TexHonormm NnocTpoeHunA
nporpamm

e [IpoyeccHo-opueHMUpPOBAHHbIU NOOX00: NPOrpamMmma — 3TO 3aNnChb
psAa nocneaoBaTe/IbHO BbIMOJHAEMbIX ONepauni

e Anroputm (Npouecc BbINO/IHEHMA) BO34ENCTBYET HA AaHHble

e Ob6vEeKMHO-O0pUeHMUPOBAHHbLIU NOOX00: NPOrpPaMma COCTOUT U3
0ObEeKTOB — 3/1IEMEHTOB AAHHbIX U PParMeHTOB aITOPUTMOB,

o0bpabaTbiBalOWMX AaHHbIE M B3AaMMOAENCTBYOLWMX APYT C APYrOmM
yepes nHTepPencol

e J[JlaHHble ynpasaarwT AO0CTYNOM K CBA3AdHHbIM C HUMW a/ITOPUTMaM

e CTaTM4yecKas CTPYKTypa CUCTEMbI ONUCbIBAETCA B TEPMUHAX
0OBEKTOB U CBAA3EN MEXKAY HUMU, @ AMHAMMNYECKoe noseaeHune

CMCTEMbI OMUCbIBAETCA B TEPMMHAX OOMEHA COODLLEHNAMN MeXKaY
obbeKkTamm



B3anmocBA3b 3/1eMEeHTOB B
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B3anmmocBA3b 3/1eMeHTOB B
HoBoW napaaurme (OOM)
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CnoBapb KNK4YeBbIX TEPMUHOB
06BbEKTHO-OPUEHTUPOBAHHOIO
NPOrpaMmMmMpPoOBaAHUA

e ObveKm — KOMMOHEHT CUCTEMbI, NPEeACTAB/IEHHbIN
cobCTBEHHOM NamATbO U Habopom onepaumm

e Memoo — OMUCaHWeE TOro, KaK BbINOJHATb OAHY U3
onepaunm obbeKkTa

e CoobweHue — 3anpoc 06BHEKTY Ha BbINOAHEHME OA4HOM U3
ero onepaumnn (“obpaweHue Kk memooy”)

* Knacc — ONnMcaHue rpynnbl NoA0OHbIX OO BEKTOB

* IK3emMnaap - OoANH U3 O6'b€KTOB, OMNCbIBaeEMbIX I-(!'IaCCO4M



OCHOBHOeE NpenmyLLecTBO
npumeHeHnA TexHonornm OOIT

CoKpalleHne cemaHmMu4ecKo20 pa3psied —
pa3pbiBa MeXKay NPUHLMNAMM
MOAEeNNPOBaHNA peanbHbIX 0OBHEKTOB U
NPUHLUMMNAMMN, NeXKaLWMMU B OCHOBE I3bIKOB
NPOrpammMmmnUpPOBaHUA




OcHoOBHOe onpeaeneHune

JHUMKAoONean4yeckmue c1oBapu:

“O6vekm — ntobon maTepuanbHbIN
npeameT Uan ABNeHue, C KOTOPbIM
CcBA3aHa NO3HaBaTe/IbHasA,
MHPOpPMaLMOHHAA nnun ntobas apyras
NpaKkTUYyecKasa AeATeNbHOCTb YenoBeKa”
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OcHoBHble npuHuunbl OOT]

e 06veKm — NnporpaMmHas CyLHOCTb, 0bnaaatoLLas
cocmosaHuemM (cBA3aHHble C 0O beKTOM
MHPOPMALMOHHbIE CBOWUCTBA) N nosedeHuem (Habop

onepauui, npucywmx obbekTy)

e Ob6vbeKmHOo-opueHMuUpPoBaAHHOE NPo2PAMMUPOBAHUE
— METOZ,0/10rMA NPOrPaMmmMnUpPOBaAHMNA, OCHOBAHHAA Ha
npeacTaBAEeHNM NPOTrPaMMbl B BUAE COBOKYMHOCTU
0O6BEKTOB, KaXKAblM N3 KOTOPbIX ABNAETCH
3K3eMMNIAPOM onpeaenEHHOro Knacca, a Kaaccol
0b6pa3yloT nepapxmto HacieaoBaHUA 7




e lleHTpanbHOe 3BeHO OOl — abcmpakyus

Bnaropapa abcTpakLumm CyLHOCTU NPON3BOIbHOM
CNOMKHOCTU MOXHO paccMaTpumBaTh Kak eanHOeE Lienoe, He
B/laBaACb B AE€Ta/IN UX BHYTPEHHEro NoCTPOEHUA U

GYHKUMOHUPOBAHUA
e OcHOBHble mexaHun3mbl (noctynatbl) OOIT:

* UHKancynayuAa

e HacnedosaHue
e [lonumopagusm

KaH(,EI,bIVI U3 3 TUX MeXaHN3MOB B OTAEe/IbHOCTU N BCE OHWU
BMecCTe B3ATble — 3T0 cpedcmea bopwbbbi co

