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LOT NOI PAU

T duy lap trink trong nhitmg nam gan day da od su bién chuyén tom. D6 e
S ra dot cia phuong phdp ldp trinh hudng doi niigng. Vot phicong phdp lap
trinh nay, nhitng nguoi lap trinh khéng con o ngat rudc nhitng chuong trinkh Ion
va phatc tap. Ldp trinh hitdng déi twong cho 1a mor cach 16 chite cde chitong
trinit. N6 lam viéc véi toan bg 6 chite ciia chuong trink chir khong quan tam 17
cde chi tiét ciia hoat dgng dp trink. Bdi vay. nhitng chitong trinh phite tap tré
nén don gidn, dé hiéu. Trong khi nhitng phuong phdp ldp trinh truce ddy, vi chi
quan tam dén nhiing chi tiét lap rinh nén did bé e va tham chi that bai o
nhitng vdn dé phitc tap. Ngodi ra, lip trinh hudmyg doi twgng rar gdn véi thé gidi
thie. Co the ndi lé né cho phép ta mé hinh héa thé’ gidi thite vao trong chuong
trinh vi né doi xik voi cdc doT tugng chitong trink nine cdc thuc thé ciia thé’ gidi
thuc. Chinh sy gan giti nay lam chiong trinh ré rang hon, dé hiéu hon va dé
guan Iy hon. '

Nam 1980 1ai Bell Laboratories o Murry Hill, bang New Jersey cuu M3,
Bjarne Stroustrup dd dia ra phién ban daw tién ciic C diedi tén “C 6 lop™ vi
C™" dita trén co sd cria C. Nam 1983 tén nay duoc ddi thanh C** Ngon ngit lap
trinki nay dd ro thanh ngén ngie Igp trinh hwong doi tigng noE hat trong nhing
nam 1990 vi nd 1a thé hién cia phicong phép lugn hudny doi riwony. Neodi ru,
no con 1a siy thé hién cia nhiéu ¥ tudng doc dio khic LHIp o ra nhitng chuony
trink linh hogt, bén vitng va dé md rong. Viée phat trién C** vdn con li “cong
viée dang tién hani™ nghfa Id vdn con 6 nhitng d6i mdoi trong titong lai. Tuy
nhién, cudi ciing, ngon ngit C** ¢ thay thé' vai tro thong Iinh cia necn ngit C.

Vinliing Iy do néu trén. gido trinh néy sé trinh bay niing v tuong ctia ngén
ngtt ldp trinh C* dong thot voi Inedng ddn cach iing dung nhitng diéu vita hoc
thong qua cdc vi du. Phirong phap néay ddm bdo cho ngueeyi doc hiéu ddy di tir 3
tidng nay sang v tudng khic. O phan hai, gido trinh nay ¢on trinh bay cdch cai
ddt mot 56 cdu tride dit ligw co bdn bang ngon ngit lap trinh C** Vi thei glan o
han. phan hai chua trink bay dige day di nhur tie gid mong muén.

Day la gido tinh gidng day cla khoa Dign 6t — Vidn thong, meomg Dai hoe
Bich xhoa Ha NOi va I i bw tham khdo cho sinh vién cdc tneomg Dai hoe kp
thudt va Dai hoc khoa hoc ne nhitn ciing nhue ky su céc nginh.

Tac gid chin thinh cm on nhimg ngudi da dong gop cho qud trink soan thio
gido winh niy va moi y kién gdp ¥ dé gido tinh s¢ ngly cang dupc hotn thicn
hom, xin gui vé dia chi : khoa Dign it — Vign thong tudmg Dai hoe Bich khoa
Ha Noi

Tac gida



PHAN I

NGON NGU LAP TRINH ¢+

CHUONG 1

CAI NHIN PAU TIEN VE LAP TRINH
HUGNG POI TUQGNG VA C*+

L.L. TAI SAO CHUNG TA CAN LAP TRINH HUSNG BGI TUGNG ?

Lap trinh hudng d6i twong (Object Oriented Programming - OOP) d3 duoc phét trién béi wi
nhitng cdch 1ap trinh trude day boc 16 nhiéu han ché, DE hidu duce nhitng gl ma OOP 1am, chiing ta
cdn bi€t nhiing han ché nay 1a gi va chiing phét sinh tir cdc ngon ngi truyén thén g nhu thé nao.

1.1.1. Cac ngén ngit thi tuc

Pascal, C, BASIC, Fortran va céc ngén ngit 14p trinh truyén théng twong tyr 1a céc ngon ngir thi
tuc (procedural languages). Nghia I3, méi cau I¢nh trong ngén ngit bdo may Iam mot viéc gi dé
ching han nhu nhén dif liéu nhap vio, cong céc s6, dua két qua ra man hinh v.v... Mot chuong trinh
trong ngdn ngif thii tuc 12 mot danh sich céc lénh.

Vi cdc chuong trinh rdt nhd nén khéng cin nguyén tic 16 chic (thudmng got 14 moé hinh) nao
khéc mét danh sich cac 1énh. Ngudi 1ap trinh tao danh sich céc lénh va mdy tinh thyc hién chiing.

1.1.2. Chia thanh cic ham

Khi chuong trinh tré nén qué 16n thi mét danh séch céc l¢nh tro thinh céng kénh, Ngudi lap
trinh chi ¢6 thé hiu dugc mot chuong trinh dai hon tram I¢nh khi né duge tich thanh céc don vi
nhé hon. Vi 1y do nay, ham (function) duoc chdp nhén nhy mot cdch 1am cho cdc chuong trinh dé
hi€u hon déi véi nhimg ngusi tao ra chiing, (thudt ngi¥ ham duge sir dung trong C va C™, trong céc
ngon ngir khdc khdi niém ndy c6 thé goi 1a chuong trinh con, thd tuc). Mot chuong trinh duge chia
thanh cic ham va méi hAm cé mét chiic ning duogc dinh nghia rd rang va mét giao dién véi cdc ham
khdc trong chiong trinh ciing dugc dinh nghia 15 rang.

Y wdng chia mét chuong trinh thanh cdc him 6 thé duge md réng thanh mét nhém cdc ham
goi la mot module, nhung vé nguyeén tic khéng khic vi c4c 1énh thuc hién cdc nhiém vu xdc dinh.

1.1.3. Nhimg van dé tﬁn tai v6i lap trinh c6 cdu tric

Khi céc chuong trinh tr& nén 16n va phitc tap hon thi ngay cé 14p trinh ¢6 c4u tric ciing bat d4u
boc 16 nhimg ddu hiéu khé khin. C6 thé chiing ta di nghe nhilng chuyén ndy sinh vé viéc viét
chuong trinh clia cdc cong ty phin mém. Dé 4n qud phifc tap, nh& k& hoach, them nhiéu nguai lap
trinh, sir phic tap tang lén, gid ting vot va thim hoa tir 46 ma ra.

Nhitng that bai nay lam cho ngén ngit thit tuc tr boc 10 nhimg di€m y&u ciia né. Dit ¢6 cai dat
cdch 14p trinh ¢6 cfu tric 6t nhu the nao di nita thi cdc chuong trinh 16n cling tré nén qu4 phic tap.

Nguyeén nhan nao din dén th4t bai nay clia ngén ngir thi tuc? Mét trong nhimg 1y do quyét dinh
1a vai tro cia dix liéu. '



1. Dir liéu khong dugc coi trong

Ngon ngit thil tye chi quan tam dén {am mét viée gi 46, chiang han doc vio tir ban phim, dua ra
man hinh, kiém tra dé tim 1i v.v... Viéc chia nhé thanh cdc ham vén khong ngoai muc dich do.
Nhimg gi chiing iam c6 thé phitc tap hon, triru twgng hon nhung van chi nhim vao hanh dong.

Chuyén gi xay ra véi dit liéu trong mo hinh nay? Dir ligu, xét cho ciing, 1a 1y do cho su ton tai
clia mot chuong trinh. Phin quan trong ctia m¢t chuong trinh kiém ke khéng phai 1a mét ham hién
thi dit liéu hay mot ham kiém tra viéc nhap vao sai ma chinh ka dit liéu cua né. Nhung dit ligu trong
cdc ngon ngit thi tuc lai bi dat & c4p thit hai trong 18 chie cda chuong trinh.

Vi du, trong mot chuong trinh kiém ke, di li¢u tao nén ban kiém ké ¢é thé duge doc tir dia vao
b6 nhd, & d6 né duwge d6i xir nhu céc bien toan cuc. Toan cuc ¢6 nghia 1a cdc bién tao thanh dir liéu
dugc khai bdo & ngoai bt ky ham nao dé chiing ¢6 thé truy nhép tdi tdt ¢ cdc ham. Céc ham nay
thuc hién rhidu thao téc khac nhau trén dir ligu d6. Ching dec, phan tich, cap nhat, sap x&p, hién thi
va ghi nd tro lai dia vov...

Trong héu hét cdc ngoén ngit nhu Pascal va C, cling ¢6 cdc bién cuc bo, né 4n bén trong mot
ham. Nhung cic bién cuc bd khong thé ding cho céc dif liéu quan trong yéu ciu duge truy nhap boi
nhiéu ham khic nhau. - _ :

Gia sit mot ngudi 1ap tiinh mei duge thué vict mot ham phan tich dix liéu kiém ké nay theo mot
cach nhét dinh. Do khong quen v6i su khon khéo trong lap trinh, ngudi 1ap wrinh dé tao ra mdt ham
vo tinh 13m hong dit licu. Diéu ndy rat dé xady ra boi vi tat ca cdc ham déu cé guyén truy nhap i
ciung mét dir liéu.

Mot van dé khac 12 vi nhiéu ham truy nhip téi cing mot dir liéu nén cach luu trit it lidu trd
thanh mot vin dé 16n. Viéc sip dat dir liéu khong thé thay d6i néu khong thay déi cac ham truy
nhap né. Vi dy, néu thém vao cic muc dif liéu mé thi c4n phai thay déi tdt cd cac ham truy nhap du
litu d6 d€ ching ciing ¢6 thé truy nhap cdc muc mdi nay. That khé tim tét ¢d cdc ham nhu vay va
tham chi thay ddi tdt c4 chiing sao cho diing cdn khé hon.

Nhiing gi cdn 14 mot cdch han ché€ truy nhap téi dit liéu, 4n né d6i v6i tat ca cdc ham trix cac
ham t&i cAn thigt. Didu niy s& bao vé dif liéu, don gian héa viée bao quén va cho nhicu lgi ich khic.

2. M6i quan hé véi thé gidi thuc

Céc ngén ngir thd tuc thudng khé cho viée thiét ké. Vin dé 1a cdc thanh phan cta ching - cédc
ham vi céc cdu tric dit liéu - rat khé mé hinh héa dugc the giéi thye. Vidy, cho rang ching ta dang
vigt chuong trinh d€ tao mot giao dién ngudi sit dung d6 hoa: cdc menu, cdc cita $6 v.v... Ngay bay
gid), chiing ta cén cic ham nao, cdn cau tric dir li¢u nao? Cau tra 1o khong rd rang. S€ t6t hon néu
céc cita s8 vh cac menu tuong (ng véi cac phin tir chuong trinh.

3. Cdc kieu dit liéu mdi

Cé cde van dé khac v6i cdc ngén ngit truyén théng. Mot vin dé trong d6 1a tao cdc kiéu dit lieu
mGi. Céc ngon ngit may tinh dién hinh c6 sin mot vai kicu dit lieu: kiéu s6 nguyén, kiéu ddu phéy
dong, ki€u ky tu v.v... Lam gi néu muén tao ra kiéu dif litu méi cho rieng minh? C6 thé ching ta -
~ muén lam vige véi cic s& phic, hodc cic toa d6 hai chiéu, hodc cdc gid tri nay. Kha nang tao cic
kidu dir lieu cha ngudi st dung duge goi 1a su mo rong (extensibility) bdi vi né cho phép mo rong
kha nang cla ngén nglr. Cic ngdn ngi truyén théng thuwdng khong thé md rong.
1.1.4. Cach tiép can hudng déi tuong

¥ co ban ding sau cic ngén ngit huéng d6i tuong 1a ket n6i vao mot thue thé chuong trinh ca dit
liéu va cdc ham thao tdc trén dif liéu d6. Mot thuc thé nhu vay duoe goi 1a mot d6i tuong (object).

Cic ham ciia mot d6i tuong duoc goi 1a cdc ham thanh vien trong C™ boi vi chiing thuge mot
16p doi tuogng cu thé, dién hinh dé cung cap cach duy nhét nhim truy nhap dir liéu cia né. Néu
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ching ta muén doc mét muc dit liéu trong mot d6i tuong thi phai goi mét ham thanh vién trong déi
tugng do. Né s& doc muc dif ligu d6 va tra vé gid tri cho ta. Chiing ta khéng thé truy nhap truc tiép
dit ligu. Dix liéu duge 4n di, dé né an toan trinh nhifng thay déi ngfu nhien. Dit lidu va céc ham cda
n6 duge bao boc vao trong mot thye thé. Sy bao boc va cat gidu dit liéu 14 cdc thuét ngif chinh trong
viéc mo ta cdc ngdn ngit hudng d6i tugng. '

Néu chiing ta muén thay déi dir liéu trong mot déi tuong thi ching ta phai biét chinh xdc ham
nao twong tc vdi né; tic la cdc ham thanh vién trong déi tugng d6. Khong ¢6 ham nao khéc cé thé
truy nhap dit li¢u. Diéu nay gilip cho don gidn héa viéc viét, g& r6i va bao quin chuong trinh.

Mot chuong trinh C** dién hinh bao gém mét s d6i tuong lien lac véi cdc d6i tuong khic bing
vige goi mot trong cdc ham thanh vién ciia n6. Hinh 1-1 cho théy t8 chitc ciia mot chwong trinh C+.

Luu ¥ 1a nhimg gl goi 14 cdc ham thanh vién trong C** thi trong cdc ngdn ngir khic goi i cic
phuong phap (methods), vi du nhu ngén ngir SMALLTALK, mét ngon ngit lap trinh hudng dsi
tugng ddu tién. Cling vay, cdc mac dif liéu c6 thé duge goi 1a cdc bién cu thé. Goi ham thinh vién

cua mét d6i tugng thudng dugc coi 12 giri thong bio téi d6i twong d6. Nhiing thuat ngit nay duoc
nhifng ngudi viét C™ sir dung. S '

1.2. DAC DIEM CUA NGON NGU HUGNG POI TUONG

1.2.1. Céc l6p

Trong OOP, cic d6i tuong 1a cu thé cia céc 16p. Hdu hét cdc ngdn ngit mdy tinh déu ¢ sin céc
kiéu dif Jiéw. Vi du, kiéu int (2 mot kiéu s6 nguyen) duge dinh nghia truée trong C+. Bai vay, trong
chuong trinh chiing ta c6 thé khai bao bao nhiéu bién kiéu int ciing duge. Vi du:

D3I wiony

Ham thanh vién

Héam thanh vién

bai wong Béi tugng

Ham thanh vién Ham thanh vién

Ham thanh vién

Ham thinh vién

Hioh I-1. T3 chic hudng d6i taomg,



int day;

int count;
int divisor;
int answer;

Tuong ty nhu vay chiing ta c6 thé dinh nghia nhiéu déi tugng cia cing mét 16p. Mot 16p déng
vai trd nhu mot ban thiét ké€ hodc mot mAu. NG xac dinh dit liéu gi va cdc ham gi ¢6 trong cic d6i
tuong ciia 16p dé. Dinh nghia 16p khong tao ra bt ky d6i twong nao, y shu chi t6n tai kiéu int, s&
khong tao ra bt ky bién int nao.

Mot 16p chi 12 mot mé ta clia mot s6 d6i tugng tuong ty nhan. Mot d&i tugng 12 mot cu thé cla
mot 16p béi vi mot d6i tugng 13 mot vi du "thue" cia moét mo ta duge cung clp bdi 1p. Vi vay, ¢
mot tén théng dung duge diing cho dit liéu clta mot d6i tugng 12 dit liéu cu thé. N6 ¢6 tén nay bdi vi
di¥ liéu la riéng cho timg d6i tugng.

1.2.2. Su ké thira

Y tudng vé céc 16p din dén ¥ tudng vé su k& thira. Trong cudc s6ng hang ngly, ching ta sl
dung khdi niém I6p duoc chia thanh cic 16p con. Lép dong vat dugc chia thanh c4, chim, dong vat
c6 vii... Ldp xe duge chia thanh xe con, xe buyt, xe ti, xe mdy...

Nguyén tic phan chia 12 méi 16p con ¢6 cic dac diém chung véi 16p ma né nit ra: xe con, xe tai,
xe buyt v xe may, tit ca déu c6 tay l4i, dong co, dugc ding dé van chuyén ngudi va hang héa. Day
14 céc dic diém cha xe. Ngoi cdc dic diém nay, mdi 16p con cdn c6 céc ddc diém cu thé cha riéng
né. Vi du: cée xe buyt c6 chd ngbi cho nhiéu ngudi, trdi lai, xe tai c6 thing xe dé chd hang héa.

Ciing nhu vay, mot 16p OOP c6 thé duge ding nhu 16p co s& cho mét hoic nhi¢u I6p con khiac.
Trong C™, 16p ddu tién dugc goi i 16p co 58, cac 1op khac duge dinh nghia 12 sir dung cdc dac diém
cha 1ép co 50, nhung thém céc dac di€m riéng ctia né duge goi 1a cic 10p din xuit.

Su ke thira hoi giéng viéc ding cdc ham dé don gidn héa mét churong trinh thi tuc truyén théng.
N&u chiing ta thiy ba phén khédc nhau clia mot chuong trinh thd tuc hdu nhv ciing 1am mét cong
viéc thi chiing ta c6 thé rdt ra cdc phédn tir chung cita ba phén nay va dat ching vao mét ham. Ba
phén ciia chuong trinh ¢6 thé goi ham nay dé thyc hién nhitng hanh déng chung. Tuong tu nhu vay,
mot 16p co sé& chita cac phén tir chung cho mét nhém cédc 16p din xudt. Nhr cdc ham trong mét,
chuong trinh thi tuc, sy k€ thira 1am ngin chuong trinh hudng d6i tugng va 1am r& méi quan hé giira
cdc phan tir chwong trinh.

1.2.3. Su sir dung lai

Khi mot 16p duoc viét, duge g r6i, nd c6 thé duge phan phéi dén nhing ngudi lap trinh khéc
nhau dé sit dung trong cdc chuong trinh cha ho. Diéu nay goi la sy st dung lai (reusability). N6
tuong tu nhu cdch ma mot thu vién ham trong mot ngoén ngir thu tuc c6 thé dugce sdp nhap vao céc
chwrong trinh khac nhau.

Tuy nhién, trong OOP, khai niém k€ thira (inheritance) cung cip mét sy md rong quan trong d6i
v6i ¥ tudng sir dung lai. Mot ngudi 1ap trinh ¢4 thé 14y mot 16p da 6, khong cn thay d6i n6, them
vao mot nhimg dac diém va kha nang khéc cho né d€ tao ra mot 16p méi cho riéng minh. Viéc nay
duoge thuc hién bing viéc nit mot 16p méi. Lop méi sé k€ thira t4t ca nhimg kha ning cla 16p cd,
ngoai ra cdn c6 nhimg dic diém méi cha rieng né.

Céc phin mém c6 sin duoe st dung lai 12 mét loi ich co ban cia OOP.
1.2.4. Tao cac kiéu di liu méi

Mot trong nhitng lgi ich cha cdc d6i tuong 1a chiing cho ngudi 12p trinh mét cich thuan tién dé
tao ra cic ki€u dit liéu méi. Cho ring ching ta phai 1dm viéc v6i cdc vi trf hai chiéu (chang han cic



toa do x va y) trong chuong trinh. Chiing ta mu6n biu dién cdc phép todn trén cdc gid tri vi tri nay .
véi cic phép todn s6 hoc thong thudng nhur:

Vtl = Vt2 + Vi0;

d day cdc bien Vi1, Vi2 va Vi0 bidu dién cdc cap s6 doc lap. Bing cdch tao mot 16p hop nhit
hai gid tri nay va khai béo Vi1, Vi2, V10 12 cic d6i tugng cua i6p nay, ching ta c6 thé tao mot kiéu
dir liéu méi.

1.2.5. Sy da hinh th4i va chong tén

Chd ¥ rang cic phép todn + va = duoc dung trong phép todn vi tri & trén khong gidng nhu cich
ching 1am véi céc kiéu c6 sdn, ching han nhu int. Céc d6i twong Vtl, V2, Vt0 khéng duoc dinh
nghia truée trong C™ ma 13 cdc d6i twong duge ngudi Lap trinh dinh nghia thuée 16p Vitri. Cic todn
tr + va = 1am thé ndo biét duoc céch tinh todn trén cic da; tuong d6? Chiing ta phai dinh nghia cdc
phép todn mdi cho cdc d6i tugng nay.

Sir dung céc todn tir va cdc ham theo céc cich khic nhau, tiy thuéc vao nhimg g chiing tinh
. todn, dugc goi 1a su da hinh thai (polymorphism and overloading - mot thtt ¢é nhiéu dang khéc
nhau). Khi mot toan tir d4 ton tai, ching han + ho#ic = dugc cho kha ning tinh todn trén cic kiéu dit
liéu thém vao, ta néi 12 né duoc chéng. Cic ham duge chéng khi nhiéu ham ¢é ciing tén nhung cic
d6i s8 khéc nhau. Su chéng ham lam cho chuong trinh dé viét va dé hiéu.

1.2.6.C* va C

C™ duge nit ra tr ngén ngit C. N6i ding ra, né'12 mot sy phét trién cao cha C. Hiu hét cic cau
lénh trong C diing duge trong C*, mic du dio nguge lai khéng ding. Céc phén tir quan trong nhat
thém vio C dé tao thianh C** lién quan dén 16p, d6i twong va 14p trinh hudng déi twong. Bdi vay, ban
ddu C** duge goi 12 "C ¢6 céc 16p". Tuy nhién, C™ cling ¢4 nhiéu dac diém khdc t6t hon C rat nhiéu,
nhu cich vdo ra cout, cin..,



CHUONG 2

SUKE THUA

Su ké thira }a khdi niém trung tam thi hai trong 1ap trinh hudng doi twong (OOP) sau khdi niém
16p. Trén thuc t€, mac du khai riém vé su ke thira chi 1a phu 461 v6i ¥ tudmg vé cac 16p song né rit
manh trong OOP. Vi sao viy? Bdi vi su k€ thira cho phép sit dung lai. Su st dung lai c6 nghia 12 1dy
mot 16p da cé san va sit dung n6 trong mot chuong trinh méi. Bing viéc st dung lai cdc 16p, ta c6
thé gidm dugc thoi gian va st lyc cén thiét dé viét mot chuong trinh va 1am cho phdn mém tré nén
manh va tin ¢4y hon. Néu viét phdn mém dé kinh doanh thi khong thé b6 qua nhitng tiét kiém c6
duge tir sit dung lai.

Trong chuong nay, ddu tién chiing ta s&€ ndi vé nhitng khai niém co ban cta su k€ thixa, sau d6 s&
di vao nhing chi ti€t khé xir 1y bao gém cich quan 1y ham tao {constructor) trong su ké thira va sy
k& thira boi. '

2.1, GIOI THIEU VE SU KE THUA

Trong phin nay ching ta s& bat ddu bing viéc xem xét hai dong co chii yéu din dén sy ke thua:
trg gitip viéc sit dung lai v cung cép mdt co s& mdi cho viée 18 chitc chuong trinh. Chiing ta s& két
thiic phén nay bing viéc gidi thigu cd phip tao mét 16p ké thira tir 16p khéc.

2.1.1. Su sir dung lai

D& hiéu tai sao s k& thira 1a quan trong cin nhin lai lich sir ciia su k€ thira, Nhimg ngudi lap
trinh d3 ludn ludn c6 ging tranh viét lai cing mot ma lenh hai l4n. Sy k€ thira 1a gidi phdp m& nhat
cho vén dé nay. ,

1. Viét lgi ma

Céch ddu tién d€ s dung lai chi don gian 1a viét 1ai ma 1énh di ¢6. Gia st chiing ta ¢é vai ma
lénh lam vigc trong mot chuong trinh cii nhung khong phai 1am nhiing gi ma ching ta muén trong
mot chuong trinh méi. Copy ma lénh cil vio file nguén méi, sua 361 mot chit dé chdp nhan chiing
trong moi trudmg mdéi, réi sau dé chay chuong trinh. Trong tat ca cic kha nang déu sinh ra 1di
mdi. Chiing ta phai g& réi lai tét cé c4c ma lénh. Va ching ta thay ti€c vi da khong viét ngay md
léenh méi.

2. Thu vién ham

DE giam cac 16i sinh ra boi s thay d6i ma lénh, nhitng ngudi lap trinh d3 c6 tao ra céc phén tir
chuong trinh ty wic dudi dang cac ham, Hy vong ia cac ham dé 40 tdng quat dé cé thé st dung mé
khong cén thay d6i trong nhiéu tinh hubng lap trinh. Cac cong ty phan mém d3 gop cic nhém ham
nhu vty vao véi nhau, dua vao cdc thu vién ham vA ban cho nhilng ngudi 14p trinh khic.

Céc thu vién ham 12 mét bude di ding hudng nhung cdc ham lai khong md hinh hda duge thé
gi6i thuc boi vi chiing khéng chifa dif liéu quan trong. Thong thudng tdt cd cdc ham déu yeéu cdu
thay déi dé lam viéc duge trong mot méi trudng méi, tat ca cic cong ty cung cip cac thu vién ham
déu cung c4p cic ma nguén lam cho viéc thay déi nhu vay dé dang hon, nhung su thay déi d¢ lai
sinh ra 16i. '
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3. Thu vién lép

Mot cich mdi rit manh cho viéc st dung lai
trong OOP 1a thu vién 16p, bdi vi mot 16p moé hinh

héa mot thue thé thé gisi thue gin giii hon, né cén it Lép co so
sir thay d6i hon 1& ham dé thich (g trong mot tinh
huong méi. Quan trong hon, OOP cung cip mot Diac diém A

cach dé thay déi mot 16p ma khong cin thay déi ma
1énh clia né. Diéu dudng nhir khong thé nay ¢é durge
bang cdch dung sy ké thira dé rit ra mot i6p mdi tir
mot 16p cii. Lop ci (goi 12 16p co s&) khong bi thay
ddi nhung 1ép méi (goi 1a 16p dan xudt) c6 thé sir Dac diém C
dung ci nhitng dac diém cha 16p cil va nhimg dic
diém cita riéng né. Hinh 2-1 minh hoa diéu nay.

Dac diém B

|

Mii tén ¢d nghia la rit
- tir 18p ddn xuar

2.1.2. Sur ké thira va thiét k€ chuong trinh

Ngoai viéc lam cho viéc thay d6i cdc chuong Dac diém D Y Dinh nghia
trinh ¢6 sdn dé dang hon, su k€ thira cdn ¢6 mot loi i trong lop
dan xuit

ich khdc., N6 cung cap mot cdch dé lién két mot
thanh phén chuong trinh nay v6i mot thanh phéin Dac di€m A N
chuong trinh khac. M&i quan hé méi nay lam cho
viéc thiét ké& chuong trinh linh déng hon va ciu triic
chuong trinh phan dnh mdi quan hé thé gidi thuc
chinh xdc hon. Sur ké thira déi khi con goi 1a quan )
hé "loai”. B¢ thdy dugc ¥ nghia ndy, ddu tién chiing Pac diém C /
ta cting xét mot foai quan h¢ khdc 1a quan hé hop

thanh. ' :

Dinh nghia
trong 16p co 5§
nhung ¢6 thé
truy nhap tir
16p din xudt

Pic diém B

Hinh 2-1. Sir ké thira.

1. Hop thanh: Mot guan hé "eg”

Néu c6 mot 16p employee (nhan vién) va mot trong nhimg muc dit liéu trong 16p nay la @n cla
nhan vién thi ching ta c6 thé ndi ring doi twong employee “¢6” tén. Déi tuong employee ciing ¢
thé "cé" luong, ma nhan vién... Loal quan hé ndy goi 1a sy hop thanh béi vi d6i tuong employee 14
hgp clia cac bién trén. ‘

Dt ligu thanh vién clia 16p c6 thé chia déi twong cla cdc 16p khdc ciing nhu cdc bién cua cic
kiéu dir liéu co ban. Chiing ta c6 thé hinh dung mot 16p xe dap bao gém d6i tuemg khung, hai dé
tugng banh va mot ddi tuong tay i

Su hop thanh trong OOP m6 hinh héa cdc tinh hudng the€ gidi thuc trong dé cdc dsi tirong 14 hop
thanh ctia cde doi tugng khac.

2. Su ké'thuwa: Mot quan hé "loai"

Su k€ thira trong OOP phan dnh khdi niém ma ching ta goi 1a sy khai qudt hoda trong the gidi
thuc. Néu chiing ta c6 mot chiée xe dap dua, mét chie xe dap dia hinh va mot chiéc xe dap thiéu
nhi thi chiing ta ¢6 thé néi nhing xe dap nay Ia cy thé rd rang ctia mot khai niém t6ng quét hon goi
la xe dap. Tét ca cdc loai xe dap déu c6 dac diém: hai banh, mot khung... Nhung mot xe dap dua
ngoai cdc dac didm chung ndy con c6 dac diém 12 16p nhd va nhe. Mat xe dap dia hinh ciing c6 it
ca nhitng dic diém cta mot xe dap, ngoai ra cdn ¢6 16p to, day va phanh 16t.

Tuong ty, ¢6 thé ¢6 céng nhan, ngudi quan 1y, nha khoa hoc va thu ky trén bang luong cha mot
cong ty. Nhitng ngudi nay 1 cu thé rd rang clia mot loai tdng quat hon 1a nhan vién.
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Hang ngay chiing ta dung sy khai quét héa dé nhan thitc th€ gidi thuc. Chiing ta bi€t ring méo,
clru va ngudi 1 cic lodi dong vat ¢ vil; xe tii, xe con va xe buyt la cdc loai xe; PC va Macintoshes
14 c4c loai mdy tinh. Loai quan hé niy r4t théng dung trong disi s6ng hang ngay dé€n ndi ma rét c6 ¥
nghia d€ mo hinh héa chiing trong chuong trinh mdy tinh. D6 1a nhing gi ma sur k& thira 1am.

3. Khdng hoan toan la mot cdy gia téc

Su k€ thira duge so sanh v6i méi quan hé gia toc, d6 a 1y do né mang céi tén 1a sy ké thira. Tuy
nhién su k€ thira trong OOP khong hoan toan giéng su k€ thira trong gia toc loai ngudi. Vi mét diéu,
mot 16p con c6 thé ke thira mot 16p cha. Lép con (16p ddn xuat) cé xu huéng ¢6 nhiéu dic diém hon
16p cha (16p co s&) trong khi d6 loai ngudi thudng thi€u nhimg phdm chét ¢6 duge tir cé b6 va me.

2.1.3. Ca phép cia su ké thira

Vi du don gi4n nhét vé su k€ thira yéu ciu hai 16p: mét 16p co s& va mot 16p din xudt. Lép co s&
khong cdn ci phép dic biét nao nhung 16p din xust phai chi 1 n6 duoe rit ra tir 16p cd s& nao. Diéu
nay duge thue hién bling cdch dit mét déu hai chdm vap sau tén cda 16p din xuét, theo sau la tir
khoa public va tén cia 16p co sd.

Class Base ' l6p co 50
{Hhém va dir liéu thanh vién

Cl}a;lss Derv:public Base  //16p dan xuat
' nam va dit lieu thanh vién
b

D#u hai chdm (gi6ng nhu mii tén trong so d6 su k€ thira) c6 nghia 1a rit ra tir. Bi vay, 16p
Derv duroc rit ra tir 16p Base va k€ thira tdt c4 dif liéu va cdc ham ma 16p co s& Base c6 (mic d
ching ta khong chi ra & day). Tir khéa public ching ta s& ndi td1 sau.

Chiing ta ciing xem mot vi du chi tiét hon. Ban 2-1 ¢6 16p Parent va mét 16p child it ra tir 46.

Listing 2-1 INHERIT -
/finherit.cpp
Hfkhung cac lop minh hoa su ke thua
#include<iostream.h>
class Parent
{
private:
float flov; //du lieu cua Parent
public:
void pget()

cout<<"\nNhap vao gia tri float:";
cin>>flov;

} R
void pdisplay()
{

cout<<"flov="<<flov,

}

h
class Child:public Parent
{
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private:
int intv; {//du lieu cua Parent
public:
void cget()
{
pget();
cout<<"\nNhap vao gia tri int:";
cin>>intv;
3
void cdisplay®)
{

pdisplay(;
cout<<"int="<<intv;
}
|5
void main()
{
Child ch; /ftao mot doi tuong Child .
cout<<"Nhan du lieu cho doi tuong child";
ch.cget(); '
cout<<"Du lieu trong doi tuong Child la:";
ch.cdisplay();
H

Sau day 1a twong tac véi chuong trinh:
Nhan du lieu cho doi tuong Child
Nhap vao gia tri float: 456.789
Nhap vao gia tri int: 123
Du lieu trong doi tuong Child la: flov=456.789, int=123
Két qua dudmg nhw 12 bi 4n. Mac dit d6i tugng ch cita 16p Child chita duy nhit mét muc dit lién
$6 nguyén nhung két qua dua ra man hinh cho ta thiy né ciing dd luu trit va 14y lai thanh céng muc
dir liéu float. Viéc nay xay ra nhu thé nao?

2.1.4. Thuéc tinh ké thira

Mot d6i tugng cha 16p din xudt ke thia t4t ca cdc ham va dif liéu thanh vién chia 16p ca s0. Béi
vdy, d6i tuong ch khong chi chita muc dit liéu intv ma con chita ca muc dit ligu flov. P6i tiromg ch
cling c6 thé truy nhép, ngodi cdc ham thinh vién cta né Ia cget() va cdisplay(), cdn ¢é cdc ham
thanh vién tir Parent 12 pget() va pdisplay(). '

1. Truy nhép dit liéu 16p co s6 .

Mac di mot d6i tuong cia 16p din xusit c6 thé chia dit lisu duge dinh nghia trong I6p co s&
nhung chua hin di lidu niy ¢6 thé truy nhap duoc tir 16p din xust. Cho ring ching ta mudn ham
cdisplay() trong Child hién thi dit li¢u flov cia Parent ciing nhu dir liéu intv cha né, ching ta xét
xem c6 thé viét lai ham cdisplay() nhu sau duoc khong:

class Child

{
void cdisplay()
{
cout<<"flov="<<flov;
cout<<"intv="<<intv;

}
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Cau.tra 161 1a "Khong !". Khéng thé truy nhap flov tir 16p Child béi vi flov 13 thanh vién riéng
(private) ctia Parent. Thong thudng trong C**, cic thanh vién chung (public members) - dif li¢u
va cdc ham - ¢ thé truy nhap duoc tir bén ngoai 16p nhumg cdc thanh vién riéng thi khong.

Céc ham cua Yép din xuét khong & trong 18p co s& nhung chiing c6 lién quan gén giii v6i 16p co
sés hon 1 cic ham & trong cdc 16p khong ¢6 quan hé¢ gi. Tuy nhién, chiing khong thé truy nhap cic
thanh vién riéng cia I6p co s& (sau nay chdng ta s& thdy mét loai dic bi¢t, protected, cho phép kicu
truy nhap nhu viy).

2. Goi ham ciia ldp co sd

Chiing ta khong cin truy nhap true ti€p dir liéu flov tir cdc ham trong d6i twong Child. Khong
nhu flov (3 private, cic ham thanh vién cia Parent ]a public. Boi vay, ching ta ¢6 thé goi ching
dé quan 1y flov. Tir ham cdisplay() chiing ta goi ham pdisplay() d¢ hién thi gid tri cua flov. Lop
dan xut khong cdn truy nhap tric tiép bién flov.

2.1.5. Su chong ham trong 16p co s¢ va 16p dan xuat

Trong chuong trinh INHERIT, cdc hiam truy nhép va hién thi di¥ liéu trong 16p co s& va 1dp dan
xudt 1a khdc nhau. Diéu nay rit dé nhdm va khong phai tinh thdn ctia OOP : su dung céc én khdc
nhau cho céc ham 1am ciing mot cong viéc co ban giong nhau. S& t6t hon néu ca hai ham nay c¢o6
ciing tén, khi d6 tén ham s& rd hon va dé nhé hon. Vi vay, hoan toan ding khi lam chong (con goi
12 1am triing tén) cic ham trong 18p co s& va 16p dén xust. Néu chiing ta dit tén che ca hai him nay
la display() thi chiing ta cé dang nhu sau:

class Parent
{
- void display()
{}
B
class Child:public Parent
{
void display()
{ .
/idisplay();  //khong duge goi display() trong Child
Parent::display(); //dugc goi display() trong Parent
}
b5

Néu ching ta ding tén display() trong mot ham clia 16p diin xuft. trinh bién dich cho rang
chiing ta goi ham trong 16p din xudt. Diéu d6 s& 1a mét tham hoa tlr bén trong ham display(). bin vi
mét ham goi di goi lai chinh né s& pha hily chuong trinh. Trong 16p dan xuat, dé tham chifu 16 mot
ham trong I6p co sé, ta phai ding todn tit quy dinh pham vi :: (scope resolution operator) va tén
16p co s

Parent::display()

Diéu nay dé cho trinh bién dich biét rd 1a chiing ta muén goi ham nao. Ban chuong trinh 2-2 1a
mot phién ban di sta chiva cho thdy céch ma chiing ta {am tring tén cdc ham thanh vién, goli hai
ham hién thi display() vd hai ham nhap dit li¢u get().

Listing 2-2 INHERIT2
/inherit2.cpp
/fsu dung ham chong
class Parent
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{
private:
float flov;
public:
void get(}
{
cout<<"\n Nhap vao gia tri float:";
cin>>flov;
}
vaid display()

cout<<"flov="<<flov,
!
};
class Child:public Parent
{
private:
int intv;
publie:
void get(}
{
Parent::get();
cout<<"\n Nhap vao gia tri int:";
cin>>intv;
}
void display()

Parent::display(};
cout<<"Intv="<<intwv;
]
1
i
void main{)
{
Child ch;
cout<<"Nhan du lieu cho doi tuong Chuld";
ch.get();
cout<<"Du lieu trong dei tuong Child la ™;
ch.display();
b

Bing 2-1 t6m tat cdch truy nhap cdc ham chdng tén va cic ham thong thudng tir 18p co sO va lop
ddn xudt. Gia st c6 mét ham thanh vién basefunc() trong 16p co s&, mot ham thanh vién dervfunc(}
trong 16p dan xudt va mot ham chéng én func() trong ca hai 16p.

Bdng 2-1. Truy nhap ham tis 16p co s6 va 16p dan xuat

Ham 12 thanh Trang théi Truy nhap hdm tir 16p | Truy nhap ham «r 16p
vién cita chéng cO s& dan xuat
Lép coso Tén khéc nhau - Basefunc() Basefunc()
Lép co s¢ Chéng tén Func() Base::func()
Ldp din xudt Tén khdc nhau Khong biét ham Dervfunc()
Lop dan xudt Chéng tén Khong biét ham Func()
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2.2. THIET KE CHUONG TRINH : LGP EMPLOYEE

Ching ta cing xem mét vi du tuong d8i thuc t€ vé su k€ thita. Chiing ta s€ bit ddu véi 16p
employee (mot 16p nhan vién). Chuong trinh nay tip trung vio thiét k&€ chuong trinh trén khia canh
k€ thita: d6 1a ding su k& thita nhr mot cdch co ban dé lién két cdc thanh phdn chuong trinh véi
nhau. Chuong trinh nay it lién quan t&i khdi niém sir dung lai. Vén dé nay ching ta s& néi ¢ phin
ti€p theo. !

Cho ring ching ta mudn 1ap trinh mot co s& dit liéu v€ nhan vién cia mét cong ty. Cic nhéan
vién thudng duge chia thanh céc loai khic nhau. Trong cong ty tudng tugng nay, ching ta gia su c6
ngudi quan ly, nha khoa hoc va cong nhan. '

2.2.1. Phan cap ldp

Khi gip mét tinh huéng trong d6 nhiéu thit khéc nhau c6 thé dugc mo ta nhu 1a nhiéu loai cla
mot thi khéc, ching ta s& thdy tinh hudng dé c6 thé duge mo hinh héa trong moét chuong trinh nhur

mot sy k& thira. Ngudi quan 19, nha khoa hoc va cong nhéan 14 c4c loai nhén vién. Day 1a sy mé hinh
héa trong C** :

class employee //16p nhan vién
cli{as.;}n;*lanager:public employee  //16p ngudi quan 1y
cla{ss};cientist:public employee  //16p nha khoa hoc
' cla{ss}l’aborer:public employee {Ai6p cong nhan
&

Ba 16p manager, sientist va
laborer duoc riit ra tir 16p employee.
T4t ca cdc nhan vién khoéng cin biét
chiing thudc 16p din xuit nao déu cé

nhiing phdn tlr chung. Vi muc dich \ Ldp employee

cla co s& dir 1iéu, chiing ta gia thiét

ring tt ca ching déu c6 tén va mi T

s6. Trong k& thita, nhing phéan tir. n

chung nhu vay duge dit & 16p co so. ‘

Cic 10p din xut ¢ nhimg dic diém Ma 56

rieng cla ching. Dic diém quan

trong vé ngudt quan ly 1a chic wvu,

chéng han Ia gidm d6c hay phé gidm / I \
d6c. D6i véi nha khoa hoc, nhimng dit ) _ o )
liéu quan trong 1a s8 bai ma nha Lép ngudi L“‘_’“h“‘ - Lep
khoa hoc viét cho cdc tap chi khoa qudn ly khoa hoc cong nhan
hoc. D&i véi cong nhan, khéng co - '

dac di€ém nlo khéc tén va ma cong Chte vu S& bai

nhan. Hinh 2-2 cho thdy diéu nay. :

Chirong trinh EMPINH trong ban
2-3 1a moét vi du minh hoa sy phéan
cip 16p nhu trén.

Hinh 2-2. Phan cfip 16p trong EMPINH.
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Listing 2-3 EMPINH
/fempinh.cpp
/fmo hinh hoa su ke thua
#include<iostream.h>
class employee

{ private:
enum {LEN=30}; /fdo dai cuc dai cua ten
char name[LEN]: /ften nhan cong
unsigned long number; //ma nhan cong
public:

void getdata()
{
cout<<"\n Nhap vao ten:";cin>>name:
cout<<"\n Nhap vao ma so:";cin>>number;
}
void putdata()
{
cout<<"\n Name="<<name;
cout<<"\n Ma so="<<number;

»

HEHTH T T T
class manager:public employee
{
private: :
enum {LEN=40}; #do daituc dai cua chuc vu
char titlefLEN]; //chue vu
publie:
void getdata()
B
employee:;getdata();
cout<<"\n Chuc vu:";cin>>title;
}
void putdata()
{
employee::putdata();
cout<<"\n Chuc vu="<<title;

}
15
M T TR T
class scientist:public employee

{
private: .
int pubs; f/so bai viet
public:
void getdata()
{ )
employee::getdata(); '
cout<<"\n So bai viet:";cin>>pubs;
} .
void putdata()

employee::putdata(; :
cout<<"\n So bai viet="<<pubs;

2- NGLTC++BCTDULIEU
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1
b
R T T T T T e
class laborer:public employee

{

UL L T

void main(}
{
manager ml,m2;
scientist s1;
laborer 11;
cout<<endl;
coul<<"\nNhap du lieu cho manager 1:";
m1l.getdata();
cout<<"\nNhap du heu cho manager 2:";
m2.getdata();
cout<<"\nNhap du lieu cho scientist 1:";
sl.getdata();
cout<<"\nNhap du lieu cho laborer 1:";
11.getdata();
cout<<"\n Du lieu tren manager 1"; /fhien thi du Heu cua vai nhan cong
ml.putdata();
cout<<"\n Du lieu tren manager 2"
m2.putdata();
cout<<"\n Du lheu tren scientist 1";
sl.putdata();
cout<<"\n Du lieu tren laborer 1";
11.putdata();

}

Céc ham thanh vién clia 16p manager va scientist goi cdc ham 16p co s& rong employee d€ 14y
tén nhan vién vi ma s& tir ngudi st dung va hién thi ching. Ching ciing quan ly nhimng di li¢u riéng
nhu chic vu déi v6i manager, s6 bai viét doi véi scientist. Lop laborer hoan toan dwa vao ldp
employee ca vé dir liéu va ham thanh vién.

2.2.2. Lép trim tugng

Chung ta c6 thé nghi 12 nén sit dung cdc d6i tugng cla l6p employee thay cho cic doi tuong clia
16p laborer bdi vi ching cé cling dif liéu va cdc ham. Tuy nhién diéu nay di nguge véi 6 chie
chuong trinh. Nhu da s dung & day, 16p employee khong phai 12 16p dé€ thuc su thé hién céc doi

tugng. Muc dich duy nhdt cia 16p employee 12 phuc vu nhu mét 16p t8ng quét dé cdc 16p khac co
thé rit ra tif né.

Pé hiéu 13 hon, hay tuong tuong ¢6 mot dong vat tén 1a Toby. Néu ¢6 ai dé héi Toby la gi, c6
thé chiing ta s& néi: "0, n6 12 mot loai dong vat ¢é vii'. Moi ngudi lai hoi: "Vang, nhung né la loai

dong vat c6 vi gi 7" Tat ca cdc dong vat déu cé ngudn gbc 1t mét lodi cu thé hon 12 dong vat c6 vi.
Dong vat cé vii 1a mot loai khong cu thé, né chi 1a mot loai téng quat.

Mot 16p ma ching ta du dinh khong thé hién bang bat k¥ d&i tugng nao, chi 14 16p co s& cho céc
16p khic goi 12 16p trim twgng. Mot thudn loi cia viée ding I8p tritu tugng employee la néu ching
ta quyét dinh, d6i khi sau thiét k€ phan cip 16p, thém mét muc dit igu vao 16p laborer, lic 46
ching ta c6 thé thay d6i 18p laborer ma khéng cin thay déi 16p employee, bdi vi thay déi
employee c6 thé dnh hudmg tdi tét ca cac 16p din xuat cia employee.
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2.3. SUSUDUNG LAIL LOP STACK CAI TIEN

Trong phén trude ching ta di xem mot chwong trinh ma & d6 su k€ thira 1am viéc nhu mét phan
tu thiét k€ chinh. Trong ph4n nay, ching ta sé minh hoa mot chuong trinh & d6 sur k€ thira cho phép
st dung lai. Chiing ta s& bét ddu v6i lép Stack. |

Gid sit ¢6 mot 16p Stack da duge mot ngudi nao dé vi, ching ta thiy phién ban Stack niy
khong canh bdo cho ngudi sir dung biét khi cé qud nhiéu muc dif liéu dét vao Stack hoidc cé qua
nhiéu muc di liéu 14y ra khéi Stack. Chuing ta cling sira lai tinh huéng nay bing cdch rit ra mot 16p
moi tr Stack d€ kiém tra tran trén va tran dudi cia Stack. Chiing ta s& goi 16p thu duge nay la
Stack?2.

2.3.1. Su sit dung lai

Tudng teong ring mot cong ty (hay m6t nhém ngudi 1ap trinh) 44 viet 16p Stack déu tién. Ho da
mat nhi€u nim dé viét va g& r6i 16p va 16p Stack bay gid 13 mot phén chuong trinh déng tin cay.
Sau nay mot nhém 14p trinh khac trong mdt cong ty khic ¢6 duge mét thur vién chita 1ép Stack. Lép
nay noi bat béi 6c d6 va su da nang cta né, nhung céng ty da phat hién 1a né cén sir bao vé 15i t6t
hon. B&i vay, nhém ngudi 13p trinh thit hai nay nit ra mét k6p mdi tir 16p cii. Vi khéng thay déi gi
trong 1op Stack ban ddu nén nhimg dic diém ban ddu s& ti€p tuc tam viéc t6t. Lép mdi chi don gian
ta c6 duge thém vao mét vai dac diém méi va chi nhiing phén nay méi cn duge g& 16i.

Trong tinh huéng thuc chiing ta s& lam viéc v6i nhiéu file, nhung d€ don gidn chdng ta s& dua ra
ca 16p co s& va 19p din xust nhu mét phin trén ciing mot file ngudn. Dudi dy 1a ban churong trinh
STACKINH.

Listing 2.4 STACKINH
{fstackinh.cpp
/ftao lop stack cai tien dung su ke thua
#include<iostream.h>
#include<conio, h>
#include<process.h> //dung cho exit()

]
class Stack  //mot stack luu tru cuc dai SIZE so nguyen

{
protected:
enum {SIZE=20}; /kha nang cua Stack
int st[SIZE}L fiso nguyen duoe lun trong mang
int top;
publie:
Stack() {fham tao khong doi so

{top=-1;}
vold push(int var) //dat mot mue du leu vao Stack
{st{++topl=var;} ‘
int pop{) /ay mot muc du lieu ra khoi Stack
{return st[top--1:}
h
T R I T T,
class Stack2:public Stack

{
public:

vold push(int var) //dat mot muc du lieu vao Stack

{
if(top>=8IZE-1)
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{cout<<"Loi:Stack tran tren.";exit(-1);}
Stack:;push{var);
1
int pop() Hlay mot muc du lieu ra khoi Stack
{return st[top--1;} '

I
HHIH T L T
void main()

{

Stack? s; Jtao mot doi tuong Stack?2
s.push(11}; /idat 3 muc du lieu vao Stack
s.push(12); :
s.push(13);

cout<<s.pop()<<endl; //lay cac muc du lieu va hien thi chung
cout<<g.pop(y<<endl; -

cout<<s.pop(i<<endl;

getch();

)

3 da.y chiing ta nhan thiy xuat hién mot d6i tugng 16 rang han.,
L6p Stack2 khong c6 dit liéu riéng cia né. Nhiém vu clia né 13 "géi" cdc ham pop() va push()

cia I6p Stack trong cdc ham céi tién pop() va push() cia rieng né. Cac ham cai tién nay bit diu
v6i 1énh if dé kiém tra bio dim cho ngudi sit dung 16p khong 1dy ra hodc dat vao qué nhiéu muc dit

licu. Sau d6 ching goi ham push() va pop() clia 16p co s& @€ thue hién luu trit va 14y lai di hiéu.

Cic thanh vién c6 thé truy nhap duge cha mot 16p dugc goi 12 giao dién cia idp, boi vi ching la
nhitg g1 ma ngudi sit dung 16p tuong téc véi 16p. G day, giao dién clia 16p Stack2 gidng l6p Stack.
Trén thuc t€, 16p Stack2 da céi trang thanh 16p Stack. Tuy nhién, mot déi wong Stack2 ¢6 ndi
dung bén trong rd rang hon. '

2.3.2. Ham tao 16p co s

Luu § 1a c6 mot ham tao trong 16p co s& Stack nhung khong ¢6 trong 16p dén xuét Stack2. Khi
chiing ta tao mot d6i twong ciia I6p dén xuét, trinh bién dich s& kiém tra xem c6 ham tao trong 16p
din xufit khéng. Néu c6, trinh bién dich s& sip xép dé né dugc goi; néu khong c6 ham tao 16p din
xudt, trinh bién dich s& goi ham tao 16p co s thay thé (diéu ndy chi diing cho céc ham tao Khong ¢
d6i s6 nhu ching ta s& th&y trong céc phdn ti€p theo). Trong 16p Stack, nhiém vu cia ham tao la
khéi tao chi s& top vé dinh chia ngin xép réng.

2.3.3. Pinh danh truy nhap protected

Trén thyc t&, khong phai 13 chiing ta khong thay d6i gi d6i véi 16p co so Stack trude khi riit ra
16p Stack2 tir né. Chiing ta da thay ddi dinh danh truy nhap cho dit liéu tir private sang protected.

Mot dinh danh private chi cho phép cdc ham thanh vién clia chinh 16p d6 truy nhap. Nguoc lai,
dinh danh public c6 thé cho bat ky ham ndo trong chuong trinh truy nhap. Con dinh danh
-protected cho phép truy nhap d6i véi céc ham hoac 12 thanh vién cia 16p d6 hoac 1a thanh vién cua
16p din xudt né. Vi vy, dinh danh protected dugc goi 1a dinh danh hudng gia toc.

Nhiing ngudi tao Stack cdn 1am cho dir li¢u clia ho 12 protected (duge bao vé) khi tao 16p lan
ddu tién dé cho, néu ai d6 mudn rit ra mot 16p khéc tir n6, ho c6 thé truy nhap dit lidu cia Stack.
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Trén thie € c6 mét bét loi khi dat dit liéu 12 protected. Chiing ta s& quay lai vén dé nay khi tap
trung vao cic dinh danh truy nhap & muc 2.5.

2.3.4. Ham khong duoc k¢ thua )

C6 mét vai ham dic biét khong duge tu dong ke thira. Nhur chiing ta da thdy tron g muc 2.1, néu
¢6 mot ham func() trong mot 16p co s& alpha va né khong duge chéng (overloaded) trong 16p din
Xudt beta, lic d6 mot d6i tuong cha 16p din xudt c6 thé goi ham 16p co s& nay:

beta bb;
bb.func();

Ham func() duge tu dong ké théra boi beta. Vi gid thigt 1a ham func() chi thao tic trén dit liéu
16p co 0 ; né khéng cdn twong téc véi 16p din xust.

Tuy nhién c6 moét vai ham ma ching ta biét truéce Ia chiing s& lam nhimg viéc khdc nhau trong
I8p co s& va 16p din xudt. D6 12 todn tir chéng =, cdc ham tao (constructor) va céc ham hay
(destructor).

True tién ching ta xét ham tao. Ham tao 16p co s¢ phai tao dit lieu 16p co s& va ham tao 16p
din xudt phai tao dir liéu 16p din xust. B&i vi cac ham tao I6p co 56 va [6p dan xudt tao dir lieu khic
nhau nén mét ham tao khéng thé thay cho mot ham tao khdc. Do d6 cdc ham tao khéng duoe tu
dong ké thia.

Tuong tu, todn tir = trong 16p din xuft phai gdn c4c gi4 tri cho dit li¢u ctia 16p din xuét vi todn
tif = trong 16p co s& phai gén cdc gi4 tri cho di litu ca 16p co sd. Day 14 cdc cong vige khic nhau,

boi vay todn tir nay ciing khong dugce ty dong k€ thita.

_ Bay gi0 ching ta s& xét ham hiy. Mot ham hay 16p din xust hty dit liéu cta 16p din xuft. N6
khéng huy cée d6i tuong 16p co s& ; né phai got ham hiy 16p co sé dé 1am viéc nay. Hon nita, céc
ham hiy nay lam cic cong viéc khéc nhau nén ching khéng dugc tu dong ké thira.

Neéu dinh nghia 16 mét trong cdc ham khong k€ thira nay trong 16p ¢o s&, ching han todn tir = va
khong dinh nghia ham nay trong 16p din xudt, trinh bién dich s tao mét phién ban mic dinh. Cic
ham tao copy mac dinh va todn tit = mic dinh thuc hién viéc sao chép va gin c6 suy nghi.

2.4. HAM TAO VA SUKE THUA

Nhu chiing ta da thdy, cdc ham tao 13 cdc him hoi didc biét. Boi vay ching déng vai trd khéc
thudng trong su k€ thira 12 diéu khéng ding ngac nhién. Trong phédn nay, ching ta s& xem xét vai
tro cua nd, chi ra khi nao cén cdc ham tao, khi nao khong va giai thich cach ma mot ham tao c6 thé

goi mot ham tao khic diing cii phdp dac biet.

2.4.1. Chuéi rat 16n cac ham tao

Khi ching ta dinh nghia mét d6i tugng clia mét 16p din xudt, khong chi ham tao clia né dugc
thuc hién ma ham tao trong 16p ¢o s& cling dugc thuc hién. Tren thyc €, ham tao 1dp co s& duoc
thye hi¢n truée. Bai vi d6i tugng 16p co sé 1a d6i twgng con - mot phén - ctia d6i twong 16p din xust
va chiing ta cin tao cdc bo phan trude khi tao toan thé. Hinh 2-3 chi ra msi quan hé giita cdc d6i
tugng va doi tugng con.

Cac ham tao cla tit ca céc d6i twong con clia mot d6i trong duge goi trudc ham tao cha déi -
tugng d6. Vi du sau minh hoa diéu nay:

Listing 2-5 INCONDES
{fincondes.cpp
Hkiem tra ham tao va ham huy trong su ke thua
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#include<iostream.h>
#include<conio.h>
class Parent
{
public:
Parent()
{cout<<"\n Parent constructor";}
~Parent()
{eout<<"\n Parent destructor";}

!H}H!Ha’;‘mHHJ’;‘HH!N;‘HHHH:’;‘HHHH!HH;‘HWH!
class Child:public Parent
{
public:
Child(
{eout<<"\n Child constructor";}
~ChildQ
jeout<<"\n Child destructor”;}
I
I T i e
void main{)
{
cout<<"\nStarting ";
Child ch; {ftao mot doi tuong Child
cout<<"\nTerminating "; '
getch();
H

Chuong trinh nay md t& mot ép
Parent va mot 16p Child rit ra tir
Parent. Trong ham main() ching ta
tao mot d6i tuong Child. Chiing ta da 51 wwong con
cai dat rd rang cic ham tao va ham
hily & ¢4 hai 18p, c6 thé nhan ra diéu
nay khi ching thuc hién. Day la két
qua duwa ra tr chuong trinh
incondes.cpp:

Starting B6i twgng 16p oo sd
Parent constructor
Child constructor

Terminating
Parent destructor boi
Child destructor : wemng

1dp co
MY

Nhu ching ta thdy, ham tao 16p co
s& duge goi trude sau dd ham tao 16p -
dan xuit méi duge goi. Khi déi tuong
Child két thic, ham hily dwoc goi ‘Dt li¢u 3
theo tht tr nguge lai: d6i tuong lép
din xuit duge hay trudc sau dé dén
déi tgng 19p co s,

Poi weng 1dp din xuil

Hinh 2-3. Sy k€ thira vi céc ddi tugng con.
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Trinh bién dich sip x€p dé tét ca cic ham tao va ham hily duge goi mét céch ty dong. Tham chi,
néu chiing ta khéng dinh nghia r5 rang ham tao va ham hiy nhu di 1am & day thi trinh bién dich sé
goi cdc ham tao va ham hity mic dinh dé€ tao va hily cdc d6i twong va d6i tugng con. Hoat d6ng nay
s& xay ra dii ¢6 hay khéng ¢6 cdc hiam tao va ham huy ctia riéng chiing ta.

Ham tao mac dinh clia mot d6i tuong ludn ludn duge goi trirée ham tao ma chiin g ta dinh nghia.

Khi ham tao cia chiing ta bit diu thuc hien, doi tuong va tat ca cdc d6i tuong con cua nd da tén tai
va duoe khéi tao.

2.4.2. Khi nao can cic ham tao 16p dan xuit

Chung ta da thdy trong chuong trinh STACKINH & phén trudc 12 ching ta khong cén viét mot
ham tao khong d6i s6 cho 16p din xust néu 16p co 50 di c6 mot ham tao nhu vay.

1. Ham tao khong c6 doi sé

Chiing ta khong thé diing mot ham tao ¢6 d6i s6 khi né dugc dinh nghia r3 rang trong mét 1ép
ma ching ta s& thé hién mét d6i tuong. Cé nghia la, tham chi néu ching ta c6 moét ham tao n déi s6
trong 16p co s& thi ching ta vin phii dinh nghia mét ham tao n d6i s6 trong 16p din xust. Ban
chuong trinh 2-6 CONINH cho thay diéu nay 1am viéc nhu the n3o.

Listing 2.6 CONINH
{ffconinh.cpp
ffminh hoa ham tac va su ke thua

class Mu
i
private:
int mudata; Hdu lieu
public: .
Mu():mudata(0) /fham tao khong doi so
i
Mu(int m):mudata{m) //ham tac co doi so
i
b
TR R I R T
class Nu:public Mu /Nlop dan xuat
i} /khong co ham tao

TR TR LT
void main()
{
Nunl; {fco the dung ham tao khong doi so trong Mu

Nu n2(20); /floi: khong the dung ham tao mot doi so
}

2. Ham tao c6 doi s6

Néu chiing ta them mét ham tao mot déi s6 vio 16p dn xuét Nu thi chiing ta ciing phai thém
vao mot ham tao khéng déi s6, ciing nhu véi bat ky 16p ndo. Ban chuong trinh 2-7 CONSINH cé
nhitng ham tao thém vao nay,

Listing 2-7 CONSINH
flconsinh.cpp

/fminh hoa ham tac va su ke thua
class Mu

{

private:
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int mudata; /fdu lieu

public:
Mu():mudata(0) Jfham tao khong doi so
Mu(int m}:mudata(m) /fham tao co doi so
§
h
class Nu:public Mu  /lop dan xuat
; ,
public:

Nu{) /fham tao khong doi so

‘ Nu(int n):Mu(n) //ham tao co doi so

8 .
b {fkhong co ham tao
O e
voild main(}
{
Nunl,; figoi ham tao khong doi so
Nu n2(20); /Mloi: khong the dung ham tao mot doi so

}

Trong ham main() chuong trinh di dinh nghia thanh cong cic d6i tuong Nu sit dung ca ham tao
khong d6i s6 va ham tao c6 d6i s6. Ham tao mét d6i s6 truyén d6i s6 cha né cho ham tao trong Mu
str dung ci phdp méi:

Nu(int n):Mu(n)
{}

T4t ca nhimg gi sau d4u hai chdm duoc goi 12 danh sich bo khdi tao, & day su khai tao duge
thuc hién truée khi ham tao bit ddu thyc hi¢n. Cd phdp nay gi6ng ci phép ding trong cac ham tao
dé khéi tao cc bién thudc kiéu dif liéu co ban, nhung & day né duge dung dé goi mét ham tao. Trén
thye t€, nhitng hoat dong nay giéng nhau vé khéi niém, bdi vay khong c6 gi 1a ngac nhién khi chiing
ding ciing mot cu phap. Trong trudng hop nay thi thuc hién khoi tao mét d6i tugng lép con trong
trudmg hop khéc lai khdi tao mét bién thude ki€u dit liéu co ban, nhimg C™* d6i xit véi cdc d6i tugng
16p va cac bién ki€u dit liéu co ban nhu nhau. '

Trong chuong trinh ndy, ham tao 16p din xuft chi don gian truyén d6i s6 n cho ham tao 16p co
s&. N6 khong c6 hanh dong gi nén trong hai du ngodc nhon 12 réng. Day 12 tinh hudng thudng gap
trong 16p din xuét: cdc ham tao c6 than ham rbng bdi vi cong viée clia né duge 1am trong danh sich
bo khéi tao. :

2.4.3. Thém chitc niang cho ham tao i6p dan xuvit

Khéng phai it ci cic ham tao 16p din xut déu cd than ham réng. Cho ring ching ta muén
them mat dac diém cho 16p airtime (mot 16p thoi gian s dung trong hang khong), chiing ta mudn
ngan can ngudi s dung 16p khéi tao céc d6i tuong airtime véi céc gi4 tri gidy va phiit qué 16n. Gi
cin nhd hon 24 va phiit c4n nhé hon 60. N&u ngudi sit dyng viét : -

airtime Departure(11,65); - _
thi chiing ta mudn ham tao cinh béo bdi vi gid tri phit khong thé 1on hon 59.

Dé thém dac diém mdi ndy cho airtime, ching ta nit ra mét 16p méi airtime2 c6 1énh kiém tra
16i cdn thiét trong ham tao hai d6i s6 clia né. Diéu nay duge minh hea trong ban chuong trinh 2-8 la
AIRINH. '
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Listing 2-8 AIRINH'
/fairinh.cpp
//ham tao va su ke thua trong lop airtime
#include<iostream.h>
. #include<process.h> ffeho exit)
#include<conio.h> flcho getch()
class airtime
{
protected:
int hours;
int minutes;
public: .
airtime():hours(0),minutes(Q) //ham tao khong doi so

airtime(int h,int m):hoursth),minutes(m) //ham tao hai doi so
{} '

void display(Qconst f/dua ra man hinh

cout<<hours<<""<<minutes;

}
b
HHTHITH TR Y
class airtime2:public airtime

{
public:
~ airtime2():airtime() /ham tao khong doi so
airtime2(int h,int m):airtime(h,m) /fham tao hai doi so
{
if{minutes>59 | | hours>23)
cout<<"\nLoi:gia tri airtime khong hop le"
<<hours<<";"<<minutes:
exit(-1);
i
i
b : _
T T T
void main(
{
airtime2 atQ; : /ftot, ham tao khong doi so duoc goi
cout<<"\nat0=";
at0.display();
airtime2 at1(10,45); H#tot, ham tao hai doi so duocc goi

cout<<"\natl=";

atl.display(;

airtime2 at2(10,65); Hloi, ham tao hai doi so duoc goi
cout<<"\nat2=": : '
at2.display();

getch(};

}

Keét qua dua ra tir chuong trinh AIRINH:
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at0=0:0
at1=10:45
Loi:gia tri airtime khong hop le

Nhu chiing ta thdy, ham tao airtime2 di tim ki€m thanh cong gid tri minutes vuogt ra khoi
khodng cho phép va canh bao ngudi sir dung.

2.5. PIEU KHIEN TRUY NHAP

Chiing ta da duoc gidi thiéu vé cdc dinh danh truy nhap va cich mé ching diéu khién truy nhap
do6i véi cac ham thanh vién 16p co so. Trong phin nay chiing ta sé néi ky vé cdc dinh danh truy nhap
va chi ra khi nao thi cdn ding dinh danh nao. Chiing ta ciing s€ néi t&i mét tinh hudng khac: sy ké -
thira chung (ké thira public), su k€& thita duge bao vé (ké thira protected) va su ké thira riéng (ké
thira private).

2.5.1. On lai su truy nhap

Khi chua ¢6 su ké thira, cic ham thanh vién Iép cé thé truy nhap 16i t4t ci nhitng gi c6 trong 1ép
du né 1a public hay private, nhung cdc déi twong cla 16p do chi ¢6 thé truy nhap téi cc thanh vién
public, diéu nay duge chi ra & hinh 2-4.

. Lap A

Ham thanh

vién cua _ Privaie R |

9p A b |

hé Lruy .

nhap ca Public :

thanh vién

public v | E)uodl ilg;n;\g

et chi ¢é 1hé
truy nhap
cac thanh
vién
public

Hinh 2-4. Binh danh truy nhap khéng ¢6 su ké thira,

Khi su k€ thira xudt hién, cdc kha ning truy nhép khic tang 1én cho 16p din xudt. Cic ham
thanh vién clia 16p din xuét ¢é thé truy nhdp cac thanh vién public va protected cta 16p co s&
nhung vin khéng thé truy nhap céc thanh vién private. Cic d6i trgng cia l6p ddn xudt chi c6 thé
truy nh4p céc thanh vién public cia 16p co s&. Tinh hudng nay dugc chi ra & bang 2-2.

Bdng 2-2. Su k€ thira va kha néing truy nhap

Dinh danh C6 thé truy nhap tit | C6 thé truy nhap tir | C6 thé truy nhap tir cac d6
truy nhap trong 16p 16p dén xust tuong ngoai 16p
Public ' Co Co Cé
Protected Co Cs Khong
Private Cé Khéng _ Khong

26



Mic div mot 16p duoc riit ra tir 16p
c0 s0 nhung cac tinh hubng déi véi lép
co s6 khéng thay déi, bdi vi ching
khong biét vé 16p din xuit. Hink 2-5

chi ra méi quan hé nay. Ldp Busc
2 v oven n . . Private
2.5.2. Dé dir liéu & private =
Dir liéu trong 16p co s& nén dé & ———|  Protected
private hay protected ? Ching ta d3 .
¢6 vi du cho ca hai c4ch nay. Daoi véi Pablic

cdc chuwong trinh vi du dé dir ligu & -
protected cé thuan loi la: khéng cdn )

viét thém cdc ham 16p co s& d€ truy Class Derv:
nhap dit liéu tir 16p din xua4t. Tuy nhién, public Base @
ddy khong phai 1a cach t6t nhat,

N6i chung, dit liéu 1ép nén dé
private (tdt nhién ¢é nhitg ngoai 1¢). Private
Dt li¢u public c¢6 thé bi thay déi boi
bét k¥ ham ndo & bat ky dau trong Protected ~
chuong trinh, diéu ndy nén tranh. Dir
licu protected c6 thé bi thay déi bdi Public -
c¢dc ham trong bat ky 16p dan xuit ndo.

Bit ky ngudi nao rit ra mot 16p tir

mot 16p khdc déu ¢6 quyén truy nhap
téi dir liéu protected cia I6p co s&. S&
an toan va tin cy hon néu Iép din xu4t

khong thé truy nhap truc tiép dir liéu
lép co 6.

Hinh 2-5. Dinb danh truy nhap c6 ké thira.

Chiing ta nén nhd lai ring mot giao dién 16p bao gém cdc ham ding dé truy nhép céi gi dé.
Thiét k& céc 16p cho ching ta hai giao dién: mot giao dién public dé cic d6i tugng ciia 16p sir dung
va mot giao dién protected dé€ ¢cic 16p dan xudt sir dung. Khong nén dé giao dién nao truy nhap truc
ticp dir lieu. Mot thuan loi cla viéc d€ dir lidu 16p co sd & private la chiing ta c6 thé thay déi né ma
khong lam héng cdc 16p din xust. Chi cin giao dién giéng nhau Ia chiing ta ¢6 thé thay déi dit ligu
bén trong 14p.

Day c6 thé 1a mét ¥ tudng t6t d€ ngan can cdc ham 16p dén xuat thay doi dit liéu 16p co sé, céc
ham nhu vay chi duge doc dir lieu 16p co sé. DE cé truy nhap chi doc ndy, ching ta viét cdc ham
nhu binh thudng. C4c ham ndy nén dé & protected, bai vi ching 1a phdn giao dién protected duoc
ding béi 16p din xudt va cdc 16p khong phai 12 16p din xust khong thé truy nhap duoe.

Vidu sau day cho thay-su sdp xép nay ctia dir li¢u private va cdc ham truy nhap protected. N6
12 mot phién ban sira di cla chuong trinh STACKINH trong mue 2.3. ‘

Listing 2-9 STAPROFU (STAck PROtected FUnction)

{Istaprofu.cpp

Htao stack tot hon dung ke thua

{/du lieu lop co so la private, cac ham thanh vien la protected
#include<conio.h> /fcho getch()

#include<iostream.h>  /icho exit()
T T I i

27



class Stack /imot stack luu tru toi SIZE so nguyen

{
protected:
enum {SIZE=20}; /kha nang cua stack
private: .
int st[SIZE]; {/so nguyen luu trong mang
int top; /ichi so cua muc du lieu cuol cung dat vao
protected:

int get_top() const //tra ve gia tri top hien tai

{return top;}
public: .

Stack() /Mham tao khong doi so
{top=-13}

vold push(int var)
{st{++top]=var;}

int pop(
{return st[top--1;}

!!.-*f:f‘lﬂJ’!!HﬂfH:"Hfh‘:‘fﬂ/f.-Wﬂﬂh‘ﬂfﬂh'ﬂﬂH:'!H.’ﬂ.-’f!
class Stack2:public Stack

public:
void push{int var)
{
if(get_top(}>=SIZE-1)
{cout<<"Loi: Stack tran tren";exit(-1);}
Stack::push(var); ffgoi ham push() trong Stack
} .
int pop(}

if(get_top(<0) '
{cout<<"Loi: Stack tran duoi";exit(-1};}
return Stack:pop();  //goi ham pop() trong Stack
j
¥ S
I i
void main(}

Stack?2 s; /ltac mot doi tuong Stack

s.push(11);

s.push(12);

s.push(13); .

gout<<s.pop{)<<endl, {lay ra 3 muc du lieu

cout<<s.pop(}<<endl;

_cout<<s.pop(}<<endl;

cout<<s.pop()<<endl; /loi:lay ra qua nhieu
getch();

t

Nhur chiing ta c6 thé thdy, mang st va chi s6 top tao thanh cdc muc dit liéu chinh trong Stack
bay gir 12 private. Chi c6 cdc ham thanh vién cia Stack méi c6 thé truy nhap ching. Khi chiing ta
riit ra Stack? tir Stack, ham push() va pop{) cha Stack2 cé thé goi ham push() va pop() cia Stack
dé luu trit va 14y lai dit liéu. Tuy nhién, trong Stack2 ching ta cling cdn doc gid tri cia top dé co
thé kiém tra xem Stack da dy chua. Pé 1am dugc diéu nly, ching ta dit ham get_top() trong
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Stack, ham nay & protected nén i6p din xuét c6 thé thuc hien n6; dé dim bio I6p din xufit khong
thé ding né dé thay déi bat ky cdi gi trong Stack né 13 ham hing const. '

Ddi v6i ngudi sit dung I6p thong thudng, Stack2 1am viéc y nhi trong chuong trinh STACKINH
(ham main() y nhu khi chi ¢6 Stack). Tuy nhién, trong chuong trinh STAPROFU dit lieu cita Stack
an toan tranh nhitng t6n hai do ngudi st dung 16p viét lénh sai. N6i chung, day 12 cdch t6t hon 12 dat
dit liéu O protected.

Chi ¥ réng chiing ta dit hing enum SIZE & protected dé Stack2 c6 thé sit dung. Bai vi SIZE
phai dugc dinh nghia trude st, né 1a private, nén chiing ta diing hai protected trong dir liéu cua
Stack.

2.5.3. Su ké thira public va private

Chiing ta da xét cich cc dinh danh truy nhép c6 thé duge 4p dung cho dit lieu 16p co s& dé didu
khién viéc truy nhap tir 16p dan xust. Bay gid chiing ta cling xét mot cach sir dung khac cta céc dinh
danh truy nhap: diéu khién cdch ma céc 16p duoce k€ thira.

1. Su ké thiva public -

Trong su k€ thira ching ta thudng muén diing dinh danh truy nh4p public
class alpha '

{3
class beta:public alpha
{;

Day duge goi 12 sy k& thira chung (su k€ thita public), d6i khi cdn goi 1a su rit sa public
(public derivation). Véi loai k€ thira ndy, cdc d6i tuong cia 16p din xust o6 thé truy nhap cic
thanh vién public cia ldp co s&, nhw & bén trdi hinh 2-5.

Trong su ke thira public, ham ¥ 1a mot d6i tuong cha lop B 1a m(jt "loai” d6i tuong cla lép A.
Mot d6i tuong cua I6p din xudit c6 ddy di cac dic diém cha 16p co s, cong thém mét vai dic diém
cia riéng né.

2. Trinh bién dich va su ké thita public

Trinh bién dich rdt coi trong mé&i quan hé "loai” trong su k& thira public. N6 dé cho chiing ta sit
dung moét d6i tuong 16p dén xudt trong nhiéu tinh huéng ma & dé cin mét d6i tuong 16p co s& bdi vi
d6i tuong 16p din xu4t 1a mot loai d6i tuong 16p co s&. Chuong trinh vi du sau day, KINDOF, minh

hoa sy mém déo nay (& day chuong trinh khong dinh nghia ham anyfunc() va khéng muén dugc
lién két hay thuc hién).

Listing 2-10 KINDOF
Hkindof.cpp
{//mot doi tuong lop dan xuat la mot loai doi tuong lop co so
class alpha {Mlop co so

{
public:
void memfunc(} /fham thanh vien public

it
|5

class beta:public alpha {lop dan xuat
{h

void main()

{
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void anyfune(alpha); //khai bao, ham co mot doi so

alpha aa; /{doi tuong kieu alpha

beta bb; Hdoi tuong kieu beta

aa=bb; /idoi tuong beta duoc gan cho bien alpha
anyfunc(bb); /{dol tuong beta duoc truyen nhu doi so alpha

}

Nhu chiing ta thiy, mot d6i tugng chia I6p din xubt cé thé goi mét ham thanh vién trong Ic’rb co
s& chi cdn him dé ¢6 kiéu truy nhép public:

bb.anyfunc(};

Tuy nhién, chiing ta c¢6 thé gin mét d6i tugng 16p din xuét cho mot bién clia 16p co so.

aa=bb;

Trinh bién dich rdt vui v&i diéu nay boi vi bb 1a mét loai alpha. Tuong tu, chiing ta cé thé
truyén mot d6i tuong 1&p dan xudt cho mot ham ¢d moét doi s 16p co s0.

Lai ich thuc sur clia st mém déo nay sé rd hon khi chiing ta néi vé con tré va ham ao.

Luu ¥ 12 véi cich khdc diéu nay khéng lam viéc. Vi du chiing ta khong thé néi:

bb=aa;
boi vi d6i tugng aa khéng phai 12 mét loai d6i tugng bb.

3. Su ké thira privafe

Bay git chiing ta dd thdy trinh bién dich d6i xir v6i su k€ thira public nhu thé nao, ti€p theo
ching ta ting xem su ké thira private, né c¢é dang nhu sau:

class alpha
{}
class beta:private alpha

{hL

Bing cich thay thé private cho public ching ta s& thay déi toan b6 méi gnan hé ké thira mot
cich ddng ngac nhién (ching ta tam thoi diing kha nang protected vi né rit gidng private).

V£ co ban, khi mot 16p dugce k€ thira private, cic d6i tugng clha né khong thé truy nhap bat ky
céi gi c6 trong 16p co sd, bat ké dinh danh truy nhap ndo duge diing trong 16p co s&. Diéu nay duge
chi ra & bén phai hinh 2-5.

K&t qua 12 toan bo 16p co s& dn d6i véi cac d6i tugng cla l6p din xust. D61 véi cdce 16p din xuit
¢6 thé coi nhu khong cé 1ép co sé. Bdi vay, cdc d6i tuong cla 1dp din xudt khong biét rang chiing la
mot loai d6i tugng 16p co s&; ching khong biét gi vé 16p co s& méic dit 16p co s& 12 mot phan cia 16p
din xuit. Diéu nay gidng su hgp thanh hon - mét quan hé "c6” (chung ta da gisi thiéu vé su ho‘p

thanh trong muc 2.1). Ldp din xuft cé mét d6i tugng cla lcrp cg s& nhung chiing khong biét gi
vé néd.

B&i vi su k€ thira private rdt giSng su hgp thanh nén sit dung su hop thanh thay th€ thudng t6t
hon. Trong doan chuong trinh dudi day cho thdy diéu nay, ching ta chi don gidn cai mot di tuong
cha 16p alpha vao 16p beta va queén su k€ thira di:

class alpha

{};

class beta
{private:
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alpha obj;
}s

Déi twong alpha duge dit & private nén né vin duge che day d6i vdi cde d6i tuong beta. S

hop thanh 1am cho m6i quan hé giiia hai 18p 15 hon, it phitc tap hon va d6i véi céc d6i twong 16p din
xudt van 1am viéc nhur vay. Chiing ta s€ thay mot vi do vé sy hop thanh trong muc 2.7.

4. Trinh bién d_ich va su ké thiva private

Trinh bién dich khong hiéu réing su ké thira private giéng su hop thanh hon 13 su ké thira. Vi
vay, trinh bién dich s& khong dé dii véi cac d6i tugng 16p din xust duge diing thay cho céc d6i
tugng 16p co so. M6t phién ban m& rong ciia chuong trinh KINDOF cho thdy sir k& thira public va
private. Ban chuong trinh 2-11 13 KINDOF?2.

Listing 2-11 KINDOF2
class alpha Hlop co so
{
public: :
void memfunc() /fham thanh vien public
hi
class beta:public alpha //ke thua public
th
class gamaprivate alpha /fke thua private
{h

veid main{)

{

void anyfunc(alpha): /fkhai bao, ham co mot doi so
alpha aa; //doi tuong kieu alpha
beta bb; /{doi tuong kieu beta
gama gg; {doi tuong kieu gama
bb.memfunc(; Htot
gg.memfunc(; loi: memfunc() khong truy nhap
anyfunc(bh); /Ttot, doi tuong beta duoc truyen nhu doi so alpha
anyfunc(gg);  /floi: khong the chuyen doi gama thanh alpha
aa=hbh; /ftot, doi tuong beta duoe gan cho bien alpha
aa=gg; Hoi: khong the chuyen doi gama thanh alpha’

}

Mot 16p méi gama duge k€ thira private tir alpha. Trinh bién dich s& khéng cho phép chiing ta
£0i mot ham thanh vién cia alpha tir mot d6i twong gama, truyén mét d6i twong gama t6i mot ham
c6 d6i s6 alpha, hay gdn mot d6i twong gama cho mét bién alpha.

2.5.4. Su ké thira protected

Su ké thira protected tuong tu sy k€ thira private: ca hai déu gi6ng su hop thanh (moét quan hé
“c6"). Tuy nhién, cdc lénh trong cdc ham thanh vién cla 16p din xuét protected cé thé truy nhdp
céc thanh vién public va protected trong 16p ca 84, trdi lai - nhir ching ta d3 thay - cic lénh trong
ham thanh vién cita 16p dén xudt private thi khong thé. Su ke thira protected thudng khéng duoc sir
dung va né c6 trong ngén ngir chi dé cho ddy d.
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2.5.5. Tom tit sy truy nhap

Chiing ta cling tém tit nhitng gi da ban vé su truy nhap va cic loai k€ thira khdc nhau. Bing 2-3
chi ra su truy nhap té1 cdc thanh vién 16p co s (thudng ta dit ligu), & d6 cdc thanh vién cia 16p din
xufit c6 thé duoc phép truy nhip. Su k€ thira private lam cho tit ci céc thanh vién khéng bao gi%s ¢
thé truy nhép.

Bdng 2-3. Su truy nhap ciia cic ham thanh vién 16p dan xuét

K¢ thira private K& thira protected K¢ thira public
Dit litu 16p cosdla | Khong thé truy Khéng thé truy nhap [ Khéng thé truy
private nhép . nhép,
Dit liéu 16p cos&la | Khong thé truy C6 thé truy nhép Cé thé truy nhap
protected nhap ‘ _
Dit liéu lop coséla | Khong thé truy C6 thé truy nhap C6 thé truy nhap
public nhap

Béng 2-4 chi ra su truy nhap t8i cdc thanh vién 16p co s& (thudng 13 cdc him) ma & d6 c6 thé
cho phép s truy nhap d6i véi cic d&i tuong 16p din xudt duge dinh nghia ngoai mé ta 16p, ching
han nhu trong ham main(). Chi ¢é céc thanh vién public ducc ké thita public 12 ¢6 thé truy nhap.

Bdng 2-4. Sy truy nhap cua cac déi tugng 16p dén xudt

K& thira private K¢ thira protected K€ thira public
Ham I6p co so fa Khong thé truy Khong thé truy nhap | Khéng thé truy
private nhap nhap
Ham 16p co sd 1a Khéng thé truy Khéng thé truy nhap Khong thé truy
protected nhap nhip
Ham 16p co s0 12 Khéng thé truy Khéng thé truy nhap C6 thé truy nhap
public nhap

2.6. SUKE THUA NHIEU MUC

Su k& thira ma ching ta néi dén tir trudc dén gid 12 su k€ thira hai mire. Con ¢6 s k€ thira nhiéu

mitc. Khong chi c¢é 16p beta c6 thé rit ra tir 16p alpha 16p gama ciing c6 thé rit ra tir beta, 16p
delta c6 thé nit ra tir gama v.v..

class alpha

{hs

class beta:public alpha
{h

class gama'public beta

{s
class delta:public gama

{h _
Mot thif 1am viéc nhu mong dgi. Mdi quan hé gifta delta va gama y nhu giita beta va alpha.
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Mot 16p c6 thé truy nhap t6i it ca céc lop t6 tien ciia né. Trong su ké thita public, cdc ham
thanh vién delta c6 thé truy nhép t6i dit licu public hosc protected trong gama, beta va alpha. T4t
nhién 1a ching khong thé truy nhap t&i cdc thanh vién ciia bt ky 16p nao trir cha chinh no.

2.6.1. Vi du rit ra 16p foreman tir 16p laborer

Trong chuong trinh EMPINH & muc 2.2, chiing ta da kiém tra mot chuong trinh ma trong dé cé
mdt vai nhan vién duoge duge rit ra tr 16p nhan vién employee. Bay gi¢ chiing ta thém mét déc
cong (foreman) vao chuong trinh nay. M6t déc cong 13 mét loai cOng nhéan dic biét, bai vay 16p
doc cong foreman duge riit ra tit 16p cong nhan laborer, nhu chi ra & hinh 2-6.

