2 6
Student 2 gets mark 6

Total mark: 11

Hinh 4.6: Vi du vé truyén tham bién cho ham.

Nhu da néi & trén, vi¢c cho phép ham dugc goi truy nhap truc tiép to1 dir licu
ctia noi goi ham giy nguy co ham duoc goi phé réi dit lidu cua noi goi ham.
Vay c6 cdch nao dé giam bdt hodc ngin chin nguy co nay? D6 1a hing tham
chiéu. Mot khi mot tham chiéu dwoc khai bdo 13 hang, trinh bién dich s& dam
bao rang tham chiéu d6 s& chi dugc dung dé doc chir khong thé sira doi bién ma
né chiéu téi.

4.5.3. Tham s6 mic dinh

Khi khai bdo ham, ta c6 thé dat sdn mot gia tri mac dinh cho céic tham sb. Céc
tham sd nay phai ding cudi danh séch. Dé dat gid tri mac dinh, ta chi can viét
dau gan va gid tri mat dinh cho tham s6 tai khai bdo ham. Néu tham sb d6
khong duoc truyén gid tri khi goi ham, gid tri mac dinh s€ dugc dung. Ngugc
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lai, néu mot gid tri dugc truyén vao tham so thi gid tri mdc dinh s€ bi bo qua dé
dung gia tri dugc truyén vao.

Hinh 4.7 minh hoa vé cdch khai bdo va st dung tham s6 mic dinh. Trong do,
tham s hinh thirc upper ctia ham sum c6 gi4 tri mac dinh 12 9. Lan goi ham sum
tht nhat cung cép ddi s6 cho ca hai tham s6 (lower =1 va upper =5) va ta thu
dugc két qua 12 15. Lan goi ham sum thir hai chi cung cdp dbi sé c6 gid bang 1
cho tham sb lower, con tham sb upper s€ nhan gia tr1t mac dinh (9), ta thu dugc
két qua 1a 45.

#include <iostream>
using namespace std;

int sum(int lower, int upper=9)

{
int total = ©;
for ( ; lower <= upper; lower ++)
total += lower;
return total;
}
int main ()
{
int lowerLimit = 1;
int upperLimit = 5;
int total = sum (lowerLimit, upperLimit);
cout << "Total is " << total << endl;
total = sum (lowerLimit);
cout << "Total is " << total << endl;
return 0;
}

Két qua chay chuong trinh

Total is 15
Total is 45

Hinh 4.7: Vi du vé tham s6 mdc dinh.

Vé nguyén tic, trinh bién dich s& duyét danh sich cic ddi sb truyén vao tir trdi
qua phai, va 1an lugt gén céc dbi s6 cho cdc tham sé hinh thic twong tmg. Khi
két thic danh sich dbi s6, nhitng tham s hinh thirc chua duogc truyén gid tri s&
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nhén gid tri mac dinh. Luu y: s6 doi s6 truyén vao phai nhiéu hon hodc bang so6
tham s6 hinh thurc khong dugc gan gid tri mac dinh.

4.6. Ham trung tén

Trong C++, hai ham khac nhau c6 thé ¢6 tén trung nhau (function overloading)
néu danh sach tham sd (chi quan tAm dén kiéu dir liéu ma khong quan tim dén
tén cua tham sé) cua hai ham la khac nhau.

Vi du,

void print (int x);
void print (float x);
void print (int x, int y);

l1a ba ham khéic nhau trong C++. MJi khi can dich mdt 161 goi ham c6 tén print,
trinh bién dich kiém tra kiéu dit liéu cua d6i sd va sd luong cac ddi sb trong 10i
goi ham doé dé x4c dinh xem ham duoc goi 1a ham nao trong ba ham print da
dugc dinh nghia.

Vi du trong Hinh 4.8 minh hga vi¢c khai bdo va st dung cidc ham trung tén
print liét ké & trén. Ca ba ham dugc goi tir trong ham main véi danh séach tham
sd khéc nhau. Két qua chay chuong trinh ching t6 trinh bién dich d3 goi ding
ham cho cdc b dbi sb khac nhau.
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#include <iostream>
using namespace std;

void print (int x)

{
cout << "int: " << x << endl;
}
void print (double x)
{
cout << "double: " << x << endl;
}
void print (int x, int y)
{
cout << "pair: " << x << " " << y << endl;
}
int main ()
{
print(1);
print(10.5);
print(1,2);
return 0;
}

Két qua chay chuong trinh:

int: 1
double: 10.5
pair: 1 2

Hinh 4.8: Vi du vé ham tring tén.
Cé4c ham trung tén dugc phan bi¢t bdi chir ki cua ham. Chir ki cia mdt ham bao
gdm tén ctia ham d6 va danh séch kiéu tham s theo thi ti khai bdo.
Theo quy tic d6, ba l1énh khai bdo ham dudi diy c6 chit ki tring nhau nén
khong duge C++ chap nhan 1am céc ham tring tén:

int  print (int x);
float print (int x);
int  print (int y);

Khi két hop str dung ham tring tén va tham sé mic dinh, can luu y tranh trudng
hop mot ham khi bé qua céc tham s mic dinh lai ¢6 101 goi giéng hét véi mot
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ham trung tén v4i nd. Vi du khi ta ¢6 hai ham trung tén, mgt ham c6 danh sach
tham s rong, ham kia cho phép tit ca cdc tham sé c6 thé 14y gid tri mic dinh.
Tinh trang nay s& gy 15i bién dich do tinh trang nhap nhang khong thé xdc dinh
mot 101 goi ham tng véi ham nao.

C++ cdn cho phép sir dung co ché ham tring tén dé dinh nghia céc phién ban
khéc cua cdc phép todn di ¢ san dé dung cho cdc kiéu dir liéu khong co ban.
Chéang han 14p trinh vién c6 thé dinh nghia kiéu dir liéu sd phtrc va viét phép
cong (+) danh cho kiéu dit liéu nay. Noi dung chi tiét vé chu dé nay nam ngoai
pham vi cua cudn sich nay, nguoi doc cé thé tim hiéu tai [2].

4.7. Ham dé quy

Trong céc vi du tur dau cudn sdch, ta da 1am quen véi viéc mot ham goi mdt ham
khic. B¢ quy la dang goi ham dac biét: ham d¢ quy 1a ham chtra 161 goi t6i
chinh né, truc tiép hodc gidn tiép (qua mot ham khéc).

Dang ham nay duoc ding dé biéu dién cic thuat toan dé quy — dua mot bai todn
vé mot bai todn twong tw nhung c6 kich thudc nhoé hon. Pay 1a chi dé phirc tap,
s& dugc néi dén mot cich dﬁy dt hon trong cdc mdn hoc cao hon cua nganh
Khoa hoc M4y tinh. Phan nay chi gi6i thiéu vé dé quy ¢ mirc don gian nhat.

Vi du dién hinh thudng duoc ding dé minh hoa cho ham dé quy 1a bai todn tinh
giai thira cia mot sd. Giai thira ctia n dugc tinh theo cong thire dé quy:

n'=n*Mm-1)* (n-2) *(n-3).. * 1
tuong duong voi:
n'=n*(n-1)

Nghia 13, gia st f(n) 1a giai thtra bac n, f(n) dugc dinh nghia nhu sau:

fi0) =1

fin) =n*fin-1)
Trong d6, dong thir nhat 12 trudng hop co ban, dong thir hai 1a cong thie dé
quy.
Ham dé quy viét bang C++ vé co ban 1a gidng hét voi cong thirc dé quy & trén.
Hinh 4.9 md ta ham dé quy dé tinh gi4 tri cia n! Ham dé quy factorial bao
g6m mot khéi 1énh if-else chia hai truong hop co ban va tong quit. Truong
hop co ban xay ra néu n < 1, khi d6 ham két thiic tinh toan va tra vé gid tri 1 1a
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giai thira ctia n. Truong hop con lai (n > 1), ham goi dé quy dé tinh gid tri cia
(n - 1)! rditravé kétqualatichcianva (n - 1)!.

Trong hai phan chinh ctia ham dé quy, truong hop co ban nhin qua cé vé don
gian nhung thyc ra lai ¢6 vai trd rat quan trong trong ham dé quy. Néu thiéu
hodc ¢6 nham 1an khi viét truong hop nay, hodc so sudt trong budc d¢ quy lam
n6 khong thé hoi tu vé truong hop co ban thi chuong trinh ¢6 nguy co dé quy vo
tan dén khi can ki€t bd nh¢ danh cho chuong trinh. Hién tugng nay tuong tu
nhu vong 13p vo tan.

#include <iostream>
using namespace std;

unsigned long factorial (int n)

{
if (n <= 1) // test for base case
return 1; // base case: n! =1
else //recursion step
return (n * factorial (n-1)); // calculate (n-1)! first
}
int main ()
{
int n = 5;
cout << n << "l = " << factorial (n);
return 0;
b

Hinh 4.9: Vi du vé ham d¢ quy tinh n!.

Mot diém can nhé chi ¥ trong chwong trinh tinh giai thira 12 kiéu tra vé cho ham
tinh giai thira. Gid trj ctia giai thira ting rat nhanh so véi n: 10! da dat dén gid tri
3628800; néu ding kiéu int (c6 kich thudc 4 byte & hau hét cic ban cai dat
C-++) thi giai thira ctia 16 bat dau vuot ra ngoai khoang gid tri cua int (hdy thir
bang céch stra chwong trinh vi du trong Hinh 4.9). Do d6, dé c6 thé dép tng gid
tri 16n hon cua n, kiéu dit liéu cho gia tri giai thtra phai c6 kich thudc 1on. Tai
liéu C++ chuin quy dinh kiéu long int c6 kich thudc 16n nhat trong cdc kiéu
nguyén va gdm it nhat 4 byte. Kiéu unsigned long int (viét ngin gon la
unsigned long) chi gdm cdc gid tri khong 4m nén c6 thé luu gid tri tir 0 t6i it
nhat 4294967295, ta nén chon kiéu dit liéu nay cho kiéu tra vé ctia ham tinh giai
thura.
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Bai tap

1.

Viét mot ham nhan tham s6 dau vao la 5 s6 nguyén, va tra vé két qua la
trung binh cdng cua 5 so6 nguyén d6. Viét mot ham nhan tham s6 dau vao
1a 5 s06 nguyén, va trd v€ két qua la trung binh cOng cua 5 s6 nguyén do.

Hay tim nhitng ham tring nhau trong danh sidch cic ham sau
- int foo (int Xx)

- int foo (float x)

- float foo (int y)

- float foo (int x, int y)

- float foo (int x, float y)

- int foo (int student, float teacher)

Khi nao thi nén truyén do6i s6 cho ham theo kiéu truyén gia tri, khi nao thi
nén truyén theo kiém tham chiéu?

Viét mot chuong trinh c6 mot ham voi 5 tham $6 dang tham chiéu dé
nhan vao 5 s6 nguyén. Trong 5 tham sd dau vao thi c6 3 tham s6 véi gia
tri mac dinh 1a 13, 25, 35. Tim va liét ké ra tat ca cdc cip sb c6 tong bang
50.

. Viét chuong trinh véi mot ham getMin tinh gid tri nho nhét cta 3 sé.

Ham trén dya vao ham getMin tinh gi4 tri nho nhét caa hai sd. Luu ¥, hai
ham nay trung tén.

Nhap tir ban phim mot s6 nguyén x, hdy tinh va hién ra man hinh gia tri
can bac hai ciia x va e*

Tim hi€u ham rand dé sinh ra cdc s6 ngau nhién. Hay viét chuong trinh
sinh ra 9 s0 nguyén ngiu nhién nim trong pham vi ttr 2 dén 99.

Diy s6 Fibonacci dugc tinh nhu sau:

f (@) =0; f (1) =1; f(n) = f (n-1) + f(n-2).

Hay viét chuong trinh véi ham dé quy dé tinh £(k), v6i k 1a gia tri nhap
tu ban phim.

Tim hiéu vé y nghia va cach st dung ham inline trong C++.
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Chuwong 5. Mang va xau ki tu

Cic kiéu dir lidu co ban nhu da gi6i thiéu trong Chwong 2 khong du dé biéu
dién cdc loai dit liéu ma céc bai todn doi hoi. Mot vi du 1a khi chuong trinh can
Iru va xir Iy mot chudi céc phan tir dir liéu cling kiéu, chang han nhu danh sich
sinh vién trong truong hodc danh sich diém thi ctia mot sinh vién, dé c6 thé sap
xép, tim kiém, va tinh todn céc con sb théng ké trén chudi dir liéu d6. PBa sb céc
ngdn ngit 1ap trinh cung cap cdc kiéu dir lidu ¢ ciu tric dé phuc vu cdc nhiém
vu nay, trong d6, mang 1a cau tric dir liéu thong dung nht.

5.1. Mang mot chiéu

Maing mot chiéu 12 mot chudi hitu han céc phén tor dir liéu thudc cung mot kiéu
dir liéu, dit tai cdc 6 nhd lién tiép trong bd nhd. Mdi phan tir trong mang c6 mot
chi s6 khac nhau. Mang cho phép dinh vi va truy nhap dén ting phan tir bang
cach sir dung chi sé ciia phan tir do.

Vi du, diém s cho 7 méon thi cia mot sinh vién c6 thé dugc luu trit trong mat
mang c6 kich thudc bang 7 (nghia 14 ¢6 7 6 nhé) thay vi khai bdo 7 bién khéc
nhau cho diém thi timg moén. Mang score ¢6 thé dugc hinh dung nhu sau:

score
30 85 76 90 72 80 88

0 1 2 3 4 5 6
trong d6, mdi 6 biéu dién mot phan tir cia mang — trong trudng hop nay 1a mot
gid tri thudc kiéu int — va dugc danh sd 1an lugt tir O dén 6.

Ciing nhu mot bién binh thuong, mang phai dugc khai bdo trude khi sir dung.
Cu phép khai bao mot mang trong C++ c6 dang:
kiéu_dﬁ*_liéu tén_mang [sé _phd‘n_td’];

trong d6, kiéu_dir_liéu 12 mot kiéu dit liéu hop 1¢ (chang han int, float, char,
bool...), tén_mdng 1a mot dinh danh hop 1&, va sé_phdn_nir (ludn dit trong cip
ngodc vudng) quy dinh sb lugng phan tir ma mang can chira.

Vi dy, mang score trong vi du ¢ trén dugc khai bdo nhu sau:
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int score [7];

Luu y: gid tri s6 phan ttr dit trong cip ngodc vudng phai 12 mot hang sb, do cic
mang khai bdo kiéu nay thudc bd nhé tinh va phai c6 kich thude duge xdc dinh
truéc khi chuong trinh thuc thi. Mang véi kich thude dong s& duoc ndi dén
trong chuong sau.

Két qua cuia 1énh khai bdo nhur trén 1 ta ¢6 7 bién kiéu int voi "tén" cua ching
la score[@], score[l], score[2], score[3], score[4], score[5], va
score[6].

Hinh 5.1 minh hoa viéc khai bdo va st dung mang mot chiéu. Luu y su khéc
nhau vé& ngit nghia clia gid tri bén trong cip ngodc vudng: tai 1énh khai bdo
mang thi né 1a kich thuéc mang, con khi truy nhap phan tir cia mang thi né Ia
chi s6 cta phan tir mang.

5.1.1. Khéi tao miang

Khi khai bdo mot mang, ta c6 thé khoi tao gid tri cho cdc phan tir ciia mang theo
cach sau:

int score [7] = {60, 70, 89, 75, 88, 34, 90};

Néu khong dugc khéi tao, cadc phan tr cua mang s€ c¢6 gid tri khong xac dinh
cho dén khi ta gdn cho chiing mét gié tri nao do.