C/IOHCHOCMbIO MPO2PAMM




OcHoBHble mexaHn3ambl OOT1
MHKancynayua

e ObecneymBaeT COKPbITUE COCTOAHUA 0OBbEKTa OT
OCTaJ/IbHbIX MPOrpPaMMHbIX e AUHUL,

e 3aWmaeT AaHHble OT HECAaHKLMOHUPOBAHHOIO A0CTYNa
CO CTOPOHbI a/IMOPUTMOB, BHELLHUX MO OTHOLLEHUIO K
paccmaTpuBaemMbIiM

e C nomouwbto MHTepdenca (popmanbHOro onMcaHus
cnocob60oB AOCTYNA K a/ITOPUTMAM U AAHHbIM) XECTKO

KOHTPOAMPYET AOCTYM K aATOPUTMaM U AAHHbIM,
CBA3aHHbIM MmexKay coboun



OcHoBHble mexaHn3ambl OOT1
HacneaoBaHue

 HacnegoBaHMe — NpPOLLECC, C MOMOLLbIO KOTOPOro 0ObeKT
nporpammsbl npnobpeTaeT CBOMCTBA APYroro ob6beKTa

e HachepnoBaHWe noaaepKmBaeT KOHUEMNLMNIO
nepapxmyeckoun KnaccuPukaumm, To ecTb nepapxmyeckoro
OTHOLWEHUA TUNOB OOBHEKTOB

e HacnegosaHue nNo3BosiieT NPOU3BOAHOMY OObEKTY
HacnenosaTb OT 6a30BOro ob6beKTa obuime aTpmnbyTbl
(cocTosiHMe U noBeaeHue), a ANA cebs onpeaensaTb TO/IbKO
XapPaKTEPUCTUKMN, Aenatowme ero yHMKaabHbIM B Kaacce



OcHoBHble mexaHn3ambl OOTT
[Tonnmopdunsm

e [lormopPun3m — CBOUCTBO, NO3BOAAIOLLEE
MCMNONb30BaTb OAMHAKOBbLIN MHTEPDEUC ANA Lenoun
COBOKYMNHOCTWN Aenctsuni (“o0uH uHmepgelc —
MH020 Memooos”)

* Pasnnyator
® CTAaTUYECKUN NOUMOPPU3M
* NMHAMUYECKMN NONNMOPPUN3IM

° MapameTpuUYecKku (TMNoBbIN) NOAMMOPPU3M



A3bIK nporpammmnpoBaHna Cn++
MoaynbHOCTb

¢ MO,ﬂ,yﬂbHOCTb U UHKaNCynauma TeCHO CBA3aHbI
e Moay/nbHOCTb NO3BOASIET XPAaHUTb abCcTpaKummM pas3aenbHO

e Knaccbl U 06EKTbI COCTaB/IAIOT NOTUYECKYIO CTPYKTYPY CUCTEMBI,
OHW MOMELLLAOTCSA B MOAYAU, 0bpasylolme GU3NYECKYo CTPYKTYPY

e Heobxoammo cobntoaatb HAXoAUTb BanaHC MeKay CTPEMAEHNEM
CKpbITb MHGOPMALMIO U HEOBXOAMMOCTbIO 0becnevynTb
BUAMMOCTb abCTPaKUUI B HECKONIbKUX MOAYNAX

e MoOysnbHOCMb —3mo ceolicmeo cucmemeol, Komopas bbina
pa3sioxeHda Had 8HympeHHe C8A3Hble, HO c1a60 c8A30HHbIE

mexcoy cobol mooysnu
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A3blK NporpammmpoBaHna Cn++

Tnnnsauymnsa

e Tunusayus — crnocob 3auWumumbcs 0m UCM0sb308AHUS
06beKmos 00HO20 Ks1acca emecmo 0py2020 Usu
yrnpasaamoe Maxkum UCMOAb308AHUEM

e [Tlpumep cnabom Tmnusaumm B Cn++:

typedef unsigned char uchar; // Hoeblli mun He co3daémcs

struct Uchar { unsigned char x; }

unsigned char c;
uchar v;
Uchar u;

/* ¢ U X UMeloT oaMHaKoBble TUNbI */

/* vV n c umetloT ogmnHakosble Tunbl */

/* U n Vv umetoT pasHble Tunbl */

/* U ¥ c umetoT pasHble TUNbI */

/* U 1 X UmeloT pasHble TUnbl */ 13



A3blK NporpammmpoBaHna Cn++

Tnnnsauymnsa

* CunbHaA munu3ayus 3acmassasem cobawodame npasuna
UCroasL308aHUA abcmpaKkuuli, OHa mem rose3Hee, Yem
bosbwe npo2pamma

e [Ipumep cnnbHOW TMNM3aUMU B CU++:

struct A {/*...*} // Ba3oBbIn Knacc

struct B: A {/*...*/}; // Mpon3BoaHbIN Knacc

A al, a2;

B bl, b2;

al =a2; // O6BbeKTbl 0AHOro Knacca

al=">bi; // ObbeKTy npucBamBaeTcsa 3Ha4YeHMe NPOMU3BOAHOrO Kaacca

bl =al; // HenpasunbHo

bl =5; // HenpasunbHo 1



A3bIK nporpammmnpoBaHna Cn++
Nepapxuna

Yncno abcTpakuum B peanbHOM CUCTEME CIMLLKOM BEIUNKO

UHKancynauma no3BosifeT B KAKOM-TO CTENEHU YCTPAHUTb 3TO
NPenATCTBUE, CKPbIB BHYTPEHHEE coAeprKaHue abcTpaKkumii