Class cmployee

Class munager Class scientist Class laborer

4

Class foreman

Hinh 2-6. Phan c4p lép rong EMPGRAND,

Céc dbe cong gidm sit nhing hoat dong clia cong nhan. Ho chiu trach nhiém vé chi tiéu sin
xudt cho nhém ciia ho. Kha nang chia mét déc cong duge d4nh gid bing phén tram chi tieu sin xust
ma ho dat duge. Muc dit liéu quotas trong foreman biéu dién s6 phdn tram nay (vi du, mot déc
cong thudng dat 72,5% chi tieu). Bin 2-12 1 chuong trinh EMPGRAND. -

Listing 2-12 EMPGRAND
Hlempgrand.cpp
#hon hai muc ke thua
ffforeman rut ra tu laborer
#include<iostream.h> _ '
const int LEN=80; fido dai cuc dai cua ten

class employee Hlop nhan vien
{
private:
char name[LEN]; flten nhan vien
unsigned long number; //ma nhan vien
public:

void getData()
{

cout<<"\nNhap vao ten:; " ; cin>>name;
cout<<"\nNhap ma nhan vien: " ; cin>>number;

}
void putData()

{

cout<<"\nTen: "<<name;
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cout<<"\nMa: "<<number;

}
Iy
e - -
class manager:public employee /Aep nguol quan ly

{
private:
char title[LEN]; Hechue vu, vi du giam doc
public:
void getData()
{
employee:;getData(); -
cout<<"\nChuc vu: ";cin>>title;

void putData(
{
employeenputData();
cout<<"\nChuc vu: "<<title;
}
b
i -—-c
class scientist:public employee /flop nha khoa hoc
{
private:
int pubs; {/so sach xuat ban
public: :
void getData(}
{
employee::getData();
cout<<"\nSo sach xuat ban: ";cin>>pubs;
H
void putData()
' {
employee::putData();
cout<<"\nSo sach xuat ban: "<<title;

class laborer;public employee {flop cong nhan
{
I8

e --
class foreman:public laborer Hlop doc cong
{
private:
float quotas,; /iphan tram chi tieu dat duoc
publie:
void getData()
{
employee::getData();
cout<<™\nChi tieu dat duoc (%) "; cin>>quotas;

vaid putData()
{



employee::putData();
cout<<"\nChi tieu dat duec la: "<<quotas<<’ %";

}
%
K — -
void main{)
{
laborer labo;
foreman fore;
cout<<"\n\nNhan du lieu cho cong nhan:";
labo.getData(); _
cout<<"\n\nNhan du lieu cho doc cong:";
fore.getData();

cout<<"\n\nDu lieu cua cong nhan:":
labo.putData();
cout<<"\n\nDu lieu cua doc cong:";
fore.putData():

}

Chii ¥ ring mot phan c4p 16p khong giong nhu mot so dé 6 chitc. Mot phan cdp 16p do nhiing
dic diém chung t6ng quat tao thanh. Lop cang t8ng quét cing & vi tri cao trong phan cap 16p. Lop
cong nhan 1a mot kiéu nhan vién téng quét hon 16p déc cong, boi vay 16p cong nhan & trén 16p déc
cbng trong so d6 phan cdp I6p. Trii lai, trén so dé t chite ciia mot cong ty, d6¢ cong lai & trén cong
nhén béi vi trén so dé t6 chiic, ngudi ¢ quyén luc cang cao thi cang O vi tri cao trén so d6. Day 1a
mot vai méu twong tac véi chuong trinh:

Nhan du lieu cho cong nhan:
Nhap vao ten: Hung

Nhap ma nhan vien: 294504
Nhan du lieu cho doc cong:
Nhap vao ten: Binh

Nhap ma nhan vien: 294508
Chi tieu dat duoc (%): 90
Du lieu cua cong nhan:

Ten: Hung

Ma: 294504

Du lieu cua doc cong:

Ten: Binh

Ma: 294508

Chi tieu dat duoc 1a: 909504

2.6.2. Vi du vé ham tao

Khi ¢6 hon hai miic ké thira trong phan cdp 16p thi viéc quén 1y cdc ham tao ¢6 danh séch khéi
tao c6 thé trd nén hoi vung vé. Ban 2-13 d mot vi de vé cdc ham tao niy.

Listing 2-13 INHCON

/finhcon.cpp

/fkiem tra cac ham tao co doi s0 trong su ke thua

#include<iostream.h>

class Gparent

{
private:
int inty;
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float flov;
public:
Gparent(int 1,float £):intv(i},flov(f)
{
void display(
{cout<<intv<<" , "<<flov<<"; "y
5

class Parent:public Gparent
{
private:
int intv;
float flov;
public:
Parent(int i1,float f1,int i2,float £2):
Gparent(il,f1}, {kkhoi tac Gparent
intv(i2),flov{(f2) {khoil tao Parent

void display(

Gparent::display();
cout<<intv<<" |, "<<floy<<" ;"

}

};
class Child:public Parent
{
private:
int intv;
float flov;
public:
Child(int il float f1,int 12 float f2,int i3,float {3):
Parent(il,f1,i2,£2), {fkhoi tao Parent
intv(i3},flov(f3) Hfkhoi tao Child

&
void display()
{
Parent::display();
cout<<intve<" | "<<flov;

}; /fket thuc mo ta loj)
void mainQ

{
Child ch(1,1.1,2,2.2,3,3.3);
cout<<"\nDu lieu trong ch la ="
ch.display();

h

Lép Child duoc k€ thira tir 16p Parent, 16p Parent lai dugc k€ thira tir 16p Gparent. Mbi 16p c6
moét muc dif liéu int va mot muc dir liéu float. Ham tao trong méi 16p ¢6 du d6i s6 dé€ khdi tao di
liéu cho 1op d6 va 16p té tien. Diéu ndy c6 nghia 13 c6 hai d6i 56 cho ham tao 16p Gparent, bon d6i
s6 cho ham tao 16p Parent (né phai khéi tao Gparent va chinh né) va sau déi s6 cho Child (nd
phai khéi tac Gparent, Parent va chinh nd). M&i ham tao goi ham tao 16p co s& clia nd.

Trong ham main(), ching ta tao mot d6i tugng ki€u Child, khdi t20 n6 vdi sdu gid tri vi sau dé
hién thi né. Day 12 két qua dua ra tir chirong trinh: '
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Dulieutrongch=1,1.1;2,2.2;3,3.3

Déi tugng Child ch, d6i tugng con Parent trong d6i tuong Child va déi tugng con Gparent
trong d6i tuong con Parent, t4t ci déu duoc khai tao truéc khi ham tao Child bit ddu thue hien. Dé
12 1y do tai sao t4t c& cic 1 801 ham tao con xuét hién trén danh sich khéi tao. Chiing phai duge
khoi tao truée dfu ngoac nhon mé ciia ham tao d6. Vi vly, khi ham tao bt ddu thue hién phai dam
béo rang t4t ca cc d6i twong con c6 lién quan phai duoc tao va khoi tao.

Ngoai ra, khong thé bd qua mét thé he nao khi 801 cic ham tao t6 tién trong danh sich khai tao.
Su thay d6i sau day ciia ham tao Child:

Child(int i1 float f1,int i2,float £2.int i3, float f3):
Gparent(il 1), . //18i: khong thé khéi tao Gparent
intv(i3),flov(f3) -
{1

Loi goi ham tao Gparent 12 khéng hop 1& b&i vi 16p Gparent khong phai 1a I6p co s& truc tiép
ctia Child.

2.7. SUHCP THANH

Su hop thanh (composition) 1a dit moét d6i tugng bén trong mot déi tugng khic hay ding vé
phia 1ap trinh 13 dinh nghia mot d6i tuong cita mot 16p & ben trong mo ta caa mot 16p khéc. Ching
ta da n6i dén sy hop thanh mét vai 14n trude day, & dé ching ta so sinh né véi sy k€ thira private.
Day 12 vi dy v€ sy hgp thanh ma ching ta di ding: :

class alpha '

{h
class beta
{
private:
alpha obj;
IH

2.7.1. Gin cic déi tugng airtime vio 16p flight

Day ta mét vi du dién hinh vé su hgp thanh. Chiing ta di c6 nhiéu vi du vé 16p airtime, né bidu
dién cdc gid tri thdi gian gid va phit. Bay gid cho ring ching ta cdn viét mét chuong trinh sip xép
cac chuyén bay va chiing ta muén 1am viée véi céc d6i tuong chuyén bay (vi du, chuyén bay 962 téi
Atlanta bay gits d4 sén sang mé cita & dudng bay s6 32).

Dé don gidn, ching ta chi d€ ba muc dit lieu trong 16p chuyén bay: s6 chuyén bay, thdi gian
khéi hanh va thai gian dén (duoc luu trit dudi dang céc gid tri airtime). C4c ham thanh vién ctia 16p
chuyén bay flight s& nhan céc gi4 tri cho ba muc dif liéu nay tr ngudi sir dung va hién thi chiing.
Ban 2-14 trinh bay chuong trinh AIRSCHED.

Listing 2-14 AIRSCHED
Hairsched.cpp
//minh hoa su hop thanh: doi tuong airtime trong lop flight
#include<iostream.h>
class airtime
{
private:
int hours; Ho - 23
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int minutes; 0 - 59
public:
alrtime():hours(0),minutes(0)

airtime(int h,int m):hours(h),minutes(m)
{
void display(} const
' {

cout<<hours<<""<<minutes;
}
void get()
{
char dummy;
cout<<"\nNhap vao thoi gian (dang 12:59): ";
cin>>hours>>dummy>>minutes; :

"

X

class flight
{
private:
leng fnumber; /lso chuyen bay
_ airtime departure;/thoi gian khoi hanh
airtime arrival; //thoi gian den

public:
flight(:fnumber(0)//ham tac khong doi so
it
void get() {flay du lieu tu nguoi su dung
{

char dummy;
cout<<"\nNhap vao so chuyen bay: ";
cin>>fnumber;
cout<<"\nThoi gian khoi hanh: ";
departure.get();
cout<<"\nThoi gian khoi den: *;
arrival.get(¢
}

void display() cons /f{dua ra man hinh
cout<<"\nSo chuyen bay = "<<fnumber;
cout<<"\nThoi gian khol hanh =";
departure.display{);
cout<<"\nThoi gian khoi den =";

arrival.display();
H
b
oo -
void main)
{
flight flarr{100]; fimang luu tru 100 doi tuong flight
int total=0; /fso chuyen bay trong mang
char ch; Heho e hoac 'k’
do

{flay du lieu cho chuyen bay
flarr[total++].get();



cout<<"\nCo nhap nua khong(c/k)? ";
cin>>ch; '
!
while(ch!='k";
//hien thi du lieu cho cac chuyen bay
for(int j=0;j<total;j++) -

cout<<endl;
flarr(j].display():
}
}

Trong ham main(), chuong trinh dé cho ngudi st dung nhap vao dif liéu cho bao nhiéu chuyén
bay tiy thich. N6 luu cdc chuyén bay nay vao trong mot mang. Sau d6 né hién thi dit licu cho t4t ca
cdc chuyén bay trong mang. Day 13 miu trong téc véi chuong trinh khi ¢é hai chuyén bay duogc
nhap vao.

Trong chuong trinh, sy hop thanh dudng nhu 13 mét sy lua chon ty nhién; ching ta sir dung
airtime nhu cdc kiéu dit liéu co ban. Ching ta khong sir dung sir k€ thita dé két n6i 16p airtime vai
top flight béi vi cdc d6i tuong airtime rét gidng véi cac bién thuéc cde kiu dit liéu co ban. Tuy
nhién khong phai tdt ca c4c tinh hu6ng déu 16 rang nhu vay.

2.7.2. Khi nao sit dung su ké thira t6t hon si hgp thanh ?

Khi méi quan hé¢ “loai" gilta cdc 16p 12 quan trong. Cho rang ching ta ¢ mot mang kién
employee. Thit 1a t6t néu c6 thé luu trit bat ky loai nhan vién nao trong mang nay - ngudi quan 1y,
nha khoa hoc, cong nhan hay bat k¥ nhan vién nio - nhur thé nay:

employee emparry{SIZE]:

emparry[O]=laborerl;

emparry| | |=scientist;

emparry[0Q]=laborer?2;

Céch duy nhét ma ching ta ¢6 thé 1am duoc didu nay la k€ thita nhiu loai nhan vién tir 16p
employee. Su hop thanh khong thé tao cic méi quan hé cdn thiét gila cdc 16p (c6 thé luu trit cdc dai
twong ctia céc 16p khdc nhau trong mét mang 16p co s& 1a mot dic diém quan trong cha C** nhung
1¥ do quan trong s& khong 3, phai chd dén khi ching ta néi vé cdc ham o).

2.8. SUKE THUA BOI |
Su ke thira boi xay ra khi mot 16p k€ thira tir hai hay nhidu 16p co s& nhur the nay:
class Basel

{

class Base2

{h

class Derv:public Basel,public Base2

{}h -

Derv duoc rit ra tit ¢4 Basel va Base2. Trong mé ta cia 16p dén xudt, cdc 1dp co s& duge phén
cdch nhau bing mét ddu phdy (hoic nhiéu dfu phdy néu c6 hon hai 16p co 50) va mébi 16p co s& c6
dinh danh truy nhap riéng cfia né. LSp din xust Derv k€ thira 1t ca dif li¢u va cic ham thanh vién
tir ca hai 16p Basel va Base2.
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CHUONG 3

CON TRO

Con trd c6 tiéng 13 khé hiéu. Trong chuong nay, ching ta ciing tim hi€u vé con trd, it nhat 12 vé
khdi niém, qua dé chiing ta c6 thé théy ching thuc su khong phai 1a phic tap.

Phédn déu ching ta thao luan vé con trd trén phuong dién 1y thuyét thudn tiy, hiu hét ding cédc
kiéu dit liéu co ban 1am vi du. Sau khi hiéu k¥ vé con trd, ching ta cing xem cich ma con tro duge
dung dién hinh trong méi truémg C™.

Mot ting dung quan trong cfia con trd 13 c4p phdt dong bd nhd, dugce thuc hién trong C™* véi tir
khoa mew va delete. Vin dé nay s& duge xem xét trong nhiu vi du. Mét con tro dac biét goi 1a this
trd t6i cac d6i tugng cha riéng né ciing cdn duge xem xét & day.

Con trd duge diing dé tao nhitng c4u triic phirc tap luu trit dit lidu.

3.1. PIA CHi VA CON TRO

Y tudng co ban ding sau con trd khong phai phic tap. Ddu tién chiing ta cén biét vé dia chi bo
nhé vi cdn biét ring dia chi ¢6 thé luu trif céc bién.

3.1.1. Dia chi (hing con tro)

M&bi byte trong bd nhé mdy tinh c6 mot dia chi. Dia chi 1a cdc s6, y nhu cdc s6 nha trén mét
ph&. Céc s6 bét ddu tir 0 va tir d6 tang 1én 1, 2, 3... Néu ta c6 IMB bd nhé thi dia chi cao nhét s& 1a
16.777.215. Céc s6 d6 1a 1én d6i vai dia chi phé nhung v6i mdy tinh lai khong phai nhu vay.

Phin bo nhé chiém boi
chuong trinh
B6 nhd hé thong
L ’ .
0
314.800 ]
—— 314801 [ Varl = Integer
314802 [ Va2 Character
314799 —— 314803
314804 | Vard — > Float
314.805 )
th“-;lc’ng 314.806
rn 314.807 }
L Vard
— 314808
314.809
655359 — Cic bién

Varl & djachi 314800  Shuong rinh

Var2 & dia chi 314.802
Var3 & dja chi 314.803
Var4 & dia chi 314.807

Hinb 3-1. Dia chi bd nhd.

40



Bat ky chuong trinh nao khi ducc nap vao trong bd nhd déu chiém mot khodng x4c dinh cic dia

chi ndy. Diéu d6 c6 nghia Ia méi bién va méi ham trong chuong trinh bét ddu tir mét dia chi cu thé.
Hinh 3-1 cho thy diéu nay. :

3.1.2. Toin tit dia chi &

-Chiing ta c6 thé tim ra dia chi chi€m b&i mot bi€n bing cich dung todn tir dia chi & (address

of operator). Bin chuong trinh 3-1 trinh bay mét chuong mnh ngén VARADDR dé minh hoa cich
lam nay:

Listing 3-1 VARADDR
fivaraddr.cpp
! dia chi cua cac bien
#include<iostream.h>
#include<conio.h>
void main(}
{
it varl=11; /fdinh nghia va khoi tao cac bien
int var2=12; '
int var3=13;
cout<<endl<<&varl /ldua ra dia chi cac bien
<<endl<<&var2
<<endl<<&var3;
getch();
;o
Chuong trinh don gian nay dinh nghia ba bién nguyén va khéi tao chiing bang cac gid trj 11, 12,
13. Sau d6 dua dia chi clia cdc bién nay ra man hinh.

“Dia chi thuc chi€m bdi cc bién trong mot chuong trinh thy thude vao nhiéu yéu t6, chang han
nhu loai may tinh ma chuong trinh dang chay, kich thuéc hé diéu hanh va liu ¢6 chuong trinh nao
khdc dang t6n tai trong b6 nhé khéng. Vi nhilg 1y do nay ma két qua dua ra & cic médy c6 thé khic
nhau. Day la Két qua dua ra trén mot mdy tinh:

ox8f4ffff4 <------dia chi cua varl
oXBFAFIf2 <—--— dia chi clia var2
ox 8FAFFFf0 < dia chi cua var3 ) X
’ Noi dung cua

Nén nh¢ ring dia chi cia mét bién khéng cic dia chi
gi6ng nhir ndi dung cita né. N6i dung ciia ba bién Dia chi
la 11, 22 va 33. Hinh 3-2 cho thdy ba bién nay l
trong bd nhé.

Todn tir chén << dua ra dia chi & dang co s6 ffr0 ~— 33 — % Var3
16, dia chi dugc chi ra boi ti€p ddu ngit ox ding 2 —— 2 '
truéc mbi s6. Dia chi ciia varl 1 8fAffff4. Day 13’ — —p Va2
céch thong thudng dé trinh bay dia chi bd nhé. fff4 —y
Chiing ta c4n biét 12 m&i bién bét ddu tai moét dia
chi duy nhét. Tuy nhién, cdn chi ¢ 1A trong két
qua dwva ra d trén, mdi dia chi khéc dia chi ké né 2
byte. D6 la bdi vi trong chuong trinh chay trén
mady tinh, méi s& nguyén chi€m 2 byte bd nhé.

Néu diing bién kiéu char chiing ta s& ¢6 cic
dia chi 1ién ké nhau, bdi vi ki€u char chiém mot
byte bd nhd ; néu diing kiéu double thi cic dia
chi s& cach nhau 8 byte.

Ciéc bien
chuong trinh

Hinh 3-2. Dija chi va néi dung cita n6.
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Pia chi xudt hién theo thit tu giam ddn béi vi céc bién tu dong (automatic variable - 1a cic
bign duce dinh nghia trong mot ham) duge luu trit trén stack, nd phét trién theo hudng di xuéng (tir
dia chi cao dén dia chi thap) trong b nhd. Néu ta ding cdc bién ngoai (external variable - dugc
dinh nghia bén ngoai cdc ham) thi cdc bién d6 s& ¢é dia chi tang dan, boi vi cic bién ngoai duge hm
trit trén heap, n6 phat trién theo huéng di lén. Ching ta khéng cn phéi lo ldng qud nhién v€ van dé
nay bdi vi trinh bién dich quan 1y chi tiét giip chiing ta.

3.1.3. Bién con tro

Ciéc dia chi tu né hoi han ché. Ta ¢6 thé tim ra noi ma dif liéu duge Iuu trong bé nhé, nhung viée
dua ra céc dia chi that s ching ¢6 ich gi. Khi kha niing 1ap trinh d3 cao, yéu cdu cin thém vio mét
y tucmg cdc bién lun trit cdc dia chi. Chiing ta da thdy kiéu bién luu trit cac ky tu, cac 50 nguyén va
" cac s6 voi ddu phdy doéng. M6t dia chi ciing 12 mot s6 v n6 ¢6 the luu trit trong mot bién. Mot bién
gilt mot gia tri dia chi goi 1a mot bién con trd hay don gian 12 con trd. Néu mot con tro chira dia chi
cfia mot bien thi ta ¢6 thé néi con tro trd téi bién d6. Pay 1a ly do ma né 6 tén 1 con tro.

Kiéu dif liéu ctia bién con trd 1a gi? N6 khohg giéng vé6i kiéu cha bién ma dia chi cla né duge
con trd luu trit; mot con tro trd té1 kidu int khong nghia 13 ¢6 ki€u int. Ching ta ¢6 thé nghi té1 mot
kiéu dit lieu con trd duoc goi bing mot cii-tén gi d6 ching han nhu pointer hay ptr. Tuy nhién
nhimg vin dé nay hoi phic tap.

3.1.4. Con tro trd téi cac kiéu co ban

Ban chwong trinh 3-2, PTRVAR, trinh bay cd phdp cho céc bi€n con tro gilf dia chi cua cdc bién
nguyén int.

Listing 3-2 PTRVAR
Hptrvar.cpp
Hlcon tro (bien dia chi)
#include<iostream.h>
void main()

{

int varl=11; f/hai bien nguyen

int var2=22;

cout<<endl<<&warl //dua ra dia chi cua cac bien
<<endl<<&varZ;

int* ptr; /icon tro tro toi cac so nguyen

ptr=&varl; {ftro toi varl

cout<<endl<<ptr; //dua ra gia tri cua con tro

ptr=&var2; {itro tol var2

cout<<endl<<ptr; //dua ra gia tricua con tro

}

Chuong trinh nay dinh nghta hai bién nguyén, varl va var2 va khdi tao chiing béng céc gid tri
11 va 22. Sau d6 dira ra dia chi cla chiing.

Ti€p theo chuong trinh dinh nghia mét bién con tré trong dong lénh:
int* ptr;

Pay 6 thé 12 mot cd phép hoi dic bigt. Déu sao (*) c6 nghia la con trd trd 16i. Do do doc tr
phai sang trdi, cdu Jénh dinh nghia bién con tré ptr 12 mét con tro tro t6i int. Day la mot cich khiac
ctia viéc néi ring bi€n niy c6 thé giit dia chi clia bién nguyén.
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Vay cd gi khong ding véi ¥ tuéng kiéu con trd da nang c6 thé giir dia chi clia bat ky kiéu dit
liéu nao? Vi du, gia si goi n6 12 pointer thi ta cé thé viét:
pointer ptr3; . :
Van dé 12 trinh bién dich cdn biét loai bi€n ma con trd trd téi (Iy do s& r& khi ching ta ban vé
con tré va mang & phin sau). Nhitng ngudi thiét k€ trinh bién dich da tim ra mot cum tén méi nhir
pointer_to_int va pointer_to_char, nhung ho d4 st dung mot k¢ hieu ngin gon hon cho phép chi cén

hoc mét ky hiéu méi. Day 12 ci phép ding trong C™*. N6 cho phép khai bio mét con tro trd t6i bat
k¥ kiéu dit lieu ndo, chi cin dang tén kiéu va diu sao;

char* cptr;
int* iptr;
float* fptr;

Déu sao (trong ngit canh nay) la viet tt cha con trd hay ddy di hon, con trd trd t6i kiu bén tréi
clia no.

3.1.5. Nhimg y kién khic nhau vé cii phap
Nhiéu ngudi 13p trinh viét c4c dinh nghia con tro véi cic ddu sao g4n bién hon tén kiéu:
char *¢ptr;

biéu nay khéng c6 van dé gi véi trinh bien dich, nhung dat ddu sao gin tén ki€u nhin manh
rang dfu sao 1 phén ciia tén kifu (con trd trd tdi char), khén g phai 12 phdn ciia tén bién.

Néu dinh nghia hon mét con trd clia cling m6t ki€u trén moét dong thi chi cin chén tén kiéu chi
mot 14n nhung phai dat cde ddu sao trude méi tén bign:

.char* ptrl,* ptr2,* ptr3; //ba
//bién kiéu char hodc c6 thé ding

//d4u sao canh tén bién: . NOi dung cla
cdc dia chi
char *ptrl *pur2, *ptr3; //ba Dia chi
//bién kiéu char: ’ l
ptr
3.1.6. Con tro phai c6 gia tri [ ffd |—rff4 — T % Var|
Mot dia chi nhu ox8f4ffff4 c6 Pur tro 16 varl 0 —
thé xem nhu mot hing con trd. -——  Var2 Var2
Khi mét bién duge dat vao mot fff) —
dia chi cu thé trong bd nhé né s&
khong di chuyén duoc (néu cé thi
do sy thay déi clia hé diéu hanh, A_/—\_/J
k€t qui ngudi lap trinh khong
thdy). B&i vay cdc gid tri dia chi
s€ 1a hang chi cdn chuong trinh
tiép tuc ch:y. . - fff4 — i F Var |
Mait khic, mot-con trd nhu ptr
c6 thé xem nhur mot bién con tro. ‘fffg ) 22 Var2
Y nhu bién nguyén varl c6 thé P tro 16i var2 £f0 ——
dugc gan gié tri hing 11, bién con
tré ptr ciing ¢6 thé duge gén gia
tri hing ox8f4ffff4.

Hinh 3-3. Thay ddi gi4 tri trong ptr.

[}
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Khi dinh nghia mét bi&n 14n ddu tién, n6 khong giit gid tri (trir khi khdi tao né). N6 ¢6 thé chia
mét gi4 tri vo nghia. Trong trudng hop con trd, gid tri vo nghia nay 12 mot dia chi cha cdi gl dé
trong bd nh& nhung khong phai 12 nhimg gi ching ta mudn. Béi vy, trude khi mot con troé duge
ding, phai gin mot dia chi x4c dinh cho né. Trong chuong trinh PTRVAR, ptr ldc ddu duge gin dia
chi ctia var1 trong dong 1¢énh:

ptr=&uvarl; //dat dia chi cta varl vao ptr

Sau dé chuong trinh dua ra gi4 tri chita trong ptr, né gidng dia chi dua ra véi &varl.Ti€p dén,
ciing mét bi€n con trd pir lai duge gén dia chi chia var2 va gid tri nay duge dua ra man hinh. Hinh
3-3 chi ra hoat dong cta chuong trinh PTRVAR.

3.1.7. Con tro tro téi ddi tuong -

Céc d6i tugng duge luu trong bé nhd mdy tinh, bdi vay con tré cé thé tro téi cdc d6i tugng y
ahir 6 thé tré 1éi cac bién clia cdc kiéu dit liéu co ban. Vi dy, ta ¢6 thé dinh nghia mot d6i twong va
sau dé dat dia chi cha né vao trong mot con tro:

employee empl; mmmmmm dinh nghia d6i twong ciia 16p employee
employee* ptrobj=&empl; <-- dat dia chi cia d6i tugng trong ptrobj

Bién ptrobj thudc kiéu employee*, hojc la con trd tré t6i employee. Bay gio ching ta cling
viét lai chuong trinh PTRVAR dé€ lam viéc véi céc d6i tugng cha 16p employee. Ban 3-3 trinh bay
chuong trinh PTROBI.

Listing 3-3 PTROBJ
{fptrobj.cpp
{fcon tro tro toi cac doi tuong
#include<iostream.h>

#include<string.h> {icho strepy()
class employee {lep nhan vien
{
private: :
enum {LEN=30}; /ido dai cua ten
char name[LENY; fften nhan vien
unsigned long number; //ma nhan vien
public: /fham tao hai doi so

employee(char* na,unsigned long nu):number{nu)
{strcpy(name, na);}

5
T T T
void main()

{
employee emp1("Thang",123123L);
employee emp2("Binh",234234L});

cout<<"\nCac gia tri dia chi";

cout<<endl<<&empl /idua ra cac gia tri dia chi

<<endl<<&emp?;

employee® ptr; ficon tro tro tol employee

cout<<"\nCac gia tri con tro";
ptr=&empl; - /ftro toi empl
cout<<endl<<ptr; Hdua ra gia tri con tro
ptr=&emp2; {itro toi emp2
cout<<endl<<ptr; Hdua ra gia tri con tro



Hoat dong cla chuong trinh nay twong tu nhu chuong trinh PTRVAR. Tuy nhién, tit két qua dua
ra ta thdy cdc d6i tugng employee chi€m nhiéu bd nhé hon céc bign int.

Két qua nhur sau:

cac gia tri dia chi
0x29072222
0x29072200

cac gia tri con tro
0x29072222
0x29072200

Néu trir 222 cho 200 ta duge 22 & co s6 16, n6 bing 34 & co s6 10. Két qua nay la cé nghia bai
vi mét d6i twgng employee chia mét xau 30 ky tu va mot s6 unsigned long 4 byte.

3.1.8. Truy nhap cac bién dugc tro téi

Gid sit ta khong biét tén ciia mot bién nhung lai bi€t dia chi ciia né. Véy liéu cé truy nhip duogc
tG1 ndi dung cia bién d6 khéng?

Cé mot ci phdp dac biét d€ truy nhap t6i gid tri cta mot bi€n bing cich ding dia chi ciia né
thay cho tén. Ban 3-4, PTRACC, cho thiy né dugc 1am nhu thé nao.

Listing 3-4 PTRACC
/iptracc.cpp
{ftruy nhap bien duoc tro toi
#include<iostream. h>
void main()

¢

int varl=11; /hai bien nguyen

int var2=22;

mt* ptr; flcon tro tro toi cac so nguyen
ptr=&varl; {itro tot varl
cout<<"\nVarl="<<*ptr;

ptr=&var?2; fitro toi var2
cout<<"\nVar2="<<*ptr;

}

Chuong trinh nay rdt giéng chuong trinh PTRVAR nhung thay vi dua ra gi4 tri dia chi trong ptr,
né dua ra gid tri nguyén duogc luu giff tai dia chi duge luu trong ptr. Két qua nhu sau: '

Vari=11

Var2=22

Biéu thitc truy nhéap cdc bign varl va var2 1a *ptr, né xudt hién trong cic 1énh cout ¢ trén.

Khi d4u sao duge ding & ben tréi clla mot tén bi€n con trd, nhur trong biéu thitc *ptr, né duoc
g0i 1a todn tir gidn ti€p. N6 cé n ghia a gid tri cua bié€n dugc tré t&i bdi bién con tré & bén phai né.
Khi ptr duge gén dia chi cia varl, biéu thic *ptr cé gid tr 11 béi vi d6 1a gié tri cha varl. Khi
ptr dugc thay d6i bing dia chi clia var2 thi bidu thic *ptr cé gid tri 12 22 bdi vi var2 la 22.
Todn tir gidn ti€p déi khi dugce goi 12 todn ti néi dung (contents of operator). Hinh 3-4 cho thdy
hoat dong nay.

Ching ta khong chi ding con tré dé hién thi gi4 tri clia mot bi€n ma con ¢6 thé ding n6 dé

- thuc hién bat ky hoat dgng gi ma ta mudn thuc hién tryc ti€p trén bién. Ban 3-5 trinh bay chuong
- trinh PTRTO, & d6 sit dung mot con trd dé gon mot gid tri cho mot bi€n vi sau dé gan gid tri dé
cho bién khic.
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Listing 3-5 PTRTO
Hptrto.cpp
{truy nhap su dung con tro
#include<iostream.h>
vold main{)

{
int varl,var2; /hai bien nguyen
int* ptr; {fcon tro tro tol cac so nguyen
ptr=&varl; {itro toi varl
*ptr=37; Hgiong var1=37
var2=*ptr; /lgiong nhu var2=varl

cout<<endl<<varl //dua ra gia tri cua con tro

<<endl<<var2;

'

Nhé ring ddu sao duge ding nhu

todn tir gidn ti€p cé y nghia khic ddu.

sao duge dung dé khai b4o bi€n con 1o,
Toén tir gidn tiép ding trude tén bién va
¢6 nghia 1a gid tri cta bi€n duoc trd téi
bdi con tr6. Ddu sac duoc diing trong
khai bao c6 nghia 1 con trd tro tdi.

int* ptr; J/khai bdo
*ptr=37,  //gidn tiép

Viéc st dung todn ti gidn tiép
(indirection operator) d€ truy nhap
gi4- tri duge lvu trong mot dia chi duge
goi 1a sy dinh dia chi gidn tiép
(indirection addressing), hay d6i khi
goi la sy tham chi€u nguoc.

Sau day Ia tém tdt nhiing gi ching
ta da biét tir trudce tGi nay:

int v; //dinh nghia bién v
/fthuéc kiéu int

int* p; /fdinh nghia p & con
ffrd tro téi int

p=&v;, //gdn dia chi chia bi€n v
ffcho con ré v

v=3; f/gdn 3 chov

*p=3; /fcling gdn 3 cho v

Noi dung cia
céce dia cha

Bia chi
ptr l
fff4 — X
11 } Varl

*Prr 1a 11
fft2 —n

Var2 Var2

0 ——

ptr frea 1] ‘g Varl
1f2 +{TE2 2 Var2
= ar
*Prrla 22 ££50

Hinh 3-4. Truy nhip qua con trd.

Hai cau lénh cudi cho thay su khac nhau giita sy dinh dia chi théng thudng va sy dinh dia chi
gidn 1i€p, & d6 tham chi&u t6i ciing mot bién ding con tro giit dia chi cia né.

Hai cdch ndy gdn gifng viéc giao mot 14 thu t6i moét ngudi nao d6. Néu lii xe téi nha ngudi dé
va nhét thur vao trong nha thi d6 1a sy dinh dia chi tric ti€p. Ciing c6 thé vi€t dia chi trén phong bi
va dat 14 thu d6 vao hop thu cong cong. Neudi dua thir s€ doc dia chi va xem 14 thu dé t61 noi nao.
D6 1a su dinh dia chi gian ti€p boi vi n6 truc ti€p boi ngudi thit ba.
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3.1.9. Con tro tré téi kiéu void

Trudc khi ti&p tuc ban vé céc con o, ching ta cdn biét-mot kiéu dac biét ctia cic kidu di ligu
con tr6. Théng thudmg, dia chi dat vao mot con trd phai gidng ki€u con tré. Chiing ta khong thé gan
dia chi clia mo6t bién float cho mot con tré trd kiéu int. Tuy nhién, c6 mét ngoai 1 d6i véi quy tac
nay. D6 1a mét loai con trd da nang c6 thé trd 167 bat ky kiéu dit liw nao. N6 dwoc goi la con tro tro
t6i ki€u void va dugc dinh nghia nhir sau: )

void* ptr; //ptr c6 thé 116 16i kidu dif lieu bat ky.

Nhiing con tré nhir vay ¢6 nhitng kiéu sit dung dic biét, ching han truyén cdc con trd 6] cac
ham twong tdc trén mot vai kiéu dir liéu khic nhau.

Vi du ti€p theo sit dung mét con trd o t6i void ciing cho thdy, néu khong diing void thi phai
cén than khi gdn cho con trd mét dia chi ciing kiéu véi con tré. Ban 3-6 trinh bay chuwong trinh
PTRVOID.

Listing 3-6 PTRVOID
{fptrvoid.cpp

/ptr tro tol void
#include<iostream.h>

void main()

{

int intvar; /{/bien nguyen

float flovar; /fbien so dau phay dong

Int* ptrint; //dinh nghia con tro tro toi int
float* ptrflo; //dinh nghia con tro tro toi float
void* ptrvoid: /fdinh nghia con tro tro toi void
ptrint=&intvar; Hfduoc, gan int* cho int*
/fptrint=&flovar: floi, gan float* cho int*
/ptrflo=&intvar; {/loi, gan int* cho float*
ptrflo=&flovar; /fduoc, gan float* cho float*
ptrvoid=&flovar; f{duoc, gan float* cho void*
pirflo=&intvar; fiduoc, gan float* cho void*

}

Chiing ta c6 thé gan dia chi cda intvar cho ptrint b vi ching déu la kidu int*, nhung khéng
th€ gén dia chi cha flovar cho ptrint béi vi kidu du tién 12 kiéu float* con kifu thit hai I3 int*. Tuy
nhién kiéu ptrvoid c6 thé dugc gan véi bét ky ki€u con tré n2o, chdng han int* hoje float*, bdi vi

.06 la mét con tro trd t6i void.

Bit ky hic nao c6 thé ciing nén trénh ding ki€u void. Luén nhé rang trong C** con trd chi chiia
dia chi ciia mét ki€u xdc dinh 1a mot bién phép quan trong dé trinh céc 18i lap trinh. Sir dung kiéu
void mit di dac diém an toan nay. Tuy nhién, déi khi né cing quan trong nhu chiing ta s& thay.

3.2. CON TRO, MANG VA HAM

Con tré c6 thé duoe st dung trong nhi¢u tinh hudng. Hai tinh hudng thi vi 1a khi con trd di.rqc
sit dung dé truy nhap cic phin tir mang va khi ching duge sit dung 1am cic d6i s6 ham. K&t hop hai
tinh hudng nay véi nhau ta s& thdy con trd rét hitu {ch khi mang duge truyén nhu déi s¢ ham.

3.2.1. Con tré va mang
Gitfa con tré va mang c6 mot su lién ket chit chs. Poan chuong trinh sau s& 6n lai vé méang:
int intarray[5]={31,54,77,52,93}: ffmang
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for(int j=0;j<5;j++)
cout<<endl<<intarray{j]; //dua ra cac phan tu cua mang

Lénh trén dua ra l4n lugt cdc phén wr. Vi dy khi j = 3, bidu thic intarray(j] cé gid tn 12
intarray[3], n6 12 phén tir that 4, s6 52. Day 14 két qua clia chuong trinh:

31
54
7
52
93

1. Phén tit mdng va ky hiéu con tro

Chiing ta s& that ngac nhién khi cic phdn tir chia méang c6 thé duge truy nhép bang céch ding ky
hiéu con tré. Vi du ti€p theo, nhu vi du true nhung ding ky hiéu con trd: '

int intarray[5]={31,54,77,52,93};  //mang
for(int j=0;j<3;j++)
cout<<endl<<*(intarray + j); //dua ra cac phan tu cua mang

Bidu thitc *(intarray + j) & day c6 tic dung y nhu intarraylj] trong vi du trudc va ket qua dua
ra hoan toan giong nhau. Nhung chiing ta giai thich bidu thic *(intarray + j ) nhu th€ nao? Cho
ring j = 3, ldc d6 biéu thic s& I *(intarray + 3). Ching ta muén biéu thic nay biéu dién phén tix
thit tr cha mang (tifc 52). -

' Nhé riing tén cia mot mang biéu dién dia chi clia n6. Béi vay biéu thitc intarray + j 12 mot dia
chi ma da cong gi d6 véi né. Chiing ta c6 thé muén 3 byte duge cOng vio intarray nhung cich dé
khéng tao ra két qua ching ta mudn: intarray 12 mot mang s6 nguyén va 3 byte cOng vao mang nay
s& & giita phén tir thit hai, né ching c6 nghia gi. Ching ta mudn s¢ nguyén thit tu trong mang chd
khéng phai byte thi tu, nhu trong hinh 3-5 chi ra.

Trinh bién dich C™* du théng minh
dé 14y kich thudc cta dir lieu lam s6
luong khi né thuc hién phép tinh s6

hoc trén cdc dia chi cla dit ligu. N6

biét ring intarray 12 mot mang kiéu Intarray 31

int bdi vi né duge khai bdo nhu vay. - T Mmamay 10]

Khi n6é thdy biéu thic intarray+3, né K;‘_f’“g | 54 ' Intarray (1}

hiéu day 12 dia chi cda s6 nguyén the D0 -

tu trong mang intarray chit khong 1a r — 77 ~— ¢ Intarray [2]

byte thir t. Intarray+3 ——A 55 _|5 [naray (3
Nhung chiing ta lai muén gia tri

clia phén tir thit tw ndy chit khong phai — 93— Intarray |4}

dia chi. Dé c6 duoc gia tri ching ta s

dung todn tir gidn ti€p * (indirection

operator). Biéu thirc thu duge khi j=3
1a *(in‘tarl:ay+3)‘, day Ia noi dung cua Hinh 3-5. Dia chi va néi dung cba né.
phén tlr méang thit tu, tifc 52.

Bay gids chiing ta da biét tai sao mot khai bdo con trd phai bao g6mi ca kiéu ciia bién duoc rd
t6i. Trinh bién dich cdn biét mot con trd 12 con trd trd t6i int hay con trd trd tdi float dé né thyc
hién ding phép toin khi truy nhap t6i cic phdn tir cia mang. N6 nhan gid tri cua chi s8 vdi kich
thudc cha kiéu dit liéu duge tro téi.
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2. Hdng con tré va bién con tré

Cho ring thay vi cong j vao intarray d€ di qua cdc dia chi clia mang, chiing ta st dung todn tir
tang mot don vi ++ (increment operator). Chiing ta ¢6 thé viét *(intarray++) duoc khong?

Cau tra 161 ta khong, 1y do 1a ching ta khéng thé tdng mét hang (hay thay déi n6 bing bat ky
céch nao). Biéu thic intarray 13 dia chi ma & dé h¢ théng da chon dé dit mang. Ming s& vAn con &
dia chi nay cho dén khi chwong trinh két thic; do dé, intarray 132 mot hing. Ching ta néi
intarray++ c6 khéc gi néi 7++.

Tuy nhién, mac di chiing ta khong thé tang mot dia chi nhung ching ta c6 thé tang mot con trd
gilt mét dia chi. Poan chuong trinh sau cho thdy cach nay:

int intarray[5]={31,54,77,52,93 Y;  /fmang
int* ptrint; . //con tro tro toi int
ptrint=intarray
for(int j=0;j<5;j++)
cout<<endl<<*(ptrint ++); /fdua ra cac phan tu cua mang

Bién ptrint bdt ddu véi dia chi giong intarray, do d6 cho phép phan tir mang diu tién,
intarray[Q}, c6 gid tri 31, duge truy nhap trude. Nhung béi vi ptrint 13 mot bién, khéng phai 1a mot
hing, nén né ¢4 thé ting duoc. Sau khi né duoc ting, nd tro t6i phdn tir méang thit hai 13 intarrayf1).
Bi€u thitc *(ptrint++) lic d6 biéu dién noi dung ctia phin tir mang thit hai 1a 54. Vong lap 1am cho
bigu thic truy nhap l4n luot timg phin tir ciia mang.

3.2.2. Con tro va ham

C6 ba cich truyén céc d6i s6 t6i mot ham: truyén theo gid tri, truyén theo tham chi€u va truyén
theo con tré. Néu ham ¢é y dinh thay déi céc bign trong chuong trinh goi né thi céc bién nay khong
truyén theo gid tri bdi vi ham s& ¢6 duy nhdt mét ban sao cira bign. Tuy nhién, mét déi & tham

chi€u hodic con tré dugc ding dé thay déi bién trong chuong trinh goi ng.

1. Truyén cdc bién don gidn

Diu tién ching ta 6n lai cach truyén céc d6i s6 theo tham chigu vi sau dé so sanh cich nay vdéi
cach truyén céc d6i s6 theo con trd. Poan chuong trinh sau trinh bay cich truyén theo tham chiu:

void main{)

{

void centimize(double&); /fkhai bao ham

double var=10.0; //bien co gia tri 10
cout<<endl<<"var="<<var<<"inches";

centimize(var); ffchuyen sang centimeter

cout<«<endl<<"vm‘="4<var<<"centimeters”;

}

void centimize(double& v) //dinh nghia ham
{ v¥=v*254; _ /v y nhu var
}

o day ta mudn chuyén déi mot bién var trong ham main() tir inch sang centimet, nén ta d3
truyén bién dé theo tham chi€u t¢i ham centimize() (nhd rang dau & theo sau kiédu di liéu double
trong khai bédo ham nay chi ra ring d6i s6 duoc truyén theo tham chi€u}. Him centimize() nhan
bién ban ddu véi gid tri 2.54. Luu ¥ c4ch m3 ham tham chi€u t6i bign dé, né chi don gian dwa vao
tén d6i s6 v ; v va var 14 hai tén khdc nhau cta ciing mot bién.

Mot khi n6 dé chuyén déi var sang centimeter, main() hién thi ket qua. Pay 1 két qua dira ra:
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‘var=25.4 centimeters
Vi du ti€p theo chi ra mét tinh huéng tuong tu ¢d st dung con trd:

void main()

{

void centimize{double*}); /fkhai bao

double var=10.0; ) /fbien co gia tri 10
cout<<endl<<"var="<<var<<"inches"; _
centimize(&var); //chuyen sang centimeter

. coute<endl<<"var="<<var<<"centimeters";
! B
void centimize(double* ptrd) //dinh nghia ham
*ptrd *=2.54, /fptrd giong nhu var
}

Két qua dua ra gidng nhu trude. Ham centimize() dugc khai bdo c6 mot déi s6 1a mot con trd -
trd tSi dounble:

void centimize(double* ),
Khi ham main() goi ham nay, n6 cung cip dia chi ciia mot bi&n 1am déi s6:
centimize(&var); .

Nhd ring day khong phai 12 bi€n nhu trong truyén theo tham chi€u ma 12 dia chi cua bién. Boi
vi ham centimize() duoc truyén mot dia chi, n6 phai ding to4n ti gidn tiép, *ptrd, dé truy nhap téi
gid tri hru trong dia chi nay:

*ptrd *=2.54; /fnhan noi dung cua ptrd voi 2.54
Tét nhién cau 1énh ndy giéng nhu

*ptrd = *ptrd * 2.54;
D4u sao dimg mot minh c6 nghia 12 phép nhaﬁ.

Bdi vi ptr chia dia chi ciia var nén bit ky hanh dong gi duge thyc hién véi *ptrd ciing duge
thuc hién véi var. Hinh 3-6 cho thdy vi¢c thay déi ptrd trong chuong trinh goi nhu thé nao.

Main Centimize

var l ptrd

centimize( &var), #pird *=2.54;

2

1- main{} truyén dia chi clia var cho pird trong centimize().
2. centimize() ding dia chi 8¢ truy nhap var.

Hinh 3-6. Con trd dugc truyén 16 ham.
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Truyén con tr6 nhu moét déi s6 t6i ham trong moét s& trudmg hop gidng truyén mot tham chiéu.
Ca hai dén cho phép bién trong chuong trinh goi b thay déi b&i ham. Tuy nhién co ché thi khac
nhau. Mot tham chi€u la mét bi danh cia bién ban ddu, trii lai mét con trd lai 1a dia chi clia bién
ban déu. '

2. Truyén mdng nhu cdc doi sé

Ching ta di bi€t vé mang duge truyén nhu cic d6i s6 t6i ham va cdc phén tir clla chiing dwoc
ham truy nhap. Diéu nly duogc thyc hién bing cich diing k¢ hiéu mang. Tuy nhién ding ky hiéu
con tr6 thay cho ky hiéu mang khi truyén mang t&i ham thong dung hon nhidu. Doan chuong trinh
sau cho thdy cdch nay: ' '

#include<iostream. h>

#include<conio.h>

const int MAX=3;

void main()

void centimize(double*);
double varray[MAX]={ 10.0,43.1,95.9,59.7,87.3}:
centimize(varray); /fchuyen cac phan tu mang sang cm
for(int j=0;j<MAX;j++)
cout<<endl<<"varray[" <<j<<"]="<<varray[jl<<"cm";
getch();
}

~ void centimize(double* ptrd)

{
for(int j=0;j<MAX;j++)
*ptrd++ *=2.54;
}

Khai béo cho him centimize() giéng nhu trong vi du & phén trude, d6i s8 ciia ham 13 mot con
tro tro t6i double. Trong ky hiéu mang né duge viét nhur sau:

void centimize(double[]);

bé 1a vi 6 day double* tvong duong v&i double[] méc dir cii phédp con tré6 duge dung théng
dung hon. :

Vi tén ciia mang la dia chi cha mang nén khéng cén todn tir dia chi & khi goi ham:
centimize(varray); /ftruyen dia chi mang

Trong centimize(), dia chi mang nay dwoc dat vio bién ptrd. DE trd 14n luot t6i timg phén tir
cia mang chiing ta chi cén tang ptrd.

Két quéa dua ra nhu sau:

varr[0]=254 cm
varr[1]=109.474 ¢cm
varr[2]=243.586 cm
varr[3]=151.638 cm
varr[4]=221.742 ¢cm

Day 1a moét cau héi ve ci phép: Lam sao biét dugce biéu thitc *ptrd++ ting con tré ma khéng
tang ndi dung ciia con trd? Néi cdch khéc trinh bién dich gidi thich nhu *(ptr++), didu ching ta
mong mudn, hay rihu (*ptr)++? Biét ring diu sao * va toan tir ++ ¢6 cung mirc wu tién. Tuy nhién,
c4c todn tlf c6 cling mike uu tién duge xét theo céch thir hai: su ket hop. Su két hop lién quan téi viéc
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trinh bién dich thuc hién cdc phép todn bit ddu tir bén phai hay bén trdi. Néu mdt nhém todn tlr c6
st két hop tir phai thi trinh bién dich thyc hién phép todn bén phai cha biéu thic trude, sau d6 dén
cic phép todn bén trii. Céc todn tir mot ngdi nhu * va ++ c6 su két hop tir bén phéi, do d6 bi€u thikc
duge giai thich 1a *(ptrd++), né ting con trd chit khong phéi ting nhilng gi con trd tro téi. Nghia la
con tro duge ting 1én trude, sau d6 todn tir gidn ti€p * duge 4p dung cho két qua nay.

3.2.3. Con trd va chudi

Chiing ta bi€t chudi chi don gidn 13 cic mang ky tr. Bdi vay, k¥ hiéu con trd ¢6 thé 4p dung cho
céc k¥ tu y nhu c6 thé 4p dung cho bit k¥ méng ndo. DAy 12 mot thuat ngit théng dung trong C*.
Trong phén nay chiing ta cling xem xét mot vai khia canh ciia m6i quan hé gifra chudi va con tro.

1. Con tré tro t6i hdng chudi

Day 1a mot vi du trong d6 dinh nghia hai chudi, mét ding k¥ hiéu mang nhu chiing ta da biét,
va mot diing ky hiéu con tro.

char st1[}="Dinh nghia la mot mang";
char* st2="Dinh nghia la mot con tro";

cout<<endl<<stl; //hien thi hai chuoi
cout<<endl<<st2;

listl++; /fkhong duoc, stl la mot hang
St24+; //duoc, st2 la mot con tro
cout<<endl<<st2; /foay gio st2 bat dau tu "inh nghia...”

Trong nhidu trudmg hop hai kiéu hing chudi nay tvong duong nhau. Chiing ta ¢6 thé dua ra man
hinh ca hai chudi nhu trong vi du, st dung chiing lam d6i s6 ham v.v... Nhung c6 mét su khic nhau
tinh t& 13: st 14 mot dia chi - nghia Ia mot hing con trd - trdi lai st2 1a mot bi€n con tro. Boi vay,
st2 c6 thé thay d6i duge con st thi khong. Hinh 3-7 cho thdy hai loai chudi ndy trong bo nhé.

D strl str2 D

H H

B B

K K

H H

N N
Chudi duge dinh nghia Chuédi duge dinh nghia
nhu mang _ nhu con tré ’
char str{]="DHBKHN"; char* str2="DHBKHN";

Hinh 3-7. Chudi nhy ming vA con rd.
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Ching ta c¢6 thé tang st2 bdi vi né 1a m@t con tr6, nhung khi tang xong né khéng trd t6i ky tu
ddu tién clia chudi nita. Day 1a két qua dua ra:

Dinh nghia la mot mang
Dinh nghia la mot con tro
inh nghia la mot con tro

Mot chuéi dinh nghia ta mét con tré linh dong hon mot chudi duge dinh nghia 1a moét mang.
Céc vi dy sau day sit dung sy mém déo na

2. Chudi la doi 56 ciia ham

Day 12 mét vi du chi ra mét chubi duoe sir dung nhu mét d6i s6 ham. Ham dispstr() chi don
gian dua ra chudi duge dinh nghia trong ham main() bing céch truy nhap 14n luot ting Ky tu:

void main()

void dispstr(char*); //khai bao ;
char str(]="DHBKHN";
dispstr(str); /fhien thi chuoi

void dispstr(char* ps)

cout<<endi; //bat dau dong moij
while(*ps) /fcho den ky tu null
cout<<*ps++; /fduaraky tu

}

Dia chi str duge dung 1am d6i s trong 131 goi ham dispstr(). Dia chi nay 1a mét héing nhung
bdi vi né duge truyén theo gié tri, mot bin copy clia né duge tao ra trong ham dispstr(). Ban copy
nay la mot con trd, ps. Mot con trd ¢é thé thay déi dugc nén ham nay da ting ps dé€ hién thi timg ky
ty trong chubi. Biéu thifc *ps++ tra vé 14n lugt cdc ky tw. Vong lap quay vong cho dén khi né tim
thdy k¢ tu null (\0') & cudi chudi. Bdi vi ky tu ndy c6 gid tri 0, né biéu dién false, nén vong lap
while két thic & d6. Tiét kiém khodng trng nhu vay r4t thong dung trong C** (trong C cdn thong
dung hon).

3. Copy mot chudi ding con tré

Chiing ta cling xét mét vi du vé con trd 18y duge cdc gid tri ky tir tir mot chudi. Con trd cling ¢
thé duge sir dung d€ chén cdc ky tw vio moét chudi. Boan chuong trinh sau minh hoa mot him copy
mot chubi tGi mot chudi khac:

void main()
void copystr(char* char*); //khai bao
char* strl="DHBKHN";
char str2[80]; f/chuoi rong
copystr(str2 strl); /fcopy strl toi str2

void copystr(char* dest,char* sre)

while(*src) ) /fcho den ky tu null
*dest++ = *src++; .
*dest="\0":
}
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$ day, ham main(} goi ham
copystr() dé copy strl tGi str2. Trong
ham nay biéu thic

*dest++ = *sre++;

14y gia tri ky tr & dia chi duge tro t61
bdi sre va dat né vao dia chi duge trd
t&i boi dest. Sau d6 ca hai con trd cling
tang dé l4n ti€p theo clia vong 1ap k¥ tu
ti€p theo duge copy. Vong lap két thic
khi gap ky tu null trong src; tai thgi
diém nay null dugc chén vao dest va
ham két thic. Hinh 3-8 cho théy céc
con trd di chuyén qua cdc chudi nhu
th& nao. '

SIC

z:xw:c‘h

Z|lz|lR|(w DO

4. Ham thu vién chudi *Dest++ = *src++:

Nhiéu ham thu vién ma ching ta da o ]
sit dung cho cdc chudi c6 d&i s6 chudi Hinh 3-8. Copy mdt chudi ding con tro.
duoc xic dinh bing ky hiéu con tro.
L4y vi du, xem m6 ta ham strepy() trong file tieu dé STRING.H . Ham nay copy mot chudi t&i mot
chudi khéc, chiing ta c6 thé so sanh né véi ham copystr() ma ching ta di tac ra & trén. Pay 13 mdt
cti phép cfia ham strepy() dién hinh:

char* strepy(char* dest, const char* src); -

‘Ham nay c6 hai d6i s6 kiéu char*. Tic dung cia dinh danh const trong déi & thit hai 14 gi 7 Né
chi ra ring strepy() khong thé thay di cde ky ty duge trd t6i bdi sre. Diéu d6 khong c6 nghia la
con trd sr¢ khong thé thay déi. Dé con trd khong thé thay déi thi khai bdo d&i s6 1a -

char* const src;

~ Chiing ta s& néi k§ vé const va pointer trong muc 3.5. Ham strepy() ciing tra vé con trd tro t6i
char, day 13 dia chi cha chudi dest.

5. Mdng con trg tré t6i cdc chudi

Y nhu viéc cé cdc mang cia c4c bién kidu int hoic float, ciing ¢ mang clia cdc con trod, Mot
dng dung thudng gap cla céu triic nay 12 mng cia cdc con trd trd t6i cac chudi.

Ciing ¢6 mang cla cdc chudi. Nhu‘né nhu ching ta da thdy, bt loi clia viéc dung mot mang
chudi 1a cic mang con giit cic chudi phai ciing d6 dai, bdi vay s& lang phi bo nhé khi cac chudi cdn
T trir ngan hon d6 dai ciia cic mang con (hinh 3-10).

Chiing ta ciing xem cdch diing con tr6 d€ gidi quyét vén dé nay. Pay 1a mot mang con tro trd téi
céc chudi hon 12 mét mang cda céc chuoi:

char*arrptrs[DAYS] ={"Sunday","Monday","Tuesday",
"Wednesday", Thursday"”, Friday",

"Saturday" };
for(int j=0;j<DAYS;j++)
cout<<arrptrs[jl<<endl;
DAy 14 két qua cia doan chuong trinh nay:
Sunday -
Monday
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Tuesday

Wednesday _ . , <

Thursday Ming con trd Céc chubi

Friday

Saturday

Khi céc chudi khéng 1a thanh phin arrptr [ 200 ——s 200 S
cia mang, C" dat ching canh nhau 207 f201 u
trong bo nhé dé€ khong lang phi bo nhg. 20E £202 n
Tuy nhién, phai c6 mot mang lun trir cc f216 2031 d
con tro trd tdi cdc chudi dé tim ra chiing. g%g f204 a
Mot chudi & mét mang kiéu char, boi 530 N ggg {{0
vdy mot méng cdc con trd trd 16i cic 239 h —— 207 M
chudi 12 mot méng cic con trd trd t6i £208 P
char. D6 12 § nghia cha dinh nghia 209 n
arrptrs trong chuong trinh trén. Bay gidy f20A 1 d
nh¢ lai ring mot chudi luén luén duoc . f20B | - a
biéu dién béi mot dia chi: dja chi ciia ky oS %
tw d4u tién trong chudi. Céc dia chi nay L P0E T
dugc luu trir trong mang. Hinh 3-9 cho : f20F u
thdy di€u nay. 210 e

Mang con tré 1a mét cu triic manh ' — '
trong C*,

- —
6. Todn ti truy nhdp thanh vién .
(membership operator)
-
Cht dé ti€p theo mac db khong hodn M

toan lién quan t§i chudi nhung nén dé

cap trudc khi néi dén phén ti€p theo. Hinh 3-9. Méng con 1ré 11é 18i cdc chudi,

Day 1a mot can hoi: gid sit ¢6 mot con

trd trd t6i mot doi tugng, liéu c6 thé truy nhap cdc ham thanh vién cia d6i teong d6 chi st dung con
trd6? Vi du sau minh hoa cich lam nay. Ddu tién dung cdch théng thudng, str dung chinh tén d6i
tugng va todn tir chim. Sau d6 1a cch diing con trd. :

Listing 3-7 DASHGRAT
/idashgrat.cpp
//minh hoa viec truy nhap toi cac thanh vien dung con tro
/ftoan tu gach ngang lon hon (->)
#include<iostream.h>
class English Hlop don vi anh
{ .
private:
int feet;
float inches;
public: .
void getdist() /May chieu dai tu nguoi su dung
{
cout<<"\nNhap vao feet:"; cin>>feet;
cout<<"\nNhap vac inches:"; cin>>inches;

}
void showdist() /fhien thi chieu dat
{

cout<<feet<<"\'-"<<inches<<"\"";
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}
5

void main(

English edist; {ftao doi tuong English

English* ptreng=&edist; //tao con tro tro toi doi tuong
edist.getdist(); /ftruy nhap cac thanh vien doi tuong
edist.showdist(); {tvol toan tu cham
ptreng—>getdist(}); fftruy nhap cac thanh vien doi tuong
ptreng—>showdist(); {voi toan tu cham

}

Day 14 két qua cia chuong trinh:

Nhap vao feet:4
Nhap vao inches:5.8
4'-58"
Néu sir dung todn ti¥ truy nhap thanh vién (.) vdi céc con tro nhu cdc ddi tugng thi s€ khong
lam viéc.
Ptreng.edist(); //khéng 1am viéc, ptreng khéng phai 1a d6i tugng
Todn tir ch4m yéu cdu dinh danh bén trai né phai 1a mot d&i twong. Bdi vi ptreng 1a mot con o

trd t6i d6i tuong nén chiing ta cdn mét ¢t phap khac. C6 mot cach khic 12 14y d6i twong duoc trd téi
bdi con trd:

(*ptreng).getdist(); //duoc nhung khéng dep

Biéu thitc *ptreng la mot d6i tugng, khong phai mot con trd , bdi vay ¢ thé€ diing né véi todn tir
cham. Tuy nhién c1i phdp nay hoi phitc tap. Mgt cach ngén gon hon duge thuc hién bdi todn tir truy
nhap thanh vién(->), mot ddu ngach ngang va mot ddu 1én hon.

Ptreng->getdist();  //cach nay tSt hon

Toén tir -> 1am viéc véi con trd gidng nhu todn tir chdm lam viéc véi d6i tugng.

3.3, QUAN LY BO NHO VOI NEW VA DELETE

Co ché duge sit dung rong rii nhét cho viéc hru trit mét s6 lugng 16n cde bién va cac d6i tegng
12 mang. Chiing ta da gip nhiéu vi du trong d6 cdc mang duge sur dung dé cdp phdt bo nhg. Cau
1énh sau :

int arr[ 100];
cip phét bo nhé cho 100 s& nguyén. Mang 12 mot cu triic lwu trit 4 liéu hitu ich nhung c6 mot vai
trd ngai: chdng ta phai biét tai thdi diém viét chuong trinh mang s& Ion bao nhiéu, khong thé dgi
cho dén khi chuong trinh chay &€ xéc dinh kich thuéc mang. Cach sau diy khong lam vigc:

cin>>size; {14y kich thudc tir ngudsi sit dung

int arr(size]; /A16i: kich thuéc mang phai 12 hang

Trinh bién dich yéu cdu kich thuéc mang phai 1a hang.

Trong nhiéu tinh huéng ching ta khong biét phai cdn bao nhiéu by phé cho dén khi chuong

trinh chay. C6 thé chiing ta mudn dé cho ngudi sir dung nhép vao s6 doi tugng nhan vién nhung
ching ta khong thé doan duge ngudi sir dung mudn nhép bao nhiéu.
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3.3.1. Toan tir new

C*" cung cfip mot cdch khédc dé c6 dugc cac khéi bo nhé: todn tir new cdp phit bd nhé 6 kich

thude xdc dinh tir hé diéu hanh va trd vé con trd trd t6i diém bét ddu chia khai nh¢ dé. Poan chuong
trinh sau diing new dé 14y b6 nhé cho mét chuéi:

char* str="Ha Noi la thu do";

int len=strlen(str); /flay chieu dai cua str

char¥* ptr; //tao mot con tro tro toi char
ptr=new char[len+1]; /fcap phat bo nho: size=str+\0’
strepy(ptr,str); /fcopy str toi vung nho moi
cou<<"ptr="<<ptr; //cho thay str bay gio o trong pir
delete[] ptr; ' //giai phong vung nho cua ptr

‘Trong biéu thirc :
ptr=new charflen+1];

theo sau tit khéa new 1a kiéu ciia bign duoc cép phat bo nhé va hai ddu ngodc vudng, bén trong hai

ddu ngodc vuong 1a s6 luong bign. O day, chuong trinh cp phat b nhé cho len+1 bién char, trong

do6 len 14 d6 dai cia str (tim ra nhd ham thu vién strlen()); cong thém 1 dé tao mot byte phu cho ky
tr null k&t thic chudi.

Todn tir new trd vé& mot con tré trd ti didm bét ddu ciia viing nhé. Hinh 3-10 chi ra cg phép cua
lénh new va con trd trd t6i viing nhé né 18y duge.

char* ptr;

Kiéu dit liéu Diu ngodc vudng
ph.il gifing . r'A—| .
" nhau Pt]':ncIW char[len];
Con tro Tir khod S8 bién kiéu char
Kiéu di ligu
ctia bién

Hinh 3-10. Ci phdp cia to4n tir new.

Khi sir dung new nh¢ ding hai ddu ngoic vuéng bao quanh kich thudc s6; trinh bién dich s&
khéng phan déi néu diing du ngoic tron () nhiung keét qua sé€ khéng ding. Hinh 3-11 chi ra b6 nhd
thu duge bdi new va con trd trd t6i né.

Trong chuong trinh trén, ham strepy() dugc diing dé copy chudi str t6i ving nthé méi tao duge
ptr trd téi. Boi vi viing nhé ndy cé kich thude bang d¢ dai clia str nén chudi hoan toan vira khit.
Ti€p theo chuong trinh dva ra noi dung cha ptr, két qua la:

ptr=Ha Noi la thu do

Todn tir new 14y bo nhé mot cach ty déng, nghia 1a trong khi chuong trinh dang chay. B6 nhé
dugc cip phat tir ving nh6 c6 tén 1a heap (d6i khi goi 12 free store). Heap 12 viing nhdé thit ba duge
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sit dung nhiéu trong cdc chuong trinh C**. Ching ta dd bi€t cdc bién dong (automatic variable)

duoc luu trit trong Stack vA céc bién ngoai (external variable) dugc Iuu trit trong static storage
area. :

ptr

(00— 700

Bo nhé c¢é6 duge bdi W
lénh

ptr= new char[len+1];

len + 1

N

Hinh 3-11. B nhd thu duge boi todn tif new.

Nhimg ngudi lap trinh C s& nhén ra ring new tuong duong ho ham thu vién malloe(). Tuy nhién
new t6t hon nhiéu. Khi sir dung new véi cdc d6i tuong, né khong chi cdp phit bg nhd cho céc d6i
tuong ma cdn tao ra d6i tuong véi muc dich goi ham cia d6i tuong d6. Diéu nay dam bao doi tuong
d6 duge khdi tao ding, it cdn d€ tranh céc 16i 1ap trinh. Ngodi ra, new tra v€ mét con trd tro 16
kidu di¥ lidu thich hop trong khi d6 malloc() tra vé con trd phai ép trd téi ki€u thich hop. Nen ding
new cho céc d6i tuong, khong bao gidr sit dung malloc().

3.3.2. Toan tu delete

Néu chuong trinh chi€m nhiéu ving nhé do new tao ra thi cusi cing tét ca cc bién b6 nhé déu
bi chiém va hé thong s& bi phé hity. D€ dm bao an toan va sir dung ¢4 hiéu qua bd nhd, ngudi ta
tim ra mot todn tlf tuong {ng véi new la delete d€ giai phéng bo nhd tra lai hé diéu hanh. Trong
chuong trinh cau 1énh :

delete[] ptr;
tra lai he diéu hanh t4t c cic ving nhd do new-trd tdi.

Thuc ra trong vi du niy khong cin dén delete, boi vi by nhd duge ty dong gidi phéng khi
chuong trinh k&t thiic. Tuy nhién, n€u cho ring sir dung new trong mot ham va néu ham dé su
dung mot bién cuc b 1a con trd trd t6i ving nhd mai duge yéu cdu thi khi ham két thiic, con tré
s& bi hily nhung viing nhé vin bi chi€ém béi chuong trinh. Viing nhé do tr nén c6 lap va chiém
mot khong gian nhé ma khong bao gio ¢6 thé truy nhap. B&i vay, t6t nhét 1a xéa viing nhd khi
khong sir dung dén nita. :

X6a ving nhé nhung khong xda con tré trd t&i né (trong vi du la ptr) va khong thay déi gid tri
dia chi trong con trd. Tuy nhién dia chi nay khéng cdn hop !& nita; bo nhé n6 trd t6i c6 thé thay déi
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thanh mot cdi gi dé hoan toan khic. B&i vay, khong duge sk dung con trd trd téi ving nhé khi
khéng con diing nifa.

Dédu ngodic vuong theo sau delete trong vi du chi ra ring dang x6a mot mang. Néu tao mot bién
don doc v6i new thi khong cin ddu ngoic vudng dé xéa né.

ptr=new int; //c3p phat bd nhd cho bién don int

delete ptr;  //khong ¢6 ddu ngoic vudng sau delete

Tuy nhién, khong duge quén diu ngosc vuong khi xéa mang d6i tugng. Dung ching d€ dam
bao ring t4t ¢4 cdc tharch phin ca mang duge x6a va ham hiy duge g0i cho médi thanh phén. Néu
quén diu ngodc vudng thi chi ¢é phin tir ddu duoc xda. :

3.3.3. L6p chudi ding new

Todn tit new thudmg xust hién trong ham tao (constructor). D€ ¢6 vi du chiing ta cling viét mot
16p xString. Vi du sau sir dung new dé€ c6 duge lugng bo nhd chinh xdc.

Listing 3-8 NEWSTR
Hmewptr.cpp
/lsu dung new de lay bo nho che chuoi
#include<iostream.h>
#include<string.h> fichao strepy()...
class xString

{

private:
char* str; {fcon tro tro toi chuol
public:
xString(char® s) /Mham tao mot doi so
int length=strlen(s); /lchieu dai cua doi so chuol
str=new char[length+1]; {lcap phat bo nho
strepy(str,s);
L
~xString() /ham huy

A
deletel] str;

void display() {hien thi chuoi
{
cout<<str;
)
I
vold main()
{ Hsu dung ham tao mot doi so

xString s1("Lop xString su dung toan tu new™);
cout<<endl<<"s1=";
sl.display();

H

Két qua cua chuong trinh 1a:
s1=Lop xString su dung toan tu new

Lép xString chi ¢6 moét muyc dit liéu: mot con tr6 trd t6i char, str. Con tré ndy sé tro téi chudi
thong thudng do d6i tugng xString luu trit. Tuy nhién, khéng c¢6 mang trong d6i tugng dé luu trit
chudi. Chubi duge luu trlt & mdt noi khée; chi c6 con trd trd t6i né 13 thanh vién.

59



3.3.4. Ham huy trong chuong trinh NEWSTR

T trude téi nay trong cdc vi du khong ¢é nhiéu ham hiy, nhung bay gi& cap phéat bo nhé véi
new, cic ham huy (destructor) trd nén quan trong hon. Néu chiing ta cip phat b6 nhd khi tao mot
do’i tuomg thi viéc gidi phéng bo nhd khi khong cln dén d6i tuong nifa 1a rat cln thi€t. Cin nhdé lai

ring mét ham hay 1a mét ham duge goi tr dong khi déi tugng bi hiy. Ham huy trong NEWSTR
nhyr sau:

~xString()
{

delete[ ] str;
}

Ham huy nay tra lai hé théng vung nh¢ di 1ay khi d6i tu‘o‘ng duoc tao. Cic d6i tugng (giong nhu
cdc bién khdc) duoc huy khi hdim ma trong 46 chung dugce dinh nghia két thiic. Ham nay dam bao -
cho ving nhé chi€ém bdi d6i twong xString s& tra lai hé thong.

Né&u né khéng tra lai cho hé théng thi ving nhé nhu th€ s& khong thé truy nhap duge nia (it
nhét 12 dén khi hé théng duge khéi dong lai) va s& tao thanh mot "16 thing bo nhé”, néu lap lai
nhiéu s& phd huy hé théng.

Cé mot dap img sai trong viéc ding ham huy nhu trong chuong trinh NEWSTR. Néu copy mot
d6i trgng xString téi mot d6i tugng xString khéc, vi du nhu can 1¢nh s2 = s1; thi thuc sy chi c6
mot con tré tro t6i chudi duge copy, bdi vi con tréd 1a dit liéu duy nhit cé trong d6i trong. Cé hai déi
tugng by gi® cling trd t6i mot d6i twong trong b nhd. Nhung néu bay gidr ta x6a di mét d6i tugng
chudi xString, ham hity s& x6a chudi char* 1am cho con tré kia khong con hop 1€ nita. Vin dé nay
c¢6 thé khé nhan ra vi cdc d6i tugng cb thé xéa bing nhiéu cich khong rd rang.

3.3.5. Tao d6i tugng véi new

Cic d6i tugng, ciing nhur cdc bién kiéu dif liéu co ban, c6 thé duge tao véi toan tit new. Chiing ta
d3 c6 nhidu cde vi du vé céc d6i twong duge dinh nghia va cap phét bo nhé boi trinh bién dich:

English dist; //dinh nghia

Day 12 mot d6i tugng cé tén 1 dist va duoe dinh nghia 1a cha 16p English. Tuy nhién, d6t khi
chiing ta khong biét tai thdi di€m viét chuong trinh ching ta cin tao bao nhiéu d&i wong. Gap
trudng hop niy nén diing new dé tao cic d6i tugng trong khi chuong trinh dang chay. Chiing ta dd
biét new tra vé mot con trd trd t&i d6i tuong khéng tén. Ban 3-9 1a mot chuong trinh ngin minh hoa
cich sir dung nay clia new.

Listing 3-9 ENGLPTR
flenglptr.cpp
{ftruy nhap ham thanh vien bang con tro
#include<iostream.h>
class English
{
private:
int feet;
float inches;
public: :
void getdist( ‘ /Nay khoang cach tu nguoi su dung

cout<<"\nNhap feet:"; cin>>feet;
cout<<"\nNhap inches:"; cin>>inches;

void showdist(



{
}

cout<<feet<<"\'-"<<jnches<<"\"";

5
void main()

{
English* distptr; /fcon tro tro toi English
distptr= new English; /feon tro tro toi doi tuong English moi tao
distptr->getdist(); /ftruy nhap thanh vien cua doi tuong voi
distptr->showdist(); _ /ltoan tu new .
delete distptr; //xoa doi tuong khoi bo nho

}

Chuong trinh tao mot ddi twong kiéu English sir dung todn (i new va tra vé mot con trd trd téi
no tén la distptr. Sir dung con tré nay véi todn tit -> dé truy nhap getdist() va showdist(). Pay 1a
k€t qua clia chuong trinh:

Nhap feet:5
Nhap inches:5.6
5'-5.6" -
Chi y ring ngay trudc khi chuong trinh két thic, né x6a dsi tugng ma new ldy duoc trude d6
bang delete. Day lu6n lu6n 13 cich 6t nhét dé dam bio rang t4t c4 nhilng gi dugc cdp phat véi new
cudi ciing déu dugc giai phéng bdi delete.

3.3.6. Mang con trd tré téi cic doi twong

Mot céu tric OOP thong dung 13 mang con trd trd i cic d6i tuong. Cau triic nay cho phép dé
dang truy nhap téi mot nhém cdc d6i tugng va linh déng hon 1a dit chinh céc d6i tugng vio trong
mot mang. Ban 3-10 tao mét mang con trd trd t6i 16p person.

Listing 3-10 PTROBJS
/fptrobjs.cpp
{f/mang con tro tro toi cac doi tuong
#include<iostream.h>
class person {flop nguot
{
protected:
char name[40]; /ften nguoi
public:
void getName(} Hay ten

cout<<"\nNhap vao ten:";
cin>>name;

}

void printName()

cout<<"\nTen la "<<name;
}
|5

void main()
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person® persPtr{100]; . /imang con tro tto toi doi tuong
int n=0; //so nguoi trong mang
char choice;

do
persPtr[n]=new person; {/dat mot nguoi vao mang
persPtrin++]->getName(); flay ten
cout<<"Co nhap nua khong(e/k)?";
cin>>choice;

while(choice=='c' | | choice=='C");

for{int j=0;3<n;j++) {/dua tat ca ra man hinh
{
cout<<"\nNguoi thu "<<j+1;
persPtr(jl—>printName();
t
l/xoa tat ca khoi bo nho
while(n) delete persPtr[--n];

}

Lép person ¢6 mot muc di liéu, name, luu gilt mot chubi biéu dién tén clia m6t ngudi. Hai
ham thanh vién getName() va printName() cho phép thiét lap tén va hién thi ching.

Cusi chuang trinh, vong lap while xda céc d6i tuong duge trd t6i bdi tdt ca céc con rd trong
mang persPtr. o

3.3.7. Hoat dong cua chuong trinh

Ham main() dinh nghia mét mang, pesPtr, ciia mot tram con trd tré téi kiéu person. Trong
vong lap do, né sir dung new dé tao mot d6i tugng person. Ti€p theo, n6 yéu cdu nguoi s dung
nhap vio tén va cho d6i tugng méi tao tén nay. Cic con trd trd t&i déi twgng person duge lun
trit trong mang persPtr. D€ chimg minh viéc truy nhép t6i cac d6i tugng dung con tro that la
d&, ham main() dua ra dif liéu name cho méi d6i tugng person chi don gian bing cich sir dung
vong lap for. '

Pay 14 vii miu tuong tic véi chuong trinh:

Nhap vao ten:Binh
Co nhap nua khong(c/k)?c

Nhap vao ten:Thang
Co nhap nua khong(c/k)?c

Nhap vao ten:Hung
Co nhap nua khong(c/k)?k

Nguoi thu 1
Ten la Binh
Nguoi thu 2
Ten la Thang
Nguoi thu 3
Ten la Hung
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3.3.8. Truy nhap ham thanh vién

Moi phén tir ciia mang persPtr duoc xdc dinh bang ky hiéu mang 12 persPtr[j] (trong ing véi
k¥ hiéu con trd *(persPtr+j)). Cic phin tif 12 cdc con trd trd t6i cac dai tuong kiéu person. D4 truy

nhap tdi c4c thanh vién cha d6i tuong sir dung con trd ta diing todn i ->. K&t hop tat ca lai chiing ta
¢6 cit phép truy nhap ham getName():

persPur(j] ->getName();

Cau lénh nay thuc hién ham getName() ciia d6i tugng person duge trd t6i boi phén t j cia
mang persPtr.

3.4, THIS VA CONST

Trong phén nay ching ta cfing ban vé hai chii dé ngin nhung it lién quan: con trd this ma 1a
mot ham thanh vién ¢6 thé truy nhap t6i d6i tugng goi né va const duge sir dung vdi céc con trod.

3.4.1. Con tro this

Cdc ham thanh vién cita moi déi tuong c6 thé truy nhap t6i mét loai con tré ky didu ¢6 tén 1A
this, né tro t6i chinh d6i tugng dé. Bai vay, bdt ky ham thanh vién nao cling ¢6 thé kham ph4 ra dia
chi clia d6i twgng goi né: Ban 3-11 12 mét vi du ngan, WHERE, cho thdy co ché nay.

Listing 3-11 WHERE
/fwhere.cpp
{fcon tro this
#include<iostream.h>

~ class where
{
private:
char charray[10]; flchiem 10 byte
public;
void reveal()
{ cout<<"\nDia chi cua doi tuong la:"<<this; }
5

void main(}

{

where wl,w2,w3; {itao 8 dot tuong
wl.reveal(); {Ixem chung o dau
w2 reveal();

w3.reveal();

}

Ham main(} trong vi du ndy tao ra 3 d6i twong kiéu where. Sau dé chuong trinh yéu ciu mot
d6i tuong dua ra dia chi clia né diing ham thanh vién reveal(). Ham nay dua ra gia tri ciia con trd
this. Day 13 két qua cia chuong trinh:

Dia chi cua doi tuong la:0x168728ce
Dia chi cua doi tuong 1a:0x168728c4
Dia chi cua doi tuong la:0x168728ba

B&i vi dir liéu trong mdi d6i tugng gém c6 mot mang 10 byte nén mdi déi tuogng chiém mot
phdn bo nhé 10 byte (ce trir di ¢4 bing 10 thap phan, ba trir di c4 cling vay).
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Chi ¢ riing con trd this khéng c6 trong cdc ham thanh vién tinh (static), boi-vi ham thanh vién
finh khong lién quan dén mét d6i twong cu thé nao ma lién quan dén toan b 16p.

1. Truy nhdp div iéu thanh vién véi l6p

Khi goi mot ham thanh vién, né s€ ton tai vdi con tro this clia né dugc thiét 1ap bang dia chi cia
d6i tuong. Con trd this ¢ thé dwoe d6i xi nhur bét k¥ con tré nao trd t61 mot d6i tuong va do do 6
thé duge ding d€ truy nhap dit lieu trong d&i tuong ma né trd téi, nhur chi ra trong vi du DOTHIS.

Listing 3-12 DOTHIS
{fdothis.cpp
//con tro this tham chieu tgi du lieu
#include<iostream h>
class what

{
private:
int alpha;
public:
void test(}

{
this—>alpha=11;
cout<<"alpha="<<this—>alpha;
j
}i
void main()

{

what w; Htao mot doi tuong
w.test(); '
H

Két qua la:
alpha=11

Chuong trinh ny chi don gidn dua ra gid tri 11. Ham thanh vién test() truy nhép téi bién alpha
s dung biéu thic: .

this->»alpha;

N6 ¢6 tac dung hoan toan giéng nhu truy nhap tryc t'iép alpha. Cu phip nay lam viéc nhung nd
khéng ¢ muc dich gi ngoai viéc chi ra rang con tro this thuc su tr6 61 w, dai tuong goi ham thanh
vién test().

2. Stt dung this dé trd vé cdc gid tri

Mot céch sir dung thiét thuc d6i véi con tro this 1a trd vé cdc gid tri tr cac ham thanh vién va
cho céc todn tit chong. Con trd this 1am gi trong nhiing tinh huéng nhir vay?

Tra vé tham chiéu cta d6i tuong luén ludn 12 mot ¥ tudng tot, boi vi diu nay tranh viéc tao ra
cic d6i wrong khong cén thiét, Tuy nhién, ching ta khong thé tra vé mét bi€n tu dong (automatic
variable) - dinh nghia trong ham - theo tham chiéu, bdi vi c4c bi€n nhu vy bi phd hiy khi chuong
trinh két thtic va tham chiéu tra v€ s& tham chiéu t&i nhitng gi khong con tdn tai nifa.

“C6 gi d6 t6n tai 1au hon mot di tuong cuc bo néu tra n vé theo tham chiéu thi that 6t. Vige tra
vé mot d6i tuong ma goi mot ham c6 gi ddng chil ¥? Mot d6i tugng sé t6n tai 1au hon cdc ham thanh
vién clia né. Cic ham thanh vién dugc tao ra va pha hiily mdi khi chiing duge goi, nhung d6i tugng
vAn tén tai cho dén khi bi phd hily boi tic dong bén ngoai (nhu bi xéa). Do dé, tra vé d6i tuong goi
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ham la mét ¥ kién t6t hon tra vé mot d6i tugng trung gian duge tao ra trong ham dé. Con trd this
lam viéc nay dé dang.

Bin 3-13 1a chuong trinh ASSIGN, trong d6 ham operator=() tri vé d6i twong goi 16i n6 theo
tham chiéu. :

Listing 3-13 ASSIGN
/lassign3.cpp
fftra ve noi dung cua con tro this
#include<iostream.h>
class alpha
{
private:
int data;
public:
alpha(} /ham tao khong doi so
{
alpha(int d) /fham tac mot doi so
{ data=d;}
void display(} /fhien thi du liew

cout<<data;

i

alpha& operator=(alpha a) /ftoan tu = duoc chong

{ L}
data=a.data;
cout<<"\nToean tu gan duoc goi!";
return *this; /ftra ve tham chieu toi alpha nay

!

b

void main()

alpha al(37);

alpha a2,a3; .
ad=aZ2=al; /fgoi toan tu chong =
cout<<"\nal="; al.display();

cout<<"\na2="; a2.display(); /Mhien thi a2
cout<<"\na3="; a3.display(); //hien thi a3

}

Trong chuong trinh nay toédn tit chéng = duoc khai béo nhu sau:
alphaé&: operator=(alpha a)

N6 tra v& tham chi€u. Cau lénh cu6i cing trong ham nay sé la:
return *this;

Béi vi this 12 mét con trd tré t6i déi tuong goi ham, *this chinh 1a d6i twong dé va cau lénh d3
tra vé d6i twong ndy. Pay 12 két qua ciia chuong trinh ASSIGN:

Toan tu gan duoc goi!

Toan tu gan duoc goi!

al=37

a2=37

a3=37

Mbi 14n gip d4u = trong Iénh
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a3d=a2=al;

ham chéng operator=() dugc goi, n6 hién thi Toan tu gan duoc goi ! Ca 3 d6i tugng c6 cling gid tri,
nhu chi ra o trén.

Tr4 vé tham chi€u tir cic ham thanh vién va céc todn tit chdng 12 cach ding thong dung va hiéu
qua, trénh viéc tao ra cac d6i tuong wrung gian khong cdn thiét. Piéu nay tam chuong trinh nhé hon,
nhanh hon va it sinh 16 hon.

3.4.2. Con tro va const

Piu tién chiing ta ndi cich diing const v6i céc bién khong phai con trd, sau d6 néi cich dung
const cho dia chi trong con trd va ndi dung clia bién tai dia chi dé.

1. Bién const

Chting ta da biét, n€u mudn mét bién khong thay d6i trong thdi gian chuong trinh t6n tai, ta lam
cho né 1a const. Vi du, dinh nghia sau :

const int. varl=123;
lam cho bt ky thay déi gi véi varl s& sinh ra thong bdo 18i tix trinh bién dich. N6 cé gia tri la 123
trong suot thoi gian chuong trinh chay.