5.1.2. Trach nhiém kiém soat tinh hep 1€ ciia chi s6 mang

Pbi v6i mang duoc khai bdo véi kich thude n, chi s ciia cdc phan tir trong
mang d6 12 céc sd nguyén tir 0 dén n—1. Ngoai ra, céc gid tri khdc déu khong
hop 18. Viéc truy nhap mang bang cdc chi s6 khong hop 1¢, chang han khi truy
nhap dén score[-1] hay score[n], c6 thé din dén cic thay d6i khong mong
mudn dbi v6i dir liéu & viing bd nhé bén ngodi mang (c6 thé thude vé cdc bién
khéc). Trong nhiéu ngon nglr 1ap trinh, viéc nay duogc kiém soét tu dong dé
tranh trrong hgp truy nhap véi chi s6 khong hop 1€. Tuy nhién, trong C++ viéc
truy nhdp dén cdc phan tir cia mang véi chi sé nho hon 0 hodc 16n hon n—1
khong hé pham 13i cd phdp, viéc truy nhép ra ngoai mang khong gay 15i khi
dich nhung c6 thé giy 18i khi chay, 1ap trinh vién c6 trach nhiém kiém soét céc
gid tri chi s6 mang dé trdnh truong hop nay.
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#include <iostream>
using namespace std;

const int NUMBER_COURSES = 7;

int main()

{
int score[NUMBER_COURSES];
float sum = 9;
for (int course = ©@; course < NUMBER_COURSES; count++)
{
cout << "Enter the score for course #" << course << ": ";
cin >> score[course];
sum = sum + score[course];
}
cout << "The average score is " << sum/NUMBER_COURSES;
return 0;
}

Két qua chay chuong trinh

Enter the score for course #0: 30
Enter the score for course #1: 85
Enter the score for course #2: 76
Enter the score for course #3: 90
Enter the score for course #4: 72
Enter the score for course #5: 80
Enter the score for course #6: 88

The average score is 74.42857

Hinh 5.1: Vi du vé khai bdo va sit dung mdng.
5.1.3. Mang lam tham s6 cho ham

C6 thé ding mang 1am tham sd cho ham. Hinh 5.2 1 két qua cua viéc sira
chuong trinh trong Hinh 5.1, dua hai nhiém vu nhép dir liéu cho mang va tinh
diém trung binh vao hai ham va truyén mang score vao trong hai ham dé.

Pé ¥ rang tuy cdc tham s mang khong dugc khai bdo véi ki ty "&" trong phan
khai bdo va dinh nghia ham, nhung thuc chat chiing 12 cdc tham chiéu (thay vi
gid tri). N6i cdch khéc, khi chuong trinh thyc thi, cdc ham khong tao cic ban
sao riéng ctia cdc mang duoc truyén 1am tham sb (viéc tao ban sao nay c6 thé c6
chi phi rat cao vé bd nhd.)
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Vay lam thé nao khi ta can quy dinh réng mot ham khong dugc stra ddi mot
tham s6 mang nao d6? (vi du khong nén cho ham average quyén sira mang
score.) Giai phap ma C++ cung cap la tir khéa const. Ta stra phan khai bdo
tham s6 ciia ham average tur

float average(int score[], int size);

thanh

float average(const int score[], int size);

Két qua la trinh bién dich s€ khong chap nhan cdc dong Iénh sura gid tri cla
tham s6 mang score ¢ bén trong ham average. Nén st dung tu khda const
cho tat ca cac tham s6 ma ham khong c6 nhu cau thay doi.
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#include <iostream>
using namespace std;

const int NUMBER_COURSES = 7;

void loadScore(int score[], int size)

{
for (int course = @ ; course < size ; course++)
{
cout << "Enter the score for course #" << course << ": ";
cin >> score[course];
}
}
float average(int score[], int size)
{
float sum = O;
for (int course = @ ; course < size ; course++)
sum = sum + score[course];
return sum/size;
}
int main()
{
int score[NUMBER_COURSES];
loadScore(score, NUMBER_COURSES);
float averageScore = average(score, NUMBER_COURSES);
cout << "The average score is " << averageScore;
return 0;
}

Hinh 5.2: Vi du vé méng lam tham sé ciia ham.
5.2. Maing nhiéu chiéu

Céu tric mang c6 thé c6 nhiéu hon mot chiéu. Vi du, dé luu mot ban c& ca-ro,
ta c6 thé ding mot mang hai chiéu chtra cdc ki tw, ki ty .’ biéu dién mot 6 tréng
trén ban co, cdc ki tu 'x' va 'o' 1an lugt biéu dién céc ki hiéu trong tro choi co ca
r0. Khai bdo mang hai chiéu nhu sau:
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const int BOARD_HEIGHT = 22;
const int BOARD_WIDTH = 26;
char board[BOARD HEIGHT][BOARD WIDTH];

Ta dung hai chi s6 hang va cot dé truy nhap ting phan tir trong mang, vi du:
board[10][2] = 'x';

Ciing nhu mang mot chiéu, mang nhiéu chiéu ciing c6 thé ding 1am tham s cho

ham.

Luu y, khi khai bio mang nhiéu chiéu nhu 13 tham s6 cta ham, ching ta phai

khai bdo kich thudc tit ca cdc chiéu ciia mang, ngoai trir chiéu dau tién cé thé

b6 tréng.

void clearBoard(char board[][SCREEN_WIDTH]);

1a mét khai bdo hop 1€, con

void clearBoard(char board[][]);
1a mot khai bdo khong hop €.
5.3. Xauki tw

Ching ta dd ding dén céc xau ki tu, chang han "The average score is" trong.
Cic ngodn ngit 1ap trinh déu c6 cdu tric xau ki tw (string), trong d6 quy dinh
cdch tham chiéu t6i timg phan tir trong x4u. Kém theo d6 12 mot bo cdc ham va
thi tuc dé thyc hién cic phép todn trén dit liéu x4u, chang han nhu xic dinh do
dai xu, so sdnh ndi dung xau, ghép xau.

Vi hau hét cic ngdn ngir 1ap trinh, trong d6 c¢6 C++, xau ki tu dugc dai dién
bang mot mang mot chiéu gdm cdc phan tir kiéu char. Vi dy, mang char sau day
gdm 20 phan tir kiéu char.

char greeting [20];

Vé 1y thuyét, mang trén c6 thé chira mot chudi cic ky tu véi do dai khong qué
20. Nhung ta con c6 thé luu tai d6 chudi ki ty c6 do dai ngan hon, chang han
"Merry Christmas" hay "Hello".

Do mang char c6 thé luu x4u ki tu c6 d6 dai nho hon kich thudc ciia mang, ta
can ¢6 co ché xdc dinh diém cudi hay do dai cua xau. O mot s6 ngon ngtr 1ap
trinh nhu Pascal, co ché d6 1a d6 dai xau duoc ghi vao phan tir dau tién trong
mang (c6 chi sb bang 0). C++ lai sir dung ki ty null ('\@") dé danh diu két thic
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cua xau ki tu. Vi dy, mang greeting co thé dung dé luu xau "Merry
Christmas" hay "Hello" nhu trong Hinh 5.3.

greeting

Hinh 5.3: Xdau ky tu luu trong mdng.

Luu y: cdc ki tw '\@' ndm & cudi xdu dé danh diu két thic xau; con céc 6 mau
xam ki hiéu cdc phan tir mang nam ngoai xau va ¢ gid trj khong xdc dinh. Khi
khai bdo mang dé luu trir mot xau ki tw, ta cAn nhé rang phai khai bdo kich
thudc mang du 16n dé chira ca ki ty null nam cudi xau.

#include <iostream>
using namespace std;

const int MAX_NAME_LENGTH = 100;

int main()

{
char name[MAX_NAME_LENGTH];
cout << "What is your first name? ";
cin >> name;
cout << "Hi " << name << "!";
return 0;
}

Két qua chay chuong trinh

What is your first name? Ellen
Hi Ellen!

Hinh 5.4: Vi du vé xau ki tu.

Hinh 5.4 minh hoa m{t chuong trinh vi du nhdp mot x4u ki ty va ghi ra man
hinh. Ta c6 thé théy ré'mg mang ki tu (hay xau) name dugc st dung nhu 1a mot
bién binh thuong ddi véi cdc 1énh vao ra dir liéu.

5.3.1. Khéi tao gia tri cho xau ki tw

C6 hai cich khéi tao gid tri cho xau ki ty ngay tai 1énh khai bdo:
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1. Khoi tao xau theo cach khoi tao mang:

char greeting[20] = {'H', 'e', '1', '1', 'o', '\@'};
2. Dung hang gid tri dé khdi tao xau:

char greeting[20] = "Hello";

Dbi voi cdch thir nhét, ta phai tw dién ki tw null & cudi xau. Con cdch thtr hai,
cdc biéu dién gid trj xdu c¢6 dang ding cip ddu nhdy kép dugc tu dong kem
thém ki ty null.

Luu y rang ching ta dang néi vé cong doan khai tao gid tri cho x4u cht khong
néi vé 1énh géan gié tri cho ca x4u. Ciing nhu cdc loai mang néi chung, d6i véi
mang char (hay xau ky tu), khong dugc phép dung mot 1énh dé gan tri hang loat
cho cdc phan tir trong mang. Cac 1énh sau s& gy 15i khi dich:

greeting = {'H', 'e', 'l', '1", 'o', '\@'};

greeting = "Merry Christmas";

5.3.2. Thu vién xiwr Iy xau ki tw

Thu vién cstring cua thu vién C++ cung cap mdt loat cac ham tién ich cho
viéc xur 1y xau ki ty, chang han nhu strlen tra vé d0 dai xau, strcpy sao chép
Xau, va strcmp so sanh xau.

5.4. Tim kiém va sip xép dir liéu trong mang

Tim kiém dit liéu trong mang la x4dc dinh xem mot gid tri nao d6 (dugc goi la
khéa) c6 mat trong mang hay khong, néu cé thi né nam & vi tri ndo. Sap xép
mang la sép dat lai vi tri cua cac phén to mang theo mot trong hai thwr tu: gia tri
tang dan hodc giam dan. Vi du, mot danh sach tir cé thé duoc sép xép theo thu
tur tir dién, danh sdch sinh vién dugc sip xép theo s sinh vién. Myc ndy gi6i
thiéu mot s6 thuat todn co ban cho viéc tim kiém va sap xép dir liéu trong mang.

5.4.1. Tim kiém tuyén tinh

Thuit toan tim kiém tuyén tinh (linear search) duyét tun tu ting phan tir
trong mdt mang, so sanh khéa véi moi phan tir. Khi gdap mot phan tir khép voi
khéa, thudt toan két thic va tra vé chi sd cua phan tir d6. Néu duyét dén hét
mang ma van khong tim thiy phéan tir nao khép véi khéa, thuat todn két luan 1a
khéa tim kiém khong c6 trong mang. Vi du, véi mang {3, 18, 2, 3, 10, 1}, néu ta
thuc hién tim kiém véi khéa bang 10, thuat toan tim kiém tuyén tinh s& duyét
lan luot tir phan tir dau tién (3) cho tdi khi gdp phan tir tht ndm (10) va tra vé
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két qua 1a chi s6 mang ctia phan tir d6 (véi mang C++ danh s tir 0, két qua cia
thuat todn trong trrong hop nay s€ 1a 4).

#include <iostream>
using namespace std;

int

{

int

}

linearSearch(int a[], int size, int key)

for (int i =
if (a[i]
return -1;

0 ; i <= size ; i++)
== key) return i;

main()

int array[1l00] = {10, 3, 4, 7, 2, 15};
int arraySize = 6;

int searchKey;

cout << "Enter the search key: ";
cin >> searchKey;

int pos = linearSearch(array, arraySize, searchKey);
if (pos >= 0)

cout << searchKey <«
else cout << searchKey <<

is found at entry
is not found";

<< pos;

return 0;

Két qua chay chuong trinh:

Enter the search key: 3
3 is found at entry 1
Enter the search key: 45
45 is not found

Hinh 5.5: Vi du vé tim kiém tuyén tinh.

Chuong trinh trong Hinh 5.5 minh hoa thuét todn tim kiém tuyén tinh trong

mang. Trong do, thudt todn tim kiém dugc cai trong ham linearSearch tra vé
chi soO cua phan tir mang khdp véi khéa tim kiém hodc tra vé -1 néu khong tim

thay.
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5.4.2. Tim kiém nhi phan

Thuat toan tim kiém tuyén tinh dugc gidi thidu ¢ muyc trudc tuy don gian nhung
¢6 @6 phirc tap O(n) nén cho hiéu qua khong cao d6i véi dir liéu 16n. Tim kiém
nhi phan (binary search) 1a mot thuat toan tim kiém phuc tap hon nhung cho
hiéu qua cao hon. Ngoai ra, né con doi hoi mang dau vao da duogc sap xép.

Gia str mang da duoc sip xép tang dan, thuat todn tim kiém nhi phan hoat dong
nhu sau: O 1an 13p dau tién, 1dy phan tir nam gitra mang. Néu phan tir d6 khop
v6i khéa thi thudt todn két thic. Néu né c¢6 gid tri 16n hon khéa thi chic chin
nira sau clia mang chira toan céc phan tir 1on hon khéa, va do d6 khong phai cai
can tim. Nghia 12 gidi han tim kiém gid chi con 12 nira ddu ciia mang. Con néu
phan tir & giita c6 gid tri nho hon khéa, véi 1ap luan twong tu nhu trén, ta ¢ gidi
han can tim kiém thu hep lai chi con 1a ntra sau cia mang. Nhu vy, tai mdi 1an
13p, thuat todn so sanh khéa v&i phan tir nim giita phan mang can tim kiém dé
hoac la théy phﬁn tu d6 khdp voi khda hoac 1a loai bo mdt nra mang ra khdi
pham vi can tim kiém. Thuat toan két thiic khi tim thdy mot phan tir c6 gia tri
bang khéa hodc khi pham vi can tim kiém bi giam xudng thanh mét mang con
¢6 kich thuée bang 0.

Vi dy, cho mang {1, 3, 4, 7, 10, 12, 15}. Dé tim phan tir c¢6 gid tri 10, dau tién
thudt to4n ldy phan tir ndm giita mang 1a 7 va so sanh v&i 10. Vi 7 nho hon 10,
thuat todn bé qua nua dau cua mang, pham vi tim kiém thu hep thanh doan
mang {10, 12, 15}. Tai l1an 1ap tiép theo, thuét toan lai 1y phan tr nam giira 1a
12 va so sanh véi khéa 10. Vi 12 16n hon 10 nén nira sau cua doan {10, 12, 15}
bi bo qua, pham vi tim kiém dugc thu hep lai chi con doan mang gém mot phﬁn
ta {10}. Lan lap thtr ba, phﬁn tr ndm gilta mang (phﬁn tor duy nhét con lai trong
doan can tim) ¢6 gid tri trung voi khéa nén thudt todn két luan da tim théy phﬁn
tor ¢6 gid tri 10.