MoaynbHOCTb ynpoulaeT 3a4a4y, 06beanHAA NOrM4Yeckn CBA3aHHbIe
abcTpaKkuum B rpynnobl

AbCcTpakumm obpasyoT nepapxmm

Nepapxus — ynopadoyeHue abcmpakyuu, pacrnosioxeHue
UX 10 YPOBHAM
* OCHOBHbIE BUAbI UEPAPXUYECKUX CTPYKTYP C/OKHbIX CUCTEM:

* CTPYKTYpa OODBbEKTOB
* CTPYKTYpPa KNaccos 15



A3bIK nporpammmnpoBaHna Cn++
BaykHeunwmne otamnm4uma ot a3bika Cu

e BakHeMlee noHATUE A3blKa Cn++ — NOHATUE Kaacca
e CpeacTtBo co30aHMA 0OOBEKTOB, TO €CTb ONMUCAHNA TUMOB AAHHbIX
e Jlloboi 06BbEKT, KaK NpeacTaBUTE/Ib HEKOTOPOTO Kaacca,
XapaKTepusyeTtcs coctoaHMem (3HaYeHMnA nosem AaHHbIX) U
noseageHnem (onpeaenéHHblie Ana obbekTa PyHKLUMN)

e [pun onncaHmm Knacca B Cu++ oaHOBPEMEHHO ONUCHIBAIOTCA U
NaHHble, N ANTOPUTMbI MU ONepupytolme

e Cn++ Mcnonb3yeT BCe NpenmMyLLLEecTBa abCTpaKTHbIX TUNOB AaHHbIX,
MeXaHU3MOB MHKaNCcynsaumnm, HacnegosaHMa U noanMmopPpmsama,
CTPOA CNO¥KHble 0OBbEKTbI M OTHOLLEHUA MeXKAY HUMU Ha OCHOBe
nepapxmm KNaccos M BO3MOKHOCTU nepeonpeaeneHmnsa onepaumnm

16



A3bIK NporpammmnpoBaHna Cn++.
[lonembl AeKoMNo3nuumn

o JlekoMmno3uyus NPOEKTUPYEMOMN CUCTEMbI €CTb

nocanenoBartesibHoe BbiNnoJ/IHEHUE CheAy oWnX Waros:
 lccnepoBaHWe CTAaTUHECKOW CTPYKTYPbI CUCTEMBI
* BbigeneHue ncnosibyembix 06 beKTOB
e OduKcauma cBA3EN MeXay 0bbeKTamu
 lccnepoBaHue AMHAMMYECKOU CTPYKTYPbI CUCTEMDbI
e dnKcauma metogos obmeHa coobweHnaMmn mexay
obbeKkTamu
e CocmosHue obvekma xapakmepu3yemcs nepeyHem (06bIYHO
cmamu4eckKkum, Heu3mMeHHbIM) eacex caolicme 0aHHo20 obvekma u
meKywumu (06bIYHO OUHAMUYECKUMU) 3HaQYEHUAMU Kax0020 U3
amux ceolicme 17




A3bIK NporpammmnpoBaHna Cn++.
[lonembl AeKoMNo3nuumn

Onepayuel Ha3biBaeTCA BO3AENCTBME OAHOIro 06beKTa Ha
APYrou C Lesiblo Bbl3BaTb COOTBETCTBYIOLLYIO PEaKLU U0

[losedeHue obbeKma — 3To ero Habnogaemas u
npoBepaeman N3BHe AeATEeNbHOCTb, 3TO TO, KaK OObEKT
NENCTBYET N pearnpyet, NoBeleHME BbiParKaeTcs B
TEPMUMHAX COCTOAHMNA 0ObEKTA N Nepeaaym coobLeHnm

CocmosHue obbeKTa npeacraBnaeT CyMMapHbIi
pe3y/bTaT ero noseaeHums

Knacc — 3TO MHOXeCTBO 0O bEKTOB, MMEIOLLUX 0OLLYIO
CTPYKTYpPY 1 obllee noBeaeHume




CnoBapb KNK4YeBbIX TEPMUHOB
06BbEKTHO-OPUEHTUPOBAHHOIO
NPOrpaMmMmMpPoOBaAHUA

e ObveKm — KOMMOHEHT CUCTEMbI, NPeACTaBNEHHbIN
cobCTBEHHOM NamATbO U Habopom onepaumm

e Memod — OMMUCaHME TOro, KaK BbINO/IHATb OAHY U3
onepaunm obbeKkTa

e CoobweHue — 3anpoc ob6bEKTY Ha BbINOJHEHWE OAHOMU U3
ero onepaumnn (“obpaweHue K memooy”)