2. Hai vi tri cho const

S& phifc tap hon khi ¢6 su tham gia ciia con tré. Khi dinh nghia mdt con trd ta ¢6 thé chi rd ring
con trd d6 12 const hay gid tri ma nd trd t6i 13 const, hoac ca hai. Chiing ta cung xét cac kha ning
ndy. Chiing ta s bit ddu véi bién thong thudng va dinh nghia ba con tro tré t&i no.

int a; //bien int

const int* p=&a; /fcon tro tro toi hang nguyen

++p; /fok

++(*p); Jferror:can't modify a const a

int* const q=&a; /fcon tro tro toi int

++(; ' /ferror: can't modify a const q
++{*¥C++); _ ok

const int* const r=&a; /fcon tro hang tro toi hang int
++r; /ferror: can't modify a const r
++(*r); Jlerror: can't modify a const a

Néu const duge dat trude kidu dit liéu (nhu trong dinh nghia p), ket qua 1a mot con tro trod téi
mot bién hiing. Néu const dugc dat sau kiéu dit liéu (nhu trong dinh nghia q), két qua la mot con tro
hing trd t&i mot bién. Trong trudng hop ddu khong the thay ddi gia tri trong bién ma con trd o t6i,
trudng hop thit hai khong thé thay ddi dia chi trong con tro. S dung const o hai vi tri (nhr trong
dinh nghia r) ¢6 nghia 12 ¢ con trd va bién n6 tro t6i khong thé thay déi. .

const ¢6 thé dugc st dung & bt ky dau néu c6 thé. Néu mot gid tri con trd khong bao gid thay
461, dé con trd 1a const. Néu con trd khong bao gidr duge dung d€ thay déi nhing gl n6 tro 16 thi
bit nd 14 mét con tré trod 161 const. :

‘T4t ci nhimg diéu nay dudng nhw khéng quan trong trong vi du nay, bdi vi bién a ty nd khong
phai 12 hing. Tai sao phai lo ling vé viée thay d6i né khi né c6 thé thay déi truc ti€p dugc? Nhing
vin dé ndy tr& nén thyc t€ hon khi cé mét bién da 1a hing ma ta lai muén dinh nghia mét con tro trd
tdi nd.
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const int b=99; // bien hang

int¥ p=&h: /ferror: can't convert const to non-const
const int* s=&b; ok
int* const t=&b: /ferror: can't convert const to non-const

Trinh bién dich bao v& khoi viec viét cic 1enh cé thé din dén thay d&i gié tri ca mot bi€n hing,
di 14 thay d6i qua con trd. Khong thé gan dia chi cita mot bi€n hang (nhu b trong vi du) tri khi né
dugc dinh nghia 1a con tré trd t6i bi€n hing (nhu con trd s trong vi du). Day vin 1a hing bdi wi
khéng thé sit dung mét con tré nhu vily dé thay d6i bign hing ban ddu:

++(*8); fferror: can't inodify a const

3. Bi 56 ham va const

Mot noi diing const quan trong 13 khi truyén con trd t6i ham. Lénh goi ham thuéng mudn chic
chin ring ham sé khong thay déi nhiing gi con trd trd 6. Ham c6 thé dam bao diéu nay bing cach
xdc dinh mot con tro trd t6i mot bién hing: '

void func(const int* p)

{
++p; ffok
++(*p); /ferror:can't modify a const int

}
Khong nhitng thé, him ¢é thé 1am cho ci con trd va nhitng gi n6 tré t6i s& khong bi thay déi:

void func(const int* const p)
{
++p; fferror:can't modify a const pointer
++(*p)  /lerror:can't modify a const int

}
Nhitng k¥ thuat nay gitip giam nhimg tic dong phu khéng mong doi khi goi mét ham.

4. Trd vé cdc gid tri const

Mot ham tra vé€ mot con trd s& nguy hiém khi c6 mof lénh goi ham bi 16i d3 sir dung con trd dé
thay dét hing ma con trd trd 16i (day 1a vin dé duy nhit déi v6i cdc bién static va external bai vi
cdc bién cuc bd bi phé hity khi ham keét thic).

Dé tranh diéu nay, trinh bién dich yéu cdu sir dung mot gi tri tra vé& const d6i véi mot ham tra
v€ mot con tro trd t6i mot hing. Vi du, néu dinh nghia moét hang external j

const int j=77;

thi khong néi:

int* func()

{

return &j; //error: can't convert const to non-const

}
Boi vi diéu nly s& cho phép sit dung con trd do ham tra vé dé thay déi j
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int* p=func();
*p=83; //no good, modify j

Bai vay phai khai bao ham la:

const int* func()

{
return &j;//ok

}
Lic d6 goi ham phai gén gid tri trd v& t6i mot hing:
const int* p=func(); fiok
Bdi vi khong thay déi nhitng gi do p trd t6i nén j vin an toan khoi nh
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CHUONG 4

HAM AO VA HAM BAN

Phén dfu tién va 16n nhét cha chuong nay lién quan t6i céc ham Ao (virtual function), mét
trong céc dic diém chinh clha C*. Ham 4o c6 thé thay d6i cu tric chuong trinh mot céch kinh ngac
va manh me. Ddu tién ching ta cing xem xét nhimg ki€n thiic co ban, sau d6 12 c4c vi du vé cich st
dung ching, ti€p dén 1a mot vai dac diém phu.

Cudi chuong niy chiing ta s& néj vé& cic him va cée 16p ban. Ban (friend) 1a mét nhuong bo cla
C™ d6i véi thyuc t€. Sy bao boc (encapsulation) nghiém ngat va cét gifu di lisu thudmg theo mong
mudn, nhung déi khi ¢é nhimg tinh huéng phit sinh nhiing ngoai Ié. Friend cung cip mot cich ¢é
t6 chitc dé mé réng tv do sy nghiém ngit ciia C** va khong lam hai dén sy toan ven dit liéu. Chiing
ta s& c6 nhi€u tinh huéng trong friend duoe diing.

4.1. GIOI THIEU VE HAM AO

C6 ba khdi niém chinh trong 14ap trinh huéng d&i tugng: thit nhat 12 16p, thir hai la sir k€ thira va
thi ba 1a sy da hinh thdi (polymorphism). Hai kh4i niém diu chiing ta d3 bi&t con khai niém thit ba
duoc cai dat trong C** biang cic ham 2o.

4.1.1. Su da hinh thai

Trong cudc séng thuc, thudng c6 moét by suu tim clia nhiéu thit khic nhau ma néu dira ra cic
lénh giéng nhau s& ¢6 cic hanh déng khac nhau. Léy sinh vien 1am vi dy, ¢6 thé ¢6 nhiéu loai sinh
vién trong mét trudng dai hoc: sinh vien Dién tir - Vién théng, sinh vién Co khi, sinh vién Nang
lugng... Gia sir hiéu trudng cla trudmg dai hoc ndy mudn giri mot huéng dén t6i tit ci céc sinh vien:
"Dién ddy du vao cdc ban dang ky nghé khi ra trudng”. Nhiing loai sinh vién khéc nhau s& cé nhitng
ban dang ky khic nhau b&i vi ho & nhiing khoa khic nhau. Nguoi higu truéng khéng cdn gl cac
théng bdo khic nhau t6i timg nhém sinh vién ("Dién déy du vao ban dang ky nghé Dién tir - Vién
thong” d6i véi sinh vién khoa Dién ti - Vién théng, "Dién ddy dii vao ban dang ky nghé Co khi" d6i
vdi sinh vién khoa Co khi v.v...). Pay la mot thong bdo 4p dung cho moi ngudi vi mot ngudi bist
céch dién vao cdc ban dang ky cia riéng ho.

Pa hinh théi c6 nghia 1a "c¢6 nhidu hinh thai". Mot chi thi ctia hiéu trudng 12 da hinh théi bdi vi
n6 s¢ khdc nhau v6i cdc loai sinh vién khéc nhau. D6i véi sinh vién khoa Dién tir - Vién théng, chi
thi s& 12 "Dién ddy dii vao ban dang ky nghé Dién tir - Vién thong”, d6i véi sinh vién khoa Co khi,
chi thi s& 12 "Dién ddy di vio ban ding ky nghé Co khi”...

Mot cich dién hinh, sy da hinh thdi xudt hién trong c4c 16p lién quan t6i su k€ thira. Trong C*,
si da hinh théi c6 nghia 12 131 goi t6i mot ham thanh vien s& 13m cho cic him khic nhau duge thue
hién tiry thude vao ki€u dsi tugng goi ham dé.

Dicu nay dudng nhu hai gi6ng su chéng ham (function overloading) nhung sy da hinh théi Ia
moét cd ché€ khdc va manh hon nhiéu. M6t sir khac nhau gilra sy chéng ham va sir da hinh thai 13 d6i
v6i su da hinh thdi phai biét tu Iva chon ham dé thuc hién, su lva chon dién ra trong khi chuong
trinh dang chay; d6i v6i su chéng ham, sy lira chon 14 do trinh bién dich. Sy chéng ham chi tién loi
cho ngudi st dung 16p, trai lai su da hinh thii anh huédng t6i toan bé cdu tric clia mot chuong trinh.

T4t ca nhimg gi ching ta vira néi hot trira tuong, bdi vay ching ta cling bit ddu véi mot vai
chvong trinh ngén minh hoa ting phén cia tinh hudng nay va réi sau dat tit ca chiing vao véi nhau.

Trong thye t&, cdc ham do két hgp véi céc con trd tro téi cac d6i tuong. Chiing ta s&€ xem chiing lam
viéc véi nhau nhu thé nao.
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4.1.2. Ham thanh vién thong thuong dugc truy nhap véi con tro .

Vi du ddu tién cho thiy nhiing gi s& xay ra khi mot 16p co s& va cic 16p din xuat c6 tdt ca cic
ham triing tén nhau va cic ham nay duge truy nhap bing c4ch sit dung con trd, khong sl dung céc
ham ao. Ban 4-1 1a chwong trinh NOVIRT. :

Listing 4-1 NOVIRT
{inovirt.cpp
/icac ham thanh vien thong thuong duoc truy nhap bang cach su dung
Hcon tro tro toi doi tuong :
#include<iostream h>
class Base fAop co so .
{ .
public:
void show(}

cout<<"\nLop co so Base";
)
b
class Dervl:public Base
{
publie: _
void show(}

cout<<"\nLop dan xuat Dervl",
}
b -
class Derv2:public Base
{
public:
void show()

{
}

cout<<™\nLop dan xuat Derv2";
3

void main{)

{

Dervl dvl; /idoi tuong cua lop dan xuat Dervl
DervZ dvz; ' //doi tuong cua lop dan xuat Derv2
Base* ptr; {lcon tro tro toi lop co so _
ptr=&dvl; /idat dia chi cua dv1l vao con tro
ptr—=show(); {fthuc hien show()

© ptr=&dv2; /idat dia chi cua dv2 vao con tro
ptr—>show(); /thuc hien show()

R

Céc 16p Dervl va Derv2 duge rit ra tit 16p co s& Base. Ca ba 16p c6 mot ham thanh vién
show(). Trong ham main(), chuong trinh tao cdc d6i wrgng 1op Dervl va Derv2 va mot con tro trd
16 16p Base. Sau d6 né dat dia chi cha mot d6i tuong 16p din xudt vao trong con trd 1dp co sO trong
dong iénh:

ptr=&dvl; //dia chi 16p din xudt trong con trd 16p co sd

Nhé ring hoan toan c6 quyén gdn mot dia chi ctia mot kidu (vi du Derv1) t&i mot kiéu khic
(Base), boi vi cdc con trd trd téi d6i trong cia mot I6p din xudt co ki€u phit hgp véi céc con trd tro
16i d6i tugng cla 1dp co sd.
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Bay gidy ¢6 mot cau hoi dit ra 1a khi thyc hién Iénh ti€p theo
ptr->show();
ham nao dugc goi? ham Base::show() hay Derv1::show()?
Ciing c4u hoi nhur vay sau khi dit dia chi ciia doi tuong 16p Derv2 vao con trd va lai thir thyc
hién ham show(} clia né:

ptr=&dv2;
ptr->show();
Ham show() nao duge goi ? Base::show() hay Derv2::show() 7
K&t qua dua ra tit chuong trinh s& ara 18i cau
hoi nay:
Lop co so Base

Bas
Lop co so Base _ ase
Ham trong 16p co s& duge thyc hién trong ca pur show()
hai trudng hop. Trinh bien dich bé qua néi dung W—:ﬂl |
ciia con tro ptr va chon ham thanh vién phi hop ptr->show()
véi ki€u con trd, nhu chi ra & hinh 4-1. )
. Dervi
Ching ta cung lam mét sy thay déi don Ié i
trong chuong trinh: dat tir khéa virtual truée khai pir show()
bao cho ham show() trong 16p co s&. Ban 4-2 trinh |:|
A i [&dv2 —
bay chuong trinh VIRT.
Listing 4-2 VIRT ptr->show()
ivirt.cpp Derv2
/fcac ham ao duoc truy nhap tu con tro show()

#include<iostream.h>

class Base Hlop co so |:]
{ .

public:
virtual void show()

§

cout<<"\nLop co so Base";

}

Hink 4-1. Truy nhap con trd khong do.

b
class Dervl:public Base
{
public:
void show()
{
cout<<"\nLop dan xuat Dervl"™
H
I3
class Derv2:public Base
{
public:
void show()
{
cout<<"\nLop dan xuat Derv2";
}
I8

void main{)
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Dervi dvl; /idoi tuong cua lop dan xuat Dervl

Derv? dv2; fidoi tuong cua lop dan xuat Derv?2
Base® ptr; ffcon tro tro toi lop co so
ptr=&dvl; {{dat dia chi cua dvl vao con tro
ptr—=show(); {fthuc hien show()
ptr=&dv2; ffdat dia chi cua dv2 vao con tro
ptr—>show{); Hthue hien show(}
¥
Két qua chuong trinh la: Base
Lop dan xuat Dervl ptr show()
Lop dan xuat DCI'VZ |:|
Bay gid 1a c4c ham thanh vién cia 16p din xudt

ptr->show()

chit khong phal 16p co s& duge thuc hién. Thay déi

ptr tir dia chi clia Dervl sang dia chi ciia Derv2 va Dervl
ham show() cu thé duge thuc hién ciing thay déi. show()
Ba&i vay, cling mot 161 goi ham : ptv

ptr->show(); [ &dv2 | 1 .l
thuc hién cdc ham khdc nhau, thy thudc vao ndi ptr->show() Derv?
dung ciia ptr. Trinh bién dich lya chon ham dé thyc e
hién dua trén ndi dung céa con tro ptr, chit khéng show()
phai tén kiéu ciia con trd, nhy trong NOVIRT. Day . ‘—
12 su da hinh thdi. Ching ta di 1am cho ham show()

da hinh thdi bing cdch thiét k€ né véi virtual. Hinh
4-2 cho thdy diéu nay nhu thé nao.
Hinh 4-2. Truy nhip con trd khéng do.

4.1.3. Sy lién két mudn

Ching ta c6 thé bin khoan la trinh bién dich lam th€ ndo biét duge ham nao cin bién dich.
Trong NOVIRT, trinh bién dich khéng c6 vén dé gi véi biéu thic:

ptr->show(};

N6 luén luén bién dich 18i goi ham trong 16p co s&. Nhung trong VIRT, trinh bién dich khong
biét ndi dung ciia con trd ptr trd ti 16p nao. N6 c6 thé 1a dia chi cita mot d6i twgng chia I6p Dervl
hoac Derv2. Trinh bién dich goi ham show() nao?

Trong thuc t€ tai thoi diém bién dich chuong trinh, trinh bién dich khong biét goi ham nao, bdi
vay né shp x&p dé quyét dinh hodn goi ham cho d&n khi chuong trinh duge chay.

Tai th&i di€ém chay chuong trinh, khi 151 goi ham duge thue hién, lénh ma trinh bién dich dé dat
trong chuong trinh tim thdy ki€u cha d6i tugng ma dia chi cha né & trong ptr va goi ham show()
thich hop: Dervl::show() hay Derv2::show() thy thudc vao 16p ciia d6i tuong.

Lya chon mot ham tai thdsi diém chay chuong trinh duoc goi 12 su lién két muén (late binding)
hay lién két dong (dynamic binding), (Binding c6 nghia 12 n6i 131 goi ham téi ham dé). N6i 1
céc ham trong cich thong thudng, trong khi bién dich, duge goi 1a s lien két som (early binding)
hay lien két tinh (static binding). Su lién két mudn yéu cdu mot lugng nho théi gian bo tréng (i
goi t6i mot ham c6 thé 1au hon khoang 10%) nhung cho sy tang vugt bac kha ning va sy mém déo.
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4.1.4. Ham ao lam viéc nhur thé nao?

Chiing ta da biét nhitng van dé co ban cia viéc sit dung ham 4o, bay gid ching ta s& tim hidu
thém mot s6 diéu bi 4n ciia né.

Nén nh6 rang, d6i v6i mot d6i tugng thong thudmg - nghia 13 mét d6i tugng khoéng c6 cde ham
a0 - trong b$ nhé chi luu trir dit lieu cla riéng né, khong c6 gi khédc. Khi mot ham thanh vien duge
go1 cho mét déi twgng nhu vy, trinh bién dich truyén cho ham d6 dia chi clia d6i tuong goi né. Dia
chi ndy c6 sin cho ham dé, né duge dat & trong con trd this va ham sir dung dia chi nay (thuémg 4n)
d€ truy nhap dit liéu clia d6i tugng. Dia chi trong this duoc tao ra bdi trinh bién dich méi khi ham
thanh vién duge goi; né khéng luu trit trong bo nhé va khéng chiém khong gian nhd. Con trd this
chi 12 su két n6i cdn thiét gifia mot d6i tuong va cdc ham thanh vien thong thudmg cla né.

Véi cac ham éo, nhitng van d€ nay phitc tap hon. Khi mét 16p din xudt duge chi 13 13 c6 céc
ham do, trinh bién dich tao ra mét bang - mét mang - cic dia chi clia céc ham, dugc goi bang 4o
(virtual table). Bing 4o duoc dat cho mét cai tn gi d6 ching han nhy vtbl hay vtable, tuy thuéc
vao trinh bién dich. Trong vi du VIRT, mét 16p Dervl v Derv2 c6 mot bang ao clia riéng né. C6
mot myc trong mdi bing 4o danh cho tt ca cic ham 3o trong 16p. Bai vi chiing déu duge nit ra tir
Base, Dervl va Derv2 c6 cic ham 4o giéng nhau, duoc sip xép theo mot trit tr gidng nhau. Tuy
nhién, cdc dia chi trong bang 12 khaic nhau d6i v6i hai 16p. Hinh 4-3 cho thdy su sap x€p nay. N6
cling trinh bay c4c ham thém vao trong méi 16p, func2() va func3(), dé lam r5 ring trong mébi bang
a0 ¢6 nhiéu muc (cic con trd trd téi cic thanh vién thich hop).

show()
boi Data .
tugng "\/\_/
Dervl vptr ’1/\_/
Cic
Dervi{ func2(} ham cia
viable Dervl
bai Data func3()
tugng ¢
Dervl wpir -
show(}
Dai Data
trong ¢ N
Derv2 vptr W
Cic
Derv2 S | func2() hiam cna
vtable Derv2
I func3()

Hinh 4-3. Lién két ham o.
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M&i d6i trong clia Dervl va Derv2 khi duoc tao chita m@t con tro phu ngoai di liéu cua riéng
né. Diéu ndy ciing diing véi bét ky d6i tuong clia mot 16p ndo ma c6 mét hofic nhigu ham do. Con
trd niy ¢6 mot tén gi d6 ching han nhu vptr hosic vpointer, chita dia chi ciia bing 4o 16p. Do 46,
céc d6i tugng clia cde 16p 6 ham 4o hoi 16n hon c4c d6i tugng thong thudng.

Pit dia chi clia mét bang 4o xdc dinh 16p vtable trong mét con tré vptr cia mot d6i twong cho
phép mot d6i tugng bi€t né thudc 16p nao. Trong vi du, khi mét ham do duge goi cho mét d6i wong
cha Derv] hoic Derv2, trinh bién dich, thay vi xdc dinh xem ham nao s& dugc goi, né tac mét 1énh
ma s& tim thdy vptr ctia d6i tuong dé trude va sau d6 sit dung con trd nay dé truy nhap dia chi ham
thanh vién thich hop trong bang 4o xic dinh 16p vtable. Do d6, d&i véi cic ham ao, tu d6i tugng xdc
dinh viéc goi ham nao, khong phai trinh bién dich xdc dinh.

Vi du VIRT c6 thé sit dung theo cdch khac bdi vi cdc con trd trd t6i cac d6i tuong c6 cdc ham
40 thudng duoc hru trit trong mdt mang chir khong phai trong mét bi€én don doc. Vi du trong muc
1i&p theo cho thdy tinh huéng dién hinh hon.

4.1.5. Ming con tro tro téi cac doi tugng

C6 18 cach thong dung nhét dé sir dung cdc ham 4o 13 v6i mot mang con trd trd tdi cac d6i
tugng. Ban 4-3 trinh bay mot phién ban da sua déi tir chuong trinh VIRT d€ minh hoa cfu tric nay.
Céc 16p trong hai chuong trinh nay giéng nhau nhung ham main() thi khéc. Chuong trinh nay goi 14
ARRVIRT.

Listing 4-3 ARRVIRT
{farrvirt.cpp
/fmang con tro tro toi cac doi tuong co ham ao
#include<iostream.h>
class Base flop co so0

{
public:
virtual void show()

cout<<"\nkLop co so Base";

}
|5

class Dervl:public Base

{
public:
‘void show{).
{

cout<<"\nLop dan xuat Derv1";

}
IR

class Derv2:public Base

public:
void show()
cout<<"\nLop dan xuat Derv2";
H
5

vold main()

Base* arrBase[2]; {fmang con tro tro toi cac doi tuong
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Dervl dvi; /{doi tuong cua lop dan xuat Dervi

Derv2 dv2; //doi tuong cua lop dan xuat Derv2
arrBase[0]=&dv1; - /fdat dia chi cua dvl vao mang
arrBase[1]=&dv2; /{dat dia chi cua dv2 vao mang
for(int j=0;j<2;j4++) /ltat ca cac phan tu cua mang
arrBase[j]->show(); /lthuc hien show()

}

Ching ta da dat dia chi cia déi wong dvl va dv2 vao trong mang arrBase, né cé kiéu Base.
Nhu trong chuong trinh VIRT, trinh bién dich sit dung kiéu cia cdc con tré luu trit trong méng,
khong phai kiéu cia ming dé thyc hién ham show() duoc goi. Két qué la:

Lop dan xuat Derv1
Lop dan xuat Derv2

Chi ¥, sit dung vong 13p for trong ham main() d€ goi ham show() cho b4t ky s6 luong d6i
tuong nao mot cich dé dang. Day 12 ¢6t 16 cha su da hinh théi: mét ham don déc c6 thé goi nhiéu

ham khic, tiy thu6c kiéu d6i tugng thuc hien 11 goi ham dé. ' |
Nén biét rang co ché€ ham do lam viéc véi cdc con trd trd 16i cée d6i tuong (va, nhu s& thiy sau
nay, véi cdc tham chiéu), khéng tam viéc véi chinh cic d6i tugng. Chiing ta khong thé viét lai ham

main() trong ARRVIRT dé€ sir dung mot mang cAc d6i twgng nhir the nay:

void main{)

{

Base arrobjs[2]; //mang giu cac doi tuong lop co so
" Dervl dvl; f/doi tuong lop dan xuat 1
Derv2 dv2; {/doi tuong lop dan xuat 2
arrobjs[0]=dvl; /fdat doi tuong dv1 vao mang
arrobjs[1]=dv2; //dat doi tuong dv2 vao mang
for(int j=0:j<2;j++) ./ftat ca cac phan tu cua mang
arrobjs{j].show(); /fthuc hien show()

Mac di trinh bién dich cho phép dat mot d6i tugng 16p dén xudt vio trong mét mang 1dp co s&
nhung két qud s&€ khong nhu ching ta mong muén. Két qua clia phién ban nay la:

Lop co so Base
Lop co so Base

Tai sao cdc ham show() ctia 16p din xudt khong dugc thuc hien? Vi cdc d6i tuong cua cdc 1dp
din xudt c6 thé khong c6 kich thude giéng nhau nhy cic déi tuong cla Iép co s0, ching thudng 16n
hon (mac du trong vi du nay thi khong) bdi vi chiing ¢6 dir liéu thém vao 13m cho chiing tré thanh
mét “loai” d6i twong 16p co s4. Bai vay, chiing khong vira trong mang 16p co sd. Néu ¢6 nhét mot
d6i twong 16p dén xudt vo trong mot méng 16p co s& thi phén déi tugng danh riéng cho 1ép din
xudt s& bi cit bd, chi con mot d6i tuong 16p co s&. Tham chi néu khéng ¢6 su khdc nhau vé kich
thudc gitfa d6i tugng 16p co s& va 16p dn xudt thi trinh bién dich vén coi cde d6i tuong 16p din xudt
1a cdc d6i tugng 16p co sb. Hay ludn nhé 12 khong bao gi0 dat cdc d6i tuong 16p dan xudt vao trong
céc bién 16p co s&; néu khong chiing s& quén m4t ching la gi.

Trong khi d6, con tr6 6 kich thude giGng nhau bat ké ching trd t6i 16p nao, béi vy s& khong
mét bat ci thong tin nao khi dat mét dia chi 16p din xudt vio trong mét mang con trd 16p co so.
Hay sir dung su da hinh thai, goi cdc him 30 véi cde con trd trd t6i cdc d6i tuong (hay vdi cac tham
chiéu-references), khong phai véi cic d6i tugng,.
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4.2. Vi DU VE HAM AO

Bay gid chiing ta di hiéu c4c co ché€ cla ham 4o, ching ta cing xem mot vai tinh huéng ma &
dé viéc sir dung chiing that ¢é y nghia. Trong phin nay s& c6 hai chuong trinh.

Trong vi du thit nhét chiing ta s& biét duge ngudi nio xufit sdc. Vi du thit hai chiing ta s€ biét
céch st dung cdc ham gidng nhau dé v& cac hinh khdc nhau. Trong cd hai chuong trinh, viéc sir
dung c4c ham 4o s& don gidn héa viéc lap trinh rdt nhiéu.

4.2.1. Vi du vé nhan vién

Vi du ndy mo hinh héa céc loai ngudi khdc nhau trong mét trudmg dai hoc hodc phé thong. Céc
loai ¢o ban 14 sinh vién va gido vién. Luu ¥ ring céc loai ndy c¢6 mot vai dac diém chung. Chiing ta
s& sap x€p dé 16p student va teacher dugc riit ra tir 16p person. Ngoai ra, nhiing ngudi khéc khong
phai 13 sinh vién v gido vién ciing thay & trudng dai hoc nhu nhan vién quan 1§, nhan vién vin
- phong v.v... Gid thiét chiing ta khong tao l6p riéng cho nhimng loai nhan vién nay ma gop tdt ca
ching vao 16p person.

D& don gian, dir liéu duy nhit {rong 16p person 12 mot tén ngudi. Ciing ¢6 thé tudng tugng ra
cdc bién thich hop cho mot ngudi dé thém vao, ching han dia chi, s6 dién thoai, md nhan vién. Lép
sinh vién, student, c6 diém trung binh chung (TBC) va 16p gido vién, teacher, cé s6 sich ma gido
vién da xuft ban.

Tét ci céc 16p chita cdc ham getData() v putData() dé nhép va dua ra dif lieu. Ching cling
chita mot ham goi 1a isOutstanding() dé ngudi quan 1y dé tao mot danh séch cdc sinh vién va gido
vién xudt sic dé trao phin thudng. Ban 4-4 trinh bay chuong trinh VIRTPERS.

Listing 4-4 VIRTPERS
fivirtpers.cpp
ficac ham ao voi lop person
#include<iostream h>
class person
{
_protected:
char name[40];
public:
virtual void getData()
{

cout<<"\nNhap vao ten:"; cin>>name;
virtual void putData(

cout<<"\nTen:"<<name;

)
virtual void isQutstanding()

{} . fichu y:than ham rong
e

class student:public person /lop sinh vien

{
private:
float the; : /{diem trung binh chung
public:
void getData(
{
person::getData();
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cout<<" Nhap vao diem trung binh chung cua sinh vien:":
ein>>the;

}
void putData()

{

person::putData();
cout<<"\n Diem TBC="<<tbhc:

1

void isOutstanding()

{
if(tbe>=9.0) .
cout<<"(Day la nguoi xuat sac)";
H

1
class teacher:public person  /lop giao vien
{ .
private:
int numPubs; /8o sach xuat ban
public:
void getData()

person::getData()
cout<<" Nhap vao so sach xuat ban cua giao vien:";
¢in>>numPubs;

void putData()

{
person::putData();
cout<<"\n So sach xuat ban="<<numPubs;

}
void isOutstanding()

{
ifinumPubs>=100)

cout<<"(Day la nguoi xuat sac)";
3
5

void main(}

{

person® persPtr[100]; //danh sach con tro tro toi cac
/fdoi tuong person
int n=0; {/so nguoi trong danh sach
char choice;
do
cout<<"\nNhap vao mot nguoi binh thuong,sinh vien,hoac giao vien"
<<"(b,s,g):";
cin>>choice;
if{choice=="g") :
persPtrnl=new student; {/fdat mot sinh vien vao danh sach
else if(choice=="g"
persPtr{n]=new teacher; /fdat mot giao vien vao danh sach
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else
persPtr[n]=new person; /{dat mot nguoi binh thuong vao danh sach
persPtrin++]->getData(); . /mhap du lieu
cout<<" Co nhap nua khong(c/k)? ",
cin>>choice;

while(choice=='c");
for(int j=0;j<n;j++)
{
persPtr[jl—>putData(); /idua ten cua moi nguoci ra man hinh
persPtr{j}->isOutstanding(); //va ghi chu neu xuat sac

}

1, Ham main()

Trong ham main(), ddu tién chuong trinh d€ cho ngudi ding nhap vao mét s tén bét ky cha
ngudi binh thudng, sinh vién va gido vién. D6i véi céc sinh vién, chuong trinh con héi diém TBC;
d6i v6i cde gido vien, chuong trinh hoi s8 sich xudt ban. Khi ngudi st dung khong nhap vao niia,
chuong trinh dua tén va cac diY liéu khic cho tat ca moi ngudi, c6 ghi chi cac sinh vién va gido vién
xudt sic. San day la vai miu twong téc v6i chuong trinh:

Nhap vao mot nguoi binh thuong,sinh vien hoac giao vien(b,s,g): b
Nhap vao ten: Phuong

Co nhap nua khong(c/k)? ¢
Nhap vao mot nguoi binh thuong,sinh vien hoac giao vien(b,s.g): s
Nhap vao ten: Thang

Nhap vao diem trung binh chung cua sinh vien: 8.2

Co nhap nua khong(c/k)? ¢
Nhap vao mot nguot binh thuong,sinh vien hoac giao vien(b,s,g): s
Nhap vao ten: Binh

Nhap vao diem trung binh chung cua sinh vien: 9.8

Co nhap nua khong(c/k)? ¢
Nhap vao mot nguoi binh thuong,sinh vien hoac giao vien(b,s,g): g
Nhap vao ten: Oanh

Nhap vao so sach xuat ban cua giao vien: 120

Co nhap nua khong(c/k)? ¢
Nhap vao mot nguoi binh thuong,sinh vien hoac giao vien(b,s.g): g
Nhap vao ten: Hoa :

Nhap vao so sach xuat ban cua giao vien: 60

Co nhap nua khong(c/k)? k

Ten: Phuong
Ten: Thang
Diem TBC = 8.2
Ten: Binh
Diem TBC = 9.8 (day la nguoi xuat sac)
Ten: Oanh
So sach xuat ban = 120 (day la nguoi xuat sac}
Ten: Hoa
So sach xuat ban = 60
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2. Cdc lép

Lép person chita mét muc di ligu 1a mot chudi biéu dién tén ngudi. Lop student va teacher
thém céc muc dit liéu méi t6i 16p co s& person. Lop student chita mot bién the thuoc kiéu float,
bi€u dién diém trung binh chung ciia sinh vién. L6p teacher chita mo6t bién numPubs thude kiéu
int, biu dién s¢ sdch ma gido vién da xudt ban. Sinh vién 6 diém TBC trén >=9.0 va gido vién c6
s6 sdch xudt ban trén 100 duoc coi 13 xut sic. : :

3. Cdc ham do

Trong 16p person, ca ba ham, getData(), putData() vA isOutstanding() duoc khai bdo 13 ham
ao. Di€u nay 12 cdn thiét béi vi cac ham ¢6 cdc tén nay cling ton tai trong c4c 16p din xu#t va cic
déi twong cila cdc 16p din xust nay s& duge truy nhap bing con trd. Céch duy nhat d€ chuong trinh .
biét loai d6i twong ma con trd trong persPtr{j] trd t6i nhu trong bidu thic:

persPtr[j]->putData();

12 li¢u ham putData() ¢é 14 ham 3o khéng. Néu né duge khai béo 12 ham do thi ham putData()
thich hop véi 16p cia d6i tuong duoc trd t6i bai persPtr(j] duoc thue hién.

4. Ham isOutstanding(}

Trong 16p student, isQutstanding() biéu thi théng bao "day la nguoi xuat sac” néu sinh vién cé
diém TBC >=9.0 va trong 16p teacher, né hién thi thong bio giéng nhu vay néu bién numPubs
>=100. Tuy nhién, trong 1ép person ham nay c6 than ham rong (gi thi€t khéng cé tieu chudn danh
gid déi véi ngudi binh thudng).

Ham person::isOutstanding() khéng lam gi, chiing ta c6 thé x6a né di dugc khong? Cau tri 1o
1a khong, né phai t6n tai do ¢6 cau lenh:

persPtr[j}->isOutstanding();

trong ham main(), boi vi persPtr gii cdc con 16 thuge kiéu person®, cho dit né ciing c6 thé giit cac
con tré thude kiéu student™ hoac teacher*.

5. Cdc ham do trong cdc Iép khdc

Chi y ring mét ham thanh vién trong mét 16p dén xuat c6 thé goi mot ham thanh vien io clia
I6p co s6 diing todn tir quy dinh pham vi (scope resolution operator) gi€ng nhu cich truy nhap céc
ham chéng. Vi du, ham getData() trong I6p student £0i ham getData() trong 16p person:

class student:public person

{

public:
void getData()
person::getData(); //goi ham ao lop co so
cout<<" Nhap vao diem TBC cua sinh vien:";
cin>>the;

}
-

C4c ham ao khi dugc truy xuit tnrc tiép s& duoce d6i xir nhir cic ham khong ao.
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4,2.2. Vidu do hoa

Chiing ta ciing xét mot vi du khéc vé céc him 3o, d6 12 mot vi du d6 hoa. C4c 16p biéu dién mot
s& hinh xdc dinh: cap (binh mi khong vanh), bowl (hinh bit), square (hinh vuéng). Cic 16p nay
duogc nit ra tr mot 16p chung la shape.

Mot cich dé dang dé hién thi mét hinh phifc tap durge tao ra tir cic d6i tuong nhu vay la dat cic
con trd trd t6i cac hinh khédc nhau trong mét mang va sau d6 v& t4t ¢a céc hinh chi ding mét vong
13p for:

for(int j=0;j<N;j++)
sharray[j]->draw();

Chuong trinh VIRTSHAP I3m dugc didu ndy biing céch khai béo ham draw() 12 ham 3o trong
16p shape.

Listing 4-5 VIRTSHAP
{fvirtshap.cpp
/tve cac hinh bang cac dau x tren man hinh van ban
/su dung ham ao draw()
#include<iostream.h>
HIH R T

class shape Hlop co so
{
private:
int xco,yco; {ftoa do cua hinh
int size; Hkich thuoc cua hinh
protected: ffeac ham chi doc

int getx() const
{ return xco;}
int gety() const
{ return yco;}
int getz(} const
{ return size;}
void down() const; /khai bao ham
public:
{Mham tao 3 doi so
shape(int x,int y,int s):xco(x),yco(y),size(s)

virtual void draw() const
{ cout<<"Error:Base virtual"<<endl;}
5

void shape::down() const

for(int y=0;y<yco;y++)
cout<<endl;

;
T T T
class square;public shape /fhinh vuong

public:
/fham tao 3 doi so .
square(int x, int y,int s):shape(x,y,s)
{

void draw() const; Hkhai bao

|5
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void square::draw() const /fve mot hinh vuong

{
shape::down(); //di chuyen toi dinh cua hinh
for(int y=0;y<getz(;y++) //chuyeny Xuong ngang qua hinh
- _
int x;
for(x=1;x<getx(};x++) /Nay khoang trong tren hinh
cout<<'";
for(x=0;x<getz();x++) ' five duong thang bang dau x
cout<<'x"; '
cout<<end]; _ '
}
}
T T
class cap:public shape /fhinh mu
public:

//ham tao 3 doi so0
cap(int X, int y,int s):shape(x,y,s)

¢
void draw() const; /fkhai bao
A :
void cap::draw(} const ffve mot hinh mu
shape::down(); /idi chuyen toi dinh cua hinh
for(int y=0;y<getz(;y++) //chuyen y xuong ngang qua hinh
int x;
for(x=0;x<getx()-y+1;x++) //lay khoang trong tren hinh
cout<<'"’; - ' '
for{(x=0;x<2*y+1;x++) /fve duong thang bang dau x
cout<<'x';
cout<<endl;
}
}
T
class bowl:public shape /fhinh cai bat
( .
public:

/Mham tao 3 doi 80
bowl(int x, int y,int 8):shape(x,y,s)

it
void draw() const; //khai bao
5
void bowl::draw() const . {ve mot hinh cai bat

shape:down(); //di chuyen toi dinh cua hinh

for(int y=0;y<getz(;y++) //chuyen y xuong ngang qua hinh
mt x;
for(x=0;x<getx(-(getzQ-y)+2;x++) /May khoang trong tren hinh

cout<<''’; .

for(x=0;x<2*(getz()-y)-1;x++) /lve duong thang bang dau x
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cout<<'x';
cout<<endl;

} }
e R

void mainf)
{
const int N=38; {fso hinh
shape* sharray[N]; //mang con tro tro toi shape
bowl bw(10,0,3); fitac mot cai bat
square 5¢(20,1,5); #tao mot hinh vuong
cap cp(30,1,7); {ftao mot cai mu
sharray[0]=&bw; /fdat dia chi cua chung vao trong mang
sharray[1}=&sq; XXXXX
sharray{2]=&cp; AXX
cout<<endlx<endl; iMbat dau duoi 2 dong X
for(int ]20‘;]<N;]++) . ‘ . XXXXK
sharraylj]->draw(}; /fhien thi ca 3 hinh KXXXX
} XXXXX
XXXXX
Trong I6p shape, ham draw() 12 mot ham ao. —
Trong ham main(), chuong trinh tao m6t mang con tro, x
sharray, trd t6i cdc hinh. Tiép theo, né tao ba d6i tugng cha cédc XXX
16p bowl, square, cap va dit dia chi cia ching trong mang. XXXXX
Bay gio vé ba hinh diing mot vong lap for that dé dang. Hinh ey
4-41a két qllé. clia ChUUﬂg trinh VIRTSHAP. xxxxxxj{xxxx
Day Ia mot cach rdt manh dé ket ndi céc phén tir d6 hoa, HIAAIAXXRXXRX
nhét 1a khi ¢6 mot s6 16n cac d6i tugng cin duge nhém vao véi o
nhau vi vé& nhu méot don vi. Hinh 4-4. K&l qua cia

chizong trinh VIRTSHAP.

1. Khéng cé cdc doi twong shape

Trong chuong trinh VIRTSHAP, ngudi st dung khong nén c6 tao mot d6i twong shape. Lop
shape chi déng vai trd 12 16p co s& cho cdc 16p bowl, square vi cap. Trong trudng hop mot nguoi
nao dé ¢6 tao mot d6i tugng shape va v& né thi s& nhan duge thong bao 161 ma chiing ta di dat trong
than ham shape::draw().

Tuy nhién, day 12 mot céch fim 16i khong hay. S€ t6t hon n€u sdp x€p cdc thi dé trinh bién dich
tim ra 1i, hon 12 doi chiing xu4t hién tai thdi diém chay chuong trinh. (J day ching ta mudn trinh
bién dich bdo cho biét néu ngudi sit dung 16p cif c6 tao mét d6i tugng 16p co s& (shape). Ching ta
s& thay cdch 1am nay bing cc ham do thudn téy & muc 4.4.

2. Khdéi tao mdng

Thay vi sit dung céc lénh riéng ré d€ tao cdc d6i twong va dit céc dia chi cla ching trong mang,
chiing ta ¢6 thé don gian héa bing cach khdi tao mang ding cdc ham tao d6i tuong:

shape* sharray[N]={&bowl(1 0,0,3),&square(20,1,5),&cap(30,1,7) };

3. Ham do va ham tao (virtual function and constructor)

: Céc ham tao trong cdc 16p & chuong trinh VIRTSHAP khong phai do. Cic ham tao ¢6 bao gid [
40 khong? Khong, khong bao git. Céc ham 4o khéng thé tén tai cho dé€n khi ham tao da hoan thanh
nhiém va clia n6, bdi vAy cdc ham tao khong thé 12 do.
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Ngoai ra, khi tao mot d6i tuong chiing ta thudmg da biét loai déi tuong ma chiing ta s€ tao ra va
c6 thé chi ré loai nay cho trinh bien dich biét. Do d6 khong cén cdc ham tao Ao nhu cdc ham 3o,

Tréi lai, cic ham hiy (destructor) cé thé va thudng nén 1a do. Chiing ta s& néi vé cic ham hiy
4o trong muc 4.4.

4.3. GO KET NOI VOI SU DA HINH THAI

Trong phdn trude chiing ta da biét hai vi du trong dé sur da hinh thdi duoc sit dung trong mot
mang con trd trd t6i cdc déi twgng. Tuy nhien, day khéng phai 12 tinh huéng duy nhéat ma & dé su da
hinh thai va cdc ham 4o déng vai trd quan trong. Su da hinh théi ciing cé thé duge sir dung dé gitip
cho viéc phan 1ap, hay g& két néi mot phén cila chuon g trinh ra khéi chwong trinh khdc.

Nhu ching ta da lwu ¥ trude day, cdc chuong trinh OOP duge chia thanh hai phén, chiing
thudng duge viét béi nhitng ngudi 14p trinh khéc nhau tai cdc thoi diém khéc nhau. Ddu tién, cic 16p
duge vigt bdi mot nhém ngudi 1ap trinh (ngudi tao 16p); sau d6 mot thai gian, chuong trinh sir dung
céc 1ép nay duge mot nhém ngudi 18p trinh khéc viét (nhitng ngudi sit dung 1ép). M6t lgi ich thiét
thuc cira viée sir dung lai 13 ciing moét tap cdc 16p c6 thé duoc sit dung nhiéu lan bdi cac ngudi sir
dung 16p khic nhau.

. Trong hau hét cic vi du ma ching ta da viét, chuong trinh sir dung 16p chiéta mot ham don
main(). Diéu nay 1am cho cac vi dy d& hiéu hon nhung hoan toan khéng thuc €. Chuong trinh ctia
ngudt sir dung trong cdc chuong trinh quan trong thudng duge chia thanh nhién ham, ching sé& dugc
goi ra tir ham main() hoic tir c4c ham khic.

S da hinh thdi xut hién & ddu trong tinh huéng niy? Viéc 14p trinh cé thé duoc don gian héa
néu chuong trinh clia ngudi sir dung c6 thé 1am viéc v6i mét 16p chung hon 1a 6 géng biét nhiéu
16p khdc nhau. B&i vi cdc d6i tugng (hay céc tham chigu hodc cdc con trd trod téi cdc d6i tuong) co
thé s& duge truyén va tra vé tir mét ham téi mot ham khéc va néu t4t ca cdc d6i s6 nay va céc gid tri
tra vé€ c6 thé thudc mot I6p thi viec vist chuong trinh s& don gian. Néi cich khic, g& két n6i chuon g
trinh ngudi sir dung khoi céc 16p cu thé 12 rat hitu ich.

Vi dy thit nhat s& chi ra cdch ma sy da hinh thai dugc sir dung khi cdc tham chiéu la c4c d6i s6
ham..Mét vi du khéc chi ra cich ma su da hinh thai dugc sir dung v6i con tré 14 d6t s6 ham. Cusi
cung ching ta cling xét mot chuong trinh 1én hon minh hoa mot tinh huéng l4p trinh thiét thuc hon.

4.3.1. Truyén cic tham chiéu

D€ c6 mot vi du don gian vé sir dung su da hinh thdi g& két néi cdc chuong trinh ciia ngudi sit
dung khot cdc 16p, hay tudng twong mot 16p co s& cé nhidu 16p dén xuat. Gia sir ham main() goi
mot ham toan cuc func() dé lam mét cdi gl d6 véi cic doi tugng cia tdt cd cac 16p din xudt. Néu
ham func() cdn phéi lo ling vé viéc quan 1y nhiéu d6i tuong khdc nhau v6i nhiéu cdch khéc nhau thi
chuong trinh clia n6 s& tr& nén rét phitc tap. Tuy nhién, sit dung cic tham chi€u va cdc ham 4o, ta cé
thé ding cing mét ham func() cho nhiéu 16p khéc nhau. '

Khi mot d6i twong duoc truyén t6i ham theo tham chiéu, nhin vao cd phap thi tudng déi tugng
duoc truyén nhung thuc ra mot con tré trd 161 d6i twong duge truyén thay th€. Nhu chiing ta da biét,
cac con tro ludn ludn c6 kich thude gidng nhau bat ké né trd téi doi tuong nao, bdi viy s& khéng
mdt thong tin néu mét tham chi€n t6i mot d6i twong 16p din xudt duge truyén téi mot ham c4n mot
tham chi€u t6i mot déi tugng 16p co s6.

Trong vi du, c¢6 mot 16p co s& va hai 16p din xust, Dervl va Derv2. Cic 1énh trong main() goi
func() sir dung céc d6i s6 tham chi€u d€ truyén céc d6i tuong Dervl va Derv2. Chi ¥ ring cing
mot ham func() ma quan 1y ca hai d6i tuong Dervl va Derv2. Ban 4-6 trinh bay chuomg trinh
VIRTREEF. '
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Listing 4-6 VIRTREF
INirtref.cpp
/kiem tra cac ham ao va truyen doi so theo tham chieu
#include<iostream.h> '
class Base {lop co so
{
public:
virtual void speak(}

cout<<"\nLop co so Base";
1
3
class Dervl:public Base

{
public:
" void speak()

cout<<"\nLop dan xuat Dervl”,

1
5 ,
class Derv2:public Base
public:
void speak()
cout<<"\nLop dan xuat Derv2",
}
5
void maing)
{
void func(Base&); {khai bao ham
Dervl dvl; /{doi tuong cua lop dan xuat Dervl
Derv2 dv2; Jidoi tuong cua lop dan xuat Derv2
fune(dvl); {itruyen d1 theo tham chieu toi func()
func(dv2); {itruyen d2 theo tham chieu toi func
H
void func(Base& obj)
{
obj.speak();
}

Ham func() béo d6i tugng truyén téi nd goi ham thanh vien speak() cha né d€ hién thi déi
tong thudce 16p nao. Day 1 két qua cia chuong trinh:

Lop dan xuat Dervl
Lop dan xuat Derv2

Bdi vi d6i s6 clia ham func() duoc truyén theo tham chi€u va béi vi ham thanh vién speak() 12
ham 4o, ham func() khong c4n biét loai d6i tugng ma né s& giri thong diep speak() 1i. N6 biét doi
twong dugk riit ra tir Base va d6 1 4t c nhiing gi né c4n biét. D6i tuong ty no phai quan tAm t6i
viéc thuc hién ham speak() n2o, nhu két qua minh hoa.

Nguoc lai, gia sit sy da hinh thai khéng duge sit dung va ham func() phai biét loai 46i tugng ma
né dang l1am viéc v6i. Hodc 12 né s€ cdn mot cdi gi do nhur mét 1énh switch dé quén 1y cdc 16p khac
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nhau (mét cach dé tim ra d6i tuong & 16p nao) holic ham main() s& cin chon moét trong nhiéu phién
ban khéc nhau ciia ham func(), tiy thudc vio Iép. Cac giai phdp nay phitc tap khong cén thiét. Bing
viéc dé cho ddi tugng giri thong bio t6i chinh né chiing ta c6 th€ 1am cho chuong trinh cia nguoi sir
dung déc 1ap véi 16p dang duge sir dung, két qué 1a don gian héa viéc 14p trinh.

Mot thuén loi nita ciia cdch nay 13 cling mot chuong trinh ngudi sir dung ¢ thé 1am viée véi cdc
16p tham chi chua dugc biét. Vi du, trong VIRTREF, néu Derv3 ducc thém vao phan cip 16p thi
ham fune() s& rét thuan loi khi Iam viéc v6i nd, y nhu né 1am viéc véi Dervl va Derv2.

Tt nhien téc dung clia viéc g& két néi ndy chi c6 hiéu qua néu sit dung cic d6i s& 14 tham chiéu
(hodc con trd). Néu truyén tryc ti€p mot d6i tuong 16p dén xudt t6i ham thi kich thudc chia né s& bi
cit giam dé bing kich thuéc ciia d6i trong 16p co sd, gidng nhu viéc gin né cho mot bign 16p co sé.
Ngoai ra ching ta phai sit dung cdc ham 30. Néu speak() khong phai 12 ham 4o thi két qua cla
chuong trinh s& ia:

Lop co 5o Base
Lop co so Base

Trong C™, su da hinh thai phu thudc vao céc ham ao.

Mic dir khéng thay nhiéu lgi ich qua viéc sit dung su da hinh théi trong vi du ngén trén nhung
trong mét chuong trinh 16n hon, véi nhiéu 16p din xust v nhidu ham trong phén chuong trinh ngudi
st dung 18p, n6 sé& c6 hiéu qua hon nhiéu d6i véi cdc ham viét dudi dang mot 16p co s

4.3.2. Truyén con tro

Tac dung cita viéc g& két n6i 12 nhu nhau dit sit dung tham chiéu téi cac d6i tiong hay sir dung

céc con trd trd t6i cdc d6i tugng. Chiing ta cling viét lai chuong trinh VIRTREF dé sir dung con trd
thay cho tham chiéu.

Listing 4-7 VIRTPTR
{ivirtptr.epp
/{fkiem tra cac ham ao va truyen doi so theo con tro
#include<iostream.h> )
class Base lop co so

public:
virtual veid speak()

{

}
I
class Dervi:public Base

{
public:
votd speak(}
{

cout<<"\nLop ¢o so Base™;

cout<<"\nLop dan xuat Derv1";
)
%
class Derv2:public Base

{
public:
void speak()

cout<<"\nLop dan xuat Derv2";

}
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. void main()

-
void func(Base*); //khai bao ham
Dervl dvl; /fdoi tuong cua lop dan xuat Dervl
Derv2 dv2; {/fdoi tuong cua lop dan xuat Derv?2
func(&dvl); fitruyen d1 theo tham chieu toi func()
fune{&dv2); fHruyen d2 theo tham chieu toi fune()
void func{Base* ptr} /#dinh nghia ham
{ .

ptr—>speak(};

Cic 16p gidng céc 16p trong chrong trinh VIRTREF nhung trong ham main() truyén dia chi cua
cdc d6i tuong hon 13 truyén tham chiéu cia cic d6i tugng, t6i ham func() va st dung todn tr -> aé
truy nhap ham speak(). K&t qua dwa ra la:

Lop dan xuat Dervl
Lop dan xuat Derv2

Mot céch dién hinh, cdc tham chi€u thich hop khi cdc d6i tugng dugc tao qua cdc dinh nghia dé
tén chia chiing dugc biét, trdi lai céc con trd duge sit dung khi céc d6i twong duge tao véi new va chi
c6 céc con tro trd téi chiing mdi lam viec. Cac tham chiéu an toan hon cdc con trd. Gid tri clia con
trd c6 thé bi thay déi bdi ngudi 14p trinh, cé thé do vé tinh, tréi lai mot tham chi€u, mot khi da duoe
kh&i tao, khong thé thay déi dugc.

4.3.3. Vi du 16p person

Ching ta ciing xem xét mdt vi du cung cdp nhiéu dic diém dé thay dugc sy da hinh théi lam
chuong trinh dgc 14p véi cde 1dp cu th€ nhu the nao. Ta chi cn viét lai phan sir dung 16p cla vi du
VIRTPERS & muc 4.2. Muc dich 12 cho ngudi sit dung cudi ciing nhi€u chic ning diéu khién hon &
trong chuong trinh. Chuong trinh s& hién thi mot danh sich céc tity chon va ngudi sir dung ¢6 thé
chon hoac thém moét ngudi vio co s& dit lieu hodc hién thi tat cd nhimg ngudi trong co so dif lidy,
hodc 1a thodt khoi chuong trinh. Ngudi st dung c6 thé thém bao nhiéu ngwdi ciing duoe néu mudn
va hién thi tdt ca ching tai bat k¥ thdi diém nao..

Dé cii dat kha nang manh mé ndy, ching ta chia phin chuong trinh sit dung 16p thanh mot vai
ham. M6t 1énh switch trong ham main() s&€ goi ham thich hop tuy thude vao ky tu ma ngudi sit
dung g& vao. C6 hai ham: getPerson() 14y dit liéu tir ngudi sit dung cho mot ngudi duge thém vao
co s& dif lieu va ham displayPerson() hién thi dit liéu vé mot ngudi. Céc 16p y nhu trong chuong
trinh VIRTPERS. Ban 4-8 trinh bay chuong trinh PERFUNC.

Listing 4-8 PERFUNC
fiperfunc.cpp
{ftruyen con tro tro toi cac doi tuong su dung ham ao
#include<iostream.h>
#include<process.h> Hcho exit()
class person '
{
protected:
char namel40);
public:
virtual void getData()
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cout<<"\nNhap vao ten:": cin>>name;

H
virtual void putData()

cout<<"\nTen:"<<name:

virtual void isQutstanding()
{3 ffchu y:than ham rong

¥

class student:public person  #lop sinh vien
{
private; '
float the; //diem trung binh chung
pubhic: :
void getData()
{
person::getData();

cout<<" Nhap vao diem trung binh chung cua sinh vien:";
cin>>the;

'
void putData()

person:putData);
cout<<"\n Diem TBC="<<thc;
) .
void isOutstanding()
{
if(tbe>=9.0)
cout<<"(Day la nguoi xuat sac)";

}
'k
class teacher:public person  /lop giao vien
[
private:
int numPubs: /fso sach xuat ban
public: o

void getData()
{

person::getData();

cout<<" Nhap vao so sach xuat ban cua giao vien:":
cin>>numPubs;

}
void putData()
{

person:putData();
cout<<"\n So sach xuat ban="<<numPubs;

H
void isOutstanding()

{ .
iflnumPubs>=100)

cout<<"(Day la nguoi xuat sac)"; _
}
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void main()

{
person* persPtr[100]; /{danh sach con tro tro toicac
{fdoi tuong person
int n=0; /fso nguoi trong danh sach
char choice;
int j;
person* getPerson(); {xhai bao ham
void displayPerson(person*);
while(1) /lap lai cho den khi thoat
g .
cout<<endl }
<<"Go 't' de them mot nguoi moi"<<endl
<<"Go 'h' de hien thi tat ca moi nguoi"<<endl
<<"Go 'k' de ket thue chuong trinh"<<endl
- <<"\nChon gi? ";
cin>>choice;
switch{choice)
{
case 't"
persPtrin++]=getPerson();
break;
case 'h"
for(j=0;j<n;j++)
displayPerson(persPtr(j]);
break;
case k"
for(3=0;j<n;j++)
delete persPtrijl; J/ixoa tat ca cac doi tuong
‘exit(0);
break; :
default: :
cout<<"\nKhong chon nhu vay!";
} /fket thuc switch
} {fket thuc while
} /et thue main()
L e
//{dinh nghia cac ham .
person* getPerson() /fham tra ve mot nguoi
{ .
person™ tp; /feon tro tro toi persen

char choice;

cout<<"\nNhap vao mot nguoi binh thuong,sinh vien hoac giao vien"

<<"(b,s,8)";
cin>>choice;
if{choice=='s"} .

tp=new student; {/dat mot sinh vien vao danh sach
else if{choice=='g")

tp=new teacher; /idat mot giac vien vao danh sach
else

tp=new person,; : /idat mot nguoi binh thuong vao

/f{danh sach

tp->getData(); fay du lieu
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return tp;

}
void displayPerson(person* pp) /fhien thi mot nguoi va
{ {/chu thich neu xuat sac

pp—>putData();
pp—>isCutstanding();
}

Cha y 1a trong ham main() v ham displayPerson() khéng dé cap chit nao t6i cac d6i tuong
ngoai d6i tugng person. Ham displayPerson() c6 mot d6i s6 12 mot con trd trd téi person. Noi duy
nhat ma cic d6i tugng student va teacher duge ndi dén 15 rang la trong ham getPerson(), & d6 cdc
doi tuong ma ngudi sir dung yéu céu diroe tao v6i new.

Viéc g& ket n6i chuong trinh ngudi st dung khéi cdc 16p cu thé lam.cho cdc ham niy khong hé
bi anh huéng bt bét ki thay déi nio trong phan cfp 16p. Dit cho ngudi tao 16p tao ra mot ban sia
chita vé céc 16p, thém céc I6p din xufit méi cho chuong trinh, ching han: '

class administrator:public person
{h .
class football_coach:public person
{h
thi chiing ta ciing khong phai thay d6i gi trong ham main() hay him displayPerson() va chi cdn
thém mot vai dong trong getPerson().

4.4. LOP TRUU TUONG VA HAM HUY AO

Trong phén nay chiing ta s& néi dén hai chi dé lién quan t6i cdc ham do. Thit nhat 13 céc 16p
trim tuong (abstract class), ching 14 c4c 16p ma khong c6 d6i twgng nao duge tao ra tir ching,
ching chi déng vai trd 12 16p co s& cho céc 16p dn xudt, Cac 16p triru tuong duge thuc hién trong
C*™ bang cdc ham Ao thudn tiy. Chi dé thit hai 12 cic ham hity o (virtual destructor), ching la
mdt ¥ tudng t6t néu khéng mudh cac phin clia déi tugng cii nAm trong bé nhé.

4.4.1. Lép triru tuong

Trong chuong trinh VIRTPERS & muc 4.2, chiing ta da tao céc d6i tuong I6p co s& person ciing
nhu cic d6i tuong 16p ddn xust student va teacher. Tréi lai, trong chuong trinh VIRTSHAP chiing
ta lai khéng tao bat ky d6i tugng 16p co s& shape nao, ma chi tao céc d6i tuong 16p din xudt bowl,
cap va square. Trong VIRTPERS, chiing ta cho d6i tugng chung person c6 ich trong chuong trinh,
nhung trong chuong trinh VIRTSHAP, 16p shape t6n tai chi 12 di€m bit ddu cho céc 1ép din xust
khéc va khong cé y nghia gi khi tao mot d6i tugng chung shape.

Chiing ta néi 16p shape trong chuong trinh VIRTSHAP 1a mét 16p trir tuong (abstract class),
6 nghia 12 khéng c6 déi tuong thue nao duge riit ra tir n6. Céc 16p trinu twgng xust hién trong nhidu
tinh hudng. Mot nha méy c6 thé lam mét xe hoi dua, mot xe tii hay mot xe cifu thuong, nhung
khong thé 1am mot xe chung. Nha mdy phai biét céc chi tiét vé loai xe ndo cdn cé trude khi thuc sy
lam né.

Mot vai tinh hudng thi yéu cdu mot 16p co s& trin tuong, nhung mét vai tinh hudng khéc lai
khong. Thudmg khong cdn la nhiéu hon. Vi du, trong chuong trinh VIRTPERS, cé thé 12 t6t hon néu
cho person 1a mét 16p triru twgng va nit ra mét 16p misscellaneous cho t4t ca cic d6i tuon g person
khong phai la student hoic teacher.
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Trén thuc €, 16p shape trong vi du VIRTSHAP 14 mot 16p triru tugng chi trong mit con ngudi.

Trinh bién dich bd qua quyét dinh clia chiing ta 12 bt nd lam mot 16p triru tuong, né s& khong sao
néu ching ta dat:

shape $3(5.6,7); /fhop 1& nhung khong c6 nghia
Chiing ta d3 sip x&p dé ham draw() trong 16p shape hién thi mot thong bao 16i:
class Base
{
public:

virtual void draw()
{cout<<"\nBan ao cua draw() ";}

b

Giai phép nay gitip cho ta khong c6 v& mot hinh shape nhung né khéng phai 1a mét giai php
hoan hao. '

4,4.2. Ham ao tinh khiét

Gia thiét chiing ta da quyét dinh tao m6t 16p co s triru tugng, s& hon néu ching ta cho trinh
bién dich cuong quyét ngan can bt ky ngudi st dung 16p nao cé tinh tao mot d6i tugng cta 16p do.
Diéu nay gitip chiing ta thoai m4i hon trong viéc thiét k€ 16p co s& bdi vi ching ta khong cédn tra
tinh cho c4c d6i tugng that sy clia 16p ma chi tri tinh cho dir liéu va cdc ham s& duge sir dung boi
céc 16p dan xuat. DE 1am dugc diéu nay, ching ta phai dinh nghia it nhat m6t ham o tinh khiét
trong 16p do.

M6t ham 4o tinh khiét (pure virtual function) 12 mot ham o khong c6 than ham. Than cha
ham 4o trong 16p co s& duge bo di va thém vao khai bdo ham ky hiéu = 0.

1. Vidu ngdan VIRT

Vi du thit nhdt vé m6t ham ao tinh khiét duge rit ra tit chwong trinh VIRT trong muc 4.1.

Listing 4-9 VIRTPURE
fivirtpure.cpp
//ham ao tinh khiet
#include<iostream.h>

class Base Hlop co so
{
public:
virtual void show(}3=0; /fham ao tinh khiet
% :
class Dervl:public Base Hlop dan xuat 1
{
public:
void show()

{

}
5
class Derv2;public Base Hlop dan xuat 2
{
public:
void show()
{

cout<<"\nLop dan xuat Dervl",
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cout<<"™\nLop dan xuat Derv2";

H
b
veid maind)

{

Dervl dvi; /fdoi tuong cua lop dan xuat Dervl

Derva dvg; //doi tuong cua lop dan xuat Derv2

//Base ba; {to1:khong the tao doi tuong cua lop truu tuong
} -

Bay gio ham ao duge khai béo Ia:
virtual void show()=0; //ham o tinh khiet

Ddu bang & day khéng phai 1a todn tir gdn; gid tri O khong duoc gén cho cdi gi. Ci phdp = 0 chi
don gidn 1 cdch chi cho trinh bién dich biét ring mot ham sé& 13 tinh khiét, nghia 1a sé khong ¢é
than ham.

Chiing ta c6 thé ban khoin néu cé thé xéa duoc than cia ham ao show(}) trong 16p co s& thi tai
sao khong thé xda luén ca ham. Diéu d6 tham chi sach hon nhung khéng lam viéc. Khong ¢é ham
ao show() trong 16p co &, cdc cau lénh nhur;

Base* list[ 3],
list[0]= new Dervl;
listf0]->show(); //khéong thé 1am diéu nay

s€ khong hop 1€ bdi vi phién ban show() trong 16p co s& s& lun duoce thuc hién.

2. Vi du shape

Néu ching ta viét lai 16p shape trong chuong trinh VIRTSHAP dé sit dung mét ham 2o tinh
khiét cho show() thi chiing ta ¢6 thé ngan chin dugc viéc tao bét ky d6i tuong 16p co s& nao. Ban 4-
10 trinh bay chuong trinh PURESHAP. :

Listing 4-10 PURESHAP
{fpureshap.cpp
/fve cac hinh bang cac dau x tren man hinh van ban
flsu dung ham ao tinh khiet draw()
#include<iostream.h> '
T I L IR )

class shape " iflop co so
{ .
private:
" 1int xeco,yco; {ftoa do cua hinh _
int size; ffkich thuoc cua hinh
protected: ffeac ham chi doc

int getx() const

{ return xco;}
int gety() const

{ return yco;}
int getz(} const

{ return size;}
void down() const; //khai bao ham
public:
/ham tao 3 doi so

shape(int x,int y,int s}:xco(x),yco(y),size(s)
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virtual void draw() const=0; //ham ao tinh khiet

}

void shape::down() const
{
for(int y=0;y<yco;y++)
cout<<endl;

I T T g
class square:public shape //hinh vuong
{
public:
{fham tao 3 doi so
square(int x, int y,int s):shape(x,y,s)
$
void draw() const; /khai bao
b
void square::draw() const /fve mot hinh vuong
{ .
shape:down(); fidi chuyen toi dinh cua hinh
for(int y=0;y<getz();y++) //chuyen y xuong ngang qua hinh

int x;
for{x=1;x<getx(};x-++) //lay khoang trong tren hinh
cout<<'";
for(x=0;x<getz();x++) /ive duong thang bang dau x
cout<<'x';
cout<<endl;
} j
T T T T
class cap:public shape /Mhinh cail mu
{
public:

/Mham tao 3.doi so
cap(int x, int y,int 8): shape(x,y,s)

$
void draw() const; {fkhai bao
|5
void cap::draw(} const {fve mot hinh cai mu
shape::down(); {{di chuyen toi dinh cua hinh

for(int y=0;y<getz();y++) //chuyen y xuong ngang qua hinh
{

mt x;
for(x=0;x<getx()-y+1;x++)/Mlay khoang trong tren hinh
cout<<'
for(x=0; x<2*y+1 x++)¥/ve duong thang bang dau x
cout<<'x';
cout<<end];
| }
T T T
class bowl:public shape /Mhinh cai bat



{
public:
{ham tao 3 doi so
bowli(int x, int y,int s):shape(x,y,s)

{
void draw() const; //khai bao
b
void bowl::draw() const /fve mot hinh cai bat
shape::down(); /idi chuyen toi dinh cua hinh
for(int y=0;y<getz();y++) //chuyen y xuong ngang qua hinh
{ .
int x;
for(x=0;x<getx(-(getz(}-y)+2:x++) /llay khoang trong tren hinh
cout<<'', :
for(x=0;x<2*(getz()-y)-1;x++) {fve duong thang bang dau x
cout<<'x';
cout<<end];

}
}
T T T
void main()

lishape sh(1,2,3);

const int N=3; fso hinh

shape* sharray[N]; /fmang con tro tro toi shape

bow] bw(10,0,3); /ftao mot cai bat

square sq(20,1,5); {fftao mot hinh vuong

cap cp(30,1,7); /ftao mot cai mu

sharray[0]=&bw; //dat dia chi cua chung vao trong mang

sharray{1]=&sq;
sharray[2]=&cp;

cout<<endl<<endl; /fbat dau duoi 2 dong
for(int j=0;j<N;j++)
sharray[jl->draw(); {fhien thi ca 3 hinh

}

3. Trinh bién dich lam nhiém vu

Ching ta khong thé tao mét déi trong chia mét 16p chita mot ham 4o tinh khiét va khong thé viét
mot 101 goi ham truyén hodc tra vé mot d6i tugng cia 16p nhu vay theo gié tri. Do dé trong ham
main() cia chuong trinh PURESHAP chiing ta khong thé khai bdo ham nhu the nay:

void func(shape); /Noi
shape furc(); Hoi

Trinh bién dich biét ring viéc truyén va trd vé theo gid trj s& tao mot d6i twong va né sé khoéng
dé diéu nay xdy ra v6i mot 16p trir twong. Truyén hoiic tra vé cic d6i trong cha mot 16p triru tugng
theo tham chi€u hoac con trd thi duge bdi vi con trd s& thuc sy trd téi céc d6i tuong 16p din xudt.

4. Lop triru trong va hdm do tinh khiét

Sir dung cac ham 2o tinh khiét 1am tin hiéu dé trinh bien dich biét mot 16p s& 1a 4o dudng nhir 12
tiy tién. Tuy nhién, cdc ham o tinh khi€t va cdc 16p triru tugng 13 hai mat-cha mot van dé. Néu
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khong bao gi®r tao cic d6i trong 16p co s& thi chdng 6 hai gi khi dit cdc ham do tinh khiét trong
16p dé. Ngoai ra, mét 16p triu twong s&, bing céch dinh nghia, ¢ cic 16p khdc rit ra tir né. Pé sir
dung sy da hinh théi, cdc 16p déin xu4t nay s& yéu cdu cic ham ao trong 16p co s¢. Thudng thi c6 it
nhét mot ham nhir vay khéng 1am bat cif viéc gi trong 16p co 0. Ching ta goi cidc ham nhu vay la
c4c ham o tinh khiét va dé trinh bién dich biét vé& chiing v&i k¥ hiéu =0,

5. Ham do tinh khiét c6 thdn ham

Doi khi ching ta mu6n chuyén mét 16p co sd thanh mot 16p trir tuong, nhung 16p nay cin cac
ham thanh vién khong ¢6 than ham. T4t ca cdc ham trong 16p co sd c6 thé dugc truy nhép bdi céc
ham trong céc 16p din xudt. Chiing ta c6 thé chuyén mo6t ham c¢6 than ham thanh mot ham ao tinh
khiét y nhu v6i mét ham khong ¢ thap ham. Day 1a mét vi du vé nhan vien, EMPINH. D€ chuyén
16p employee thanh mét 16p triw tuong ta thém ky hiéu = 0 vao ham getData() trong 16p employee,
nhung gitt than ham nhu cu:

virtual void getData()=0

cout<<"\nNhap vao ten:"; cin>>name;
cout<<" Nhap vao ma so:"; cin>>number;.

}

4.4.3. Ham hity 40

Néu chiing ta sir dung bat ky ham 4o no, tinh khi€t hay khong tinh khiét, trong mot 16p thi c6
thé ching ta s& mu6n 1am cho ham hiy clia 16p d6 1 do. Tai sao? D& hi€u duge diéu nay ching ta
cing xét chuong trinh NOVIDEST, trong d6 c6 mét 16p co s& v mét 16p dén xudlt, ¢4 hai déu cé
ciac ham huy khéng 0. -

Listing 4-11 NOVIDEST
/movidest.cpp
/fham huy lop co so khong ao
#include<iostream.h>

class Base

public:
~Base() .
{ cout<<"\nHam huy lop co so Base";}
3
class Derv:public Base
{
public:
~Derv()
{ cout<<"\nHam huy lop dan xuat Derv";}
b '

void main(}

Basé* pb=new Derv;
delete ph; /fdua ra man hinh "Ham huy lop co so Base"
cout<<™\nChuong trinh ket thuc";

H
1. Ham hiy 16p ddn xudt c6 dugc thuc hién khong?
Nhé lai ring mét d6i tugng cla 16p din xudt chita dif ligu cua ca 16p co s& va 10p dan xult (mac
dix trong chuong trinh NOVIDEST thi khong c6 nhw vay bdi vi khong ¢6 bat cit dit liéu nao trong ca
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hai i6p). Dé dérﬁ bao dif liéu nhur vay hiy bd di mot céch thich ddng, cdn goi ham hoy caa 1ép co s&
va 16p din xudt. Két qua clia chuong trinh NOVIDEST la:

Ham huy lop co so Base
Chuong trinh ket thuc

Day 12 mot vén dé gidng nhu chiing ta di thay rude day véi cic ham théng thudng (khong phai
ham hiy): Néu mét ham khong phéi 12 4o thi chi c6 phién bin cita ham 16p co s& duoe thue hién khi
né duge goi bing cich ding con trd 16p co 88, cho di gid tri cita con trd I3 dia chi cila mot d6i
tuong 16p din xu4t. BSi vay, trong chuong trinh NOVIDEST, ham hiy 16p dan xuit Derv khong
bao gi duge thyc hién. Day c6 thé 1a mét van dé néu ham nay 1am mét viec gi d6 quan trong.

2. Khéng dwgc thuc hién trir khiné la do

D¢ gidi quyét vin dé nay ching ta lam cho ham hay 16p co s& 12 do, nhu chi ra trong chuong
trinh VIRTDEST dudi day:

Listing 4-12 VIRTDEST
fivirtdest.cpp
/fkiem tra ham huy ao
#include<iostream.h>
class Base
A
public:
virtual ~Base()
{ cout<<"\nHam huy lop co so Base";}
5

class Derv:public Base

{
public:
~Derv()
{ cout<<"\nHam huy lop dan xuat Derv";}

3
void main()

Base* _pbinew Derv;
delete pb; /fdua ra man hinh "Ham huy lop co so Base"
cout<<"\nChuong trinh ket thuc";

}

Két qua cta chuong trinh 1a:

Ham huy lop dan xuat Derv
Ham huy lop co so Base
Chuong trinh ket thuc

Bay gits ca hai ham duge goi. T4t nhién trong vi du don gidn nay, ching c6 vin dé gi néu ham
huy i6p khong duge goi boi vi khéng c6 viéc gi dé né lam. Bay gidy ching ta cing xem mét vi du
ma & d6 viéc goi ham hily 16p din xuét cé ¥ nghia hon nhiéu.

3. Vi du

Cdc d6i tugng 16p din xudt c6 thé st dung tai nguyén hé théng c4n dugc gidi phdng khi d6i
twong bi hity. C6 the cdc di twong 16p din xudt st dung new dé cAp phat bs nhd. R4t cdn 6 mot
delete tvong img trong ham hity 16p din xust d6 va ham hily dugc goi khi déi tuong 16p din xudt d6
bi huy. Néu khéng 1am nhur vay thi viing nhé dugc cap phét boi d6i tuong 16p dén xudt sé trd nén co
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1ap, khong thé truy nhap nhung vin chiém khéng gian nhd, gy lang ph tai nguyén he théng va la
nguyén nhin din dén nhiimg vin dé by nhé nghiém trong. . -

Vi du ti€p theo 13 mot chuong trinh m& réng cia PERSFUNC sg cho thdy vén dé nay nhu thé
nio.-N§ ¢6 16p person va 16p gradstudent (sinh vién nam cudi) it ra tit 16p person. Trong chuong
trinh ching ta sit dung new dé cép phat bo nhé cho tén va dé thi cha sinh vién nam cubi va cdc ham
- hily dé xéa cdc ving nhé ndy. Ban 4-13 trinh bay chuong trinh DESTPERS.

Listing 4-13 DESTPERS
/idestpers.cpp
/Mham huy ao va lop person
#include<iostream.h>

#include<string.h> . /fcho strlen(),strepy()
class person
{
protected:
char* nameptr; Heon tro tro tol ten
public:
person(char* np) /fham tao mot doi so
{ _
int length=strlen(np}; /itim do dai cua ten
nameptr= new char{length+1}; {icap phat bo nho
strepy(nameptr,np); - {/dat ten vao bo nho
virtual ~person(} {/ham huy ao

cout<<"\nHam huy lop co so person”;
if(nameptr!=NULL) ifmeu duoc su dung thi xoa
delete(] namenptr; :

}
virtual void putData(
{

cout<<"\nTen:"<<nameptr;
}
|3

class gradstudent:public person {flop sinh vien nam cuoi

{
private:
char* topicptr; ficon tro tro toi de tai luan an
public: //ham tao hai doi so
gradstudent(char* n,char* t):person{(n),topicptr(NULL)
{ _ '
int length=strlen(t); {itim do dai cua ten de tai
topicptr=new char[length+1]; {feap phat bo nho
strepy(topicptr,t);
}
~gradstudent(}) /fham huy
{
cout<<"\nHam huy lop dan xuat gradstudent”;
if(topicptr'=NULL) //neu duoc su dung thi xoa
delete[] topicptr;
}
void putData(Q)

{
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person:putData();
cout<<"\n De tai luan an:"<<topicptr;

}

%
void main()
{ . .

int j;

const int total=3; _ _

person* persPtritotall; {fdanh sach con tro tro toi cac

/fdoi tuong person

char name[40]: /Muu tru trung gian

char topic[80];

for(j=0;j<total;j++) ’ /fmhan du liey, tao cac sinh vien nam cuoi

cout<<"\nNhap vao ten:";
cin>>name;
cout<<"Nhap vao de tai luan an:";
cin>>topic;
persPtrljl=new gradstudent(name,topic);

b
for(j=0;j<total;j++) /fhien thi cac sinh vien
persPtr(jl->putData();

cout<<endl<<endl;

for(j=0;j<total;j++) {fxoa cac sinh vien
delete persPtr[i];
} ket thue main()

Céc ham tao trong person va gradstudent 14y viing nhé bing toan tir new cho tén vi dé tai luén
an cho sinh vién nam cu6i. Cac ham hiy cla né x6a ving nhé nay. Ci hai ham hiy déu duoe goi
cho timg d6i tuong, nhu két qua dua ra cho théy, béi vay tdt ca cdc ving nhé duge cdp phat déu dam
béo duge gidi phéng. Day 12 vai miu tuong tic véi chuong trinh:

Nhap vao ten: Thang

Nhap vao de tai luan an: NgonNguLapTrinhC**
Nhap vao ten: Binh

Nhap vao de tai luan an: TruyenSoLieu
Nhap vao ten: Hung

Nhap vao de tai luan an: Anten
Ten:Thang
De tai luan an:NgonNguLapTrinhC*
Ten:Binh
De tai luan an:TruyenSoLieu
Ten:Hung
De tai luan an:Anten

Ham huy lop dan xuat gradstudent
Ham huy lop co so person
Ham huy lop dan xuat gradstudent
Ham huy lop co so person
Ham huy lop dan xuat gradstudent
Ham huy lop co so person
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4. Khi nao st dung cdc ham dgo ?

Tao moét ham huy ao trong bt ky 16p nao ¢6 cdc ham 4o la mét cdch t6t nhat. Didu nay thuc su
cén thiét chi khi cac diéu kién sau la dung thit nhét, céc 16p s& duoc it ra tiy lop dang xét; thit hai,
cic d6i tugng 16p dan xuit s& duge x6a bing cich sir dung cdc con tré 16p co s&; thit ba, cdc ham
huy trong bét k¥ 16p lién quan nao lam mot viée gl 46 quan trong nhu viéc hoan tra céc thi nguyén.
Neéu mét 16p c6 cdc ham 4o thi ¢6 thé cin tit ca cac diéu kién nay,

Khi mét ham trong mot lcrp 11 4o, khong ¢ cic diéu kién trén dé bit cdc ham khéc 1 4o bi vi
ngay khi mot ham la do, mét bang 4o duoc thém vao moi d6i tugng. Do d6, khéng nhit thiét phai
tuan theo céc nguyén tic tao ham hiiy do trong céc Iép ¢6 ham 2o.

4.5. DINH DANH KIEU TAI THOI DIEM CHAY CHUGNG TRINH

Doi khi ching ta can tim lop clha mot déi tuo'ng Gia sir chiing ta cé mot mang con trd trd i6i
cac d6i tuo‘ng v c4c con trd nay c6 thé wd 16i vai 16p din xudt khdc nhau, nhu trong chuong trinh
VIRTPERS & muc 4.2. Néu moét ham toan cuc truy nhdp t6i mot trong cdc con trd ndy, 1am thé nao
ham nay c6 thé tim ra loai d6i tugng ma né trd t6i?

Chiing ta biét ring c6 thé sir dung mot con rd nhu vay dé goi mot ham ao cho d6i tuong d6 va
ham thich hop s& duge thue hién tuy thude vao ki€u cla déi tugng béi vi co ché€ him Ao bigt loai
d6i twong nao ma con trd d6 trd téi. Tuy nhién, nhitng thong tin nay khong c6 sdn d6i v6i ngudi
l&p trinh.

45.1.Vidu 1l

Héu hét cdc trinh bién dich C™* md6i day c6 mot ham dic biét 14 typeid(), n6 cho phép tim ra
kiéu (hoic 16p) cia d6i tugng. Diéu nay goi 12 Runtime Type Identification hay RTTI. Bin 4-14,
chuong trinh TYPEID, cho thiy typeid() iam viéc nhu thé nao.

Listing 4- 14 TYPEID
{ftypeid.cpp
fiminh hoa ham typeid()
#include<iostream.h:>
#include<typeid.h>

class ClassA
5
class ClassB

&
void main{)

{
ClassA objA;
(lassB objB;
if(typeid{cbjA)==typeid(ClassA))
cout<<"\nobjA la mot doi tuong cua lop ClassA™;
else
cout<<"\nobjA khong phai la d01 tuong cua lop ClassA";

if(typeid{objB)==typeid(ClassA))
cout<<"\nchbjB la mot doi tuong cua lop ClassA";
else
cout<<"\nobjB khong phai la doi tuong cua lop ClassA";
}
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Day 1a két qua cua chuong trinh:

objA la mot doi tuong cua lop ClassA
objB khong phai la doi tuong cua lop ClassA

Cin c6 file tiéu dé TYPINFO.H. Chiing ta c6 thé sir dung hodc 12 mét tén ddi tugng hodc 1a mot
tén 16p 1am tham s& cho ham typeid(), béi vay ta dé biét mot d6i tuong thudc mot 16p cu thé nio.
Gi4 tri tra vé tir typeid() la mét con trd rat ¢6 ich cho muc dich so sanh, nhu v6i todn t¢ == va !=.
Ham typeid() ciing 1am viéc véi céc kiéu cd ban nhu int va fleat.

4.5.2. Vidu 2

Chiing ta s& cin RTTI khi chiing ta ¢6 cédc con tré 18p co s& chita dia chi clia cdc d6i tugng 1érp
dén xudt. Day 1a mot tinh huﬁng duge mo ta & phin trude noi ma cdc ham do 1am cho mét 16p co s&
trd thanh da hinh thdi. N6 c6 thé xudt hién khi chiing ta c6 mot mang con trd trd t6i cac d6i tuong
hodc khi cic ham cé déi s6 1a cac tham chigu hodc con tro trd téi 10p co s&.

Bay givr chiing ta ciing stta chuong trinh VIRTPERS & muc 4.2 dé né chi ra loai d6i tuong
person (student, teacher hay person). Ban 4-15 1a chuong trinh RTTIPERS.

Listing 4-15 RTTIPERS
Hrttipers.cpp
/fxac dinh kieu tai thoi diem chay chuong trinh
#include<iostream.h>
#include<typeinfo h>

class person
{
protected:
char name([40];
public:
virtual void getData()

cout<<"\nNhap vao ten:"; cin>>name;
'
virtual void putData()
{
cout<<"\nTen:"<<name;
‘ H
I

class student:public person #lop sinh vien
{
private:
float thc; {{diem trung binh chung
public: :
void getData(
{
person::getData();
cout<<" Nhap vao diem trung binh chung cua sinh vien:";
cin>>thc; :
}
void putData()
{
perscen::putData(Q;
cout<<"\n Diem TBC="<<thc;
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100

}

¥
class teacher:public person  /flop giao vien
{
private:
int numPubs; {tso sach xuat ban
publie:
void getData()

{

person::getData();

cout<<" Nhap vao so sach xuat ban cua giao vien:";
cin>>numPubs;

void putData()
{
person::putData();
cout<<"\n So sach xuat ban="<<numPubs:

}
h

void main{)
{ -

person®* persPtr[100]; /ldanh sach con tro tro toi cac
. fidol tuong person

int n=0; {fso nguoi trong danh sach
char choice;

do
{
cout<<"\nNhap vao mot nguoi binh thuong,sinh vien,hoac giao vien"
€€"(b,s,g):";
cin>>choice;
if(choice=="g")
persPtr[nl=new student; . {/dat mot sinh vien vao danh sach
else if(choice=='g"
persPir[n]=new teacher; //dat mot giao vien vao danh sach
else
persPtr{n]=new person;//dat mot nguoi binh thuong vao
lidanh sach
persPtr[n++]}->getData(}); //mhap du lieu
cout<<" Co nhap nua khong(e/k)? ™;
cin>>choice;

while(choice=="c'); /Nap lai cho den khi khae 'c¢'

/Mhien thi ten lop
for(int j=0;j<n;j++)
{ ' .

if(typeid(*persPir[j)==typeid(student))
cout<<"\nStudent, “;

else if(typeid(*persPtr[jl)==typeid(teacher))
cout<<"\nTeacher, *; _

else if(typeid(*persPtrljl)==typeid(person)}
cout<<"\nPerson, ";



else :
cout<<"\nLoi: khong biet kieu. *;

persPtr[jl->putData(); /{dua ten cua moi nguoi ra man hinh
}  fket thuc for

for(int j=0;j<n;j++) //x0a vung nho duoc cap phat trong chuong trinh
delete persPtr(j];

' /ket thuc ham main(}

4.6. HAM BAN

Mot hiam ban (friend function) 13 mot ham ma khong phai [a thanh vién ciia mot 1dp nhung
truy nhap dugc t6i cc thanh vién private va protected ciia lép dé.

Thong thudng trong khi sit dung su bao boc va ct gisu dit lieu thi cdc ham khong phéi 1a thanh
vién s& khong thé truy nhap t6i dir lieu private va protected ciia mot d6i tugng. Cach giai quyét do
1a: n€u khéng phii 12 thanh vién thi khong thé vao duoc. Tuy nhién c¢6 nhiéu tinh hung ma & dé su
phan biét nghiém ngat nhu vay sé din dén su bat tién l6n. Céc ham ban 1a mot cich gii tda su bat
tién nay.

Tinh huéng nay xu4t hién khi khong sir dung dugc d6i tugng & bén trai mot todn tir chéng. Mot

noi khdc ma & d6 cdc ham ban c6 ich 1a khi sir dung k¥ hiéu ham ¢é mét déi twong 13 d6i s6. Chiing
ta s& xem xét cdc cdch sir dung ham ban nay.