Thuét todn dugc minh hoa trong chuong trinh Hinh 5.6.
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#include <iostream>
using namespace std;

int binarySearch(int a[], int size, int key)

{
int start = 9, end = size;
while (end > start)
{
cout << end << " " << start << endl;
int middle = (end + start) / 2;
if (a[middle] == key) return middle;
else if (a[middle] > key) end = middle;
else start = middle + 1;
}
return -1;
}
int main()
{
int array[1l00] = {1, 3, 4, 7, 10, 12, 15};
int arraySize = 7;
int searchKey;
cout << "Enter the search key: ";
cin >> searchKey;
int pos = binarySearch(array, arraySize, searchKey);
if (pos >= @)
cout << searchKey << " is found at entry " << pos;
else cout << searchKey << " is not found";
return 0;
}

Hinh 5.6: Vi du vé tim kiém nhi phan.
5.4.3. Sap xép chon

Sflp Xép chon (selection sort) 1a mdt trong nhitng thuat todn sép xép don gian
nhét, nhung lai c6 hiéu qua khong cao ddi voi dit liéu c6 kich thude 16n (mang
¢6 sd phan tir 16n). Hoat dong cua thudt todn nay rat don gian. O lan lap thir
nhét, ta tim phan t&r nho nhét cia toan mang ri trdo vi trf cta né voi phan tir
dau tién (gia thiét rang ta dang can sip xép mang theo tht ty ting dan). Lan lap
thir 2, ta tim phan tr nho thir nhi trong toan méang, nghia 12 phan tir nhd nhat cia
doan mang tinh tir phan ttr thir hai tro di, r6i trdo vi trf ciia né véi phan tir thir
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hai trong mang. Thuat todn tiép tuc cho dén 1an lp cudi ciing — khi phan tir 16n
nhi mang dugc chon ra va trdo véi phén tt ¢6 chi s6 sat cudi, dan dén viée phﬁn
tir 16n nhat mang nam tai vi trf cubi mang. Téng quat, két qua cua lan 1ap thir i
12 phan ttr nho thi i cia mang duoc xép vao vi tri thit i trong mang.

Hinh 5.7 minh hoa thuat toan sép xép chon.

#include <iostream>
using namespace std;

void selectionSort(int a[], int size)

{
for (int i = 0; i < size - 1; i++)
{
// find the smallest entry in a[i],...a[size-1]
int smallest = i;
for (int j =1 + 1; j < size; j++)
if (a[j] < a[smallest]) smallest = j;
// swap a[i] with that smallest entry
int temp = a[i];
a[i] = a[smallest];
a[smallest] = temp;
}
}
int main()
{
int array[100], arraySize;
cout << "Enter array size: ";
cin >> arraySize;
cout << "Enter the array: ";
for (int i = @; i < arraySize; i++) cin >> array[i];
selectionSort(array, arraySize);
cout << "Sorted array: \n";
for (int i = @; i < arraySize; i++)
cout << array[i] << " ";
return 0;
}

Hinh 5.7: Sép xép chon.
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Bai tap

1.

Nhap vao mot danh sach cac ) nguyén tu ban phim. Hay thuc hién cac
nhiém vu sau va ghi két qua ra man hinh

Tim s6 16n nhét trong danh sach

Tim s6 nho nhit trong danh sich

Tinh trung binh cong cdc sb trong danh sich

Sép xép danh sdch theo thtr tu tang dan

Nhap vao tu ban phim danh sich tén céac ban sinh vién trong 16p. Hay tim
hiéu va cai dit thuét todn sép xép chon (selection sort) dé sép Xép danh
sach tén theo thu ty tang dan. Hién danh séch sau khi da sip xép ra man
hinh.

. Nhap vao tir ban phim mét danh sach cdc sb nguyén. Hay liét ké ra tat ca

cdc bo sb (a, b, ¢) ma tdng cia ching bang 25.

Mot qua do6i dugc chia thanh mdt ludi 6 vudng cé kich thudc m*n 6
vuong. Moi 6 vudng chtra mdt s6 nguyén dai dién cho do cao tai 6 vudng
dé. Hay tim:

O vuodng c6 dg cao 16n nhat

- O vudng c6 d6 cao nhd nhat

- Tat ca cac hinh vudng c6 kich thudc 3*3, ma 6 vudng & gitta cao hon
cac 0 vudng xung quanh

- Tat ca cac hinh vudng c6 kich thudc 3*3, ma 6 vudng ¢ gitra thap hon
cac 0 vudng xung quanh

. Nhap vao to ban phim mot xau ki ty. St dung kiéu dit liéu char[] trong

C++ dé ghi ra man hinh cac két qua sau:
- DO dai cua xau ki ty vira nhap
- Xau ki tu sau khi da loai bo tat ca cac dau ‘?’, !

- Xau ki tu sau khi cheén vao gitra xau tu “C++".

- Xau ki ty sau khi da x6a bo 5 ki ty ndm & gitra
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6. Nhap mot danh séch tén cac ban sinh vién trong 16p, hay dém xem c6 bao
nhiéu ban c6 tén véi chit c4i bat dau 1a “T”, “C’, “V’, ‘A’, ‘Q’. Tim tén c6
s4 ban tring nhau 12 nhiéu nhét.

7. Nhap mdt xau ky ty tor ban phim la danh sich tén céc sinh vién. Hai tén

dung lién nhau dugc cdch nhau béi it nhat mot ddu cach. Hay tinh xem c6
bao nhiéu sinh vién trong danh siach. Vi du:

Dt li€u vao Két qua twong mg

Vinh tuan vinh blah blah 5

8. Nhap mot xau ky tu tir ban phim. Hay chuan hod xau bang cdch loai bo
cic ky tu khong phai chit cdi, dau cach, ddu phay, diu cham. Cic tir céch
nhau boi ding mot ddu cach va chi viét hoa chit c4i dau tién. Vi du:

Dit liéu vao Két qua twong tng

tO1 te1N LA ng2uyen v3an aN;. Toi Ten La Nguyen Van An.
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Chuong 6. Con tré va by nh¢

Con tr6 1a mot cong cy ma mot $6 ngon ngir 1ap trinh bac cao, dac bi¢t 1a C va
C-++, cung cap dé cho phép chuong trinh quan 1y va tuong tc truc tiép véi bo
nhd. NO gitdp chuong trinh linh ddng va hi¢u qua. Tuy nhién, st dung con trd
cling d& dan dén sai s6t va kho phat hién ra 15i.

6.1. B§ nhé may tinh

Dé hiéu vé con tro, trude tién ta s& tim hiéu vé bd nhé mdy tinh. Ta c6 thé hinh
dung by nh¢ mdy tinh 1a mdt loat cac 6 nhd ndi tiép nhau, méi 6 nhd cé kich
thudc nho nhét 1a mot byte. Céc 6 nhd don nay duoc danh sd lién tuc, 6 nhé sau
6 s6 thir ty hon s6 thr ty ctia 6 nhé lién trude 1a 1. Thc 1a 6 nhd 1505 s& dung
sau 0 nh¢ 1504 va dang trude 6 nhd 1506 (xem Hinh 6.1).

Piachi  Noidung  Tén bién
bo nhé 6 nhé cd 1 byte

1503

1504 'H' greeting
1505 ‘e'

1506 '1'

1507 '1'

1508 ‘o’

1509 '\o'

150A

Hinh 6.1: Bién greeting— xdu ki tw ""Hello"'- trong b$ nhé.
6.2. Bién va dia chi cta bien

Bién trong mQt chuong trinh 1a tén ciia mot ving by nhé dugc dung dé lvu dit
liéu. Vi€c truy nhép dir li€u tai cdc 6 nhd d6 dugc thuc hién thong qua tén bién.
Ttc 13, ta khong phai quan tim dén vi trf vat Iy ctia 6 bo nh.

Khi mot bién duge khai béo, phén bd nhé can thiét s& duogc cép phat cho né tai
mot vi trf cu thé trong bd nhé, vi tri d6 duoc goi 1a dia chi bd nhé cua bién dé.
Thong thuong, hé didu hanh s& quyét dinh vi tri cta bién trong bd nhé khi
chuong trinh chay.
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bé léy dia chi ctia mot bién, trong C++ ta su dung todn tor tham chiéu dia chi
(&). Khi dit toan tir tham chiéu trudc tén cia mot bién, ta c6 mot bicu thirc cb
gid tri 1a dia chi ca bién d6 trong bd nhé. Vi du:

short apples = 9; //khai bdo bién apples co6 gia tri 9

cout << apples; //hién ra s6 9 la gia tri cua apples

cout << &apples; //hién ra dia chi cuna bién apples

Trong thyc té, trude khi chuong trinh chay, ching ta khong thé biét duoc dia chi
ctia bién apples.

6.3. Bién con tré

Bién con tré 1a mot loai bién dic biét, dugc ding dé luu gitr dia chi 6 nhé. Tic
la, gia tri cia chiing 1a dia chi cua 6 nhé trong by nhd. Hay n6i mét cach hinh
tuong, bién con trd chi dén mot 6 nhé trong bd nho. Bién con tré dugc khai bdo
nhu sau:

data_type *ptr;

trong d6 data_type 1a ki€u cia dir liéu dugc luu & 6 nhd ma con trd ptr sé chi
deén. D€ truy nhéap dir li¢u tai 6 nhd ma bién con tro chi dén ta sir dung toan tir *.

Hinh 6.3 minh hoa vé viéc khai bdo va str dung bién con tré. Trong vi du, ta
khai bdo mot bién con tro ptrapples dung dé luu giit dia chi 6 nhé cua bién
apples. Lénh

ptrApples = &apples;

s€ gan dia chi cua bién apples cho bién con tré ptrApples va tao hiéu ung
tuong tu nhu trong Hinh 6.2

Dia chi NGi dung

bonhé 6 nhé co4byte o0 Pien
Ox2a52dc ..
Ox2a52e0 Ox2a52ec ptrApples
Ox2a52e4
Ox2a52e8 ..
Ox2a52ec 0x000009 apples

Hinh 6.2: Bién con tré ptrApples cd gid tri la dia chi ciia bién apples.
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Luu ¥, cdc tic dong trén 6 nhd duoc chi dén boi bién con tré ptrApples ciing
chinh 1a céc tdc dong duogc thuc hién trén bién apples va nguoc lai. Cu thé 12
1énh

apples++;

s& tang gid tri ctia bién apples 1én mot, ddng nghia véi viée ting gid tri & 6 nhé
do bién con tro ptrApples chi dén Ién 1.

Tuong ty, Iénh

*ptrApples += 1;

s€ tang gia tri tai 6 nhd ma bién con tré ptrApples thém 1, déng nghia véi viéc
tang gia tri cua bién apples thém 1.
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#include <iostream>
using namespace std;

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

{
int apples = 9;
cout << "apples: " << apples << endl;
cout << "Address of apples: " << &apples << endl;
int *ptrApples;
ptrApples = &apples;
cout << "ptrApples: " << ptrApples << endl;
cout << "Value at ptrApples: " << *ptrApples << endl;
apples ++;
cout << "apples: " << apples << endl;
cout << "Value at ptrApples: " << *ptrApples << endl;
*ptrApples += 1;
cout << "apples: " << apples << endl;
cout << "Value at ptrApples: " << *ptrApples << endl;
return 0;
}

Két qua chay chuong trinh

apples: 9

Address of apples: ©x2ab52ec
ptrApples: ©@x2a52ec

Value at ptrApples: 9

apples: 10
Value at ptrApples: 10
apples: 11

Value at ptrApples: 11

Hinh 6.3: Khai bdo va sir dung bién con tré.
6.4. Mang va con tro

Mang va con tro c6 lién hé chat ché vdi nhau. Gia str, khi khai bdo mot mang
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int score[7];
ta da khai bdo mot vung nhdé lién ti€p gom 7 6, moi 6 chira mdt s6 nguyén.

Trong mot s6 ngdn ngir 1ap trinh bac cao, cu thé la C++, mang dugc cai dat
bang con trd. Cu thé 1a, bi€n mang (score) c6 thé dugc coi 1a mdt bién con trd
tro téi 6 nhd dau tién trong mang.

Pé truy cap dén phan tir c¢6 chi s6 i trong mang score, ta c¢6 thé st dung
score[i] hodc *(score + i). Vi du, *score va score[0] déu c6 ¥ nghia la
phan tir du tién trong mang. Cach dung con tré dé thao tic véi mang dugc
minh hoa trong Hinh 6.4.

#include <iostream>
using namespace std;

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

{
int score[7] = {1,2,3,4,5,6,7};
int sum = ©;
for (int count = @; count < 7; count ++)
sum += *(score+count);
return 0;
b

Hinh 6.4: Sir dung mdng nhuw con tro.
6.5. B0 nh¢ dong

Trong tat ca cdc chuong trinh vi dy trurdc, ta méi chi diing bo nhé trong pham vi
cic bién dugc khai bdo trong ma ngudn vdi kich thude duoc xdc dinh trudc khi
chuong trinh chay. Vi C++, tit ca céc bién duoc khai bdo trong chuong trinh
déu nam trong bd nhd tinh va c6 kich thudc xac dinh trudce. Néu ching ta can
dén luong bd nhé ma kich thude chi ¢ thé biét dugc khi chuong trinh chay thi
sa0? Chang han khi chuong trinh ctia ta cAn 1am viéc véi mot mang ma kich
thudc cua né khong xdc dinh dugc khi chuong trinh chua chay, va ta cling
khong thé wdc lwong d6 dai tdi da ma can doc dir lidu vao dé xdc dinh d6 dai
can thiét.

95



Giai phép 1a sir dung bd nhd dong. Khong nhu céc bién théng thudng chi can
khai bdo, cdc bién nam trong viing bo nhé dong can duoc cip phat khi mudn st
dung va giai phéng mot cich tuong minh khi khong con duoc ding dén.

Trong C++, con trd cling v&i cdc todn tir new va delete 12 cong cu dé thao tic
v6i dir liéu ndm trong bd nhd dong.
6.5.1. Cap phét b nhé dong
Khi mot bién con trd duoc khai bao, vi du
int *ptrApples;

gid trj cia bién con tré ptrapples chua dugc xdc dinh, nghia 13 né chua trd vao
mdt viing nhd xé4c dinh trudc nao. Ching ta ciing ¢6 thé xin cip phat mot viing
nh¢ dong, va vung nhd nay dugc quan 1y (trd toi) boi bién con tré ptrApples
bang céch st dung todn tir cip phét bd nhé dong new nhu sau:

ptrApples = new int;

Lénh nay s& cap phat mot ving nhd dé chira mot s6 nguyén, dia chi ving nhd
nay dugc luu gitt boi bién ptrApples. Qu4 trinh cip phét bd nhd nay duge thyc
hién trong qud trinh chay chuong trinh va dugc goi 12 cap phat bd nhé dong.

Sau khi xin cdp phét, ta c6 thé tién hanh luu giit, cp nhat gid tri & ving nhé
nay thong qua dia chi ctia n6 (hién luu tai bién ptrApples).

6.5.2. Giai phong by nhé dong

Do Iugng bd nhd dong 1a c6 han, dir lidu dat trong bd nhd dong nén dugc giai
phéng khi diing xong dé danh by nhé cho céc yéu cau cap phit tiép theo.

Khi ching ta khong sir dung dén viing nhd nay nita, ching ta nén giai phéng
viing nhé nay bang toan tir delete, vi du nhu sau.

delete ptrApples;

Ving nhé ma bién con tré ptrApples tro toi s& dugc giai phéng va cé thé duoc
tai sir dung cho mot 1an cép phat bo nhé dong khéc.

Hinh 6.5 minh hoa vé viéc cip phét, str dung, va giai phéng bd nhé dong.
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#include <iostream>
using namespace std;

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

int *ptrApples;

ptrApples = new int;

*ptrApples = 5;
cout << "value at ptrApples:
*ptrApples += 2;
cout << "value at ptrApples:

<< *ptrApples << endl;
" << *ptrApples << endl;
delete ptrApples;

return 0;

Hinh 6.5: Cdp phat, sir dung va gidi phong bé nhé dgng.