* Knacc — OMUcaHme rpynnbl Nogo06HbIX 06BHEKTOB

* JK3emMmna4ap — OANH U3 O6'bEKTOB, OMUCblBaeMbIX K/1aCCOM




A3bIK NporpammmnpoBaHna Cn++.
Bnabl onepaunn Haa obbekTamm

MoouguKkamop — onepauma, U3IMeHALWAA COCTOAHME
obbeKTa

Cenekmop — onepaunad, cH1nTbiBaroLaA COCTOAHWNE
O6'b€KTa, HO HE MeHAKLWAaA COCTOAHUA
Vimepamop — onepauynd, no3BoAK0LWLAA

OPraHM30BaTb AOCTYMN KO BCEM YacTAM 0OBbEKTA B CTPOro
onpeaenéHHOM nNocaeaoBaTeIbHOCTH

KoHcmpykmop — onepauma co3aaHusa obbeKTa u
(BO3MOXHO) ero MHnumManm3aumnm

Jlecmpykmop — onepauua, ocBoborKaatoulan
COCTOSIHME 0O6beKTa M pa3pyLuatowas cam obbeKT




KoHuenuna abCcTpaKTHOro Tuna
NaHHbIX N ee peannsauma B Cn++

e AGCMPAKMHBLIM MUNOM OAQHHbIX Ha3blBaeTca TUMN AaHHbIX

C MOJIHOCTbIO CKPbITbIM (MHKANCYIMPOBaHHbIM)

BHYTPEHHUM YCTPOUCTBOM

Paboma c nepemeHHbIMU abCcmpaKkmHbsIX muno8 OaHHbIX

NPOUNCXOANT TONbKO Yepes crneumanbHo

npeaHa3Ha4YeHHble Ana 3Toro GyHKU MK

e AbCcmpaKmHbsie muribl OGHHbIX peasau3yrmca ¢ NOMOLLbHO
K/1aCCOB M CTPYKTYP, B KOTOPbIX HET OTKPbITbIX YN1EHOB

3TUX KNAaCCOB U CTPYKTYP, TO €CTb BHYTPEHHEee YyCTPOMUCTBO
NAaHHbIX KOTOPbIX NOJIHOCTbIO CKPbLITO OT NO/Ib30BaTENS




A3bIK NporpammmnpoBaHna Cn++.
[lopumep gekomnosnumm

> Ceolcmesa

struct student { char * name; //Wma ctygeHta
int year; // Ton obyyeHus
double avb; // CpenHunit 6ann
int student_id; // Homep 3a4éTKkn
char * studentName (); )
int studentYearNumber ();
int studentlD (); D

Onepauuu
(memoosi)

22



OnpeaneneHune Knacca B Cn++

e MeToabl MOXHO BbI3blBaTb TO/IbKO A/1 NEPEMEHHOWM
COOTBETCTBYHOLLEro Tuna (Knacca), MCnonb3ya CUHTaKCUC
I0CTYNa K YJIeHaM CTPYKTYpPbl AaHHbIX:

Today.init (9, 2, 2012); Later.addm (5);

* [pu onpegeneHnn metoga BHe Kaacca cneayeT nepes,
ero MMeHeMm YyKa3bIiBaTb MMA TOFO KNacca, K KOTOPOMY OH
oTHocuTca: void Date::init (int dd, int mm, int yy)

{d=dd;m=mm;y=yy; };

e 1na obbekTta Today onepatop m = mm O3Ha4yaeT
Today.m = mm, B Bbl30Be meToAa init ana obvekTa Later
3TOT e onepaTtop O03Ha4vaeT Later.m = mm



OnpeaneneHune Knacca B Cn++

e MOXHO pa3peLaTb UM OrpaHUYMBaTbL AOCTYN K 9N1eMeHTaM Knacca
N3 NObIX PYHKLUNIN, HE ABNAIOLLMXCA YIeHaMM 3TOro Knacca
(MeToabl KNacca Bcerga MMEKT A0CTYN KO BCEM 3/IEMEHTAM K/1acca):

class Date { intd, m, y; public: void init (int dd, int mm, int yy); };
 publ IC —omKkpsimele anemeHmol Knacca, Mo ecme 00CMyrnHble
scem 8Hympu (Memoodam Knacca) u sHe onpeodesneHus Kaacca

e private — 3akpbimeolie s31eMeHMbl KAACcd, mo ecmos 00CMyrHble
MosIbKO BHymMpu oripeodeseHus Kaacca (memooam Knacca)

o protected - 3awuwéHHble 3nemeHmMsl Kaacca, 00CMyriHble
MosIbKO MemoOoamM CamMo20 K/acca U e20 rnpou3800HbIX KAACCO8

e [1o yMON4YaHUIO 3/1eMEHTbI K/1lacca, BBeAEHHbIE C NMOMOLLbIO
Kntovesoro cnosa Cc lass, aBnsoTCcsA 3aKpbITbIMK, MO3TOMY NEPBYIO
MeTKy private ctaBuTtb He 0653aTeNlbHO



OnpeaneneHune Knacca B Cn++

e CtpyKTypbl (Struct) n obbeamHeHus (UNTON) oT
knaccos (class) otnyatotcs To/IbKO NpaBuaamm
onpeaeneHnsa Npas A0OCTyNa No YMOAYaHUIO K
nepemeHHbIM U GYHKLMAM Kaacca: MeToabl U AaHHble
CTPYKTYpP (M 06 beaAnHEHMNIN) MO YMONYAHUIO OTKPbLITDI
(publ 1C), a anAa knaccoB — 3akpbIThl (Private)

e 3anucb struct umsa knaccaf...};
sKkBmBaneHTHa: class umsa_knacca { public:... }