4.6.1. Vin dé "beén trai"

Vi duy, ching ta chéng toin tir cong + dé cong hai d6i tugng airtime v6i nhau. Chuong trinh nay
1am viéc 16t chi cédn cdc d6i tugng duge cong véi nhau thue sy 12 cic d6i tong airtime.

at3=atl+at2;

4.6.2. Van dé "bén phai"

Ngay tit du, ching ta c4n nhé Ia: khong c6 vén dé gi & beén phai. Cho riing véi tu cich 1a ngudi
ta0, ching ta mu6n cho ngudi sit dung 16p 6 thé viét bi€u thiic cong mot s6 nguyen, bidu dién gid,
téi mot airtime. '

at2=at1+3;

Vidy, 2:33 + 5 s& la 7:33. Thuc hién diéu nay hoan toan d& khi s& nguyén & bén phai cha
todn tif, nhu chi ra & trén. Néu c6 mot ham tao mét d6i s6 trong 16p airtime, trinh bién dich sé&
tr dong st dung né dé chuyén s6 nguyén sang gia tri airtime. Ban 4-16, AIRNOFRI, trinh bay
kha nang nay. ' :

Listing 4-16 AIRNOFRI

Hairnofri.cpp

ffchong toan tu cong + cho lop airtime

flso nguyen khong the dung o ben trai toan tu
#include<iostream.h>

class airtime

{

private:
int hours; /ftu O toi 23
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int minutes;/tu 0 toi 59
public: {Mham tao 1,2,3 doi so
airtime(int h=0,int m=0):hours(h),minutes(m)

void display() //dua ra man hinh
{ cout<<hours<<":"<<minutes;}
void get() //nhan vaoc gio

char dummy;
cin>>hours>>dummy>>minutes;
} .
_airtime operator+{airtime right) {ftoan tu + duoc chong
{
airtime temp; Iftao mot doi tuong trung gian
temp.hours=hours+right.hours; //cong du lieu
temp.minutes=minutes+right.minutes;
if{temp.minutes>=60)
{ _
temp.hours++;
temp.minutes-=60;

}
return temp;
l
¥
vold main{)
|

airtime atl,at2;
cout<<"\nNhap vao mot airtime(9:45):";

atl.get(};

at2=atl+3; {icong so nguyen toi airtime

cout<<"\nairtime + 3 =", :

at2.display(); {fhien thi

{fat2=3 + atl; //phep toan cau tao khong hop le
}

Ham tao trong chuong trinh ndy quan 1y ba tinh huéng: khong d6i s6, mot d6i s6 va hai d6i s6
(ciing c6 thé sit dung ba ham tao riéng biét). Ham tao dwoc trinh bién dich sit dung dé chuyén s6 3
trong ham main() sang moét gid iri airtime (3:0), sau d6 né dugc cong voi bat ky gid tri airtime nao
ma ngudi s dung nhép vio cho atl. Day la vai mau tuong tac:

Nhap vac mot airtime: 9:45
airtime + 3 = 12:45

Ham operator+() 6 mét trg giup nho tir ham tao, chang 6 vin d¢ gi khi khong phai déi tugng
(12 s6 nguyeén) xudt hién bén phai cla todn 1 cong +.
4.6.3. Nhiing chui ¥ khi 6 bén trai

Nhu chii thich trong chuong trinh AIRNOFRL, trinh bién dich s& bao mot 16i khi ta dat mot gia
tri nguyén vao bén trai clia todn tir + :
at2=3+atl; /fillegal structure operation

Tai sao lai khong lam viéc? Su chéng (overloading) che gidu nhilng gi thuc t€ dang xay ra. Nhd
ring toan tit chéng + thuc ra chi 1a mot ham thinh vién digc goi béi d6i tugng bén tréi cia nd va cé

102



d6i s6 1a d6i tugng ndm beén phdi. Néu viét ra nhitng gi trinh bién dich thay thi c6 thé van dé s& 15
hon. Day la nhiing gi ma mot 1di goi ham operator+() thuc sy c6, khi s nguyén & bén phai:

at2=atl.operator+(atl); /fok
Lénh nay hoan toan ding. Nhung khi s6 nguyén & beén trii:
at2=3.operator+(atl);//khong hop 1¢, '3' khong phai la mét d6i twong

Cic ham thanh vién phai dwoc goi boi mot d6i tugng thude 16p clia chiing, s6 3 khéng phai fa
d6i tugng cia airtime. B&i vay, mic di c6 thé cong mot s6 nguyén t6i mét airtime nhung khong
thé cong mét airtime téi mot sé nguyén. Day 12 mét sy khong nhidt quén quan treng déi véi ngudi
stt dung 16p.

1. Ham ban 161 ciou nguy

Trong tinh hu6ng nay, chi c6 ham ban méi giup dugc. Mét ham ban (friend function) c6 thé
dugc dinh nghia & ngoai 16p hodc & ham khdc nhu thé né 1a mot ham cuc bo thong thudng. Sy két
ndi clia né tGi I6p 12 & bén trong 16p né dugc khai bédo 13 ham ban. Ban 4-17 trinh bay chuong trinh
AIRFRI.

Listing 4-17 AIRFRI
Hairfri.cpp
/lchong toan tu cong + cho lop airtime
{/su dung ham ban de cho phep so nguyen nam ben trai toan tu -+
#include<iostream. h>
class airtime

{
private:
int hours; Htu 0 toi 23
int minutes; 1t 0 toi 59
public: //ham tao 1,2,3 doi s0

airtime(int h=0,int m=0):hours(h), minutes(m)

void display() {ldua ra man hinh
{ cout<<hours<<":"<<minutes;}
- void get)) /inhan vao gio

char dummy;
cin>>hours>>dummy>>minutes;
h
friend airtime operator+(airtime,airtime);//khai baa la ham ban
5 :
/tdinh nghia ham ban:toan tu chong+
airtime operator+(airtime left,airtime right)
{
airtime temp; /ftao mot doi tuong trung gian
- temp.hours=left.hours+right.hours; //cong du lieu
temp.minutes=left. minutes+right.minutes;
if(temp.minutes>=60)
{
temp.hours++;
temp.minutes-=60;
} .
return temp; fitra ve gia tri trung gian theo gia tri

}

vold main()

103



airtime atl,at2;
cout<<"\nNhap vao mot airtime(9:45)";

atl.get(;

at2=at]1+3; Heong so nguyen toi airtime
cout<<"\nairtime + 3=",;

at2.display(}; ~ thien thi

at2=3 + atl; /fcong airtime tol g0 nguyen
cout<<"\n3 + airtime =",

at2.display(); /Mhien thi tong

} .

Mot khai bdo ham lam cho operator+() trd thanh ham ban la:
friend airtime operator+(airtime airtime);

Khai béo c6 thé duge dat & bit ky dau trong 16p; did né ding & public hay private ciing ching
sao ca, it nhét 1a d6i véi trinh bién dich. Tuy nhién, vé khai niém né thudc phin public béi vi né 12
phin giao dién chung (public interface) d6i véi 16p. Nghia 1a bt k¥ ngudi st dung 16p nao ciing cé
th€ goi ham ban, chi c6 céc thinh vién 16p méi khong thé truy nhap dugc né.

Nhu chiing ta cé thé thdy, ham operator+() khéng phai 1a thanh vién cua airtime; néu né 1
thanh vién cua airtime thi né phai duoc khai béo la:

airtime operator+{airtime,airtime);

Tuy nhién, né cé thé truy nhap hours va minntes la thanh vién private cha airtime. N6 c6 thé
1am duge diéu nay boi vi né duge khai bdo 1a mét ham ban & bén trong Idp.

Ham ban operator+() cé hai d6i s& goi la left va right. B&i vi n6 12 mét ham dilmg mét minh,
khong phai 1a thanh vién 16p nén né khéng duge goi bdi mot d6i tuong. Né dwoc goi don gian tir
ham main() nhu b4t k¥ ham toan cuc nao khic. Bdi vy, ca hai d6i s6 duge cong c6 thé dung lam .
d6i s6.

Mot nguyén tic chung 12 phién ban ban ciia mot ham luén luén cé nhiéu hon phién ban thanh
vién mét d6i s6. Xét O bén trong thi ham ban operator+() trong chuong trinh AIRFRI twong tu
phién ban thanh vién trong chuong trinh AIRNOFRI, trir né tham chiéu téi dit liéu trong cac d6i s6
airtime nhu left.hours va right.hours, trong khi dé phién ban thanh vién sir dung hours va
right.hours. Ham tra vé téng 1a gid tri airtime thit ba.

Néu mot trong céc d6i s6, dit & bén trdi hay bén phai, 1a mét s6 nguyén, trinh bién dich sé
diing ham tac mét d6i s6 dé chuyén 56 nguyén d6 sang mot airtime va sau dé cong hai gid tri
airtime. Cdc cau 1énh trong ham main() trinh bay ca hai tinh hudng va trinh bién dich s& khong
phan g gi ca.

2. Choc thiing cdc birc tuong

Chi ¥ ring, trong khi phat tri€n C", cdc ham ban d3 gy ra tranh luan. Sy xung dot da tr& nén
quyét liét trén dac diém ddng mong muén nay. Mot mit né thém vao su linh hoat cho ngon ngit,
mat khdc né khéng cdn gilt nguyén téc 1a chi ¢6 cdc thanh vién méi cé thé truy nhap dir liéu private
cha ldp.

L& thiing cha su toan ven dit liéu khi cdc ham ban duge sit dung nguy hi€m nhu thé nao? Mot
ham ban phai duge khai bdo theo diing nghia clia né 13 phai ndm & bén trong 16p ma c6 dir ligu bi
truy nhap. Do d6, mot ngudi 1ap trinh khong duge phép truy nhap téi chuong trinh ngudén d6i cua
céc 16p khong thé chuyén mot ham thanh mot ham ban, O khia canh nay tinh toan ven ciia 16p vin
con duge gitt. Hién tai thi khong phai 12 mét nguy co de doa sy toan ven dit ligu.
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Mac du vay, cac ham ban vin 1a mét sy 1on xon vé khai niém va c6 thé tiém 4n kha ning mot
tinh huéng chuong trinh khong t6t néu s6 lugng c4c ham ban lam mé di ranh gi6i 1o rang giita cic
16p. Vi 1y do nay, cdc ham ban nén duogc sir dung mot cdch ti€t kiém. Ludn st dung mot ham thanh
vién trir khi.cé mét 1y do bt bude phéi sit dung ham ban.

4.6.4. Ham ban cho phép dung ky hiéu ham

Doi khi mot ham ban cho mét cii phdp goi ham 3 rang hon ham thanh vien. Vi du, cho rang
chiing ta muén mét ham s€& binh phuong mét déi tuong ciia 16p English va tra vé mot két qua 12 feet
binh phuong, nhir mét kiéu float. Vi du MISQ cho thdy di€u ndy c6 thé duogc thue hién nhu thé nao
véi mot hAm thanh vien, * :

Listing 4-18 MISQ
/fmisq.cpp
/fham thanh vien square()
#include<iostream.h>

class English
{
private;
int feet;
float inches;
public:
English(int ft,float in):feet(ft),inches(in) /ham tao hai doi so
o ;
void getdist() Hay khoang cach tu nguoi su dung
{ .
cout<<"\nNhap feet:"; cin>>feet;
cout<<"\nNhap inches:"; cin>>inches;

void showdist()
{

cout<<feet<<"\'-"<<inches<<"\"";

}
float square(); /fkhai bao ham thanh vien
float English::square() /itra ve binh phuong cua doi tuong nay

{
float fltfeet=feet+inches/12; //chuyen sang float

float feetsqrd=fltfeet*fltfeet; //tinh binh phuong

‘return feetaqrd; /ftra ve binh phuong
}
void main{)
{
English dist(3,6.0); /lcon tro tro toi English

float sqft=dist.square();  //tra ve binh phuong khoang cach
cout<<"\nKhoang cach="; dist.showdist();

cout<<"\nBinh phuong="<<sqgft<<" feet binh phuong";
} .

Trong ham main(), chuong trinh tac mét gid tri khodng céch English, binh phuong né va dua
ket qua ra man hinh. Két qua dua ra cho thiy khoéng céch ban du v binh phuong cia né.
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Khoang cach=3"-6"
Binh phuong=12.25 feet binh phuong
Chiing ta da st dung 1énh :

sqft=dist.square();

dé tim ra binh phuong va gin té1 sqft. Lénh nay 1am viéc t6t, nhung néu mudn lam viée véi cac déi
tugng ding ci phap nhu véi cac $6, ching han:

sqft=square(dist);

thi ta phai lam nhu thé ndo? C6 thé dat duge diéu nay bing cdch c_huyén ham square() thanh ham
ban ca 16p English, nhu trong chuong trinh FRISQ du6i day:

Listing 4-19 FRISQ
fimisq.cpp
{tham thanh vien square()
#tinclude<iostream.h>

class English
{
private:
int feet; .
float inches;
public:
English(int ft,float in):feet(ft),inches(in} /ham tao hai doi so
{
void getdist() {Mlay khoang cach tu nguoi su dung
{ .
cout<<"\nNhap feet:"; cin>>feet;
cout<<"\nNhap inches:"; cin>>inches;

void showdist()
{

cout<<feet<<"\'-"<<inches<<"\"";

friend float square(English); !,-f'khai bao ham ban
|2
float square(English d) {tra ve binh phuong cua doi tuong nay
{
float fltfeet=d.feet+d.inches/12;  /chuyen sang float
float feetsqrd=fltfeet*fitfeet; /ftinh binh phuong
return feetsqrd; /itra ve binh phuong
}
vold main()
{
English dist(3,6.0); Heon tro tro toi English

float sqft=square{dist); /ftra ve binh phuong khoang cach
cout<<"\nKhoang cach="; dist.showdist(};
cout<<"\nBinh phuong="<<sqft<<" feet binh phuong";

}
Chd §: phién ban ban clia him luén luén c6 nhidu hon phién ban thanh vien mét d6i s6.
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4.6.5. Ham ban nhu nhimg chiéc can néi

bay 1a mét tinh hudng khéc ma trong d6 céc ham ban c6 thé cé ich. Hay twdng tuong ching ta - ‘

cé mot ham tinh todn trén cdc d6t tugng cha hai 16p khéc nhau. C6 thé ham ndy c6 di s6 1 céc d6i
tugng ciia hai 16p d6 va tinh todn trén di liéu private clia ching. Néu hai ip duge ke thira tir cing
mot 16p ¢o 56 thi chiing ta c6 thé d4t ham dé vao trong 16p co s&. Nhung 1am thé nao néu hai lép dé
khong ¢6 lién quan gi v6i nhan?

Bin 4-20 trinh bdy mét chwong trinh ngén, BRIDGE, cho thdy cic ham ban c6 thé hoat dong
nhu mét chi€c cau ndi giita hai 1dp.
Listing 4-20 BRIDGE
/bridge.cpp
ffcac ham ban
#include<iostream.h>

class beta; ffean cho khai bao ham frifunc()
class alpha

{

private:
int data;
public:
alpha() /fham tao khong doi so
{ data=8;} .
friend int frifunc(alpha,beta); /fkhal hao ham ban
I
class beta
{
private:
int data;
public;
beta() /ham tao khong doi so
{ data=T;} '
friend int frifunc(alpha,beta); #khai bao ham ban
b _
int frifunc(alpha a,beta b)

{
return (a.data+h.data);

}

voild main()

{
alpha aa;
beta bb;
cout<<"Ham ban frifunc(aa bb)="<<frifunc(aa,bb):

'

Trong chwong trinh nay, hai I6p d6 12 alpha va beta. Cic ham tao trong cic 16p nay khoi tao
cdc muc dit liéu don cua ching biing céc gi4 tri c6 dinh (3 trong alpha va 7 trong beta).

Chiing ta muén ham frifunc() c6 thé truy nhép t6i céc thanh vien dif ligu cia hai 16p, boi vay
chiing ta bit n6 1a ham ban. N6 duge khai bdo véi tit khéa friend trong ca hai 16p.

friend int frifunc(aipha,beta); :
D6i twong clia mbi 16p duge truyén t6i ham frifunc() nhw mét d6i s6 v ham truy nhap t6i thanh

vién dit liéu private, data, ciia cd hai 16p théng qua cdc d6i s6 nay. Ham frifunc() khong 1am gi
nhi€u: n6 cdng cdc myc dit liéu va tra vé téng. Chuong trinh main() goi ham nay va dua ra két qua.
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Mot diém kh4 quan trong: nhé ring mot 16p khong thé duge tham chi€u téi cho t6i khi né dugc
khai bdo. Ldp beta duge tham chigu trong khai bio ham frifunc() & 16p alpha, bdi vay beta phai
dugce khai bao trude alpha. Do d6 khai bdo:

class beta; _
dat & ddu chuong trinh.

4.7. LOP BAN

Cic 16p, ciing nhu cdc ham, c6 thé 1a céc 16p ban. Ly do thOng thudmg dé sir dung céc lop ban la
lam cho viéc lién lac giita cdc 16p dé Hang hon. Trong phdn nay ching ta s& bat diu v&i mot vai vi
du khung vé viéc lién lac nhu vy, sau d6 12 mot chuong trinh mé6 hinh héa mot cude dua ngua vii
céc 16p track va horse cdn lién lac véi nhau.

4,7.1. Lién lac giira cic lgp

Gid st chiing ta ¢4 hai 16p, alpha va beta, c6 lién quan gdn giii v6i nhau. Trén thuc t€ chiing
lién quan gan giii nhau dén ndi ma mot 16p cén truy nhap truc tiép t6i dix ligu private cia 16p khic
(khéng sit dung ham truy nhap pnbllc) Chiing ta khéng muén dé dir lieu 12 public b&i vi khi 46
mot ai d6 ¢6 thé vo tinh thay déi né. Ngoai ra khong ¢d 16p nao la mot "loai” cla 16p khéac, nén
chiing ta khong thé lién két chiing ding su k€ thita. Lim thé nao dé sip x&p cho mot 16p truy nhap
duge cac thanh vién private cda 1ép khdc? Cau tra 16 1a sit dung cic 16p ban.

Trong lién lac gilta cdc 16p, ¢6 mot sy khdc nhau trong viéc md ta Iép nao trude trong chuong
trinh. Chung ta khong thé tham chiéu t6i mét 16p ma chua duge xéc dinh bdi vi trinh bién dich s&
khong biét gi vé chiing. Néu i6p alpha dugc mo ta trude 16p beta thi cic ham thanh vien cta 16p
beta dé ding truy nhap cic thanh vién private cta 16p alpha, nhung sé khé hon cho chc ham trong
alpha d€ truy nhép t6i dit liéu private trong beta. Chiing ta sé bét ddu véi trudng hop dé trudc.

4.7.2. Truy nhip cic thanh vién private trong 16p duoc dinh nghia trudc

Ban 4-21, INTERCI, cho thdy mét ham thanh vién cta 16p beta, 16p m6 ta sau 1dp alpha, c¢6
thé truy nhap thanh vién private trong 16p alpha nhu thé nao.

Listing 4-21 INTERC1
/intercl.cpp
/ftruy nhap du lieu trong mot lop duoc dinh nghia truoc
#include<iostream.h>
class alpha
( .
private:
friend class beta; //de beta co the truy nhap du lieu alpha
int adata; '
3
class beta
{
public:
void bfunc()

alpha objA;  //tao mot doi tuong de truy nhap du lieu private
Heua alpha
objA.adata=3;
}
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int frifunc(alpha a,beta b)
{ : .

return {a.data+b.data);

}

void main(}-
A
alpha aa;
beta bb;
cout<<"Ham ban frifunc(aa,bb)="<<frifunc(aa,bb);

}

Piém méu chot & day 1a khai bio 16p beta 12 mot 16p ban cia alpha:
friend class beta; //de beta co the truy nhap du lieu alpha

Khai bio nay cho phép bét cir hAm thanh vién nao cua 16p beta ciing truy nhap duge 16 cdc dir
litu private hay protected trong 16p alpha. Ca hai tir khéa friend va class déu cén thigt. Cha ¥
ring khai bdo duge dat trong phén private cha alpha. Nhu véi cac ham ban, trinh bién dich khéng
quan tam dén noi dat khai bdo, nhung d€ chinh xdc vé khai niém nén dit né trong phin private boi
vi su két ban giita hai 16p alpha va beta chi dugc sit dung trong hai 16p d6; né khéng phéi phin giao
dién chung (public interface - duge truy nhap bdi ngudi sit dung).

Piéu quan trong cin nhan ra 1a (trix khi ching lién két nhau bing su k€ thira) mot thanh vién lép

khong thé truy nhap dit liéu trong mot 16p khéc theo cdch triu tuong. Nghta 13 chiing ta khong thé
néi:

alpha::a_data=3; /floi : yeu cau doi tuong

Néu beta duogc rit ra tix alpha thi diéu ndy c6 thé duge. Ching I2 hai 16p riéng va tinh ban
khong giéng tinh gia toc. Phdi c6 mét d6i tugng that (hay mot con trd trd téi d6i tugng that, nhu
chiing ta s& thdy) trong d6 cé dif 1iéu.

alpha objA;
objA.adata=3;

4.7.3. Truy nhap cic thanh vién private trong mét 16p chua dugc dinh nghia

Bay gidr gia sit mot ham thanh vién cha alpha {afunc(}) mu6n truy nhép dit li€u private trong
beta. Vin d€ nay cdn dugc xem xét vi mo ta cho 16p beta dimg sau alpha va trinh bién dich cén
biét mot 16p x4ac dinh trude khi né ¢6 thé truy nhap céc thanh vien cilia 16p.

Trong trudng hop nay, phuong phip dic biét la di chuyén dinh nghia ham thanh vién afunc() ra
khoi mo ta 1ép alpha va dat né sau mo ta 16p beta. Ban 4-22 1a chwong trinh INTERC2.

Listing 4-22 INTERC2
Hinterc2.cpp
{itruy nhap du lieu trong mot lop chua duoc dinh nghia
#include<iostream.h>
class alpha

{
public: _
void afunc(); /khai bao ham, dinh nghia phai dat sau beta
|5 :
class beta

{
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private:

friend class alpha; /ide alpha co the truy nhap du lieu beta
int bdata; {[du lieu cua beta
|5

void alpha::afﬁnc() ffham cua alpha

beta objB; #tao mot doi tuong de truy nhap du lieu private
Hcua beta

objB.bdata=3;
H

Chiing ta khai bao afunc() trong alpha nhung dinh nghia né sau moé ta 16p beta. Boi vay, trinh
bién dich biét beta nhu thé nao khi né bién dich afunc() va bai vi alpha 1a ban cia beta nén né ¢é
thé sir dung lénh dé truy nhép dir liéu private cia beta. Ngoai ra, cin chi ¥ 1a dit liéu nay phai ¢
trong mot ddi tugng thuc su.

4.7.4. Cic con trd lién lac giita cic 16p

Trong céc chuong trinh thye t€, khi mét 18p truy nhéap dit liéu trong mot 16p khéc, tham chiéu
téi cdc d6i tuong sit dung con trd trd t6i ching théng dung hon tham chiu truc tiép t6i ching, nhu
trong INTERC1 va INTERC2. V{ du tiép theo khong chi cho thiy cdc d6i tugng cé thé duge truy
nhap boi con trd nhu thé nho ma con minh hoa su lién lac hai chiéu: alpha truy nhap dir liéu
private ciia beta va beta truy nhap dit liéu private cha alpha. Y tuéng trong viéc sit dung con trd
dé lién lac giita cdc 16p 13 mbi 18p chira cc con trd tro téi cac d6i tuong cha 16p khic. Loai lién lac
ma ching ta mo t& & day thudng c6 mot s6 d6i twong khic nhau ciia hai 16p. Trong vi du sau, chiing
ta gia thigt mdi d4i tuong alpha lién két v4i hai d6i tuong beta. Theo d6, 1Gp alpha ¢6 hai con trd
trd 161 beta (dé€ alpha c6 thé truy nhép dit liéu beta) va 16p beta chita mot con trd trd t61 alpha (d€
beta c6 thé truy nhap dit lieu alpha). Ngoai ra, méi 16p duge khai bdo 12 ban cha 16p kia. Ban 4-23
1a INTERC3.

Listing 4-23 INTERC3
flinterc3.cpp

{lien lac giua cac lop su dung cac con tro va cac lop ban
#include<iostream.h>

class alpha {mot alpha lien ket voi vail beta
{
private:;
friend class beta; //de beta truy nhap du lieu alpha
beta® bptrl; ficac con tro tro toi beta
beta* bptr2;
int adata;
public:
alpha(); /fkhai bao ham tao, dinh nghia sau
void afunc(}; {khai bao ham, dinh nghia sau
[ -
class beta /imot vai beta lien ket vol mot alpha
{
private:
friend class alpha;//de alpha truy nhap du Heu beta
alpha* aptr; Hfeon tro tro toi alpha
int bdata;

/luu y: ham tao la private
beta(alpha* ap):aptr(ap)//ham tao mot doi so,
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// khoi tao con tro tro toi alpha

public:
void bfunc()
. { :
aptr->adata=3; //truy nhap du lieu private cua alpha
}
s
alpha::alpha() /fham tao alpha,phai dinh nghia sau beta

/ )

bptrl=new beta(this); /tao cac beta
bptr2=new beta(this);

void alpha:afunc()  /ham cua alpha, phai duoc dinh nghia sau beta
{ .
bptrl->bdata=4; /Aruy nhap du lieu private cua beta
bptr2—>hdata=5;
bptr2->bfunc(); /ftruy nhap du lieu alpha qua ham thanh vien cua beta
//hien thi cac du lieu trong cac doi tueng
cout<<"\nadata="<<adata; /fdu lieu trong alpha
cout<<"\nbdatal="<<bptri->bdata; //du lieu trong doi tuong beta 1

cout<<"\nbdata2="<<bptr2->bdata; //du lieu trong doi tuong heta 2
}

void main(}

alpha objA;
objA.afunc();
¥

Chiing ta lai sir dung thi thuat dinh nghia cdc ham cla alpha sau mo6 ta 16p beta bdi vi cdc ham
tao alpha va ham afunc() déu yéu clu truy nhap dit liéu ctia beta. Ching ta c6 thé thay ham
afunc() ctia alpha truy nhap dit liéu bdata cia ca hai d6i tuong beta va ham bfunc() cha beta truy
nhdp dit li¢u adata trong d6i tvong alpha. Tat c& cic dir liéu trong céc d6i twong duge hidn thi
théng qua ham afunc() cha alpha.

T4t ca céc d6i tugng nay duoe tao nhu thé nio? Ching ta cho ring ngudi st dung 16p chi tao cac
ddi tugng alpha. Néu ngudi st dung c6 tinh tao cc d6i tuong beta thi c6 thé trdi véi su sap x€p hai
beta-mot alpha Dé dam béo ring ngudi sit dung khong thé tao céc d6i tuong beta, chiing ta dé

~ ham tao clia beta & private, bdi vy chi c6 cic I6p ban clia beta méi c6 thé tao cic d6i tugng beta.

Khi mét déi tugng alpha duge tao, ham tao ciia né tao hai d6i tugng beta. N6 lam viéc bing
cach goi ham tao beta va truyén cho him tac beta con tro this cia né. Do dé, moi d6i tugng beta
c6 thé x4c dinh duge vi tri cla d6i tuong alpha ma né lién két véi. B&i vi ham tao cha alpha sit
dung new d¢€ tao hai d6i tugng beta cho né nén né ciing c6 thé truy nhap chiing bing con tro.

4,7.5, Vidu vé_dua ngua

Chiing ta cling dem nhiing gi da biét v€ cdc 16p ban va su lién lac gifta cdc 16p vao mot chuong
trinh trd choi dua ngya. DAy 13 mét chuong trinh bit chudc ma trong dé mot s6 ngwa xudt hién trén
man hinh, bat ddu tir bén trdi va phi téi dudng dich & bén phai. T6c d6 cha mdi con ngya duoc xic
dinh mot cdch ngdu nhién dé khong biét trudc duge con ngya nao théng. Chuong trinh sit dung ché
d6 d6 hoa vin ban dé€ céc con ngita duge hién thi mét cich dé dang (mic di hoi the).

Chuong trinh nay c6 vai nét dic biét: thit nhat, né chi lam viéc duge véi trinh bién dich Borland
b&i vi né sir dung mét s6 ham thu vién riéng cla Borland. Nhimg ham ndy 12 delay(), gotoxy(),
clrscr(), random() va randomize(). Thit hai, day 14 nhém ham chay trén moéi trudng DOS bdi vi
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ham delay() khéng lam vigc trong moi trutmg Windows. Bdi vay ching ta phéi viét né nhu chuong
trinh ctia DOS.

1. Hoat déng ctia chuong trinh FRIHORSE

Khi chuong trinh bat ddu, né yéu cdu ngudsi st dung cung cp khodng cach cudc dua va sé ngua
tham gia. Don vi ¢8 dién cla khoang c4ch 13 furlong (theo céch néi clia ngudi Anh), né bing 1/8
dam. Céc cudc dua dién hinh 1a 6,8,10 hoic 12 furlong. S6 ngua c6 thé tir 1 16i 10. Chuong trinh vé
cdc dudmg bit ddu, cic dudmg két thic va cdc dudng thing ding tuong duong véi s6 furlong. Mbi
con ngwa duoc biéu dién bing moét hinh chit nhat cé s6 & gita,

2. Thiét ké cudc dua ngua

Chiing ta ti€p c4n cach thiét k€ hudng d6i twong cho cude dua ngua nhu thé nao? Cau hodi ddu
tién c6 thé 1a ¢6 nhém céc thuc thé twong tu nhau nio dé ching ta m6 hinh héa khong? Co, dé 1a
céc con ngwa. D6 1a 1y do dé méi con ngua trd thanh mot d6i tugng. S& ¢é mot 16p goi 1a horse mo
ta di litu clia m&i con ngya, ching han s& va chiéu dai né da chay duge (né duge sir dung d€ hién
thi con ngua & diing vi tri trén man hinh).

Tuy nhién, ciing ¢6 dif liéu cdn cho toan b dudmg dua hon 12 timg con ngya, ching han chiéu
dai dudng dua, thdi gian troi qua (bit ddu tir 0 : 00 khi bit ddu cude dua) va téng s6 ngua. Chiing ta
phai lam gi véi dit liéu lién quan dén dudmg dua nay? Mot kha ning 12 tao mot 16p goi 1a track va
cai dat nhilng dir liéu ndy vao trong dé. Sau d6 ching ta s& cé mét d6i tugng track va nhiéu d6i
tugng horse.

Track va horse lién lac v4i nhau nhu thé nio? Ching ta cé thé sit dung sy k€ thira dé tao 16p

hor'se 14 con chau ctia 16p track nhitng diéu nay hoan toan khong ¢é ¥ nghia bai vi cdc con ngua
khong phai 1a mét "loai” dudng dua.

Céch ma chiing ta ding & day 13 tao 16p horse 12 ban cha 16p track d€ cdc d6i tuong horse c6
thé truy nhap dit liéu private cla déi tugng track. Ngoai ra, ching ta khéng mudn ngudi sir dung
16p c6 thé tao va truy nhap cdc d6i tugng horse, né khong thé 16n tai thi€u mot d6i tugng track
(mac di diéu nay khong giéng trong cuéc sng thuc). Bdi vy, ching ta phai d€ him tao va cdc ham
_ thanh vién cia 16p horse & private. Tuy nhién, track cin truy nhap cdc thanh vién cua 16p horse
nay nén ta d€ track 1a ban cha horse.

Ngudi sir dung tao mét d6i tugng track va d6i tugng track dé tao céc dsi trgng horse. Doi
tuong track va cdc d6i tugng horse lién lac véi nhau ding con trd vd méi quan h¢ ban, nhu minh
hoa trong vi du INTERC3. Ban 4-24 trinh bay chuong trinh FRIHORSE.

Listing 4.24 FRIHORSE
Hfrihorse.cpp
//mo hinh hoa cuoc dua ngua, su dung lop ban
#include<iostream.h>

#include<dos.h> ficho delay()
#include<conio.h> ficho gotoxy()
#tinclude<stdlib.h> Hicho random{)
#include<time.h> flcho randomize(}
const int CPF=5; {{so cot man hinh/furlong
IR T T
class track
{
private:
friend class horse;//de horse co the truy nhap du lien
horse* hptr; H{con tro tro toi horse
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int total; /ftong so ngua

int count; /fso ngua da tao tu truoc den nay

int track_length; //chieu dai duong dua tinh bang furlong

float elapse_time; #thoi gian tu khi bat dau cuoce dua
public:

track{float,int); //ham tao hai doi so

vold track_tick(); //hien thi thoi gian toan bo cuoc dua

~track(}; /ham huy

?

class horse

{
private:
friend class track; /ide track truy nhap du lieu cua horse
track® ptr_track; flcon tro tro toi track
int horse_number: {fso cua con ngua nay
float finish_time; /fthoi gian toi dich cua con ngua nay
float distance_run: flquang duong di duoc tu khi bat dau

fchu y: cac ham thanh vien la private
horse():distance_run(0.0) //tao mot con ngua

0
void horse_init(track* pt)//khoi tac mot con ngua
{
ptr_track=pt;
horse_number=(ptr_track->count)++:

}

void horse_tick(); /thien thi thoi glan cho mot con ngua
|3
HHTE T T T R
void horse::horse_tick() /fcho tung con ngua
{

gotoxy(l+int{distance_run*CPF),2+horse_number*2):
if(distance_run<ptr_track->track_length + 1.0/CPF)
{
if(random(3)%3) .
distance_run+=0.2; {ftang len 0.2
finish_time=ptr_track—>elapse_time; /fcap nhat thoi gian toi dich

}

else
{
int mins=int(finish_time/60):
int secs=int(finish_time} - mins*60;
cout<<"Thoi gian:"<<mins<<":"<<gecs;
H
}
S -- ——

/fham tao hai doi so ]
track::track(float 1,int ty:track_length(l),total(t),count(0),
elapse_time(0.0)
{

randomize(); /fkhoi tao bo ngau nhien
clrser();
for(int f=0;f<=track_length;f++) {lcho tung furlong
for(int r=1;r<=total*2+1;r++) /icho tung cot man hinh
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gotoxy(f*CPF+5,1);
if(f==0 | | f==track_length}

cout<<"\xDE"; /fve duong bat dau hoac ket thuc
else .
cout<<"\xB3"; {ive vat danh dau furlong

L
1
hptr=new horse(totall;  /ftao cac horse
for{int j=0;j<total;j++)
(hptr+j)—horse_init(this);

void track::track_tick()
{
elapse_time+=1.75; {cap nhat thol gian
for(int j=0;j<total;j++) ffcho tung con ngua
(hptr+j)—>horse_tick{);  //cap nhat horse

track::~track() fham huy
{ deletef] hptr; } //xoa bo nho cho tat ca horse
void main{)

{
float length;
int nhorse;
cout<<"\nNhap vao chieu dai duong dua (don vi furlong,6-12}:";
cin>>length;
cout<<"\nNhap vao so ngua(l-10):";

cin>>nhorse;
track t(length,nhorse); {itao doi tuong track va cac doi tuong horse
while(!kbhit()) Hlthoat khi bam mot phim
{
t.track_tick(; //di chuyen va hien thi tat ca ngua
delay(500}, Hdot 142 giay

t.~track(); /Mhuy cac doi tuong track va horse



CHUONG 5

STREAM VA FILE

5.1. LOP STREAM

Stream 12 mot tén chung cho lubng dit liéu vao/ra. Vi 1y do ndy ma céc stream trong C**
thudng dwge goi 12 cic iostream (cic dong vao ra). Mot iostream c6 thé duoc bidu dién b mot
ddi tuong cu thé. VI du, ching ta dd biét nhidu vi du vé cdc d6i twong cin va cout duoc ding cho
vao ra dif lién.

5.1.1. Thuéan tién ciia céc stream

Nhimg ngudi lap trinh C c6 thé s& ban khoin khéng biét sir dung céc 16p stream cho vao/ra thay
thé cdc ham C wruyén théng nhu printf(), scanf() vi cho file nhu fprintf(), fscanf() v.v... cé nhitng
thugn lgi gi? '

Mot trong nhiing 1y do 13 cdc stream it sinh ra 161, Ching ta o6 thé thau hiéu dugc diéu nay néu
so sanh véi cdc ham vaofra C truyén théng ma luon cén céc ky dinh dang nhu %f, %d, %c...
Khéng cé cic ky ty nhu vay trong cic stream, bdi vi méi d6i tuong di biét cach hién thi chinh né.
Diéu nay da x6a bé duge mét nguén chinh tao ra 16i chuong trinh.

Ly do thit hai la ching ta ¢ thé chéng (overload) cdc todn tir d3 c6 vio cdc ham, chang han
todn tr cheén vao << (insertion operator) va toan tir 1y ra >> (extraction operator), dé lam viéc
v6i cdc 16p ma chiing ta tao ra. Diéu nay lam cho céc 16p cua chiing ta lam viéc nhu cc ki€u ¢6
sdn, ngoai ra né con lam cho viéc 14p trinh dé dang hon va it sinh 16i hon (chua ndi 12 théa man
vé tham m¥).

Chung ta c6 thé bin khoan 1a liéu cic dong (stream) /O cta C** ¢6 con quan trong khong khi
1ap trinh trong mot méi tridmg Graphics User Interface (GUI) chéng han nhrr Windows, & d6 viéc
dua truc ti€p van ban ra man hinh khong thue hién duge. Cau tra 18 13 vin con quan trong bdi vi
ching 12 cdch 16t nhat d€ dua dit lieu ra file va dinh dang dir liéu trong bo nhé dé san dé sir dung

cdc hop hoi thoai va cdc phdn tir GUL

5.1.2. Phan cip 16p stream

Cac 16p stream dugc sap xép trong mét phan cdp 16p khé phitc tap. Chiing ta khong cdn biét et
cd vé phan cp 16p nay dé thuc hién vaofra, nhung ¢6 thé thiy mét tdng quan hitu ich. Hinh 5-1
trinh bay sy sap xép quan trong nhét clia céc l6p nay.

Chiing ta da sir dung rét nhiéu mot s& 16p stream. Todn tir 14y ra >> (extraction operator) 13
moét thanh vién cha 16p istream va todn tir chén vio << (insertion operator) 13 mot thanh vién cia
I6p ostream. Ca hai 16p nay déu rit ra ti 16p ios. D6 twong cout biéu dién dong ra chudn, né
thuong huéng t6i man hinh video, 13 mét déi tugng duge dinh nghia cla l6p ostream_withassign,

I6p nay nit ra tir ostream. Tuong ty, cin 12 mét d6i tuwong cla lép istream_withassign, né duoc riit
ra tu 16p istream.

Céc 16p duge ding cho vio/ra man hinh video va ban phim dugc khai bdo trong file tiéu dé
IOSTREAM.H ma ching ta d3 biét trong cdc vi du tir truée dén nay. Cic 1ép duoce ding riéng cho
vao/ra file dugc khai bdo trong file tieu dé FSTREAM.H. Hinh 5-1 cho thdy nhiing 16p & trong hai
file tiéu d€ nay. Ngoai ra, mot s6 tac tir dugc khai bdo trong IOMANIP.H va céc 16p bo nhé duce
khai bdo trong STRSTREA.H. '
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Hinh 5-1. Phan cap 16p stream.

Chiing ta c6 thé thdy trong hinh 5-1, 16p ios la 16p co s& cho phén cdp 16p stream. N6 chita
nhiéu hing va nhiéu ham thanh vién chung cho céc hoat doéng vaofra cha tét ca céc loal. Mot vai
ham trong s6 nay nhu showpoint va fixed, dinh dang c& (flag) ma chiing ta d3 gap. Lop ios cling
chita mot con tré trd téi 16p streambuf, 16p nay chia bo dém ctia bo nhé thuc ma dir liéu duge doc,
ghi vao dé va cdc chuong trinh mic thdp quan 1y dif liéu nay. Binh thudmg, ching ta khong cén lo
ling vé tép streambuf, n6 duge tham chi¢n mét cich ty dong béi cac 16p khic, nhung do6i khi truy
nhap tryc tiép bd dém nay ciing cd ich.

Céc lép istream, ostream duoc rit ra tlf jos va duge danh cho vaojra dit liéu. Lop istream chita
céc ham thanh vién nhu get(), getline(), read() va todn tir 14y ra (>>), trdi lai ostream chua cdc
ham put(), write() va todn tit chén vao (<<).

Lép iostream dugce it ra tir ca hai 16p istream va ostream bing su k& thira boi. Cic 18p rit ra
tir iostream cé thé duge ding véi cic thiét bi, ching han file dia, ma c6 thé vao/ra ciing mot liic. Ba
16p, istream_withassign, ostream_withassign, jostream_withassign dwgc k& thua tir istream,
ostream va iostream tuong tng. Cic 16p nay ¢ thém todn ti gin dé cout va cin c6 thé duge gén
cho céc stream khic.

5.1.3. Lép ios

Lép ios 12 16p ong clia tat cd céc 16p stream va chia cic dac diém chinh cin cho hoat déng cua
cdc stream C™. Ba dic diém quan trong nhit 1a c& dinh dang, bit trang thdi 1&i va ché d6 hoat déng
file. Bay gio ching ta ciing xét cdc cd dinh dang va céc bit trang thai 16i. Con ché do hoat dong file
d€ dén khi néi vé céc file dia.
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1. Co dinh dang
) Cac co dinh dang 1a mot tdp cdc dinh nghia enum trong 16p ies. Chiing heat déng nhu céc cong
tac bat/tdt dé lya chon cic khia canh khdce nhau cha hoat dong va dinh dang vao/fra. Bang 5-1 trinh
bay mot danh sdch ddy di vé cdc c dinh dang.

Bdng 5-1. Cac cir dinh dang ios

Céc c& (Flags) Y nghia
skipws | B6 qua khoang tréng & ddu vio
left Dua ra ciin 1€ trdi
right Pura ra cin 18 phai
internal Sir dung ca ddu (hodc chi thi co s8) va s6 [+12.34]
dec ‘Ch uyén sang dang thap phan
oct Chuyén sang dang bt phan
hex Chuyén sang dang hé co s6 16
showbase St dung chi thi co s6 & ddu ra
showpoint Hién thi ddu chdm thap phan & ddu ra
uppercase Sir dung chif hoa v cdc ky tu hé hex 14 hoa
showpos Hién thi ddu cong trudc céc s6 nguyén duong
scientific St dung dang mii khi dua ra s& phédy dong [9.1234¢2]
fixed Str dung dang c& dinh khi dua ra s§ dfu phdy dong
unitbuf Lam sach tat ca stream sau khi chén vao >>
| stdio Lam sach stdout, stderror sau khi chén vao >>

C6 vai c4ch dé thiét 1ap céc cd dinh dang, cdc c& khic nhau ¢6 thé dugc thiét 14p theo nhitng
cach khdc nhau. Boi vi chiing 1a thanh vién coa 16p ios, cdc cO thudng phai ding sau tén ios va todn
tir quy dinh pham vi (scope resolution operator), vi du ios::skipws. T4t ca cic cd 6 thé duge thidt
lap bing cdch dung him thanh vién clia 16p ios 1a setf() va unsetf(). Vi du:

cout.setf(ios::left); /fvan ban dua ra can le trai
cout<<"Day la van ban duoc can le trai”;
cout.unsetf(ios::left);  /ftra ve mac dinh (can le phai)

Nhiéu c&r dinh dang c6 thé thiét lap bing céch sit dung cdc tdc tir (manipulator).
2. Cdc tdc tu (manipulators)

Céc tdc tlr 1a cac 1énh dinh dang duge chén trie tidp vao mot stream. Vi du nhu tic tir endl ma
chiing ta da sir dung nhiéu, né gli mot ddng méi vio stream vi 1am sach né:

cout<<"To each his own"<<endl;
Chiing ta ciing da sit dung tac tir setioflags():

cout<<setioflags(ios::fixed) //su dung dau cham thap phan co dinh
<<setioflags(ios::showpoint)//luon lnon su dung dau cham thap phan
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<<var;
Nhu ba vi du d minh hoa, ta thiy cdc téc tir ¢6 ba dang: cdc tic tif ¢6 mot dBi s6 va cdc tac tr
khong c6 d6i s6. Bang 5-2 tom tit cdc tac tif khong c6 d6i 6.

Bdng 5-2. Cac tac tr ios Khong ddi so

Tac tr Chic ning
ws Bat ché do bd qua ky tu trdng & ddu vao
dec Chuyén sang dang thap phan
oct Chuyén sang dang bét phan
hex ' Chuyén‘sa.ng dang co s 16
endl Chén dong mdi va lam sach dong dua ra
ends Chen ky ter null dé két thiic mot chuéi dua ra
flush Lam sach dong dua ra (output stream)
lock Khéa viéc quan 1y file
unlock Mé khda viéc quan 1¥ file

Chiing ta ¢é thé chén tric tiép cdc tc i ndy vao stream. Vi du, d€ dua ra gid tri bién var &
dang co s6 16, ching ta 6 thé néi:

cout<<hex<<var;

Céc trang thii thi€t 1ap boi cdc tic tik khong déi s8 vAn con tic dung cho dén khi stream bi pha
hity. Bai véy, chiing ta ¢6 thé dua ra nhiéu s6 dang co s6 16 chi cdn chén mot tic tir hex.

Bang 5-3 tém tit cdc tic th c6 d6i s6. VOi céc tic tir ndy chiing ta cdn c6 file tiéu dé
IOMANIP.H.

Bdng 5-3. Céc tac ti ios ¢6 doi s6

Tic tlr Déi s6 Chifc nang

setw() D6 rong trudmg (int) Thiét 14p d6 rong trudng dva ra

setfill() Ky tu dién ddy (int) Thiét 1ap k¥ tv dién ddy cho két qua dua ra
(mic dinh 14 space)

setpricision() | D¢ chinh xéc (int) Thiét 1ap d6 chinh xdc (s6 chir s& hién thi
sau diu chdm)

setioflags() Cic cd dinh dang (long) Thiét 14p cac c& xac dinh

resetioflags() | Cic c& dinh dang (long) Xba céc ct dinh dang

Céc tdc tir ¢6 d6i s6 chi anh hudng t6i muc tiép theo trong stream. Vi du, néu dung setw()
dé thiét lap do rong trudng trong d6 mét s§ duge hién thi thi ching ta phéi ding né cho cic s6
ti€p theo.

3. Cdc ham '

Lép ios chita mot s6 ham c6 thé ding dé thiét 14p cic cd dinh dang va thuc hién cic nhiém vy
khéc. Bang 5-4 cho thdy cdc ham nay, trir cdc ham 1am viéc véi cic 161 duge ndi dén & phén sau.
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Bdng 5-4. Cac tac tir ios khong d6i s6

‘Ham Chitc nang

ch=fill() Ted vé ky tu dién ddy (dién ddy céc phdn khong sir dung cla
truong, mac dinh 13 ddu cich)

fill(ch) Thiet lap ky tu dién ddy

p=pricision() Tra vé 4 chinh xdc (s6 chit s6 hién thi sau d4u ch&m)

pricision(p) ) Thiet l4p 4o chinh xdc

w=width() Trd vé 4o rong trudmg hién tai

width(w) | Thiét lap do rong truomg

setf(flags) Thiét 1ap c& dinh dang xéc dinh (vd: ios::left)

unsetf (flags) Huy cédc co dinh dang x4c dinh

setf (flags,field) Dau tién xoa field, sau dé thiét lap flags

Céc ham nay duge goi cho cdc d6i tugng cu thé sir dung todn tit chim thong thudng. Vi du, d€
thi€t 1ap d6 rong trudng bing 14 ta cé thé néi:

cout.width(14});
Tuong ty, 1¢nh sau thiét 1ap ky tu dién ddy 1a niét ddu sao (*):
coutfill("*";

- Chiing ta cling c6 thé ding mot vai ham dé tic dong tryc tiép t6i cdc ¢ dinh dang. Vi du, dé
thiét 1ap can 1& trdi dimg
cout.setf(ios::left):
Mot phién ban hai d6i s6 clia ham setf() dung d6i s6 thit hai dé xda tat ca cdc ci¥ clia mot loai
hodic mot trudng cu thé, sau dé thiét lap cd dugce xdc dinh trong d6i s6 thir rhat. Cich niy Iam cho

dé dang hon trong viec x6a céc ¢ ¢é lién quan trude khi thi€t lap mot cd méi. Bang 5-5 chi ra su
sap x€p nay.

Bdng 5-5. Phién ban hai doi s6 cia ham setf()

D6i 54 thit nhat: co dé thigt lap Dai s6 thi hai: trudmg cdn x6a
dec, oct, hex basefield
left, right, internal adjustfield
scientific, fixed _ floatfield

Vidu:
cout.setf(ios::left,ios::adjustfield);

SE x6a tit cd cdc cd lien quan dén can 1€ vin ban va sau d6 thi€t lap oo left dé ket qué dua ra
can 1é trai.

Béng viéc sir dung céc ky thuat chi ra & day vdi cdc c& dinh dang, chiing ta ciing ¢6 thé fim ra
mot cich dé dinh dang vao/ra khéng chi cho ban phim ma con cho cic file,

119



File dia
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Chuong trinh

Hinh 5-2. Vo vara.
4. Lop istream

Lép istream, duge nit ra tir 16p ios, thyc hién céc hoat dong danh riéng cho ddu vio, hay ldy ra
(extraction). N6 d& nhidm véi hoat dong dua ra, chén vio (insertion).

Bang 5-6 liét ke cdc ham thudng duge sit dung cua I6p istream.

Bdng 5-6. Cac ham istream

Ham ' . Chitc nang
>> Dinh dang 14y ra cho 4t ci c4c kiéu co ban va kiéu chéng.
get(ch) L4y ra mot ky tu dat vao ch.
get(str) - | Ly ra céc k¥ tw dat vio str cho dén khi géip \0'.
get(str, MAX) Ly ra t6i MAX ky tur dit vao str.
get(str, DELIM) L4y ra cdc ky ty dat vio str cho d&n khi gap mot ky ty gidi han {dién

hinh 12 \n'). D€ lai ky tu gi6i han trong stream.

get(str, MAX,DELIM) LAy ra cac ky tu dat vao mang str cho dén MAX ky tu hodc gidp ky
ty gi¢i han DELIM. D¢ lai ky ty gidi han trong stream.
getline(str, MAX DELIM) | LAy ra cac k¥ tu dua vio mang str cho d€n MAX ky ty hoidc gap ky
tu giéi han DELIM. L&y ra ca ky tu gi6i han.

putback(ch) Chen ky tif doc 14n cubi cling quay trd lai stream vao (input).
ignore(MAX,DELIM) L4y ra va hity bo t6i MAX ky tu cho dén khi (va gbm cd) gp ky tu
giéi han (dién hinh 1a \n').

peek(ch) . DPoc mét ky tu, dé né trong stream.
count=gcount() ) Tra lai s6 ky tu duge doc bdi mot 107 goi ham (ding ngay trudc)
_ get(), getline() hoac read().
read(str, MAX) Cho céc file. Ly ra téi MAX k¥ tu dua vao str cho dén khi gap cu6i
file EOF.
seekg(position) Thiét 1ap khoang céch (tinh theo byte) cho con tré file tinh tir ddu
file.

seekg(position,seck_dir) Thiét 1ap khoang cich (tinh theo byte) cho con tro file tinh tir moét
; noi xdc dinh trong file: seek_dir ¢6 thé 12 ios::beg, ios::cur, ios::end.

position=tellg() Tra vé vi tri tinh theo byte ctia con trd file tinh tit ddu file.
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Chiing ta d biét mét vai ham trong s& céc ham nay, ching han get(), hdu hét ching déu hoat
déng trén doi tugng cin, biéu dién ban phim ciing nhu c4c file dia. Tuy nhién, bon him cuéi chi lam
vige riéng véi cic file dia. Ching ta s& thdy ching lam viéc nhu thé nio trong phédn sau.

5. Lop ostream

Lop ostream quan 1y cdc hoat déng dwa ra hoac chén vao - insertion. Bang 5-7 1a c4ac ham
thanh vién thudng dugc sir dung clia 16p nay.

Bdng 5-7. Cac ham ostream

Ham . ' Chiic nang

<< Dinh dang chén vdo cho tit ca céc ki€u co ban va kiéu chéng.

put{ch) Chén mét k¥ tu ch vao stream.

flush() | Lam sach ndi dung viing dém va chén mot dong méi.

write(str,SIZE) Chén SIZE ky tu tir mang str vao file. "

seekp(position) Thiét 1ap khodng cach (tinh theo byte) cho con trd file tinh tir
dau file.

seekp(position,seek_dir) Thiét 1ap khoang céch (tinh theo byte) cho con trd file tinh tix vi
tri cd trong file. seek_dir ¢4 thé 14 ios::beg, ios::cur, ios:rend.

position=tellp() “ Tra vé vi tri con tr6 file, tinh theo byte.

B6n ham cudi chi lam riéng véi cic file.

6. Lop iostream va _withassign
Ldp iostream, duoc riit ra tir istream v2 ostream, chi déng vai trd 1a mot 16p co 56 cho céc 1ép

khdc, nht 1a iostream_withassign. N6 khong c6 cdc ham cia riéng né (trir ham tao va ham hiy).
Céc 16p rit ra tit jostream c6 thé thuc hién c3 hoat dong vio va ra.

€6 ba l6p _withassign:

istream_withassign, nit ra tir istream
ostream_withassign, riit ra tlir ostream
iostream_withassign, riit ra tir iostream

Cac Iop _withassign rat ging cdc 16p ma chiing rit ra, trir 1A chiing ¢6 céc todn tir gén (=) dugc
chéng dé cac d6i tuong ciia ching cé thé duge copy.

Tai sao cén chiia ra céc 16p stream c6 thé copy va cdc 16p stream khong thé copy? Néi chung,
copy cac doi tugng stream khong phéi 1a mot ¥ tudmg t6t. M&i d6i tuong nhu vay lien két véi mot
ddi tuong streambuf cy thé, n6 c6 mot viing trong bo nhé dé nhé dir lieu that s cila d6i twong. Néu
copy doi tuong stream, ¢6 thé giy ra nhdm 1dn néu chiing ta ciing copy cic d6i tuong streambuf.
Tuy nhién trong mét vai trudng hop cé thé 1a quan trong dé copy céc d6i twong stream, nhu trong
truong hgp dinh huéng méi cho cdc déi tugng dinh nghia true nhir cin va cout.
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Vi vay, céc 16p istream, ostream va iostream dugc 13m khong thé copy (bing cach dé cac ham
tao copy va cdc todn tir gin bi chong & phdn private), trdi lai, cdc 16p _withassign riit ra tir chiing
c6 thé copy duoc. '

7. Cic doi tugng stream dinh nghia trude

Ching ta di sir dung rit nhiéu hai d6i tugng duge dinh nghia trudc rit ra tit céc 16p _withassign
12 cin va cout. Hai d&i tuong nay thudng duge ndi t6i ban phim va man hinh. Ngoai ra cén ¢d hai
d6i tugng duge dinh nghia trude khac 1a cerr va clog. Bang 5-8 liét ké ca bén d6i twong nay.

Bdng 5-8. Cac doi tugng stream dinh nghia trudc

Tén Lép ‘ Ding cho

cin Istream_withassign Nhap vae tir ban phim

cout Ostream_withassign Pua ra mian hinh thong thudng
cerr Ostream_withassign Pua ra 18)

clog Ostrearmn_withassign Duaralog

Pai tiwgng cerr thudng duge ding cho thong bio 16i va chin dodn chuong trinh. K&t qua gli téi
cerr duoc hién thi ngay 1ap tic, khong qua viing dém nhu véi cout. Ngoai ra dua t6i cerr khong thé
dinh huéng méi duge. Vi nhitmg 1y do nay, ching ta c¢6 mot co hoi t6t hon dé nhin thdy moét thong
b4o dua ra cudi cing néu chuong trinh clia ta chét yéu. Mot d6i tuong khic, clog, trong tr cerr
trong d6 khéng duge dinh nghia méi, nhung két qua dua ra cia né qua bé dém con cerr thi khong.

5.2, CAC LOI STREAM

Tir trude dén gid chiing ta di sit dung cic d6i twong cin va cout d€ nhap vao va dua ra ma khong
cdn biét gi thém, chang han:

cout<<"Good morning";
va
cli>>var;

Tuy nhién, cich sir dung nay cho ring khong c6 18i gi xay ra trong qué trinh vao/ra. Diéu ndy
khong phai lic nio ciing ding. Diéu gi s€ xdy ra néu ngudi st dung nhap vao chubi "chin” thay vi
mot s6 nguyén 9, hoac 4n ENTER ma khong nhap gi ca? Diéu gi s& xdy ra n€u ¢ mét phin cimg bi
16i? Chiing ta s& khao sit nhimg vén dé nhu vay trong phin nay. Nhiéu ky thudt ciing thich hop véi
vao/ra file.

5.2.1. Ciac bit trang théi. 16i (error-status bits)

Cic bit trang théi - 16i 12 mot s6 enum ios bdo cdo cdc 16 xay ra trong mét hoat dong vao hoidc
ra. Chiing duge t6m tit trong bang 5-9.
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- Bdng 5-9. Cac bit trang thai - 15i

Ten Y nghia
goodbit Khong ¢6 16i (khong ¢6 bit nio dugc thist 1ap).
eofbit Da tdi cuéi file,
failbit Hoat déng bi 16i (161 nguai sit dung, EOF sém). -
badbit Hoat déng khéng hop lé.
hardfail ' L&i khong thé khéi phuc.

Hinh 5-3 cho thdy vi tri cla chc
bit nay trong byte trang th4i 18i.

Nhiéu ham jos c6 thé duge dung
d€ doc (va tham chi thiét 1ap) cée bit
16i nay, nhu t6m tét trong bang 5-10.

5.2.2. Nhap vao cic s6

Chiing ta cing xem cich kiém
sodt 16i khi nhép vio cdc s8. Cich
nay 4p dung cho cdc déi tuong doc
vao tir ban phim va dia. Y wrdng la
kiém tra gi4 tri clia goodbit, bdo hiéu
mét 161 néu né khong phai 12 true va
cho ngudi sir dung mét co hoi khic
d€ nhép vao cho diing.

Bdng 5-10. Cac ham cho cic bit 16i

Eofbit ox01

Failbit ox(02

Badbit ox04

—— Hardfailbit ox()8

Hinth 5-3. Byte trang thii - 18i.

Ham

Chic nang

int=eof() Tra lai true néu EOF duoc thiét lap.

_int=fail() Tra lai true néu failbit, hodc badbit, hodc hardfail dugc thiét 13p.
int=bad() Tra lai true néu badbit hoac hardfail dugce thiét 1ap.
int=good() Tra lai true néu moi thit déu t6t, khon g ¢6 bit nao thiét lap.

clear(int=0) Khong c6 d6i s6 x6a tit ca cic bit 16i; néu c6 d6i s6 s& thiét 13p c4c bit x4c
dinh, nhu trong clear (ios::failbit). '

#include<iostream.h>
void main()
{
int var;
while(1)
{

cout<<"™\nNhap vao not so nguyen:";

cin>>var,
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if(cin.good()) //meu khong co loi
{

cin.ignore(10,\n"); /{xoa bo mot dong moi
break; ~ /fthoat khoi vong lap
) .
cin.clear(); //xoa cac bit toi

cout<<"\nNhap sai!Yeu cau nhap lai!";
cin.ignore(10,\n");
}
cout<<"\nSo nguyen var la:"<<var;

}

Lbi théng dung nhdt ma hé théng ridy tim ki€m dugc khi doc vao tir ban phim 13 ngudi sit dung
g6 vao khong phai chit s6 (chér.lg han nhu "chin” thay vi 9). Diéu nay lam cho failbit dugce thiét lap.
Tuy nhién, nd ciing tim kiém nhitng hu héng lién quan dén hé théng ma thong dung 1a file dia.

Cic s6 dau phdy dong (float, double, long double) c6 thé dugc phén tich dé tim 16i nhy d6i véi
c4c s6 nguyén.

5.2.3. Nhap qua nhiéu ky tu

Cic ky tr phu c6 thé 14 mot vin dé khi doc vao tir cdc stream vao. Diéu ndy dac biét ding khi
6 16i. Dién hinh 12 cc ky tr phu d€ lai trong stream sau khi viéc nhap vao duge coi nhu hoan tél.
Liic d6 chiing duogc truyén tdi hoat dong vio ti€p theo mac dil ching khong duge ding cho hoat
déng ti€p theo ndy. Thudng thi mét \n' vln con & lai, nhung déi khi cde ky tu khic ciing duge dé
lai. D¢ giit sach nhitng ky tu phu nay, ham thanh vién ignore(MAX,DELIM) cua istream dugc sit
dung. Né doc-va ném di 1én t6i MAX ky tu, bao gom ca ky tu gidi han duogc chi 18 & d6i s6 thit hai.
Trong vi du trén, dong 1énh:

cin.ignore(10,\n");

lam cho ¢in doc t6i 10 k¥ t, bao gdm ca k¥ tu \n' va hity bo chiing khoi stream vao.

5.2.4. Khong nhap gi

Cic ky tu tring, chiang han nhu TAB, SPACE va \n', thudng dugc bd qua khi nhap vie cic sé.
Diéu ndy cé thé gy ra vai tic dong phu khong mong muén. Vi du, ngudi st dung, duoc théng bio
nhap vao mot s&, cé thé chi 4n Enter ma khong g& bt k¥ chit s6 no (c6 thé ho nght ring nhu the sé
nhép vao 0, hoiic 6 thé ho béi r6i khong biét 1am gi). Trong chuong trinh trén, cau iénh don gian:

cin>>var;

néu an Enter cling 1am cho con trd roi xudng dong ti€p theo trong khi stream vin doi nhap vao mot
$6. C6 vin dé gi véi viée con tro roi xudng dong tiép theo? Thit nhéat, nhitng ngudi 14p trinh khong
- ¢6 kinh nghiém, thdy chuong trinh khong chip nhan khi 4n Enter ¢6 thé cho ring mdy tinh bi hong.
Thit hai, &n Enter lap di lap lai 1am cho con tré cang ngay cang roi xudng thdp cho dén khi toan bo
min hinh bit ddu cuén 1én. Viec nay ching cé van dé gi trong twong téc kiéu teletype, & d6 chuong
trinh va ngudi st dung chi don gian g8 phim vdi nhau. Tuy nhién, trong cdc chuong trinh d6 hoa
vin ban (text-based graphics), viéc cu6n man hinh lam dao 16n man hinh va cudi cing pha hiy
hoan toan méan hinh.

Bdi viy, c¢6 thé bao stream vao khong bd qua cdc ky tu tring (whitespace) 1a rat quan trong.
Diéu nay duge thuc hién bang cich x6a co skipws:

cout<<"\nNhap vao mot so nguyen:";
cin.unsetf(ios::skipws);
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cinz>var;
if(cin.good())
|

}

/fkhéng c6 16
/6 16i

Bay gi& néu ngudi sir dung chi an Enter ma khong g6 bét k¥ chit s§ ndo, failbit s& dugc thiét lap
va mdt 161 s& duge tao ra. Lic d6 chuong trinh cé thé bio ngudi st dung phai 1am gi hodc di chuyén
con tro dé man hinh khong bi cusn.

5.2.5. Nhap vao chudi (strinés) va cac ky tu (characters)

Ngudi sit dung khong thé nhdm 1an khi nhap vao céc chudi va céc ky tr bdi vi tit ca cdc viee
nhép vao, tham chi 1a céc $6, déu duge giai thich nhr mét chudi. Tuy nhién, néu dén tir mot file dia
thi cdc chubi va cdc ky tu vin nén duoc kiém tra @€ tim céc 16i trong trudmg hop gip EOF hoic xay
ra cdi gi d6 khong ding. Khéng giéng nhu cic s6, ching ta thudng muén bo di cic ky tu tréng khi
nhap vio cdc chudi va cdc ky tu.

I. Nhap khoa’ng cdch khong c6 161

Ching ta cung xem mét chuong trinh trong d6 viéc nhap vao cla ngudi st dung che 16p
Distance duoc ki¢m tra dé tim 16i. Chuong trinh ndy nhan cic gi4 tri & dang feet v inches tir ngudi
st dung va hién thi ching. Néu ngudi sit dung pham phai mot 181, chuong trinh sé khéng chdp nhan
viéc nhap vio d6 véi mét 16i giai thich thich déng cho ngudi sit dung va hién thi théng bdo dé nhap
vao mdi.

Chuwong trinh rat don gidn chi trir ham thanh vién getdist() da dugc mo rong &€ kiém sodt 141,
Ciing ¢6 vai Inh dé dim bdo ngudi sir dung khong nhép vao sG diu phdy dong cho feet. Didu nay la
quan trong boi vi, khdc véi gid tri feet 1a mét sG nguyén, cic gia tri inches 1a mot s6 ddu phdy dong
va ngudi sit dung c6 thé rat dé nhdm.

Thong thudmg néa mong dgi mot s6 nguyén, todn t 14y ra (extraction operator) chi don gidn
két thiic khong thong bio 16i khi né thiy mot ddu chdm thap phin. Chuong trinh muén biét mot 154
nhu vay nén nd doc gia tri feet nhu mot chudi thay vi mot s6 nguyén. Sau dé né ki€m tra chudi
bang mot ham tyr tao isint(), n6 trd vé true néu chudi d6 1a mot s6 nguyén. DE kiém tra duoe s6 int,
chubi dé chi duge nhan céc chit s6 va ching phai dugc danh gid 1a mot s6 nim trong khoing -
32768 t6i 32767 (khoang cua kiéu int). Néu chuéi nhap vao di qua kiém tra s6 int, chuong trinh
chuyén né thanh mot s6 nguyén thyc sy bing ham thu vién atei().

Céc gia tri inches la mot s§ déu phdy dong. Chuong trinh ki€m tra khoang cia né (O<=
inches<=12.0). Chuong trinh ciing kiém tra n6 d€ tim c4c bit 1i i0s. Thong thudng nht, failbit s&
dugc thiét 1ap boi vi ngudi sir dung thudng gd vao khéng phai chit s6 thay vi mét s& ddu phiy déng.
Bén 5-1 trinh bay chuong trinh ENGLERR.

Listing 5-1 ENGLERR

Henglerr.cpp

{kiem tra nhap vao vol lop khoang cach Anh
#include<iostream.h>

#include<string.h> - /fcho strlen()
#include<stdlib.h>  //cho atoi()

int isint(char®); /fkhai bao ham
const int IGN=1¢; Hfsa ky tu bo qua
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class Distance
{
private:
int feet;
float inches;
public:
Distance()
{ feet=0:inches=0.0;}
Distance(int ft,float in)
{feet=ft;inches=in;}
void showDist()
{ : :

{lop khoang cach Anh

/fham tao khong doi so
/ham tao hai doi so

#hien thi khoang cach

cout<<feet<<"\'-"<<inches<<'\";

void getDist();
b
void Distance::getDist()
{
char intstr[80];
while(1)
{
cout<<"\n\nNhap vao feet:";
cin.unsetf(ios::skipws);
cin>>intstr;
if(isint{intstr)}
{
cin.ignore(IGN,'\n');
feet=atoi(intstr);
break;

]
cin.ignore(IGN,"\n";

/khai bao
Hlay chieu dai cua nguoi su dung

/[de nhap vao chuoi

ffkhong bo qua cac ky tu trang
/mhap vao feet nhu mot chuoi
{meu no la mot so nguyen

/huy cac ky tu gom ca dong moi
fichuyen sang cac so nguyen

/ineu khong phai la mot so nguyen

cout<<"Feet phai la mot so nguyen\n";

} //ket thue vong lap feet
while(1)
{

cout<<"\nNhap vao inches:";

cin.unseti{ios::skipws);
cin>>inches;

/khong bo qua cac ky tu trang
{mhap vao inches, kieu float

if{inches>=12.0 | | inches<0.0}

{

cout<<"Inches phai nam trong khoang 0.0 toi 11.99";

cin,clear(ios::failbit);
1
if{cin.good(})
{
cin.ignore(IGN,'\n");
break;
h
cin.clear{);
cin.ignore(IGN,'\n";

/thiet lap failbit

Hkiem tra de tim loi cin,
fthuong la khong phai chu so
/fhuy dong moi

/lnhap vao tot, thoat khoi while

{loi, xo0a cac bit loi
fhuy cac ky tu, gom ca dong moi

cout<<"\nNhap vaoc inches khong dung\n";//bat dau nhap lai

} #ket thuc vong lap inches
}

int isint{char* str}

{fham tra ve true neu chuoi bieu dien so nguyen



{

int len=strlen(str); #lay do dai
if(len==0 | | len>5)/Mmeu khong nhap hoac nhap qua dai

return ;
for(int j=0;j<len;j++) /kiem tra tung ky tu
if({str[j1<'0" || strl[j}>'9") && strlj]'="-"V/neu khong phai chu so
return 0; /Moac dau tru
long n=atol(str): fichuyen sang so nguyen long
if(n<-32768L | | n>32767L) /fmeu vuot ra ngoat khoang so nguyen
return (;
return 1; ' flchuoi la mot so nguyen

} |
void main{)

{

Distance'd; /ftao mot doi tuong khoang cach

char ans;

do

{

d.getDist(); /ay gia tri khoang cach tu nguoi dung
cout<<"\nKhoang cach=":
d.showDist(); /fhien thi no
cout<<"\nCo tiep tuc nua khong(c/k)";
cin>>ans;

cin.ignore(IGN,\n"; //huy cac ky tu, gom ca dong moi
}
while(ans!="k":; Hap lai cho den khi gap 'k’
\ .

Sau ddy 1a mot vai tuong tde véi chuong trinh:

Nhap vao feet:12

Nhap vao inches:3.4

Khoang cach=12'-3.4"

Co tiep tuc nua khong(c/k)c

Nhap vao feet:5.6

Feet phai Ia mot so nguyen

Nhap vao feet:34567

Feet phai la mot so nguyen

Nhap vao feet:4

Nhap vao inches:13

Inches phai nam trong khoang 0.0 toi 11.99

Nhap vao inches khong dung

Nhap vao inches:2 .4

Khoang cach=4'-2 4"

Co tiep tuc nua khong(c/k)k
Chiing ta da s& dung mét meo & chuong trinh nay: thiét 1ap c& trang thdi 16i bing tay. S di
phai lam nhir vy b&i vi chiing ta muén dam bio ring gid tri inches 16n hon O nhung nhoé hon 12.0.
Néu khéng diing nhu vay, chiing ta bat c¥ failbit bing cau 1énh:

cin.clear(ios::failbit);

Khi chuong trinh kiém tra dé tim 16i véi cau lenh cin.good(), né sé phét hién thiy co failbit
dugc thiét lap va théng bdo ring viéc nhap vao khong ding.
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2. Nhdp tdt cd vao bdng ky tu

Mot cach khdc dé kiém soit 161 1a doc tét ca vao, tham chi 14 cde s6, nhu cdc chudi ky ty. Sau
d6 chwong trinh cé thé phan tich chudi, timg k¥ tu mot, dé xdc dinh xem liéu ngudi sif dung c6 g8
vio nhitng gi cé nghia khong. Néu 1a nhitng gi ¢ nghia, né sé chuyén sang mot kiéu s& thich hop.
Chi ti€t v& cdch nay tily thudc vio viéc nhap vao cuy thé. Néu chiing ta dang c6 ging viét mot
chuong trinh sao cho bao vé 16t nhit thi day sé 1a cach t6t nhit.

Tuy nhién, ngay ca khi nhap vao céc ky tu, ching ta ciing nén kiém tra 18i diing cdc bit trang
thai 161. ' '

5.3. VAO/RA FILE DIA VOI CAC STREAM

Cic file dia yéu ciu mot tap cde 16p khdc vdi cdc 16p duge sit dung cho ban phim va man hinh.
Cic 16p nay 1a ifstream ding cho vao tir file, fstream dung cho cd vao va ra file va ofstream ding

cho dua ra file. Cic d6i tugng clia céc 16p ndy c6 theé lien ket v6i céc file dia va chiing ta c6 the st
dung cac hdm thanh vién ciia ching dé doc va ghi file.

Xem lai hinh 5-1, chiing ta ¢6 thé thiy rang ifstream duoc nit ra tir istream, fstream dugc nit
ra tir jostream va ofstream dugc nit ra tir ostream. Nhimg 1ép con chdu nay ldn lwot dugc riit ra
jos. B&i vay cdc 1ép huéng file k€ thira nhiéu ham thanh vién cla cdc 1ép chung hon. Cic 1Gp
hudng file cling duge rit ra tir 16p co sd fstreambase (biing su k& thira boi). L6p fstreambase
chita mot déi tuong cia 16p filebuf, né 1a mét bo dém hudng file c6 lién quan téi ciac ham thanh
vién duge nit ra tir I6p chung hon 12 streambuf. DSi v6i nhiéu thao tdc file, streambuf dugce truy
nhap mot cach ty déng, nhung ching ta s& thdy cdc trudng hop ma ¢ d6 chiing ta ¢6 thé truy nhap
né moét cich truc ti€p.

Céc 16p ifstream, fstream va ofstream duge khai bdo trong file tiéu d&¢ FSTREAM. H. File nay

cling gém ¢4 file tiéu dé IOSTREAM.H, bdi vay khong cin ¢d né khi c6 file tieu d€¢ FSTREAM.H,
FSTREAM.H s& quan tam t6i t4t ca cdc dong (stream) vao/ra.

Nhitng ngudi 1ap trinh C s& thdy céch vaojra dia trong C™ hoi khéc cich duge dung trong C.
Cdc ham C cii, ching han nhu fread(), fwrite(), sé€ vin lam viéc trong C™*, nhung ching khong con
thich hop véi méi trudng hudng d6i tuong. Nhu véi printf() va scanf(), ching khong mé réng duoe,
trai lai chiing ta c6 thé mé réng céc iostream C'* dé ching 1am viéc v6i céc 16p clia riéng ching ta.
Ciing nén liu ¥ khi sit dung hén hgp cé cac ham C cfi va cdc stream C™, khong phai lic nao ching
ciing 1am viéc véi nhau mot cich hai hoa.

5.3.1. Vao/ra file dinh dang (formatted file I/O)

C6 hai loai vao/ra file dia co bin trong C** 1a: dinh dang (formatted) va nhi phan (binary).
Trong vao/ra dinh dang, céc s6 duge luu trit trén dia nhu mét xau ky ty. Vi vay, 6.02, nh€ ra luu trix
dudi dang 4 byte kiéu float hodc 8 byte kiéu double, né dugc luu trlt nhu cée ky ty '6', "', ‘0", 2",
Diéu nay ¢6 thé khong higu qua d6i v6i cic,s6 ¢6 nhiéu chi s6 nhung nd thich hop trong nhiéu tinh
hu6ng va dé cii dat. ft nhiéu thi cde ky ty va cée chudi ciing thudng duge luu trir.

1. Ghi dit liéu

Chuong trinh sau ghi mot k¥ tu, mot s6 nguyén, mot s6 kiéu double va hai chudi ra dia ¢6 tn la
FDATA.TXT, khong dua ra man hinh. Ban 5-2 trinh bay chuong trinhi FORMATO.

Listing 5-2 FORMATO

liformato.cpp
/1ghi ket qua duoc dinh dang ra mot file, dung toan tu <<
#include<fstream.h> /icho vaolra file
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void main(}

{

char ch="x"; : Hky tu

int j=77; /fso nguyen

double d=6.02; /iso dau phay dong

char st1[]="Thang"; {feac chuoi khong ce dau cach

char st2[]="Hung";

ofstream outfile("fdata.txt"};//tao dot tuong ofstream de dua ra
/file
outfile<<ch
<<j
<t
<<d

<<gtl
((I 1

<<gt2;

}

o] day chuong trinh dinh nghia mét d6i tugng goi 12 outfile thudc I6p ofstream. Cing lic d6, né
khoi tao d6i tugng béng tén file FDATA.TXT. Sy khéi tao 13 d€ danh céc ti nguyén cho file va truy
nhip hoac md file c6 tén trén dia. Néu file khong t6n tai, né duge tac. Néu file da tén tai, né bi hay
bd va dit liéu mdi s& thay thé dit liéu cii. D6i trgng outfile hoat dong y nhu cout trong chuong trinh
trirGe, boi vay todn tir chén vio duge sit dung dé dua céc bién thudc bat ky kiéu co ban ndo ra file,
Diéu ndy 1am viéc bdi vi todn tir << duoc ch6ng mét céch thich hop trong ostream, ofstream duoc
riit ra tir 16p nay.

Khi chuong trinh ket thiic, d6i twong outfile ra khoi pham vi hoat dong, ham hiy cia né duge
goi dé déng file d6. B&i vy, ching ta khong cdn déng file.

C6 vai nhiéu dinh dang tiém 4n trong vao/ra file dinh dang. Thit nhat, phai tich riéng céc s6
(ching han 77 va 6.02) véi cdc ky ty khong phai s6 bing céc ky tu tring. Bai vi c4c s6 dvoe luu trip
nhu mot day lien ti€p cdc ky ty hon 12 nhi mét trudng o6 chiéu dai 6 dinh, day 13 cich duy nhat @€
todn tir 14y ra ¢6 thé hiéu duge khi dit lieu duge doc trds lai tir file, & A6 mot s& két thiic va s& tiép
theo bt ddu. Thit hai, cac chudi cling phai duge phan tdch nhau bing cdc ky tring cling vi ¥ do
nhu vay. Diéu nay 4m chi ring cdc chudi khong duoc c6 khodng tréng. Trong vi du ndy chiing ta sit
~dung ky tv trdng 12 (" ") cho ¢4 hai loai ky ty giéi han. Céc ky tu khéng c4n ky tir gidi han bdi vi
chiing ¢6 chiéu dai ¢ dinh.

Chiing ta c6 thé ki€m tra xem chuong trinh FORMATO da thuc sy ghi dif liéu ra dia chua bing
céch kiém tra file FDATA.TXT véi bat ky hé soan thio nio. :

2. Doc dit liéu

Bat k¥ chuong trinh ndo ciing ¢6 thé doc di liéu tir file tac bdi chuong trinh FORMATO bing
cach ding mét ddi tugng ifstream duoc khdi tao véi tén file d6. File tu dong mé khi d6i tuong duge
tao. Sau d6 chuong trinh c6 thé doc né diing toén tir 14y ra >>.

Ban 5-3 trinh bay chuong trinh FORMATI, n6 doc dit liéu tré lai tit file FDATA.TXT.

Listing 5-3 FORMATI
/formati.cpp
/fdoc ket qua dinh dang tu mot file, dung toan tu >>
#include<fstream.h> Hcho vao/ra file

const int MAX=80;
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void maind)
{
char ch; Heac bien rong
int j;
double d;
char st1[MAX],
char st2[MAX];

ifstream infile("fdata.txt™); //tao doi tuong ifstream de doc
/f du lieu vao tu file
infile>>ch>>j>>d>>gt1>>st2; /flay du lieu ra tu no
cout<<ch<<endl
<<j<<end]
<<d<<end]
<<stl<<endl
<<st2;

}

0 day déi tuong ifstream, ching ta dat tén 12 infile, hoat dong nhur cin trong céc chuong trinh
truse. D6 1a, 77 duge luu trir trong bién j nhi mét ki€u int, khong phal nhu hai ky tu va 6.02 duge
luu tyit nhir mot s& double.

3. Chuéi cé khodng tréng

Vi du trudc sé khong 1am viée véi céc chudi ¢é khoang tréng. P& quan 1y cic chudi nhu vay,
ching ta c¢in ghi mot ky tu gidi han riéng sau méi chudi va sit dung ham getline(), hon 13 todn tu
lay ra << (extraction operator), dé doc chiing vao. Chuong trinh sau, OLINE, dua ra vai chudi cé
khoang tréng trong d6.

Listing 5-4 OLINE

Holine.cpp
f/dua ra file cac chuoi, dung toan tu <<
#include<fstream.h> Hcho vaolra file
vold main{)
{
ofstream outfile("test.txt™; /tao dot tuong ofstream de dua ra
/file
outfile<<"Truong Dai hoc Bach Khoa Ha Noi\n"
<<"Khoa Dien tu - Vien thong\n"
<<"Lop Dien tu 3 - k3%\n"
<<"Sinh vien: Ngo Cong Thang\n ";
i
Khi chuong trinh dugce chay, cdc dong van ban duge ghi ra mot file. Mbi dong két thic bing
mdt k¥ ty newline(\n').

Pé 14y ra cac chudi tir file d6, chwong trinh cdn tao mot d6i tugng ifstream va doc tir né mdi l4n
mot dong ding ham getline(), nd 1a thanh vién cla istream. Him nay doc cdc ky ty, gbm ca k¥ tu
trang, cho dén khi gap k¥ tu \n' va dat chubi 18y duge trong d6i s6 buffer. Kich thude cuc dai ciia
buffer dugc cho bdi déi s6 thit hai. Noi dung cha buffer duge hién thi sau méi dong. Ban 5-5 trinh
bay chuong trinh nay, ILINE.

Listing 5-5 ILINE

~/filine.cpp
{inhap vao file cac chuot, dung ham getline()

130



#include<fstream.h> Hicho vaoira file

void main()
{
const int MAX=80, {fkich thuoc cua buffer
char buffer{MAX]; #bo dem ky tu
ifstream infile("test.txt"); /ftao file de nhap vao
while(infile) Hfcho den cuoi file

infile.getline(buffer, MAX); /doc mot dong van ban
cout<<buffer<<endl;

}
}

Keét qua ma chuong trinh ILINE dua ra man hinh giéng nhu dir liéu duge ghi vao file TEST.TXT
boi chuong trinh OLINE. Chuong trinh khong c6 cich nao biét duge ¢é bao nhigu chudi & trong
file, bdi vay né ti€p tuc doc mébi 1dn mot chudi cho dén khi gip mot EOF. Luu ¥ 1a dimg sit dung
chirong trinh nay dé doc mot file van ban bit ky. N6 yéu céu tét ci cdc dong vin ban phai két thuc
bing ky tu \n' va néu gip mét file khong nhu thé thi chuong trinh sé treo.

4. Tim kiém cudi file

Nhu ching ta dd biét, cdc d6i tugng rdt ra tir ios chita céc bit trang théi 16i ma c6 thé kiém tra dé
xdc dinh két qua clia cdc hoat dong. Khi doc mot file, titng {t mot nhy trong chuong trinh TLINE,
cudi cung thi ching ta cling gip ddu hiéu két thic file. EOF la mot tin hiéu gt t6i chwong trinh tir
phén citng khi khéng con dir lieu dé doc. Trong ILINE, chiing ta cé thé sir dung c4u tric sau dé
kiém tra ket thic file:

while(!infile.eof(}) /icho den khi gap cuoi file

Tuy nhién, ki€m tra riéng mot eofbit ¢é nghia 1a s& khong kiém tra cdc bit 16 khac, ching han
failbit va badbit, n6 ciing cé thé xay ra, mac dii rdt hi€m. DE kiém tra tat ca céc bit 18i, ching ta
thay déi diéu kién vong Lip:

while(infile.good()) //cho den khi gap bat ky loi nao

Nhung don gian hon chiing ta ki€m tra truc ti€p stream, nhu trong chuong trinh ILINE:

while (infile) {/cho den khi gap bat ky loi nao

Bit ky d6i twong stream nao cling ¢6 mot gia tri mi c6 thé duce ki€m tra dé fim cac diéu kién
16i thong thudng, gém ¢é cad EOF. Néu bt ky mot diéu kién nhu vay ding, déi tugng tra vé gid trj

0. Néu moi thir déu t6t, doi tugng tra vé gid tri khdc 0. Gid tri ndy thuc chat 12 mot con trd, nhung
dia chi dugc tra vé khong ¢6 ¥ nghia trit dugc kiém tra d€ xac dinh 12 gi4 tri 0 hay khéc 0.

5. Vao/ra ky tur

Céac ham put() va get(), ching tuong ng 12 thanh vién clia ostream va istream, c6 thé dugc
sit dung dé€ dua ra va nh4n vao cdc k¥ ty. Bén 5-6 trinh bay chuong trinh OCHAR, né dua ra timg
k¥ tu mét.

Listing 5-6 OCHAR

/fochar.cpp

/fdua ra file cac ky tu

#include<fstream h> #fcho vaolra file
#include<string.h> Heho strlen()
vold main{)

{
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char str[1="Thoi gian la mot nguet thay, nhung that khong may\n"
"no glet chet tat ca nhung hoc tro cua no Berlioz",

. ofstream outfile("test.txt"); /ftao file de dua ra
for(int j=0;j<strlen{str);j++}/cho tung ky tu
outfile.put(ste(ji}; Hghi no ra file
}

Trong chuong trinh nay, d6i tugng ofstream duge tao nhu trong chuong trinh OLINE. Chiéu
dai cta chudi duge tim thay bang ham strlen() v cdc ky tv duge dua ra man hinh bing him put()
trong mét vong 1ap for. Chudi str dugce ghi ra file TEST.TXT. Ching ta ¢6 thé doc lai file nay va
hién thi né bing chuong trinh ICHAR sau:

Listing 5-7 ICHAR

fhchar.cpp

{/doc vao tu file voi cac ky tu
#include<fstream.h> /lcho vao/ra file
void maind)

{

char ch; #ky tu de doc
ifstream infile("test.txt"); //tao file de doc vao
while(infile) ficho den khi gap cuoi file
{
infile.get(ch); /fdoc ky tu
cout<<ch; !fhign thi no
t

}

Chuong trinh nay sit dung ham get() va tiép tuc doc cho dén khi gap EOF. Méi ky tu doc duge
tix file dugc hién thi bdi cout, bdi viy toan bé chudi duge hién thi trén man hinh.

6. Truy nhdp truc tiép doi twong streambuf

Mot cdch khéc dé doc cde ky tu tir mot file 13 ham rdbuf(), mét thanh vién chia 16p-ios. Ham
nay tra vé mot con trd trd 161 d6i tugng streambuf (hay filebuf) lién két véi d6i tuong stream. Dai
tuogng nay chita mot bo dém giilt cac ky tv doc tir stream, bdi vay chiing ta ¢6 thé sit dung con trd
tré tdi né nhu mot d6i tuogng dir liéu & bén phai cic d6i tuong stream. Ban 5-8 1a chuong trinh
ICHAR2.

Listing 5-8 ICHAR2

Hichar2.cpp
fidoc vao tu file voi cac ky tu
#include<fstream.h> Hcho vao/ra file
void main()
{ .
ifstream infile("test.txt™): /ftao file de doc vao
cout<<infile.rdbuf(}; {gui bo dem cua no toi cout

}
Chuong trinh nay ¢6 tac dung nhu ICHAR. N6 1a mét chuong trinh hudng file ngén nhit.