Luu y: néu vi so xudt ctia nguoi lap trinh hay vi 1y do nao d6 ma tai mot thoi
diém nao do chuong trinh khdng con luu hoac c¢é cich nao tinh ra dia chi cua
mdt vung nhd duogc cép phét dong, thi ving bd nh¢ nay dugc xem la bi "mat".
Nghia la chuong trinh khong c6 cich gi truy nhap hay giai phong vung by nhé
nay nita, né s& duoc hé diéu hanh thu hoi sau khi chuong trinh két thic. Vi duy,
doan chuong trinh sau lam thét thoat phﬁn bo nhd duoc cép phat do 1énh new
thtr nhat:

ptrl = new int;
ptr2 = new int;
ptrl = ptr2;

6.6. Mang dong va con tré

Trong cic chuong trinh vi du tir trudc dén gio, kich thude cia mang phai dugc
xédc dinh trude khi khai bdo. Tuc 13, kich thudc ciia mang 13 mot hang s6 cho
truée. Trong nhiéu trudong hop, chiing ta khé c6 thé xdc dinh truée duge kich
thudc cua mang ngay tu khi lap trinh, ma kich thude nay phu thudc vao dir liéu
dau vao ciing nhu qud trinh chay chwong trinh.

Pé khic phuc tinh trang trén, C++ cho phép chiing ta st dung con trd dé tao
mang c6 kich thudc dong nim trong bo nhd dong. Nhitng mang dugc tao theo
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cach d6 dugc goi la mang dong, boi kich thudc mang va viéc cép phét bd nhd
cho mang dugc x4c dinh va tién hanh trong qué trinh chay chuong trinh. Viéc
khai bdo mang dong duoc tién hanh thanh hai budc:
1. Khai bao con tré mang: Trudc tién, khai bao mot bién con tro:

data_type *array_name;
trong d6 data_type 1a kiéu dit liéu cua mang, array_name 1a t€n mang.
2. Xin cap phat b nhé: Sau khi khai bdo, chiing ta xin cdp phét bo nhé cho
bién con trd bé”mg toan tor new [] theo cAu trdc sau:

array_name = new data_type [size];

hé thong s€ cap cho chuong trinh mdt viing nhd lién ti€p c6 thé chtra duoc size
phan tr ¢6 kiéu data_type. Dia chi cia phan tir dau tién dugc chi dén boi bién
array_name. Luu y, size ¢6 thé la m0t hang s0, hoac 1a mdt bién.

Sau khi da cdp phdt bo nhé thanh cong, ta c6 thé ddi xa véi bién con tro
array_name nhu m0t mang thong thuong voi size phan tir. Tuc 13, dé truy cap
dén phﬁn te thr i trong mang, ta cd thé st dung array_name[i] hoac
*(array_name + 1).
Giai phéng by nhé: Khi chiing ta khdéng sir dung dén mang dong nita, chiing ta
phai tién hanh giai phéng bo nhé di xin cap phat bang cdch s dung todn tir
delete [] nhu sau:

delete [] array_name;
Luu y khi giai phéng bo nhd dong cho mot mang, néu ta sir dung 1énh

delete array_name;
thi chi c6 6 nhé array_name[0] dugc giai phdng, con cidc 6 nhd tiép theo cua
mang khong duogc gidi phong.
Hinh 6.6 minh hoa vi¢c sit dung mang dong dé tinh téng diém cua mot danh
sach sinh vién nhdp vao tir ban phim. So lugng sinh vién khong dugc xéc dinh
trudc ma dugc ngudi dung nhap vao tir ban phim.

98



#include <iostream>
using namespace std;

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

{
int numberCourses;
cout << "Enter the number of courses: ";
cin >> numberCourses;
int *courses;
courses = new int[numberCourses];
for (int count = @; count < numberCourses; count++) {
cout << "Enter the mark of course #" << count << ": ";
cin >> courses[count];
}
int totalMark = ©;
for (int count = @; count < numberCourses; count++)
totalMark += courses[count];
cout << "Total mark: " << totalMark << endl;
delete [] courses;
return 0;
}

Hinh 6.6: Mdng djng va con tro.
6.7. Truyén tham so la con tré

Ngoai hai phuong phép truyén dit liéu vao trong ham da duoc gi6i thiéu trong
Muc 4.5, truyén tham sé 1a gid tri va truyén tham s6 1a tham chiéu toi ddi sé,
C++ con cho phép ta sir dung phuwong phép thir ba: truyén tham s 1a con tro.

Trong Hinh 6.7, bién con trd courses duoc uuyén vao ham getMark va
calculateMark. Didn dén tham sd hinh thitc cuia ham getMark va
calculateMark chinh la con tro t6i mang courses trong ham main.
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#include <iostream>
using namespace std;

void getMark (int *courses, int numberCourses)

for (int count = @; count < numberCourses; count++) {
cout << "Enter the mark of course # " << count << ": ";
cin >> courses[count];

int calculateMark (const int *courses, int numberCourses)
{
int totalMark = 9;
for (int count = @; count < numberCourses; count++)
totalMark += courses[count];
return totalMark;

}
int main(int argc, char *argv[])
{
int numberCourses;
cout << "Enter the number of courses: ";
cin >> numberCourses;
int *courses;
courses = new int[numberCourses];
getMark (courses, numberCourses);
int totalMark = calculateMark (courses, numberCourses);
cout << "Total mark: " << totalMark << endl;
delete courses;
return 0;
}

Hinh 6.7: Tham sé ciia ham l con tré.

Trong nhiing truong hop ta mudn diing con tré dé truyén luong 16n dit lidu vao
ham nhung lai khong mubn cho ham sira d6i dit liéu, ta c6 thé dung tir khéa
const dé thiét 1ap quyén cia ham dbi véi tham sb. Xem vi du ham
calculateMark ¢ Hinh 6.7, trong dé, tir khda const ¢ phia trudc tham 6 hinh
thirc courses
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int calculateMark (const int *courses, int numberCourses)

quy dinh ring ham calculate phai coi dir liéu int ma courses tro t6i 1a hing
va khong dugc phép stra doi.

Vé cdch sir dung tir khéa const khi khai bdo mot bién con tro, ta ¢6 4 lira chon:

1. khong quy dinh con tr6 hay dit litu dwoc tro téi 1a hang
float * ptr;

2. quy dinh dir liéu dwoc tré t6i 1a hang, con tré thi duoc sta doi.
const float * const ptr;

3. quy dinh dir liéu tré téi khong phai 1a hing, nhung bién con tré thi 1a
hang
float * const ptr;

4. quy dinh ca con tré6 1an dir lidu né tro toi déu 1a hing.
const float * const ptr;

Str dung const cho nhiing hoan canh thich hgp 1a mot phan ctia phong céch lap
trinh t6t. NG gitip giam quyén han ciia ham xudng téi mtc vira di, chang han
mot ham chi ¢6 chirc ning doc va tinh toan dit liéu thi khéng nén cé quyén sta
dir liéu, tir &6 giam nguy co cta hiéu tng phu khong mong mudn.

Mot diém quan trong can luu ¥ 1a tinh trang con tré c6 gia tri null hoic khéng
xdc dinh do chua gan bﬁng dia chi cta bién nao. Néu con tré ptr c6 gid tri null
hodc khong xdc dinh thi vi¢c truy nhdp *ptr s€ dan dén 15i run-time hodc 15i 16-
gic cho chuong trinh. Ta can chd ¥ khéi tao gid tri ctia cdc bién con tré va kiém
tra gid tri trude khi truy nhdp. Ngoai ra, con ¢c6 mot 101 khuyén 1a nén st dung
tham chiéu thay cho con tré bat ctr khi nao c6 thé.
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Bai tap
1. Trinh bay sy khéc biét, wu diém, nhugc diém giita bién tinh va bién dong.

2. Tinh gia tri cua apples, *ptrApp, *ptrApp2 cua doan ma sau:

int apples;

int *ptrApp = &apples;
int *ptrApp2 = ptrApp;
apples += 2;

*ptrApp --;

*ptrApp2 += 3;

3. Xéc dinh két qua ctia doan ma sau:

int *pl = new int;

int *p2;
*pl = 55
p2 = pl;
cout << "*pl = " << *pl << endl;
cout << "*p2 = " << *p2 << endl;
*p2 = 10;
cout << "*pl = " << *pl << endl;

cout << "*p2
pl = new int;
*pl = 20;

cout << "*pl << *pl << endl;
cout << "*p2 " << *p2 << endl;

<< *p2 << endl;

4. Nhép tr ban phim vao mét danh sich cic sb nguyén. Hay st dung ciu
tric mang dong dé luu giit day s6 nguyén nay va tim sd luong s6 nguyén
chia hét cho s6 nguyén dau tién trong day.

5. Trinh bay mdi quan hé gitra mang va con tro.

6. Phan tich sy khdc biét, nhugc diém, vu diém cua viéc st dung mang dong
va mang tinh.

7. St dung ciu triic mang dong dé luu giit mot danh sach tén céc sinh vién
nhap vao tir ban phim. Hiy sip xép danh sich tén sinh vién ting dan theo
d6 dai ctia tén. Hién ra man hinh danh sdch sau khi da sap xép.
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8. Mot ban co c6 kich thuéc m*n 6 vudng. Trang thai trén mdi & vuong
dugc biéu dién boi mot ki ty in thuong tir ‘A’ dén ‘Z’. Sir dung mang
d6ng hai chiéu dé luu giir trang thdi cta ban cd nhép tir ban phim. Tim va
hién ra man hinh:

e (Céc hang théa man diéu ki¢n tat ca cac 6 cung mot trang théi
e (C4c cot théa man diéu ki¢n tat ca cac 6 cung mot trang thai

e (Céc duong chéo thoa man diéu kién tat ca cidc 6 cing mot trang thai
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Chwong 7. Cac kiéu dir liéu triru twong

Cic kiéu dit liéu c6 san ctia mot ngdn ngi 1ap trinh, dic biét 1a cic kiéu dit lidu
co ban, d6i khi khong du dé biéu dién dir liéu cua bai todn can giai quyét.
Thong thudng, ta can gdp mot vai thanh phan dir liéu c6 lién quan véi nhau lai
dé biéu dién mot phan tir dir liéu phtrc hop méi. Chang han:

e Dit liéu can thiét dé mé td mot ngay (Date) gém 3 thanh phﬁn: ngay, thing,
nam. Vi du, dit liéu vé ngay Quéc khanh ctia Viét Nam gém 3 thanh phén: 2
(ngay), 9 (thdang), 1945 (nam).

e Dir liéu can thiét dé mo ta Student bao gdm ba thanh phan: studentNumber
thudc kiéu int, birthday thudc kiéu Date, name thudc kiéu char [50].

Kiéu dir liéu triru twong 12 kiéu dir liéu phirc hop duoc cdu tao tir cdc thanh
phan dit liéu thudc cic kiéu dir liu khédc nhau (c6 thé 1a kiéu c6 sin hoic kiéu
dir liéu ma chdng ta ty dinh nghia). Day la co ché cho phép chiing ta ty dinh
nghia cdc kiéu dit liéu méi, chang han nhu Date va Student nhu miéu ta & trén.

DPdi v6i mdi mot kiéu dit liu triru tuong, ta can dinh nghia mot loat cac thao tac
xt 1y dit liéu cho né. Vi dy, véi kiéu dir liéu Date c6 thé can dén cdc thao tic
xtr 1y dit liéu nhu in ra man hinh, va cdc phép tinh dbi véi dit liéu ngay thang
nhu: tinh ngay hdm qua, tinh ngay mai, tinh khoang céch gitra hai ngay, ...

Céc ngdn ngit 1ap trinh bac cao c6 thé chia thanh hai loai: ngdn ngi 14p trinh
hudng thu tuc, va ngdn ngit 14p trinh huéng ddi twong. Kiéu dir liéu triru tugng
& hai loai ngdn ngir nay c6 sy khac biét nhu sau:

e DO0Gi voi cac ngon ngir 1ap trinh hwéong thi tuc, cac kiéu dir liéu c6 cau tric
chi dung lai ¢ vi¢c dong gbi cac thanh phan dir li€u c6 lién quan lai véi nhau.
Phan xu ly dit liéu dugc dat tai cdc ham va thu tuc doc lap.

e Cic ngoén ngir 1ap trinh hwéng ddi tweng di xa hon mot budce: cho phép
déng g6i ca cdc ham xu 1y dit liéu vao trong kiéu dir liéu, coi chiing nhu 12
mdt phan khong thé tach roi cua kiéu dir liéu. Trong cdc ngdn ngit nay, kiéu
dir liéu triru tuong dugc goi la cac lop débi twgng (class).

7.1. Pinh nghia kiéu dir liéu triru twong bing cu tric struct
Cac ngdn ngit 1ap trinh bac cao st dung cdc cau tric kha twong tu nhau dé mo ta

dir liéu trou twong. Mot trong cdc cau tric ma C++ cung cap cho cong viéc nay
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1a céu tric struct. Vi dy, kiéu dit liéu triru tuong Time c6 thé dugc dinh nghia
nhu sau trong C++:

struct Time {
int hour;
int minute;
int second;

s

Trong db, hour, minute, second la cic truong hay cdc thanh vién dir li€u cua
cau trac Time.

Chu y rang cdc truong thudc ciing mot cau tric phai c¢6 tén khdc nhau tuy rang
c6 thé trung tén véi cdc truong clia mot cau tric khdc. Ngoai ra, phan dinh
nghia mot cAu tric phai dugc két thic bﬁng mot dau chdm phay.

Sau khi d3 dinh nghia kiéu dit liéu Time, ta c6 thé sir dung né y nhu cdc kiéu dix
liéu khdc. Ta c6 thé khai bdo bién, mang, con tro, tham chiéu kiéu Time, vi du:
Time dinnerTime;
Time appointment[10];
Time *timePtr = &dinnerTime;
Time &timeRef = dinnerTime;

Luu y: mdc du cung dung tir khéa struct, nhung struct cuia C++ khong tuong
duong v6i struct cia ngdn ngir 1ap trinh C.

Trong C++, bién thudc ki€u dir li€u cau tric cling dugc doi xtir nhu céc kiéu dir
li¢u thong thuong. Ta c6 thé thyc hi¢n phép gan gid tri cua bién Time nay cho
bién Time khc, vi du:

appointment[1] = dinnerTime;

Két qua 1a gid tri ciia cdc thanh vién dir liéu ctia dinnerTime duoc sao chép vao
céc thanh vién dit li€u twong Uing cua appointment[1]. Luu y rﬁng phép gén
mac dinh cia C++ 1a phép gdn ndng, nghia 1a chi c¢6 gid tri ciia cic thanh vién
dugc sao chép. Do d6 néu mot trong céac thanh vién dir li€u 1a con tré tdi mot
vung nhd thi chi c6 gia tri cia con tréd dugc sao chép chr ndi dung cua ving nhd
thi khong.

Pé truy cip céc thanh vién dit liéu cta céu tric, ta ¢6 hai toan tir ddu chim (.)
va mii tén (->). Todn tir miii tén (->) dung dé truy nhap cdc thanh vién qua mot

105



con tro dén doi tugng. Todn tir dau cham (.) dugc dung trong cic truong hop
con lai. Vi du, d€ in thanh vién hour cta bién dinnerTime ra man hinh:

cout << dinnerTime.hour;

hoac

cout << timeRef.hour;

hoic thong qua bién con tré timePtr nhu sau

cout << timePtr->hour;

Trong d6 timePtr dang chira dia chi ciia bién dinnerTime, con timeRef la mdt
tham chiéu cua bién dinnerTime.