 3anucb class umsa knaccaf...};
sKBMBaneHTHa: Struct ums _knacca { private:... };



PaboTa c coctosHMem 0b6beKTa
BcTtpanBaembie pyHKUUU

* CneunduraTtop 1Nl 1ne ykasbiBaeT KOMNUAATOPY, YTO OH
NOTIKEH NOoNbITaTbCA BCTaBUTb B MECTO Bbi30Ba PYHKLUMU
camy eé Nporpammy, a He KomaHabl POPMUPOBAHUSA
daKTUYECKMX NapameTpoB 1 obpalleHna K PYHKLNN C
MOMOLLbIO CTaHAAPTHOTO (Hanpumep, CTEKOBOTO)
MEeXaHU3Ma:

inline bool get_declare () { return declare; };

* B HEKOTOpbIX CAAY4aAX BCTPaMBaAHME QYHKUUN MOXKET
NPUBOAMNTL K COKPALLEHUIO Pa3MepoB NPOrpammbil



YKa3aTenum u CCbiZIKN Ha 0bbeKTbl

e Kpome 06BHEKTOB CyLLECTBYIOT YKa3aTe/IM Ha 0ObeKTbI:

int* p,i=5; //onpegeneHune ykasatensa n nepemeHHom
p=&Ii; //ycTtaHOBKa 3HayeHUA yKa3aTens

i=i+1;
cout << i << * p;

// HaneyaTaeTca “6 6”
// Tak KaK i n * p —ogHO U1 TO e

e JlonycTMbl 0OblYHbIE YKa3aTenn, ykasaTenm Ha
KOHCTaHTbl, KOHCTAHTHbIE YKa3aTeNM U KOHCTAHTHbIE
YKa3aTesiMm Ha KOHCTaHTbI:

int * P;
int * const cp;
const int* pC;
int const * pcl;

const int * const cc;
int const * const ccl;

//
/!
/]
//
//
//

NPOCTOM yKa3aTeNb

YKa3aTeNb-KOHCTaHTa

YKa3aTeNb Ha KOHCTAHTY

YKa3aTenb Ha KOHCTaHTy (pcl = pc)
YKa3aTe/1b-KOHCTAaHTa Ha KOHCTAHTY
YKa3aTeNb-KOHCTaHTa Ha KOHCTaHTy (ccl = cc)



YKa3aTenum u CCbiZIKN Ha 0bbeKTbl

e Ob6bABNEHME NapameTpa KOHCTAaHTOM 3anpeLuaeT
GYHKLUMN MEHATb €ro 3Ha4YeHMme:

char * strcpy (char * p, const char * q);

* [MpucBamBaTb agpec nepeMmeHHOM yKa3aTento Ha
KOHCTaHTY pa3peLlleHo, NPUCBOUTb aapec KOHCTaHTbI
NPOCTOMY YKa3aTesto HeNb3A:

const
const
const

int a; //
int c=2; //
int *pl=&c; //
int *p2=&a; //
//

int *p3=&c; //
//

*pP3=7;, //

npocTas nepemeHHas

KOHCTaHTa
yKasaTe/lb Ha KOHCTaHTy (+)
yKasaTe/b Ha NepemeHHYI0 (+)

C 3anNpeTom Ha eé U3meHeHue

NPOCTOMY yKa3aTento npucBanBaeTca

aZlpec KOHCTaHTbI, YTo 3anpeuweHo B Cu++ (-)
[EeNaeTcs NonbiTKa USMEHUTb KOHCTAHTY € (-) 28



YKa3aTenum u CCbiZIKN Ha 0bbeKTbl

 Tun “ccbinka Ha nepemeHHy”:

<mun> & <nepemeHHaa>;

e Ccbl/IKa ABNIIeTCA CUHOHMMOM MMEHU 0ObeKTa U

npeacTtaBnaeT cam o6 beKT:

int  i=5; // WHuumanusauma He obasaTenbHa
int & yet i=i; // Ccblnka ob6a3aHa UMeTb HayanbHOe 3HaYeHue!
// 1 unyet 1 ccblnatoTca Ha O4HO M TO Ke LLeNoe YUcno.
// VHUUMMpPOBATb CCbIIKY KOHCTAHTHbIM 3HaYE€HMEM MOXKHO,
// ecnu cama ccblsika TOXKe KOHCTaHTHaA:
const int & yet 1=1; // ccbinka Ha KoHcTaHTy 1
i=yet i+1;
cout<<i<<vyet i; // Haneyataetcs “6 6, NOCKO/NbKY
// 1wnyet 1 —o0aHa 1 Ta Xe CYLHOCTb
yet_i=10; // 1 == 10
& yet i==&i; [/ Ajpec ccblKK paBeH ajpecy camoro obbeKra!