5.3.2. Vao/ra nhi phan (binary I/O)

Chiing ta ¢6 thé ghi mot vai s6 ra dia st dung vdo ra dinh dang, nhung néu chiing ta cén luu trit
mét s& lugng 16n dit liéu s6 thi hiéu qua hon 1 sir dung vao/ra nhi phan, & d6 cdc s6 duge Iuu tri
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nhu ching & trong bo nhé RAM cua mdy tinh hon 1a cdc ky tu. Trong ‘vaofra nhi phin, mot s6
nguyén dugc ludn luu trix trong 2 byte, trong khi d6 dang van ban clla né, chiing han 12345 yéu cdu

5 byte Tuong tu, kiéu float luén luén duge luu trit trong 4 byte, trong khi dé phlén ban dinh dang
cla 6.0214e13 phéi cdn 10 byte.

Vi du ti€p theo cho thdy mét mang s6 nguyén duge ghi ra dia va doc trd lai bo nhé sit dung
dang nhi phin nhu thé n3o. Chiing ta sir dung hai ham mdi: write(), mét thanh vién cua ofstream
va ham read(), moét thanh vién cla ifstream. Cic ham nay nghi vé dit lieu trong thuat ngit byte
(kiéu char). Ching khéng quan tdm dén dif liéu duge dinh dang nhu th€ ndo, ching chi don gian
chuyén tir mot bo dém ddy file tdi file dia va tir file dia vic bo dém. Cdc tham s6 cho write() vi
read() 1a dia chi cia bd dém dit lidu va kich thude cha ching. Dia chi phii ép thanh kiéu char va

kich thuéc tinh bing byte (ky tu) chit khong phai 14 s& muc dit liéu trong bd dém. Bin 5-9 trinh bay
chuong trinh BINIO.

Listing 5-9 BINIO

/fbinio.cpp
/fvao va ra nhi phan voi cac so nguyen
#include<fstream.h> ffcho vao ra file
const int MAX=100; /fso luong so nguyen
int bufffTMAX]; {/bo dem cho so nguyen
void main{)
{ . .
nt ),
for(j=0;)<MAX;j++) /fdua vao day bo dem cac du lien
buffljl=j; /(0,1,2,..)

ofstream os("edata.dat”,ios::binary);
os.write{{char*)buff, MAX*sizeof(int)); //ghi ra dia

os.close(}; Hdong file
for(j=0;j<MAX:j++) {xoa bo dem
bufflj]1=0;

ifstream is("edata.dat",ios::binary); //tao mot stream file vao

is.read{(char®ybuff, MAX*si1zeof(int})); //doc tu file

forG=0;j<MAX;j++)
if(buff[3]!=7}
{ cerr<<"\nDu lieu khong dung";return;}
cout<<"\nDu heu dung";

}

Phai sir dung d6i sd ios::binary trong tham s6 thit hai cho ham write() va read() khi 1am viéc
vdi dif liéu nhi phan. Bdi vi méc dinh 12 ch€ d6 vin ban, né it quan tam dén dir lién. Vi du, trong
ch€ d¢ van ban, ky ty \n' duge md rong thanh hai byte - mot xudng dong va mot vé€ ddu dong -
trude khi duge lvu ra dia. Diéu nay ldm cho mot file van ban dé doc hon d6i véi hé soan thio
nhung né gay ra sy nhim I4n khi 4p dung cho dit liéu nhi phan bot vi mbi byte cho gia tri ASCII
duge chuyén sang 2 byte.

5.3.3. Vao/ra doi tugng (object 1/0)

Bai vi C* 1a ngon ngilt hudng d6i tugng nén viée xem xét cdc ddi tugng duge ghi ra dia va doc
vao tlt dia nhu thé nao 1a rat ¢ nghia. Vi du ti€p theo cho thiy qud trinh nay. Lép person, duge siv
dung trong vai vi du trude, cung cép cac doi tugng.
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1. Ghi mot doi tuong ra dia

Khi ghi mét d6i tugng ra dia, néi chung nén st dung ch€ do nhi phan. Ché€ do nay ghi cdu hinh
bit ra dia nhu né duge luu trong bé nhé va dam béo ring dit liéu s6 chita trong céc d6i tuong duoc
quan ly ding. Ban 5-10 1a chuong trinh OPERS, né yéu cdu ngudi st dung nhap thong tin v& mot
d6i tugng 16p person va sau d6 ghi déi tugng ndy ra file dia PERSON.DAT.

Listing 5-10 OPERS

flopers.cpp
ffghi doi tuong person ra dia
#include<fstream.h> /ficho vao ra file

class person Hlop persen
( .
protected:
char name[40];  //ten nguoi
int age; Htuol
public:

void getData() Hlay du lieu
{
cout<<"\nNhap vao ten:"; cin>>name;
cout<<"\nNhap vao tuoi:"; cin>>age;
}
3

void main(}

{

person pers, /itao mot dei tuong person

pers.getData(); Hlay du lieu cho nguoi
ofstream outfile("PERSON.DAT" ios::binary); /tac mot doi tuong ofstream
outfile.write({char*)&pers,sizeof(pers)); fighi ra no

}

Ham thanh vién getData() cha person dugc goi dé€ théng béo cho ngudi sit dung nhap thong tin
cho mot ngudi. Pay 12 miu tuong tic véi chuong trinh:

Nhap vao ten:Thang
Tuoi:25
Sau d6 ndi dung cha d6i tugng pers duoc ghi ra dia bing ham write(). Chiing ta sit dung toén tir
sizeof() d€ tim kich thuéc clia d6i tuong pers.
2. Poc mot déi tuong tir dia

Doc trd lai mét d6i twong tir file PERSON.DAT yéu cdu ham thanh vién read(). Ban 5-11 trinh
bay chuong trinh IPERS. '

Listing 5-11 IPERS

/ipers.cpp
/fdoc doi tuong person tu dia

#include<fstream.h> ffcho vao ra file
class person {Nop person
{ .
protected:
char name{40]; ften nguoi
int age; Htuol
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public:
void showData0) /hien thi du lieu
{
cout<<"\nTen:"<<name:
cout<<"\nTuoi:"<<age:
H
5
void main()

{

person pers; : /ftao mot bien person
ifstream infile("PERSON.DAT",ios::binary); //tao mot doi tuong ifstream
infile.read({char*)&pers,sizeof(pers)); ffdoc no

pers.showData(); {Mien thi du lieu

}

Két qua tir chuong trinh IPERS phin 4nh bat ky dif liéu gi ma chuong trinh OPERS diit vio file
PERSON.DAT.

Ten:Thang
Tuoi:25

3. Cdu tric dii liéu thich hop

Dé lam viéc dung, cdc chuong trinh doc va ghi céc d6i tuong t6i file, nhu IPERS va OPERS,
phai c6 cing mot 16p cdc d6i tuong. Céc d6i tugng person trong cic chuong trinh nay dai chinh xic
1a 42 byte, 40 byte ddu chi€m boi chudi biéu dién tén ngudi va hai byte sau chita mot s6 nguyén
biéu dién tudi. Néu hai chuong trinh hiéu trudmg tén c6 chiéu dai khéc nhau thi khér.g chuong trinh
nao c6 thé doc chinh x4c mot file tao bdi chwong trinh kia.

Tuy nhién, mic dir cic I6p person trong OPERS va IPERS c6 dit liéu giéng nhau nhung chiing
c6 thé c6 cdc ham thanh vién khéc nhau. Chuong trinh thit nhat c6 mot ham getData(), tréi lai
chuong trinh thit hai chi cé ham thanh vién showData(). Ching c6 vén dé gi trong viéc ching sir
dung cdc ham thanh vién khéc nhau bdi vi cdc ham thanh vién khong duge ghi ra dia cung vdéi div
liéu cua d6i tuong. Dit lidu phai c6 dang gi6ng nhau, cdn sy khong nhdt quan clia cic ham thanh
vién khong anh hudng gi. Diéu nay chi diing trong cdc 16p khong sit dung ham ao.

Néu doc va ghi cac d6i tuong clia cic 16p dan xudt t6i mot file thi ching ta phai c4n than hon.
Céc d6i tugng cia cdc I6p din xuat sit dung cdc ham 3o c6 chita vptr (ndi trong muc 4.1). Con trd
nay gilt dia chi cia bang cdc ham do diing trong 16p. Khi ghi mét d6i tuong ra dia, s6 nay duoc ghi
cling v6i dit liéu khéc cia d6i tugng. Néu thay d6i cdc ham thanh vién clia mot 16p, s6 nay ciing
thay ddi theo. Néu ghi mét d6i tugng cita mot 16p t6i- mét file va sau d6 doc lai né vao mot doi
tuong ciia mot 16p c6 dit lieu gidng véi dit liéu cha 16p khi ghi nhung cdc ham thanh vién khéc thi
chiing ta s& gép rac réi 16n néu c6 diing cic ham 4o trén déi trgng d6. Phai chic chédn 13 mot 16p dé
doc mét déi tuong phai gidng 1ép da ghi ra dia.

4. Vao/ra nhiéu doi tuong

Cic chuong trinh OPERS va IPERS da ghi va doc chi mot d6i tugng méi 1dn. Vi du tiép theo mé
ra mét file va ghi s6 luong d6i tugng ma ngudi sit dung mudn. Sau d6 né doc va hién thi toan bd noi
dung ca file d6. Ban 5-12 trinh bay chuong trinh nay, DISKFUN,

Listing 5-12 DISKFUN

/diskfun.cpp

f{doc va ghi vai doi tuong person ra dia
#include<fstream.h> Hlcho vao ra file
class person /flop person
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{
protected:

char name{40]; fiten nguoi

int age; fftuol
public:

void getData() /lay du lieu

cout<<"\nNhap vac ten:";cin>>name;
cout<<"\nNhap vao tuoi:";cin>>age;
1
void showData() {fhien thi du lieu
{
cout<<"\nTen:"<<name;
cout<<"\nTuoi;"<<age;
}
5

void main()
{
person pers; /ftao mot bien person
char ch;
fstream file; {ftao mot file vao vara

{fmo de ghi them vao
file.open("PERSON.DAT" i0s::app | ios::out | ios:in | ios::binary);
fNlay du lieu tu nguoi su dung de ghi ra

{ifile
do
{
cout<<"\nNhap du lien cho nguoi:";
pers.getData(); Hlay du lieu cua mot nguoi

file. write({char*)&pers,sizeof(pers));/ghi no ra dia
cout<<"Co nhap nua khong{c/k)?"
cin>>ch;

H
while{ch=="c’};

file.seekg(0); Hthiet lap lai de bat dau doc
file.read({(char*)&pers,sizeof(pers));
while(!file.eof()) fthoat khi gap cuoi file
{
cout<<"\nNguoi:"; /fhien thi
pers.showData();

file.read{(char*}&pers,sizeof(pers)); //doc nguoi tiep theo

}
}

Day la vai miu tuong tic véi chuong trinh DISKFUN véi gia thigt 1a chuong trinh dé chay trude
day va ba d6i tugng da duoc ghi ra dia.

Nhap du lien cho nguoi:
Nhap vao ten:Oanh

Nhap vao tuoi:22

Co nhap nua khong(c/k)?k
Nguoi:

Ten:Thang
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Tuoi:25"
Nguoi:
Ten:Hung
Tuoi:23
Nguoi:
Ten:Hoa
Tuoi:25
Nguoi:
Ten:Qanh
Tuoi:22

5.3.4, Lop fstream |

Tir trude dén gi®y trong chuong ndy, cdc d6i tuong file ma ching ta da tao hodc 1a dé nhap vao
hodc 1a d€ dua ra. Trong chuong trinh DISKFUN, ching ta d4 tao mét file ma cé thé dimg cho ca
vao va ra. N6 yéu cu mot d6i tugng cua 16p fstream, duge rit ra tir iostream, lostream lai duoc
riit ra ti istream va Ostream bdi vay né c6 thé quan ly ca vao vara,

1, Ham open()

Trong céc vi du truée day, cic doi tuong file duge tao ra va khéi tao trong cling mot cau 1énh:
ofstream outfile(""TEST. TXT");

Trong DISKFUN, chiing ta da sir dung médt cach khac: tao file trong mot 1énh va m& né ‘trong
mt 1énh khéc véi ham open(), né 1a thanh vién cia 16p fstream. Day 12 cich hitu ich trong cdc tinh

. hu6ng ma & d6 viec mo file c6 thé 16i. Ching ta ¢6 thé tao mét d6i twong chi mét 14n rdi sau d6 ma

n6 nhiéu 14n ma khéng c4n tao mét dbi twong stream trong méi 14n mo.

2. Bit ché do

Ching ta 44 bi€t bit ch€ d6 ios::binary trong cic vi du trude day. Trong ham open() c6 mot vai
bit ché d6 mdi. Cic bit ch€ d6 duge dinh nghia trong ios, chi ra nhiéu cich m& mét d6i tuong
stream. Bang 5-11 cho thdy cédc kha nang nay.

Trong chuong trinh DISKFUN, chiing ta sir dung app bdi vi muén giit lai ¢4t ca nhitng gi dd cé
trong file truéc day; bat ké nhimg gi chiing ta muén ghi ra file s& duge thém vao cudi noi dung di
t6n tai. Sit dung in va out dé thue hién cd vao va ra trén cung file d6 va sit dung binary d€ ghi ra
" céc d6i tugng nhi phan, Cac gach thing ding & gifta cdc c& 1am cho cic bit bidu dién céc cd nay
duge két hop (ORed) véi nhau thanh mét s6 nguyén dé vai i cé téc dung déng thoi.

Bdng 5-11. Cac bit ché do cho ham open()

Bit ch& do Téc dung

In M0 d€ doc (mic dinh cho ifstream).

Out M& d€ ghi (mic dinh cho ofstream).

Ate Bit ddu doc hoac ghi & cuéi file (ATEnd).

App Bit d4u ghi tai cuéi file (APPend).

Trunc Cit bo file t6i chiéu dai bing 0 (TRUNCate). -

Nocreat L&i khi mé& néu file khong tén tai.

Noreplace LAi khi mé& d€ ghi ra néu file di tén tai, trit khi ate hodc
" | app duge thiét 1ap.

Binary M¢ file trong ch& d6 nhi phan (mic dinh 12 vdn ban).
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MB&i 14n ching ta ghi mot d6i tuong person ra file dung ham write(). Sau khi két thiic ghi,
ching ta doc lai toan b file d6. Trude khi lam diéu ndy, chiing ta phai thiét 13p lai vi trf hién tai cla
file bang ham seekg(). Lam diéu nay dé diam bdo bit dau doc tai ddu file. Sau dg, trcfng vong lap
while, 14p lai viéc doc mot d6i tuong person tit file va hién thi né trén man hinh.

Cir the ti€p tuc cho dén khi doc tat ca cc d6i tugng person - trang théi nay duge phit hién nhe
ham eof(), n6 trd vé trang thai ca ios::eofbit.

5.4. CAC LOI FILE VA CON TRO FILE

Phin ndy gém hai chi dé ngdn: cach quan 1y 16i vao ra file v céch x4c dinh chinh xdc moét vi tri
-trong file d€ doc va ghi dit lidu.

5.4.1. Quan 1y 16i vao/ra file

Trong cdc vi du vé file tix trude dén gid chiing ta khong quan tam dén c4c tinh huéng 15i. Trong
cdc vi du d6 chiing ta cho ring céc file mé dé doc d4 t6n tai va céc file mé dé ghi c6 thé duge tao va
ghi thém di liéu vao. Ching ta ciing cho ring khong c6 18i gi xay ra trong qud trinh doc va zhi.
Trong mét chuong trinh thyc t€, viéc kiém tra céc gia thiét nhu vay va cdc thao tic thich hop néu
chiing dién ra khong diing 12 rdt quan trong. Mot file ma ching ta nghi 1a da t6n tai cé thé khong
t6n tai hodc moét tén ma chiing ta dinh ding cho mét file méi c6 thé di gan v6i mot file d4 tén tai
hozc c6 thé khong con nhiéu chd tréng trén dia hodic ¢6 mot cira & dia duge mo.

L X Iy cdc ldi

Chuong trinh sau cho thdy cdch quan 1y céc 16i nhu vay mét cach thuan lgi nhét. Tat ca céc thao
tac lién quan dén dia duge ki€m tra ngay sau khi ching dugc thuc hién. Néu mét 15i da xay ra, mot
théng bo duge dura ra va chuong trinh két thic. Chiing ta sir dung k§ thudt d3 duge dé cap tdi truse
day d€ ki€m tra gid tri trd vé tir chinh déi tugng d6, qua dé xédc dinh dugc cdc trang thai 18i ciia né.
Chuong trinh m& mot stream dura ra, ghi mot mang céc s6 nguyén t6i né véi mot 191 goi him
write() va dong déi tugng. Sau dé né mé mot d6i tugng stream vao va doc mang s6 nguyén dé véi
mot 131 goi ham read(). Ban 5-13 trinh bay chuong trinh REWERR. :

Listing 5-13 REWERR

Hlrewerr.cpp

fquan ly loi trong khi vaora
#include<fstream.h> /cho cac stream file
#include<process h> Hleho exit))

const int MAX=1000,
int bufffMAX];
void main{)

{

int j; _

for(j=0;j<MAX;j++) fidua vao day bo dem cae du Heu
bufflj]=;; 0,1,2,..)

ofstream as; fitac mot stream dua ra

os.open("edata.dat”,ios::trunc | ios::binary);

if(los)

{ cerr<<"\nCould not open output file";exit(1);}
cout<<"\nWritting...";

os.write((char*)buff, MAX*sizeof(int)); //ghi ra dia
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if(los)
{ cerr<<"\nCould not write to file";exit(1);}

os.close(); fldong file
for(j=0;j<MAX;j++) flxoa bo dem

bufflj1=0;
ifstream is; /ftao mot stream file vao
is.open{"edata.dat" ios::binary);
if{los)

{ cerr<<"\nCould not-open input file";exit{1);}
cout<<"\nReading...";
is.read({(char*)buff MAX*sizeof(int)); //doc tu file
if{!os)
{ cerr<<"\nCould not read from file”;exit(1);}
: Hkiem tra du lieu.

for(j=0;j<MAX;j++)
if(buffljli=j)
{ cerr<<"\nData is incorrect™;exit(1);}
cout<<"\nData is correct™;

}
2. Phén tich cdc l6i

Trong vi du REWERR, d€ xic dinh xem ¢6 18i xay ra trong mot hoat dong vao ra fllc khéong,
chiing ta kiém tra gid tri tra vé cha toan thé d6i twong stream:

if(!is)
/N16i x4y ra

3 day 1a tra vé mot gid tri con tré néu moi thit dién ra t6t, tra vé O n€u khéng dién ra t6t dep.
Pay 1a cdch ngin nh4t d€ tim 16i: dii 12 18i nao di nita, né ciing duge tim kiém bang céch 8iong
nhau. Tuy nhién, ciing c¢é thé sit dung céc bit trang thai 15i d€ tim ra nhung thong tin cu th€ vé mot
181 vao ra file. Chiing ta d3 bi€t mot s& bit trang thdi nay lam viéc v6i man hinh va ban phim. Vi du
ti€p theo, FERRORS, cho thiy céch sir dung chiing trong trong 1/O. Ban 5-14 trinh bay vi du nay.

Listing 5-14 FERRORS

/Herrors.cpp
#kiem tra loi mo file
#include<fstream. h> {fcho cac stream file
void main(}
{
ifstream file;
file.open("GROUP.DAT" ios: nocreate),
if(!file)
cout<<"\nCan't open GROUP.DAT",
else
cout<<"\nFile open successfully";
cout<<"\nFile="<<file;
cout<<"\nError state="<<file.rdstate();
cout<<"\ngood()="<<file.good(};
cout<<"\neof()="<<file.eof();
cout<<"\nfail()="<<file.fail();
cout<<"\nbad{)="<<file.bad();
file.close();

-

Y
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P4u tien chuong trinh ki€m tra gié tri ctia d6i tuong file. N&u gia tri clia né 13 O thi file c6 thé
khéng mé duge bdi vi né khong tén tai. Day 12 két qué tir chuong trinh FERRORS:

Can't open GROUP.DAT
File=0x0000

Error state=4

good()=0

eof()=0

fail()=4 »

bad()=4

Trang théi 16 tra vé bdi rdstate() 12 4. DPay 1a bit chi ring file khéng t6n tai; né dugc thiét 1ap
t6i true (gid tri khac 0). C4c bit khdc déu duge thi€t lap bing 0. Ham good() tra vé 1 (true) chi khi
khéng ¢6 bit nao dugce thiét lap, boi vay né tra v& 0. Vi khong & cu6i file nén ham eof() tra vé 0. Céc
ham fail() va bad() tra vé gid trj khdc 0 bdi vi ¢6 16i xdy ra.

Trong mét chuong trinh quan trong, mét vai hoac t4t ca cdc ham nay duge st dung sau médi thao
tdc vao/ra d€ ddm béo ring moi thit déu dién ra nhu mong mudn.

5.4.2. Con tro file

Mbi d6i tugng file k&t hop v6i né hai gid tri nguyén goi 14 get pointer (con tré doc) va put
pointer (con tré ghi). Hai gia tri nay cling duge goi 14 current get position (vi tri doc hién tai) va
current put position (vi tri ghi hién tai), hodc néu biét rd gid tri nao réi thi chi cdn ndéi current
position (vi tri hién tai). Cdc gid tri nay xédc dinh 56 byte trong file ma & dé s& dién ra viéc doc va
ghi (thuat ngir pointer trong ngit canh ndy khong nén nhim véi cdc pointer C™* (céc con trd) ducgc
sit dung nhu céc bién dia chi).

Chiing ta thudng muén bt ddu doc tai ddu file va tiép tuc doc cho dén cuéi file. Khi ghi, c6 thé
ching ta mudn bt ddu & déu file, x6a tdt ca ndi dung da c6, hodc & cudi file néu chiing ta muén ghi
thém vao file. Day 1a cdc hoat déng mac dinh, bdi viy khéng ¢ hoat déng nao cia con trd file la
cén thiét & ddy. Tuy nhién, d6i khi ching ta phai diéu khién con tré file dé c6 thé doc va ghi t6i mot
vi tri tity ¥ trén file. Cic ham seekg() va tellg() cho phép thiét 1ap va kiém tra get pointer, cac ham
seekp() va tellp() cho phép thuc hién hanh dong nhu vay d6i vdi put pointer.

1. Xdc dinh vi tri Begin File End -

Chiing ta di c6 mot vi du vé get pointer trong
chuong trinh DISKFUN, - dé ham seekg() thiét
lap t6i ddu file d€ viéc doc bdt ddu tai d6. Dang |
seekg() nay c6 mot d6i s6, né biéu dién vi tri tuyét Vi trf \ e
d6i trong file. Bat ddu cia file 12 byte 0, d6 Ia - Contré file
nhitng gi ma ching ta di ding trong DISKFUN.

Hinh 5-4 cho thdy diéu nay tréng nhir thé nio. Hinh 5-4. Ham seekg() c6 mot ddi s6.

2, Xdc dinh dé léch (offset)

Ham seekg() c6 thé dwoc sir dung trong hai cach. Ching ta da thiy cich thit nhit, & d6 d6i s6
don biéu dién vi tri tinh tir ddu file. Chiing ta ciing ¢6 thé sit dung né véi hai d6i sa, d6i s6 thit nhat
biéu dién do léch (offset), tinh tr vi tri cu thé trong file vi d&i s6 thit hai x4c dinh noi ma do léch
tinh tir d6. C6 ba kha nang cho déi s6 thit hai: beg la dau file, cur 1 vi tri con tro hién tai va end Ia
cudi file. Cau lénh:

seekg(-10,i0s::end);

140



s€ thi€t 14p get pointer (con tro doc) t6i vi tri 10 byte trude cudi file. Hinh 5-5 cho thdy su sip
x€p nay. :

Ban 3-15 trinh bay mot vi du sit dung phién ban hai d6i s& clia hdm seekg() dé tim ra mot doi
tugng person cu thé trong file PERSON.DAT da duge tao bdi chuong trinh DISKFUN va hién thi
dit liéu cho ngudi tim duoe nay.

Listing 5-15 SEEKG

fiseekg.cpp
ftim nguoi cu the trong file
#include<fstream.h> /feho vao ra file
class person /Nop person
{
protected:
char name[40}; ften nguoil
int age; fftuoi
public:
void showData(} /Mhien thi du lien

v
cout<<"\nTen:"<<name;
cout<<"\nTuoi:"<<age;

: }
1
void main()
{
person pers; {itac mot bien person
ifstream infile; /itao mot file vao

infile.open("PERSON.DAT" ios::binary); //mo file

infile.seekg(0,ios::end); Hlchuyen toi byte 0 tinh tu cuot file

int endposition=infile.tellg(});//tim vi tri hien tai cua get
/ipointer

int n=er.dposition/sizeof{pers);//so nguoi trong file

cout<<"\rCo "<<n<<" nguoi trong file";

cout<<"\nTim nguoi so:";

cin>>n; _
int position=(n-1)*sizeof(pers); /ftinh so byte tinh tu dau file
Htoi vi tri can doc
infile.seekg(position); flchuyen toi vi tri do
infile.read({char*)&pers,sizeof(pers));//doc mot nguoi
pers.showData(}; /fhien thi nguoi nay
}

Day 1a két qua dua ra tir chuong trinh, gid st file PERSON.DAT gidng file trong vi du
DISKFUN.

Co 3 nguoi trong file
Tim nguoi so:2
Ten:Thang

Tuoi:25
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b6i véi ngudi st dung, chiing ta ddnh s6 bit
dau tir 1, mic di chuong trinh ddnh s6 tir 0, boi
vay ngudi s6 2 la ngudi thit ba trong file,

Viéc ddu tién chuong trinh 1am 1a tim ra bao | f1 s .
nhiéu ngudi ¢ trong file bing cich chuyén con Do lech tinh tir diu file

tré doc (get pointer) xuéng cudi file véi lénh:

Begin File End

seekg(0,10s::end); l

3. Ham tellg() ?lo léch tinh tit cudi
e
Ham tellg() tra vé vi tri hién tai cla get o,
pointer. Sau khi dua get pointer vé cudi file, J.V! trf hién tai
" chuong trinh sir dung ham tellg() dé€ trd vé vi tri
clia get pointer; diy 1a chiéu dai file tinh bing I
byte. Ti€p theo, chuong trinh tinh todn xem ¢é I-—-‘ll
bao nhién déi tuong person trong file bang cidch Do léch tinh t vi tri
chia kich thuéc cia file cho kich thude clia mot hién tai cla con tré
person; sau dé né hién thi két qua. -
Trong k&t qua dua ra & trén, ngudi si dung Hinh 5-5. Him seckg() ¢6 hai d6i s6.
" xdc dinh d6i tugng thit hai trong file vad chuong
trinh tinh todn xem vi tri ndy hét bao nhiéu byte tinh tir d4u file réi ding ham seekg() d€ dén vi tri
nay. Sau d6 sit dung ham read() dé doc dit liéu cha ngudi & vi tri d6. Cudi ciing né hién thi dit liéu
doc dwge cla d6i tugng véi ham thanh vién showData().

5.5. VAO/RA FILE DUNG HAM THANH VIEN

Tir trude dén gid chiing ta di dé ham main() diéu hanh chi tiét viéc vao/ra file. Didu nay thich
hop cho viéc minh hoa, nhung trong cdc chuong trinh hudng d6i twong thuc t€ viéc cé cac hoat
dong vao ra file nhur cdc ham thanh vién cia mot 16p 12 dwong nhién. Trong phdn nay ching ta cé
hai chuong trinh lam viéc nay. Chucng trinh thit nhét sit dung cdc ham thanh vién théng thudmg
trong d6 mdi d6i tugng déu c¢6 trach nhiém doc va ghi chinh né ra file. Chuong trinh thit hai cho
thdy céc ham thanh vién finh (static member function) c6 thé doc va ghi tat ca c4c d6i tuong clia

mot 16p cung mot lic nhu thé nao.

5.5.1. Cac doi tugng doc va ghi chinh né

Thong thudng, d€ titng thanh vién clia mét 16p doc va ghi chinh né ra moét file 1a ¢é ¥ nghia.
DPay 12 mét cdch don gidn va 1am viéc tSt néu khoéng c6 nhiéu d6i tugng duge doc va ghi cling mot
lic. Trong vi du nay, ching ta thém vao cic ham thanh vién - diskOut() va diskIn() - vao 16p
person. Cac ham nay cho phép mét d6i tugng person ghi chinh né ra dia va doc chinh né tré lai
tir dia. :

Dé don gidn, chiing ta c6 vai gid thiét: thit nhAt, t4t ca cdc d6i tugng cha 16p duge luu trif trong
cling mét file, cé tén 1a PERSON.DAT. Thit hai, cdc d6i tugng méi luén ludn dugc thém vao cudi
file. Mot d&i tuong ciia ham diskIn() cho phép ta doc dif liéu cho bat k¥ ngudi nao trong file. Dé
ngin can viéc doc dit lidu vugt qua cudi file, chiing ta dua vao mot ham thanh vién tinh, diskQut(),
né tra lai s6 ngudi duge luu trir trong file. Ban 5-16 trinh by chuong trinh nay, REWOBJ.

Listing 5-16 REWOBJ

/frewobi.cpp
ffcac doi tuong person thuc hien vao ra dia
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#include<fstream.h>
class person

{
protected:
char name[40]; fften nguoi
int age; Htuei
public:
void getData() /lay du lieu
cout<<"\n Nhap vao ten:"; cin>>name;
cout<<" Nhap vao tuol:"; cin>>age;
! .
void showData() {/fhien thi du lieu N
{
cout<<"\n Ten:"<<name;
cout<<"\n Tuoi:"<<age;
y ;
void diskIn(int): Hdoc tu file
void diskOut(); /ighi ra file
static int diskCount(); {/tra ve so nguoi trong file
1
void person::diskIn{int ph) //doc mot nguoi co so la pn tu file
{
ifstream infile; /tao mot stream
infile.open("PERSON.DAT"): /fmo no
- infile.seekg(pn*sizeof(person)); /idi chuyen con tro file
infile.read((char*)this,sizeof(*this));//doc mot nguoi tu file
!
void person:diskQut( /fghi mot nguol vao cuoi file
{

ofstream outfile:
outfile.open("PERSON.DAT",jos::app | ios::binary);
outfile.write((char*)this,sizeof(*this)); /Ighi ra file

nt person::diskCount() /ftra ve so nguol trong file

{

ifstream infile;

infile.open{"PERSON.DAT" ios tbinary);

infile.seekg(0,i0s::end); {{dua con tro ve cuoei file
return infile.tellg()/sizeof(person);

}

void main()

{

person p; /tac mot doi tuong person rong
char ch;
do
{
cout<<"\nNhap du lieu cho nguoi:";
p.getData();/lay du lieu
p.diskQut(); //ghira dia
cout<<"\n\nCo tiep khong(c/k)™:
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cin>>ch;
1
while(ch=="c"}; ficho den khi nguei su dung go 'k’
int n=person::diskCount{); #co bao nhieu nguoi trong file
cout<<"\nCo "<<n<<" nguoi trong file";
for{int j=0;j<n;j++)

{
cout<<"\nNguoi thu "<<(j-+1); :
p.diskin(); Hdoc mot nguoi tu dia
p.showData(); {fhien thi

}
;

Khéng ¢ qud nhiéu cdi méi & day, hiu hét cdc thanh phdn cla chuong trinh nay ching ta da
gap. No hoat dong giéng nhu chuong trinh DISKFUN. Tuy nhién, chii ¥ rang tat ¢ cdc chi tiét vé
hoat déng vao/ra file dia 1a 4n d6i véi him main(), né duge gifu trong 16p person.

Ching ta khong biét trude dit liéu & dau ma doc va ghi boi vi mbi 461 tugng & mot noi khéc
nthau trong bd nhé. Tuy nhién, con trd this luén bao cho ching ta biét chiing ta dang & dau khi
chiing ta & trong mo6t ham thanh vién. Trong cdc ham read() va write(), dia chi clia déi tugng duge
doc va ghi 1a this va kich thudce cia né 1a sizeof(*this).

Day la mot vai miu tuong tic, cho ring di ¢6 hai ngudi trong file khi chuong trinh bit ddu:

Nhap du lieu cho nguoi:
Nhap vao ten:Hung
Nhap vao tuoi:23

Co tiep khong(c/k)?c
Nhap vao ten:Hoa
Nhap vao tuoi: 24

Co tiep khong(c/k)7k

Co 4 nguoi trong file
Nguoi thu ]
Ten:Binh
Tuoi:24
Nguoi thu 2
Ten:Thang
Tuoi:24
Nguot thu 3
Ten:Hung
Tuoi:23
Nguoi thu 4
Ten:Hoa
Tuoi:24

Néu mudn ngudsi sir dung c6 thé xédc dinh tén file sir dung boi 16p, thay vi ¢& dinh né trong céc
ham thanh vién nhu trong chuong trinh trén, ching ta ¢6 thé tao mét bién thanh vién tinh (vi du
static char filename[15]) va mot ham tinh dé thiét 13p né. Hodc néu muon mdi d6i tugng ghi ra
mot tén file khac nhau thi sit dung ham khéng tinh.
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5.5.2. Cac 16p doc va ghi chinh né

Chiing ta cho ring c6 nhiéu d6i tuong trong bd nhé va mudn ghi tat ci ching ra file. D€ mot
ham thanh vién cho méi d6i tugng me file, ghi déi tugng ra file va sau d6 déng file, nhu trong vi du
REWOBIJ 1a khong hiéu suit. M& file mot 14n, ghi tdt ca cdc d6i tugng ra file va sau d6 déng né sé
nhanh hon rat nhiéu - ¢4 nhi€u d6i tuong hon va diing hon.

1. Ham tinh (static function)

Cé mét cich ghi dong thdi nhiéu d6i twong 1a sit dung mét ham thanh vién tinh. Né dang cho
toan bo ldp hon 12 cho mét d6i trong. Ham nay c6 thé ghi tat ca cc d6i tuong mot lic. Mot ham
nhu vay lam thé nao biét duge t4t cd ¢dc d6i tuong & dau? Né 6 thé truy nhap mot mang con trd trd
t6i cdc d6i twong, ma c6 thé duge lim trit nhy dit liéu finh (static data). Khi mot déi twong duoe tao,
mét con tro tro t6i né duge luu trong mang nay. Mot thanh vién dit Héu finh cé thé biét duge bao
nhiéu déi tugng da duge tao. Ham ghi tinh c6 thé mé file; sau d6, trong mét vong lap, cé thé ludt
qua mang, ghi 14n luot timg d6i tuong; cubi cung né ¢6 thé déng file.

2. Kich thuée cua cdc déi twong ddn xudt

Dé lam cho moi cdi trd nén thy vi, ching ta ciing 1am mot gia dinh chi tiét hon: cdc d6i tuong
luu trong bd nhé cé kich thude khdc nhau. Tai sao c6 tinh hudng nay? Tinh huéng ndy xuft hién
dién hinh khi c6 vai 16p dugc rit ra tir mot I6p co s&. Vi du, xét chuong trinh EMPINH & muc 2.2.
Trong chuong trinh ndy ching ta ¢ mot 1ép employee déng vai trd 13 1dp co s cho cic 16p
manager, scientist va laborer. Cic d6i tuong cua cic 16p din xudt nay ¢é kich thudc khdc phau
bdi vi chiing chita s6 lugng div 1iéu khdc nhau. Do d6, ngoai tén vA mi nhan vién, diing cho tét ci
nhan vién, con ¢é chitc vu cho ngudi quin 1y (manager) va s¢ sdch xudt ban cho nha khoa hoc
(scientist). Khong cé dit liéu thém vao cho cong nhan (laborer).

Chung ta muén ghi dit liéu tit mét danh sdch chifa ca ba d6i tugng dan xudt (manager, scientist
va laborer) chi ding mot vong lip va mot ham thanh vién write() cia ofstream. Nhung dé sir dung
ham nay chiing ta c¢in biét kich thudc ciia d61 tuong cho d6i s6 thit hai ciia hAm write().

Gia sir chiing ta ¢6 mot mang con tré (c6 tén 1a arrap[]) tro t&i cdc d6i tuong kiéu employee.
Cédc con trd ndy c6 thé trd t6i cdc d6i tugng cha ba 16p din xudt (xem chuong trinh VIRTPERS &
muc 4.2). Ching ta biét ring néu sit dung ham 4o chiing ta ¢6 thé tao cdc cau 1énh nhu:

arrap[j}->putData(); .

Phién ban ham putData() phd hgp véi déi tugng dugce trd tdi boi con trd sé duge st dung hon 13
cdc ham 16p co s&. Nhung chiing ta cé thé sit dung ham sizeof() d€ tra vé kich thudc cha mot d6i sé
con tré duge khong? Nghia 1a ching ta c6 thé viét nhit th€ nay duge khong?

outﬁle.write((char*)arrap[j],sizeof(*arrép[j])); /fkhong 8t

Khéng duge, bdi vi sizeof() khéng phai 12 mét ham do. N6 khéng biét ring né cdn xem xét kiéu
cha déi tuong duogc tré téi hon 1a kiéu clia con tro. N6 sé ludn Iuén tra vé kich thudc ciia mot d6i
tuong 16p co s6.

3. Su dung ham typeid()

Lam th€ nao bi€t duge kich thude clha mét con tro néu tit ca nhitng gi chiing ta biét 1a mét con
trd trd téi nd. Cau tra 1di 14 ham typeid(), dd ndi & muc 4.5, Chiing ta <6 thé sir dung him nay dé
tim ra l6p clla mdt d6i tugng va sau dé ding tén I6p nay trong ham sizeof(). Vi du tiép theo cho
thiy né lam viéc nhu th€ nao. Mot khi ching ta dd biét kich thude clia mét d6i tugng, ching a c¢é
thé diing ham write() dé ghi d6i tuong ra dia.
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Chiing ta thém vao mét giao dién ngudi sir dung don gian cho chuong trinh EMPLOY va cho
cdc ham thanh vién 1a do d€ ¢6 thé st dung mang con trd trd t6i cdc d6i tugng. Trong chuong trinh
nidy ching ta cling dua vio mét vai k¥ thuat tim kiém 16i & phin truéc. N6 minh hoa nhidu k¥ thuat
c6 thé dung trong mot chuong trinh ing dung co s& dit liéu. N6 cling cho thdy th€ manh cia OPP.
Bin 5-17 trinh bay chuwong trinh nay, EMPL_IO.

Listing 5-17 EMPL_10

Hempl_io.cpp
/fthuc hien vao ra file tren cac doi tuong employee
/lquan ly cac doi tuong co kich thuoe khac nhau

#include<fstream.h> - licho cac ham file stream
#include<conio.h> ficho getch()
#include<process.h> Hcho exit()
#include<typeinfo.h> ffeho typeid()
const int LEN=32; //do dai cuc dai cua ten
const int MAXEM=100; /fso nhan vien cuc dai
enum employee_type {tmanager,tscientist,tlaborer};
class employee {lop nhan vien
{ private:
char name(LEN]; /ften nhan cong
unsigned long number; //ma nhan cong
static int n; {lso nhan vien hien co :
static employee* arrap[MAXEM]; //mang cac con tro tro toi cac doi tuong
{femployee
publie;
virtual void getdata()
|

cout<<"\n Nhapvao ten:";cin>>name;

cout<<"\n Nhap vao ma so:";cin>>number;
virtual void putdata(}

cout<<"\n Name="<<name;

cout<<"\n Ma so="<<number;

}

virtual employee_type get_type(); //lay kieu

static void add(); /them mot nhan vien

static void display(); {ffhien thi tat ca nhan vien

static void read(}): fidoc tu file dia

static void write(); /fghi toi file dia

static void destroy(); /fxoa cac doi tuong khoi bo nho
5
Heac bilen tinh
int employee::n=0; /50 nhan vien hien co

employee* employee::arrap[MAXEMJ;//mang cac con tro tro toi cac nhan vien
R

class manager:public employee {lop nguoi quan ly
{
private:
char title[LEN]; fichue vu:giam doc, pho giam doc...
public:’

void getdata() .
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{
employee::getdata(); -
cout<<"\n Chuc vu";cin>>title;
h

void putdata()

employee::putdata():
cout<<"\n Chuc vu="<<title;
}
)
.-‘Hfﬂf.-"fﬁfﬂfﬁ‘fﬂﬂﬁh’ﬂa"ffﬂ.-":“.*’;’i’fﬂfﬁfﬂﬁﬂﬂﬂ

class scientist:public employee /lop nha khoa hoe

{
private:
int pubs; //s0 an ban
public: '
void getdata()
{
employee::getdata();
cout<<"\n So an ban da co:"icin>>pubs;
}
void putdata()
{
employee::putdata();
cout<<"\n 8o an ban="<<pubs:
i
5
TR T
class laborer:public employee /Mop cong nhan

{h
.-’Hﬂfﬁf.-"f!ﬁfﬁﬂ!ﬂH,-"ff':‘f‘!;"#ﬁfﬂﬂfﬁfﬁfﬁfﬂfﬂ

//dinh nghia cac ham thanh vien

/ftra ve kieu cua doi tuong nay

employee_type employee::get_type()
{

if(typeid(*this)==typeid(manager))
return tmanager;

else if(typeid(*this)==typeid(scientist))
return tscientist;

else if(typeid(*this)==typeid(laborer))
return tlaborer;

else
{ cout<<"\nKieuy employee sai”;exit(1);}

}

/ffthem mot nhan vien vao danh sach trong bo nho
void.employee::add() '
{

cout<<"\n Go 'm' de them vao mot nguel quan ly";
cout<<"\n Go 's' de them vao mot nha khoa hoe";
cout<<"\n Go'l' de them vao mot cong nhan";
cout<<"\n\n Lua chon:":
switch(getch()) /tao kieu employee cu the

{

case 'm"arrap[nj=new manager; break;
case 's"arrap[nl=new scientist; break;
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case '"arrap[n]=new laborer; break;
default:cout<<"\nKhong biet kieu nhan vien nay";return;
H .
arrapln++]->getData(); #lay du lieu tu nguoi su dung
3
/fhien thi tat ca nhan vien
void employee::display()

{
for(int j=0;j<n;)++}

{ _
cout<<'\n'<<(j+1), ffhien thi so thu tu
switch(arrapljl-—>get_type()} /hien thi kieu

{

case tmanager:cout<<". Kieu:Nguoi quan ly";break;
case tscientist:cout<<".Kieu:Nha khoa hoc";break;
case tlaborer:cout<<" Kieu:Cong nhan";break;
default:cout<<".Khong biet kieu nay.";return;
1
arrapiji—>putData();
:
) }
fighi tat ca cac doi tuong hien co ra file
void employee::write()

{
int size;
cout<<"Dang ghi..."<<n<<" nhan vien.";
ofstream outfile; {ftao mot stream file de ght
employee_type etype; {kieu cua doi tuong employee

{/mo file o che do nhi phan
outfile.open("EMPLOY.DAT",ios::trunc | ios:binary);
if(outfile) . -

{cout<<"\nKhong mo duoc file";return;}
for(int j=0;j<n;j++)
{
etype=arrapljl->get_ type();
outfile.write((char*)&etype,sizeof(etype));//ghi kieu employee
switch{etype) '
{
case tmanager:size=sizeof{manager);break;
case tscientist:size=sizeof(scientist);break;
case tlaborer:size=sizeof(laborer);break;

outfile.write{{char*}arr[j]),size);
if(!outfile)
{cout<<"\nKhong ghi duoc ra file";return;}

}

- lidoc du lieu cho tat c# cac nhan vien tu file dua vao bo nho

void employee:read()

{
int size; //kich thuoc cua mot doi tuong employec cu the
employee_type etype;//kieu employee
ifstream infile; /ftao mot stream file doc vao

infile.open("EMPLOY.DAT" ios:binary);//mo o che do nhi phan



if(!infile}
{eout<<"\nKhong mo duoe file";return;}
n=0; ffchua co nhan vien nao trong bo nho
while(1) :
{
infile.read((char*)&etype,sizeof(etype));
if(infile.eof()) /thoat khoi vong lap khi gap EOF
break;
if(Yinfile)
{cout<<"\nKhong doc duoc kieu nhan vien tu file";return;}
switch{etype)
{

case tmanager:
arrap[n]=new manager;
size=sizeof(manager);
break:
case tscientist;
arrap[nl=new scientist;
size=sizeof(scientist);
break:
case tlaborer:
arrap[nj=new laborer;
size=sizeof(laborer);
break;
default:cout<<"\nKhong biet kieu trong file";return;
}
//doc du lieu tu file vao no
infile.read((char*)arrapin],size);
if(linfile) .
{cout<<"\nKhong doc duoc dulieu tu file";return;}
n++;
3 /fket thue vong lap while
cout<<"\nBDa doc ducc "<<n<<" nhan vien";
}
//xo0a bo nho duoc cap phat cho cac nhan vien
void employee::destroy()
{
for(int j=0;j<n;j++)
delete arrap(jl;
!
T
void main{)
{
while(1)

cout<<"\n Go 'a' -- Them du lieu cho mot nhan vien"
<<"\n Go 'd' -- Hien thi du lieu cho tat ca nhan vien"
<<"\n Go 'w’' -- Ghi tat ca nhan vien ra file"
<<"\n Go 'r' -- Doc tat ¢a nhan vien tu file”
<<"\n Go X' -- Thoat khoi chuong trinh”
<<"\n\n Lua chon:";
switch{(getch()) -
{

case 'a"
employee::add();
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break;

case 'd"
employee::display();

break;

case 'w"
employee:write();

break;

case 't
employee:read();

break;

case 'x":
employee::destroy();
break;

default:cout<<"\nKhong biet lenh nay";
3
}
}

4. Md héa s6 cho kiéu doi tuong

Chiing ta da biét cich tim ra 16p clia mét d6i tugng trong bo nhd, nhung 1am thé nio biét dugce
16p cia déi tuong ma dif liéu cia né phai doc vao tir dia. Khéng ¢6 ham nao gitip ching ta lam viéc
nay. BSi vay, khi ghi dit lién cia mét d6i tuong ra dia, chiing ta cdn ghi m6t ma s6 (bién enum
employee_type) truc ti€p ra dia ngay trude dir liéu ctia d6i tuong. Sau d6, khi doc mot d6i tuong trd
Iat tir file vao b nhé, ching ta doc gid tri nay va tao mot doi twong méi cha kiéu duge chi ra. Cubi
cung copy dir lidu tir file vao d6i tuong mdi nay.

5.6. CAC TOAN TU CHONG << VA >

Phén nady ching ta s€ néi cdch chong cdc todn tir chén (>>) va todn tir 1dy ra (<<). Day 1a mot
dic diém manh clia C**. N6 cho phép ta vao ra véi cic kiéu dit lieu duogc dinh nghia bdi ngudi sir
dung giéng nhu cdc kiéu dir liéu co ban nhu int va double. Vi du, n€u c6 mot dé6i tuong cia 16p
bowl 13 bl thi ta c6 thé dua né ra man hinh véi lénh :

cout<<bl;
y nhv thé né 13 mot kiéu dit lidu co ban,

Chiing ta c6 thé chéng cdc todn tlt chén va 14y ra dé ching 1am viéc véi man hinh va ban phim
(cout va cin). Ching ta c6 thé chéng chiing dé€ chiing lam viéc véi céc file dia.

5.6.1. Chong cho cout va cin

Bén 5-18 trinh bay mét vi du, ENGLIO, chéng todn tir chén v 14y ra cho 16p English dé chiing
1am viéc véi cout vi cin. _

Listing 5-18 ENGLIO

Henglio.cpp
/ltoan tu chong << va >>
#include<iostream.h>
class English
{
private:
int feet;
float inches;
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public;

English(}
{feet=0;inches=0.0;} /fham tao khong doi so
English(int ft,float trong) /fham tao hai doi so

{feet=ft;inches=in;}
friend istream& operator>>(istream& s ,English& d);
friend ostreamé& operator<<(ostreamé& s,const Engilish& 4);

5

istream& operator>>(istream& s,English& d)//lay khoang cach tu nguoi su dung
{ :
cout<<"\nNhap vao feet:";s>>d.feet; /lsu dung toan tu chong >>
cout<<“\nNhap vao inches;";s>>d.inches:
return s;
'
{//hien thi khoang cach
ostream& operator<<{ostream& s,const English& d)
{
s<<d.feet<<"\'-"<<d.inches<<'\"; /fsu dung toan tu chong <<
return s;

H :
I TR T T

void main()
{
English dist1,dist2; //dinh nghia cac doi tuong Enghsh
cout<<"\nNhap vao hai gia tri English:":
cin>>dist1>>distd; lay du lieu tu nguoi su dung

English dist3(11,6.25); {/dinh nghia va khoi tao dist3
cout<<"\ndist1="<<dist 1 <<"\ndist2="<<dist2;
cout<<"\ndist3="<<dist3:

}

Chuo’ng trinh nay yéu cdu ngudi sir dung nhap vao hai gia tri khoang cich va sau dé hién thi
céc gid tri ndy va mot gia tri khic (11-6.25") duoc khéi tao trong chuong trinh. Pay 1a vai mau
tuong tic:

Nhap vao hai gia tri English:
Nhap vao feet:4

Nhap vao inches:2.25

Nhap vao feet:6

Nhap vao inches:6.75
dist]=4'-225"
dist2=6"-6.75"
dist3=11'-6.25"

Chii ¥ rdng trong him main() cic d6i tuong English duoc déi xir thuan tién va ty nhién, glong
nhur bat ky ki€u nao khdc, sir dung lénh chang han nhu:

cin>>dist]>>dist2;

cout<<"\ndist1="<<dist l<<"\ndist2="<<dist2;

Cac ham operator<<() vi operator>>() phai 14 ban cha 16p English, boi vi cdc doi tuong
istream va ostream xuft hién bén trdi todn tir (xem cdc ham ban & muc 4.6). Chiing tra vé, theo
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tham chi€u, mét d6i tugng cia istream (cho >>) hoidc ostream (cho <<). Gid tri tri vé niy cho phép
méc n6i dé nhiéu gid tri ¢é thé nhap vao hodc dua ra trong mot cau lénh,

Céc todn tir ¢6 hai d6i s6, ca hai duge truyén theo tham chidu. Déi s6 thit nhét 1 mot ddi tuong
cia istream (cho >>, thudng la cin) hoic ostream (cho <<, thudng 12 cout). D&i s6 thit hai 13 dé6i
trong duge hién thi, trong vi du nay 1a d6i tugng English. Trén thuc t€, d6i tuong stream va
English dugc truyén theo tham chiéu cho phép ham thay déi chiing. Todn tir >> 14y két qua nhép
vao tir stream duge chi 1d trong d6i sé thit nhit va copy nd vao dit liéu thanh vién cha d6i tuong
duge chi 6 trong d6i s6 thit hai. Todn tit << copy dif liéu tir d6i tugng duoc chi ré trong d6i s6 thit
hai va gifi né vao stream dugc chi rd trong d6i s6 thit nh4t. Ching ta c6 thé chéng todn tlir chen va
todn tir 14y ra cho cdc 16p khic theo cich nay.

Chi ¥ riing const dimg trudc d6i s6 thi hai cda todn tir <<. N6 dam bao ring viéc dua ra mét
gi4 tri English khong 1am thay, d6i né.

5.6.2. Chang cho céc file

Vi du ti€p theo cho thdy c6 thé chéng cdc todn 1t << vi >> trong 16p English d€ ching lam viéc
véi ca vao/ra file va cout,cin. Ban 5-19 trinh bay chwong trinh ENGLIO2,

Listing 5-19 ENGLIO2

Henglio2.cpp -

fftoan tu chong << va >> lam viec voi file
#include<fstream.h>

class English

{
private:
int feet;
- float inches;
public:
English(}
{feet=0;inches=0.0;} //ham tao khong doi so
English(int fi,float in) ffham tao hai doi so
{feet=ft:inches=in:}
friend istreamé& operator>>(istream& s,English& d);
friend ostreamé& operator<<(ostreamé& s,const English& d);
5

/lay khoang cach tu file hoac tu ban phim
" istream& operator>>(istream& s,English& d)

{
char dummy; Hcho!', -, va "
s>>d.feet>>dummy>>dummy>>d.inches>>dummy; f/chong toan tu >>
return s;

f{gut toi file hoae man hinh voi toan tu chong <<
ostreamé& operator<<(ostream& s,const English& d)

s<<d.feet<<"\'-"<<d.inches<<'\"; {fsu dung toan tu chong <<
return s;

H
T T e
void main() '

{

char ch;
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English dist1;

ofstream ofile; fftao va mo mot file de dua ra

ofile.open("DISK.DAT";

do

{
cout<<"\nNhap vao khoarg cach Anh:";
cin>>distl; /flay khoang cach tu nguoi su dung
ofile<<dist1; /fghi no ra file
cout<<"\nCo tiep tuec nua khong(c/k)?";
cin>>ch;

h
while(ch!="k"; .
ofile.close(); Hdong file lai
ifstream ifile; ftao va mo mot stream file vao
ifile.open("DISK.DAT");
cout<<"\nNoi dung cua file dia la:";
while(1)
1 '
ifile>>dist1:
if(ifile.eaf()) break:
cout<<"\nKhoang cach = "<<digt1; //hien thi khoang cach
}
h

Céc todn tit chéng thay ddi rét it so v6i chuong trinh ENGLIO. Toén tir >> khong con théng bdo
dé nhéap vio bdi vi khéng c6 ¥ nghia khi théng bio cho mét file. Khi nhin vio tit ban phim, chiing
ta cho ring ngudi sir dung biét cach nhap vao gia tri feet va inches, bao gém ci d4u phdy trén, dau
gach ngang va déu nhdy kép, ching han nhap vio 19'-2.5". Todn tir << khong thay déi. Chuong
trinh yéu cdu ngudi sir dung nhap vao, ghi mbi gia tri English ra file nhu n6 cé. Khi ngudi sir dung
ket tnic viéc nhap, chuong trinh doc va hién thi tat ca cdc gid tri tix file. Day 1a mot vai miu tuong
tac vdi chuong trinh:

Nhap vao khoang cach Anh:2'-4.5"
Co tiep tuc nua khong(c/k)?c

Nhap vao khoang cach Anh:6'-2.65"
Co tiep tuc nua khong(c/k)?c

Nhap vao khoang cach Anh:5'-0.5"
Co tiep tuc nua khong(c/k)?k

Noi dung cua file la:

Khoang cach = 2'-4.5"

Khoang cach = 6'-2.65"

Khoang cach = 5'-0,5"

Néu nguoi sir dung bi 18i nhap vao khodng céch véi dﬁu cau khong ding thi khoang cédch sé
khéng duoc ghi ra file va file s€ khong dugce doc bang todn tit <<. Trong chuong trinh thuc (€, viéc
ki€m tra 16i 12 c4n thiét. : :

5.6.3. Chong cho vao/ra nhi phan

Tir truSe dén gids chiing ta mdi néi dén vigc chéng céc todn tlr << va >> cho vaofra dinh dang.
Chting c6 thé dugc chéng cho vao ra nhi phan khéng? Pay c6 thé 12 mét cdch c6 hieu qua dé luu trix
théng tin, dac biét n&u d6i tuong chita nhiéu dit liéu 6.

D€ ¢6 vi du, ching ta luu céc d6i twong person ra céc file dia & dang nhi phin (xem vi du
VIRTPERS & myc 4.2). Dang nhi phan 6 nghia 12 dit liéu trén dia s& cé dang gi6ng nhu trong bo
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nhé. Dit liéu nay bao gém mét trudng tén 40 ky tw vA mot trudng tuéi 14 mot s6 nguyen. Cac ham
thanh vién cla ching dugc ding dé 14y dit liéu nay ti ban phim va hién thi ching. Cac todn tir <<
va >> duge chéng dé ghi dir lieu téi mét file dia va doc né trd lai, sit dung read() va write(). Ban
5-20 trinh bay chuong trinh nay PERSIO.

Listing 5-20 PERSIO

Hpersio.cpp

//chong toan tu >> va << cho cac doi tuong
/luu tru du lieu nhi phan trong file
#include<fstream.h>

class person

{
protected:
char name[40]; fiten nguoi .
int age; Htuol
public:
void getData() /Nay du lieu
cout<<"\n Nhap vao ten:"; cin>>name;
cout<<" Nhap vao tuoi:"; cin>>age;
} .
void showData() ffhien thi du lieu
{
cout<<"\n Ten:"<<name;
cout<<"\n Tuoi:"<<age,;
H
void persin(istreamé& s) /{doc vao tu file
s.read((char*)this,sizeof(*this)):
void persout{ostreamé& s) /{doc ra khoi file

s.write((char®)this,sizeof(*this));

friend istreamé& operator>>(istream& s,person& p);
friend ostream& operator<<(ostreamé& s,person& p);
15
//dinh nghia cac ham ban
istream& operator>>(istream& s,person& p)
{
p.persin{s);
return s;

}

ostream& operator<<{ostreamé& s,person& p)
{
p.persout{s);
return s;

}
i

void main{)

{

person persl,pers2,pers3,pers4;//tao 4 doi tuong person rong
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cout<<"\nNguoi thu 1:";  /lay du lieu cho nguei thu nhat
persl.getData(); :

cout<<*\nNguoi thu 2:";  /lay du lieu cho nguoi thu hai
pers2.getData();

. fftac mot file de dua ra
ofstream outfile("PERSON.DAT",ios::binary}:

outfile<<persl<<pers2: fighi ra file

outfile_close(); /idong lai

ifstream infile("PERSON.DAT" ios::binary);/ftao mot stream file vao
infile>>pers3>>persd; fIdoc tu file vao pers8 va persd

cout<<"\nNguoi thu 3"; *  //hien thi cac doi tuong moil
pers3.showData(); '
cout<<"\nNguoi thu 4";

pers4.showData();

}

Chiing ta d phdi vuot qua mot réc 16i trong cic todn tir chéng >> va <<. Céc todn tir nay phai la
cac ham ban boi vi mét d6i tuong stream duoc dun g lam d6i s6 bén trdi. Tuy nhién, b3i vi chiin gta
sit dung dang nhi phan nén truy nhap truc ti€p dif liéu cka d6i tuong person trong béd nhé Ia thuin
tién nhét, né duge quan 1y véi con tro this. Nhung con tré this khong thé diing dugce trong c4c ham
ban. B&i vay, tir trong céc todn ti¥ chéng chiing ta phai goi cdc ham thanh vién ciia person la
persin() va persout(} dé thuc hién viéc doc va ghi.

Trong ham main(), chuong trinh 14y dit liéu cho hai d6i tuong person tir ngudi sit dung, ghi ra
dia, doc tr& lai vio hai d6i tugng khic va hién thi noi dung hai d6i tugng méi nay. Sau day la vai
méu tuong tac: :

Nguoi thu 1:
Nhap vao ten: Binh
Nhap vao tuoi: 23
Nguoi thu 2:
Nhap vao ten: Thang
Nhap vao tuoi: 24
Nguoi thu 3
Ten:Binh
Tuoi:23
Nguoi thu 4
Ten:Thang
Tuoi:24

Chiing ta thdy su méc néi céc todn tir cho phép mot 1énh trong him main() ghi hai d6i tugng
person ra dia:

outfile<<pers 1 <<pers2;
va mot lénh doc dir liéu tir file vio hai d6i tvong person:

infile>>pers3>>persd;

5.7. BO NHG NHUMOT POI TUONG STREAM

Chiing ta c6 thé d6i x{t véi mot phén clia bo nhé nhu 1a mot d6i tugng stream, chén dix liéu
vao né y nhu chén vio mét file. Day duoe goi 12 dinh dang bo nhé trong. No rat hitu ich trong nhiéu
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tinh huéng, vi du, v6i cdc ham trong méi trudng GUI (chang han nhu Window) ma & dé viéc ghi
dif liéu tdi mot hop hoi thoai hay mot clra sé yéu cdu dit liéu phai 13 mot chudi, cho du 13 s6. Dua
chubi nay trong mot phin bd nhd, sir dung c4¢ iostream véi vio/ra dinh dang, sau dé goi cac ham
GUI véi d6i s6 1a chudi d6. Tat nhién con c6 nhiéu tinh huéng ma & d6 dinh dang bo nhé trong
rdt thugn tién, '

5.7.1. Kich thudéc bé dém co dinh

Cé mot ho 16p stream cai dit cho dinh dang b nhd trong nhr vay. D€ dua ra bo nhd, ¢é
ostrstream, né duge riit ra tir 16p ostream. D€ doc vao tr bo nhd cé istrstream, né dugc it ra tir
l6p istream va dé doc ghi cac d6i tugng bo nhé 6 strstream, né duge it ra tir iostream. DE sit
dung cdc déi tugng bd nhé chiing ta odn ¢6 file titu dé STRSTREA.H. Vi du sau cho thdy cdch sit
dung ca cdc d6i tugng ostrstream va istrstream. Ban 5-21 trinh bay chuong trinh STRSTR.

Listing 5.2 STRSTR

Hstrstr.cpp
{fsu dung doi tuong bo nho
#include<strstrea.h>

const int SIZE=80;
void main()

{ .
char membuff[SIZE]: . {bo nho dem
ostrstream omem(membuff,SIZE); //tao mot doi tuong be nho de dua ra

int 0j=77;

double 0d=890.12:
char ostr1[]="Thang";
char ostr2[]="Binh";

omem<<"gj= "<<gj<<endl
<<"od="<<od<<endl
<<"pstrl= "<<pstrl<<endl
<<"pstré= "<<ostr2<<endl

<<ends; ffket thuc bo dem voi'\Q'
cout<<membuffl: {fhien thi bo dem
char dummy[2°]; //khai b=o cac bien moi de doc vao tu bo nho
int ij;
double id;
char istr1[20];

char istr2[20];

_istrstream imem(membuff,SIZE);//tao mot doi tuong bo nha de doc vac
imem>>dummy>>ij>>dummy>>id>>dummy>>istr1>>dummy>>istr2;

cout<<"\nij= "<<ij<<"\nid= "<<id
<<"\nistrl= "<<istrl<<"\nistr2= "<<istr2;

1. Dot tuong ostrstream

. Mot cdch sir dung d6i tugng ostrstream 1a bit ddu véi bo dém di lieu ki€u char*. Sau d6
chiing ta tao mét d6i tugng ostrstream, diing bo nhé dém va kich thude cia né 1am d6i s6 cho ham
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tao clia d6i tugng. Sau d6 c6 thé giri viin ban dinh dang t6i d6i tuong ostrstream, dimg todn tir <<,
y nhur gl van ban t6i cout hodc mét file dia.

Khi chay chuong trinh, membuff s& duge dién ddy van ban dinh dang:
0j=77\n0d=890.12\nostr1=Thang\nostr2=Binh\n\0

Chiing ta ¢6 thé dinh dang van ban bing cdc tic tlr, y nhur 1am véi cout. Tée tir ends chen mot
ky tw \O' vao cudi chudi (dimg quén tdc tir nay; chudi phai duge két thic biang ky tu \0' ma 16 lai
khong duge ty dong thém vao). Chuo‘ng trinh bay gi¢ hién thi ndi dung clia bé dém nhu mét chudi
kiéu char:

cout<<membuff;
Day 1a két qua chra ra:
oj=77
od= 890.12

ostrl= Thang
ostr2= Binh

Trong vi du nay chwong trinh hién thi n¢i dung ciia bo dém chi d€ cho thdy bo dém trong nhu
thé nao. Thong thudng chung ta s€ c6 mot fing dung wu viét hon cho van ban dinh dang nay, ching
han nhwr chuyén dia chi ctia bd dém tSi cédc haim GUI dé hién thi trong hop hai thoai.

2. Dgng vao bo nhé (input memory sireams)

Ung dung théng thudng nhdt cho dinh dang b nhd trong 1a luu tri¥ van ban trong bo nhé sit
dung mét d6i tuong ostrstream. Tuy nhién, chiing ta cling c6 thé doc dit liéu dinh dang ra khoi b
nhd va hiru né trong céc bién. Diéu niy cho phép ta chuyén nhiéu gid tri ngay vr dang ky tu s& sang
cdc gid tri s6 thay vi phéi ding cdc ham chuyén d8i clia rieng ngén ngit C nhu atof() va atoi().

Phan thit hai clia chwong trinh STRSTR 14 tao mét d6i tugng istrstream, imem va néi né véi
cung bd dém, membuff, ma duge sit dung cho ddi tuong ostrstream trude day. San dé chuong
trinh doc dit liéu ra khoi imem va dua vio céc bién thich hop. G day tr dong chuyén déi dit licu
char* dinh dang sang cdc bién ki€u int, double vi char. Cudi ciing chuong trinh hién thi gi4 tri
clia cdc bign nay dé thay qud trinh chuyén ddi cho két qua ding. Pay 1a phdn thit hai cia két qua
dua ra:

=77

id= 890.12

istr1= Thang

istr2= Binh

Chi ¥ ring, d€ qua trinh chuyén déi nay lam viéc, cic bi€n trong membuff phai duoc giGi han
boi cde ky tu tring. DS 1a 1y do tai sao ching ta phai dé cdc khodng tring sau diu bang khi ghi dir
lién vao omtem trong phén thit nhdt cia chuong trinh.

Ciing ein luu y 1 khi doc dit liéu ra khoi imem dua vio cdc bién riéng biét, dé khong c6 cic
van ban trong cdc bién, ching ta doc cdc chum ngin ndy vao mot bé déem goi 1a dummy va sau d6
bo chiing di.

3. Pho dung (universality)

D& tap trung sy chii ¥ vao k§ thuat dinh dang bé nhé, trong vi du trén chiing ta chi trinh bay moét
minh ham main(). Néu ching ta viét mét chuong trinh hudng dsi tuong, c6 thé mudn dua cdc
chuong trinh dé quan 1y vao/ra bo nhd trong vio cic ham thanh vién dé céc d6i tugng c6 thé doc ghi
chinh né i bd nhé.
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Néu quén 1y moi thit t6t, chiing ta c6 th€ sit dung cling mot ham thanh vién d€ doc va ghi d6i
tuong t6 bo nhé ciing nhu doc va ghi chiing téi file dia. Chéng toén tir << va >> dé lam viéc véi céc
file dia. Sau d6 dé tén ciia d6i tugng file (hoic 1 istream hoic istrstream hodc ostream hoic
ostrstream) duoc truyén nhu d6i s8 t6i ham, nhu trong chuong trinh REWOR].

4. Con tré file

Cdc con trd file, ching han cdc con trd file duge quan Iy boi seekg() va tellg() c6 thé duoge dung
véi cdc d6i tuong bo nhé y nhu véi cic d6i tugng file.

5.7.2. Kich thuéc bo nhd dong

C6 mét loai thit hai cha d6i tugng ostrstream. Thay vi phéi gén déi tugng bo nhd téi mot bo
dém dugc dinh nghia boi ngudi ding, nhu trong chuong trinh STRSTR, ching ta cé thé tao mot d6i
twong ostrstream ma cé thé tu cip phat bé nhé cho riéng né va diéu chinh kich thudc cia né mot
cich dong dé giit bat ¢t cdi gi chiing ta dat vao n6. D lam duge diéu nay, ching ta chi cdn dinh
nghia dé tugng khéng cé d6i s6. Mot khi né duoc dinh nghia, duge dién dif liéu vao, thi né sé md
rong d€ giit bat et gi it vio né. Néu tiép tuc thém dit lieu vao, d6i tugng sé tiép tuc md réng. Ban
5-22 trinh bay chuong trinh AUTOSTR.

Listing 5-22 AUTQSTR
Hautostr.cpp
fighi du lieu dinh dang vao bo nho
#include<strsirea.h> Heho lop ostrstream
void main()
{
ostrstream omem; /ftao mot doi tuong straem dong
omem<<"j= "<<111<<endl //chen cac so vao ostrstream
<<"k="<<2 3456<<endl;
omem<<ends; ket thue voi '\O'
char* p=omem.str(}; Nay dia chi cua bo dem
cout<<p; /Mhien thi no

}

Trong chuong trinh chiing ta tao mét d6i twgng ostrstream (chi y 1a khong c6 déi s8) va dat dir
liéu vao né: s6 nguyén 111 va s6 dau phdy dong 2.3456. D€ hién thi ndi dung cha né, chiing ta sir
dung ham thanh vién str(), né tra vé mot con trd kiéu char* trd téi viing nhé chita di liew:

char* p=omem.str();

Sau d6 chiing ta c6 thé sit dung con tré nay giri t6i mét ham khéc d€ hién thi dit liéu va truy
nhép né cho cdc muc dich khéc. Trong chwong trinh, chiing ta chén con trd t6i cout:

cout<<p;
Két qua dva ra nhu sau:

=11
k=2.3456

Dién hinh, gid tri con tré duge gini t6i mot ham GUI d€ hién thi dit lieu. Cich sit dung
ostrstream nay Iam viéc tot, né giam bét cong viée cai dit bo dém va su lo ling vé do 16n cla nd.
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Néu sir dung cach chi ra & trén, dat dif liéu vao d6i tuong ding mét lénh, sau dé 14y gid tri clha con
trd tro t6i dit lieu va khéng bao gior thay déi néi dung hoac truy nhap lai dit liéu thi moi thi lam viéc
nhu mong doi.

Tuy nhién, di vuot ra ngoai cdch nay nhiéu s& nhanh chéng roi vao ric r6i. Tai sao vay? Nhé
ring cic d6i tuong ostrstream dong khong trong mong vao b dém dugc cung cap bdi ngudi sir
dung, ching phai tw dong c4p phdt bo nhé dé luwu trit dif lieu cia chiing. Néu dat thém div liéu vao,
chiing phai di tim viing nhé phit hop véi s6 lugng dit lieu cia ching. Néu cit ti€p tuc thém dit liéu
nia thi ching c6 thé phai chuyén dif liéu t6i mot noi khéc trong bé nhé dé kich thude viing nhd
cla chiing ting 1én. Nhung néu di tim ra noi dat dif lieu bang str() thi d6i twgng s& khong di
chuyén dit liéu cha n6 duoc nita. Ngodi ra, chiing ta phai c6 tréch nhiém hity bé viing nhé cta né
bang delete. )
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CHUONG 6

CAC BAN MAU

Céc ban miu (templates) 1a co ch€ bén trong cho céc 1dp congteno hién dai, ching han nhu thr
vién miu chudn (STL) mé ching ta s& néi trong phén cdu tric dit liéu. B vay trong chuong nay
ching ta sé tim hiéu cdch tao va sit dung cdc ban miu (c2 miu ham va lo‘p) Trong chuong nay
chiing ta ciing tim hién vé 16p strmg chudn, d6 13 mot 16p quan 1y cdc mang k¥ tu rat hifu hiéu,
thuan lgi hon chudi ky tu char* cta C rit nhiéu. Chiing ta ciing néi vé cédch tao cac chwong trinh
nhiéu file.

6.1. MAU HAM
Gia sit ching ta mudn viét mét ham (function templates) trd vé gid tri tuyét d6j cha hai sd.
Thong thudng ham nay duogc viét cho mot kiéu dit lieu cu thé:
int abs(int n) J/gia tri tuyét déi cua cac s6 nguyén
{return (n<0)? -n:n;} //Mméunam trd vé -n
( day ham duoc dinh nghia ¢6 mat déi s6 kiéu int va trd vé mot gid tri cing kiéu. Nhung bay
gi% néu chiing ta mudn viét mot ham tim gid tri tuyét d6i cia mot gid tri ki€u long, ching ta phai
viét mot ham hoan toan mai:
long abs(long n) //gia tri tuyét d6i cia céc s6 long
{ return {n<0)? -n:mn; }
Va, dé cho kidu float:

float abs(float n}) {/gid tri tuyét d6i cia céc s6 float
{ return (n<®)? -n:n; ]

Céc trudng hgp déu c6 than ham gidng nhau, nhung phai tdch thianh cdc ham riéng biét béi vi
ching quan 1y cic bién thudc cdc kiéu dif liéu khdc nhau. C** cho phép chéng cic ham nay dé cé
ciing tén, cho dit vy ching ta vAn phai viét cdc dinh nghia hAm cho mdi trudng hop. Trong ngén
ngit C, khong tro gidp viéc chdng ham nén cic ham cho cdc kiéu khdc nhau khéng thé cé ciing tén.
Chinh vi vy, trong thir vién ham C cé nhimg ho ham ¢6 tén tuong tw nhau, chéng han abs(), fabs(),
labs(), cabs()...

Viét di viét lai cing mot than ham cho cdc kiéu dit liéu khdc nhau l&ng phi thdi gian ciing nhu
khodng tréng trong chuong trinh. Ngoai ra, n€u tim thy mét 161 trong moét ham nhu vy thi ching
ta phai nhd stra né trong timg than ham.

S& t6t hon néu cé mot cach dé viét mot than ham nhi vay chi mot 14n va bao né 1am viée cho

nhiéu kifu dit liéu khdc nhau. Day 1a t4t ca nhiing gi ma miu ham 1am ghip chung ta. Y tudng d6
dugc chi ra bing so dé trong hinh 6-1.

6.1.1. Mau ham don gian

Vi du d4u tién cho théy cdch viét mot ham gid tri tuyét d6i nhue méi mau ham dé né 1am viéc véi
bt k¥ ki€u dif liéu s& co ban nao. Chuong trinh ndy dinh nghia m6t bin miu cha abs() va sau dé,
trong ham main() goi ham ndy 6 14n véi cdc kiéu dit lieu khidc nhau d€ minh hoa ring né lam viéc.
Bén 6-1 trinh bay chuong trinh TEMPABS.
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Mét miu ham trong

. /_@inh ngudn

template<class T
T fune(T arg)

Ki¢y doi s6 xdc dinh
ham cy thé

i11=func(i2); cl=func{c2), fl=func{f2);

char func(char arg)

float func(float arg)

{

}

Nhiéu him méu
trong bd nhé

Hinh 6-1. M6t miu ham.

Listing 6-1 TEMPABS

{itempabs.cpp
//lham mau duoc dung cho ham gia tri tuyet doi
#include<iostream.h>
template <class T> /ham mau -
T abs(T n)
{

return (n<0)? -n : n;

void main()
{

int int1=5;
int int2=-6;
long lon1=7000L;
long lon2=-8000L;
double dub1=9.95;
double dub2=-10.15;

cout<<"\nabs("<<intl<<")= "<<abs(int1): /fabs{int1)
cout<<"\nabs("<<int2<<")= "<<abs(int2); Habs(int2)

- NGLTC++&CTOULIEU
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cout<<"\nabs{"<<lonl<<")="<<abs(lenl); ffabs{lenl}

cout<<"\nabs("<<lon2«<<"="<<abs(lon2); /abs(lon?)

cout<<"\nabs{("<<dubl<<")= "<<abs(dubl); /Heks(dubl)

cout<<"\nabs("<<dub2<<")}= "<<abs(dub2); /aos(dub2)
}

Day 13 két qua dua ra cha chuong trinh:

abs(3)=5
abs(-6)=6
abs(7000)= 7000
abs(-8000)= 8000
abs(9.95)=9.95
abs(-10.15)= 10.15

Chiing ta c6 thé thdy, ham abs() bay gi& l1am viéc véi ca ba kiéu dit liéu (int, long va double)
ma ching ta sit dung lam d6i s6. N6 cling 1am viéc véi céc kiéu dit lidu co ban khic va tham chi s&
lam viéc véi cdc kigu dit liéu duge dinh nghia boi ngudi st dung, véi diéu kién todn tor < va dfu -
duge chong thich hop.

Pay 1a cach xdc dinh ham ahs() dé né 1am viée v6i nhiéu kiéu dif liéu:

template<class T>
T abs(T n)
{
return (n<9)? -p:n;

}

Pay 12 toin bo cti phiap mot miu ham (function template), dong ddu tién bit ddu véi tir khéa
template va theo sau 13 dinh nghia ham. Céch vi€t ham abs() m&i nay cho sy linh hoat dang kinh
ngac nhu thé nao?

6.1.2. Cd phip mau ham

Piéu déi méi chinh & trong cdc miu ham 12 biéu dién kiéu dit liéu duge ham sir dung khong nhw
kiéu cu thé ching han nhir int, ma bdi mét tén cé thé dai dién cho bét k¥ kiéu nio. Trong miu ham
& trén, tén nay 1a T (khong c6 gl ghé gém vé tén nay, c6 thé dung bat cit tén gi néu mudn, nhw
Type, hoiic anyType hoiac FooBar, ...). Tir khéa template béo cho trinh bién dich biét la chung ta
dinh nghia m6t mau ham. Tir khéa class, o trong hai d4u ngoac nhon < >, cling cé thé goi 12 Type
boi vi ching ta cé thé dinh nghia cdc kiéu dif liéu cda riéng ching ta nén thuc su khéng c6 gi phan
biét giita céc ki€u va cic 16p. Bién theo sau tit khéa class (14 T trong vi du niy) duoc goi 1a d&i s6
miu (template argument).

Suét dinh nghia ham, bat k¥ ¢hd ndo mot kidu dit lieu cu thé, chang han nhu int, duoc viét nhu
thong thudng, chiing ta thay bing d6i s6 miu, T. Trong ham abs(}, tén nay xuit hién chi hai lan, ca
hai 14n déu & dong dau tién (khai bio him) 12 kiéu d&i s6 va kiéu tra v€. Trong cdc ham phiic tap.
hon, né ¢é thé xuit hién nhiéu 14n trong chuwong trinh.

6.1.3. Trinh bién dich lam gi ?

Trinh bién dich 1am gi khi né thay tir khéa template va dinh nghia him theo sau d6? N6 khong
lam gi ca. MAu ham tr né khong 1am cho trinh bién dich phai tao ra bit ky ma lénh nao. Trinh bién
dich khéng thé tao ra ma boi vi né chua bi€t ham s& 1am viéc véi kiéu dit liéu nao. N6 chi don gian
nhé rang mau ham cé thé sit dung trong tuong lai.
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Viéc tao ra mi lénh khéng xdy ra cho dén khi ham thuc sy dugc goi bing mét lenh trong
chuong trinh. Trong chuong trinh TEMPABS, né xdy ra trong bi€u thitc ching han nhu
abs(intl) & lénh:

cout<<"\nabs(" <<intl<<" )= "<<abs(intl);

Khi trinh bién dich thdy mét 1&i goi ham nhu vay, né biét réng kiéu sit dung 12 int, bdi vi dé 12
kiéu cia d6i s6 intl. Bdi vay né tao ra mot phién ban cu thé clia ham abs() cho ki€u int va thay thé
int bat ky dau n6 thay tén T trong mau ham. Day goi 12 cu thé miu ham (instatiating the function
template) va méi phién ban cu thé clia ham duoe gol 12 mot ham méu (nghia 4, mot ham miu 12
mét cu thé rd ring ctta mot miu ham). ' '

Trinh bién dich cling tao ra mo 13 goi téi ham méi duge cu thé va chén né vao chuong trinh
noi ¢6 ham abs(intl). Tuong tu, biéu thirc abs(lonl) 1am cho trinh bién dich tao ra mot phién ban
cua abs() lam viéc véi kiéu long, ciing nhu 15i ‘801 161 ham nay, trdi lai i goi abs(dub1) tao ra mét
ham lam viéc tren ki€u double. T4t nhién trinh bién dich b thong minh dé tao ra duy nhit mot
phién ban abs() cho méi kiéu dit lieu. Do d6, mic dit ¢6 hai 134 g0i tGi phién ban int cba ham nhung
chi c6 mot ma leénh thyc hién cho phién ban nay.

Chit ¥ ring s& lwgng bo nhd RAM ma chuong trinh sit dung 13 bang nhau di sir dung dang miu
hay viét ba ham riéng bié¢t. Nhiing gl chiing ta tiét kiem dugc 12 khong phai g6 ba ham rieng biét
vao file nguén. Diéu ndy [am cho chuong trinh ngdn hon va d& hidu hon. Ngoai ra néu muén thay
d6i cdch 1am viée chia hiam thi chiing ta chi cdn thay déi & mot noi trong chuong tiinh thay vi phai
thay d6i & ba noi khi khéng sir dung mAu.

Trinh bién dich quyét dinh cdch bién dich ham dua trén toan bo ki€u dir lieu duge ding trong
ddi s6 (hodc céc d6i s6) clia 101 goi ham. Kiéu tra vé khéng tham gia vao quy€t dinh nay. Diéu nay
tuwong wr nhu cdch ma trinh bién dich quyét dinh goi ham nao trong s6 cdc ham duge chéng.

'Mot mu ham khong thuce sy 12 mét ham, béi vi né khéng thuc sy sinh ra ma chuong trinh dé
dat vao trong bod nhd. Thay vao dé né la mot mau (pattern) hoic moét ban thiét k€, d€ tao nhiéu
ham. Diéu nay hoan toan phit hop véi triét 1y ciia C**. N6 tuong ty nhu cdch ma mot 16p khéng lam
bét cit cdi gi cu thé (ching han nhir tao m3 chuon g trinh trong bd nhé), nhung né 1a mét ban thiét k&
dé tao nhiéu d6i tuong twong ty nhau.

6.1.4. Mau ham c6 nhiéu d6i s6

Chiing ta ciing xem mot vi du khdc vé miu ham. Miu ham nay cé ba d6i s6: hai d6i s6 miu va
moét d6i s6 ki€u co ban. Muc dich cfia ham niy 13 fim ki€m mot gi tri cu thé trong mot mang. Ham
tra vé chi s6 mang ciia gi4 tri ma né tim thay, hogc -1 néu né khong tim thdy. Céc d6i s6 1a mot con
trd trd t6i mang, gid tri cdn fim va kich thuée mang. Trong ham main(), chuong trinh dinh nghia
b6n mang thude cac kiéu khac nhau va bén gia tri d& tim ki€m (d6i xir v6i kiéu char nhu mét s6).
Sau d6 n6 goi ham mau mét 14n cho timg mang. Ban 6-2 trinh bay chuong trinh TEMPFIND.

Listing 6-2 TEMPFIND

Hftempfind.cpp

/fham tra ve so chi so cua mue neu tim thay, neu khong tra ve -1
#include<iostream.h>

template <class atype> /fham mau
int find(atype* array,atype value,int size)

for(int j=0;j<size;j++)
if(array[jl==value) return j;
return ~1;

}
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char chrArr[]={1,3,5,9,11,13};

char ch=5;

int intArr[1={1,3,5,9,11,13};

int in=46:

int lonArr{]={1L,3L,5L,9L,11L,13L};
int lo=11L;

int dubArr[1=£1.0,3.0,5.0,9.0,11.0,13.0};
int db=4.0;

void main()
{
cout<<"\n 5 trong chrArr..index = "<<find(chrArr,ch,6);
cout<<'\n 6 trong intArr; index = "<<find(intArr,in,6);
cout<<"\n 11 trong lonArr: index = "<<find(lonArr }0,6);
cout<<"\n 4 trong dubArr: index = "<<find(dubArr,db,6);
!

O day ching ta dat tén d6i s6 méu 12 atype. N6 xuét hién trong hai d6i s6 ham: kiéu cia mét
con trd trd téi mang va kidu cia muc cén tim ki€ém. Di s6 thit ba I kich thuéc mang, ludn luén fa
kidu int: n6 khong phai 1a d6i s6 miu. Day 1a két qua dua ra tir chiong trinh:

5 wong chrAm:  index =2

6 trong intArr:  index = -1

11 trong lonArr: index =4

4 trong dubArr:  index =-1

Trinh bién dich tac ra bon phién ban ham, méi phién ban cho mét kiéu ding dé goi né. Né tim
ra s6 5 & tai chi s6 2 trong mang k¥ tu, n6 khong tim ra 6 trong mang s6 nguyén v.v...
C6 nhiéu ngudi 14p trinh dat tir khéa template va phin khai béo ham trén cling mét dong:

template<class atype> int find(atype* array,
atype value,int size )

{
//phan than ham
}

T4t nhién trinh bién dich s& khong phan nan gi véi dang ndy nhung n6 khéng r rang bang cich
viét trén nhiéu dong.

Khi mat ham miu duge goi, tit ca cu thé chia cling mét d6i s& phi thuoe cing mot kidu. Vi dy,

trong ham find() & chuong trinh trén néu tén méang 12 kiu int thi gid tri c4n tim ciing phai thue
kiéu int. Chiing ta khong thé néi:

int intarray{]={1,3,5,7}; //mang sé nguyén
float f1=5.0; f{gia tri float
int value=find(intarray,f1,4); //khéng dugec

Bai vi trinh bién dich mong doi tdt ci cic cu thé cla atype phai cing ki€u. N6 c6 thé tao ra
mot ham

find(int*,int,int);

nhung khong thé tao ra:
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find(int*,float,int); _
boi vi d6i s thit nhat va thit hai phai ciing kiu.

2. Hon mot doi s6 méu

Ching ta c6 thé sir dung hon mot d6i s& miu trong mét miu ham. Vi du, cho ring chiing ta
thich y twéng clia m&u ham find() & trén nhung khéng chéc chin mét mang duge cung cdp 1én nhu
th€ nao. Néu mang qud 16n thi kiéu long s& c4n cho kich thuée mang hon 12 kiéu int. Mat khéc,
ching ta khéng mudn si dung kién long néu khéng cdn dén né. Chiing 14 mnds chon kidu ciia kich
thuSc méng, cing nhu kiéu clia d6i tugng duge luu trit, khi ching ta soi tizm. DF thue hicn dude
di€u nay, chiing ta ¢6 thé chuyén kich thuéc mang thanh mot d6i s6 man, gid sU goi no la btype.

template<class atype,class btype>
btype find(atype* array,atype value,btype size)
{

for(btype j=0;j<size;j++)
if(array[j]==value) return j;
return (btype) - 1;
}

Bay gibs ching ta c6 thé sl dung kiéu int hoac kiéu long (hay tham chi mot kidu duge dinh
nghia bdi ngudi st dung) cho kich thuéc mang. Trinh bien dich s& tao ra cdc ham khac nhau dua
trén khong chi ki€u clia méng va gi4 tri c4n tim ki€m, ma con dua trén ca kiéu ciia kich thudc mang.