Luu ¥ rang biéu thitc (*timePtr) cho ta chinh bién dinnerTime, do d6 ba biéu
thitc (*timePtr).hour, dinnerTime.hour, va timePtr->hour tuong duong
v6i nhau. Ngoai ra, cip ngodc trong bicu thirc (*timePtr).hour l1a can thiét do
todn tir * khong duoc uu tién bang todn tir ->.

Hinh 7.1 minh hoa céch khai bdo va st dung struct dé khai bdo ciu tric dir
liéu Time. Ciing nhu céc kiéu dit lidu khdc, kiéu dir lidu c6 ciu tric cling c6 thé
dugc truyén vao trong cic ham dudi dudi dang tham s6 (xem Hinh 7.2). Trong
vi du do, phﬁn ma chuong trinh ¢6 nhi€ém vy in mot gia tri kiéu Time ra man
hinh duoc chuyén thanh ham print v6i tham s6 12 mot tham chiéu t6i bién Time
can in. Trong vi du nay, tham sé ciia ham print duogc quy dinh 13 hang tham
chiéu (tir khéa const) dé ham nay khdng c6 quyén stra dir lidu nam trong bién
kiéu Time duoc truyén vao.
Khi st dung co ché truyén béng gia tri, chéng han print(Time), mdt ban sao
ctia d6i s6 kiéu Time s& duoc truyén vao ham twong ty nhu ddi véi tham sb
thudc céc kiéu dir liéu khac. Tuy nhién, dé tranh viéc phai ton chi phi tinh todn
va bd nhé cho viée sao chép cdc cau tric ma khong phai cAp quyén sira mot
cach khong can thiét, nguoi ta thuong ding tham sé 12 hing tham chiéu nhu tai
ham print(const Time & t) trong Hinh 7.2 thay vi dung kiéu truyén gi4 tri.
Mot lya chon khdc 1a diing tham s6 1a con trd, chang han

void print(Time * ptrTime)
Va néu khong mudn cho print quyén stra dit liéu ctia bién Time duoc truyén cho
no, ta quy dinh tham $6 12 con tré toi héng kiéu Time, nghia la:
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void print (const Time * ptrTime)

Pé y ring ciu tric Time trong Hinh 7.2 chi bao gdm dit liéu. Phan chuong trinh
xtr ly dir 1iéu cua Time dugc dat ¢ bén ngoai cAu tric dit liéu Time, tai cdc ham
¢6 chirc ning thao tic dit liéu Time. DAy chinh 1a dic diém ciia phong céch lap
trinh hudng thu tyc: dir liéu duoc khai bdo mdt noi va xur 1y dir liu mdt noi. Cu
thé, trong vi du cua ta, cic ham print, setTime va main tuy nim ngoai va doc
1ap v6i Time nhung lai ¢6 toan quyén thao tic dir liéu nam trong cdc bién kiéu
Time, chiang han nhu gdn cho mot bién Time gi4 tri khong hop 1& 3:100:-1. Pay
12 gi6i han ctia cdc ngdn ngit 1ap trinh thi tuc. Céc ngdn ngit l4p trinh hudng dbi
tuong di xa hon va cung cép co ché tu bao vé cho cdc kiéu dit liéu. Ta c6 thé
stra cau tric Time trong Hinh 7.2 dé str dung co ché d6, muc tiép theo s& néi vé
van dé nay.
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// define struct Time and test it.
#include <iostream>

using namespace std;

// Time structure definition
struct Time {

int hour; // ©-23 (24-hour clock format)
int minute; // ©-59
int second; // ©-59

}; // end struct Time

int main()

{

}

Time dinnerTime, midnight; // variables of new type Time

dinnerTime.hour = 18; // set hour member of dinnerTime
dinnerTime.minute = 30; // set minute member of dinnerTime
dinnerTime.second = 0; // set second member of dinnerTime

midnight.hour = 0; // set hour member of midnight
midnight.minute = 0; // set minute member of midnight
midnight.second = 0; // set second member of midnight
cout << "Dinner will be held at "

<< dinnerTime.hour << ":"

<< dinnerTime.minute << ":

<< dinnerTime.second << endl;

cout << "Lights will be switched off at "
<< midnight.hour << ":"
<< midnight.minute <<
<< midnight.second << endl;

return 0;

Két qua chay chuong trinh

Dinner will be held at 18:30:0
Lights will be switched off at 0:0:0

Hinh 7.1: Vi du vé khai bdo va sit dung cau triic div liéu struct.

108



// define struct Time and test it.
#include <iostream>
#include <iomanip>

using namespace std;

// Time structure definition

struct Time {
int hour; // ©-23 (24-hour clock format)
int minute; // ©-59
int second; // ©-59

}; // end struct Time

// print time to the screen
void print (const Time &t)

{
}

cout << t.hour << << t.minute <« << t.second;

// set hour, minute, and second of a Time structure
void setTime (Time &t, int hour, int minute, int second)

{

t.hour = hour; t.minute = minute; t.second = second;

}

int main()

{
Time dinnerTime, midnight; // variables of the type Time
setTime(dinnerTime, 18, 30, 0);
setTime(midnight, @, 0, 0);
cout << "Dinner will be held at ";
print(dinnerTime);
cout << endl;
cout << "Lights will be switched off at ";
print(midnight);
return 0;

¥

Hinh 7.2: Vi du vé ding di ligu cdu triic lam tham sé cho ham.
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7.2. Dinh nghia kiéu dir liéu triru twong bang cau trdc class

Nhu dd néi & trén, ta c6 thé déng géi cdc ham xtr 1y dir liéu vao bén trong kiéu
dir liéu troru twgng. Vi dy, cdc ham print va setTime trong Hinh 7.2 chinh la
mdt tién ich cho kiéu dit liéu Time va nén duoc déng géi vao bén trong kiéu dir
li¢u nay.

CAu tric class cho phép ta thuc hién viéc dong g6i d6. Khi thyc hi¢n cong viéc
nay, ta bit dau budc tir 1ap trinh hudng thi tuc sang 1ap trinh hudng dbi tuong.

Hinh 7.3 minh hoa cdch khai bdo va cai dit 16p d6i twong Time sir dung ciu tric
class. Mot bién khi khai bdo thudc 16p Time thi bién d6 dugc goi 1a mot ddi
tuong Time.

So véi struct Time trong Hinh 7.2, class Time khéc ¢ hai diém: (1) bao gdm
ca cic ham setTime va print; (2) ¢6 thém nhan quyén truy nhdp public. Cac
ham setTime va print ctia 16p d6i tuong Time trong Hinh 7.3 hoat dong gidng
nhu cdc ham tuong (mg trong Hinh 7.2, chi khdc & chd ta khdng can truyén
tham s6 12 mot ddi twgng Time cho cdc ham nay (chi tiét s& dugc giai thich
trong myc sau).

V& mait hoat dong, cai dat cua class Time trong Hinh 7.3 hoan toan tuong
duong voi struct Time trong Hinh 7.2. Cy thé, him main hay mdt ham nao
khéc van c6 thé tao cac ddi twong Time v6i dit liu khong hop 1€. N6i céach khéc,
s0 vi struct Time trong Hinh 7.2, class Time trong Hinh 7.3 méi chi tién
mdt budc la dong goi dir liéu voi phan xur ly.

Cai tién trong Hinh 7.4 12 budc tiép theo, thuc hién dugc nhiém vu kiém soét dix
liu. Trong cai ddt nay, cdc thanh vién dit li¢u duoc gidi han 1a chi duoc truy
nhép tr bén trong class Time, coOn ham setTime ddm bdo dir li¢u dugc gén cho
céc thanh vién dir li¢u phai c6 gia tri hop 1¢. Chi tiét s& duogc giai thich trong cac
muc sau.

Luu ¥ rang ta hoan toan c6 thé ding tir khéa struct thay vi class trong tat ca
cdc trudong hop, nhung theo thong 1€, struct thuong duoc dung cho cic 16p dbi
tugng chi ¢6 dir liéu con class ding cho céc 16p gdm ca dit liéu va ham, nén ta
chuyén sang diing cdu triic class ké tir vi du nay.
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// define class Time and test it.
#tinclude <iostream>
using namespace std;

// class Time definition
class Time {
public:
void print () {
cout << hour <<

<< minute <« << second;

}
void setTime (int h, int m, int s) {
hour = h; minute = m; second = s;

}

int hour; // ©-23 (24-hour clock format)
int minute; // ©-59
int second; // ©-59

}; // end class Time

int main()

{
Time dinnerTime, midnight; // variables of the type Time
setTime(dinnerTime, 18, 30, 0);
setTime(midnight, @, 9, 0);
cout << "Dinner will be held at ";
print(dinnerTime);
cout << endl;
cout << "Lights will be switched off at ";
print(midnight);
return 0;

}

Hinh 7.3: Dong goi cdc ham xir ly dir liéu vao trong class Time.
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// define class Time and test it.
#include <iostream>
using namespace std;

// class Time definition
class Time {
public:

void print () {

cout << hour << ":" << minute << ":" << second;
}
bool setTime (int h, int m, int s);
private:
int hour; // ©-23 (24-hour clock format)

int minute; // ©-59
int second; // ©-59
bool isValid (int h, int m, int s) {
return (h >= 0 & h < 24) &&
(m >= 0 & m < 60) && (s >= 0 && s < 60);
}

}; // end class Time

bool Time::setTime (int h, int m, int s)

{
if (! isvalid(h,m,s)) return false;
hour = h; minute = m; second = s;
return true;

}

int main()

{
Time dinnerTime, midnight; // variables of the type Time
setTime(dinnerTime, 18, 30, 9);
setTime(midnight, @, 0, 0);
cout << "Dinner will be held at ";
print(dinnerTime);
cout << endl;
cout << "Lights will be switched off at ";
print(midnight);
return 0;

}

Hinh 7.4: Bé sung cho class Time khd nding tw kiém sodt tinh hop 1¢ ciia dir li¢u.
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7.2.1. Quyén truy nhap

Khi khai bdo mot 16p ddi tugng, chiing ta mong mudn phan quyén truy nhap va
st dung dir liéu cling nhu cdc ham cua 16p d6. Tac 13, mot s dit liu hay ham
duoc truy nhap va sir dung rong rii boi tit ca cdc ham thudc hay khong thude
16p ddi twong d6. Bén canh d6, ching ta cling mong mudn mot sb dit liéu hay
ham dugc bdo v¢ khai viéc bi truy nhap va stir dung tir bén ngoai. Ttrc 13, chi cac
ham thudc 16p d6 dugc phép truy nhap va st dung, cic ham bén ngoai khong
thudc 16p ddi tugng d6 thi khong duoc phép truy nhap va st dung.

Cic ngdn ngir 1ap trinh huéng ddi twong cung cap cho ching ta co ché dé phan
quyén nhu viy.

Nhin quyén truy nhap (member access specifier) quy dinh quyén truy nhap
dén cic thanh vién caa 16p. Trong s d6 c6 hai loai thudng duoc sir dung 1a:

e public: Dir liéu hay ham thudc loai cong cong (duoc khai bao dudi nhan
public) c6 thé dugc truy nhap va st dung rong rii boi tat ca cdc ham thudce
hay khong thudc 16p ddi twong d6. Trong Hinh 7.4, ham print cua 16p d6i
tugng Time 13 ham public, va ta c6 thé goi né thong qua cic bién midnight
(midnight.print) hay dinnerTime (dinnerTime.print).

e private: Dit liéu hay ham thudc loai riéng tw (duwoc khai bdo dudi nhan
private) chi dugc truy nhép va st dung bdi cdc ham thanh vién thudc 16p
d6. Cac ham bén ngoai khong thudc 16p ddi twong d6 thi khong dugc phép
truy nhap va st dung. Trong Hinh 7.4, céc bién hour, minute, second, va
ham isvalid thudc di€n private va chi c6 cac ham thanh vién print va
setTime 12 c6 thé truy nhép truc tiép, chiang han dé doc/ghi gid tri cua hour.
Trong khi, d6 tai ham main, nghia & & ngoai 16p Time, ta khong thé truy
nhap vao cic bién hour, minute, second hay goi ham isvalid. C4c 1énh sau
day khong hop 1& va s& gy 16i khi bién dich:

dinnerTime.hour = 18;
dinnerTime.isValid(10,3,4);

Loai nhén private nay thuong duoc ding cho cdc ham tién ich chi can diing
dén ¢ bén trong pham vi 16p bdi cac ham thanh vién khac.

Bén canh hai nhin phd bién trén, ta con cdc loai nhin phan quyén khic nhu
protected, friend (ta s€¢ khong noéi dén trong pham vi khéa hoc nay).
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Néu khong diing cdc tir khéa trén dé quy dinh quyén truy nhip mot cdc tudng
minh, thi quyén truy nhap mic dinh cta céc thanh vién cua class 1a private,
con cla struct 12 public. Céc loai quyén truy nhap ngoai mic dinh phai duoc
quy dinh mét cdch tuong minh.

Tuy céc thanh vién private cua mdt 16p khong thé duogc truy nhap truc tiép tir
ngoai nhung chiing c¢6 thé dugc truy nhap gidn tiép théng qua cdc ham ma 16p
danh riéng cho cong viéc nay. Chang han véi cdc ddi twong thudc 16p Time,
ham print cho phép doc va ham setTime cho phép ghi dir li¢u private. Ngoai
ra, setTime coOn c6 mQt chirc ndng quan trong 1a kiém tra tinh hop 1€ cua dir liéu
méi trude khi gan tri cho cdc thanh vién dir lidu (né goi ham isValid). Néu can
thiét, ta co thé bd sung cidc ham getHour, setHour, getMinute, setMinute,
getSecond, setSecond dé truy cap dén céc thanh vién dit liéu private. Cling voi
setTime, ching dugc goi 1a cac ham truy cap (accessor) cia 16p Time, ching
kiém sodt dir lidu duoc ghi vao dbi tugng va quan 1y dinh dang ctia két qua doc
dir liéu cua dbi tuong.

7.2.2. Toan tir pham vi va dinh nghia cac ham thanh vién

Viéc khai bdo va dinh nghia mot ham c6 thé thyc hién dong thoi bén trong mot
16p ddi tugng (chang han ham print trong Hinh 7.4). Nhung ta ciing c6 thé
tach phan khai bdo va dinh nghia m§t ham ra hai noi khéac nhau: phan khai bdo
nam bén trong khai bdo 16p, phan dinh nghia nam bén ngoai khai bio 16p
(chang han ham setTime trong Hinh 7.4). Néu dit dinh nghia ham & bén ngoai
nay, ta phai ding toan tir pham vi (: :) dé chi 1o rang ta dang dinh nghia mot
ham thanh vién cua 16p Time chir khong phai mot ham thong thuong.

Todn tir pham vi chi 16 16p d6i twong ma mot thanh vién thudc vé, cho phép
ham thanh vién d6 c6 duoc tinh chét pham vi nhu thé dinh nghia ctia n6 nam
bén trong khéi dinh nghia ctia 16p dbi twong chu cia né. Vi du, phan than ham
setTime dugc xem 13 nim bén trong pham vi cia 16p Time, do d6, tir ddy van
¢6 thé truy nhap truc tiép céc bién thanh vién loai private thudc 16p Time.