YKa3aTenum u CCbiZIKN Ha 0bbeKTbl

e 3HayeHue CCbINIKU Henb3a M3MEeHUTb Nocae eeé
MHNLUMNANN3ALUNU

* BbiparkeHue ++yet 1 He NpUBOAUT K U3MEHEHMUIO
ccbiIKK. Onepaumna yBenanyeHma NnpUuMeHAEeTCs

HenocpeaCcrBeEHHO K 3HAYEHUIO O6'b€KTa, C KOTOPbIM
CBA3dHa CCblJ/1Ka, B AadHHOM CJ/iy4ae K ueaomy 3Ha4eHUHo I

pi: &i

yeti — I 5

30



[lepenayvya napameTpoB
NO CCbl/IKe

Ha a3bike Cn npoueaypa nepemeHbl MectTamu AByX
0OBHEKTOB BbIMNAAUT TaK:

void swap (int * px, int * py)

{inttemp; temp =*px; * px=* py; * py=temp; }

Bbi3oB 3TOM Npoueaypbl: inta=>5, b =6; swap (&a, &b);

Ta e npoueaypa Ha Cu++:
void swap (int & x, int & y)
{inttemp;, temp=x; x=y;, y=temp;}

Bbi3oB 3TOM Npoueaypbl: inta=5, b=6;swap (a, b)

’ 31



KOHCTPYKTOPbI, KAK MHULMATOPDI
nonen AaHHbIX KNaccos

class Box { double len, wid, hei;
//BnA 3aaaHMA HaYyaNbHbIX 3HAYEHUIN BCeX TPEX NapamMeTpoB napannenenunenos:

public: Box (doublel, double w, double h)
{len=1; wid =w; hei=h; }
// ecnv yacTo Mcnonb3yTCcs KYOMKK, TO 4OCTAaTOYHO OAHOro NapameTpa:
Box (doubles) {len=wid=hei=s;}

// ecnv yacTo Mcnonb3yrTcs KOPOOKM OAHOro TUMa, NAaPaAMETPbI HE HYXKHbI:
Box () {len=24; wid =12; hei=6;}
// elwé oanH BapuaHT KOHCTPYKTOPA YMOTYaHUA:

Box (doublel =24, double w=12, double h =6)
{len=1; wid =w; hei=h;}
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KOHCTPYKTOPbI, KAK MHULMATOPDI
nonen AaHHbIX KNaccos

* BbI30B KOHCTPYKTOPOB 0OBEKTOB NpU onpeaeneHumn:
Box bl (1, 2, 3); Box b2 (5);
Box b3; // KOHCTPYKTOP YyMONYaHUSA
Boxb31{: // Henb3s ynoTpebnaTb Kak KOHCTPYKTOP:
// BO3HMKaET nyTaHuLa c onncaHMem 3aroaoBka ¢pyHKLMK!
Box (...); // HeonpeaenéHHble napameTpbl
e KOHCTPYKTOpP Bbi3biBaE€TCA NPU ABHOM CO3aHMUN OOBbEKTA:
Box * b4 = new Box (2.3); // vl =b4 ->volume ()
Box b5 = Box (); // KOHCTPYKTOP YMONYaHUA
// 30€ecb NyTaHWULa € 3aro/I0BKOM QYHKLMM He BO3HMKaeT!



CBOMCTBA
KOHCTPYKTOPOB OO BHEKTOB

Y 04HOro Knacca MoXKeT 04HOBPEMEHHO CYLLEeCTBOBAaTb HECKO/IbKO
Pa3HbIX KOHCTPYKTOPOB, Ka*KAblM U3 KOTOPbIX MCNOAb3yeTcAa ANA
MHULWANN3ALUN SINEeMEHTOB 0CObbiM 0bpasom. OgHOBpEMEHHOE
CYyLLEeCTBOBaHME HECKONbKUX KOHCTPYKTOPOB MMeEEeT cneunanbHoe
HauMeHOBaHWe — repeapy3Ka KOHCMpPYKMOopos

Bce KOHCTPYKTOPbI A0XKHbI OTAMYATLCA APYT OT APYra KOIMYecTBOM
n/Mnn TMNamu napameTpos

KoHcTpyKkTOp 6€3 napameTpoB Ha3biBAETCA KOHCMPYKMOPOM
ymon4yaHus. Ecnn B Knacce He onncaH HUKaKoM APYro KOHCTPYKTOP
(M TONbKO B 3TOM Cy4Yae), KOHCTPYKTOP YMO/IYaHUA reHepupyeTca
aBTOMaTU4YeCKMU

KOHCTPYKTOpPbI HE BO3BPaLLLaOT HUKAKUX 3HAaYEeHWN I



ROHCTPYKTOPbI KOMNPOBAHUA
3HaYEeHUN OOBHEKTOB

° [IpOTOTUN KOHCTPYKTOPOB KOMMUPOBAHMUA BbIINAAUT TaK:
Box (Box &a); [/ vnu
Box (const Box &a);
 Hanunume cneuymdpumkatopa CONSt o3HayaeT, YTo cam
KOnNmMpyembiit 06beKT NPM KONMPOBAHUN HE N3MEHAETCA
° EC/IM KOHCTPYKTOP KOMMPOBAHUSA He onpeaenéH B Knacce
A8HO, OH byaeT creHepMupoBaH aBTOMATUYECKU, MPUN STOM
NPOn3BOANTCA MOBEPXHOCTHOE (MOYNEHHOE) KONMMPOBAHMUE
NAHHbIX OObEKTA:

Box (const Box &a) { len = a.len; wid = a.wid; hei = a.hei; }



3anyckK
KOHCTPYKTOPA KONMPOBAHUA

¢ I'IpM onpeageneHnn HoOBbIX O6'beI-(TOB, UHULUUNNPYEMDIX
3HaA4YEHNAMU PaHEE CO34dHHDbIX 0OBHEKTOB:

Box b4=Box (4,7, 1);

e [pun co3pgaHUM BpemMeHHOro obbeKTa A48 MHULUMann3aumnm
yKa3aTesis Ha Hero (6e3 KonupoBaHuna obbeKTal), Ho
nocaeayoLein MHMULKMaAn3aumen onmcbiBaemoro o6 beKTa
3HaYeHmnem, U3BaeKaemMbliM Mo yKasaTesto:

Box * b5 =new Box (2, 3, 5);
Box b6=*Db5;



CBomcTBa
KOHCTPYKTOPOB KOMUPOBAHMUA

KOHCTPYKTOpPbI KONUPOBAHUA UCMONb3YIOTCA NPU Nepeaaye
napameTpoB 1 Npu Bo3BpaTe pesyabrata GYHKLUMU MO 3HAYEHUIO

[pn nepenaye napameTpPoB MO CCbIJIKE KONUPOBAHMUSA HeT!

Hannyme sBHO ONMCAHHOIro KOHCTPYKTOPA KONUPOBaHUA BaoKupyeT
BO3MOKHOCTb aBTOMATUYECKOM reHepaLmm KOHCTPYKTOPA
YMONYAHUA

Hannyne ABHO ONMUCAHHOrO KOHCTPYKTOPA YMOJZIHaHNUA HNKAK He
B/INAET Ha aBTOMaTU4ECKYHO reHepayumnio KOHCTPYKTOPa KONMMpPoBaHUA

B HeKoTOpbIX KOMNUaaTopax npm ob6paboTke HMUMANM3aumMm BUAA
Box b4 = Box (4, 7, 1) BMeCcTO KOHCTPYKTOPa KONMUPOBAHUA
NCNONb3YyeTCA KOHCTPYKTOP Box b4 (4, 7, 1) c Tpema napameTpamm
6e3 co3aaHna BpeMeHHOro o6beKkTa M ero KonnmpoBaHUA



YKazaTtenb this

e YkasaTtenb th1S — 310 ykasaTenb Ha 0ObEKT, OT
MMEHU KOTOPOro Npou3BoOAUTCA BbI3OB MeToAa

e YkasaTtenb th1s —ato Bceraa ykasaTenb Ha cambiif

nepBbin (HEABHO 3a4aHHbIN) onepaHad, MmeToaa,
KOTOpbIM ABNAETCA 06BbEKTOM AaHHOIO Kiacca

e [Mpumep Ucnonb3oBaHUs yKasatens this
Box (Box & a) { if (this != & a)
{len = a.len; wid = a.wid; hei = a.hei; }
Y/ 9Mo KOHCMPYKMOoP KOMUPOBAHUS




Mcnonb3oBaHue yKasatena this

class string { char p [SIZE];

/] ...

public: void concat (string &); // KOHKaTeHauuMa CTPOK

int length (); // BAVHa CTPOKMK
void tolow (); // B HUKHWNI pernctp
void trim  (); // ybpaTb npobensi
3
string s1, s2;
sl.concat (s2); // npucoegnHeHne s2 K sl
sl.trim (); //  ypmanenue npobenos cnepean v c3aau
sl.tolow (); //  nepeBoA B HUXKHWUIA perncTp
string s3 = s1; //  KonupoBaHue sl B s3

e 3pecb Kaxkaas nocaeayowan onepaums npumeHaeTcsa K 06bekTy s1, 3HayeHue
KOTOPOro MU3MEeHSEeTCA B pe3ynbTaTe npeablayuien onepaunm. Ob6vekT s1 Bcerga

ABNAETCA 06BEKTOM Knacca string
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Mcnonb3oBaHue yKasatena this

class string { char p [SIZE]; // ...
public: string & concat (string &); // KOHKaTeHaUMs CTPOK
int length (); // AnnHa cTpoKun
string & tolow (); // B HUKHWNI pernctp
string & trim  (); // ybpaTtb npobenbl
5

string & string::concat (string & s1) { strcpy (p + length (), s1.p);
return * this; // pasbimeHoBaHwue this, BO3BPaT CCbIZIKM Ha CaM OOBbEKT

}

// ... Tenepb MOXHO NMcaTb TaK:
string s1, s2;
string s3 = sl.concat (s2).trim ().tolow ();

e Pe3ynbraTtom paboTbl meToaa string::concat() ABNAETCA CCbi/IKa HA ero Xe
06beKT s1, 3To N03BONAET CPaA3y BbI3BATb MeTOA, string::trim(), KoTopbin

aHan0rM4YHbIM 06pPa3om BO3BpPaLLAET CCbIIKY Ha s1 "