Chii § réng nhiéu d6i s6 miu c6 thé dén dén nhiéu ham dugc cu thé tir mot miu ham. Véi hai
déi s6 nhur trén néu ¢6 sdu kiéu dit litu co ban ¢4 thé diing cho titng d6i s6 thi cho phép tao téi 36
ham. Day c6 thé m4t nhiéu bo nhé néu cdc ham 13 1n. Mat khéc, ching ta khong thé cu thé mot
phién ban clia ham mdu trir khi chiing ta thuc sir goi né.

6.1.5. Tai sao khong dung Macro?

Nhitng ngurdi 18p trinh C trude kia c6 thé s& ban khoan 13 tai sao khong st dung macro d€ tao
céc phién ban khdc nhau cia mét ham cho céc kiéu dif lieu khdc nhau. Vi du, ham abs() ¢é thé
duoe dinh nghia nhu sau:

#define abs(n) ((n <.0)? (-n) : (n))

Dinh nghia ndy ¢6 tic dung gi6ng nhu mAu ham trong chuong trinh TEMPABS bdi vi né thuc
hi¢n mot sy thay thé van ban don gidn va do d6 c6 thé lam viéc v6i bt ky ki€u dir lieu nao. Tuy
nhién, cdc macro it duge st dung trong C**. C6 mét vai vén dé véi chiing. Chiing khéng thuce hién
bt ky mot hanh déng kiém tra ndo, c6 thé ¢6 vai d6i s6 cho macro ma déng 1€ phéi cing kiéu,
nhung trinh bién dich s& khong kiém tra xem li¢u ching c6 cung kiéu hay khéng. Ngoai ra, kiéu
cua gia tri trd vé khéng xdc dinh dugce, boi vay trinh bién dich khong thé canh bdo néu ching ta gin
né cho mét bién khéng thich hop. Trong bét ky trudng hgp ndo, cic macre han ché céc haim ma cé
thé bigu dién trong mot 1énh. Ciing c6 nhiing v&n dé khic (hoi tinh &) véi cdc macro. Néi chung,
t6t nhat 1a nén trinh dung chiing.

6.1.6. Diéu can biét khi méi 1am viéc

Lam sao bi€t duoc lidu c6 thé ¢6 cu thé mot ham mau cho mot kiéu dit litu cu thé nao d6. Vi
du, c6 thé sir dung ham find() trong chuong trinh TEMPABS d€ tim ki¢m mot chudi char* trong
mét ming chudi khéng? DE xem lidu ¢6 thé ding duoe khong, kiém tra céc toan tr duoc sir dung
trong ham. Néu t4t ca ching déu 1am viéc v6i kiéu dir liéu d6 thi ching ta c6 thé sit dung kiéu dir
ligu d6. Trong ham find(), so sanh hai bién ding todn tit bing (= =). Tdan tir nay khéng dung duoc
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véi chubi char®; phai sit dung ham thy vién stremp(). Do dd, find() s& khéng 1am viéc véi cic
chudi char* (tuy nhién, né s& 1am viéc véi mot 1ép chubi duge dinh nghia bdi ngudi sir dung, trong
dé todn tir = = dugc chéng). '

6.1.7. Bit dau véi mot ham thong thuong

Khi viét mét miu ham, t6t hon hét 12 bit ddu v6i mot ham thong thudng lam viée trén mot kiéu
dit liéu c6 dinh: int hoic bat k¥ ki€u ndo. Chiing ta c6 thé thiét k& va g& r6i né ma khéng cén phai
lo 14ng vé cu phdp miu va nhiéu kifu. Sau khi moi thit 43 1am viée 16t, ching ta chuyén dinh nghia
ham sang mot mau va kiém tra né 1am viée véi céce kiéu dit liéu thém vio.

“

6.2. MAU LGP

Khdi niém miu c6 thé duge 4p dung cho cic 16p ciing nhv cic ham. Cic miu 1ép (class
templates) thudng duge ding cho cdc 16p luu trix dit liéu (cic container). Ngian xép ma ching ta da
néi & cic chuong trude 12 mot vi du vé€ I6p luu trit (chuing ta s& ndi vé cdc 10p luu trit dit ligu trong
phén II: C4u tric dit lieu). Tuy nhién, 16p Stack ma ching ta da néi dén chi ¢6 thé luu trit duge duy
nh4t mét kiéu dit liéu co ban. Day 13 mot phién ban riit gon cla 18p Stack:

class Stack
{

private:
int stfMAX]; /fmang s6 nguyén
int top; {/chi 56 dinh cta ngin x&p

public: '
Stack(); /fham tao
void push(int var); //c6 d6i s6 kiéu int
int pop(); J/trd vé kiéu int

b _
Lép Stack nay chi ¢6 thé luu trir dir liéu kiéu int. Néu bay gid ching ta mudn luu trit dif ligu
kiéu float thi ching ta cdn dinh nghia lai 16p hoan toan méi:

class LongStack
{

private: )

long stiMAX]; //mang s nguyén

int top; f/chi s6 dinh clia ngan xép
public:

LongStack(}; //ham tao

void push(long var); /fc6 d6i s6 kiéu long

long pop(); //tra vé kiéu long

b

B&i viy, n€u c6 thé vi&t mot mo t4 16p ma c6 thé 1am viée duge véi tat ci céc kidu dit ligu co
ban thi that 12 t6t. Céc miu 16p cho phép ching ta 1am diéu nay. Bin 6-3 12 mét chwong trinh ma &
d6 dp dung dang mau cho 16p Stack. Chuong trinh nay 1a TEMPSTAK.

‘Listing 6-3 TEMPSTAK

Mempstak.cpp :
Hleai dat lop Stack nhu mot ma
#include<iostream.h>

const int MAX =100;

template <class Type> |
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class Stack
{
private:
Type st[MAX]; /mgan xep: mang cua bat ky kieu nao
int top; /fchi so cua dinh ngan xep
public:
Stack()_ fham tao
{top=-1;}
void push(Type var) /{dat vao ngan xep
{ st[++topl=var;}
Type pop()
{return st{top--1;}
b

void main(
{

Stack<float> 51; {fs1 la mot doi cua lop Stack<float>
sL.push(1111.1);

s1.push(2222.2);

s1.push(3333.3);

cout<<"l: "<<gl.pop()<<end]l;

cout<<"2: "<<gl pop()<<endl;

cout<<"3: "<<gl.pop{i<<end];

Stack<long> s2; /52 1a mot doi cua lop Stack<long>
s2.push{123123123L);

s2.push(234234234L);

s2.pushi(345345345L);

cout<<"1: "<<s2.pop(<<end];

cout<<"2: "<<s2.pop{)<<endl;

cout<<"3: "<<s2.pop{)<<endl;

}

O day 16p Stack dugc viét nhr mot miu 16p. Cich cai dat tuong tu nhr mot mau ham. Tir khéa
template bdo hiéu ring toan b6 16p s& 1a mot miu:
&

template<class type>
class Stack
{
//dix liéu va cic ham thanh vién sit dyng déi s6 mau "type"
5 -

Mot d6i s8 méu, trong vi du nay tén 12 type, duge sir dung (thay cho mét kiéu dit lién c& dinh) &
moi noi trong mo ta 16p mé cé tham chidu téi mang st[]. C6 ba not cén tén d6i s6 miu nay: dinh
nghia st, ki€u d6i s& cia ham push() va kiéu trd vé clia ham pop().

Céc mau lo‘p khdc méu ham & cch chung duge cu thé. D€ tao mot ham thue sy tir mét miu ham

chi cin goi né sir dyung déi s& ¢6 kiéu cu thé. Tuy nhién, cic lo'p duge cu thé bing cach dinh nghia
mot d6i trong sir dung doi s6 mau: .

Stack<float> sl; ‘

Cau 1énh nay tao moét d6i tugng, sl 13 mot ngan x€p luu trit cac s6 kiéu fleat. Trinh bién dich
‘cung cip khodng tréng trong bé nhé cho dit lieu chia d6i tugng nay, sir dung kiéu float & bAt ki dau
d6i s6 miu type xudt hién trong mé ta 16p. N6 ciing cung cdp bd nhd cho cic ham thanh vién (néu
cac ham nay chua duge dat vao trong bo nhd bdi mot d6i tugng khéc thuoc kiéu Stack<float>). Cic
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him thanh vién ndy chi thao tdc trén kiéu float. Hinh 6-2 cho thdy cich ma mot miu 16p va cic
dinh nghia céc d6i tuong cu thé 1am cho cdc d6i trong nay duge dat trong bd nhé nhur the nao.

Tao mot d6i tugng Stack luu trit cic d6i tugng ciia mot kiéu khdc, nhu trong:
Stack<long> s2;

khong chi tao mot viing nhd khac cho dit lién ma cdn tao mot tAp méi cdc ham thanh vién thao tac
trén kiéu dit liéu long.

Chi ¥ rang tén kiéu cha st gém c6 tén Stack cong véi d6i s6 miw: Stack<float>. Didu nay dé
phan biét véi cdc 19p khac ¢ thé tao ciing mot miu 16p, chang han Stack<int> hay Stack<long>.

Chuong trinh clia chiing ta sit dyng.cic ngan x€p sl va s2 bing céch dat vdo né vi 14y ra ba gi4
tri trén timg ngan x&p va hién thi céc gid tri 15y ra. Day 13 két qua dua ra ctia chuong trinh:

1:3333.3

2:2222.2
311111

Mot mau lop trong
chuong trinh ngudn

- N

template<class T>
class Aclass
{ //icac lénh

Jist dung T
[/fthay cho mot
/ kiéu
}: -
Aclass<int> obj3; Aclass<char> obj5;
Aclass<float> obj2; Aclass<int> obj2; Aclass<char> obj4,
obil obj2 obid
T trix float Turu trit int Tuw rit char
obj3 obi5
luu trif int luu trif char

Nhiéu déi tugng cua cic 16p
khdéc nhau trong bo nhé

Hinh 6-2, Mt miu 16p.

168



1: 345345345
2: 234234234
3: 123123123

Trong vi du nay, miu 16p cho chiin
kiéu khéc nhau chi véi mét dong lenh.

g ta hai 16p. Chiing ta c6 thé tao cic d6i tuong 16p cho nhiéu

6.2.1. Tén 16p tiry thudc vao ngit canh

Trong vi du TEMPSTAK, cdc ham

thanh vién déu duge dinh nghia bén trong 14p. Néu cdc ham

thanh vién dugc dinh nghia bén ngoai I6p thi cin sk dung cu phdp méi. Chuong trinh ti€p theo cho
thay cdch lam nay. Ban 6-4 13 chuong trinh TEMPSTAK?.

Listing 6-4 TEMPSTAK2
/temstak2.cpp

flcal dat lop Stack nhu mot mau
/feac ham thanh vien dinh nghia ngoaj lop

#include<iostream.h>
const int MAX =100,
template <class T'ype>
class Stack
{
private:
Type stIMAX];
int top;
public:
Stack();
void push(Type var);
Type pop();

template <class Type>
Stack<Type>:;:Stack()
{top=-1:}

template <class Type>

//ngan xep: mang cua bat ky kieu nao
{fchi so cua dinh ngan xep

/fham tao
fidat vao ngan xep
MNay mot muc ra khoi ngan xep

//ham tao

/fham tao

void Stack<Type>:push(Type var)

{st[++top)=var;}

template <class Type>
Type Stack<Type>:pop()
{return st[top--1;}
void main()
{
Stack<float> 51;
sl.push{1111.1);
sl.push(2222.2);
s1l.push(3333.3);

fham tao

/{81 la mot doi cua lop Stack<float>

cout<<"l: "<<gl.pop(y<<endl:
cout<<"2: "<<gl.pop()<<endl;
cout<<"3; "<<gl.pop()<<endl;

Stack<long> s2;

82.push(123123123L);
82.push(234234234L);
s2.push(345345345L);

#s2 la mot doi cua lop Stack<long>
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cout<<"l: "<<s2.pop{)<<endl];
cout<<"2: "<<g2.pop()<<endl;
cout<<"3; "<<s2.pop(<<endl;

}

Biéu thitc template<class Type> phai ding truéc khong chi mé 14 16p ma con ding trude cdc
ham thanh vién duge dinh nghia bén ngoai. Pay 1a ham thanh vién push():

template<class Type>

void Stack<Type>::push(Type var)
{ st[++top]=var;}

Tén Stack<Type> duge st dung rthan ra ldp ma push() 1a thanh vién. Trong cic ham thanh
vién khong phai méu, chi cin mét minh tén Stack 1a du:

votd Stack::push(int var)
f st[++top]=var;}

Tuy nhién, d6i v6i mot mdu ham, ching ta c4n d6i s6 méu: Stack<Type>.

Tén cha lép mau duge biéu dién khidc nhau trong nhitng ngit canh khic nhau. Trong mo 14 16p,
chi don gian 12 tén cha né Stack. D&i véi cdc ham thanh vién duge dinh nghia ngoai 16p phai ¢6 tén
16p cong véi tén d6i s6 miu: Stack<Type>. Khi thuc sy cac d6i tugng d€ luu trit mot kiéu di litu
cu thé lai 12 tén 16p céng véi kiéu cu thé nay: Stack<float> (hay bat cit kiéu nao).

class Stack fimo ta 16p
{h _
void Stack<Type>::push(Type var) //dinh nghia push()
{}
Stack<float> sl; f/dinh nghia d4i tugng cua Stack<float>

Chiing ta phai xem xét c4n thin dé sir dyung diing tén diing ngif canh. R4t d& quén thém <Type>
hodc <float> vao tén 16p.

Mic dit n6 khéng duge minh hoa trong vi du nay, cd phdp khi mét ham thanh vién trd vé mot
gid tri thudc 1ép clia nd ¢6 thé tao ra mot vai vén dé. Cho riing chiing ta dinh nghia mét 16p Int dé
tang kha nang cho kiéu int, chdng han nhu kiém tra tran. Thém nita, cho ring chiing ta tao mét miu
16p dé€ né c6 thé ding cho kiéu int hoac long. Néu dinh nghia ham thanh vién xfunc() ca 16p nay
tra vé kiéu Int thi chiing ta cdn sit dung Int<Type> cho kiéu trd vé ciing nhu dilmg trude todn tit quy
dinh pham vi. '

Int<Type> Int<Type>::xfunc(Int arg)
{1

Tréi lai tén 16p duge ding nhu mét kiéu ciia d6i s6 ham, khong cdn c6 <Type>.

6.2.2. Luu trir cac kiéu di liéu duge dinh nghia béi ngudi sir dung

Trong cdc chuong trinh tit trude dén gid chiing ta chi sir dung cdc 16p miu dé luu trit céc kiéu du
liéu co ban. C6 thé luu trit cde d6i tugng thude cic ki€u duge dinh nghia bdi ngudi sir dung khong?
Cau tra 1t 14 ¢é. Vi du vé cdch nay chiing ta s& néi & phén II: Céu tric dit lieu. -

6.3. LGP STRING CHUAN

Ban thdo méi nhét cia Uy ban ANSI/ISO 1a 16p string chudn. Lép nay cho phép méﬂg ky ty
duogc d6i xit nhur mot kiéu méi.
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Lép string chudn, duge goi 12 basic_string, dugc miu héa va ¢6 thé duge cu thé khong chi véi
kiéu char, ma con véi kiéu goi 12 "ky tr mé& rong” duge ding trong bang chit cai clia cic nude khic
nhau ho#c tham chi véi cdc kifu duge dinh nghla bdi ngudi st dung. Chiing ta sé bd qua cdc kha

nang nay, chi lam viéc v6i cdc chudi thude kiéu char. Trudng hop nay 1ép duoc dinh nghia kiéu c¢6
tén la string.

Céc vi du trong phén ndy cho thdy mot vai hoat déng véi 16p string. Chiing ta khong néi t4t ca
cdc ham thanh vién cha 16p string ma chi néi vai ham dai dién, cdc ham con lai ¢6 thé tham khao
trong cdc thur vién chuong trinh cta trinh bién dich.

6.3.1. File tiéu dé

C4c hang san xuft cai dat 1dp strmg chudn theo nhiéu cich hoi khic nhau. Cac vi du trong phén
nay lam viéc vdi cai dat cha Borland (cu thé 13 trinh bién dich Borland C* 5. 0) File tiéu dé cai dat
16p string ndy 1a CSTRING.H. Vdi céc trinh bién dich khéc, tén file tidu dé 6 thé khic. Céc file
nly ¢6 thé 13 BSTRING.H hoic STRING (khéng cé .H) va m6t vai tén khic. Chiing ta nén thay thé
céc file tieu dé cho thich hop v4i timg trinh bién dich cu thé.

6.3.2. Ham tao va cac todn tir

Lép string cé nhiéu ham tao cho phép ching ta 6 thé tao cdc d6i tuong theo nhiéu cich khéc
nhau. Chiing cé thé duoe khdi tao tGi chiéu dai bang O (ham tao méc dinh), tdi cdc d6i tugng string
khéc, tdi cdc chubi char* (chu61 C thong thudng), t6i mot day lién ti€p cac ky ty & bat ky vi tri nao
trong d6i tuong string hoac mot chudi char*, t6i céc ky tu riéng va t6i mot day lién tiép cdc ky tu.

Vi du déu tién cho thdy vai kha nang nay. N6 ciing minh hoa ham thanh vién length() va cc
tédn tir <<, =, +. Ban 6-5 trinh bay chuong trinh STRINGI1.

Listing 6-5 STRING1

Hstringl.epp
#include<iostrean...
#include<cstring. h>
void main()

{ .
string s1{"IN HOC SIGNQ VINCES": Hchuol C
string s2('-",19); flap lai ky tu
string s3(s1,7); Hkhoi tao s3 toi s1 bat dau tai vi tri 7 cua sl

string 84(s1,13,16); /16 ky tu bat dau tai vi tri 13

cout<<"gl= "<w«<gl<<endl;
cout<<"g2= "<<gl«<<endl;
cout<<"s3= "<<g3<<endl:
cout<<"g4= "<<gd<<endl<<end];

string s5; /fham tao mac dinh
cout<<"Truoc lenh gan, chieu dai sb= "<<s5.length()<<endl;
8b=s1;

cout<<"Sau lenh gan, chieu dai s5= "<<s5.length()<<end]l;

string s6('-',47); fichuoi co kich thuoc co dinh
cout<<"chieu dai cua s6= "<<g6.length(}<<endl;
s6[0]="x"; Hfsu dung ky hieu mang
s6[46]="x";

cout<<"96— "
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for(int j=0;j<47;3++)

cout<<gé[jl; Hky hieu mang
cout<<endl:
string 87=sl + "(Motto of the Roman Empire)";
cout<<"s7="<<g7<<endl<<endl;
cout<<"s1[13]="<<s1[13]<<end];

}

Céc todn tif << va >> duge chong cho vao/ra. Ham thanh vién length() rd vé s6 ky tu cé trong
déi tugng hién tai ("hi¢n tai” c6 nghia 1a d6i twong goi ham thanh vién d6). Todn tir chéng [ cho
phép chiing ta truy nhip mét ky tu riéng lé trong mét d6i tugng string néu biét vi tri ciia né. Toén
tr = lam viéc nhu mong dgi, gdn mot d6i tigng string (& mét dsi tuong string khéc va todn ti
cdng ndéi hai d&i twong string lai. Day 1a k&t qua dua ra ti chwong trinh STRINGI:

s1=IN HOC SIGNO VINCES

§3= SIGNO VINCES
s4= VINCES

Truoc lenh gan, chieu dai s5=0
Sau lenh gan, chieu dai s5== 19
chieu dai cua s6= 47
s6= X X
- 57=1IN HOC SIGNO VINCES(Motto of the Roman Empire)

sl[13]=V

Dong lénh cudi cung cua chuong trinh cho thdy todn tir {] duge chéng cho phép truy nhép t6i
timg ky tu trong chudi sir dung ci phdp y nhuw véi cdc chudi char*. Todn tit [] cling c6 thé duge
dung & bén trdi d4u bing d€ gin céc gid tri téi cdc ky tu riéng biét,

6.3.3. Cac ham thanh vién

Céc ham thanh vién khdc nhau cho phép thao tic trén céc d6i tuong string thuan 1oi hon. Trong
vi du tiép theo, STRING2 (ban 6-6), minh hea sdu ham trong s¢ cdc ham nay.

Listing 6-6 STRING2

Hstringl.cpp
#include<iostream.h>
#include<cstring h>
void main(}
{ .
string s1("Don told Estelle he would get ring"); /chuoi C
cout<<"gl= "<<sl<<endl;
s1.insert(26,"not "); /fchen not truoc get
cout<<"sl="<<gl<<endl;

sl.remove(26,4); fxoa not
cout<<"sl="<<gl<<endl;

sl.replace(9,7,"Pam",0,3); /fthay the "Estelle” bang “Pam”
cout<<"sl= "<<gl<<end];

int lecl=s1.find("Pam"); fftim "Pam"
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cout<<"Pam o vi tri: "<<locl<<endl;

/ftim ky tu trang dau tien sau locl
int loc2=s1.find_first of("\t\n",locl);

/taoc chuoi "Pam”
string s2=s1.substr(loc1,loc2-loc1);
cout<<"Hi, "<<s2<<endl;

}

Day la két qua cna chuong trinh:

s1= Don told Estelle he would get ring
s1= Don told Estelle he would not get ring
s1= Don told Estelle he would get ring
s$1= Don told Pam he would get ring

Pam o vi tri: 9

Hi, Pam he would get ring

1. Cdc ham thanh vién insert(), remove() va replace()

Ham thanh vién insert(pos,ptr) chén chudi char* ptr vio déi twong cia nd, bit ddu tai vi tri
pos. Ham remove(pos,n) xéa n ky tu khéi d6i twong cia n6, bt ddu tai vi trf pos. Ham
replace(pos,nptr) x6a n ky tu khoi d6i twong clia nd, bit ddu tai vi tr pos va thay thé€ ching bing
chudi char* ptr. '

2. Ham thanh vién find()

Ham thanh vién find(ptr,pos) tim ki€m mot méu, tao ra tir chudi char* ptr, trong déi tuong
clia né, bét dau tir vi tri pos va tré vé vi tri cla ky tu ddu tién tim dwoc.

3. Ham thanh vién find _ﬁrst_oﬂ )

Ham find_first_of(ptr,pos) rit hitu ich khi mu6n tim kiém mot ky tu trong mét dsi tugng
string nhung khéng chic chdn muén tim ky tw nio; nghia 13 fim kigm bat ky ky tr nao trong mét s6
cdc ky e, P6i s6 ptr 1a mot chudi char* bao gém tét cd c4c ky tu ¢6 thé va pos 1a vi trf bit ddu tim
kiém trong d6i tuong string. Trong vi du chiing ta sit dung ham nay d€ tim ki€m ky tr tréng ddu
tién, du la space, tz:b hay newline, theo sau vi tri ddu tién ctia tén. Diéu nay cho phép ta tim ki€m
cudi clia mét tén du né & cubi mot dong hay mét cot.

4. Ham thanh vién substr()

Né&u bigt vi tri bit ddu va két thiic cha mot day lién ti€p céc ky tu trong mot ddi tuong string thi
c6 thé dua diy nay vao mét d6i tugng string bing him substr(pos,n), & day pos la vi tri bt ddu
cta chubdi con va n 12 chidu dai cua né. Trong chuong trinh chiing ta sir dung ham nay dé tao mot
dsi twong chudi "Pam", né duge gin tdi 2.

6.3.4. Truyén cac doi tugng string nhu cic déi s6

M6t trong nhiing di€u thi vi vé 1dp string 12 khéng cdn truyén céc con trd nhu céc d6i s& t6i
ham nhu tam véi cdc chudi char* thong thuomg. Chung ta chi don gian truyén déi tuong string.
Vi du ti€p theo, STRING3 (bin 6-7) cho thdy cdch ndy nhu th€ n2o va minh hoa mét vai ham
quan trong.

Listing 6-7 STRING3

Hstring3.cpp -
#include<iostream.h>
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#include<cstring.h>
void main()

{

string fune(string); #khai baoc ham
string s1("IN HOC SIGNO VINCES™; fimot doi tuong string
string s2=fune{sl); {gol ham

{fhien thi gia tri tra ve
cout<<"main(Qhien thi: "<<s2<<end];

char char_arr[80]; //mang kieu char

int len=s1.length(}; fehieu dal cua doi tuong string
int n=sl.copy(char_arr,len,0); ffcopy 81 toi char_arr
char_arr[len]="\0"; /ket thuc chuoi char®

cout<<"So ky tu da copy="<<n<<end];
cout<<"char_arr="<<char_arr<<end];

const char* ptr=sl.c_str(}; /ftro toi char*
cout<<"ptr="<<ptr<<end];
}
string func(string s) Hdinh nghia ham

cout<<"func() hien thi doi so: "<<s<<endl;
return string("Tra ve tu fune(}\n™);

}

Ham func(} duge truyén t6i mot d6i tugng string, nd hién thi d6i tuong nay. Sau d6 tra v& mot
déi tuong string khéc, hdm main() hién thi d6i tuong string trd vé& dé thdy moi th{ lam viéc nhuy
mong doi.

1. Ham thanh vién copy()

Ham copy() cho phép copy mot d6i twong string (hodc mét phdn cia né) t&i mét chudi char*.
Pac biét hon, copy(ptr,n,pos) copy n ky tu tir d6i tugng cla nd, bit ddu tir vi tri pos t&i chudi
char* ptr.

2. Ham thanh vién c_sir()

Ham c_str() chuyén mot d6i tugng string sang mot chudi char*. Nghia 1a, né tra vé mét con
tro tro téi mot mang char chida céc ky tu tir d6i tuong string, cong véi ky tu két thic . Con trd tra
vé tir ¢_str() 1a const, bdi vay chiing ta khong thé thay d8i bét ky cdi gi trong mang char dé, n6 chi
dé doc. Day la két qua clia STRING3:

func() hien ‘thi doi so: IN HOC SIGNQ VINCES
main(}hien thi: Tra ve tu func()

So ky tu da copy= 19

char_arr= IN.HOC SIGNO VINCES
ptr= IN HOC SIGNO VINCES

6.3.5. Mang cac doi tugng string

1. Gidi thiéu

That thd vi va d€ dang luu tri¥ cdc d6i tugng string trong cdc mang. Vi cdc chuéi char* thong
thudng, ching ta phii cai dat hodc mét mang ciia cdc mang kiéu char, dé tat ca cac chudi ¢é cing
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do dai hodc mot mang con tré trd t6i cic chudi. Nguoe tai, cdc d6i twong string c6 thé duge lwu trix
dé dang nhu cdc bién co ban ching han int, boi vi tit ci ching ¢6 kich thuéc giSng nhau; ching
quan tdm dén yéu cdu bd nhé clia riéng chiing & bén trong.

+ Trong vi dy tiép theo, ban 6-8, chiing ta s& cai dat mot mang cic d6i tuong string dige sép x€p
theo thit fir alphabe va sau d6 sit dung ham thanh vién compare(} dé chén mot chudi mdi, nhap vao
béi ngudi sir dung, vao vi trf thich hop trong mang.

Listing 6-8 STRING4

Hstringd.cpp
#include<iostream.h>
#include<estring.h>
void main()
{
const int SZ=10; /fso ten ban dau
string new_name; .
string arr[SZ+11={"Adam","Bob","Clair","Doug","Emily”,"Frank",
' "Gail","Harry","Tan","Joe"};
cout<<"\nNhap vao mot ten: *;
cin>>new_name;
int j=0;
while(j<8Z+1)
{
int len=arefjl.length();
int lex_comp=new_name.compare(arr[il,0,len);

if{lex_comp>0) {meu ten moi lon hon
J+
else /meu khong
{
for(int k=8Z-1;k>=j;k--) #/di chuyen tat ca cac ten o tren
arrfk-+1]=arr[k]: fiten nay
arrfjj=new_name;
break;

} ket thuc else
} Hket thuc while .
if(j==52Z-41) //neu ten moi dung sau tat ca cac ten khac
arr[10]=rew_name;
cout<<"Cac ten co trong danh sach la:"<<endl;
for(j=0;j<8Z+1:j++) /fhien thi tat ca cac ten
cout<<arrfjl<<endl; ,

}

2. Ham thanh vién compare()

Héu hét céc lénh trong chuong trinh déu lién quan dén viéc tim ra mét vi tri trong mang dé chén
vao mét tén méi. Him compare(str,pos,n) so sdénh mot day n ky tu trong dai tugng ciia né, bit ddu
tir vi trf pos, véi d6i tuong string trong déi s6 ctia né. Gid tri tra vé cho biét hai d6i tuong string
dugc sap xép theo thit ty alphabe nhu the nio.

¢ Gid tr trd v€ <0 Chubi hién tai ditng sau d6i s6 str theo thit tw alphabe.
e Gidtritrdvé =0 Chudi hién tai bing str.

* Gid tri tra vé >0 Chudi hién tai ding trude str theo thii ty alphabe.
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Chuong trinh so sdnh tén véi timg phén t&r clia mang. Néu tén mdi 16n hon phén tr mang, phan
tir ti€p theo dugc kiém tra. N€u khong, tén méi duge chén vao tai vi trf d6 trong mang va t4t ca cdc
d6i auong string tir diém d6 tro lén duge di chuyén dé 6 thé chén vao tén méi.

Pay 1a vai miu tuong tic v6i STRING4:

Nhap vao mot ten: Dilbert
Cac ten co trong danh sach la:
Adam '
Bob

Clair

Dilbert

Doug

Emily

Frank

Gail

Harry

Tan

Joe

6.4. CHUOGNG TRINH NHIEU FILE

6.4.1. Tai sao cin cac chuong trinh nhiéu file

C6 vai 1y do dé sir dung c4c chuong trinh nhiéu file. Nhimg 1y do ndy bao gém ¢ viée sit dung
céc thu vién 16p, viée t6 chic nhitng ngudi l4p trinh 1am viéc trén cdng mot dé dn va viée thiét k&
trén khai niém clia mot chuong trinh. Chiing ta cling xem xét mét cich ngan gon vé cc vn dé nay.

1. Cdc thu vién l6p

Trong céc ngdn ngit thi tuc truyén théng, cdc nha san xust phin mém thudng phai mét rat nhién
thdi gian méi hoan thanh cdc thu vién ham d€ quéan 1y céc phép tinh théng ke hodc quin 1¥ bo nhé.
Vi du nhy thu vién ham cung cdp cdc ham cén thiét cho Graphics User Interface (GUI).

B&i vi C** t6 chitc xung quanh céc 16p hon 12 cdc ham nén khong cé gi ngac nhién khi thdy céc
thu vién cho céc chuong trinh C™ chifa céc 16p. Nhimg gi gdy ngac nhién 1a mét thu vién 16p tot
hon mot thu vién ham c8 dién bdi vi c4c 16p bao boc ca dif liéu va cic ham, déng thai cling béi vi
ching rat gin giii véi cdc d6i twgng mo hinh trong thé gidi thuc, giao dién gilta mot thy vién 16p va
chuong trinh ing dung [am cho viée sir dung né r8 rang hon nhi€u so véi mot thu vién ham.

Vi nhitng 1y do nay, cédc thu vién 16p déng mét vai trd quan trong trong 14p trinh C* hon 1a céc
thu vién ham trong 1ap trinh truyén théng. Mot thu vién 16p c6 thé chi€ém mot phdn 1ap trinh 16n
hon. M6t ngudi 14p trinh tng dung, n€u ¢6 sdn mot thu vién 16p, c6 thé thdy rang chi cdn mot s§
luong 1ap trinh t8i thiéu d€ tao ra mot sdn phdm cu6i cing. Ngodi ra, cang tao ra nhiéu thu vién 16p,
cang ¢6 nhidu co hoi tim ra nhiing giai phap giai quyét céc van dé 1ap trinh ngay cang tang.

Mot thu vién 1ép gém ¢6 hai thanh phén: private va public.

2. Thanh phén public

Pé sit dung mot thu vién lop, ngudi lap trinh ng dung cdn truy nhap céc khai bdo khic nhau,
bao gm céc khai bdo 16p. Cic khai bdo ndy c6 thé xem nhu 1a phin public cia thy vién va thudng
duoc cung cip dusi dang ma ngudn nhr mot file tién dé véi phdn mé rong .H. File nay thudng duoc
k&t néi téi ma ngudn ciia khdch hing bing mot 1énh include. '
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Céc khai bio trong mét file tiéu dé nhu vay c4n 12 public vi mdy 1y do. Thit nhét, n6 thuln tién
cho khich hang dé xem céc dinh nghia thue su hon 12 doc mot mo ta vé ching. Quan trong hon,
chuong trinh cla khéch hang s& cdn khai bdo cic déi twong dua trén céc 16p nay va goi cdc ham
thanh vién tir cdc d6i tugng nay. Chi bing cdch khai bdo céc 16p trong file nguén la viéc nay cé thé
thuc hién duge.

3. Thanh phdn private

- Nguoc lai, cdc cOng viée bén trong ciia cdc ham thanh vién cla cdc 16p khdc nhau khéng cdn
cho khich hang bi€t. Nhimg nguoi phit trién thu vién 16p, ciing nhu bat k¥ ngudi phat trién phdn
mém nao khac, khong mudn dwa ra ma nguén bii vi ma nguén cé thé b thay déi khong diing hodc
bi vi pham quyén tdc gia. BGi vay, cic him thanh vién, trir cdc ham ngén, thuong duge phéan bg
trong mét file dang d6i tugng .OBJ hay c4c thu vién LIB. :

6.4.2. T6 chive va khai ni¢ém héa

Ciéc chuong trinh ¢é thé duoe chia ra 1am nhiéu file vi cdc 1y do khéc véi thr vien 16p. Nhue
trong cic ngén ngir khic, mot tinh huéng thong dung 1a mot dé an ddi hoi phai ¢6 vai ngudi lap
trinh (hodic mét d6i lap trinh). Phan chia nhiém vy cho timg ngudi 18p trinh vao mét file rieng gidp
cho t6 chitc dé 4n va dinh nghia giao dién giita c4c phdn cia chuong trinh rd hon.

Mot chuong trinh thudng duge chia ra céc file riéng biét theo chiic nang: vi du, mét file cé thé
quan ly cic mi lién quan dén man hinh dé hoa, trai lai mét file khic quan 1y viéc phan tich todn hoc
va file thir ba quan 1y vao/ra dia. Trong c4c chuong trinh 16n, mot file c6 thé tré nén qud 16n din
dén khé quan 1y, bdi vay cdn phai chia ra thanh cc file nhd.

Chung ta s& néi cdc budc dé tao mét chuong trinh nhiéu file dung trinh bién dich dai dién 13
Borland C™* (c4c trinh bién dich khdc chi khdc vai chi tiét). ' e
6.4.3. Cach tao mot chuong trinh nhiéu file

Cho rang chiing ta di mua mot file 16p c6 ten 12 THEIR.OBJ. Né ¢6 thé kém theo mét file tiéu
dé, c6 tén la THEIR H. Chiing ta cling d4 vi€t chuong trinh ciia riéng chiing ta d€ sit dung céc 16p
dé, file ngu6n clia ta c6 tén 1a MINE.CPP. Bay gi® ching ta mu6n két n6i céc file thanh phin nay:
THEIR.OBJ, THEIR.H va MINE.CPP vio mét chuong trinh thue hién.

1. File tiéu dé

File tieu d¢ THEIR.H dé& dang két hop vao file nguén ciia ta, MINE.CPP, chi bing mét lénh
include:

#include "THEIR.H"

Hai ddu nhdy kép, khong phai hai d&u ngoic nhon, bao quanh tén file bio trinh bién dich déu
tién tim ki€m trong thu muc hién tai hon 14 thu myc mac dinh INCLUDE.

2. Thu muc

Trong thyc t&, khi tao Project, ching ta nén tao mot thu muc riéng d€ tranh nhdm l4n va nén
dim bao ring tat ca cic file thanh phdn, THEIR.OBJ, THEIR.H vi MINE.CPP & trong cing mot
thu muyc riéng nay. Diéu ndy khong phai 1 c4n thi€t nhung né thuan loi cho ta.

6.4.4. Vung tén (namespaces)

Mot chuong trinh cng 16n, cang nguy hiém do sir dung tring tén, nghia 12 mot tén duge s
dung, do khéng chd ¥, cho nhiéu thit khic nhau. Day 1a mét van dé trong cdc chuong trinh nhiéu
file dugc tao ra béi cdc ngudi Iap trinh khédc nhau hodc cc cang ty khéc nhau.
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Vi du, cho rang idp alpha duge dinh nghia trong file A:

/file A !
class alpha

{}

Trong mot file khdc, s& lién két véi file A, cling ¢6 mot mo ta cho mét 1dp ¢6 cling tén - ¢6 thé
nguoi tao file nay khong biét ngudi tao file A:

//ffile B

class alpha

{:

Su tring tén lam cho bd lién két 16i. Nhimg ngudi 1ap trinh thay vay ¢6 thé sita vin dé dé bing
cdch d6i tén mot 16p alpha. Tuy nhién ¢6 mot cich dé hon.

Phién ban méi day cla tiéu chudn ANSI C** gidt thiéu mot giai phap méi cho van dé nay: viing
tén (namespace). Mét ving tén 12 mot phdn cia chiwong trinh duge xac dinh béi tir khéa
namespace vi duge bao trong cdc diu ngodc nhon. Mot tén duge ding trong ving tén khong phai
13 tén toin cuc; pham vi clia né duge gidi han trong ving tén.

1. Khai bao cac viing tén

Trong file A va B, ngudi tao hai file nay 1a Thang va Binh, ¢é thé gisi han pham vi nhin thdy
cla cdc mo ta 1p alpha bang cach dat ting l8p vao ving tén riéng cua no:
/file A
namespace NS _THANG
{
class alpha
{5

}
/ifile B

namespace NS_BINH
{
class alpha
{3
}

2. Truy nhdp cdc phdn tif cia mét vang tén khdc

Trong ving tén, ching ta cé thé tham chiéu tdi alpha theo cich théng thudng. Tuy nhién,
ngodi viing tén, chiing ta phai chi rd 12 tham chi€u t6i 16p ndo. C6 hai cdch dé 1am viéc nay: sit
dung todn tir quy dinh pham vi d¢ xdc dinh mot viing tén khédc trong mot cdu {énh hoic sir dung
chi din (directive) d¢ cho phép suot mot viing tén khéc truy nhip t6i mot vai hodc tat ca céc phén
tir trong ving. '

D€ truy nhap téi mot phin r trong mot ving tén khéc theo cach chi dang mot cau 1énh thi ding
trudc tén ctia phén tir d6 cd tén cla viing 1én va todn tir quy dinh pham vi (:). Vi du, chiing ta c6 thé
dinh nghia hai loai déi tuong alpha khic nhau nhu sau:

fifile C

namespace NC_HUNG

{
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NS_THANG::alpha anAlphal; //tao mot doi tuong alpha THANG

NS_BINH::alpha anAIphéZ; //tao mot doi tuong alpha BINH
1

B¢ cho phép truy nhdp t6i mét phin ti cu thé cla mot viing tén trong suét viing tén thi hai,
chiing ta cdn ¢6 thé sir dung khat bio using, Doan chuong trinh dusi day tao mot [6p alpha cia
THANG c6 thé duge truy nhap trong suét viing ten HUNG.

/ile C )

namespace NC_HUNG

{
using NS_THANG::alpha;

alpha anAlphal; //tao mot doi tuong alpha THANG
alpha anAlpha2; //tao mot doi tuong alpha THANG:

}...

Dé truy nhdp 161 14t ci cc phan tir cia mot viin
dung tir khéa using nhur mot ohi din:
/file D
namespace NT_HOA
- _
using namespace NS _THANG; : !

g 1€n trong suét mot viing tén thit hai, cé thé sir

alpha anAlphal; //tac mot doi tuong alpha THANG
alpha anAlpha2; //tao mot doi tuong alpha THANG
//truy nhap toi cac phan tu khac cua vung ten THANG

}

V&i so d6 nay, HOA ¢6 thé truy nhap 1 bat ky phdn 1 ndo trong ving tén ciia THANG.
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PHAN II

CAU TRUC DU LIEU

Héu hét cdc chuong trinh méy tinh t6n tai 1a d€ xit 1§ dit liéu. D lieu ¢6 thé biéu dién rat
nhiéu loai thong tin thé gidi thuc: cidc ban ghi rihan sy, céc bin kiém ke, van ban, két qua cdc cube
thi nghiém khoa hoc. BAt ky 1a biu dién cdi g, dit ligu ciing duge luu trong bo nhd va duge thao
tic theo nhimg cich gidng nhau. Cdc chuong trinh mdy tinh & c4p dai hoc thudng cé mot ngudn goi
1a ciu triic dif liéu va gidi thuat, Ciu trdc dif liéu 12 cach t8 chic luu trit dit liéu trong bo nhd con
giai thuat 1a cdch xu 1y dir liéu.

Nhu vay, ciing véi viéc 18 chie dit liéu thanh ciu triic, céc giai thuat phai duge thiét 1ap dé xir
1y dit liéu va cho ra két qua mong muén. Viéc chon lua cu tric dit liéu, thiét 1ap cdc giai thuéat
ding dan, c6 cfu triic 16t vi c6 hiéu qua 13 nhitng vén dé mau chét cda viéc thiét 1ap phan mém.
Hai khia canh ndy cda viéc phat trién phdn mém c6 tdm guan trong nhu nhaun. Trong thuc 1€ hai
khia canh nay khong thé tich rdi nhau. That vay, Niklaus Wirth, ngudi sing lap ra ngén ngit
Pascal, d3 téng két:

Giai thuat + Céu triic dit lieu = Chuong trinh

Tir gidi thudt (algorithm) duge 1dy tit tén cha nha todn hoc A rap Abu Ja'far Mohammed ibn
Musa al Khowarizmi (nim 825 sau ¢ong nguyén), ngudi di viét cudn sich mé ta cdc tha tuc tinh
todn véi cic s6 Hindu. Theo cich néi hién dai, tir ndy cé nghia 1 "thd tuc timg bude mot dé giai
quyét vén dé hogc dé hoan thanh mot dich cu6i ciing nao d6". Trong tin hoc, thuat ngit gidi thudt
diing dé chi mét thi tuc cé thé thye hién duge bing may tinh. Do vay di€u ndy dén dén mot s6 quy
dinh déi véi cdc 1énh tao nén thil tuc, d6 la:

1. Chiing phéi dugc xdc dinh va khéng nhdp nhdng dé c6 thé biét ro 1énh nao thuc hién céi gi.
2. @hiing phai di don gidn dé mdy tinh thyc hi¢n duoc. -

3. Chiing phai thda man tinh hitu han, nghia 12 thuit todn phai ket thic sau mot s& hitu han
céc phép toan.

Theo hai yéu cdu d4u tién (x4c dinh, khéng nhép nhing va don gidn) cdc giai thuat thuong duge
mé t4 duéi dang c6 thé tao thanh chuong trinh may tinh véi muyc dich dé dang cai dat timg bude cla
giai thuat bing mot 1énh hosic mot diy 1énh cia méy tinh. Vi vay, céc giai thuat thudng duge mo ta
dudi dang gia ma (pseudocode), mét ngon ngik 1p trinh gid chita ngdn ngit tu nhién, cic ky hiéu,
thudt ngit va cdc khia canh khic trong ngén ngit lap trinh bac cao. Bdi vi khong c6 ci phép tiéu
chudn, céc giai thut thay ddi tit ngudi lap trinh nay sang ngudi 1ap trinh khdc, nhung né thudng bao
gdm céc khia canh sau:

Céc k¢ hiéu my tinh thong thudng +, -, *, / diing cho cc phép todn s6 hoc cor ban.

2. Céc dinh danh (identifiers) diing d€ thé hién c4c dai lugng duge xit 1y boi cdc giai thuat.
Mot vai quy uée duge tao ra d€ chi cdc 18 chd thich, vi du nhu chuong trinh viét bing ngén
ngit lap trinh C* chia céc 1&i chi thich sau hai dau gach chéo // hodc /* va */.

4. Sit dung céc tit khéa thong thudng trong cic ngon ngil bic cao, vi du read hoac input cho
cdc phép toan nhap; display, print hay write cho cic phép todn xudt.

5. Dung céch viét lui vio dé lam ndi bit cdc khéi lénh.
Yéu cdu thit ba (tinh hitu han) ddi hoi gidi thuat sém hay muén phai duoc két thic, nghia la s&
két thiie sau mot s6 bude hitu han thyc hign cac iénh. Diéu ndy c6 nghia la giai thuat khéng duoc
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chita cdc vong 14p vo han. Vi du n€u mét gidi thuat c6 chita céc lenh thye hién viéc lap lai cho dén
khi mot biéu thiic logic nao d6é nhan gié tri ding thi cdc 1énh d6 phai 1am thay déi (vao mét thai
di€m nao d6) gia tri biéu thic logic nay thanh sai d€ chu trinh dwoc két thiic. Puong nhién 12 khi
gidi thuat drxe két thic thi ching ta ciing chir doi 1a né s& cho ta nhiing két qua mong muén. Vi
vy, ngoai tinh hiru han cla giai thut, ching ta cling cdn phai kiém tra tinh ding dén nita. Thuc t&
cho thiy rang chi yéu cdu gidi thuat s& két thic la chua di. Vi du, mét gidi thuat tinh nude cor thing
cude trong méi giai doan doi hdi phéi thir t4t ca cdce trudng hop cha cie nude di d€ xbc dinh nuéc
nao thang, gidi thuat ndy s& két thic nhung né cdn qud nhiéu thai gian va do d6 khong c6 gid tri
thuc t€. Nhimg giai thut c6 ich phai ket thiic sau mot thivi gian thich hop. Co

Viéc phan tich, kiém nghiém giai thuat va chuong trinh c6 thé ti€n hanh dé dang hon nhiéu néu

chiing ta c6 ciu trie t&t. Chiing ta cling c4n nhd lai ring, cic gii thuat va chuong trinh c6 c4u tric
dugc thi€t k€ boi ba c4u tric co ban sau day:

L. Tudn tir (Sequential): cdc budc duge thyc hién theo trinh t mét cach chinh xdc, mbi bude
duoc thuc hién ding mot 14n.

2. Chon loc (Selection): mot trong nhiéu thao téc s& duge chon va duoc thuc hién.
3. Lap lai (Repetition): mét hay nhiéu buéc duge thuc hien 1ap lai.

Ba co ch€ diéu khién ndy 12 don gian, nhung trong thuc t€ ching dit manh dé ¢6 thé x4y dung
bdt ky giai thudt nao.

Nhitng giai thuit duge thiét k€ mot cdch cdn than bing cdc cfu tric diéu khién néi trén rét dé
doc va dé hi€u, vi vy c6 thé phan tich va kiém nghiém chiing dé dang hon nhiéu so véi cic giai
thudt khong ¢ ciu tric.

Sau khi d& chon lya cdu tric dir ligu dé Luu trit c4c muc di liéu va thiét ke gidi thust dé xit 1§ céc
muyc dif liéu nay, ching ta cin phai cai dit ching. Khi chon c4ch cai dat mét csu tric dir liéu, diéu
quan trong 1a cdn phai ddnh gid hiéu sust cia chiing. Hiéu sust (efficiency) thudng duge do theo hai
di€u ki¢n. Diéu kién thi nhdt 1a sy sir dung khéng gian, d6 1a luong viing nhé cin thiét cho c4u
tric luu trit va di€u kién thif hai 12 hiéu sudt thoi gian, d6 12 thdi gian cdn thiet dé thue hién cédc
giai thudt. Thong thudng khong thé déng thdi 1am cho ca thdi gian 1an khong gian c4n thiét cho viéc
cai dat déu 12 cyc ti€u, C4c gidi thuit cho cdc cfu trdc lru trit cdn it b nhé nhét thudng cham hon
nhimg gidi thuat cho céc cu tric luu trit cdn nhiu bo nhé hon. Vi vy, céc 1ap trinh vién luén gap
phat sy xung dot gifta hiéu suft khéng gian va thii gian.

Mot xung dot khdc thudng gdp 1a giita hiéu suft va su rd rang. Mot cach 1§ tudng 12 céc giai
thuat cn phdi ¢6 hiéu suft cao, d& hiéu va dé dich thanh chuong trinh. Nhitng muc dich nay déi lic
mau thudn nhau boi vi gidi thudt c6 higu sudt cao nhét c6 thé khong phai 1a d& hiéu nhat hay khong
md héa dé dang nhat. Néu mgt chuong trinh chi ding cho vai 14n hay véi it dit liéu vao thi cich hop
ly 14 chon giai thuat it higu qua hon va don gian hon so véi viéc chon giai thuat hiéu qua hon nhung
phic tap hon. Thoi gian ti€t kiém duge trong khi viét, g& r6i va bo tri s& bl cho viéc thuc hién
chuong trinh it hiéu qua hon.

B&i vi céc cdu tric dit liéu va cdc gii thuat phai dugc cai dat trong mot ngén ngit nao dé, trong
khi thi€t k€ cén phai sit dung uu diém céia ngén ngit &y. Diéu nay cé nghia 12 néu eé thé, chiing ta
nén diing cde cdu tric dit liéu, cdc gii thuat ¢6 sdn trong ngdn ngit d6. Cic 16p C** cho mot co ché
rét t6t dé tao mot thu vién céu tric dit liéu. Tir khi phat tri€n C™ c4c nha sin xuét trinh bién dich da
cung cdp cic 16p chita (container classes) d€ quan Iy viéc luu trit va xir Iy dir liéu. Méi day, mot
céch ti€p cin méi d6i véi céc thu vign 16p chida dd duge thém vio ban thao tiéu chufin ANSI/ISO
C*. N6 dugc goi 1a thu vién miu chudn (Standard Template Library - STL), do Alexander
Stepanov va Meng Lee (ngudi M) viét. Ngudi ta hy vong STL 1a mot cdch heu trit va xir ly dit licu
chudn. Hién nay cdc nha san xuAt trinh bién dich dang bit ddu dwa STL vao phdn mém cia ho.
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Trong phdn nay chiing ta s& néi vé cdc cdu tric dit liéu va gidi thuat cka STL 14 ch yéu va cdch
st dung chiing. C8u triic dit liéu va gidi thuat 1a mot van dé 1ém va phirc tap, né doi héi ca mét cuén
sdch 16n; do d6 ching ta khong thé ndi hét moi thir vé ching & day dige. Trong rhin ndy ching ta
quan tam nhiéu dén gidi thieu v& STL va xem xét moét vai congteno va gidi thuat thong dung,

B0 vi STL chua chinh thic dwa vao chuan C** nén giita cdc trinh bién dich c6 s khac nhau,
nhét 1a vé céc file tieu dé. D€ c6 nhimng théng tin vé cii dit nd phai tra ciu tai liéu ciia hiing sén
Xudt trinh bién dich.

Nhiing vi du trong phén nay 1am viéc véi STL duge cai dit trong Borlaﬁd C* 5.0. Cé4c file tigu
dé st dung cho cdc gidi thuit va céc congteno khong 6 dudi H. Vi du, #include<vectors,
#include<algorithm> v.v... Ngoai ra, trong chwong trinh chinh phai xdc dinh viing tén std bing cau
lénh sau: )

using namespace std;

CHUONG 7

THU VIEN MAU CHUAN

STL chita vii loai thuc thé. C6 ba loai quan trong nhit 1a cdc congteno (container), cic giai
thuat (algorithm), cac iterator {con tro).

Mot congteno 1a mot céch lvu triv 4t liu duge 18 chitc trong bd nhé. Vi du nhu ngan xép
(stack) va danh sdch lién két (linked list). Mét loai congteno khic, mang, ciing rdt thong dung va
duge dua vao C™ (cing nhu hdu hét cdc ngdn ngit 1ap trinh khic). STL con c6 nhiéu loai congtenc
khdc nita ma rdt cé ich. Céc congteno STL dugc cai dat bing céc 16p miu dé€ ching ¢ thé luu trix
cic loai dit liéu khic nhau.

Céc giai thuat (algorithm) 13 cdc thi tuc gin vdi cac congteno d€ xir 1y dir lidu cia chiing theo
nhiéu céch khic nhau. Vi duy, c6 cdc giai thust sdp xé€p, sao chép, tim kiém va tron dit liéu. Trong
STL, cdc giai thuat duge biéu dién bdi cdc ham miu (template function). Cic ham nay Khéng
phai 14 cdc ham thanh vién cia céc 16p céngteno {container classes). Ching 14 cdc ham dimg mot
minh. Trén thyc t€, mét dic diém néi bat cha STL 1 cdc giai thuat cta nd rat chung. Ching khéng
chi duge sir dung véi cdc congtens ma cdn cb thé sir dung véi cdc mang C™ thong thudng va cic
congteno do ngudsi sit dung tao ra.

Céc iterator 12 mot dang khdi quat héa cia khdi niém con tré. Ching trd t6i cdc phén tr trong
moét congteno. Chiing ta ¢6 thé ting mo6t iterator nhy ting mot con tré d€ né trd 14n lugt téh ting
phén I trong mét congteno. Cdc iterator 1a phan chi yéu cia STL béi vi chiing ndi cdc giai thuat
véi cic congteno. C6 thé coi chiing nhu mét phién ban phdn mém cia cdc day cip, giéng nhu day
cap ndi mdy tinh vdi cdc thiét bi ngoai vi. Cic iterator ciing néi céc thanh phén khédc v6i nhau.

Hinh 7-1 cho thdy ba thanh phdn chinh cia STL. Trong chuong nay ching ta s€ gidi thiéu khd
chi tiét vé cac congteno, cdc giai thudt va cic iterator. Cdc chuong ti€p theo s& khio sat cu thé véi
cdc vi du minh hoa.

7.1. CONGTENG

Congteno (container) 14 mét cdch luu trit dit liéu, bao gém ca cic kiéu dit liéu cé sin nhu int,
float va cdc d6i tuong 16p. STL c6 sén bay loai congteno co ban, hon ba loai congteno duge rit ra tir
céc loai co ban nay. Ngoai ra chiing ta c¢6 thé tao ra cdc congteno clia riéng chiing ta dwa trén céc
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Hinh 7.1, Céc cangtend, gidi thufit va iterator.

loai congtend co ban. Cé thé ching ta s& ban khoan 1a tai sao lai cdn nhiéu loai congteno nhu vay?
Tai sao khong st dung cdc mang C™* trong tét ca céc tinh hudng luu trit? Cau tra 13 13 hiéu suat.
Mot mang s€ gap khé khan hodc chm trong nhiéu tinh huéng luu trit.

Céc congteno STL chia lam hai loai: c¢ongtend tudn tu (sequencial container) va céngtend lién
két (associative container). Cic congtend fudn ty 12 vecto (vector), danh sdch (list) v hang doi hai
ddu (deque). Cic congtend lién ket 1a tap hop (set), da tap hop (multiset), 4nh xa (map) va da 4nh
xa (multimap). Ngoai ra, c6 mét vai congteno goi 12 céc kiéu dit liéu triru tuong, chiing 12 cic dang
dac biét cla cdc congteno khic. Cdc loai congteno ndy 12 ngin x€p (stack), hang doi (queue) va
hang doi wu tién (priority quene). Ching ta s& 14n lugt xem xét cdc loai coHngteno nay.

7.1.1, Congteno tuan tu

Mot céngteno tudn tu (sequencial container) tuu trit mét tap hop céc phdn tit ma cé thé hinh
dung nhu mot dudmg thing, nhu cic nha trén mot phs. Mbi phan tir lién két v&i mot phén tir khdc
bang vi tri ciia né theo dudmg thang. Méi phén tir (trir phdn tlt cudi ciing) déu cé mot phin tr xac
dinh diing trude va dimg sau né. Mot mang C** 14 mot vi du vé mot congteno tudn tu.

Mot vin dé véi mang C** Ia phai xdc dinh kich thudc chia né tai thdi diém bién dich, nghia 13
trong chuwong trinh ngudn. That khong may la khi viét chuong trinh chiing ta thudng khOng biét ¢c6
bao nhiéu dif liéu s€ duge luu trif trong mang. Boi vay chiing ta phai xdc dinh mot mang du 1on dé
luu trit nhitng gi ma chiing ta dodn 1a s6 lvong dit liéu cuc dai. Khi chuong trinh chay, s& gay lang
phl b6 nhd néu khong dién ddy mang hoic tao ra mét thong bio 18i néu vugt ngom kha ning cia
mang. STL cung cp congteno vecto d€ khic phuc nhilng nhuge di€ém niy clia mang.

Day 13 mot van dé khdce véi mang. Cho rang chiing ta dang luu trit cdc ban ghi nhan vién va da
sép x€p chung theo thit tu alphabe bdi tén cua nhan vién, Néu bay gio chung ta muén chén mot tén
mé&i, ching han tén bit ddu v6i L, thi ta phal di chuyén tdt ¢a céc nhéan vién tir M téi Z dé tao chd
tréng cho tén méi ny. Cong viéc nay cé thé rit mat thoi gian. STL cung cdp congteno danh sach
(list), n6 dua trén ¥ twdng clia mét danh sich lien két dé giai quyét vdn dé nay.

Congtend tudn ty thi ba la hang doi hai ddu (deque), né c6 thé duge xem nhu 12 sy két hop giita
ngan x€p (stack) va hang doi (queue). Mot ngin xép 1am viéc trén nguyén tic vio sau ra trudc
{Last-In-First-Out, LIFO). Ca vao va ra duge thuc hién trén mot ddu cha ngin xép. Trai lai, mot
hing doi lai sit dung dang sdp xép vao trude ra truse (First In First Out- FIFQ): dit liéu di vio &
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phia trudc va di ra & phia sau, giéng nhu mét hang hanh khdch trong mot nha bing. Hang doi hai
d4u két hop cd hai cach nly dé€ cé thé chén vi xéa dit liéu & ca hai ddu. Tir "deque” duoc nit ra tir
Double-Ended-QUEue (hang doi hai ddu). N6 14 mot co ché€ linh hoat ma khong chi ¢6 ich véi riéng
né, ma né con duge sit dung 13m co s& cho ngan x€p va hang doi. Bang 7-1 tém tit c4c dic diém
cla cdc congteno tudn ty, bao gém ¢ mang C** thong thudng d€ tién so sdnh.

Bdng 7-1. Cac congteno tudn ty co ban |

- Congteno Dic diém Nhitng thudn lgi va khong thuin loi

Mang C" | Kich thudc cé dinh. + Truy nhé&p ngiu nhién nhanh (qua chi s& mang).

thong : s S

thutomg + Chén va céc phdn tir & gitta cham.
+ Kich thuéc khong thay déi tai thdm diém (,hay
chucng trinh.

Vector Téi dinh vi, mng c6é thé | + Truy nhap nglu nhién nhanh (qua chi s6).

m& rong dugc.

+ Chén va xda & gifta cham.

+ Chén va x6a ¢ cudi nhanh.

List Danh sich lien két kép. + Chén va x6a & bat ky vi tri nao nhanh.

+ Truy nhédp nhanh téi ca hai diu.

+ Truy nhép ngiu nhién cham. -

Deque Nhu vector nhung ¢6 thé | + Truy nhap nglu nhién nhanh (dung chi s6).
truy nhdp & ca hai dAu. + Chen va xdéa & giita cham.

+ Chén va x6a & ddu hodc & cudi nhanh.

Viéc tao mét d6i tugng cOngtenc rit dé. D4u tién phdi c6 mot file tieu dé thich hop. Sau d6 sir
dung dang miu v&i tham sd 12 loai d6i tugng cin lru trit. Vi du:

vector<int> avact; ftao mot vecto cac so nguyen

hoac
list<airtime> departure_list;/ftao mot danh sach cac doi tuong airtime

Chi y ring khéng cdn xédc dinh kich thudc cho céngteno. Céc congteno tu ching quan tdm téi
t4t ca viéc cdp phdt bd nhé.

7.1.2. Congteno lién két

Mot congteno lien két 13 mot congteno khong tudn ty; thay vao d6 nd st dung céc khéa dé
truy nhap dir liéu. Céc khoa, dién hinh 12 cic s6 hodc cdc chudi, duge sir dung tu dong bdi
céngteno dé sip xé’p cdc phén tlr luvu trit theo mot trat tu nhét dinh. N6 giéng nhu méot quyén tr
dién ti€ng Anh ma & dé chiing ta cé thé truy nhap dir liéu bing céch tra cdc tir da duoc sip x&p
theo thit ty alphabe. Néu bit ddu v&i moét gid tri khéa, ching han nhu "aardvark", thi congteno sé
chuyén khéa nay t6i vi tri cla phédn tir trong b6 nhé. Néu biét khéa thi ching ta cé thé nhanh
chéng truy nhap téi gié tri lién két.

C6 hai loai cOngtenc lién két trong STL: 4nh xa (map) vi tip hop (set). Mét 4nh xa lién két mot
khéa (vi du tir ma ching ta muén tra) véi mot gid tri (vi du nhu dinh nghia cta tir). Gid tri c6 thé 1a
bét k¥ loai d6i tugng ndo. Mot tap hgp (set) tuong tu nhu mét dnh xa (map) nhung né chi luu trir cic

_khéa; khong c6 cdc gia tri lien két. N6 giéng nhu mot danh sach cdc tir khong ¢é dinh nghia.
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Céc congteno dnh xa va tap hop chi luu trit duy nhét mot khéa cho mét gid tri. Diéu nay giéng
nhir mét danh ba dién thoai, & dé méi ngudi chi c6 duy nhit mot s6 dién thoai. Trii lai, céc

congteno da 4nh xa (multlmap) va da tp hop (multiset) cho phep ¢6 nhiéu khéa. Vi du, trong mot
quyén tir dién ti€ng Anh c6 thé ¢ vai muc cho tir "set".

Bang 7-2 tém tit cdc congteno lién két 6 sdn trong STL.

Bdng 7-2. Cac congteno lién két co ban

Congteno Dic diém Nhiing thuén loi va khéng thuén lgi
Map + Lién két khéa vi phda tir. | + Truy nhép ngdu nhién nhanh (bang khéa).
+ Chi cho phép duy nhét | + Khong hiéu sust n€u céc khéa khong duge phan
mot khéa cho méi gia tri. b6 déu,
Multimap | + Lién két khéa véi phén tir. | + Truy nhap ngiu nhién nhanh (bing khéa).
+ Cho phép nhiéu gid tri | + Khong hiéu sudt n€u cdc khéa khéng dugc phan
khéa. bé déu.
Set + Chi luu trit cée khéa. + Truy nhap ngiu nhién nhanh (bing khéa).
+ Chi cho phép mét khéa | + Khong hiéu suat néu cdc khéa khong duoc phan
duy nhat véi méi gid tri. b6 déu.
Multiset + Chi luu trit céc khéa. + Truy nhap ngiu nhlcn nhanh (bing khéa).
+ Cho phép nhifu gid tri | + Khong hiéu sust néu cdc khéa khong duge phan
khéa. b6 déu.

Tao cédc congteno lien két y nhut tao cde congteno tudn tu:

hoidc

map<int> IntMap;

7.1.3. Ham thanh vién

Céac giai thuat (algorithm) thuc hién cic cong viéc phiic tap nhu sip x€p va tim ki€m. Tuy
nhién, cdc congleno ciing cn cédc ham thinh vién d€ thyc hién nhitng nhiém vu don gian hon ma
chi danh riéng cho mét congteno cu thé. Bing 7-3 trinh by m6t vai ham thinh vién ma tén va chite
ning ciia ching 12 chung cho tdt ¢a cdc 16p congteno.

//tao mot anh xa cac so nguyen

multiset<emloyee>> machinists; //tao mot da tap hop cac doi tuong employee

Bdng 7-3. Mot vai ham thanh vién chung che tdt ca cac congteno

Tén Chiic nang

size() Tra vé s6 muc trong congtend.

empty() Tra vé true néu céngteno réng.

max_size() Tra vé kich thuéc 16n nht c6 thé cé cha congteno.

begin() Tra vé moét con trd (iterator) trd téi diu congteno dé bit ddu trod tién vé
phia truéc qua congteno.

end() Tra vé mot con trd trd téi vi tri qua vi trf cudi cllia mot congteno, duwoc
diing dé két thiic mot con trd tién.

rbegin() Trd v& mot con tré nguoc trd t6i cudi congteno d€ bit dau trd lii qua
congteno.

rend() Tra vé mot con tré nguge trd 16i ddu congteno, dugc diing dé€ két thiic
mot con tro lii.
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Nhiéu ham thanh vién khic chi xudt hién trong cdc congteno nhat dinh hoic cdc loai congtenc -
nthét dinh.

7.1.4. Kiéu di liéu trir tuong

C6 thé sir dung cdc congteno co ban dé tao mdi loai congteno khac goi 1a mot kiéu dit lieu triru
tugng hay ADT (Abstract Data Type). Mot ADT la mot loai congteno don gian héa tap trung vao
cdc khia canh cu thé cia mét congteno co ban han; né cung cip mét giao dién khdc cho ngudi lap
trinh. Cic ADT duoce cai dat trong STL la ngin xép (stack), hing dgi (queue) vi hang doi uu tién
(priority queue). Mot ngan x€p han ch€ truy nhap béng viéc dat vao va 14y ra mot muc dit liu &
dinh ctia ngan x&p. Con trong mot hang.dei, dat cic muc dit liu & mot ddu va lay ching ra & ddu
khdc. Trong mot hang dgi wu tién, dit litu duge dat vao & mét ddu theo mot thit tv ngdu nhién,
nhung khi ldy ra & ddu khdc luén lusn 18y muc dif liéu 1én nhét duge hru trit: hang dgi vu tién ty
dong sip xép dif lieu gidp ching ta. :

Co ché STL diing dé tao ADT tir cdc kiéu co ban 12 bo thich tng (adaptor). Cc adaptor la cic

16p mfu chuyén cdc ham duge ding trong ADT thanh cic ham duge ditng boi céc congteno nam
trong ADT.

Ngan xép, hang doi, hing dei wu tién duge tao ra tit cdc cdngteno tudn tr khéc nhau nhung hang
doi hai ddu (deque) thudng duge sit dung nhét. Bing 7-4 trinh bay cac kiéu dit liéu trivu tuong va
cdc congteno tudn tr ¢é thé duge sit dung dé cai dat chiing.

Bdng 7-4. Cac kiéu dir liéu triru tuong

Congtena Cai dat Dac diém
Stack C6 thé cai dit nhw vector, list | Chén (push, insert) va x6a & mot dau.
hodc deque.
Queue C6 thé cii dijt nhy list, hodic | Chén taj mét ddn va xda & moét ddu
deque. khac,

Priority queune Cé thé chi dat nhu vector | Chén (push, insert) theo thif tu ngin
hoidc deque. nhién, xéa (remove, pop) theo thit tir
da dugce sdp xép & ddu khac.

Chiing ta ¢6 thé sir dung mot mau (template) trong mot miu dé tao mét ADT. Vi du, day 12 mot
ngan x€p luu trir kiéu int, duge tao ra tir congteno deque: ~

stack<deque<int> > astak;

Chi ¥, phai chén mét khodng tring vao giita hai déu ngoac nhon dé trinh bién dich khéng wing
1a todn tor >>,

7.2. GIAI THUAT

7.2.1. Giai thuat tim kiém

Nhu trén ta da biét, giai thuat 1a cach xit ly dit li¢u. Van dé fim ki€m mot muc dit lieu cho trude
trong mét nhém céc muc dif li¢u 1a mot trong nhitng van dé quan trong nhit vé xir 1y dit liéu. Trong
muc nay ching ta s€ di€m qua mét s6 phuong phdp tim ki€m thong dung. D6 13: tim kiém tuyén
tinh, tim ki€m nhi phén, tim ki€m su dung bang bam. Trong nhiéu #ng dung, nhém céc muc dir liéu
cin tim thudmg duoc t8 chitc nhu mot danh séch.
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1. Tim kiém tuyén tinh

Tim ki€m tuyén tinh 1a phwong phép tim kiém don gidn nh4t. Theo phuong phép nay, ta bit ddu
so sdnh tir phén ti dau tién réi ci nhir vay tim tufin ty theo danh sach cho dén khi tim ra muc dir liéu
cho trude hodc dat dén cu6i danh séch. Phuong phap tim kiém tufn w théng thudng mit nhiéu thai
gian,

2. Tim kiém nhi phdn

Sau day 1a gidi thuat tim ki€m nhi phan dé tim Item trong danh sich X,, X,,..., X, duge sip xép
theo thir ty tang dan. Néu tim thdy, bién Found s& nhan gid tri True va bién Position s& nhan gid tn
13 vj tri cua phén tir €6 gia tri bing ltem. Néu khéng tim th&y, bién Found s& nhan gid tri False.

1. Khoi dong Found tai gi4 trj False, First tai gia tri 1, Last tai gid tri n.
2. While First<=Last and not Found thuc hién céc budc sau:
a) Tinh Position = (First + Last)/2
[ .
b) If I[Cm{x]_;osi[inn then
Gdn gid tri Mid - 1 vao Last
Else if Item>Xp irion then
Gaén gid tri Mid + 1| vao First
Else
Gén gia tri True vao Found

Trong giai thuat trén, phdn tir & gilta duge so sdnh ddu tién, néu nd khong phai la phan tir cin
tim thi ta ti€p tuc tim nd trong nira truéc (n€u né nhéd hon phén tir & giita) hodc nita sau (néu né 16n
hon phdn tir & giita) cia ddy. Nhu vay, sau méi 14n di qua vong 13p while, kich thudc ciia danh sich
con bi giam di mdt nira, chinh vi vay s6 14n so sdnh d€ tim ra Item ciing giam di so véi phép tim
kiém tuy€n tinh.

Mic du giai thuat trén 12 13p ta cling c6 thé mé td né mot cich dé quy. Trong méi 1an lap tai, ¢
tuong co ban 1a tim phén tir & gilta danh sich (ho#ic danh séch con) vA néu né khong phai 1a phin tir
can tim, ta s€ ti€p tuc tim & mot trong hai nita cia danh séch dé theo cich hoan toan giéng trudc.
Sau day [a giai thuat tim ki€m nhi phén dé quy.

1. Khaoi déng First tai gid tri 1, va Last tai gid tri n.

2. If First > Last then /* danh s4ch (hoac danh sich con) la réng*/

Dat Found bang gid tri False
Else thyc hién cdc budc sau:
a) Tinh Position = (First + Last) / 2
b) If Item < X pogiiion then
Ap dung giai thuit nay véi Last = Position - 1
Else if Item > X p .o then
Ap dung giai thuat nay véi First = Position +1
Else
bat Found bing gia tri True

3. Tim kiém sit dung bdang bam

Trong cdc giai thust da xét tit trude dén nay, viéc dinh vi mét muc duge xac dinh bdi mot day
céc phép so sdnh. Trong méi trudmg hop, muc miu cdn tim duge so sdnh nhiéu 14n véi cac muc &
nhing vi tri ndo dé trong cdu tric. Méc dii giai thuat tim ki€m nhi phan doi hdi it 14n so sanh hon
giai thuat tim ki€m tuyén tinh, nhung trong mot s6 trudmg hop, nhimg giai thuat ndy thuc hién con
qué cham. Vi du nhu d6i véi bang cic ky hiéu dugc 1ap béi bo dich dé hn trit cac dinh danh va
nhitng thong tin vé chiing. Van t6c xay dung va tim ki€m trong bang nay sé quyét dinh vén t6c dich.
M¢t cdu tric dit liéu cho phép thuc hién viéc tim ki€m nhanh hon, duge goi 1a bang bim (hash
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table), trong dé vi tri cha mot muc duge x4c dinh trye ti€p bing mot him cta chinh né chi khéng
phai bing mot ddy cdc so sanh thir-va-sai (irial-and-error). Thoi gian cén thiét dé dinh vi mét muc
trong bang bam 12 mot hing s¢ va khoéng phu thude vao s§ lugng cdc muc duge luu tri.

D€ minh hoa, gia st ring c4n luu trit 25 s6 nguyén trén doan 0...999 trong bang bam. C6 thé cai
dat bang bam nay bang mot mang Table chita cac s6 nguyén duge ddnh chi s6 trén doan 0...999,
trong dé méi phdn tir cia mang duge khdi dong tai mot gid tri cam nao dé, vi du tai -1. Néu ta diung
mbi 86 nguyén i trong tap hop cin luu trét d6 lam chi s8, nghia 1a néu ta luu tr i trong tablefi], thi
ta ¢6 thé dinh vi mot s6 nguyén Number cho truée chi biing cach kiém tra table[Number] = Number
hay khong. Ham h dinh nghia béi h(i) = i xdc dinh vi tri cha muc i trong bang bam dugc goi 14 ham
bim (hash function).

Ham bim trong vi du nay thuc hién’ tim ki€ém moét cich ly tuéng vi thdi gian cin thiét d€ tim
ki€m mot gid tri cho trudc trong bang 12 hing s6, chi cin thdi gian dé thir mot vi wri. Nhu vay so d6
nay rét hiéu qua vé thdi gian, nhung chic chin 1a khong hiéu qua vé khong gian. Vi chi 25 trong
1000 vi tri ¢6 thé dugc dung dé luu trit cdc muc, cdn 975 vi tri cdn lai khong duge dung; ¢6 nghia la
chi 2,5% clia khong gian cho phép duge ditng, con 97,5% bi 1ang phi!

Vi cé thé leu trit 25 gid tri & 25 vi tri, ta ¢6 thé sir dung t6t hon khong gian bing cach sit dung
mang Table duge ddnh chi 6 trén doan 0... s24. Di nhién 12 khéng thé ding him bam ban ddu h(i) =i
ducc nita. Thay vao d6 ta ¢6 thé ding:

h{i} =1 med 25

vi ham nay luén lu6n c6 mién gia tri 1a nhitng s6 nguyén trén doan 0...24. Nhu véy, s6 nguyén 52 s&
duoc luu trit & Table[2] vi h(52) = 52 mod 25 = 2. Twong tu, 129, 500, 73 va 49 s& dugce luu trif tai
cac vi tri 4, 0, 23, va 24 theo thit ti d6.

Bang bam
Table(0] 500
Table[1] -1
Table[2] 52
Table[3] -1
. Table[4] 129
| Table[5) 1
Table[23] 273
Table[24] 49

Hinh 7-2. Bang bam sau khi luu trir cdc sd 52, 129, 500, 73, 49.

Tuy nhién c6 mot tr& ngai 1a c6 thé xay ra su va cham (collision). Vi du, sau khi 52 dugc luu
viio Table[2], néu 77 ciing duge luu trit, né s& duoc dat vao vi tri h(77) = 77 mod 25 = 2, nhung nhur
trén da thdy, vi trf ndy d3 bi chi€m bdi 52. Ciing tuong ty nhu vay, nhiéu gid tri khdc c6 thé wriing
vao mét vi trf cho trude, vi du, 2, 27, 102; va trong thuc t€ tit ca céc s6 nguyén dang 25k + 2 déu
duge uu trit tai vi trf 2. DI nhién 14 can phai c6 mot cch ndo d6 dé giai quyét nhitng va cham nay.
Mot phuong phap don gian d€ x 1y cdc va cham 12 tham dd tuyén tinh (linear probing). Trong s
d6 ndy, phép tim kiém tuyén tinh trong bang bét du & vi trf ¢ va cham va ti€p tuc cho dén khi tim
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thdy mét khe rdng ¢6 thé luu trit duge. Nhu vay, trong vi du trén, khi 77 va cham véi gid ti 52 & vi
tri 2, mot cdch don gian 1a ching ta dat 77 & vi trf 3 vi vi trf nay dang réng (chita s6 cam -1); dé
chén 102, ching ta di theo day tham do (probe sequence) gém céc v tri 2, 3, 4 va 5 @€ x4c dinh vi
trf ddu tién c6 thé ding dugc va théy ring 102 c6 thé luu trit & Table[5]. Khi dat dén cudi bang, ta
lai ti€p tuc tir vi tri dau tién. Vi du, 123 duge lun trit & vi trf 1 vi né va cham véi 273-& vi trf 23, va
day tham do 23, 24, 0, 1 x4c dinh khe réng ddu tién & vitri 1.,

Bang bam

Table[0] 500
Table[1] 123
Table[2] ~ 52
Table[3] 77
Table[4] 129
Table[5] 102
Table[23] 273
Table[24] 49

Hinh 7-3. Bang bam sau khi luu tri thém cdc s8 cé va cham.

DE tim ki€m mot gid tri cho truée cé ndm trong bang bim ndy hay khong, truéc hét ta dung
ham bam dé€ tinh vi tri c6 thé tim thdy trong bang.

Ta cén xét ba trudng hop. Trudng hop thi nhdt, néu vi tf nay réng (chita -1), ta c6 thé két luan
ngay rang gia tri nay khong nam trong bang. Trudng hop thit hai, néu vi trf ndy chia gid tri cén tim,
ta bi€t ngay 1a da fim ra. Trudng hop thit ba, vi tri nay chita mot gid tri khdc véi gia tri dang tim do
st va cham gay ra trong khi lap bang. Vi trudmg hop nay, ta thuc hién tim Kiém tuyén tinh “vong"
tai vi tri ndy, va tiér tuc cho dén khi tim thdy gia tri d6 hodc dat dén vi tri réng hay vi tri khai ddu,
vi diéu nay chi ra ring muc cén tim khéng c¢é trong béng. Nhu vy, thdi gian tim ki€m trong hai
trudmg hop ddu 12 hing s6 (chi cho mot phép so sénh) con trong trudng hop thit ba thi khéng phai
12 hang. Néu bang gin diy, ta phal thir hau hét tdt ca cdc vi trf trrde khi tim ra muc d6 hay trude khi
két luan ring muc d6 khong c6 trong bang.

D€ qud trinh tim kiém c6 hiéu qua hon, khi thiét k& bang bim, ta ¢6 thé thuc hién ba viéc sau:
1. Mé réng kich thude cia bang.

2. Dung phuong phép khéc dé giai quyét va cham.

3. Dung m¢t ham bam khéc.

Viéc 1am cho kich thuée clia bang bing s6 lugng cic muc duge hru trit nhu trong vi du trén

khong thuc t€ 1dm, nhung n€u diing bang nho hon cé kba ning s& din dén va cham. Trong thuc t€,
" ngay ca khi ¢6 thé luu trit nhi€u hon hin s& luogng muc <4n thiét thi vdn ¢6 thé xay ra va cham. Nhu
vay o rang 1a viéc mong doi mot bang bam hoan thién khong bi va cham 1a khéng xdc dédng. Thay
vao d6, ching ta danh phai thda min vdi céc bang bam véi s6 va cham di ft. Nhilng nghién ciu’

thuc nghi¢m cho thiy, chiing ta nén diing nhiing bang cé d¢ dai khoang tir 1 % dén 2 14n s6 luong

muc cén luu trit.
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Mot cich giai quyét va cham khdc 1a ding phwong phdp day chuyén (chaining). Trong phuong
phdp nay. ta diung cdc danh sach lién két dé luu tri¥ cdc gia tri va cham va bang bam 14 mot mang
cac con tro chi dén cdc danh sdch lién két nay. Ta ciing c6 thé dung mot s& phuong phap khic dé
giai quyét va cham. Vi dy, ¢6 thé ding mot mang cdc con trd chi dén nit goc cla céc cay tim kiém
nhi phan sau dé diing céc thi tuc chén va tim kiém.

Cong viec cudi cling c6 the thue hién dé tang higu qué cla qué trinh tim ki€m 13 chon ham bam.
Déng di¢u cua ham nay dwong nhién 12 s& dnh hudng dén tdn 6 va cham. M6t ham bam 1y tudng dé
tinh va rai déu cdc myc trong bang bam Iam giam xac xu#t va cham dén gid tri nho nhat. Mic di
khéng c6 phuong phdp bam nao hoan thién trong moi trudng hop, mot phuong phip théng dung
hién thoi [a bam ngau nhién (random hashing) véi k§ thuat tao s6 nglu nhién dé rai déu cac muc
trong bang bim mot cach ngdu nhién. Trude hét muc dé duge chuyén sang mot s& nguyén ldn ngiu
nhién bang cdch dung mdt lénh, ching han nhu:

RandomlInt = ((25173 * Item) + 13849) mod 65536
va gid tri nay duoc chia theo médun kich thuée clia bang dé xdc dinh vi tri ciia muc:
Location = RandomInt mod TableSize;
Co6 thé diing hdm bam nay véi cdc muc khong phai 1a s6 nguyén néu trude dé ta ma héa nhiing

muc nay thanh cdc s6 nguyén. Vi dy, méi mot tén cé thé duge md héa nhu la tbng cla cic mi s&
ASCII cia mdt vai hodc tat ¢4 cac ky t ciia nd.

7.2.2. Giai thuat sdp xép

Khi xir 1y dit liéu, hai van dé tim ki€m vi sap x€p (sorting) déu quan trong bdi ching thudng di
doi v6i nhau. That vay, nhu ta da thdy & trén, mot s6 thuat todn tim kiém c6 hiéu yua chi diing dugc
khi danh sdch cdc muc dif li¢u da duge sip xép theo mét thit ty nao dé. Trong phin nay, ching ta sé
xem xét véin dé sap thit tu mot danh séch X, X,,..., X,. Diéu ndy nghia 13 sip lai cdc phan tir cla nd
sa0 cho (theo mot trudng khéa nio d6) ching ¢6 thir ty tang ddn X < X.<..< X, hoic thi tu gidm
din X,;>X,>..> X,. Chiing ta s& diém qua cdc giai thuat sip x&p: sdp xép bang chon lva don gian,
sap x€p ki€u sti bot, sdp x&p kiéu chén, mét bién thé cla cach sip xép kiéu chon luya don gian duge
got 1& heapsort va cudi cling 12 giai thudt sip xép quicksoit,

1. Sdp xép bang chon lua don gidn

Y tutmg co bin cla cach sap x€p nay 14 duyét qua danh sdch hay mot phédn coa né nhidu 1an va
clt méi 1an duyét qua thi s& ¢6 mot phin tir duge sap x&p theo ding vi tri c4n thiét. Vi du, mdi lan
duyét qua danh sdch con, phan tif nho nhét trong danh sich nay duge tim ra va dwoc chuyén dén
ding vi tri cdn thiét cha né.

Gidi thuat sip x€p bang chon lya don gidn cho cdc danh sich dugc cai dat bing mang ducc mo
ta nhu sau:
/* Giai thuat sip x&p n phdn tit trong mang X {1], [2}.... X [n] theo th& wr tang dan®/
Fori=1ton - | thuc hién cdc budc sau:
/* chon phén tir nhé nhit trong danh sich con X[i],...X[n] */
a) Gan gid tri i cho SmallPos
b) Gén gid tri X [SmallPos] cho Smallest.
¢) For j =1+ 1 ton thuc hién cdc budc sau:
if X [j] < Smallest /* tim ra phdn tir nho hon */ then
1. Gdn gid tri j vao SmallPos
ii. Gan gia tri X[SmallPos] cho Smallest
/* chuyén phén t& nho nhét ndy vao ddu danh sdch con */
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d) Géan gid tri X[i] vao X{SmallPos]
e) Gdn gia tri Smallest vio X]i]

D¢ st dung gidi thuat trén cho cdc danh sdch tién két. ta chi cin thay thé chi s6 i va j bang cic
con tro chay trong danh séch va danh sich con.

2. Sdp xép kiéu st bot
Giai thuat sip xép nay ciing duyét qua danh sich hoiic cac danh sich con nhiéu l4n, so sinh va

hodn vi cdc cap phdn tir khdc nhau. Tuy nhién thay vi chi hodn vi m@t [4dn trong méi 14n duyét qua
mébi cap cdc phin tir s& duge hodn vi ngay khi ching khong ¢4 thif ur diing,

¥

/* Gidi thuat nay sap x€p kiéu sii bot mét danh sach cac muc X, X5 X, theo thit ty
tang ddn */
I. Khoi déng Numpairs tai n - t va Last tai 1
/*Numpairs. 4 cdp s6 cdn duge so sénh trong 14n di qua hién théi va Last ddnh ddu vj tri
cua phan tir cudi cung da cdn phai hodn vi ¥/
2. While NumPairs < > 0 lip lai cdc bude sau:
a} For i = | to NumPairs;
If X, > X,,, then
1. Hodn vi X;va X, ,
ii. Pat Last bing i
b) Pat NumPairs bing Last -1

3. Sdp xép kiéu chén

Cich sap x€p kiéu chen duge xay dung trén co s&: chén phdn tr m&i vio danh séch da duge sép
theo thif tir d€ cho danh sdch méi nhan duge ciing ¢6 thit tr diing.