Luu y, cling nhu céc thanh vién dir liéu, do da nam bén trong pham vi ctua 16p
nén cidc ham thanh vién cua cac 16p khac nhau c6 thé trung tén.

Pé y cdc 10i goi ham setTime tir hai ddi twong khac nhau dinnerTime va
midnight trong Hinh 7.3 hay Hinh 7.4, 15i goi ham tir d6i twong nao thi ham
hoat dong trén cic thanh vién dit liéu cia ddi tugng d6. Tuy nhién, ta khong
phai truyén ddi twong vao ham nhu trong Hinh 7.2 — khi ham print 12 ham
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thong thuong chr khong phai ham thanh vién. Li do 1a vi khi goi ham thanh
vién tr mot ddi tuong, ddi tugng d6 duogc tu dong truyén vao ham nhu la mot
tham sb an.

7.2.3. Ham khéi tao va ham hity

Hinh 7.5 12 phién ban mo rong cta cai dit 16p Time trong Hinh 7.4 (cdc phan
<...> trong Hinh 7.5 ¢6 ndi dung giéng nhu doan twong tng trong Hinh 7.4).
Ngoai thanh vién dir 1iéu note, trong Hinh 7.5 con c6 thém cdc ham dac biét 1a
Time(),Time(int h, int m, int s) va~Time(). C4c ham cé tén Time duoc
goi 1a ham khai tao (constructor), con ~Time dugc goi la ham huy (destructor).

Ham khéi tao 1a ham thanh vién dac biét c6 chirc nang khoi tao cac thanh vién
dit liéu cua doi tuong. N6 dugc goi mot cach ty dong khi ddi tuong duogc tao, vi
du khi mot bién thudc 16p dbi twong, chang han ham khéi tao Time() duoc goi
khi 1&énh khai bdo midnightTime duogc thuc thi. Ham khdéi tao phai trung tén voi
tén 16p, khong c6 gid tri tra vé, va khong c6 kiéu gid tri tra v&. Mot 16p c6 thé ¢
vai ham khéi tao hoat dong theo nguyén tic ham tring tén. Khi mot d6i tugng
duogc tao, trinh bién dich s€ chon goi ham nao c6 danh sach tham $6 khép véi
cdc ddi sb duoc cho tai 1énh khai bdo dbi tuong. Trong Hinh 7.5, ddi tuong
dinnerTime duogc khai bdo vé&i 3 dbi s6, cho nén ham khdi tao Time (int h,
int m, int s) s€ duoc ty dong goi khi chay Iénh khao bdo bién dinnerTime.
Trong khi d6, bién midnight duoc khai bdo khéng c6 dbi s6, nén ham khéi tao
Time() khong yéu cau tham sb s& duoc tu dong goi khi chay 1énh khao bdo bién
midnight.

Ham hiy, vi du ~Time(), thyc hi¢n chitc nang ngugc lai voi ham khoi tao. N6
dugc goi tw dong khi mot ddi tugng bi huy khi thoi gian sdng cua né da két thic
hodc khi né 1a mot ddi tugng dugc cip phdt bo nhé dong va dang duoc giai
phéng khéi bo nhd bang 1énh delete. Ham huy phai tring tén véi tén 16p
nhung c6 thém diu nga (~) dit trude. Ham huy khong duoc ¢6 két qua tra vé.

Dbi v6i mot dbi twong c6 thanh vién dir lidu 12 bo nhé dong duoc cip phét trong
thoi gian song cua dbi twong, ham huy 13 noi thich hop dé viét cic 1énh giai
phong phﬁn bo nhd duoc cép phéat d6, ma doan 1énh nay s€ duoc thuc hién tai
thoi diém ma ddi twong bi huy. Trong Hinh 7.5, ham hily ~Time chira mot 1énh
gidi phéng bd nhé dong ma thanh vién dir liéu note trd tdi. Cong viéc nay s€
dugc thuc hién déi véi tung ddi tuong midnight va dinnerTime khi chuong
trinh chay hét thoi gian séng cta ching.
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Ca hai loai ham hay va ham tao déu khong bét budc. Néu khong duoc dinh
nghia, trinh bién dich s& tu tao cdc ham tao va huy mic dinh cé noi dung rdng.
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#include <cstring>
#include <iostream>
using namespace std;

class Time {
public:

Time () { //default constructor
hour = minute = second = 0;
note 0;

}

Time (int h, int m, int s, const char* n) {
setTime(h, m, s);
note = new char [strlen(n) + 1];
strcpy (note, n);

}
~Time () { delete [] note; } //destructor

bool setTime (int h, int m, int s) { <...> }
void print () {

cout << hour << ":" << minute << ":" << second;
if (note != 0) cout << " (" << note << ")";
}
private:
int hour; // ©-23 (24-hour clock format)

}s

int

int minute; // ©-59

int second; // ©-59

char* note;

bool isValid (int h, int m, int s) { <...> }

main()

Time dinnerTime (19, 30, 0, "first date");
Time midnight;

cout << "Dinner will be held at ";
dinnerTime.print();

cout << endl << "Light will be switched off at ";
midnight.print();

return 0;

Hinh 7.5: Ham tgo va ham huiy.
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7.3. Loi ich ciia 1ap trinh hwéng d6i twong

Tai Hinh 7.4, cic nhin quyén truy nhap public va private quy dinh rang céc
thanh vién dit li€u (hour, minute, second) chi dugc phép truy nhap tir bén trong
16p Time (ham main nam ngoai pham vi ndy), con cic ham setTime va print
c6 thé duoc goi tir bat cir dau trong chwong trinh. Trong khi d6, tai Hinh 7.2 céc
thanh vién dit liéu d6 c6 thé duoc truy nhap tir bat cir dau (chang han ham main)
do ¢6 quyén truy nhap mic dinh 12 public.

Diéu d6 c6 nghia 1a dir lidu ciia struct Time c6 thé bi doc va sira doi ty ¥ tai
bat clr doan chuong trinh nao, trong khi d6, tir bén ngoai class Time, dit liéu
chi ¢6 thé dugc doc bang cach goi ham print va duoc ghi bang cich goi ham
thanh vién setTime — noi gid tri md&i duoc kiém tra tinh hop 1€ (goi ham
isvalid) trudc khi cap nhat.

Két qua cua cic khdc biét trén 1a:

Pé lam viéc voi dir liéu kiéu dit liu Time trong Hinh 7.2, cdc doan chuong trinh
bén ngoai phai biét chi tiét cau tao cua Time. Con dbi véi kiéu Time trong Hinh
7.4, cac doan ma khac khi can biét cich sir dung cdc ham print va setTime l1a
du - day chinh 1a giao dién (interface) ctiia Time.

Céc doan chuong trinh bén ngoai cau triic Time & Hinh 7.2 ¢6 toan quyén thao
ting dir liéu cta cc d6i twong Time, con cdu tric Time ¢ Hinh 7.4 ¢6 thé tw dam
bao dugc tinh hop 1¢ dit lidu ciia minh bang viéc cho phép truy nhap c6 kiém
soat qua cac ham thanh vién cua chinh né.

Su khéc biét nay khong c6 nhiéu ¥ nghia d6i v6i mot chwong trinh nho chi do
mot ngudi viét, tuy nhién, né mang lai ich loi quan trong trong qud trinh phat
trién cdc phan mém 1én hon véi nhidu md dun va véi sy tham gia cua nhiéu 1ap
trinh vién, trong d6 c6 viéc ting tinh md dun va giam 16i 1ap trinh.

Tém lai, mdi 16p dbi twong 132 khuén miu hay md hinh cho viéc tao cic ddi
tugng thudc mot kiéu nhét dinh. Lép dbi twong dinh nghia hai loai thanh vién va
mdi d6i twong thude 16p d6 déu cé:

e (Cé4c thanh vién dir liéu mo ta céc thudc tinh cua do6i twong. Vi du la hour,
minute, va second cua cau tric Time.

e Céc ham thanh vién, hay ham, mé ta hanh vi ciia d6i tuong (cdc hanh dong
ma ddi twong ¢ thé thuc hién). Vi du 1a cdc ham print, setTime cia ciu
tric Time.
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Lap trinh hudng dbi twong cho phép don gian héa viéc 1ap trinh. Cic md dun
chuong trinh ¢6 thé két ndi v6i nhau ma chi can biét giao dién ctia nhau. Céc chi
tiét cai dat duoc che dau bén trong cidc md-dun va bén ngoai khong can biét dén.

Lap trinh hudng dbi tugng con gitp tang tinh tdi st dung va kha ning tich hop
cdc md dun phan mém, thé hién & hai diém: cic thanh vién cua mot 16p c6 thé 1a
d6i turong thudc 16p khéc, va cdc 16p méi dugce tao tir 16p cii bang quan hé thira
ké (chu dé nay nam ngoai pham vi khéa hoc nay).

7.4. Bién dich riéng ré

C++ cho phép chia chuong trinh thanh nhiéu phan luu tai cic tép khac nhau,
Céc tép nay c6 thé dugc bién dich riéng ré&, ri lién két (link) v6i nhau trudc khi
chay chuong trinh.

Céch phén chia thong dung nhat 13 dat dinh nghia cia mot 16p ciing véi dinh
nghia cdc ham thanh vién cua né vao cdc tép riéng chir khong dat cuing chuong
trinh su dung class d6. V&i cach nay, ta cé thé xay dung mdt thu vién cac 16p
d6i twong sao cho nhiéu chuong trinh c6 thé ding chung mét 16p. Ta c6 thé bién
dich 16p d6 dling mot 1an va ding né trong nhiéu chuong trinh khac nhau, tuong
tu nhu ta van dung cdc thu vién quen thudc iostream va cstring.

V&i mbi 16p, ta con c6 thé viét dinh nghia ctia né tai hai tép dé tich giao dién
ctia 16p (khéi dinh nghia 16p g6i trong cip ngodc {}) khoi chi tiét cai dat cua 16p
(dinh nghia cdc ham thanh vién). Khi d6, néu ta thay d6i cai dit cia mot 16p ma
van giir nguyén giao dién ctia 16p d6 thi ta chi phai dich lai tép chua cai dit cua
16p d6. Cac tép khac, trong d6 c6 cdc t&p chira cic chuong trinh sir dung 16p do,
khong can phai stra d6i gi va khong can bién dich lai. Hinh 7.6, Hinh 7.7 va
Hinh 7.8 12 két qua cua viéc tich chwong trinh trong Hinh 7.5 thanh ba tép riéng
ré.

Thong 1€ cho viéc tach t€p nhu sau:

e Tép header chira dinh nghia 16p va cdc nguyén mau ham thanh vién, nghia 13
phﬁn nam trong cdp ngodc {}, dugc dat tén c6 phﬁn mo rong la .h (t€p time.h
trong Hinh 7.7). Tép nay phai duoc include trong tat ca cdc tép str dung 16p
Time (c4c t€p time.cpp va main.cpp).

e Tép mi ngudn chira dinh nghia cua cdc ham thanh vién cia 16p, thuong
tring tén véi tén tép header twong Gmg (vi du time.cpp) va c6 phan md rong
1a .cpp hay .cc.
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Céc t€p nay duoc bién dich riéng r€ va lién két voi tép chuong trinh chinh
(main.cpp) trudce khi chay chuong trinh.

Pé y mi ngudn cua tép time.h, ta thdy phan ndi dung tép dugc géi trong bd dinh
huéng tién xur Iy dudi ddy dé tranh viéc ndi dung tép dugc include nhiéu lan
trong mot chuong trinh.

#ifndef TIME H
#define  TIME H

tendif

Poan tién xtr 1y d6 c6 nghia: néu nhdn _ TIME_H__ chua duogc dinh nghia thi
dinh nghia _ TIME_H_ , va doan ma sau d6 cho dén trude #endif moéi duoc
trinh bién dich xét dén. Con néu nhw __ TIME_H__ dd dugc dinh nghia khi trinh
bién dich duyét dén dong #ifndef _ TIME_H__, thi trinh bién dich s€ bo qua
phﬁn ma tiép theo cho dén hét #endif. Dong #define _ TIME_H__ nam trong
tép time.h c6 tdc dung danh dau trang théi rang time.h da duogc include vao
chuong trinh. Cédi tén __TIME_H__ la duoc dat theo thong 1€ dé tuong ung voi
tén t&p time.h.

#tinclude <iostream>
#include "time.h"

using namespace std;

int main()

{
Time dinnerTime (1S, 3@, @, "first date");
Time midnight;

cout << "Dinner will be held at ";
dinnerTime.print();

cout << endl << "Light will be switched off at ";
midnight.print();

return @;

Hinh 7.6: Tép main.cpp chira chwong trinh chinh.
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#ifndef TIME_H
#define TIME H

class Time {
public:
Time () { //default constructor
hour = minute = second = 9;
note = 0;
}
Time (int h, int m, int s, const char* n);
~Time () { delete [] note; } //destructor

bool setTime (int h, int m, int s) ;
void print ();

private:
int hour; // ©-23 (24-hour clock format)
int minute; // ©-59
int second; // ©-59
char* note;

bool isValid (int h, int m, int s);

}s

#tendif

Hinh 7.7: Tép time.h chira dinh nghia cia lop Time.
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#include <cstring>
#tinclude <iostream>
#include "time.h"

using namespace std;

Time::Time (int h, int m, int s, const char* n)
{

setTime(h, m, s);

note = new char [strlen(n) + 1];

strcpy (note, n);

}

bool Time::setTime (int h, int m, int s)
{
if (! isvalid(h,m,s)) return false;
hour = h; minute = m; second = s;
return true;

}

void Time::print()

{
cout << hour << ":" << minute << ":" << second;
i-F (nOte != e) COUt << n (" << note << n ";

}

bool Time::isValid (int h, int m, int s)
{
return (h >= 0 & h < 24) &&
(m>= 0 && m < 60) & & (s >= 0 && s < 60);

Hinh 7.8: Tép time.cpp chira cai ddt lop Time.
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Bai tap

1.

Trinh bay cac su giong nhau va khéc biét gitra cau tric dir liéu struct, va cau
trac dir li€u class.

e Tim hiéu va trinh bay vé 1ap trinh huéng ddi tuong, cic ngdn ngit 1ap
trinh hudng ddi tuong ma ban biét. Su khéc biét, vu diém, nhuoc diém
cua 1ap trinh hudng ddi tuong so vai lap trinh hudng thu tuc.

Trinh bay su khac biét gitta dit liéu va phuong thirc thudc loai private va
thudc loai public. Khi nio thi nén khai bdo bién va phuong thirc thudc loai
private.

Str dung cau tric struct va cau tric class dé luu gitr dit licu va giai quyét cac
bai todn sau day:

3.

Viét mot class chta théng tin vé ba canh cia mot tam gidc va cic phuong
thire:

e Kiém tra xem ba canh d6 c6 thoa man 1a ba canh cta tam gidc hay khong.
e Tinh dién tich tam giéc.
e Kiém tra xem nd 1 tam gidc thudng, tam gidc cin, hay tam gidc déu.

Nhap tir ban phim thong tin vé mot ngiy (mot ngay gom ba thanh phan Ia
ngay, thang, ndm), hdy tinh todn va hién ra man hinh:

¢ Ngay hom trudce.
e Ngay hom sau.
e (Con bao nhiéu ngay nira thi dén ngay 1/1/2020.

Viét mot class Iuu trit théng tin v& mot sinh vién ( tén tudi, ngay thang nim
sinh, qué qudn, 16p hoc, Iyc hoc tir 0,0 dén 10,0) va cic phuong thirc tinh
toan:

e Sinh vién d6 bao nhiéu tudi tinh dén ngay hom nay.
e Phan loai hoc lyc cua sinh vién d6 (kém, trung binh, gioi, xudt sic).