Thuat giai sau day mé ta cach sdp xép kiéu chén cho danh sich dugc cai dat trén co so
mang ' '

/* Gidi thut nay sap x€p mot danh sdch chia céc phdn tit trong mang X[ 1}, X[2].... X[n] theo
thi¥ ty ting dén bang cach sip xép ki€u chén. K¥ hiéu - o ngu § mét gia tri nao dé nho hon tit ca
nhimg gid tri trong danh sach*/

1. Khai déng X|0] tai gid tri -o0

2. For i = 2 to n thuc hién cdc budc sau:

~ /* Chen Xli] vao ding vi trf ciia n6 trong danh sich con chita céc phin tir X[ 1],.. X[i - 1] */
-a) it NextElement bing X|i|

b) Dat j bangi-1

¢) While NextElement < X[j] thuc hién cdc buée sau:

) /* Chuyén mot phan tr sang dé tuo 0 tréng*/

i. Dat X [j +1] bang XIj| .
“ii. Tang j thém |
/* Chuyén NextElement vio 6 trong*/
d) Bat X[j +1] biang NextElement.

4. Heapsort _
Heapsort 1a mét bién thic cta cich sdp x&p bang chon lya don gian. Heapsort dung mdt cdu

tric di liéu mdi goi 1a khi (heap) d€ t6 chiic cdc phén tir clia danh séch sao cho 6 thé thyuc hién
viéc sdp x€p mot cdch c6 hiéu qua hon.
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Gi6ng nhu cic cay tim ki€m nhi phan (BST) (xem gidi thiéu vé cay tim ki€ém nhi phan & muc
12.4), khéi 12 loai cAy nhi phéan dac biét. N6 khic véi cac BST & hai diém:

1. N6 1a ddy du; nghia 14 cic 14 trén cdy ndm nhiéu nhat & hai mic lién tiép nhau va céc 14 &
mitc dudi ndm & nhiing vi tri "bén trdi nhat".
2. Gid tri cha muc dir liéu trong mdi nit 16n hon gi4 tri cla nhitng muc & cdc con nd (di nhién

12 néu cdc muc dit liéu 13 ban ghi thi mét trudng ndo d6 trong ban ghi phai thoa min diu
kién nay).

Thuét todn chuyén tir cay nhi phan ddy da sang khéi 13 co ban cho da s6 cdc thao tic khéc trén
khé&i. D6i véi bai todn 18ng quat chuyén ciy nhi phan ddy di sang khéi, ta bat ddu tir mit cudi cling
khoéng phéi 12 14, 4p dung thi tuc swap-down dé chuyén ciy con 6 g6c tai nit nay thanh khéi,
chuyén 1én ndt truée va dp dung thi tuc swap-down, v.v... cif thé cho dén khi ta dat dén ndt gée cla
cay. D3y céc biéu dé sau day minh hoa qué trinh "tao khéi" nay, céc ciy con dang chuyén thanh
khéi duge danh dau.

Hinh 7-4. Qud trinh tao khai.

Gidi thuat cai dat qua trinh trén nhu sau:
SWAPDOWN,

/¥ Cho trude mot ciy nhi phan ddy du céc vi tri r...n chia mang Heap vdi cdc c&y con bén trii va
bén phai tao thanh khéi, thit tuc ndy chuyén cay néi trén thinh mot khéi*/.

1. Khéi dong bién logic Done tai gid tri sai va chi s6 ¢ (child) tai gid tri 2 *r
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2. While not Done and ¢ < n thuc hién cic budc sau:
/* Tim con 16n nh4t */ )
a) If ¢ < n and Heap [c] < Heap [ c+1 ] then dit ¢ bang c+1
/* Hodn vi mot niit v6i con 1én nhét néu cdn thigt réi chuyén xuéng cay con 1iép theo*/
b) If Heap [r] < Heap [c] then: .
i. Hodn vi Heap [r] véi Heap [c]
ii. Bat r bing c
iii. Patc bing 2 * ¢
Else :
Pat Done bang gid iri ding.

khéi: '
HEAPIFY

Bay gid ta ¢6 thé viét mot cdch dé& dang giai thuat chuyén mét cay nhi phan ddy du bat ky sang

/* Giat thudt nay chuyén mot cay nhi phan ddy dir luu (it & céc vi tri 1..n cia mang Heap
thanh mot khéi*/

Dé cho r=n div2 dén 1 thue hién:

/* bt ddu tir mit cudi cling khong phai 12 14 */

Ap dung thi tuc SwapDown cho cdy duge luu trit trong cdc vitri tr r dén n cia Heap
Giai thuat dudi day téng ket so d6 sp xép HeapSort don gidn nhung hiéu qua nay:
"HEAPSORT _ .
* Giai thuat ndy ding gidi thuat heapsort dé sp x&p n phén tir trong mang X[1], X[21,...X[n1
theo thit tu ting ddn */ '
1. Xem X nhu 1a cay nhi phan ddy di va diing giai thuat Heapify dé chuyén cay nay sang khoi.
2. Déchoi=ndén 2, thuc hién cic budc sau:

a) Hoan vi X[1] va X[i], bing cdch ndy ta dat phdn tir 16n nhat trong danh sich con
X[1]...X[i] vao ddu danh sdch 4y,

b) Ding gidi thuat SwapDown d€ chuyén c4y nhi phan twong ting véi danh séch con luu trix &
cdcvitritit 1 déni- 1 cia X.

5. Quicksort

Trong cdc s0 d6 sip xép trude ddy, ¥ tudng co ban 1a chon phan tir nhé nhat hay 16n nhat trong
mot danh séch con nao dé clia danh sdch va dat né vao ding vi tr trong danh siach con. Quicksort
cling 12 giai thuat chon mot muc va dinh vi ding cho muc 4y. Tuy nhién trong so d6 nay, muc dirge
chon khong nhit thi€t phai 1a phdn tir nhé nhét hay 16n nhat; trong thuc t& né hoat dong t6t nhit néu
phan or nay khong phai 1a mot trong céc gié tri bién ndi trén, ma 1a mét gia tri nao dé & gitta danh
sdch con. '

Phén tir dugc chon s& dugc dinh vi cho ding bing cdch sip x€p lai danh sdch hay danh sdch con
sao cho tdt ca nhitng phén tir bén trdi cia phén tik nay nhé hon hay bing né va tat ca nhitg phan tir
bén phdi l6n hon né. Nhu viy danh sich (hoic danh sich con) duge chia thinh nhiing danh séich
con nhé hon v ciing bang céch d6 mdi danh séch con duge sip x€p mot cach doc lap. Mot céch e
nhién, phuong phip “chia dé tri” nay dén dén met thuat toin sép x&p dé quy.
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7.2.3. Gidi thuat trong STL

Nhu chiing ta da thay, dé drz d.e 16t gidi thudt nao d6 du 12 don gidn nhung cling phai it nhat
1a fap chuong trinh con véi ric inam s6 khic nhau. Trong thuc t€ chiing ta con phai sit dung rit
nhiéu gidi thuét khédc nhau dé 2iai quyét céc bai todn khac nhau. R4t may, trong STL, mot giai thust
1a mét ham cho trude d€ 1am viéc gi d6 cho cdc muc dit liéu bén trong mot congtend (hay trong céc
congtena}, ' :

Chd ¥ 14 cdc gial thuat trong STL khong phai 14 cdc ham thanh vién hay tham chi 1a cdc ham
ban cha cic 18p congteno. Ching ta c6 thé sit dung cdc giai thuat v6i cdc mang ¢6 sidn trong C
hoic véi cdc 16p congteno tu tao (cho céc 16p cdc ham co ban xac dinh).

Bang 7-5 trinh bay mot vai giai thuat dai dién.

Bdng 7-5. Mot vai giai thuat STL tiéu biéu

Giai thuat Chiic nang

Find Tra vé gid tri ddu tién tuong ing v6i mot gid tri cu thé.

Count Dé&m s6 phan tir ¢6 gid tri dugc chi rd.

Equal So sdnh ndi dung cla hai congteno va tra vé true néu 14t ca cdc phin 1
tuong Ung bing nhau.

Search Tim kiém mot day cdc phén tif trong mét congtend ma tuong ung voi
cung ddy dé trong mot congteno khic.

Copy Sao chép mét day cac gia trj tir mot congteno tdi mot congteno khéac
hoac t6i mot vi tri khdc trong ciing médt congtena.

Swap Déi chd mot gid tri & mot noi véi mot gid tri & noi khdc.

Iter_swap Déi chd mot dﬁy gid tri & mot noi véi mot day gia tri & mot noi khic.

Fill Sao chép mot gia tri vio mét day cdc vi trf. _

Sort S&p xép cdc gia tri trong mot congtend theo mot thit ty duge chi 8.

Merge Keét n6i hai khoang phan ur dugc sdp x&€p thanh mot khodng phan tir
dugc sap x€p 16n hon.

Accumulate | Tra vé téng s6 phdn ti trong mot khoang cho trude,

For_each Thuyc hién mot ham dugc chi rd cho timg phén tr trong mot congtena.

Gia sif ching ta tao mot mang kiéu int c6 di liéu trong d6:
int arr[}={42,31,7,80,2,26,19,75};

Khi d6 chiing ta c6 thé diing gii thuat sort() dé sip x&p méang nay:
sort{arr,arr+8);

( day arr 12 dia chi ddu cia mang va arr+8 12 dia chi qud cu6i mang (mét muc qua cudi mang).

7.3. CON TRO

Céc con tré (iterators) Ia cic thuc thé gidng nhu céc con trd dugc sit dung dé truy nhap cac muc
dit liéu (né thudng duge goi 1a cdc phan ti) trong mot congteno. Thong thudng, ching dugce sit dung
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d¢€ di chuyén lién ti€p tir phan tir nay sang phén tir kia. Mot qud trinh duoc goi 1a tro (iterating) qua
congteno. C6 thé tang mat iterator véi cic todn tir ++ dé né trd t6i phan ti tiép theo vii cé thé tham
chi€u nguoc (dereference) né véi todn tir * dé 14y gid tri clia phédn tir né tro téi.

Giéng nhu mot con trd trd téi moét phan tir mang, mét vai kiéu iterator 6 thé luu trix (hodc nhé)
vi tri clia mot phén tlr congteno cu thé. Trong STL, mot iterator bidu dién bing mot d6i tugng cia
mét 16p iterator.

Céc iterator khdc nhau phai duge ding véi cac kiéu congteno khdc nhau. C6 ba 18p iterator
chinh 1a: iterator tién (forward iterator), iterator hai chidu (bidirectional iterator) v& iterator truy
nhap nglu nhién (rendom-access iterator). Mot iterator tién chi c6 thé di chuyén ti€n vé phia
trudc qua congteno méi 14n mét muc dit lieu. Todn tir ++ clia né thue hién viéc nay. N6 khong thé
di chuyén 1hi lai vA khong thé tdi mot vi tri tiy ¥ & giita congteno. Mot iterator hai chiéu c¢é thé di
chuyén cd tién va lbi, bdi vay né dinh nghia ca hai todn tit ++ va --. Mot iterator truy nhap ngéu
nhién, ngoai kha nang di chuyén ti€n va 1ii, né cé thé nhay téi mét vi trf thy ¥ trong coéngteno. Vi
du, ching ta ¢6 thé bdo né truy nhap téi vi trf 27.

Ciing ¢ hai loai iterator dac biét iterator vio (input iterator) va iterator ra (output
iterator). Mot iterator vao cé thé "urd téi” mot thiét bi vao (cin hoic file) d€ doc cdc'muc dit liéu
lien ti€p vao mot congteno. Mot iterator ra c6 thé "trd 161" mot thiét bi ra (nhu cout hoic file) va
ghi céc phén tir tit mot congteno 6 thiét bi do.

Mac du cdc gid tri cla cdc iterator tién, iterator hai chiéu, iterator truy nhap ngiu nhién cé
thé duge luu trit (d€ chiing ¢6 thé duoc sit dung sau d6), nhung cde gid tri cla iterator vio va ra
khong thé luu trit. Diéu niy c6 1y, bdi vi ba iterator ddu trd 6 céc ving nhd, tréi lai iterator vao
© va ra trd cdc thi€t bi 1/0 nén viéc luu trit céc gid tri "con tré" 1A khong ¢6 y nghia. Bang 7-6 trinh
bay cdc dic diém cla ba loai iterator khic nhau ndy.

Bdng 7-6. Cac dac diém cia iterator

Iterator Doc/ghi Iterator c6 thé Hudng Truy nhap
luu trix ?

Random- Poc va ghi Cé Tién va lui Ngdu nhién
access '
Bidirectional Poc va ghi Cé Tién va lii Tuyén tinh
Forward Doc va ghi Cé Chi tién Tuyén tinh
Output Chi ghi Khéng Chi tién Tuyén tinh
Input Chi doc Khong Chi tién Tuyén tinh

7.4, VAN BE TIEM AN VOI STL

STL vin dang dugc tinh ché€ va céc nha san xudt vin dang dua ra c4c san phdm dé lam viéc véi -
céc trinh bién dich cu thé, boi vay cdc vén dé ma ching ta dé cap & day ¢6 thé da duge giai quyét
xong r6i. Tuy nhién, ciing c4n dua ra mot vai khia canh clia STL yéu cdu cin than. Cic van dé nay
dugre phit sinh 6 sy khdc nhau vé tu duy 16p mau trén nhiéu trinh bién dich.

Thit nhét, d6i khi khé tim 18i bdi vi trinh bién dich mo ta chiing & sau trong céc file tidu dé khi
ching thue sy & trong chuong trinh cila ngudi sit dung 16p.



Sir bién dich trude cha céc file tidu g€, ma Jam tang t6¢ manh mé sy bién dich trén cdc trinh
bien dich ¢6 nd, c6 thé gy ra cic van dé vdi STL. Néu mo: cdi dudng nhu khong 1am viéc thi bd
viéc bién dich truée cac file tiéu dé.

.STL sinh ra rat nhiéu cdc canh béo bién dich tir sau trong cdc file tieu dé STL. Thuong hay gip
cinh bdo conversion may lose significant digits. Nhimg canh bdo nay khong c6 gi hai va c6 thé
duge bo qua.

Khéng dé ¥ t6i nhitng phién phic nhd thi STL 12 mét hé théng manh va linh hoat dén ngac
nhién. Cic 161 ¢6 xu huéng duoc phat hién tai thoi diém bién dich hon 1a thoi di€m chay chuong
trinh. Cac giai thuit va céc congteno khdc nhau bi€u hién moét giao dién rit nhat quan. Nhimmg gi
1am viéc v6i mét congteno hay mot gidi thuat nay thuong sé lam viéc v6i mot congteno hay mot
giai thuat khac.
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CHUONG 8

CAC GIAI THUAT

Céc giai thuat STL thuc hién cdc thao tdc trén cac bo dit liéu.'Céc giai thuat (ALGORITHMS)
nay ducc thiet k& dé 1am viéc véi cde congteno STL, nhung mot trong nhitng diéu thi vi vé ching la
ching ta ¢6 thé 4p dung chiing cho céc mang C™ thong thudng. Didu nay ¢6 thé tiét kiem duge mot
luong cong viée kha tén khi 14p trinh véi cac mang. Né ciing cung cép mot céch hoc dé dang vé cac
gidi thuat, khéng vudng viu gi tdi céc congtena. Trong chuong nay ching ta s& néi t&i cich st dung
mot vai gidi thuit dai dién hay diing.

8.1. GIAI THUAT FIND()

Giai thuét tim kiém phdn tir ddu tién trong mot congtend ma cé gia tri duge chi 3. Chuong trinh
vi du FIND s& cho thdy gidi thuat lam viéc nhu thé ndo khi tim ki€m mot gia tri trong mot mang.

Listing 8-1 FIND

Hfind.cpp

/ftim phan tu dau tien co gia tri duoc chi ro
#include<iostream.h>
#include<algorithm:

void main()

{
int arr{]={11,22,33,44,55,66,77,88}:
int* ptr;

ptr=find(arr,arr+8,33); /tim phan tu dau tien co gia tri 33
cout<<"Phan tu dau tien co gia tri 33 duoc tim thay o vi tri: "
<<{ptr-arrj<<endl;

h
Két qua dira ra la:

Nhu thudng I¢ phén tir ddu tién trong mang 12 s6 0, bdi vay 3 duoc tim thdy & vi i 2.

8.1.1. File tiéu dé

Trong chuong trinh FIND chiing ta sir dung file tiéu dé ALGORITHM. Trong phién bin STL
ma chiing ta sit dung & day, file tiéu dé nay chita cc khai bdo cha 14t ca céc giai thuat. Cdc file tiéu
dé khic dirge dung cho cdc congtend. Vé6i phién ban STL cilia hing cung cdp khéac, ¢6 thé phai sir
dung mot file tiéu dé khic cho cdc giai thuat. Mot vai trinh bien dich chi cai dat mot file tiéu dé cho
tit ca cdc hoat dong STL, trai lai mot vai trinh bién dich khéc lai cai dat nhiéu file va goi ching
béng céc.tén khac nhau. O day ching ta sir dung trinh bién dich BorlandC** 5.0, file tiéu dé coa né
cho c4c giai thudt 12 ALGORITHM (khong ¢6 duéi .H). Céc trinh bién dich khdc c6 thé 13 ALGO.H
hosic ALGORITHM.H hoic 14 ALGORITH (khéng c6 .H).

8.1.2. Kheang gigi han

Har tham s6 déu tién cho giai thuat find() x4dc dinh khoang phén tir dwoe kiém tra. Cic gia tri
nay duoe xdc dinh béi céc iterator. Trong vi du FIND chiing ta sir dung iterator 1a céc gid tri con
tro C* théng thudng, cining 13 trudmg hop dac biét clia cdc iterator.
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Tham s& 1a iterator clia {trong trudng hop niy 12 con trd trd téi) gid tri ddu tién dugc kiém tra.
Tham s6 thi hai 12 iterator clia vi tri diing sau phédn t0 cu6i cliing duge kiém tra. B&i vi c6 8 phén ti,
gid tri nay Ia gid tri ddu tién cong thém 8. N6 duge goi 12 gid tri past-the-end. N tro t6i phén t
ngay sau cuéi khoang dugc kiém tra.

Cu phdp nay goi lai thuat nglt C** théng thudng trong mot vong l&p for:

for(int j=0;j<8:j++)
{
if (arrfjl= =33)
{
cout<<"Phan tu dau tiep co gia tri 33 tim thay o vi tri: "
<<j<<endl;
break:
}
}

Trong vi du FIND, gidi thuat find() tiét kiém dugc viéc viét vong lap for. Trong céc tinh huéng
phic tap hon, céc giai thuat c6 thé tiét kiém duge viec viét edc 1énh phic tap.

8.2. GIAI THUAT COUNT()

- Chiing ta cling xét mot gidi thuat khac 1a count(}, né dém xem ¢ bao nhiéu phéan tor trong mot
congteno c6 gid tri duge chi rd. Gidi thult nay, thay vi tra vé moét gia tri iterator (con tro) nhu giai
thudt find(), né cong s6 dém vao mét bi€n nguyén duoc cung cip nhu mot ddi s6 cho count(), Vi du
COUNT sau day cho thay cdach lam nay.

Listing 8-2 COUNT

ffeount.cpp

{fdem so phan tu co gia tri duoc chi ro
#include<iostream.h>
#include<algorithm>

void main()

int arr[1={33,22,33,44,33,55,66,77};
int n=0;

count{arr,arr+8,33,n}); /idem s0 33, cong ket qua vaoc n
cout<<"Co "<<n<<" g0 33 trong mang "<<endl;

}
Day 1a két qua dua ra:
Co ba so0 33 trong mang.

8.3. GIAI THUAT SORT()

Giai thuat sort() sap x&p cdc phin tir cia mét congtend theo mét thit ty ndo d6. Ban 8-3 1a mot
vi du vé gidi thuat ndy duge ap dung cho mang. N6 sdp x€p cic s& trong méang theo chiéu tang.
Listing 8-3 SORT
Htsort.cpp

/fsap xep mot mang cac so0 nguyen
#include<iostream.h>
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#include<algorithm:>
void main()
{
int arr(]={45,2,22,-17,0,-30,25,77);

int n=0;

sort{arr,arr+8}; /sap xep cac so

for(int j=0;j<8;j++) /hien thi
cout<<arr[jl<<'"

}

Pay la k&t qua dua ra clla chwong trinh:
-30-17 0 2 25 45 77

8.4. GIAI THUAT SEARCH()

€6 mot vai giai thuat thao téc trén hai congtenc cung mét lic. Vi du, trdi v&i gidi thuat find()
tim ki¢m mét gid tri cho trude trong mét congteno, gidi thuit search() tim kiém mot diy céc gid tri
cho bdi mét congteno trong mot congteno khic. Vi du SEARCH (ban 8-4) cho thdy search() hoat
déng nhu thé nio.

Listing 8-4 SEARCH

ffsearch.cpp
/itim kiem mot day gia tri cho boi mot container trong mot container khac
#include<iostream.h>
#include<algorithm>
void main{)

{ .
int source{]={11,44,33,11,22,33,11,22,44};
int pattern[]={11,22,33}:
int* ptr;
ptr=search{source,source+9,pattern,pattern+3}):
if(ptr==source+9)

cout<<'\nKhong tim thay su phu hop";
else

cout<<"\nPhu hop tai vi tri "<<{ptr-source);

}

Giai thuat search() tim kiém day s 11,22,33, cho b&i mang patterh, trong mang source. Ta
thdy day nay dugc tim thdy trong source tai vi tri thit tu (phdn tit 3). Day la két qua dura ra tir chuong
trinh: '

Phu hop tai vi tri 3

Néu con tro ptr ket thic qué cu6i cita source thi s& khong tim thdy su phii hop. Céc d6i s6 cho
giai thuit nhu search() khéng cin cang kiéu cOngteno Source c6 thé tim thiy trong moét hing san
xudt STL con pattern c6 thé thiy trong mét mang. Dang t6ng quét nay 1a moét dic diém rdt quan
trong cua STL.

8.5. GIAI THUAT MERGE()

Giai thuat merger() ding dé€ tron cic cOngtend vao mot congteno. Ban 8-5 trinh bay mot
chuong trinh trén cdc phdn tl clia hai congteno ngudn vio mot congteno dich.
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Listing 8-5 MERGE

H/merge.cpp
fftron hai container vao mot container thu ba
#include<iostream.h>
#include<algorithm>
void main(}
{
int srcl[]={2,3,4,6,8};
int src2[j={1,3,5};
int dest{8];
merge(scrl,scr 1+5,scr2_,scr2+i§,dest); fftron cac so nguyen
cout<<"\nCac so nguyen trong day da tron la:\n";
for(int j=0;j<8;i++)
cout<<dest[j]<<'";

h

Két qua dua ra Ja:
12334568

Ching ta c6 thé thdy viéc tron div liéu gilf nguyén thi ty, hop hai ddy phén tir ngudn viio mot
congteno dich. Chd y 1a trude khi trdn, hai congteno ngudn phai duge sip x&p theo cling mot thit tu.

8.6. DOl TUONG HAM

Mot vai gidi thuat c6 thé c6 mét céi gi d6 goi 1A moét d6i tuong ham 1am d6i s6. Mot d6i tugng
ham, d6i v6i ngudi st dung, tréng rat giéng moét ham miu. Tuy nhign né thuc su 13 mot d6i twgng
cta mot 18p méu ¢é moét ham thanh vién don 12 todn tir chong (). Diéu nay dudng nhu ky la nhung
lai dé sir dung.

Cho ring chiing ta mu6n sip x€p mét mang s theo thit ty gidm dén thay vi tang ddn. Chuong
trinh SORTEMP (ban 8-6) cho thdy céch lam nay.

Listing 8-6 SORTEMP

Hisortemp.cpp
/fsap xep mang so float theo thu tu nguoc lai (giam dan)
#include<iostream. h>
#include<algorithm>
veid main
| ;
float fdatal[]={19.2,87.4,33.6,55.0,11.5,42.2};
ffsap xep cac so float theo thu tang dan
sort(fdata, fdata+6,greater<float>());
cout<<"\nSau khi sap xep:\n";
for(int j=0;j<6;j++)
cout<<fdata[jl<<end];
}
Mang céc gid tri float duge s3p x€p ding déi tuong ham greater<float>(). Pay la két qua dua ra:

874
55

422
33.6
19.1
11.5
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Ngoar cic doi tugng so sdnh, con c6 cdc d6i twgng ham cho céc phép todn s& hoc va logic. Chiing
ta s& xem xét k¥ cac d6i tugng ham trong chuong 14.

8.7. HAM VIET BOI NGUOI SU DUNG PAT & VI TR BOI TUONG HAM

Céc d6i twong ham chi tinh toén trén cic kiéu dif liéu co ban C** va trén céde 16p c6 dinh nghia
cdc todn tu thich hop (+,<,&&,v.v...). Néu lam viéc vdi cdc gid tri khong phai & trong cédc trudng
hop nay thi ching ta phai thay thé mét d6i tugng ham bang mét ham duge dinh nghia bdi ngudi sir
dung. Vi duy, todn tit < khong duoc dinh nghia cho cic chudi char* thong thudng nhimg ching ta cé
thé viét mot ham thyuc hién viéc so sdnh va sit dung dia chi clia ham nay (tén cia né) thay cho d6i
tugng ham. Vi du SORTCOM (bén 8-7) cho thdy céch sip x€p mét mang chudi char*.

Listing 8-7 SORTCOM

Hsortcom.cpp

Mesap xep mang chuoi voi ham so sanh viet bei nguoi su dung
#include<iostream.h>

#include<string.h>

#include<algorithm>

char* names[]={"George","Penny”,"Estelle","Don","Mike","Bob"};
bool alpha_compichar* char*);
void main()

{ .
sort{names,names+6,alpha_comp); //sap xep cac chuoi
cout<<"\nSau khi sap xep:\n";
for{int j=0;j<6;j++)

cout<<names[jj<<endl;

} .
bool alpha_comp(char* sl,char* s2) //tra ve true neu s1<s2

{

return {stremp(s1,s2)<0) ? true:false;

}

D6i 56 thit ba cho giai thuat sort() 1a dia chi ciia ham alpha_comp(), né so sianh hai chuéi char*
va tra vé& true hoic false tiy thudc vao li¢u d6i s6 thit nhét 6 nhd hon d6i s6 thit hai khong (theo
thit ti alphabe). Két qua dua ra nhu ching ta mong doi:

Bob

Den
Estelle
George -
Mike
Penny

Néu sir dung 16p string tr thu vién chudn thi ching ta khéng cn viét ham ma c6 thé sir dung
cdc ham ¢6 sdn less<>() thay cho greater<>().

8.8. THEM _IF VAO CAC GIAI THUAT

Mot vai gidi thut c6 cdc phién ban két thic bang _if. Cdc gidi thus: ndy c6 mét tham s6 phu
goi la predicate (dv dodn), né 1a mot doi tuong ham hosic moét ham. Vi du, gidi thuat find() tim tat
ca cdc phén tit bing mot gid tri cho trude. Tuy nhién, né chi 1am diéu nay néu todn tr bing (==
duge dinh nghia cho kiéu dit liéu cia d6i tugng duge tim ki€m. Néu todn tlf == khéng dugc dinh
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nghia, ching ta ¢6 thé tao mot ham déu bing = = 1am viéc véi giai thuat find_if() d€ tim phdn tir c6
bét ky dic diém tdy ¥ nlo.

Bén 8-8 sir dung cdc chudi char*. Giai thuat find_if() dvoc cung cidp mét ham viét bdi ngudi sit
dung 12 isDon() dé tim chudi d4u tién trong mang cé gi4 tri "Don".

Listing 8-8 FIND_IF

Hfnd_if.cpp

{ftim kiem trong mang ten dau tien phu hop voi "Don”
#include<iostream.h>

#include<string.h>

#include<algorithm>

char* names[)={"George","Estelle","Don","Mike","Bob"};
bool isDon{char*);
void maind)

{

char** ptr;

ptr=find_if(names,names+5,isDon); fftim chuoi dau tien la "Don"
if(ptr=—names+5)

cout<<"\nDon khong co ten trong danh sach";
else

cout<<"\nDon phan tu “<<(ptr-names)<<" tren danh sach”;

}

boo!l isDen{char* name)

{

return (stremp(name,"Don™) ? false:true;
}
Béi vi "Don” thuc su 12 mét tén trong mang, két qua dua ra s& 1a:
Don la phan tu 2 tren danh sach

Dia chi cia ham isDon() 1a d6i s6 thit ba cua find_if(), trong khi dé déi s6 thit nhat va thit hai,
nhu thudng 1€, 12 dia chi d4u tién va dia chi qué cudi cha mang.

Giai thuat find_if() 4p dung ham isDon{() cho mei phén tir trong mang. Néu isDon() tra vé true
cho phén tit nao d6 find_ii() tra v& gia tri con wrd cla phén tir d6. Néu khéng, find_if() tra vé con
trd trd t6i dia chi qué cudi clia mang (the past-the-end).

Nhiéu giai thudt khdc nhw count(), replace() va remove() cling ¢6 phién ban _if.

8.9. GIAI THUAT FOR_EACH()

Giai thuat for_each() cho phép ta lam cdi gi d6 véi moi muc trong mét congtena. Chiing ta cé
thé viét mot ham dé xéc dinh “cdi gi d6” 1a gi. Him ma chiing ta viét khéng thé thay déi céc phin tir
trong céngteno, nhung né cé thé sir dung hoic hién thi cde gis tri chia ching.

Day 12 mét vi du trong d6 for_each() duoc sir dung dé chuyén tdt cd cdc gid tri cia mot méng tit
inch sang centimeter v hién thi chiing. Him ma chiing ta viét ¢6 tén 12 in_to_cm(), né nhan mot
gia tri vdi 2.54. Dia chi clia ham duge diing 1am d6i s6 thit ba cho for_each(). Ban 8-9 trinh bay
chuong trinh FOR_EACH.
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Listing 8-9 FOR_EACH

ffor_each.cpp
//su dung for_each(} de dua ra cac gia tri mang in la centimeters
#include<iostream.h>
#include<algorithm>
void main{)
{
float inches[]={3.5,6.2,1.0,12.75,4.33):
void in_to_cm(float): ffkhai bac ham
for_each(inches,inches+5,in_to_cm):
i
void in_to_cm(float in)
{ cout<<(in*2,54)<<'"; )

Két qua dua ra nhu sau:
8.80 15.748 2.54 32.385 10.9982

8.10. GIAI THUAT TRANSFORM()

Gidi thuat transform() lam mot viéc gi d6 véi 4t ca cic muc dit lieu trong mot congteno va dit
cic gid tri ket qud trong mét congteno khic (hay mét coéngteno gidng nhur vay). Ngoal ra, mét ham
Vi€t boi ngudi sir dung s& xdc dinh 1a 1am gi v6i cic muc dit liéu clia congteno. Ki€u tra vé ctia ham
nay phai gidng kiéu clia céngteno dich. Vi du sau tuong tu nhu vi du FOREACH nhung thay vi hién
thi gid tri dugc chuyén déi, ham in_to_cm() dua cdc gi4 tri centimeter vio mét mang khéc, centif].
Sau d6 chuong trinh chinh hién thi néi dung ciia mang centif]. Ban 8-10 trinh bay chuong trinh
TRANSFO,

Listing 8-10 TRANSFO

ftransfo.cpp

//su dung transform(} de chuyen doi mang cac gia tri inch sang centimeter
#include<iostream.h>

#include<algorithm>

void main{)

{
float inches[1={3.5,6.2,1.0,12.75,4.33);
float centi[5];

void 1n_to_cm({float);//khai bao ham
ffchuyen doi va dua vao mang centif]
transform(inches,inches+5,centi,in_to_cm);

}

void in_to_cm(float in)

{

. return (in*2.54);

}

Két qua dwa ra gidng nhu chuong trinh FOR_EACH.

Chiing ta vira trinh bay mét vai giai thuat trong STL. Con c6 nhiéu giai thuat khdc ma ching ta
khong thé néi hét & day duge.
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CHUONG 9

ITERATORS

Cic iterator (con trd) dudmg nhu hoi k¥ la nhung chiing lai 1a trung tam d6i véi cdc hoat dong
cha STL. Trong chuong nay chiing ta s& tim hiéu hai vai trd cla iterator 13: vai trd con trd thong
minh (smart iterator) va vai trd két ndi gilta cdc giai thuat va cdc congteng. Moét s6 vi du trong
chuong nay st dung cdc congteno tuin ty, né duge trinh bay & chuong 10.

9.1. CON TRO THONG MINH

Thuc hién mét thao t4c trén tdt ca cdc phén i trong mot congieno (hodc ¢é thé 1a mot khoing
phén tif trong mot congteno) thudmg 13 cdn thiét. Vi du, hién thi gid tri cua tdt ca cdc phdn wr trong
cOngtend hodc cong gid tri clia né t6i mot téng. Trong mot mang C** thong thudng, cac thao tac nhu
vay duge thue hien nhér con trd (hoac todn tit []). Vi du, doan mi sau day tré qua mot mang so6 float
dé hién thi gia tri cha timg phén ti:

float* ptr=start_address;

for(int j=0;j<size;j++)

cout<<*ptr+-+;

Véi cdc congteno phiic tap, cdc con trd C™ thong thudng c¢6 nhimg bét tién., Vi mot diéu 1 viéc
quan ly con trd trd nén quéa phifc tap; chiing ta khéng thé ting né biing todn tir ++ dé né trd téi phin
1 ti€p theo. Vi du, trong viéc di chuyén t6i mot muc dit liéu ti€p theo trong mot danh sdch lién két,
chiing ta khong thé coi muc dix liéu d6 & canh muc dit liéu trude nd; ching ta phai di theo mot chudi
cdc con trd thi mdéi 161 duge muc dit 1iéo dé.

C6 thé chitng ta muén luu gilr dia chi clia mot phin tir congtend nao dé trong mot bién con tro
dé€ c6 thé di chuyén 16i phﬁn tir d6 tai mot thoi diém nao d6 trong tuong lai. Chuyén gi s& x3y ra néu
thyc hién viéc chén va xéa & giita congteno d6? Gid tri cha con trd cd thé s& khong con hop 1& néu
ndi dung cha congteno duge sap x€p lai. That thuan Igi néu khéng phai lo léng vé viéc sira d6i t4t ca
cdc gi4 tri ma cdc con tro luu trit khi Xy ra viéc cheén hoac xda.

Mot gidi phdp cho nhimng vin dé niy 12 tao mot 16p cdc "con tro thong minh” (smart itecator).
Pai twong cha mot 16p nhu vay chi y&u bao cdc ham thanh vién cua nd quanh mét con tro thong
thudng. Cic todn tit ++ va * duge chéng dé chdng biét cdch trd 161 phén ti trong congteno cla
chiing cho dit c4c phdn tir d6 khéng nim canh nhau trong b6 nhé hoac vi tri chia chiing bi thay déi.
Pay la dang khung cla cdch lam nay:

clags SmartPointer
{ .
private:
float* p; {fmot con tro thong thuong
public:
float operator*{)
{
float operator++{)
i
)
void maing)

{
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SmartPointer sptr=start_address;
for(int j=0;j<size;j++)
cout<<*sptr++;

}

Cho réing chiing ta cdn tao mét 1ép cic con trd théng minh, vay trich nhiém tao 16p nay thudc
v€ ai? V4i tr céch 12 ngudsi sir dung 16p, chic chin chiing ta khéng muén viét thém doan chuong
trinh phic tap nay. '

Mat khéc, c6 mét vén dé véi viéce tao céc thanh vién con trd thong minh cla 16p congteno.
Chiing ta ¢6 thé céin nhiéu con trd trong mot congteno va s& 12 phitc tap cho mat congteno dé luu trit
cac gid tri nay. Nén ¢6 bao nhiéu con tré6? M&i congteno nén c6 ba con trd cho cdc phén tif cia
riéng n6? Hay nén luu trit mot bang cdc con trd nhu vay? Chuong trinh ing dung c6 thé tao mét con
tro nhu vay bat k¥ lic nio né ciin, khéng cé han ché hay phitc tap gi. '

Cach lya chon clia STL 1A tao céc con trd thong minh (smart iterator) goi Ia iterator, dua vio
mot 16p hoan toan rieng biét (thudng 1a mot ho cdc 16p méu). Ngudi sir dung tao céc iterator bing
cdch dinh nghia chiing.

9.2. ITERATOR NHUMOT GIAO DIEN

Ngoai viéc déng vai trd nhu cdc con trd thong minh trd 6t cac muyc dif liéustrong cdc congteno,
cdc iterator con c6 cdc muc dich khic trong STL. Ching quyét dinh gidi thuat ndo s& dugc sir dung
véi congteno nao. Tai sao diéu nay lai 1a cdn thigt?

Trong mot vai ngit canh 1y thuyeét, chiing ta ¢ thé 4p dung mot giai thuit cho moi céngtens.
Trong thye t€ nhiéu gidi thuat 1am viéc véi tat ci cdc congteno STL. Tuy nhién, c¢6 mét vai giai
thuat s€ khong hiéu qua (cham) khi duge diing véi mét vai congteno. Vi du, giai thuat sort() cdn sy
truy nhdp ngdu nhién t6i cic congtenc ma né sdp x€p; néu khong né phai trd qua congteno dé tim
tirmg phdn tir trude khi di chuyén né, cdch nay rét t&n thoi gian.

Céc iterator cho ta mét cdch thic gian don ddng ngac nhién d€ lam phit hop cic giai thuat véi
cdc congtenc. Chiing ta c6 thé coi mot iterator nhu moét day cdp cim vio mot congtena va ddu kia
cdm vao mot giai thuat. Tuy nhién, khong phai t4t ci cdc day cip déu cdm duoc vio tit ca cic
congteno va khong phai tat ca cic day cép déu cam duge vao tit ca cdc gidi thuat. Néu ¢ ding mot
gial thudt qud manh cho mét congtena cho trude thi c6 thé s& khéng tim thdy moét day cip (mot
iterator) dé néi ching véi nhau. Néu ¢6 st dung né chiing ta s& nhan duge 16i bién #ich bao cho
biét c6 van dé.

Chiing ta cdn bao nhiéu iterator dé cho hé thGng nay lam viéc? Nhu dé néi trudc day, chi cin
niam ki€u 12 di. Bang 9-1 trinh bay nam loai iterator nay, ching duoc sip x€p tir dudi 1én trén theo
thif tw manh dén, trir input va output 13 ngang nhau (chi ¥, day khéng phai [a mot so d6 ké thira).

Néu mét gidi thudt chi cdn di qua mét céngteno theo mét chiéu tién, doc (nhung khong ghi)
timg muyc dit liéu, thi nd c6 the sir dung iterator input dé ndi né véi congteno. Néu gidi thuat di qua
theo chiéu ti€n nhung lai ghi téi congteno thay vi doc thi né cé thé diing iterator output. Néu né di
qua congteno theo chiéu ti€n va ca doc l4n ghi thi n6 phai sit dung mét iterator forward (iterator
ti€n). Va néu né phai truy nhap bt ky muc dit liéu ndo irong mot congteno ngay lp tic, khong trd
qua congteno, thi né phai sir dung mét iterator random-access (iterator truy nhap ngiu nhién).
Bang 9-2 trinh bay cdc hoat dong ma timg congtenc tro gitip.

Nhv chiing ta c6 thé thdy, 4} cd cdc iterator déu trg givip todn tir ++ d€ budc ti€n qua congteno.
Iterator input ciing sir dung todn tir * bén phai dau bing (nhung kh6ng phai ben trai); v=*i;
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Bdng 9-1. Cic kha nang cua cac leai iterator

Iterator Tién Poc Ghi L Truy nhép ngiun nhién
++ v=* *i=v -- [n]
Random-access X X X X X
Bidirectional X X X X
Forward X X X
Output X X
Input X X

Iterator output cé thé sl dung todn tit * nhung chi ding & bén tréi d4u bing: *i=v;

Iterator tién (Forward) quan ly ca doc va ghi, iterator hai c¢hiéu (Bidirectional) c6 thé ting
ciing nhu gidm. Iterator truy nhap ngiu nhién (Random-access) c6 thé sit dung toan tr [} dé truy
nhap t&i bat k¥ phén tir ndo mét cach nhanh chéng.

Mot gidi thuat c6 thé luén ludn sit dung moét iterator ¢ kha nang nhiéu hon né cdn dén. Vi du,

néu né c¢in mot iterator tién thi c6 thé sit dung iterator hai chiéu hoac iterator truy nhap ngau
nhién cho no.

9.2.1. Phu hgp céc giai thuat véi cic congteno

Chiing ta da sir dung mot day cip d€ so sanh voi mot iterator bdi vi mét iterator ndi mot giai
thudt va mot congteno. Con bay gis ching ta ciing tap trung vao hai diu day cip tuong twong nay:
~ ddu congteno va ddu gii thuat.

1. Cdm cdp vao mot congteno

Né&u ching ta chi sir dung cdc congteno c¢o ban thi chi cén hai loai iterator 12 di. Nhu chi ra
trong bang 9-2, vector vi deque yéu ciu mot iterator truy nhap ngau nhién, trdi lai list, set,
multiset, map vi multimap chi yéu cdu cdc iterator hai chiéu.

Bdng 9-2. Cac kiéu iterator duoc cdc congteno diing

Iterator Vector | List | Deque | Set Multiset Map Multimap
Random-access X b 4
Bidirectional X X X X X X X
Forward X X X X X X X
Input X X X X X X X
Qutput X X X X X X X

STL thuc hién viéc st dung iterator ding véi mét congieno nhu thé nao? D6 1a khi dinh nghia
mot iterator, chiing ta phai x4c dinh loai congteno sit dung né. Vi du, néu ching ta da dinh nghia
mot danh sdch gii¥ cdc phdn i kiéu int:

list<int> iList; //danh sach cac so nguyen
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Sau d6 chiing ta dinh nghia mét iterator cho danh séch nay:
list<int>::iterator it;/fiterator tro toi danh sach cac so nguyen.

Khi ching ta 1am diéu nay, STL tu déng tao iterator 13 mot iterator hai chiéu (bidirectional
iterator} béi vi d6 12 nhifng gi ma mot danh sach yéu cau. Tréi lai, mot iterator cho mét vécto hoic
mét hang doi hai ddu duge ty dong tao 12 mot iterator truy nhap ngiu nhién vi day 12 nhing gi
ma chinh hai congteno niy yéu c4u.

Qud4 trinh lya chon ty déng duge cai dat, trong file tiéu dé ITERATOR H va cdc file tiéu dé
khdc, bing mét 16p iterator cho mot congtend cu thé duoc rit ra tir mot 16p iterator t8ng quét hon
thich hop v6i mot congteno cu thé. Do d6, c4c iterator cho vécta va hang doi hai chiéu duge rit ra
tu 16p random_access_iterator, tr&i lai cic iterator cho danh sich lai dugc rit ra ar 16p
bidirectional_iterator.

Bay gits chiing ta da thdy cdc congteno duge lam phu hop véi cdc day cép iterator nhu thé nio.
Mot day cap thuc ra khéng cAm vao mot cdngtend, né duge nbi cing véi congteno. Cic vécto va
hang dai hai chi€u ludn luén dugc ndi véi c4p iterator hai chiéu.

2. Cdm cdp vao gidi thudt

ddu kia thi nhu the nao? Méi giai thuat, ty thuée vio nhiing gi n6 s& 1am véi cdc phén tir trong mét
congteno, yéu cdu mét loai iterator cu thé, Néu giai thuat phai truy nhap t6i cdc phén tir & céc vi tri
tiy y trong congteno thi né yéu cdu mét iterator truy nhip ngiu nhién, n6é cé thé sir dung
iterator tién nhung kém hon. Bang 9-3 wrinh bay mét s& giai thuat dai dién véi céc iterator ma
chiing yéu cdu. '

Chiing ta da thay mét ddu ciia mot cdp iterator duoge ndi véi mot congteno nhu the nao, th€ con

Bdng 9-3. Cic kiu iterator duge yéu cdu béi céc gidi thuat

Algorithm Input Output Forward Bidirectional Random-access
For_each X
Find X
Count X
Copy X X
Replace X
Unique X
Reverse X .
Sort X
nth_element ' X
Merge X X
Accumulate X

Ngoai ra, mac dit g&i gidi thuat yéu cdu mot iterator véi mot mic d6 kha ning nhit dinh,
nhung mét iterator manh hon ciing s& 1am viée duge véi né. Giaj thuat replace() yéu céu iterator
tién nhung no ciing s& lam viéc v6i mot iterator hai chiéu hodc mét iterator truy nhap ngau
nhién. :
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Bay git hdy tudng tugng réng cdc gidi thudt cé cic bd néi vdi cdc chan nho ra. Giai thudt yéu
cdu iterator truy nhap ngiu nhién c6 nam chan, gidi thuit yéu cdu iterator hai chiéu ¢6 bén
chan, gidi thuét yéu cdu iterator tién cé ba chan v.v...

Phia ddu ndi véi gidi thuat ctia mét iterator (mot diy cdp) c6 moét bo nbi v6i mot s6 16 xac
dinh. Chiing ta c6 thé cim mot iterator c6 nam 16 vio mot gidi thuat c6 ndm chén va ciing c6 thé
cdm né vao giai thuat cé bon hoic vai chan. Tuy nhién, ching ta khong thé cim mot iterator c6
bén 16 (iterator hai chiéu) vio mot gidi thuit c6 nim chan (yéu cdu truy nhap ngiu nhién). Bdi
vily, vécta v hang doi hai ddu, c6 iterator truy nhap ngau nhién, c6 thé cdm vao bét cir giai thuat
nao, trai lai danh séch va cdc congteno lién keét, chi c6 cac iterator hai chiéu bén 15 chi c6 thé dugc
cdm viao cac giai thuat kém manh hon.

9.2.2. Cac bang cho biét dieu gi?

Tir bang 9-2 va bang 9-3 chiing ta c6 thé tim ra mot giai thuat lam vi¢c cho mot congteno cho
trude. Vi du, bang 9-3 chi ra ring gidi thuat sort() yéu cdu moét iterator truy nhap ngau nhién,
bang 9-2 cho thdy congteno duy nhit quan 1y céc iterator truy nhap ngau nhién la vécto va hang
doi hai ddu. Boi vay, thit v6 fch néu cd ap dung giai thuat sort() cho danh sach, tap hop, dnh xa...

Bat ky giai thuat nao khong yéu cdu mét iterator truy nhap ngiu nhién sé lam viéc véi tat cd
céc loai congteno bdi vi tét ¢a cdc congteno chi sir dung iterator hai chiéu, né chi & dudi iterator
truy nhap ngau nhién mot bic. '

Mot vai gidi thuat so snh yéu cdu iterator truy nhap ngiu nhién con hiu hét céc giai thult
lam viéc véi hiu hét cic congteno. '

9.2.3. Su tring 12p cdc ham thanh vién va cic giai thuat

Déi khi chiing ta phdi quyét dinh gila viée sit dung mot ham thanh vién hay mét giai thuat cé
ching tén. Vi dy, gidi thuat find() chi yéu cdu mét iterator doc (input iterator), boi vay né c6 ‘thé
duge ding cho bét ky congteno nao. Tuy nhién, tap hop va 4nh xa c¢6 ham thinh vién find() cua
riéng né (khong giéng nhu céc congteno tudn tu). Vay nén st dung phién ban ham find() nao? Néi
chung, néu ¢6 mot phién ban ham thianh vién thi phién ban giai thut s& khong hi¢n sudt bing.
Trong cic trudng hgp ndy nén sit dung cac ham thanh vién,

9.3. ITERATOR LAM VIEC NHUTHE NAO?

.9.3.1. Truy nhap di liéu trong céngteno

Trong cdc céngtend c6 cic iterator truy nhap ngau nhién (vécto va hang doi hai ddu) c6 the
dé& dang trd qua congteno bing toan 1 {]. Céc congteno nhur danh sdch khéng trg gidp truy nhép
nglu nhién cin cé mot cdch khdc. Mot cach hay skt dung Ia dinh nghia mot iterator cho congteno.
Chuong trinh LISTOUT che cich nay.

Listing 9-1 LISTOUT

{listout.cpp

/idung iterator va vong lap for de dua ra Q
#include<iostream h>

#include<list>

void main()
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¢

int arr[1={2,4,6,8}; /fmang cac so nguyen
list<int> iList{arr,arr+4); //khoi tac danh sach toi mang
list<int>:iterator it; Hiterator tro toi danh sach cac so nguyen

for(it=iList.begin();it!=iList.end():it++)
cout<<*it<< '

}

Chwong trinh chi don gian hién thi n6i dung clia congteno iList. Két qua dua ra la:
2468 |

Trong chuong trinh chiing ta di dinh nghia mot iterator kiéu list<int> phi hop véi kiéu
céngteno. Nhu véi mot bién con trd, ching ta phai cho iterator mot gid tri trwée khi st dung né.
Trong vong lap for, it dugc khoi tao bang iList.begin(), diém bt ddu ctia congtend. C6 thé tang it
Vi todn tlr ++ d€ né tré qua céc phén tir trong mét congteno vi cé thé tham chisu nguoc né véi todn
tlr * dé ldy gid tri ca timg phén t& mA né trd téi. Ciing c6 thé so sanh bing toan tr 1= d€ cé thé
thodt khoi vong lap khi né t8i congteno & iList.end().

Mot céch twong t, sir dung vong 14p while thay cho for, ¢6 thé 1a:
it=iList.begin();
while(it!=iList.end())
cout<<*Fit++<< ’;
9.3.2. Chén dir liéu vao congteno :
Chiing ta ¢6 thé sit dung chuong trinh tuong tw nhwr trén dé dat dit lidw vao cac phén tir da t6n tai
trong mét congteno, nhu chi ra trong chutong trinh LISTFILL duéi day.
Listing 9-2 LISTFILL

HMistfill.cpp
/ldung iterator de dien du lieu vao danh sach
#include<iostream.h>

#include<list>
void main()
{
list<int> iList(5); f/danh sach rong giu 5 so nguyen
list<int>::iterator it; {fiterator tro toi danh sach cac so nguyen
int data=0;

//dat du lieu vao danh sach
for(it=iList.begin(};it!=iList.end(;it++)
*it=data+=2;
it=iList.begin(); /fhien thi danh sach
while(it!=iList.end())
cout<<*it++ <<' "

}

Vong lap thit nhét d€ dién céc gia tri 2,4,6,8 vao congteno, cho thdy todn tir chéng * lam viéc
bén trdi ddu bing ciing nhu bén phéi & vi du trude. Vong 1ap thit hai hién thi cic gia tri nay.
9.3.3. Céc giai thuat va cac iterator

Céc giai thuat sir dung cdc iterator nhu céc d6i s6 (d6i khi nhu cic gi4 tri trd vé). Vi du
ITERFIND (ban 9-3) cho thy giai thuat find() dugc ding véi danh sich. Ching ta c6 thé ding
find() voi danh sdch bai vi né yéu cdu mét iterator doc (input iterator).
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Listing 9-3 ITERFIND

fiterfind.cpp
/giai thuat find() tra ve mot iterator danh sach
#include<iostream.h>
#include<list>
#include<algorithm>
void main()

{ . '
list<int> iList(5}); /l/danh sach rong giu 10 so nguyen
list<int>:iterator it; ffiterator tro tol danh sach cac so nguyen
int data=0;

Yidat du lieu vao danh sach

for(it=iList.begin(};it!=iList.end(};it++)

*it=data+=2;

it=find(iList.begin(),il.ist.end(),8);
if(it!=iList.end())
cout<<"\nDa tim thay 8 trong danh sach.”;
else
cout<<"\nKhong tim thay 8 trong danh sach.”;
}

Pua vao danh sich véi cic gid tri 2,4,6,8,10 nhu trong vi du trudc. Ti€p theo chiing ta sit dung
gidi thuat find(} d€ tim s& 8 trong danh sich. Néu find() tra vé gid tri iList.end() thi ching ta biét
da tdéi cudi congteno ma khﬁng tim thdy phén tit thich hgp. Néu khOng, né dinh vi tai muc dir liéu cé
gid tri 1a 8. Day 14 két qua dua ra:

" Da tim thay 8 trong danh sach

Chiing ta c6 thé sit dung gid tri clia iterator tra vé dé biét dugce noi dat s 8 trong danh sich. C6
thé chiing ta nghi vi tr{ d6 12 do léch cha muc dif lidu fim thdy tinh tir ddu céngteno duge tinh nhu
sau:

(it-iList.begin{})

Tuy nhién day khong phai la phép todn hop ¢ trén céc iterator dung cho danh sich. Mét
iterator danh sach 13 mot iterator hai chiéu, bdi vay khong thé thuc hién phép todn trén né. Chiing
ta chi ¢6 thé 1am phép to4n trén cdc iterator truy nhap ngau nhién, ching han nhu cdc phép toan
v4i céc iterator cho vécto va hang doi hai ddu. Do d6, néu tim ki€m trong mét vécte hon la mot
danh séch thi ching ta ¢6 thé viét lai doan cu6i cha chuong trinh ITERFIND nhu sau:

it=find(iList.begin(},iList.end().8);
if(it'=v.end())

cout<<"\nDa tim thay 8 trong vector tai vi tri: "<<(it-v.begin());
else

cout<<'\nKhong tim thay 8 trong vector.";
Vi két qua dua ra s& 1a:
Da tim thay 8 trong vector tai vi tri: 3
Ban 9-4 trinh bay mot vi du khéc trong d6 mot giai thuat sir dung cic iterator 1am cic ddi s6.
Vi du nay st dung giai thuat copy() véi mét vécto. Ngudi sit dung xac dinh doan phén tir cin duge

copy tir mét vécto t6i mot vécto khdc va chuong trinh copy ching. C4c iterator x4c dinh doan phén
tlt nay.

210



Listing 9-4 ITERCOPY

/fitercopy.cpp
/su cac iterator cho giai thuat copy
#include<iostream.h>
#include<vector>
#include<algorithm>
void main(}
{
int beginRange,endRange;
int arr[]={11,13,15,17,19,21,23,25,27,29};
vector<int> vi(arr,arr+10); {fkhoi tac mot vector
vector<int> v2(10); ° #lkhong khei tao vector

cout<<"\nNhap vao doan copy (vi du 2 5): ;
cin>>beginRange>>endRange;

/ftao cac iterator va khoi tao chung
vector<int>:iterator it1=v1.begin()+beginRange;
vector<int>:iterator it2=v1.beginQ+endRange;
vector<int>:iterator it3;

Hfeopy doan do tu v1 toi v2
it3=copy(it1,it2,v2.begin())://it3 tro toi phan tu cuoi cung duoc copy
it1=v2.begin{); /ftro qua doan
while(it1!=it3)

cout<<*jtl++<<'
'

- Day la vai méu tuong tdc véi chuong trinh:

Nhap vao doan copy (vidu 2 5): 3 6
171921

Chiing ta khéng muén hién thi toan b6 noi dung cha v2, chi hién thi doan dugc copy. That Ia
may man, copy() trd vé mot iterator trd tGi phén tir cusi cung (thudng sau phén tir cudi ciing mot
phdn ) duoc copy ti congteno dich, trong trudmg hop nay 13 v2. Chuong trinh hién thi gia trj nay
trong véng 1ap while d€ hién thj cic myc dit liev duoc copy.

9.4. ITERATOR DAC BIET

Trong phén nay ching ta s& xem xét hai loai iterator dac bigt: cdc bo thich ing iterator
(iterator adaptors), n6 c6 thé thay d6i cach d6i xir clia céc iterator theo nhiéu cach thi vi va cdc
iterator dong (stream iterator), né cho phép céc dong vao/ra duge d6i xit nhu cic iterator.

9.4.1. Bo thich ing iterator

STL cung cdp ba dang bién d6i cla iterator thong thudng. Ba dang nay 12 iterator ngugc
(reverse iterator), iterator chén (insert iterator) va iterator luu trir thé (raw storage iterator).
Iterator dio cho phép trd liii qua mét congteno. Iterator chén thay déi cach cu xir cBa nhiéu giai
thuat khéc nhau, ching han copy() va merge(), dé ching chén dir licu vao mot congtend hon la ghi
d¢ lén dit lieu d3 c6. Iterator hwu (rit thé cho phép dua ra cdc iterator dé luu trit dir lieu trong bo
nhé khéng duge khdi tao, nhung lai duge sit dung trong nhiéu tinh huéng dic biét ma chiing ta s&
khao sdt ky & day. '



1. Iterator nguoc
Cho ring chiing ta mudn trd qua congtend LI cudi t6i du, co ngudi s& nghi 14 1am nhu the nay:

list<int>::iterator it; /fiterator thong thuong
it=iList.end(); //bat dau tu cuoi
while(it!=iList.begin()) ffdi toi dan

cout<<¥it—- <<' '; f/giam iterator

Nhung that khong may cdch nay khéng 1am viéc. Vi mét dicu i khodng s& sai (tir n t6i | chu
khong phai tir n-1 t&i 0).

DE tro theo hudng 10i, ching ta phai str dung iterator ngugc. Chuong trinh ITEREV (ban 9-5)
trinh bay mot vi du ma & d6 sit dung mét iterator nguoce dé hién thi mét danh sdch theo thi tu
nguge lai.

Listing 9-5 ITEREV

Hiterev.cpp

/iminh hoa iterator nguoc
#include<iostream. h>
t#include<list>

vord main()
{
int arr{]={2,4,6,8,10}, //mang so nguyen
list<int> iList(arr,arr+5); fidanh sach duoc khoi tao tei mang
list<int>:reverse_iterator rev1t {fiterator nguoc
revit=iList.rbegin{);
while(revit!=iList.rend()) #tro lui qua danh sach
cout<<Frevit++<<' ffhien thi

}

Két qué dwa ra nhu sau:
108642

Chiing ta phai sit dung ham thanh vién rbegin() va rend() khi ding iterator nguoc (ding thar
véi iterator tién - forward iterator). Su nhdm lin hay gip 14 mac du chung ta bit ddu & cudi
congtenc nhung lai goi ham thanh vién rbegin(). Ngoai ra, khong duoc gidm iterator ngugc, revit-
- s& khong 1am nhimg gi ta mong muén. Véi reverse_iterator, luon di tic rbegin() t6i rend() ding
todn ti tang ++.

2. Iterator chén

Maét vai gidi thuat, chdng han copy(), ghi d& Ién n6i dung d3 t6n tai ctia congteno dich. Chuong
trinh COPYDEQ (ban 9-6) copy tir mot hang doi hai ddu t61 mdt hang dot hai ddu khdc s& cho mot
vi du vé iterator chen.

Listing 9-6 COPYDEQ

flcopydeq

//minh hoa giai thuat copy(} thong thuong vei cac hang doi
#include<iostream.h>

#include<deque>

#include<algorithm>

void main(}
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{
int arr1[1={1,3,5,7.9}; /imang so nguyen

deque<int> d1{arrl,arr1+5); /khoi tao d1
int arr2[1={2,4,6,8,10}; //mang so nguyen
deque<int> d1{arr2,arr2+5); Hkhot tao d2

. . Meopy d1 vao d2
copy({dl.begin(},d1.end(),d2.begin());
for(int j=0;j<d2.size();;++) ffhien thi d2
cout<<d2[jl<<'";

}

Két qua dua ra la:
13579

Noi dung cia di da bi ghi d& boi néi dung cha d2, khong con diu vét gi vé noi dung cla né
trude ddy (cdc s6 nguyén chin). Thong thudng thi ching ta muén diéu nay. Tuy nhién, trong mét s&
truong hop ching ta mudn nhd copy() chén céc phin tir méi vio mot céngteno ciing véi cdc phin tir
cli hon 1a ghi d& 1én chiing. Chiing ta c6 thé thuc hién viéc nay bing céch sir dung iterator chén. C6
ba dang clia iterator nay:

+ back_inserter chén cdc muc méi & cudi.
+ front_inserter chén cdc muc méi & ddu.
+ inserter chén cdc muc mdi & vi i xde dinh.

Chuong trinh DINSITER (ban 9-7) cho thdy céch sit dung back_inserter.
Listing 9- 7 DINSITER

/dinsiter.cpp
/fminh hoa iterator chen voi hang doi
#include<iostream.h>

#include<deque>
#include<algorithm>
vold main()
{
int arr1[]={1,3,5,7,9}: /imang so nguyen
deque<int> dl{arrl,arr1+5); #khoi tao d1
int arr2[]={2,4,6}; fimang so nguyen
deque<int> d1(arr2,arr2+3); /khoi tao 42

flcopy d1 vao d2
copy(dl.begin(),d1.end(),back_inserter{d?));
cout<<"\nd2=":
for(int j=0;j<d2.size);j++) {fhien thi d2
cout<<d2[jl<<'";

}

back_inserter sit dl_m.g ham thanh vién push_back(} cla congteno dé chén cdc muc méi vao -
cudi congtend dich d2, theo san cdc muc dir liéu di t6n tai. Congteno ngubn d1 khong thay déi. Két
qua dua ra clia chuong trinh 1a:

24613579

Néu sir dung front_inserter thay th€ back_inserter

213



copy(d1.begin(),d1.end().front_inserter);

thi cic muc méi s& duge chén vao truée congteno. Co ché bén trong 1a sir dung ham thanh vién
push_front(), né ddy timg muc mot vao trudc congteno, 1am ddo nguogc thit ty cla congteno. Ket
qua dua ra sé la:

9751246

Chiing ta ciing c6 thé chén cdc muc méi bat ddu tai phin tir thy ¥ trong.congtenc diing phién
ban inserter cia iterator chén. Vi du, dé chén cdc muc méi tai ddu cha d2, chiing ta ding:

copy(d1.begin(),d1.end(),inserter(d2,d2.begin()));

P6i s6 thit nhat cha inserter 1a congteno duge copy vao va déi s6 thir hai 1a mét iterator tro t6i
noi bit ddu copy téi. Bdi Vi inserter st dung ham thanh vién insert() cla congteno nén thit ty clia
cdc phén tir khong bj dio nguge. Két qua dua ra tir cau lénh nay s€ la:

13579246 '

Bing cdch thay ddi d6i s6 thit hai chia inserter, chiing ta c6 thé chén dir lién méi vao bit cit dau
trong congtend.

Chi ¥ ring front_inserter khong diing durge véi vécto bdi vi cic vécta khong ¢é ham than
vién push_front(); ching chi c6 thé duge truy nhap tai mét du.

9.4.2, [terator dong

Cc iterator dong (stream iterators) cho phép d6i xit véi céc file va cdc thiét bi vaofra (ching
han nhu cin va cont) y nhu thé chiing 1a c4c iterator. Diéu nay lam cho d& dang sit dung cic file va
céc thiét bi vao/ra 1am d6i s6 cho céc gii thuat. (Day 13 mot minh hoa khdc vé sy phé dung cita
viéc sir dung iterator dé lién két cdc giai thuat va céc congteno).

Muc dich chinh cha céc loai iterator doc va ghi 12 trg gidp céc 16p iterator dong. Cic iterator
doc va ghi (input/output iterator) 1am cho né c6 thé phit hop véi cdc gidi thuat duge sit dung truc
tiép trén céc dong vao/ra.

Céc iterator dong thuc sy Ia cic d&i tugng clia cdc 16p dugc miu héa cho céc kiéu vao/ra khac
nhau. C6 hai loai iterator dong: ostream_iterator vi istream_iterator. Chiing ta sé€ l4n luot xem
xét ching. '

1. Lop ostream_iterator

Mot d6i tuong ostream_iterator c6 thé duge ding lam d6i s6 cho bit ky giai thuat ndo yéu cdu
mot iterator ghi (output iterator). Chuong trinh OUTITER (ban 9-8) sir dung né lam déi s6 cho
giai thuat copy().

Listing 9-8 OUTITER

floutiter.cpp
/iminh hoa iterator dong
#include<iostream.h>

#include<list>
#include<algorithm>
void main()
{
int arr1{1={10,20,30,40,60}; /imang so nguyen
list<int> iList(arr,arr+5); {fkhoi tao danh sach
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ostream_iterator<int> ositer{cout,"--"); /fiterator dong

cout<<"\nNoi dung cua danh sach:";

copy{il.ist.begin(},iList.end(),ositer); /fhien thi danh sach
}

Chiing ta dinh nghia mot iterator dong dé doc cdc gi4 tri kiéu int. C6 hai d6i s& cho ham tao
ndy 12 stream ma cdc gid tri s& dugce ghi ra.va mot gia tri chudi s& dwoc hién thi theo sau méi gid
tri. Gid tri stream dién hinh 12 mot tén file hodic cout; & day la cout. Khi ghi ra cout, ching ta cé
thé tao chubi bao gém bat ky ky tyu nao; & day dung hai déu gach ngang.

Giati thuat copy() sao chép n6i dung clia danh sich téi cout. Iterator dong duge ding nhu d6i
56 thit ba cho copy(); né 1a noi dif lieu dén,

K&t qua cia chuong trinh 1a:
10--20--30--40--50--
Bén 9-9 FOUTITER, cho thdy cdch sit dung ostream_iterator dé ghi ra file.

Listing 9-9 FOUTITER

{ffoutiter.cpp

//minh hoa iterator dong voi file
#include<fstream.h>
#include<list>
#include<algorithm>

void main(}

{

int arr1(]={11,21,31,41,51}; /imang so nguyen
list<int> iList(arr,arr+5); /khoi tao danh sach
ofstream outfile("ITER.DAT"); {ftac doi tuong file
ostream_iterator<int> ositer(outfile," "); //iterator dong
copy(iList.begin(),ilist.end(),ositer); {fhien thi danh sach

}

Ching ta phai dinh nghia m§t d6i tugng file ofstream v gin nd t6i mot file, & day 1a
ITER.DAT. D6i tugng ndy la d6i s8 thit nhét cho ostream_iterator. Khi ghi téi mot file, cdn sir
dung moét ky tu tring trong d6i s chudi, chi khéng phéi 1a cdc k¥ ti nhu --. Diéu nay 1am cho dé
doc dit liéu tr& lai tir file.

Khéng c6 két qua duge hién thi tir chuong trinh FOUTITER, nhung xem flle ITER.DAT bing
mot hé soan thao bat ky chung ta s& thdy:

11 21 31 41 51

2. Lop istream_iterator

Mot d6i tugng istream_iterator c6 thé duge ding lam d6i s6 cho bét ky gidi thuat ndo xéc dinh
moét iterator doc (input iterator).

Ban 9-10 cho thiy cdc d6i tuong nhu vay duge ding 1am hai d6i s6 ddu cho copy(). Chuong
trinh nay doc cdc s6 ddu phdy dOng nhap tir ban phim (cin) bdi ngudi sir dung va lwu ching vao
trong moét danh sich.

Listing 9-10 INITER

ffiniter.cpp .
H/minh hoa istream_iterator
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#include<fstream . h>
#include<list>
#include<algorithm>

void main()
list<int> fList(5); fftac danh sach rong

cout<<"\nNhap vao 5 so dau phay dong (go Cirl+Z de ket thuc):";
/tao cac istream_iterator

istream_iterator<float,ptrdiff_t> cin_iter{cin); /cin

istream_iterator<float,pdrdiff_t> end_of stream; /feof -

copy(cin_iter,end_of_stream, fList.begin());
cout<<endl; /fhien thi danh sach
ostream_iterator<float> ositer{cout,”--");
copy(fList.begin(),fList.end(},ositer);

!

Vai miu tuong tic véi chuong trinh nhu sau:

Nhap vao 5 so dau phay dong (go Ctrl+Z de ket thuc):
1.1 22 33 44 55
1.1--2.2--3.3--4.4--5.5~-

Chu ¥ rdng ddi véi copy(), boi vi dit liéu dén tir cin 13 nguén chit khdng phai 14 dich nén chiing
ta phai xdc dinh ca ddu va cudi clia doan duge copy. Diém ddu la istream_iterator noi véi cin,
chiing ta dinh nghia né 12 cin_iter diing ham tao mot d6i s6. Nhung diém cudi ciia doan duge copy

12 gi? Ham tao khéng d6i s¢ (mac dinh) déng vai trd dac blét nay. N6 ludn luén tao mot d6i tugng
istream_iterator biéu dién cudi stream.

Ngudi str dung tao ra gid tri két thic stream ndy nhu thé€ ndo khi ho nhap vao dir li{:u'.s Béng
cich gd CTRL+Z, né dua vao ky tu end_of_file thudng duge sit dung cho cac stream (4n ENTER
s& khong két thic file mic dit né s& gidi han cic s6).

Chiing ta ding mot ostream_iterator dé hién thi ndi dung clia danh sich do ngudi sir dung
nhép vao mic dii ¢6 nhiéu cich 1am viée nay.

Cic dong thong bao dua ra man hinh, cl}éng han Nhap vao 5 so dau phay dong (go Curl+Z
de ket thuc):, phai dwoc thuc hién trude khi dinh nghia istream_iterator, bai vi ngay sau khi dinh
nghia iterator nay man hinh s& bi khod dé dgi nhép vio. .

Bin 9-11, FINITER, sit dung mét file thay cho ¢in lam ddu vao cho giai thuat copy().
Listing 9-11 FINITER |

ffiniter.cpp
#minh hoa istream_iterator vm cac file
#include<fstream h>

#include<list>
#include<algorithm>
void main{)
{ _
list<int> iList; {tao danh sach rong
ifstream infile("ITER.DAT"); = /ftao doi tuong file de doc vao

/Hile ITER.DAT phai ton tai
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/ltao cac istream_iterator
istream_iterator<int,ptrdiff_t> file_iter(infile); //file
istream_iterator<int,ptrdiff_t> end_of_stream: /feof

flcopy tu file vao danh sach iList
copy(file_iter,end_of_stream,back_inserter(iList)); -
cout<<endl; {fhien thi danh sach
ostream_iterator<int> ositer(cout,"--"};
copy(fList.begin(},fList.end(),ositer);

'

Ching ta dinh nghia mot ifstream dé biéu dién file ITE.DAT, file phai t6n tai va chita dir
liéu (n€u chay chuong trinh FOUTIER sé tao ra file nay).

Thay vi sif dung cin nhu trong vi du INTER, chiing ta sit dung déi tuong ifstream la infile. Déi
tugng két thic stream giéng nhu trong vi du trude.

o] trong chuong trinh nay chiing ta c6 mot su thay d6i: sir dung mot back_inserter dé chén dir
ligu vao iList. Vi sir dung back_inserter nén c6 thé dinh nghia iList 1a mét congteno réng thay cho
mot congteno cé kich thude xdc dinh. Di€u nay thudng c¢6 ¥ nghia khi doc vio, bdi vi ching ta c6
thé khong biét ¢6 bao nhiéu dif lieu s& duge nhap vio.
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CHUONG 10

CONGTENO TUAN TU

Trong chuong nay chiing ta s& gidi thiéu ba congteno tudn ty: véeto (vector), danh sdch (list) va
hang doi hai ddu (deque); tap trung vio céch 1am viéc cha cdc con gteno nay va cdc ham thanh vién
cua ching.

Céc chuong trinh vi du s€ gi6i thiéu mot vai ham thanh vién cho céngteno duge moé ta. Tuy
nhién, nén nhé ring cdc loai congtend khéc nhau vin sl dung cdc him thanh vién c6 tén va chitc
nang gidng nhau.

10.1. VECTO

Chiing ta ¢6 thé nghi vé cdc vécto nhir cic mang théng minh. Chiing quan 1y viéc cip phét bo
nhé gitip chiing ta, co gidn kich thudc vécto khi chén hodc x6a dit lidu. Chiing ta cé thé sir dung
vécta y nhir cdc mang, truy nhap cc phén tir chia né véi todn tir [J. Viéc truy nhap ngiu nhién nhu
vay rdt nhanh véi cdc vécto. N6 ciing nhanh khi thém (add, push) mét muc di liéu méi vao cubi
(back) clia vécto. Khi nhitng viéc nay xay ra, kich thuéc clia vécto duge ty dong tang lén d€ gii muc
dit liéu thém vao hoic tu dong giam di khi x6a mot muc khéi vécto.

Céc ham thanh vién clia vécto s€ thyc hién nhimg thao téc co ban trén vécto. C6 nhiing ham
thanh vién co ban sau;

» push_back() Diat mot muc dit 1iéu vao cudi vécto.

 back() Poc mot muc di litu & cudi vécto.

» pop_back() L&y mot muc dir lidu & cusi vécto ra khdi vécto,

e insert() Chén mét muc dit liéu vao mét vi tri trong vécto.

® erase() X6a mét muc dif lieu & mot vi trf ndo d6 trong vécto,
o swap() Hodn d6i dit liéu giita hai vécta,

e empty() N&u vécto rdng tra vé true. .

» size() Tra vé s6 phdn tlt hién c6 cla vécto.

» todn ti {] Truy nhap t&i mot phén tir bat ky trong vécto.

10.1.1. Ham thanh vién push_back(), size() va toan tir []

Ban 10-1, VECTOR, cho thdy nhilng phép todn trén vécto théng dung nhat.
Listing 10-1 VECTOR

Ivector.cpp

ffminh hoa push_back(), operator(],size()
#include<iostream.h>

#include<vector>

void main()

{

vector<int> v; : {ftao mot vector so nguyen
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v.push_back(10); fldat cac gia trt vao cuoi vector

v.push_back(11);

v.push_back(12);

v.push_back(13);

vi0]=20;

v[3]=23;

for(int j=0;j<v.size();j++) //hien thi noi dung cua vector
cout<<v{jl<<

}

Chiing ta sir dung ham tao mac dinh (kh6ng d6i s6) ciia vécto d€ tao mét vécto v. Nhu véi tit ¢4
cdc congteno STL., dang méu duge sir dung d€ x4c dijnh kiéu clia bién ma congteno s€ giif; trong vi
du nay 12 kiéu int. Ching ta khéng x4c dinh kich thuéc cia cdngtend, bai vay né ¢6 kich thude ban
d4du bing 0.

Ham thanh vién push_back() chén gid tri clia d6i s6 ctia né vdo sau véeto (sau véctd 13 noi ¢é
chi s6 cao nhat). Trudc mot vécto (noi phén tir ¢é chi s6 bing 0), khong ging nhu mot danh sdch
(list) hay mot hang dgi (queue), khong thé truy nhap. O day chiing ta dua vao céc gid tr1 10, 11, 12
va 13 dé v[0] chita 10, v[1] chita 11, v[2] chia 12 va v[3] chifa 13. .

Khi mot vécto da c6 dix liéu trong nd, dit liéu ndy c6 thé duoc truy nhap - ¢i doc va ghi - bing
todn tif [], y nhu thé né & trong mét mang. Trong chuong trinh chiing ta sir dung toan tir nay dé thay
déi phin tir d4u tién tir 10 thanh 20 va phin tir cubi ciing tir 13 thanh 23. Day 13 két qud dua ra tir
chuong trinh: '

20 11 12 23

Chii § rang, mic di c6 thé truy nhap dit lieu da c6 nhung chiing ta khong thé sir dung todn i []
dé 1am thay déi kich thuéc ciia vécto nhu véi push_back(). Vi du, c6 doc hodc ghi t6i v[27] sé&
khong 1am viéc boi vi vécto chi c6 bén phén tir.

Ham thanh vién size() tra vé s6 phdn tit hién c6 trong céngteno, trong chuong trinh VECTOR
n6 la 4. Ching ta sir dung gid tri nay trong vong 1ap for dé cho céc gia tri cia cdc phén tir trong
congteno.

Mot ham thanh vien khdc, max_size(), trd vé kich thudc cuc dai ma mét congtend ¢é thé mé
rong dugc t6i. S6 niy tiry thudce vao kiéu dit liéu duoc luu trit trong congteno (ki€u phan tir cang lén
cang lwu trit duge it), thy thuéc vao kiéu clia congteno va he diéu hanh. Vi du, max_size() tra vé
32767 cho kiéu int.

10.1.2. Ham thanh vién swap(), empty(}, back() va pop_back()
Ban 10-2, VECTCON, cho thiy mét.vai ham tao vécto khéc va cdc ham thanh vién.
Listing 10-2 VECTCON

/ivecteon.cpp

{/minh hoa cac ham tao,swap(), empty(),back(), pop_back(
#include<iostream.h>

#include<vector>

void main(}
{ . o

float arr(]={1.1,2.2,3.3,4.4}; //mot mang float

vector<float> vi(arr,arr+4); //khoi tac mot vector toi mang

vector<float> v2({4): /ivector rong co kich thuoe bang 4

v1.swap(v2); /hean dot v1 cho v2
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while(!vZ.empty())
{
cout<<v2 back(}<<''; /fhien thi phan tu cuoi
v2.pop_back(); {fxoa phan tu cuoi
h
)

Ching ta d3 sir dung hai ham tao vécto mdi trong chuong trinh nay. Ham tao thi nhét khai tao
véeto vl véi cac gid tri cita mot mang C™ thong thudng duge truyén téi né nhw mot d6i s6. Cic d6i
s6 cho ham tao ndy 13 céc con trd trd téi ddu cia mang va phén tur sau phﬁn tt cudi mang. Ham tao
thi hai thi€t 1ap v2 c6 kich thudc ban dau 1a 4 nhlmg khéng cung cdp gid tri ban ddu cho nd. CA hai
vécto déu giit gid tri kiéu float.

Ham thanh vién swap() hodn déi 14t ca dif liéu trong mot vécto v6i moét vécto khdc, giit phén tir
theo ding thit tv. Trong chuong trinh nay, v2 chia gid tri vo nghia, né duge hodn déi v6i vi1.
Chuong trinh hién thi v2 dé€ thdy bay gidy n6 chita dir liéu coa v1. Két qua duara la:

44 33 22 1.1

Ham thanh vién back() trd v& gia tri clia phdn tit cudi ciing trong véctd vh duge hién thi véi
cout. Ham thanh vién pop_back() xda phén tir cusi ciing trong vécto. Do d6, méi 1in qua vong lap
c6 mot phin tir cusi cling khdc (hoi ngac nhién 1a pop_back() khong déng thdi tra vé gid tri clia
phén tir cudi cling va xéa né khoi vécto, vi vay phéi ding back()).

Mot vai ham thanh vién, ching han nhu swap(), cﬁng t6n tai mot giai thuat cé cung tén. Khi
gap truomg hop ham thanh vién va glal thuat giéng nhau ca vé tén vi chifc nang thi nén sit dung ham
thanh vién vi né ning suat hon giai thuat. Doi khi chiing ta ciing st dung phién ban giai thuat, vi dy,
dé hodn déi cdc phén ti trong hai loai congtena khéc nhau.

10.1.3. Ham thanh vién insert() va erase()

Ham thanh vién insert() v erase() chén hodc x6a moét phin o tir mét vi tri bit ky trong
congtend. Cic ham nay rdt khong hiéu sufit v6i cdc véeto boi vi tat cd cdc phén tir & trén vi tri chen
hoac x6a phai duge di chuyén dé tao khoang tréng cho phdn tit méi hodc déng khoang tréng ma &
dé muc dit liéu duge x6a. Tuy nhién viéc chén va xéa cé thé hitu ich néu khong sir dung qu4 nhiéu.

Ban 10-3, VECTINS, cho thdy céch sir dung cdc ham nay.
Listing 10-3 VECTINS

/vectins.cpp
/f/minh hoa ham insert() va erase()
#include<iostream.h>

#include<vector>
void main{)
{
* int arr[1={100,110,120,130}; fimot mang so nguyen
vector<int> v{arr,arr+4); Hizhoi tao mot vector toi mang
int j;

cout<<"\nTrucec khi chen: ™;

for(j=0;j<v.size();j++) /thien thi tat ca cac phan tu
cout<<vljl<<'
v.ingert{v.begin(}+2,115); Hfchen 115 tai phan tu 2

cout<<"\nSau khi chen: ";

220



for(j=0;j<v.size();j++) /Thien thi tat ca cac phan tu

cout<<v[jl<<'’; .
v.erase(v.begin()+2); {xoa phan tu 2
cout<<"\nSau khi xoa: ";
for(j=0;3<v.size(;j++) /fhien thi tat ca cac phan tu

cout<<y(jl<<

}

Ham thanh vién insert() (it nhat 13 phién ban ndy cilia n6) c6 hai d6i s6: noi ma mét phin tir s&
duge chén vae mot congteno va gid tri cha phén to duge chén vao. Ching ta cOng hal vao ham
thanh vién begin() dé xdc dinh phén tit 2 (phén tir thit ba) trong vécto. Cdc phén tir tir diém chén t6i
cudi congteno duge di chuyén 1én dé tao khoang tréng va kich thuéc cita congteno duge tang lén 1.

Ham thanh vién erase() x6a mét phén tir tai mét vi tri xdc dinh. Cic phdn tir phia trén diém x6a
duoc di chuyén xuéng (chi s8 gidm di mot) va kich thudc cla cOngtenc duoc giam di 1. Pay la két
qua dua ra tir chwong trinh VECTINS.

10.1.4. Sap xép vécto vGi giai thuat sort()

Chuong trinh vi du ti€p theo cho thdy giai thuit sort{) lam viéc véi vécto nhu th€ nio. Chuong
trinh dé ngudi sit dung nhap vao mot diy s6 nguyén, sau d6 né sip x&p day s& nguyen dé theo chidu
tang. Ban 10-4 trinh bay chuong trinh nay, SORTINTS.

Listing 10-4 SORTINTS

Hsortints.cpp

/iminh hoa giai thuat sort() voi vector
#include<iostream.h>
#include<vector>
#include<algorithm>

void main(}

{

using namespace std;

vector<int> v; //tao mot vector rong
int in,n; /Tuu tru 30 nguyen nhap vao
char ch;

cout<<"\nNhap vac mot day so nguyen ™;
cout<<"\nSo luong so nguyen muon nhap: *;
¢in>>n;
for(int j=0;j<n;j++)
{

cout<<"So thu "<<j+1<<" 1 "

cin>>in;

v.push_back(in);

sort{v.begin(),v.end(}); /fsap xep theo chieu tang
"cout<<"\n\nDay so sap xep theo chieu tang: ";
for(int j=0;j<v.size();j++)
cout<<v[jl<<';

}

Chung ta sit dung gid tri trd vé cla hai ham thinh vién begin() va end() 1am d6i s6 cho sort().
Ham thanh vién begin() trd vé mot iterator tré t6i diém bit ddu cha vécto, con end() trd vé mot
iterator tré tdi vi trf qué cudi chia vécto moét phén tir. Pay 14 vai miu twong tdc véi chuong trinh:

Nhap vao mot day so nguyen
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So luong so nguyen muon nhap: 6
Sothul:9

Sothu?2:34

Sothu3:2

Sothu4: 4

Sothus5:9

Sothu6:-5

Day so sap xep theo chieu tang: -524 99 34

Phién ban sort() c6 hai tham s& s& sip x€p khoang phén tir duge chi ra theo chiéu tang. D€ sép
x€p theo chiéu gidm chiing ta phai diing thém tham s& thit ba 13 d6i tuong ham greater<>():

sort(v.begin(),v.end(),greater<int>());
K&t qua ctia phién ban nay sé la:
3499425

10.1.5. Tim mét phan tir trong vécto bing giai thuat find()

Vi céc congteno tudn ty khong c6 ham thanh vién find() nén mudn tim ki€m mét phén tit trong
vécto chiing ta phai sit dung giai thuat find(). Chuong trinh vi du ti€p theo s& minh hoa cédch st
dung giai thuat ndy. Dau tién chuong trinh d€ cho ngudi st dung nhip vio mét diy s6 nguyén va
liru chiing trong mot vécto. Sau d6 yéu cdu ngudt sit dung nhap vao mot gid tri ¢ tim. Chuong trinh
s€ tim 56 d6 trong mang va théng bdo cho ngudi sit dung bigt két qua fim ki€ém. Ban 10-5 14 chuong
trinh FINDINT.

Listing 10-5 FINDINT

/ifindint.cpp
#iminh hoa giai thuat find{) voi vector
#include<iostream.h>
#include<vector>
#include<algorithm>
void main{)
{

using namespace std;

vector<int> v; {itac mot vector rong

int in,n; /luu tru so nguyen nhap vao

cout<<"\nNhap vao mot day so nguyen ";
cout<<"\nSo luong so nguyen muon nhap: ";
cin>>n;
for{int j=0;i<n;j++)
{
cout<<"So thu "<<(§G+1)<<" ;. ",
- ein>>in;
v.push_back(in);
}

int search_int;

cout<<"\nNhap vao so nguyen can tim: ";
cin>>search_int;

vector<int>:iterator it; {ltao mot iterator vector
it=find(v.begin(},v.end(),search_int);
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if(itl=v.end(})

cout<<"\nDa tim thay so nay o phan tu: "<<it-v.begin();
else

cout<<"\nKhong tim thay so nay trong vector.";
cout<<endi<<end]l;
for(int j=0;j<v.size();j++)

cout<<y[jl<<'

;

Trong chuong trinh ching ta dinh nghia mét iterator, sit dyng n6 d€ luu gi4 tri trd vé cia giai
thuat find(). Néu find() tim thdy thi n6 trd vé mot iterator trd t6i vi tri clia phén tir tim thdy trong

vécto. Neuw khong tim thdy né trd vé mét iterator trd 16 vi trf qué cu6i clia vécto. Sau day 1a vai
mau tuong tic véi chuong trinh: '

Nhap vao mot day so nguyen

So luong so nguyen muon nhap: 6
Sothu 1:23

Sothu2:4

So thu 3 : 45

Sothud: 34

Sothu5: 56

Sothué:7

Nhap vao so nguyen can tim: 45

Da tim thay so nay o phan tu: 2

2344534567

10.2. DANH SACH (LIST)

Mot congteno danh sdch 12 mét danh sdch lién két kép (double linked list). Danh s4ch lién két
kép 1a mét tap hop céc phédn tir ma trong d6 méi phdn tir lien ket véi ca phén tir ding trude va diimg
sau nd, giéng nhu mot dy xich. DE tao lien ké&t, méi phan tir chita hai con tré tro t6i phén ti diing .
truge va ding sau. Hinh 10-1 cho thiy c4u tric clia mét danh sdch.

front ;| Daa | back front [Data | back front |Data | back
pointer | pointer poinler pointer pointer pointer |
NULL NULL

Hinh 10-1. C4u tnic danh sich.

Con tro trude (front pointer) cta phén tir ddu tién va con rd sau (back pointer) cia phin i
cubli cing c6 gid tri NULL d€ b4o higu Ia hai ddu cfia danh séch.

Vi méi phén tlr trong danh sdch luu trix dia chi cia ca phén tir dimg truée va ditng sau né nén
viéc truy nhip t6i ca hai ddu clia danh sdch 13 r4t nhanh. '

Cic ham thanh vién chinh cfa danh sich la:

= push_front() Dit mot phan tir vao ddu danh séch.
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+ front()

¢ pop_front()
® push_back()

¢ back()

¢ pop_back()

s reverse()

* merge()
. e unique()

* size()

» insert()

s crase()

® sort()

* empty()

Doc mot phan tit & ddu danh sich.

Lay phén tlr ddu tién ra khoi danh sich.

Dat mét phén tlr vao cudi danh sich.

Doc mot phén tir & cudi danh séch.

L4y phan ti cusi ciing ra khoi danh sach.

Bao nguge danh sdch: déu thanh cuéi, cudi thanh dau.
Trén moét danh séch vao mét danh sich khac.
Lam cho m&i phén tit trong danh sich 1a duy nhat.
Tra vé 56 phdn tit hién ¢6 cia danh sdch.

Chén mot phén tir vao danh sdch.

Xéa mot phin tir khéi danh sich.

Sip x&p danh sich.

Tra vé true néu danh sich réng.

10.2.1. Ham thanh vién push_front(}, front() va pop_front()
Ban 10-6, LIST, cho thdy dit liéu duoc dat vao, doc ra va l1ay khdi danh sich nhur thé nao.

Listing 10-6 LIST
- /Nist.cpp

{/minh hoa cac ham thanh vien push_front(),front{),pop_front()
#include<iostream.h>

#include<list>

#include<algorithm>

vold main{)

{

using namespace std;

list <int> iList;
iList.push_back(30);

/ftao mot danh sach rong
{idat cac muc vao tu phia sau

iList.push_back(40);

iList.push,_front(20);

/{dat cac muc vao tu phia trucc

iList.push_front{10);

int size=ilist.size();

/ls0 cac muc

for(int j=0;j<size;j++)

{

}
}

cout<<iList.front(}<<''; /f/doc muc du lieu tu phia truoe
iList.pop_front(};

Hlay muc du lieu o dau ra khoi danh sach

1

Céc ham thanh vién push_front(), pop_front() va front() twong tr nhu push_back(),
pop_back() va back(} ma ching ta di thdy lam vigc véi vécto.

Chi y ring ching ta khong thé sit dung truy nhép ngﬁu nhién d6i vdi cdc phén tir danh sach bdi
vi todn t [] khong duge dinh nghia cho danh sich. Néu cdn truy nhap ngﬁu nhién chiing ta nén sir
dung mét vécto hosc mot hang doi hai ddu.
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Danh séch thich hop khi thudng xuyén phai chén va xéa & gitia danh sdch. Viée chén va x6a s& .
khong hiéu sudt doi véi cdc vécto (vector) va hang doi hai ddu (deque) bdi vi t4t ca cdc phén tr &
trén di€m chén hodc x6a phai duge di chuyén. Con d6i véi danh séch thi cong viee nay dvgc thuc
h¢n nhanh chéng bdi vi chi cén thay d6i mét vai con tré d€ cheén mét muc mdi holic xéa méot muc.

10.2.2. Ham thanh vién reversé(), merge() va unique()

C6 mot s6 ham thanh vién chi danh cho darh sdch; cdc ham nay khéng duoce dinh nghia cho cic
congteno khic. Ban 10-7, LISTPLUS, cho thdy mét vai ham nay. Né bit d4u bing viéc khéi tao hai
d6i twong danh sdch kiéu int st dung céc mang.

Listing 10-7 LISTPLUS

Histplus.cpp
/iminh hoa cac ham thanh vien reverse(),merge(),unique();
#include<iostream.h>
#include<list> '
#include<algorithm>
void main{)
{

using namespace std;

int arr1[1={40,30,20,10};

int arr2[]={15,20,25,30,35}:

list <int> list1(arrl,arrl+4): /khot tao danh sach toi cac mang
list <int> list2(arr2,arr2+5);

listl.reverse(); /fdao nguoc list1: 10 20 30 40
listl.merge(list2); Htron list2 vao listl
listlL.unique(); fIxoa cac so 20 va 30 boi

int size=listl.size();
for(int j=0;j<size;j++)
{
cout<<listl.front()<<'' fidoe du lieu o truoc

listl.pop_front(); /lay muc dau ra khoi danh sach
} .
h

Danh sach thi nhat c6 thi tu giam dan, ching ta dua né vé thit ty sip x€p thong thudng (ting
ddn) bang ham thanh vién reverse() (viéc dio ngwoc mét danh séch rdt nhanh bdi vi ca hai ddu cha
danh sdch déu c6 thé truy nhap duoe). Diéu nay la cin thiét boi vi ham thanh vién thy hai, merge(),
tac ddng trén hai danh sach va yéu cu ca hai danh sach phai & thit tu di sip x&p. Sau khi dao listl,
hai danh sach 1a:

10 20 30 40
15 20 25 30 35

Bay gi& ham thanh vién merge() tron list1 vao list2, giir thi tr d3 duge sap x€p va mé rong listl
dé giit cac muc méi. K€t qua clia listl sau khi di tron 1a:

10 15 20 20 25 30 30 35 40

Cudi cling chiing ta ding ham thanh vién unique(} cho listl. Him nay fim nhiing cap gdn nhau
€6 cung gid tri, véi moi cip tim thay né xdéa di mot phén tir. Ti€p theo noi dung ciia listl dugc hién
thi. Day 1a két qua dua ra ti chuong trink LISTPLUS: ’

10 15 20 25 30 35 40
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DéE hién thi noi dung cha danh sdch ching ta sit dung cdc ham thanh vién front() va
pop_front() trong mot vong lap for(). Méi phén tir tit dau t6i cudi danh sdch duoc hién thi va sau
d6 duoc 14y ra khoi danh sdch. Qui trinh hién thi danh séch phd hiy né. C6 thé day khéng phai
luon luén 12 nhimg gi ching ta mong muén. Duéi day ching ta clng xem xét mét cdch hién thi
danh sich ma khéng ph4 hiy né.

10.2.3. Hién thi danh sach ding iterator

Vi du tiép theo, ban 10-8 DISPLIST, cho phép ngudi sit dung nhap vio mét day s6 nguyén véi
s6 lwong tiy ¥. VSi mdi s6 nguyén ma ngudi sir dung nhap vao, chuong trinh dit né vao cudi mot
danh sich v6i ham thanh vién push_back(). Sau khi nguoi st dung két thiic viéc nhép, né hién thi
toan bé n6i dung cia danh sdch. Dudi ddy 1a toan bd chuong trinh.

Listing 10-8 DISPLIST

Hdisplist.cpp
/fhien thi danh sach dung iterator
#include<iostream.h> t
#include<list>
#include<algorithm>
vold main()

{

using namespace std;

list<int> iList; {/tac mot danh sach rong
list<int>:iterator it; /tae mot iterator danh sach
int In,n; Hluu tru so nguyen nhap vao

cout<<"\nNhap vao mot day so nguyen ";
cout<<"\nSo luong so nguyen muon nhap: ";
cin>>n;
for(int j=0;j<n;j++)
{

cout<<"So thu"<<(g+1)<<" ; ";

cin>>in; '

iList.push_back(in);

cout<<"\n\nDay so nguyen vua nhap la:"<<endl,
for(it=iList.begin(};it!=1list.end(;it++)
cout<<*it<<' "

}

Ham thanh vién begin() tra vé m6t iterator tro t6i ddu danh sdch, gid tri nay dugc sit dung dé
khoi ddun cho it; ham thanh vién end() trd vé mot iterator trd téi phén tit qud cudi ciia danh sach, nd
duoc ding 13m ddu hiéu két thic vong 1ap. Todn tir ++ 1am cho it trd t6i phan i ti€p theo. Day la
vai miu tuong tac véi chuong trinh:

Nhap vao mot day so nguyen

So luong so nguyen muon nhap: 6
Sothu 1: 34

Sothu?2: 56

Sothu3: 12

Sothu4:238

Sothu 5:45

Sothu 6:23

Day so nguyen vua nhap la:
3456122845723
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return (pl.FirstName<p2.FirstName) ? true : false;
return (pl.LastName<p2.LastName) ? true ; false:

}

ffoperator == for person class
bool operator==(const person& p1,const person& p2)

return {pl.LastName==p2 LastName &&
pl.FirstName==p2 FirstName) ? true : false:

void main{()

{ .
person pers1{"Deauville","William",8435150);
person pers2("McDonald","Stacey",3327563);
person pers3("Bartoski”,"Peter",6946473);
person pers4("KuangThu","Bruce",4157300);
person pers5("Wellington","John",9207404);
persan pers6("McDonald","Amanda™,8435150);
person pers7("Fredericks","Roger”,7049982);
person pers8("McDonald","Stacey", 7764987);
fmultiset of persons
multiset<person,less<person> > persSet;
/fiterator to a multiset of persons
multiset<person,less<person> >:iterator iter;

/fput persons in multiset
persSet.insert(pers1);
persSet.insert(pers2);
persSet.insert(pers3):
persSet.insert(pers4);
persSet.insert(perss);
persSet.insert(persf);
persSet.insert(pers7);
persSet.insert(pers8);

cout<<"\nNumber of entries = "<<persSet.size();
/idisplay contents of multiset
while(iter!=persSet.end()
(*iter++),display();
//get last and first name
string searchLastName,searchFirstName;
cout<<"\n\nEnter last name of person to search for: ":
cin>>searchlLastName;
cout<<"Enter first name: ";
cin>>searchFirstName;
flereat person with this name
person searchPerson(searchLastName,searchFirstName,O);
/fget count of such persons
int entPersons = persSet.count(searchPerson);
cout<<"Number of persons with this name = "<<entPersons:
/display all matches
iter = persSet.lower_bound(searchPerson);
while(iter '= persSet.upper_bound(searchPerson))
(*iter++}.display();
} ffend main()
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13.1.1. Ham thanh vién can thiét

Lép person hdu nhu duge tao theo cich théng thudng, naumg dé duge vdi cac congtenc STL né
phat duge cung cdp mot vai ham thanh vién chung. Cac ham nay 14 mé&t ham tao mac dinh (khong
¢6 d61 s6) (thuc t€ trong vi du ndy n6 khong cén thiét nhung thudng rat quan trong), todn tir chong <
va todn wr chéng == . Cic ham thanh vién ndy dugc cic him thanh vién 16p danh sich (list) va
nhiéu giai thuat sl dung. Chiing ta c6 thé ciin dén céc ham thanh vién khic trong nhimg tinh hu6ng
cu thé khéc (nhw trong hdu hét cdc 16p, ching ta ciing nén cung cdp todn tit gin chéng, cdc ham tao
copy va mot ham hiy, & diy chiing ta bo qua cdc ham nay).

Todn tlr chéng < vi == nén sit dung cdc d6i s6 hing const. NSi chung d& chiing 12 cdc ham ban
thi t6t, nhung ciing c¢6 thé dé chiing 1 cdc ham thanh vién.

13.1.2. Sdp xép

Toén tir chéng < xdc dinh cdch ma cdc phén tit trong tap hop s& duoe sip xép. Trong churong
trinh SETPERS, ching ta dinh nghia toan tit nay d€ sfp x€p tén ngudi va néu t&n tring nhau thi sap
x€p theo ho dém (c6 thé sit dung s6 dién thoai dé sip x€p hoac bdt ky mot myc dir liéu nao khdc
trong 16p).

- Duéi day 1a vai miu tuong tdc véi chuong trinh. Ddu tién chwong trinh hién thi toan bd danh
sdch (didu ndy sé khong thiét thuc véi céc co s& dif ligu c6 s8 phdn tir 16n). Béi vi ching duge Ivu
trit trong mét da tap hop nén cic phan tir duge sip x€p ty dong. Khi d6 tai dong théng bao, ngudi sit
dung g& vao tén "McDonald, Stacey”. C6 hai ngudi trén danh sdch cé tén nay, bdi vay ching duge
hién thi ci:

Number of entries = 8

_Bactoskai, Peter phone: 6946473
Deauville, . William phone: 8435150
Fredecicks, Roger phone: 7049982
KuangThu, Bruce phone: 4157300
McDonald, Amanda phone: 8435150
McDonald, Stacey phone: 3327563
McDonald, Stacey phone: 7764987

Wellington, John phore: 9207404

Enter last name of person to search for: McDonald
Enter first name: Stacey
Number of persons of this name = 2

McDonald, Stacey phone: 3327563
McDonald, Stacey phone: 7764987
13.1.3. Luwu ¥

Chiing ta c6 thé thay, khi mét 16p duoge dinh nghia, cac déi tuong cna 16p d6 duge cde cOngtend
quan 1y gi6ng nhy cdc bién thudc cdc ki€u dit lieu co ban.

Diéu tién ching ta ding ham thank vién size() d€ hién thi tdng s6 muc. Sau d6 tré qua da tap
~hop dé hién thi tét ca cdc muc.

B&i vi chiing ta sir dung mét da tap hop nén c6 sdn céc ham lower_bound() va upper_bound()
dé hién thi tdt ca cdc muc trong mot khodng nao dé. ( c4 hai gi6i han trén va duéi giong nhau, boi
vy tit cd nhiing ngudi c6 ciing tén duge hién thi. Chi y 14 chiing ta phai tao truéc mét vai ngudi cé
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10.2.4. Ham thanh vién insert(), erase() va sort()

Céac ham thanh vién insert() va erase() ding d€ chen va xéa mot phan ti tai mot vi tri nio dé
trong danh sach. Ham thanh vién sort() ding dé sip x&p danh sach theo thi tu tang ddn. Ban 10-9,

LIST2, s€ cho thiy céc cong viéc ndy duge thuc hién nhu thé nao.
Listing 10-9 LIST2

Hist2.cpp
{//hien minh hoa insert(),erase(),va sort(
#include<iostream.h>
#include<list>
#include<algorithm>
void main()
{
using namespace std;
int arr[]={10,50,90,20,40,30,80,60};

list<int> iList(arr,arr+8); fkhoi tao danh sach toi mot mang
list<int>:iterator it; fftao mot iterator danh sach

{fhien thi danh sach
cout<<"AnDanh sach so nguyen ban dau:\n";
for(it=iList.begin(};it!=iList.end();it++)

cout<<*ip<<

int n,loc;

cout<<"\nNhap vao so nguyen can chen vao danh sach: *;
cin>>n;

cout<<"Vi tri chen: ™

cin>>loc:

while(loc>iList.size()-1) /fkiem tra vi tri nhap vac

{

cout<<"\Khong co vi tri nay, vi tri cuc dai la *
<<{iList.size(}-1);
cout<<"\nNhap lai vi chen: ";

cin>>loc;
}
it=ilist.begin(); /di chuyen iterator toi vi tri chen
for(int j=0;j<loc;j++)
it++;
iList.insert{it,n); ffchen vao danh sach

cout<<"\nDanh sach so nguyen sau khi chen:\n";
for(it=iList.begin();it!=iList.end(:it++)

cout<<¥it<<' )
cout<<"\n\nXoa mot phan tu khoi danh sach tai vi tri: ";
cin>>loc; '
while(loc>iList.sizeQ-1)}  //kiem tra vi tri nhap vao

cout<<"\Khong co vi tri nay, vi tri cuc dai la *
<<(iList.size()-1);

cout<<"\nNhap lai vi chen: ";

cin>>loc;

}

it=1List.begin(}; /{di chuyen iterator toi vi tri chen _

16- NGLTC++&CTOULIEY
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for(int j=0;j<loc;j++)
1t++; '
iList.erase(it); Hxoa mot phan tu khoi danh sach

cout<<"\nDanh sach so nguyen sau khi xea:\n",
for{it=iList.begin{);it!=1List.end();it++)
cout<<tit<< "

iList.sort(); {lsap xep danh sach theo chieu tang
cout<<"\nDanh sach sc nguyen sau khi sap xep:\n";
for(it=iList.begin();it!=iList.end();it++)
cout<<Fifa
1

Péu tién chuong trinh khéi tao danh sdch té1 mot mang s¢ nguyén. Sau d6 nd dinh nghia mot
iterator danh sach, it, &€ ding cho viéc hién thi danh sach va trd téi phdn tit cdn chén hodc xda. S6
nguyén chén vao danh sich va vi tri chén dugc nhap vao tir ngucn st dung. Vi tri chén dugc chirong
trinh kiém tra, néu 1én hon hoac bing s6 phan tit hién cé ciia danh sach thi bt nhap lai. Vi trf x6a

nhap vio tir ngusi sw dung ciing duoc ki€m tra nhu vay. Sau méi l1dn chén hodc xéa chuang trinh
déu hién thj toan bo danh sach dé xem c6 thuc hién duge khong.

Cu6i chuong (rinh chiing ta sit dung ham thanh vién sort() dé sép x€p danh sich theo chiéu tang
dén (mac dinh). Ciling cé mot giai thuat sap x&p sort() nhung chiing ta khéng st dung né bdi vi
phién ban ham thanh vién hiéu sudt hon.

Sau day 1a vai miu tuong tic vdi chuong trinh:

Danh sach so nguyen ban dau:

10 5090 20 40 30 80 60
Nhap vao so nguyen can chen vao danh sach: 70
Vitri chen: 3

Danh sach so nguyen san khi chen:
10 50 90 70 20 40 30 80 60

Xoua mot phan tu khoi danh sach tai vi tri: 3

Danh sach so nguyen sau khi xoa:

10 50 90 20 40 30 30 60

Danh sach so nguyen sau khi sap xep:
10 20 30 40 50.60 80 90

10.2.5. Tim mot phan tir trong danh sich dung giai thuat find()

Congteno danh sich khong 6 ham thanh vién tim ki€m, béi vay dé tim ki€m mét phan tir trong
danh sich chiing ta phai sit dung giai thuat find(). Ban 10-10, FINDITEM, cho thiy cong viéc nay.

Listing 10-10 FINDITEM

Hfinditem,cpp
/ftim kiem mot phan tu trong danh sach dung giai thuat find()
#include<iostream.h>
#include<list>
#include<algorithm>
void main()
{
using namespace std;
int arr{1={10,50,90,20,40,30,80,60};
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list<int> iList(arr,arr+8); /fkhoi tac danh sach toi mot mang

list<int>:iterator it: /ftao mot iterator danh sach
int n;
char ch;
do
{
cout<<"\nNhap vao so nguyen can tim: "
cin>>n;

it=find(iList.begin0,iList.end(),n);
if(it'=iList.end())
cout<<"\nDa tim thay so nay trong danh sach.":
else .
cout<<"\Khong tim thay so nay trong danh sach.";
cout<<"\n\tCo tim nua khang(c/k)?";
cin>>ch;
}
while(ch!="k":

Ching ta khai tao danh sich t6i mot mang s6 nguyén c6 dinh. Sau dé dé ngudi sir dung nhap
vao mét s6 nguyén cn tim trong danh s4ch. Giai thuét find() dugc ding d€ tim s6 nguyén do trong
danh sdch. Néu tim thdy find() tri v& mot iterator trd t&i vitri cua s6 tim duoe. Néu khong tim thay
find() tra vé mét iterator trd t6i phén tir qud cudi danh séch.

Dé ngudi sit dung c6 thé tim nhidu 14n chiing ta sir dung vong 1ap do while. Chuong trinh chi
ket thic khi ngudi sir dung khéng muén tim kiém nita.

10.3. HANG BOI HAI PAU (DEQUE)

Hang doi hai ddu 12 mot bién dang cha mot vécto. Giéng nhu mot vécto, né trg gitp truy nhap
ngdu nhién ding todn tir [). Tuy nhién, khéng gidng nhu mét vécto (ma gidng mot danh sdch), mot
hang dgi hai ddu ¢6 thé truy nhap ci truée va sau. N6 13 mot vécto hai ddu, ¢é trg gitp ham thanh
vien push_front(}, pop_front() va front().

B nhé duge cdp phit cho vécto va hang dgi 1a khdc nhau. Mot vécto luén ludn chi€m mét
ving nhd lién ti€p nhau. Néu mot vécto phét trién qué 16n, né cé thé cin duge di chuyén té mot
vi tri méi sao cho vira véi né. Tréi lai, mot hang doi hai ddu c6 thé luu trit trong vai vung nhd
khong lién ti€p nhau; né duge phan doan. M6t ham thanh vién, capacity(}, tra vé s& phin tit 16n
nhat ma mét vécto co thé hru trit ma khong cén di chuyén, nhung capacity(} khong duoc dinh
nghia cho hang doi hai ddu bdi vi hang doi hai ddu khong cén di chuyén. Ban 10-11 trinh bay
chuong trinh vi du DEQUE.

Listing 10-11 DEQUE

fldeque.cpp
#/minh hoa push_back(),push_front()
#include<iostream.h>
#include<deque>
#include<algorithm>
vold main()
{
using namespace std; .
deque<int> deg; /ftao mot hang doi hai dau rong
deq.push_back(30); fidat du lieu vao tu phia sau
deq.push_back(40); :
deq.push_back(50);



deq.push_front(20); /{dat du lieu vao tu phia truoc
deq.push_front(10);

deq[2]=33; /fthay doi muc du lizu o giua
for(int j=0;j<deq.size();j++)
cout<<deq[j]<<""; /fhien thi cac muc dn lieu
}

Chiing ta da thay céc vi du vé push_back(); push_front() va todn tt []. Ching lam viéc véi
hang doi gidng nhu véi cdc congteno khic. Két qui cua chiuong trinh la:

10 20 33 40 50

Hinh 10-2 cho thady mot vii ham thanh vien guan trong cho ba congteno tudn .

10.3.1. Ham thanh vién insert(), erase()

Pé chén mot phdn tir vao hang doi hai ddu tai mot vi tri nao d6, ching ta si dung ham thanh
vién insert() va dé xéa mot phdn ti tai mét vi tri ndo d6 ching ta sif dung ham thanh vién erase().
Béan 10-12, DEQUE?, cho thay hai ham nay lam viéc nhir th€ nao.

Listing 10-12 DEQULE2

/idequel.cpp
//minh hoa insert{) va erase(}
#include<iostream.h>
#include<deque>
#include<algorithm>
void main()
{
using namespace std;
int arr[1={1¢,20,30,40,50,60}; {imang so nguyen
deque<int> deq(arr,arr+6); /fkhoi tao hang doi toi mang
int j;
cout<<"\nHang doi ban daw:\n";
for(j=0;j<deq.size();)++)
cout<<deqlji<<'’;
int n,loc;
cout<<"\nNhap vao mot so nguyen de chen vao hang doi: ";
cin>>n; '
cout<<"Vi tri cher: *;
cin>>loc;
while({loc>deq.size()-1} {kiem tra vi tri nhap vao

cout<<"\Khong co vi tri nay, vi tri cuc daila "
<<(deq.s1ze()-1};
cout<<"\nNhap lai vi chen: ";
cin>>loe;

deq.insert{deg.begin{)+loc,n}; /ichen vao hang doi
cout<<"\nHang doi sau khi chen:\n"; '
for(j=0;j<deq.s1ze();j++)

cout<<deqljl<<’;

cout<<"\nXoa mot phan tu khoi hang doi tai vi tri: *;

cin>>loc;
while(loc>deq.size(}-1) Hkiem tra vi tri nhap vao
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{
cout<<"\Khong co vi tri nay, vi tri cuc daila "
<<({deq.size()-1);
cout<<"\nNhap lai v1 chen: ";
cin>>loc;
]
deq.erase(deq.begin()+lac);
cout<<"\nHang doi sau khi xoa:\n";
for{j=0;j<deq.size();)++)
cout<<deq[jle<

h

Chuong trinh yéu ciu ngudi sir dung nhéip vao mot mot s6 nguyén mudn chén vao hang doi va
vi tri chén, Sau d6 chuong trinh chén s nguyén do vao hang dot sit dung ham thanh vién insert().
Tiep theo, né yéu cdu ngudi sir dung nhap vio vi trf cdn xéa mot phan tlr va x6a phin it tai vi trf dé
bang ham thanh vién erase(). Cdc vi tri chén vi x6a ma nguosi sit dung nhap vao déu dugc kiém ira.

Sau méi 14n chén hodc x6a chuong trinh déu hién thi noi dung cha hang doi dé thdy viéc chen va
x6a duoc thire hién ding.

Day 1a két qua cua chuong trinh:

Hang doi ban dau:

10 20 30 40 50 60

Nhap vao mot so nguyen de chen vao hang dot: 45
Vitri chen: 4

Hang doi sau khi chen:
1020 30 4045 50 60
Xoa mot phan tu khot hang doi tai vi tri: 4

Hang doi sau khi xoa:
10 20 30 40 50 60

10.3.2. Tim ki€m m¢t phan ti trong hang doi dung giai thuat find()

Vi du tiép theo sl dung gidi thuat find() d€ tim ki€m mét phén tir trong hang doi. Ban 10-13 Ja
chuong trinh FINDEQUE.

Listing 10-13 FINDEQUE

{findeq.cpp
/ftim kiem mot phan tu trong hang doi
#include<iostream.h>
#include<deque>
#include<algorithm>
void mainf)
{
using namespace std;
int arr[]={10,7,1,5,2,9,8,15}; fimang sc nguyen
deque<int> deqg{arr,arr+8); /fkhoi tao hang doi toi mang
deque<int>;:iterator it; fiterator cua hang doi
int n;
char ch;
do
{ .
cout<<"\nNhap vao so nguyen can tim: ";
cln>>n;
it=find{deq.begin(),deq.end(),n);
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if(it'=deq.end(})
{ .
cout<<"\nDa tim thay so nay trong hang doi:\n";
for(int j=0;j<deq.size(};j++)
cout<<deq[jl<<'"; {fhien thi hang doi
}
else :
cout<<"\Khong tim thay s0 nay trong hang doi.";
cout<<"\n\tCo tim nua khong(e/k)?";
cin>>ch;

}
while(ch!='k";
} . .

N VECTOR
Ching ta khai tae

hang dgi t6i mot mang sf’i push_back()
nguyén c6 dinh. Sau dé o 1 2 3 4
dinh nghia mét iterater 5 6 46

chia hang doi d€ lwu triv ./
'\

gié tri do giai thuat find() 10 (1520125303540
tra vé. Pay la vai miun T
twong tic véi chuong intVector|3]=25

trinh: pop_back()
4

45

Nhap vao so nguyen

can tim: 3
Da tim thay so nay LIST
trong hang doi:
1071529815 push_front{)
Co tim nua 0o 1 2
khong(c/k)7c 6 \
Nhap vao so nguyen 10f1st20] |25)30]35|40
can tim: 10 s k7
Da tim thay so nay i T
tron%0h$nlg5d(2n§ o 1s pop._front() 23 pop._back()
Co tim nua insert(}
khong(c/k)?c

push_back()
/ 46
\*

45

Nhap vao so nguyen
can tim: 35 DEQUE
Khong tim thay so
nay trong hang doi push_front()
+ Co tim nua 6

khong(c/k)?k - \ ¢ 123 4 56 A
v ™~

push_back()

10§ 15]20(125]130|35140

|

intDeque{3]=25

5 45

pop_front() pop_back()

Hinh 10-2. Cic congtend tudn tu.
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CHUONG 11

CONGTENGO LIEN KET

Hai loai congteno lién két chinh trong STL 14 4nh xa (map) va tip hop (set). Mot anh xa (doi
khi goi la tir dién hay bang ky hiéu) Iuu trit cdc cap khéa va gid tri. Cac khéa dugc sap dat theo thi
e sap xé&p. Chiing ta ¢4 thé tim mét phén tir sit dung khéa va diéu nay cho phép chiing ta truy nhap
téi gid tri. MOt congteno dnh xa (map) gi6ng nhu mot cusn tir dién théng thudmg. Céc tir duge sap
xép theo thik ti alphabe tuong dl.ro‘ng vGi cdc khéa va cdc dinh nghia cia céc tir 13 cdc gid tri. Bdi vi
cdc tir trong mot cudn tir dién duge sip x&p theo thit ty alphabe nén chiing ta ¢é thé nhanh chéng tra
dugc mot tir va dinh nghia cia né. Tudng ty nhu vay, trong chuong trinh, vt moét khda cho trude
chiing ta c6 thé nhanh chéng tim duge cip khéa - gid tri.

Mot tap hop (set) twong tw nhua mét cudn tir dién nhu‘ng n6 chi lvu trit cac khda; khong ¢é cac -
gid tri. Chiing ta c6 thé nghi vé mot tap hop nhu mét danh sach céc tir khong c6 dinh nghia.

Trong ¢ tap hop va dnh xa, chi ¢6 mot muc cu thé duy nhét cho timg khéa dugc luu trir. N6
gléng nhu mét cudn tir dién khong cho phép nhiéu hon mot muc cho méi muc tit, tifc 13 méi tit chi
c6 duy nhit mét muc dé tra. Tuy nhién, STL c6 céc phién ban khic clia tap hop va 4nh xa. Trén
thuc t€ ¢ b6n loai congteno lién két: tip hop (set), da tap hop (multiset), 4nh xa (map) va da 4nh
xa (multlmap) Mot da tap hop twong ty nhir mot tap hop va mét anh xa, nhung c6 thé gém nhiéu
muc cuy thé ciia ciing mét khéa. -

Thuan l¢i cha céngteno lién két I, véi mot khéa cho trude, 6 thé nhanh chéng truy nhap théng
tin lién két v6i cdc khéa ndy; né nhanh hon rit nhiéu so v6i viéc tim kiém timg muc qua mét
congteno tudn ty. Trén cdc congteno lién két thong thudng, ching ta c¢é thé mhanh chéng tré qua
mot congteno theo thit ty di duge sdp xép.

Céc congteno lién két sit dung chung nhiéu ham thanh vién vdi cdc congteno khac. Tuy nhién,
mot vai ham thanh vién, ching han lower _bound() va upper_bound(), chi ton tai véi cdc congteno
lien két. Nguge lai, méot vai ham thanh vién t6n tai véi cédc congteno khéc, nhu ho ham push va
pop, khong cé trong cic céngteno lién két (ching o6 ¥ nghia gi dé sit dung ho ham push va pop véi
cac congteno lién ket bdi vi cdc phdn tir ludn luon phai diuge chén vao cdc vi iri theo thit tu cta
chiing, khéng phai & diu hay & cubi congteno).

Chiirg ta s& bt ddu tim hiéu vé cdc congteno lién két véi cée tp hop boi vi né don gian hon.

11.1. TAP HOP VA DA TAP HOP (SET AND MULTISET)

Céc tap hop thuong dwoc ding dé luu trit céc d6i tugng cla céc I6p dugc dinh nghia bdi nguoi
st dung, chiang han nhw cic nhan vién trong mot co s dit lidu (chung ta s&€ cd vi du vé cdc d6i
tugng nay Uchucng 12). Tuy nhién, ciing c6 thé st dung (.hung dé hiru trit cdc phén tir don gian hon
nhur céc chudi ky tw. Hinh 11-1 cho thdy diéu nay trong nhu thé nao. Céc déi tugng duge sip x&p
theo mot dang thi tw va duoc truy nhap bing khéa.:

Ban 11-1, .SET, cho thdy mot tap hop cdc d6i teong 16p string. G ddy ching ta su dung trinh
bién dich Borland C* 5.0 nén file tiéu d& CSTRING.H chita mé6 ta 16p string. Véi céc trinh bién
dich khac c6 thé phai thay déi file tiéu dé chang han nhu BCSTRING.H, BSTRING.H ...

Lising 11-1 SET
fset.cpp
fftap hop luu tru cac doi tuong string
#include<iostream.h>
#include<set>
#include<estring.h>
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vold main(
{

using namespace std;

string names{]={"Juanita”,"Robert","Marry","Amanda","Marie"};
{/khoi tao tap hop toi mang
set<string,less<string> > nameSet(names,names+5);
set<string,less<string> >:iterator iter; /iterator tro toi tap hop
nameSet.insert("Yvette"); //chen mat vai ten vao tap hop

nameSet.insert{"Larry");

nameSet.insert("Robert"); //khong co tac dung, vi da co ten nay

nameSet.insert("Barry"™),;

nameSet.erase("Marry"); -//Xoa mot ten khoi danh sach

{Mhien thi kich thuoc cua tap hop
cout<<"\n Size= "<<nameSet.size()<<endl;

iter=nameSet.begin(); ffthien thi danh sach ten

while{(iter!=nameSet.end())
cout<<*iter++<<'\n’;

string searchName; {flay ten tu nguoi su dung
cout<<"\nNhap vao mot ten de tim kiem: ";

cin>>searchName;
iter=nameSet.find(searchName});
if(iter==nameSet.end(})

cout<<"Ten "<<gearchName<<" khong co trong danh sach.”;

else

cout<<"Ten "<<*iter<<" co trong danh sach.”;

}

Pé dinh nghia mét tdp hop, ching ta xdc
dinh kiéu d6i tuong duge luu trit (trong trudng
hgp nay 13 1dp string) va d6i twong ham sé
dung dé sép xép cée phan tir cla tap hop. O day
chiing ta st dung d6i twong ham less<>() ip
dung cho cdc doéi tuong string.

Nhu ching ta c6 thé thdy, mot tap hop c6
mot giao dién tuong tu nhu cdc congteno khéc.
C6 thé khdi tao mét tap hop t6i mét mang va
chén cic phidn tlr méi vio moét tip hgp bing
ham thanh vién insert(). D€ hién thi néi dung
mot tap hop, chiing ta sit dung mét iterator dé
tré qua ca tip hop.

Pé tim mét muc cu thé trong tap hop, chiing
ta sit ding ham thanh vién find() (cic congteno
tuéin ty khong ¢6 ham thanh vién find(), ching
phai s& dung giai thust find() dé tim ki€m).

Con 'dé x6a mot muc cu thé, ching ta sir
dung ham thanh vién erase() vdi ddi s6 1a muc
cin x6a, khéng cdn chi ra vi tri cua muc cén
x6a. Dudi day 13 vai miu tuong tde véi chuong
trinh SET, & d6 ngudi sit dung nhap vao tén
“George" dé tim kiém:

Kich thuoc =7
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"Puma”

"Puma”

' Set
l'Dog||

'Reindeer”

Céc khéa

Hinh 11-1, T4p hop cée d&i trgng chudi.



Amanda

Barry

Juanita

Larry

Marie

Robert

Yvette

Nhap vao ten can tim: George

Ten George khong co trong tap hop

T4t ca céc phép toan co bin véi tap hop: chén, x6a, hién thi, tim ki€m déu duge minh hoa trong
chuong trinh SET. Bay gi%s chiing ta cling xem xét mét vi du khéc, & d6 cho thay mot cap ham thanh
vien quan trong chi ton tai véi cdc congteno lién két: lower_bound() va upper_bound(). Bén
11-2, SETRANGE, trinh bay vi du nay.

Listing 11-2 SETRANGE

Hsetrange.cpp .
{kiem tra cac khoang voi mot tap hop
#include<iostream h>

#include<set>
#include<string>
void main(}
{
set<string,less<string>> organic; /ftap hop cac doi tuong chuoi
-set<string,less<string>>:iterator iter;/iterator tro toi tap hop
organic.insert("Metan"); fichen cac hop chat huu co

organic.insert("Axetilen");
organic.insert("Etilen™;
aorganic.insert("Benzen");
organic.insert("glucozo™);
organic.insert("Lipit");
organic.insert("Protein");
organic.insert("Saccarozo");
organic.insert("Phenol");
organic.insert("Ruou Etylic");
arganic.insert("Tinh Bot");
iter=organic.begin();
while(iter!'=organic.end())
cout<<*iter++<<'\n';
string lower,upper;
cout<<"\nNhap vao khoang (vi du ¢ ¢czz): ";
cin>>lower>>upper;
iter=organic.lower.bound(lower);
while(iter!=organic.upper_bound(})
cout<<*iter++<<'\n";
S

Ddu tién chuong trinh hién thi toan bo tap hgp cdc hop chat hitu co. Sau d6 théng bdo cho ngudi
sit dung g6 vao hai gid tri khéa va chuong trinh hién thi cic khéa ndm trong khodng hai khéa nay.

Ham thanh vién lower_bound(} cé mot d&i s6 ¢6 gid tri cling kiéu v&i khéa. N6 tra vé& mot

- iterator tro t6i muc déu tién khong nhd hon d6i s6 ndy (& diy ¥ nghia ciia tir "nhd hon" duge xédc

dinh boi déi twong ham ding trong dinh nghia tap hop). Ham thanh vién upper_bound() trd v& mot

iterator tro t6i muc ddu tién 16n hon dé6i s6 clia né. Ngoai ra, cdc ham thanh vién nay cho phép ta
truy nhap téi mot khoang gid tri xdc dinh.
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Mot da tap hop (multiset) y nhu mét tap hop, né cling ¢6 t4t ca cac ham thanh vién clia mot tap
hop. Tuy nhién, né khdc tap hop & chd né cho phép liu trit céc khéa gidng nhau, trong khi d6 tap
hop chi ¢6 cdc khéa duy nhat. Boi vi tap hop chi cho phép duy nhdt mot khéa nén trong chuong
trinh SET, khi chiing ta chén vao mét tén da cé trong tap hop thi tén d6 khong duge chén vao tap
hop. D61 v6i da tap hop thi tén nay vin duge dra vao.

11.2, ANH XA VA DA ANH XA (MAP AND MULTIMAP)

Mot dnh xa (map) luu trit cac khda
va cdc gia tri. Céc khéa cd thé 13 céc
“chudi hoic cic s6. Cic gid tri thudng 1a
cdc d6i twong phiic tap, ching han nhu
cdc d6i twgng employee hoic
student_record, mic di ching ciing c6
cdc s6 va cdc chudi. Vi du, khéa cé thé
12 mét tir va gid tri c6 thé 13 mot s& bidu
dién s6 14n tir xudt hién trong vin ban,
Mot 4nh xa nhur vay cé thé dugc sit dung
dé tao mot bang tdn suit. Hoac khéa ¢
thé 12 m6t ma nhan vién va gia tri lién
két ¢6 thé 1a file nhan vién.

"A small, furry animal that
chases mice.”

"A large, hairy animal that
- chases sticks.,"

"A small, shelled animal that
eats gardens.”

Hinh 11-2 trinh bay mot 4nh xa ma &
dé cac khéa la cdc tir va céc gid tri 1 cdc
cum tir. N6 tuong ty nhu mét cuén tir
dién théng thudmg.

"A large, furry animal that
eats hikers."

A%

1L.2.1. Tro qua cac anh xa _ Hinh 11-2. Mot 4nh xa céc cap tir - nai.

Ban 11-3, MAP, minh hoa sy sip x€p: mot tir dién tao ra cdc cap tir - ngit dugce luu tri trong mot
inh xa. ‘

Listing 11-3 MAP
/fmap.cpp
{//fmot anh xa duoc su dung nhu mot cuon tu dien tieng anh
#include<iostream h>
#include<map>
void main()
{
enum{SIZE=80};
char def[SIZE]; /fdinh nghia chuoi ki tu C thong thuong

string word=""; #khoa la doi tuong chuoi
typedef map<string,string,less<string>> map_type; //ten kieu ngan
map_type diction; //dinh nghia mot tu dien '

ffchen vac tu dien mot vai muc mau
diction.insert{map_type:value_type("cat”, )
"A small furry animal that chares mice.");
diction.insert(map_type:value_type("dog",
"A large hairy animal that chares sticks.");
while{true)
{
cout<<"\nNhap vao tu (hoac\"Thoi\" de ket thuc:";
cin>>word; '
if(word==Thot)
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break;
cout<<"Nhap vao dinh nghia:":
cin.get(def,SIZE); {/doc ca ky tu trang
diction.insert(map_type:walue_type(word,def));

}

map_type:iiterator iter: /tao mot iterator
iter=diction.begin(); //dat toi dau cua tu dien
cout<<endl<<endl;

while(iter!=diction.end())  //hien thi tu -- dinh nghia
( .
cout<<(*iter).first<<"--"<<(*iter).second<<end;
++iter;

h
}

Céc gid tri khdéa "cat” va "dog" va c4c dinh nghia cla ching dugc cai dat trong 4nh xa boi
chuong trinh, nhung ngudi sit dung duge khuyén khich nhép vio céc cip tir - dinh nghia khdc.
Trong chuong trinh MAP, ngudi sit dung khong thé chén cée dinh nghia cho “cat” hoic "dog"
bdi vi cdc khéa nay da cd trong congtena v mot 4nh xa chi cho phép duy nhat mét khéa véi mét
gid tri cho truée. Mét da dnh xa s& cho phép gid tri khéa giéng nhau xuft hién hon mot 14n,
Biéu thic cho kiéu dit liéu cha céngteno-4nh xa 1a:
map<string,string,less<string> > .
hoi khé viét. Bai vi bi€u thitc nay xu4t hién nhidu 14n trong chuong trinh nén ching ta sir dung dinh
danh typedef d¢ dua né vao mét biéu thitc ngin hon 13 map_type:
typedef map<string,string,less<string>> map_type;
Céc dinh danh typedef dugc sir dung chit yéu trong cach nay Khi lam viéc véi cdc congteno STL
méu héa, dic biét 1 céc 4nh xa va tap hop. :

Dinh danh typedef dugc sit dung d€ cho mét kiéu dir liéu moét tén khéc. D6i véi cdc miu cé vai
déi s6 thi tén kiéu tr& nén 16n va khé viét. Trong cdc trudng hop nay, si dung typedef sé lam cho
cdc tén dai gon hon va rd rang hon.

11.2.2. Céc cap

Déi s6 cho ham insert() 12 map_type::value(word,def) c6 vé hoi nang né. Né xudt hién béi vi
cac dnh xa va da 4nh xa thuc su giif cdc d6i tugng thudc kiéu pair (cdp). Lép pair tu mau héa dé
cdc di tuong cua né c6 thé chita hai d6i twong ciia hai 16p khéc. Chiing ta ciing c6 thé tao céc d6i
tugng pair cia riéng minh:

pair<string,string> dictpair=make_pair("cat","A catisa ...");
Trong file tiéu dé MAP, value_type 12 mot cap gié tri:
typedef pair<const key,T> value_type;

Diéu nay lam cho viéc cung cép céc gid tri cho insert() thuan tién hon, nhw duoc 1am trong vi
du nay. Chu ¥ rdng cdc chudi char*, ching han nhu "cat” duoc tu dong chuyén déi thanh céc d6i
tugng string dé pht hop véi kiéu ma value_type mong doi. :

Tén cia hai ham thanh vién cha pair 12 first va second. Cic ham thanh vién niy duoc ding
trong lap while d€ hién thi n6i dung cilia 4nh xa:

cout<<(¥iter) first<<" -- "<<{*iter).second<<endl;

N6i t6m lai, khi chiing ta két ni cc gid tri dé dit ching vao mot 4nh xa, ching ta két ndi
ching v6i value_type, nhung dé tich ching ra, chiing ta sit dung first va second.
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11.2.3. Toan ti [}

Ching ta c6 thé sit dung edc ham thanh vién find() hodc lower_bound() / upper_bound() dé
tim ki€m mot muc cu thé trong mot dnh xa, y nhu trong tap hgp. Tuy nhién, chiing ta ciing c6 thé sir
dung todn tir []. Chiing ta s& minh hoa céch 1am nay v6i mdt 4nh xa luu gift cdc cip gdm cdc s6 vi
céc céch dién dat hang hai. O thé ky 18, céc con tau luén mang theo céc quyén sich liét k& hang
tram céc thong bio cd. D€ giri moét thong bao, mot con tau sé kéo i chi thi mot s6 x4c dinh; mot
con tau khic, c6 thé cdch d6 vai dam, s& doc cdc c& bing kinh vién vong va sau dé sit dung s6 doc
dugc dé tra théng bdo trong sach c&¥ cha riéng né. Chuong trinh vi du luu trit cdc cép bao gbém céc
s& ¢& va cdc thong bio twong tng. Néu cic con tau & the ky 18 duge trang bi méy tinh thi chuong
trinh s& gidp cho viéc tra thong bdo nhanh hon rat nhiéu. Ban 11-4 trinh bay vi du MAPBRACK.

Listing 11-4 MAPBRACK

/fmapbrack.cpp
/iminh hoa toan tu [] dung cho cac anh xa
#include<iostream.h>
#include<map>
void main()
{
typedef map<long,char*,less<int>> map_type;
map_type flaglist; flanh xa giu cac thong bao co
long code_number; .
flaglist.insert(map_type::value_type(14072,
"I am listing sharly and soon founder.™);
flaglist.insert(map_type:value_type(12023,
"The enemy is within sight and appreaching rapidly."))
flaglist.insert(map_type::value_type(16067, :
"T have dispatches. Prepare to receive out long boat.");
flaglist.insert{map_type:value_type(13045, '
"Fall in line astern of me."));
flaglist.insert(map_type::value_type (19092,
"Stand off, This coast is rocky anduncharted."));
while(true) flay so ma tu nguoi su dung

{

cout<<"\n\nNhap vao so ma co (0 de ket thuc):";

ein>>code_number;

1f{'code_number)

break;

cout<<"Thong bao la:"<<endl,

cout<<flaglist[code_number]; {truy nhap gia tri vei khoa

}

'
Biéu thic tlaglist{code_number] sit dung khéa (s6 ma) 1am chi s6 va tra vé gid tri 4nh xa duge

lién két, trong trudng hop nay 1a mét chudi char* va sau d6 né duge hién thi. Todn tir chéng [] cung
cdp moét cdch rd rang true quan dé truy nhap toan bé mét dnh xa.

11.3. CAC PHIEN BAN BANG BAM (HASH TABLE VERSIONS)

C6 cac phién ban khdc cho tét ca cac congteno lien két ma ¢6 thé tang téc do truy nhap téi céc
muc dif ligu trong congteno. Céc phién ban nay su dung mét bang biam (hash table) 1am co ch€ cai
dat bén trong. Bt lgi cua ching 13 khong cho phép tré nhanh qua mét congteno di dugc sip xép.
Céc congteno nay goi la hash_set, hash_multiset, hash_map va hash_multimap. Ching duoc sir
dung nhu cdc phién ban thong thudng, nhung thich hop khi t6c d6 tim ki€ém quan trong hon kha
nang tré qua congteno. '
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CHUONG 12

CAC KIEU DU LIEU TRUU TUGNG

Ciéc ki€u dii li¢u triu tuong 1 cdc congteno dirge tao ra tir cde coéngtenc co ban. Né 12 mot loai
congtenc duge don gidn héa dé nhidn manh vao cic khia canh xdc dinh ciia mot congtenc co ban
hon. Cic congtend duoc cai dat trong STL 14 ngan xép (stack), hang doi (queue), hang ddi un tién
{priority queue) vi cay nhi phan (tree).

12.1. NGAN XEP

Nhu trén ta da biét, ngén x&p duoc hoat dong theo co ché vio trude - ra sau (Last In - First Out
hay viét tat la LIFO). Diéu nay c6 nghia 13, muc dit liéu nao duge dat vio ngin xép sau ciing thi sé
duoc ldy ra ddu tien. Kiéu xit 1y "vao trude - ra sau” ndy xudt hién trong nhiéu tng dung, vi vy mot
ciu tric dit liéu triru tuong thé hién y tudng nay la rat ¢6 jch. Khi xem xét diéu gi xay ra trong hé
théng mdy tinh lic cdc chwrong trinh con duge goi, ching ta s& thdy mot trong nhimg ting dung guan
trong cia ngan xép. He théng hay chuong trinh chinh cin phai ghi nhé noi xudt hién 13i goi chuong
trinh con dé ¢6 thé quay lai noi dé khi chuong trinh con duge thuc hién xong. Ngoai ra né cdn cdn
ghy nhé it ca cdc bién dia phuong, cdc thanh ghi cha CPU ciing cdc théng tin tuong tu sao cho
théng tin khong bi mét di trong qud trinh chuong trinh con dang lam viéc. Ching ta ¢6 thé coi t4t ca
cdc thong tin trén duge hru trong mot viing nhé 16n, méi chuong trinh con ¢6 mot viing riéng tam
thoi. Gia thiét 1a chiing ta ¢6 ba chwong trinh con duge goi 12 A, B, C va déng thdi ciing gia thiét la
chuong trinh A goi chuong trinh B va chuong trinh B goi chuong trinh C. Nhu vay, B sé chua thé
ket thic cong viée cia minh cho dén khi C két thiic v quay lai B. Tuong ty nhu vay, tuy A duoc bét
dau trude tién nhung né lai phai két thiic sau ciing vi phéi doi cho dén khi B két thiic va quay lai A.
Trinh tu hoat dong cua cic chuong trinh con ndy c6 thé téng két lai 1a mang tinh chdt "vao trude -
ra sau”. Néu chung ta coi nhi¢ém vy cita may tinh 13 gan céc viing nhé tam thai cho céc chuong trinh
con dé chiing sir dung thi cdc viing nhé nay cdn phii dwge dinh vi trong mot danh sich véi cung
tinh chat "vao trude - ra sau” nhu trén, dé chinh 13 stack,

Nhu vély, ngén x&p sé gom mét danh sdch hay mot ddy cac muc dir lieu trong d6 cdc phép todn
thém vao hay bét di déu duoc thuc hién & moét ddn duge goi Ia dinh clia ngan xép. Hay néi mot cach
khic, cac phép todn co ban cho mét ngan xép bao gém:

1. Stack ding d€ tao mot ngin xép réng

2. Empty  xac dinh ngan x€p ¢6 réng hay khong

3. Pop tim lai va 14y ra m6t muc & dinh clha ngin xép

4. Push thém mot phdn tr méi vae dinh cla ngin x&p.

Bude dau tién dé cai dit mot cdu tnic dit lidu kiéu ngan xép 1 chon mot cdu triic luu trit dé hwu
trit céc phan tif cda ngan x€p. Vi ngin xép 12 mét day cdc myc dif lidu, chiing ta c6 thé dimg mang
hoiic danh sdch lién két dé luu trit cdc muc nay.

D¢ hi€u 16 hoat dong cia ngan x€p, ching ta s& xét bai toan chuyén déi mot s6 nguyen duong
thanh mot s& nhi phan. Thujt todn chuyén déi la diing phép chia lién ti€p cho 2 v6i céc s6 dur 1A cac
chit s6 nhi phan trong biéu dién co s6 hai. S6 du tao ra cu6i ciing 12 s& nhi phan ddu tién. B4 vay,
dé hién thi s6 nhi phan theo ding thif ty thi cdc bit (c4c s6 du) phai dugc hién thi theo cich "duge
tao ra cudi ciing thi duoc hién thi ddu tién". Ngan xép thich hop cho viéc hién thi céc s6 du nay. Sau
day 1a thuat todn chuyén déi co s6 nhu vay.
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1. While N <> 0 thuc hién cédc bude sau:
a) Tinh s6 du Remainder khi chia N cho 2 _
b) Dat Remainder vio dinh cia ngin .xé’p chita cic sé du
c) Thay N bing phén nguyén cla két qua phép chia N cho 2.
2. While ngan x&p chia s& du khong rdng, thuc hién céc budc sau:
a) Liy Remainder ra tir dinh ca ngén xép chia cic s6 du
b) Hién thi Remainder

Véi congtend ngin x€p (stack) duge cai dat sin trong STL, chuong trinh chuyén déi co s6
TenToTwo duge viét nhu saw:

Dudéi day 1a chuong trinh TenToTwo.

/ftentotwo.cpp
#include<iostream.h>
#include<stack>
void main()
{
stack<int> g; {itao mot ngan xep rong
int n,remainder;
char ch;
do
{
cout<<"\nNhap vao mot so nguyen duong: ";
cin>>n;
while {n)
{
remainder=n%2;
s.push{remainder);
n/=2;
¥
cout<<"\nBieu diencoso 2 la: ";
while(!s.empty(})
cout<<s.pop(); .
cout<<"\n\nCo tiep tuc nua khong (c/k)?";
cin>>ch; '
-
while {ch!="k"};
i

12.2, HANG bl

Trong khi ngin x&p 13 mot ciu tric vao "vao sau ra trude” (LIFO) thi hang dei lai 1a csu tnic
"vao trude ra trude” (First In - First Qut - FIFO).

Giéng nhu ngin x€p, hang doi 1a mot kiéu danh sdch dac biét, trong d6 cic phép todn chen va
x6a duge gidi han & mot ddu cia danh sdch. NS khic ngan x€p & ché, cic phin tr duge ddy vio &
mot ddu nhung 18y ra tir mot ddu khdc cua hang doi.

Céc ham thanh vién co ban cia hang doi 1a pop(), push(), empty. Day 14 cdc phép toan co ban
véi hang doi.

¥
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12.3. HANG DBJI UU TIEN

Trong hang doi wu tién (priority queue), mét su wu tien ndo dé duge gdn cho mbi muc va mébi
muc nay duge luu trit sao cho nhitng muc duge wu tién nhat & déu hang doi va duge 14y ra trrGe
nhing muc ¢é sy uu tién thap hon. Khong giéng nhu hang doi, & dé cdc muc duoc dit vao & mot
dédu va 1dy ra & dau kia theo ding thy tw dat vao, trong hang doi wu tién, cic muc duge dat vao mét
d4u nhung 18y ra & d4u kia muc cao nhat (muc cé sy i tién cao nhit).

12.4. CAY NHI PHAN

Chiing ta da biét, danh sach lién két (Linked List) 13 c#u tric rt 6 ich dé xit Iy nhitng danh s4dch
dong cé do dai cyc dai khong duwoge biét trude va do dai cia chiing c6 thé thay déi duoc mét cach
ddng k€ bdi céc thao téc chen va xéa. Nhung mot diéu khong may 1 giai thuat tim kiém nhi phan
khong thé ding cho cdc danh sich lien ket méc di n6 hi¢u qua hon giai thuat tim kiém tuyén tinh.
Cay tim ki€m nhi phan cho phép sir dung giai thuat tim ki€m nhi phén véi cdu triic lién két. Ching 13
truong hop dac biét clia mét ciu triic tdng quat hon véi nhidu g dung phong phi duge goi 1a cay.

Mot cay bao gém mot tap hop hifu han céc phin tir duoe goi la midt (hay dinh) va mét tap hop
hitu han nhimng canh cé huéng dé néi céc cap nit véi nhau. Néu céy khéng réng thi s& c6 mot nut
duoc goi la nait géc (root), khong cé canh nao huéng dén né, nhung tir nit ndy, bing cich di theo
moét day duy nhét céc canh lién tiép, c6 thé dén dwgc mot nit bat ky trong t4t c& cde nidt con lai. Cic
mit c6 thé truy nhap truc ti€p tir mét miit cho trude (bing c4ch chi di qua mét canh) ducc goi 1a con
(child) ctia nit dy va niit Ay dugc goi ka bd (parent) ciia nhiimg niit con dé.

Mot cay trong d6 méi mit c6 nhiéu nhat hai con dugc goi 1a cay nhi phan (Binary Tree).
Chiing cé thé cai dat bing cdc cau tric lién ket trong dé médi niit ¢6 hai lién két, mét lién két chi dén
con bén trdi (hodc 12 réng n€u khéng ¢é con bén trai) va mdt lién két chi dén con bén phai (néu cé).
C6 thé truy nhap dén mot niit bat ky néu ta bao tri duge mot con trd chi dén niit goc cua céy.

Céy nhi phan trén dugc goi 11 cay tim kiém nhi phan (Binary Search Tree - BST) néu né dam
bao tinh chét sau: gid tri & méi niit 16n hon gid tri ciia con bén trai clia né (n€u c6) va nhd hon gia tri
clia con ben phai ciia n6 (néu ¢6). Cay nhj phan théa man tinh chét trén duge goi 1a cay tim ki€m
nhi phéan vi ¢6 thé ding giai thuat rit giéng véi giai thuat tim ki€m nhi phén cho cédc danh sich dé
thuc hién viéc tim ki€m trén né.

Cay nhi phén tronz C* 12 mét céngteno lién két, & dé mbi niit c6 hai con trd: mot tro dén nit
trdi, mét trd dén mit phii.

Cdc ham thanh vién cha cay nhi phén 13: insent(), erase()...
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Pinh cao cha STL 1a c6 thé sit dung né dé luu trit va thao tic trén cdc d6i tuong cla cac I6p
ma ching ta tao ra (hoac do mot ai d6 viét). Trong chuong nay ching ta s& c6 mot s6 vi du vé van
dé nay. .

CHUONG 13

LUU TRU CAC POI TUONG
PUGC PINH NGHiA BOI NGUOI SUDUNG

13.1. MOT TAP HOP CAC DOI TUONG PERSON

Chiing ta s& bét ddu véi 16p person bao gém cé tén, ho dém va s6 dién thoai clia mot ngudi.
Ching ta s& tao vai d6i tugng clia I6p ndy va chén chiing vao trong mot tap hop, l1am nhu vay dé tao
mot co s& dif [1éu danh sich dién thoai. Ngudi sir dung tuong tic véi chitong trinh bang cdch go vao
tén cua mot ngudi. Sau d6 chuong trinh tim ki€ém trong danh sdch va hién thi dif liéu cho ngudi d6
néu né tim thiy. Ching ta s& sit dung mét da tap hop d€ cho hai hodc nhiéu d6i tugng person c6 thé

¢6 ciing tén. Ban 13-1 trinh bay chuong trink SETPERS.

Listing 13-1 SETPERS
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/isetpers.cpp
/fsu dung multiset de luu tru cac doi tuong person
#include<iostream.h>
#include<multiset.h>
#include<estring. h>
class person
{
private:
_string LastName;
string FirstName;
long PhoneNumber;
public: /defanlt constructor
person():LastName("blank"), FirstName("blank"),phoneNumber{0L})

H3-arg constrﬁctor
person{string lana,string fina,long pho):
LastName(lana),FirstName(fina),PhoneNumber(pho)

friend bool operator<(const person&,const personé);
friend bool operator==(const person&,const person&);
void display() const fidisplay person's data
{
cout<<endl<<LastName<<"\t"<<FirstName
<<"\t\tPhone: "<<PhoneNumber;

}: Hend of class
/ftoan tu < dung cho lop person
bool operator<{const person& pl,const person& p2)

if(p1.LastName==p2.LastName)



tén va ho dém tring nhau va phai gidng véi ngudi tim ki€m. Lic d6 cdc ham lower_bound{() va

upper_bound() s& tim ra ngudi ma ngudi siy dung g& vio gibng véi ngudi cé trén danh sdch. -

13.2. MOT DANH SACH CAC POI TUDNG PERSON
Chiing ta c6 thé nhanh chéng tim ki€m mét ngudi ¢6 tén biét trrde tron

da tap hop, nhu trong vi du SETPERS. Tuy nhién, n€u muén chen hoic xda mot d6i

g mot tap hop hoac mot

nhanh thi nén sir dung mot danh séch. Vi du, LISTPERS (ban 13-2) cho théy céch 1am nay.

Listing 13-2 LISTPERS
{setpers.cpp
//su dung mot da tap hop de giu cac doi tuong person
#include<iostream.h>
#include<set>
#include<string>
class person

{

private:
string firstName; /ften va ho dem
string lastName; Iiten
long phoneNumber; /iso dien thoai .
public: ' :

person():firstName("bIank"),lastName("blank"),phoneNumber(OL)

£
person(string fname,string Iname,long phone):
ﬁrstName(fname),lastName(lname),phoneNumber(phone) '

friend bool operator<(const person&,const person&);
friend bool operator==(const person&,const person&);
void display() const

cout<<endl<<firstName<<"\t"<<lastName<<" \t\t"<<phoneNumber;

-}
15
/toan tu <
bool operator<(const person& pl.const person& p2)

{
if(pl.JastName==p2.lastName)
return {pl.firstName<p2.firstName)? true:falge:
return (pl.lastName<p2.lastName)? true:false; ,

bool operator==(const person& p1,const person& p2)

return

3

using namespace std:
void main()

{
//tao cac doi tuong
person persl("Hoang Van"," Cong",8693959);
person pers2("Nguyen Thanh","Binh",8750370);
person pers3("Nguyen Thu","Hoa",8335787);
person persd("Kieu Duc”,"Hung",8826344);

17 NGLTC+&CTDULIEY

(pl.lastName==p2.lastName && pl.firstName==p2.firstName)? true:false;

tugng person
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person pers&("Pham Anh""Nam",8289106);
person pers6("Pham Thi ","Hang",8548666);
person pers7("Bui Trung","Kien",8548162);

person pers8("Tham Hai","Hoa",8854290};

person pers9("Nguyen Cong™,"Thanh",8681618);
multiset<person,less<person> > persSet;
multiset<person,less<person> >:iterator iter;

persSet.insert(persl);
persSet.insert(pers2);
persSet.insert(pers3);
persSet.insert{pers4);
persSet.insert{persh);
persSet.insert(pers6);
persSet.insert(pers7);
persSet.insert(pers8);
persSet.insert(persd);
cout<<"\nSo nguoi = "<<persSet.sizel);
iter=persSet.begin();
while(iter!=persSet.end())
(*1ter++}).display();
)

13.2.1. Tim tat ca nhitng ngudi ¢é tén biét truée

Chuing ta khang thé st dung cdc ham thanh vién lower_bound() vi upper_bound() bdi vi
ching ta dang lam viéc véi moét danh sach chit khéng phai mét tap hop hay dnh xa. Thay vao dé
ching ta st dung giai thuét find(} im tit cd nhitng ngudi ¢6 tén cho trudc. Néu ham nay bdo céo la
tim thdy, ching ta phai sir dung lai nd, bt ddu tit ngudi ditng sau ngudi tim thdy, d€ xem ligu con

ngudi ndo khic c6 tén nhu vy khéng. Diéu nay lam phll’C tap vi¢c lap trinh; ching ta phai sir dung
mot vong 1ap va hai iterator.

13.2.2. Tim tit ca nhirng ngudi c6 sé dién thoai biét trude

Nhé rang trong 16p person, todn tlr ch6ng == so sanh hai phin 1 dya trén tén cla ching, ci t&n
va ho dém. Diéu nay ddn dé&n khé tim kiém mot ngudi ¢d s6 dién thoai biét trude boi vi giai thuat
find() so sdnh tén cua ngudi cdn im ki€m vt tén cdc ngudi trén danh sdch. Trong vi du ndy gidi
phdp ton sitc dé tim ki€m s6 dién thoai, trd qua danh sich va 1am phép so sinh "bing tay” s& dién
thoai ma chiing ta c4n tim v&i s6 trong danh sach.

if(snumber==(*iter).get_phone(})

Viéc nay sé khong nhanh béng cac ham thanh vién find() hoac lower_bound()/upper_bound()
duoc thigt ké dé quan 1y viéc tim kiém (trong chuong sau chiing ta s& trinh bay mét cach khéc, sit
dung cic daéi tugng ham).

Pdu tién chuong trinh hién thi tdt c& cdc phdn ti trong danh sdch, sau d6 yéu ciu ngudi st dung

nhip vao mét tén va tim ngudi ¢d tén nhu vay. Sau dé ndé lai yéu ciu nhap vio mét s6 dién thoai va
lai tim ngudt 6 s6 dién thoai dé. '

13.3. MOT DANH SACH CAC POI TUGNG AIRTIME

Nhur trong vi du trude, ching ta s€ trinh by mét danh sdch cdc d6i tuong airtime (nhé ring dir
liéu cho d6i tugng airtime chi c6 gidy v phit, khong ¢é gidy). Ban 13-3, LISTAIR, cho thdy moét s6
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d6i twong airtime, luwu triv trong danh sdch, c6 thé duge cong véi nhau nhu thé€ nao. Cic céng ty
hang khong 6 thé sit dung cach nay dé céng lugng thoi gian md mét phi cong di s dung trong
khong gian trong mot tudn. Phép cong dugce thuc hién bdi mot todn tir chéng + trong 1&p airtime.

Listing 13-3 LISTAIR

/flistair.cpp
/fadding airtime objects stored in a list
#include<iostream.h>
#include<list.h>
class airtime
{
private: :
int hours; /0 to 23
int minutes; /0 to 59
public: //default constructor
airtirne():hours(O),minutes(O)
{

{/2-arg constructor
airtime(int h,int m):hours(h),minutes(m)
¢

void display() const floutput to screen

cout<<hours<<""<<minutes;

}

void get() /finput from user

char dummy; :
cout<<"\nEnter airtime (format 12:59): "
cin>>hours>>dummy>>minutes;

!
airtime operator+(airtime right) const -
{ ffadd numbers

int temph = hours + right.hours;
int tempm = minutes + right.minutes:
if(tempm >= 60)

{

temph++;
tempm-=60;
H
return airtime(temph,tempm); © ffreturn sum
h

bool operator<(const airtime& at2) const

if(hours<at2.hours)
return true; .
ifthours==at2.hours && minutes < at2.minutes)
return true;
return false;
} .

bool operator==(const airtime& at2) const
ifthours==at2.hours && minutes == at2. minutes)

return true:
return false;
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b fiend of class airtime
7—
void main()
{
char answer;
airtime ftemp,sum;

list<airtime> airlist; {flist and iterator
list<airtime>::iterator iter;
do '
{
temp.get(); /iget airtime from user

airlist.push_back(temp);
cout<<"Enter another (¥/n)? ";
cin>>answer,

while(answer!="n");

iter=airtime.begin(); Hiterate through list
while(iter '= iterlist.end())

sum=sum + *iter++; /ladd this airtime to sum
‘cout<<"\nSum =", .
sum.display(); ) fidisplay sum

} Hend main{)
f*

Céc gid tri airtime duge ngudi str dung nhap vao. Mot khi dd c6 tit ca cdc gid tri ndy va lwu
chiing trén danh séch, chuong trinh tré qua danh sach, cong timg gi4 tri vdo mot d6i tugng airtime
goi 12 sum. Cusi ciing hién thi sum (ching ta s& thdy mot cach hay hon nhiéu dé lam viéc ndy @
chwong sau). Dy 14 vai miu twong téc v6i chuong trinh LISTAIR:

Enter airtime (format 12:59): 0:19
Enter another (y/n)? y

Enter airtime (format 12:59): 2:13
Enter another (y/n)? y

Enter airtime (format 12:59): 1:45
Enter another (y/n)? n
Sum = 5:39

*/

Trong chuong trinh ndy, ching ta tap trung vao sy tim kiém cic phin tit cu thé trong mot
congteno st dung giai thuat find(). Tuy nhién, cling ¢6 thé 4p dung bat k¥ gidi thuat STL ndo cho
céc d6i tuong cha cdc 16p duge dinh nghia boi ngudi sir dung dat trong céc congteno STL. Nhu
chiing ta th&y, viéc Iwu trit cdc d6i tugng cia hdu hét cic 16p trong mot congtend STL va thao tac
trén cac d6i tugng nay véi cic giai thuat STL kh4 don gian.
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CHUQONG 14
POI TUGNG HAM

Céc d6i twong ham (function objects) duge st dung rét nhiéu trong STL nhu céc d6i s6 cho céc
gidi thuét cu thé. Ching cho phép ta diéu chinh hoat déng ciia cic giai thuit ndy theo ¥ mudhn.
Trong chuong 8, chiing ta d3 dé cap dén céc d6i tugng ham, & d6 o6 mot vi du vé ddi tuong ham
dinh nghia truée greater dugc diing dé sip x€p dif liéu theo thit tw nguoc (gidm dén). Trong chuong
nay chiing ta s& néi ve cic d6i twong ham dinh nghia trude va trinh bay cdch tir viét cac d6i tugng
ham dé c6 thé diéu khién nhimg gi ma cic gidi thuat lam.

14.1, CAC POI TUONG HAM DINH NGHIA TRUGC

Cic d61 twong ham STL dinh nghia trude, dit trong file tiéu dé FUNCTION.H, duoc chi ra trong
bang 14-1. Chir T chi bat ky 16p nio, duoc viét bdi ngudi sit dung hay mot kidu dit lieu co ban. CAc
bién x va y biéu dién cdc d6i trong clia 16p T duge truyén i cie d6i tuong ham nhu céc d6i s6.

Bdng 14-1. Cac d6i tuong ham dinh nghia trudce

Céc dsi tuong ham ' Cic kiéu Gi4 tri tra vé
dinh nghia trudc
plus =plus(T,T) ) X+y
minus T=minus(T,T) X-y
times T=times(T,T) x*y
divide T=divide(T,T) Xfy
modulus T=modulus(T,T) x%y
negate T=negate(T) -X
equal_to Bool=equal_to(T,T) X==y
not_equal_to Bool=not_equal_to(T,T) xl=y
greater Bool=greater(T,T) x>y
less Bool=less(T,T) X<y
greater_equal Bool=greater_equal(T,T) X>=y
less_equal Bool=less_equal(T,T) X<=y
logical_and Bool=logical_and(T.T) - x&&y
logical_or Bool=logical_or(T,T) xlly
logical_not Bool=logical_not(T) . I'x

C6 cédc d6i tuong ham cho cédc phép todn s6 hoc, so sdnh va cdc phép toan logic. Vi du
SORTEMP trong chuong 8 da chi ra cich sir dung mét d6i tugng ham so sdnh, greater<>(). Xét
moét vi du ma & dé mét d6i tuogng ham s6 hoc ¢6 thé mot lic nio d6 s& ¢6 ich. Vi du (mot dang khéc
cua vi dy LISTAIR & chuong 13) cho thdy cdch sit dung déi tugng ham plus<>() d€ cong t4t ca cic
gid tri airtime trong mot congteno. Ban 14-1 13 chuong trinh PLUSAIR.

Listing 14-1 PLUSAIR
{fplusair.cpp
{luses accumulate() algorithm and plus function object
#include<iostream.h>
#include<list.h>
#include<algo.h>
class airtime
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{

private:
int hours; 0 ta 23
int minutes; 0 to 59
public: {{default constructor
airtime():hours{0),minutes{Q)
{} .

/{2-arg constructor
airtime(int h,int m}):hours(h},minutes(m)
{
void display() const Houtput to screen
{ A]
cout<<hours<<":"<<minutes;
1
void get() /finput from user
{
char dummy;
cout<<"\nEnter airtime (format 12:59): ";
cin>>hours>>dummy>>minutes;

} .
airtime operator+{airtime right) const
{ /fadd numbers

int temph = hours + right.hours;
int tempm = minutes + right. minutes;
if(tempm >= 60)
{
temph++;
tempm-=60;
}
return airtime(temph,tempm); ffreturn sum
h
bool operator<iconst airtime& at2) const
{
if(hours<at2.hours)
return true;
if(hours==at2.hours && minutes < at2.minutes)
return true;
return false;

bool operator==(const airtime& at2) const
{ +
ifthours==at2 hours && minutes == at2.minutes)
return true; '
return false;

o Hlend of class airtime
[/ -

void main()
!
char answer;
airtime temp,sum;
list<airtime> airlist; {ist and iterator
list<airtime>::iterator iter;
do '
{



temp.get(); /lget airtime from user
airlist.push_back(temp);

cout<<"Enter another (y/n)? ";

cin>>answer;

while{answer '= n');
/fsum all the airtime
sum=accumulate(ajrlist.begin(),airlist.end(},
airtime(0,0),plus<airtime>());
cout<<"\nSum =";
sum.display(}; /display sum
} ffend main() .

Chuong trinh nay chil y&u 1a giai thuat accomulate(), n6 tra vé téng céc phin i c6 trong mot
khoang phén tir. Bén ddi s6 cho accumulate() 12 c4c iterator cia phén tir thit nhat vi cuéi cling
trong khoang, gid tri khoi d4u cla téng sum (thudng 1a 0) va phép toan duoc 4p dung cho cic phén
tir. Trong vi du n2y ching ta di cong cdc phin ti, ciing c6 thé trir chiing, nhén ching hoic thue
hién cic phép todn khic ding céc d6i tugng ham khic nhau.

Giai thuat accumulate() khong chi dé va & rang hon viéc trd qua congtend dé cong ma codn
higu sudt hon (mét phién ban khidc ciia accumulate() c6 thé thuc hién bt cit phép todn nao ching
ta dinh nghia, hon 1a chi cong dit liéu).

béi twong ham plus<>() yéu ciu todn tir + phai duge chdng cho 16p airtime (toan tir n.ily c6 thé
nén la mét ham hang const bdi vi d6 14 nhiing gi ma d6i twong ham plus<>() mong doi).

Cac déi tuong him s6 hoe khdc am viéc theo cdch twong tu. Cic d6i tuong ham logic ching
han nhu logical_and<>() c6 thé duge sit dung trén cic d6i tuon g cha cdc 1dp ma 6 d6 cic phép todn
niy la cé nghia.

14.2. TUVIET CAC POl TUONG HAM

Néu mot trong cdc d6i twong ham khéng lam duge nhitng gi ching ta mong mudn, ching ta cé

thé viét cdc d6i tugng ham clia riéng ching ta. Vi dy ti€p theo cho thdy mot 1y do cén phai viét mét
déi trong ham riéng. :

Sép ¥€p mot nhém cdc phén tir dua trén méi quan hé duge chi 18 trong todn tir < 1a d&. Chi don
gidn chén cdc phdn tr vao mot tap hop hay moét da tap hop s& ¢ dugc loai sip xép nay hoac néu céc
phén tit & trong mot congteno tudn ty, c¢6 thé sip x&p ching bing phién ban sort() théng thudng véi
hai tham s&. )

14.2.1. C4c tiéu chudn khac nhau dé sip xép

Cho ring chiing ta muén sip x&p theo mot thi twr khdc thit tr duge xéc dinh trong toén tir <. Mot
giai phdp la x4c dinh tieu chudn sép x&p st dung mét d6i twong ham. Vi du sau cho thdy mét danh
séch (list) cc d6i tugng person c6 thé duge sip xép theo s6 dién thoai diing mot d6i tuong ham e
viét, co tén la Phoneless(). Ban 14-2 12 chuong trinh SORTPERS.

Listing 14-2 SORTPERS

{fsortpers.cpp

//sorts person.objects by name and phone number
#include<iostream.h>

#include<vector.h>

#include<multiset.h>

#include<algo . h>

#include<estring.h>
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class person
{

private;
string LastName;
string FirstName;
long PhoneNumber;

public: /ldefault constructor
person():LastName("blank"),FirstName("blank"),phoneNumber(OL)

{
/13-arg constructor
person(string lana,string fina,long pho}:
LastName(lana),FirstName(fina), PhoneNumber(pho)

friend boel operator<(const person&,const person&);
friend bool operator==(const person&,const person&);
void display() const /{display person's data
{
cout<<endl<<LastName<<" \t"<<FirstName
<<"\t\tPhone: "<<PhoneNumber;
H

long get_phone() const  //return phone number
{return PhoneNumber;}
L Hend of class
Hloverloaded < for person class
bool operator<(const person& pl,const person& p2)

if(p1.LastName==p2.LastName)
return (pl.FirstName<p2.FirstName) ? true : false;
return (pl.LastName<p2.LastName) ? true : false:

{floverloaded == for person class
bool operator==(const person& p1,const person& p2)
{
return (pl.LastName==p2 LastName &&
pl.FirstName==p2.FirstName) ? true : faise;
H

/ffunction object to compare person's phone number
class phoneLess:binary__functiqn<person,per_son,bool>

{
public:

bool operator(} (const person& pl,const person& p2) const

return pl.get_phone() < p2.get_phone();
) ) .
b
i
void main(}
{
/la multiset of persons
multiset<person,less<person> > persSet;
{fput persons in set
persSet.insert(person("Deauville","William",8435150));
persSet.insert(person("McDonald","Stacey",3327563));
persSet.insert(person("Bartoski","Peter",6946473));
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persSet.insert(person{"KuangThu","Bruce",4157300));
persSet.insert(person("Wellington","John",8207404));
persSet.insert(person{"McDonald","Amanda”,8435150));
persSet.insert(person("Fredericks","Roger",7049982));
persSet.insert(person("McDonald","Stacey”, 7764987));
ffiterator to multiset
multiset<person,less<person> >:iterator iterset:
cout<<"\nPersons sorted by name:";
iterset=persSet.begin(); {/idisplay contents of set
while(iterset != persSet.end())

(*iterset++).display();
{fan empty vector of persons
vector<person> persVect(persSet.size());
lfcopy from set to vector
copy(persSet.begin(},persSet.end(},persVect.begin()):
/fsort vector by phone number
sort(persVect.begin(),persVect.end(),phoneLess());
fliterator to a vector of persons
vector<person>:iterator itervect;
cout<<"\n\nPersons sorted by phone number:";
itervect=persVect.beginQ; {idisplay contents of vector
while(itervect != persVect.end())

(*itervect++).display(;

} #end main{

Chuong trinh bét du bing viéc dit c4c d6i tuong person trong mot tap hop va hién thi noi dung
cia né d¢é thdy thit tr sip x&p theo tén. Sau d6 t4p hop duge copy vio mot vécto va vécto duoc sip
x€p ding d6i twgng ham phoneLess() trong dong:

sort(persVect.begin(),persVect.end(),phoneLess());
Sau day la két qua dwa ra cla chuong trinh SORTPERS:

Persons sorted by name:

Bartoski, Peter phone: 6946473
Deauville, William phone: 8435150
Fredericks, Roger phone: 7049982
KuangThu, Bruce phone: 4157300
McDonald, Amanda phone: 8435150
McDonald, Stacey phone: 3327563
McDonald, . Stacey ~ phone: 7764987
Wellington, John phone: 9207404
Persons sorted by phone number:
McDonald, Stacey phone: 3327563
KuangThu, Bruce phone: 4157300
Bartoski, Peter phone: 6946473
Fredericks, Roger phone: 7049982
McDonald, Stacey phone: 7764987
Deauville, William phone: 8435150
McDonald, Amanda phone: 8435150
Wellington, John phone: 9207404

Lap phoneLess duge dinh nghia nhu sau:
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class phoneLess : binary_function<person,person,bool>
{ ’r
public: _
bool operator() (const person& pl, const person& p2 ) const
{ return pl.get_phone()<p2.get_phone();}
|3

Chiing ta c6 thé viét 16p ndy nhu mot cdu tric struct, né sé khong cdn dung tir public (b&i vi
moi thi trong mét struct mac dinh 12 public). Tuy nhién, & day ching ta sitr dung class d€ nhén
manh rdng chiing ta dang lam viéc véi 16p.

Thay vi so sdnh tén, nhu dé tugng ham c6 sin d3 lam, todn tif chéng () trong 16p phoneLess
so sanh cdc s6 dién thoai cua hai ngud! duge truyén t6i nhu cdc d6i s6. N6 tra vé true néu s dién
thoai thif nhét nhd hon s6 dién thoai thit hai. Gidi thuat sort() sit dung méi quan hé nay dé sip
x€p vécto.

Lép phoneLess duge rit ra tir I6p binary_function (thudng 12 mot c4u tric struct), né duge
dinh nghia trong FUNCTION.H. Lép binary_function xdc dinh hai d6i s6 phai duge cung cp cho
d6i tugng ham. Viéc nay don gian héa ci phdp duge ding d€ viét ham chéng operator() {ciing ¢6
mot 16p unary_function, cé thé riit ra cac déi tuong ham mot d6i s6 tir nd).

14.2.2. Su két ndi: cung cap céc gid tri téi cac d6i tugng hém

Gidi thuat find() tim kiém trong mot congteno cic d6i tugng duge dinh nghia bdi ngudi sit
dung. C6 thé tim kiém céc phin tir ding cic tiéu chudn tim ki€m khic nhau duge khong? C6 mot
cich 1a su dung giai thuat find_if va mét d6i twong ham thich hop. Tuy nhién d€ 1am diéu nay,
chiing ta c4n biét vé moét khai niém mdi: su két ndi (binding), trong dé moét gid tri dwoc néi 16 mot
dé6i nrgng ham dé tao moét déi tugng ham khic.

Vi du FUNCPERS (ban 14-3) cho thdy cich ma mét d6i tugng ham c6 tén 1a phoneEqual() co
thé tim tét ca cic muc véi mot s§ dién thoai cho trude, :

Listing 14-3 FUNCPERS

jffuncpers.cpp
{/demonstrates function objects with person class
#include<iostream.h>
#include<list.h>
#include<algo.h>
#include<cstring.h>
class person
{
private:
string LastName;
string FirstName;
long PhoneNumber;
public: /ldefault constructor
person(}:LastName("blank"), FirstName("blank"},phoneNumber{QL)

/13-arg constructor
person{string lana,string fina,long pho):
LastName(lana},FirstName(fina},PhoneNumber(pho)

friend bool operator<(const personé,const person&);

friend bool operator==(const person&,const person&);
void display(} const //display person’s data
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{ .
cout<<endl<<LastName<<" \t"<<FirstName
<<"\t\tPhone: "<<PheneNumber;
'
long get_phone() const  fireturn phone number
{return PhoneNumber;}
} /lend of class
Hoverloaded < for person class
bool operator<(const personé pl,const person& p2)

if{pl.LastName==p2.l.astName)
return (pl.FirstName<p2 FirstName) ? true : false;
return {pl.LastName<p2.LastName) ? true : falge;

Hoverloaded == for person class
bool operator==(const person& pl,const person& p2)
{
return (pl.LastName==p2. LastName &&
pl.FirstName==p2 FirstName) ? true : false;
)

/ffunction object to compare person's phone number
class phoneEqual:binary_function<person,long,bool>
{
" public:
bool operator() (const person& p,const long& n) const

return (p.get_phone()==n) ? true : false;
}

b
I

void main(}
{
list<person> persList; Hist of persons
list<person>::iterator iterl;//iterators to a list of persons
list<person>:iterator iter2;
Hput persons in list
persList.push_back(person("Deauville”,"William",8435150});
persList.push_back(person("McBonald","Stacey”,3327563));
persList.push_back(person("Bartoski","Peter",6946473));
perslist.push_back(person("KuangThu","Bruce",4157300));
persList.push_back(person{"Wellington","John",9207404));
persList.push_back(person("McDonald","Amanda",8435150));
persList.push_back(person("Fredericks","Roger",7049982));
persList.push_back({person("McDonald","Stacey",7764987));
Hfind person or persons with specified phone number
cout<<"\n\nEnter phone number (format 1234567): ";
long sNumber; liget search number
cin>>sNumber;
lisearch for first match
iter1=find_if(persList.begin(),persList.end(), .
bind2nd(phoneEqual(},sNumber)); /func object
if(iterl != persList.end(})
{
cout<<"\nPerson(s) with that phone is(are)";
do
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{
(*iterl).display();  //display match
iter2=++iterl; Hsearch for another match
iter1=find_if(iter2 persList.end(),bind2nd(phoneEqual(},
sNumber));
H

while(iter] != persList.end());
i

else

cout<<"There is no person with that phone number.";
} /lend main{)

- D6t tugng ham phoneEqual() tuong tw nhu d6t twong ham phoneLess() trong vi du
SORTPERS. Tuy nhién, né duoc goi hoi khdc béi giai thuat find_if().

Dai 56 thit ba cho find_if() yéu cdu mét d6i twgng ham. D&i tugng ham nay, phoneEqual(), -
mong doi find_if(} cung cfp hai d6i s6 cho né: mot d6i tuong person va mot gi tri long biéu dién
s6 dién thoai. Khi find_if() tré qua congtenc persList dé kiém tra 14n lugt ting d6i tuong, né lip lai
I goi ham phoneEqual(}. N6 biét sir dung d6i tugng person n2o d€ truyén t6i phoneEqual() béi
vi n6 biét noi d6i tuong & trong qud trinh trd qua congtenc. Nhung find_if() 18y s6 dién thoai dé
cung cdp cho phoneEqual() & dau? Ching ta khong thé cung c4p s6 ndy truc ti€p cho d6i tugng
ham nhu 13 mét 61 s6 nhu sau:

iterl = find_if(persList.begin(},persList.end(),
phoneEqual(snumber)); //khong thé lam thé nay duge

bdi vi find_if() phai tu né cung cip tit ca cic gié tri cho phoneEqual(). Thay vao d6, ching ta phai
nodj s& dién thoai va d6i tuong ham vcu nhau dé tao mét d6i twong ham khéc. Bo n6i bind2nd duge
st dung cho’ muc dich nay: it

iterl = find_if(persList.begin(},persList.end(},
bind2nd(phoneEqual(},snumber) };

. Ching ta ¢4 thé sir dung mét trong hai bd néi: bind1st hoiic bind2nd, tiy thuoc vao gia tri ma
chiing ta cung cdp cho d6i tuong ham 1a d6i s¢ thit nhét hay thitr hai. Trong phoneEqual(), né 1a d6i
s6 thit hai, trong d6i tugng person 14 d6i s6 thir nhét. :

Pay la vai miu tuong tdc vdi chuong trinh FUNCPERS:
Enter phone number (fdnnat 1234567). 9207474

Person(s} with that phone number is(are)
Wellington, John Phone: 9207474

Néu c6 nhiéu s¢ dién thoai gi6ng nhau thi chuong trinh s& tim v hién thi t4t c4 chiing,
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