¢ Qué quan thudc c6 thudc ba thanh thanh phé 16n (Ha Noi, HO Chi Minh,
Pa Nang) hay khong.
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6. Nhap vao tor ban phim mot danh sach sinh vién. Hay tinh va hién ra man
hinh:

e Thong tin vé tat ca cdc ban tén 12 Vinh
e Thong tin vé tat ca cdc ban qué & Ha Noi

e Cho biét tong sb ban c6 hoc luc kém (<4), hoc luc trung binh (>4 va <8),
hoc lyc gidi (=8).

7. Sir dung cau tric dit liéu class va mang dong dé luu giit danh séach sinh vién
mot 16p hoc. Hay kiém tra xem c6 hai ban sinh vién nao trung nhau tat ca
cac thong tin.
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Chuong 8. Vao ra dir liéu

Tat ca cdc chuong trinh ma ta da gip trong cudn sach nay déu 13y dir liéu vao tir
ban phim va in ra man hinh. Néu chi ding ban phim va man hinh 1a cdc thiét bi
vao ra dir lidu thi chuong trinh cua ta khé c6 thé xur 1y duoc khéi lugng 16n dit
liéu, va két qua chay chuong trinh s& bi mat ngay khi ta déng ctra s6 man hinh
output hodc tit mdy. Dé cai thién tinh trang ndy, ta c6 thé luu dit lidu tai cdc
thiét bi luu trir thir cip ma thong dung nhat thudng 12 6 dia cing. Khi d6 dir licu
tao bdi mdt chuong trinh c6 thé duoc luu lai dé sau nay dugc sir dung bdi chinh
n6 hodc céc chuong trinh khac. Dir liéu luu trtr nhu vdy dugc dong goéi tai cac
thiét bi luu trit thanh cic cdu trdc dit liéu goi 1a tép (file).

Chuong nay sé& gidi thiéu vé cach viét cdc chuong trinh 14y dit liéu vao (tir ban
phim hodc tir mQt t€p) va ghi dir li€u ra (ra man hinh hoac mat tép).

8.1. Khai niém dong dir liéu
Trong mdt s6 ngdn ngit 1ap trinh nhu C++ va Java, dit liéu vao ra tir tép, ciing
nhu tir ban phim va man hinh, déu dugc van hanh théng qua cic dong dir liéu

(stream). Ta c6 thé coi dong dit li€u 1a mot kénh hodc mach dan ma dir liéu
duogc truyén qua dé dé chuyén tir noi giri dén noi nhan.

Dir liéu duoc truyén tu chuong trinh ra ngoai theo mot dong ra (output stream).
D6 c6 thé 1a dong ra chuan ndi va dua dit liéu ra man hinh, hodc dong ra ndi voi
mot tép va déy dir liéu ra tép do.

Chuong trinh nhan dir liéu vao qua mdt dong vao (input stream). Dong vao thi
c6 thé 1a dong vao chuan n6i va dua dir li€u vao tir man hinh, hodc dong vao noi
voi mot tép va nhan dir li¢u vao tir tép do.

Dir liéu vao va ra cé thé la cac ki tu, s, hodc cac byte chira c4c chit s6 nhi phan.

Trong C++, céc dong vao ra duoc cai dat bang cac dbi tuong cua céc 16p dong
vao ra dic biét. Vi du, cout ma ta van diing dé ghi ra man hinh chinh 12 dong ra
chuan, con cin 12 dong vao chudn ndi v6i ban phim. Cé hai déu 1a cdc ddi tuong
dong dit liéu (khai niém "d6i twong" nay cé lién quan dén tinh ning hudéng dbi
tugng ctia C++, khi néi vé cdc dong vao/ra cia C++, ta s& phai dé cap nhiéu dén
tinh nang nay).
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8.2. Tép van ban va tép nhi phan

Vé ban chét, tat ca dit liéu trong céc tép déu duoc luu trit dudi dang mot chudi
cic bit nhi phan 0 va 1. Tuy nhién, trong mot s hoan canh, ta khéng coi ndi
dung cia mot tép 12 mot chudi 0 va 1 ma coi tép d6 1a mot chudi cac ki tw. Mot
$6 tép duoc xem nhu 1a céc chudi ki tu va dugc xur ly bé”mg cdc dong va ham cho
phép chuong trinh va hé soan thao van ban cua ban nhin cac chudi nhi phan nhu
12 cdc chudi ki tu. Ching duogc goi 1a cic tép van ban (text file). Nhitng tép
khong phai tép vin ban 1a tép nhi phan (binary file). Mdi loai tép dugc xir 1y
bdi cdc dong va ham riéng.

Chuong trinh C++ cua ban dugc luu trit trong tép van ban. C4c tép anh va nhac
1a cdc tép nhi phan. Do tép vin ban la chudi ki ty, ching thuong trong gidng
nhau tai cdc mdy khic nhau, nén ta c6 thé chép ching tir mdy nay sang mdy
khédc ma khong gip hodc gip phai rat it rac rdi. Noi dung cua céc tép nhi phan
thuong 14y co s& 1a céc gid tri s6, nén viéce sao chép ching giita cdc mdy cé thé
gap rdc r6i do cdc mdy khac nhau c6 thé dung cac quy cach luu trix sO khong
gidng nhau. Céu tric ciia mot s6 dang tép nhi phan da duoc chuan héa dé ching
6 thé duoc sir dung théng nhét tai cdc platform khdc nhau. Nhiéu dang tép anh
va am thanh thudc dién nay.

MGdi ki tu trong mdt tép vin ban duoc biéu dién bang 1 hodc 2 byte, tuy theo d6
l1a ki ty ASCII hay Unicode. Khi mdt chuong trinh viét mot gid tr1 vao mot tép
van ban, cdc ki tu dugc ghi ra tép giéng hét nhu khi ching dwgc ghi ra man hinh
béng cach su dung cout. Vi dy, hanh dong viét s6 1 vao mot tép s& dan dén két
qua la 1 ki ty dugc ghi vao tép, con véi s6 1039582 1a 7 ki tu duoc ghi vao tép.

Céc tép nhi phén luu tit ca cdc gid tri thuoc mot kiéu dit liéu co ban theo ciing
mot cach, giéng nhu cich dir liéu duoc luu trong by nhé mdy tinh. Vi duy, moi
gid tri int bat ki, 1 hay 1039582 déu chiém mdt chudi 4 byte.

8.3. Vaoratép

C++ cung cap cic 16p sau dé thyuc hién nhap va xuat dit lidu ddi voi tép:
e ofstream: 16p danh cho cac dong ghi dir li¢u ra t&p
e ifstream: 16p danh cho cidc dong doc dir li€u tur t&p

e fstream: 16p danh cho cic dong vira doc vira ghi dir liéu ra tép.
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Péi tugng thude céc 16p nay do quan hé thira ké nén cach sir dung ching khé
gidng vé6i cin va cout — cdc dbi tuong thudc 16p istream va ostream — ma
ching ta di ding. Khac biét chi 1a ¢ chd ta phai ndi cdc dong d6 véi céc tép.

#include <iostream>
#include <fstream>

using namespace std;

int main ()

{
ofstream myfile; // declare an output file stream object
myfile.open ("hello.txt"); // open a file to write
myfile << "Hello!\n"; // write a string to the file
myfile.close(); // close the file
return @;

}

Hinh 8.1: Cdc thao tdc co bdn vdi tép vin bdn.

Chuong trinh trong Hinh 8.1 tao mét t€p c6 tén hello.txt va ghi vao dé mot cau
"Hello!" theo cdch ma ta thuong lam ddi véi cout, chi khdc & chd thay cout
bang d6i twong dong myfile da duoc nbi voi mot tép. Sau ddy 1a cic budc thao
tac voi tep.
8.3.1. Mo tép
Viéc dau tién 12 ndi dbi twong dong véi mot tép, hay néi cach khic 1a mé mot
tép. Két qua 1a dbi twong dong s& dai dién cho tép, bat ki hoat dong doc va ghi
d6i voi d6i tuong d6 s& duogc thuc hién d6i voi tép ma né dai dién. BEé mo mot
tép tur mot dbi tuong dong, ta dung ham open cua no6:

open (fileName, mode);
Trong d6, fileName la mot xau ki tu thudc loai const char * véi két thic 1a ki

tr null (hé‘mg xau ki ty cling thudc dang nay), 1a tén cua t&p can md, va mode 1a
tham sd khong bat budc va la mot to hop cua cac co sau:
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ios::in m¢o dé doc
ios::out mo de ghi
ios::binary m¢ ¢ dang tép nhi phan

ios:-ate  dat vi i bat ddu doc/ghi tai cudi tép. Néu co nay khong
dugc dat gia tri g1, vi tri khoi dau s& 1a dau tep.

ios: :app mo dé ghi tiép vao cudi tép. Co nay chi duoc diing cho dong
m tép chi dé ghi.

. néu tép duoc mo dé ghi da c6 tr trude, ndi dung cii s€ bi x6a
l1os::trunc P .
dé ghi ndi dung moi.
Céc co trén c6 thé duoc két hop v6i nhau bang toan tir bit OR (]). Vi dy, néu ta
mudn mo tép people.dat theo dang nhi phan dé ghi bé sung dir lidu vao cubi tép,
ta dung 101 goi ham sau:

ofstream myfile;

myfile.open ("people.dat",

ios::out | ios::app | ios::binary);

Trong truong hop 101 goi ham open khong cung cip tham s mode, chang han

Hinh 8.1, ché d6 mic dinh cho dong loai ostream la ios: :out, cho dong loai

istreamla ios::in, va cho dong loai fstreamla ios::in | ios::out.

Cach thir hai dé nbi mot dong véi mot tép 1a khai bdo tén tép va kiéu mo tép

ngay khi khai bdo dong, ham open s& dugc goi véi céc dbi sé twong tmg. Vi dy:
ofstream myfile ("hello.txt",

ios::out | ios::app | ios::binary);

Pé kiém tra xem mot t&p cé dugc md thanh coéng hay khong, ta ding ham thanh
vién is_open(), ham nay khong yéu cau dbi s6 va tra vé mot gid tri kiéu bool
bang true néu thanh céng va bang false néu xay ra truong hop nguoc lai

if (myfile.is open()) { /* file now open and ready */ }

8.3.2. Pong tép

Khi ta hoan thanh céc cong viéc doc dir licu va ghi két qua, ta can dong tép dé
tai nguyén clia né trd vé trang thdi san sing duoc sir dung. Ham thanh vién nay
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khong c¢6 tham sd, cong viée ctia né 12 xa cdc viing b nhé cé lién quan va déng
tép:

myfile.close();
Sau khi tép duoc ddng, ta lai c6 thé ding dong myfile dé mo tép khéc, con tép
vira dong lai c6 thé dugc md bdi céc tién trinh khéc.
Ham close ciing dugc goi tu dong khi mot déi twong dong bi hay trong khi né
dang nbi voi mot tép.
8.3.3. Xir ly tép van ban

Ché d6 dong tép vin ban duoc thiét 1ap néu ta khong ding cd ios: :binary khi
mo tép. Cdc thao tdc xudt va nhap dit liéu dbi véi tép van ban duogc thuc hién
twong tu nhu céch ta lam véi cout va cin.

#include <iostream>
#tinclude <fstream>

using namespace std;

int main ()

{
ofstream courseFile ("courses.txt");
if (courseFile.is open())
{
courseFile << "1 Introduction to Programming\n";
courseFile << "2 Mathematics for Computer Science\n";
courseFile.close();
}
else cout << "Error: Cannot open file";
return 0;
}

Két qua chay chuong trinh [tép courses.txt]

1 Introduction to Programming
2 Mathematics for Computer Science

Hinh 8.2: Ghi dir liéu ra tép van bdn.
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#include <iostream>
#include <fstream>
#include <string>

using namespace std;

int main ()
{
ifstream file ("courses.txt");
if (file.is_open())
{
while (! file.eof())
{
string line;
getline (file,line);
cout << line << endl;

}

file.close();

}

else cout << "Error! Cannot open file";

return 0;

¥
Két qua chay chuong trinh

1 Introduction to Programming
2 Mathematics for Computer Science

Hinh 8.3: Doc dir liéu tir tép van bdn.

Chuong trinh vi du trong Hinh 8.2 ghi hai dong van ban vao mot té€p. Chuong
trinh trong Hinh 8.3 doc ndi dung tép d6 va ghi ra man hinh. Pé y rang trong
chuong trinh thir hai, ta ding mot vong lap dé doc cho dén cudi tép. Trong do,
myfile.eof() 12 ham tra vé gid tri true khi cham dén cubi tép, gia tri true ma
myfile.eof() tra vé da duoc dung 1am diéu kién két thiic vong 1ap doc tép.

Kiém tra trang thai ciia dong

Bén canh ham eof () c6 nhi¢m vu ki€m tra cudi t€p, con c6 cdc ham thanh vién
khic dung dé ki€ém tra trang thai cua dong:
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tra vé true néu mot thao tic doc hodc ghi bi thét bai. Vi du khi ta
bad() c6 viét vao mot tép khong dugec md dé ghi hodc khi thiét bi luu
trit khong con chd tréng dé ghi.

tra vé true trong nhimng truong hop bad() tra vé true va khi c6
fail() 15i dinh dang, chang han nhu khi ta dang dinh doc mot s6 nguyén
nhung lai gdp phai dir liéu 1a céac chit cai.

eof()  tra vé true néu cham dén cudi tép

good() tra vé false n€u xdy tinh hudng ma madt trong cidc ham trén néu
duoc goi thi s€ trd vé true.

Pé dat lai co trang thai ma mot ham thanh vién nao d6 da danh dau trudce d6, ta
dung ham thanh vién clear.

Con tré get va put ciia dong

Madi ddi tuong dong vao ra co it nhat mot con tré ndi bd. Con trd ndi bd cla
ifstream hay istream dugc goi la con tré get hay con tré doc. N6 chi tdi vi
tri ma thao tac doc tiép theo s€ duoc thuc hién tai d6. Con tré ndi by cua
ofstream hay ostream dugc goi la con tré put hay con tré ghi. N6 chi tdi vi
tri ma thao tac ghi tiép theo s& dugc thuc hién tai d6. Cubi cung, fstream c6 ca
con tr get va con tro put.

DPé dinh vi vi trf hién tai cua cédc con trd get va put, ta ¢6 cdc ham thanh vién
tellg va tellp. Cdc ham nay tra vé mot gia tri thudc kiéu pos_type, 12 kiéu dir
liéu s6 nguyén biéu dién vi trf hién tai (tinh tr dau tép) cua con tro get cia dong
(néu goi ham tellg) hodc con trd put cia dong (néu goi ham tellp).

DPé dat lai vi trf cia cdc con trd get va put, ta c6 cdc ham seekg(offset,
direction) va seekp(offset, direction) c6 cong dung di Chuyén cic con
tro get va put téi vi tri offset. Trong do, offset dugc tinh tur dau tép néu
direction la ios::beg (gid tri mac dinh cua direction), tu cudi tép néu
direction 12 ios: :end, va tr vi tr hién tai néu direction 12 ios: : cur.

Hinh 8.4 minh hoa céch sir dung céc con trd get va put dé tinh kich thuéc cua
mot tép van ban.
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#include <iostream>
#tinclude <fstream>

using namespace std;

int main ()

{

ifstream file ("courses.txt");

long begin = file.tellg();
file.seekg (0, ios::end);
long end = file.tellg();
file.close();

cout << "The size is " << (end - begin) << " bytes.\n";

return 0;

¥
Két qua chay chuong trinh

The size is 65 bytes.

Hinh 8.4: Diing con tré dong dé xdc dinh kich thwdc tép.
8.3.4. Xir Iy tép nhi phan

Pé doc va ghi dit liéu véi tép nhi phan, ta khong thé diing céc todn tir <<, >> va
cdc ham nhu getline do dit lidu ¢6 dinh dang khac va cdc ki tu trang khong
dugc diing dé tach giita cdc phan tir dit liéu. Thay vao d6, ta ding hai ham thanh
vién duoc thiét ké riéng cho vi¢c doc va ghi dir liéu nhi phan mot cach tuan tu 12
write va read. Cich dung nhu sau:

output_stream.write(memory_block, size);
input_stream.read(memory_block, size);

Trong d6 memory_block thudc loai "con tré tdi char" (char*), né dai dién cho
dia chi cia mdt mang byte luu trit cac phﬁn tir dir li€u doc duoc hoac cac ph?ln
tr can duge ghi ra dong. Tham s6 size 12 mot gia tri nguyén xéac dinh s6 ki tu
can doc hodc ghi vao mang doé.

Céc chuong trinh trong Hinh 8.5, Hinh 8.6 va Hinh 8.7 minh hoa viéc doc va
ghi dr liéu kiéu nguoi dung ty dinh nghia tir t¢p nhi phan.
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#ifndef STUDENT_H
#define STUDENT_H

#include <iostream>
using namespace std;

#define MAX_NAME_LENGTH 20

struct Student {
char name [MAX_NAME_LENGTH + 1];
float score;

Student () { name[@] = '\@'; score = 0; }
Student (const char*, float);
void println() {

cout << name << "\t" << score << endl;

}

}s

Student::Student (const char* n,float s)

{
int length = strlen(n);
if (length > MAX_NAME_LENGTH) length = MAX_NAME_LENGTH;
strncpy(name, n, length);
name[length] = '\@'; // mark the end of the string
score = s;

}

#endif

Hinh 8.5: Kiéu bén ghi don giin Student.
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#include <iostream>
#include <fstream>
#include <cstring>
#include "student.h"

using namespace std;

int main ()

{
ofstream myfile ("scores.dat", ios::binary | ios::out);
if (myfile.is open())
{
Student anne("anne", 10);
Student julia("julia", 9);
Student bob("bob", 3);
myfile.write((char *)(&anne), sizeof(Student));
myfile.write((char *)(&julia), sizeof(Student));
myfile.write((char *)(&bob), sizeof(Student));
myfile.close();
}
else cout << "Error: Cannot open file";
return 0;
}

Hinh 8.6: Ghi dir li¢u ra tép nhi phan.
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#include <iostream>
#tinclude <fstream>
#include <cstring>

#include "student.h"

using namespace std;

int main ()

{

ifstream myfile ("scores.dat", ios::binary);
if (myfile.is open())

{
while (! myfile.eof() )
{
Student student;
myfile.read((char *)(&student), sizeof(student));
if (myfile.good()) student.println();
}
myfile.close();
}

else cout << "Error! Cannot open file";

return 0;

Hinh 8.7: Doc dir liéu tir tép nhi phdan.
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Bai tap

1. Nhap vao tir ban phim mot danh sich sinh vién. Méi sinh vién gém co
cic thong tin sau day: tén tudi, ngay thang niam sinh, noi sinh, qué quén,
16p, hoc luc (tir O dén 9). Hay ghi thong tin vé danh sach sinh vién d6 ra
tép van ban student.txt

Sau khi thuc hién bai 1, hay viét chuong trinh nhap danh sach sinh vién tu tép
van ban student.txt rdi hién thi ra man hinh:

e thong tin vé tht ca céc ban tén la Vinh ra t€p van ban vinh.txt
e thong tin tat ca cdc ban qué ¢ Ha Noi ra tép van ban hanoi.txt

° Téng $6 ban c6 hoc lyc kém (<4), hoc lyc trung binh (>4 va <8), hoc
luc gioi (=8) ra t€p van ban hocluc.txt.

e Sau khi thuc hi¢n bai 2, hay viét chuong trinh cho biét kich thudc cua tép
van ban student.txt, vinh.txt, hanoi.txt, hocluc.txt. Két qua ghi ra tép van
ban all.txt.

e Viét chuong trinh kiém tra xem tép van ban student.txt ¢ ton tai hay
khong? Néu ton tai thi hién ra man hinh cdc thong tin sau:

e S6 luong sinh vién trong tép

e S lugng dong trong tép

e Ghi vao cudi tép van ban dong chit “CHECKED”

e Néu khong ton tai, thi hién ra man hinh dong chit “NOT EXISTED”.

e Tép vin ban number.txt gdm nhiéu dong, méi dong chira mot danh sich
céc s6 nguyén hoac thuc. Hai ) dung lién nhau cédch nhau it nhat mot
dau cach. Hay viét chuong trinh tong hop céc thong tin sau va ghi vao tép
van ban info.txt nhirng thong tin sau:

e S6 luong sb trong tép
e S lugng céc sb nguyén

® SO lugng cédc so thuc
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Luu y: Test chuong trinh v6i1 ca truong hop t€p van ban number.txt chira
mdt hay nhiéu dong tring & cudi tép.

¢ Trinh bay sy khiac nhau, vu di€m, nhugc diém gitta t€p van ban va tép
van ban nhi phan.
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Phu luc A. Phong cach lap trinh

Phan nay gidi thiéu nhitng diém co ban ma 1ap trinh vién nén lam theo dé
chuong trinh d& doc, d& hiéu, va dat dugc hiéu qua cao. V& co ban, chuong trinh
can viét twong minh, don gian, d& hiéu. Khong nén sir dung céc cau tric 1énh
phtrc tap d& dan dén nham 1an va khé tim 16i.

A.1. Chu thich

Trudc va trong khi 14p trinh can phai ghi chd thich cho cdc doan ma trong
chuong trinh. Viéc chd thich gitp ching ta hiéu mot céch rd rang va tudng
minh hon vé cong viéc ching ta can 1am. Quan trong hon, ching sé& gitp ching
ta d& dang hiéu khi chiing ta quay lai kiém tra hoic tiép tuc 1am viéc v6i chuong
trinh. Pdc biét quan trong 1a gidp chiing ta ¢6 thé chia sé va cling phdt trién
chuong trinh theo nhém trong mot thoi gian dai.

Cu the 13, doi véi moi ham, dac bi¢t 1a cdc ham quan trong, ching ta can xac
dinh va ghi chd thich v€ nhiing van dé co ban sau:

e Muc dich cua ham la gi?

e Bién dau vao ctia ham (tham bién) 1a gi?

e Cic diéu kién rang budc cua cic bién dau vao néu c6?

e Két qua tra vé ctia ham 1a gi?

e Cic rang budc cua két qua tra ra néu cé.

e Viéc chd thich s& gitip ching hiéu 13 rang vé yéu cau ctia ham.

Vi du:
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// the function calculate the sum of two digits
// input: two integer numbers smaller than 10
// output: an integer number
getSum (int x, int y)
{

int sum = x + y;

return sum;

}
A.2. Chia nhé chwong trinh

Trong 1ap trinh, ngudi ta thuong sir dung chién luoc chia dé tri, tirc 1a chuong
trinh dugc chia nho ra thanh cic chuong trinh con. Vi¢c chia nho ra thanh cac
chuong trinh con lam tdng tinh m&dun cua chuong trinh va mang lai cho 1ap
trinh vién kha nang tai st dyng ma.

Ngudi ta khuyén rang do dai mdi chwong trinh con khong nén vuot qua mot
trang man hinh dé 1ap trinh vién c6 thé kiém sodt t6t hoat dong ciia chwong trinh
con do.

A.3. Bién toan cuc

Xu huéng chung 1a nén han ché sir dung bién toan cyc. Khi nhiéu ham ciing st
dung mot bién toan cuc, viéc thay doi gia tri bién toan cuc ctia mdt ham nao dé
c¢6 thé dan dén nhiing thay d6i khong mong mudn & cdc ham khéc. Bién toan
cuc s€ lam cho cdc ham trong chuong trinh khong doc 1ap véi nhau.

A.4. Cach dat tén bién

Tén bién nén d€ doc, va goi nhd dén cong dung cua bién hay kiéu dir liéu ma

bién s€ luu trir. P61 v61 nhitng bién gom nhiéu tu, thi cac tir nén viét lién nhau

va chit cdi dau ti€n cuia céc tir phia sau nén dugc viét hoa. Vi du
numberStudents, savingAccount

C4c bién hang nén viét hoa. Néu bién hang gom nhiéu tu, thi cdc tor nén chia

céch bang dau gach chan. Vi du
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PI, NUMBER_ITERATION

A.5. Cach dat tén ham

Tén ham nén dé doc, va goi nhd dén muc dich cua ham. Tén ham nén bat dau
bang mdt dong tr. DOi voi nhiing ham gdm nhiéu tir, thi cdc tir nén viet lién
nhau va chit cdi dau ti€n cua céc tir phia sau nén dugc viét hoa. Vi du

getSum, getMin, calculateScores

A.6. Biéu thire

Céc biéu thirc can viét don gian, gan gon va d& hiéu. Cdc biéu thirc dai c6 thé
tach nho ra sir dung cic bién trung gian. Nén st dung cédc cip ddu ngoic dé
trach su nhap nhﬁng va nham 13n vé thi tu thuc hién cac phép todn trong biéu
thirc. Vi du:

sum = a *b +a *b * c - d/e
C6 thé viét thanh

ab = a * b;
sum = ab * (c + 1) - (d/e);

Luu ¥: Biéu thuc diéu kién ciing nén tuan th theo nguyén tic trén.
A.7. Vonglap

Khong nén st dung nhiéu céc 1énh nhay nhu break, hay continue dé thodt ra
khoi vong lap. V6i mdi vong lap, nén xéc dinh ro rang didu kién dé vong lap két
thuc.

A.8. Khoéi chwong trinh

Cic doan chuong trinh can duoc trinh bay theo thanh timg khdi (st dung céc
dau cdch). Viéc trinh bay theo khdi sé gitp ching ta d& dang hiéu duoc ciu tric
va thtr tu thuc hién cac 1énh. Vi du:
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while (!done)

{
doSomething ();
done = check ();
}
A.9. Lép

Moi 16p (class) nén tich ra thanh hai tép ri€éng biét. T¢p header (.h) chira khai
béo vé 16p, con tép ngudn (.cpp) chira dinh nghia vé céc phuong thirc cua 16p.
Viéc tach nay s& d& dang cho chiing ta trong viéc theo ddi, tim hiéu va phat trién
chuong trinh. Vi du:

time.h, time.cpp
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Phu luc B. Dich chwong trinh C++ bang GNU C++

B.1. Dich va lién két
Qua trinh tao tép thuc thi duogc tir cdc t&p ma nguén ¢6 hai budc.

Budc 1: bién dich cdc tép ma ngudn thanh céc tép mi object. Cdc tép c6 md
rong .cpp hodc .cc dugc dich thanh céc t€p c6 md rdng .o.

Budc 2: lién két céc tép ma object thanh mdt t&€p thuc thi dugc. Cac t€p c6 md
rong .o duogc lién két v6i nhau thanh mot tap thuc thi dugc (dudi .exe trong modi
truong DOS/Windows).

Néu chuong trinh chi gdm mét tép mi ngudn, vi du count.cpp, ta chi can chay
1énh

g++ -0 count.exe count.cpp
Két qua 1a mot tép thuc thi dugce c6 tén count.exe. Hodc ta chi dung 1énh
g++ count.cpp

Két qua 12 mét tép thuc thi dugc c6 té€n mac dinh (a.out trong mdi truong
Unix/Linux).

Néu chuong trinh bao gdm nhiéu tép mi ngudn, ching han time_test.cpp (chta
ham main), time.cpp, time.h, ta dich ting tép c6 dudi cpp hodc cc bﬁng Iénh sau

g++ -c file.cpp

Sau d6 lién két lai bang Iénh

g++ time_test.o time.o -0 time_test.exe
B.2. Tién ich make cia GNU

make 12 mot hé thong duoc thiét ké dé xdy dung cdc chuong trinh tir cdc cdy ma
ngudn 16n. Tir dic ta cta lap trinh vién vé ciy mi ngudn, tién ich make s& goi
trinh bién dich va lién két mot cich hiéu qua nhat dé xay dung chwong trinh
thuc thi duoc. bé dung tién ich make cho mot chuong trinh, 1ap trinh vién phai
tao mot té€p c6 tén Makefile nam trong cung thu muc véi cic t€p ma nguén.
Tép nay chira cdc 1énh hudng din make 1am gi va 1am thé nao dé xdy dung
dugc chuong trinh.

142



Makefile g@)m céc bo dic ta, moi bd quan ly viéc cap nhat mot t&p.

Mdi bd dic ta cua mot tép Makefile gém 3 phén: dich (target), cdc quan hé phu
thudc (dependency), va cdc chi thi (instruction). Cong thirc nhu sau:

TargetFile: DependencyFile, DependencyFile, ... DependencyFile,

trong do6, TargetFile la tép can cap nhat va mdi DependencyFile; 12 mét tep
ma TargetFile phu thudc vao né. Dong thtr hai ctia bo déac ta 1a mot 1€nh dich
TargetFile, 1énh nay phai c6 mot ki ty TAB dtng trude va két thic bang ki tu
Xuéng dong. Vi dy, bg dac ta dau tién trong Makefile cda ching ta nhu sau:
time test.exe: time.o time_test.o

g++ time.o time_test.o -o time_test.exe
trong d6 dong dau chi ra rang time_test.exe phu thudc hai tép time.o va
time_test.o, dong thir hai 1a 1énh diing g++ dich ra tép time_test.exe.

Tiép theo, time.o khdng c6 sin ngay khi bién dich 1an dau, cho nén ta phai viét
bo dac ta cho tép nay:

time.o: time.cc time.h
g++ -c time.cc

Tuong tu 1a by dac ta cho time_test.o

time test.o: time.cc time.h
g++ -c time_test.cc

Do d6, Makefile s€ c6 dang:

time_test: time.o time_test.o
g++ time.o time_test.o -o time_test

time.o: time.cc time.h
g++ -c time.cc

time_test.o: time.cc time.h
g++ -c time_test.cc

Va khi ta g6 tir ddu nhac dong 1énh

make
chuong trinh make s€ doc Makefile va thuc hién cic cong vi¢c sau:
1.théyrﬁngthne_&mtexephuthu@cVéothneo,Vi

a) Kiém tra time.o, théy n6 phu thude time.cc va time.h;
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b) Xéc dinh xem time.o di 15i thoi chua (cii hon ban méi nhét cia cdc
tép time.cc va time.h)

¢) néu da 15i thoi thi chay 1énh g++ -c time.cc dé tao time.o
2. thay rang time_test.exe ciing phu thudc vao time_test.o, va
a) Kiém tra time_test.o, théy n6 phu thudc time_test.cc va time.h;

b) Xéc dinh xem time_test.o da 15i thoi chua (chua duoc dich tir ban
méi nhit cua cdc tép time_test.cc va time.h)

c) néu da 16i thoi thi chay lénh g++ -c time_test.cc dé tao
time_test.o

3. théy réng tat ca céc tép ma time_test.exe phu thude déu da duogc cap nhat,
nén n6 chay Iénh g++ time.o time_test.o -o time_test dé tao
chuong trinh time_test.exe.
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