Bbi30OB
KOHCTPYKTOPOB K/1acca

Mpu co3agaHnm ob6beKTa (Npm 06paboTKke onmncaHmMA 0b6bEKTa, NPU CO34aHUN
BPeMEHHbIX 0OBEKTOB B BbIpPaXKeHUAX, NPU CO34aHUN NOKANbHbIX 06BEKTOB ANA
3HaYeHMM NapameTpoB GYHKLUNN):
Box b (3, 4, 5);
Mpu co3pgaHumn ob6bEKTa B AMHAMMYecKkon namaTtu (New), npu aTom, cHavyana
OTBOAUTCA HEObXoaMMaa NamATb, a 3aTem paboTaeT HYyKHbI KOHCTPYKTOP:
Box * pb;
pb = new Box (3, 4, 5);
[Mpn BKNKOYEHMM OOBHEKTOB B COCTAB APYrMX 06 beKTOB HapAAy C COBCTBEHHbIM
KOHCTPYKTOPOM BbI3bIBA€TCA KOHCTPYKTOP 0OBEKTA — Y/IEHA Kacca
Mpwn co3gaHnm 0H6BbEKTA NPOU3BOAHOIO KNacca A0NONHUTENBHO Bbi3biBaeTCH
KOHCTPYKTOp 6a30B0Oro Knacca.
[na ctaTtnyecknx o6 beKTOB KOHCTPYKTOP BbI3bIBAETCA NMPU 3aMyCcKe NPOrpaMmmb
Mpn BO3OYXKAEHUMN NCKNOYNTENBHOWN CUTYaUMKU ANA CO34aHUA BPEMEHHOTO
0b6beKTa, NnepeaaBaemMoro nepexsaTimKkam



[1pn BbI3OBE
KOHCTPYKTOPA KJ/1acca

1. BbI3bIBalOTCA KOHCTPYKTOPbI HA30BbIX KNaccoB (ecnm ectb
HacnepgoBaHue class Z: public Y {...})

2. ABTOMATU4YECKU BbI3blBAOTCA KOHCTPYKTOPbI YMONYaHMA
BCEX B/IOKEHHbIX 0OBEKTOB B NOPSAAKE UX ONMUCAHUA B
Knacce

3. Bbi3biBaeTcA cOBCTBEHHbIN KOHCTPYKTOP, MPU €ro Bbi30Be
BCe MOAA K/1laCCa YyXe CyLeCTBYHT, OHU NOJYy4YnUAn CBOU
3Ha4YeHnA NpU UX UHMUKManNn3aunuun, noa H1UX BblaeneHa
NamsaTb, cs1e008amMesibHO, X MOXHO MCNONb30BaTb B
Tene KOHCTPYKTOopa



Bbi30OB
KOHCTPYKTOPOB KONMUPOBaHUA

B chyuae: Box a (3, 4, 5);
Boxb=a; //a—napameTp KOHCTPYKTOPa KOMUPOBaHMUA
B cnhyuae: Box ¢ = Box (3, 4, 5);

CHayana co34aETcA BpeMEHHbIN OOBbEKT U BbI3biBaeTCA OObIYHbIN
KOHCTPYKTOP (He KonMpoBaHMA), a 3aTem paboTaeT KOHCTPYKTOP
KONMMPOBAaHMA NMpn co3gaHnm obbeKTta ‘c’. B HEKOTOPbIX KOMNUNATOPAX
BPEMEHHbIN 0OBEKT MOKET HE CO34aBaTbCA, B 3TOM C/ly4ae Bbi3bIBAETCA
06O bIYHbIN KOHCTPYKTOP C HY)KHbIMM NapaMeTpPaMu:

Box c (3, 4, 5);
Mpn nepeaayve napameTpoB PyHKLMM NO 3HAYEHUIO (co3aaHme
JIOKa/IbHOro ob6beKkTa)
[Mpwn BO3BpaTe pe3ynbrata paboTbl PyHKUMM B BUAE 0O BEKTA
[Mpu BO3OYXKAEHUN UCKTOUYNUTENIBHOM CUTYaLUN U Nnepeaadve obbeKTa-
NCKNOYEHUA NepexBaTuMKy



[lecTpyKTOpbl OOBHEKTOB

[ecTpyKTOp HE UMeeT NapaMeTPOB U HEe BO3BPALLAET HUKAKOIO
3HaveHua: ~<wumsg kacca>();

Ecnv AecTpyKTop He onucaH, OH reHepupyeTcs aBTOMaTUYECKM
[lecTpyKTOp N0 YMONYaHUIO HUYETO He AenaeT (ero Teno —
MYCTO) M HY>KEH TONbKO AJ/151 NAaPHOCTMU COOTBETCTBYIOLLLEMY
KOHCTPYKTOpPY

L1eCcTpyKTOp Bbi3blBaeTCA:

1. Mpw BbIXoAe U3 30Hbl ONMcaHUA 0bbeKTa

2. Mpwu BbinonHeHun onepaumn delete gna ykasartens,
NoayymBsLUEro 3HayeHMe NP BbINOJIHEHUM onepaumn NEW
(npu aTOM cHa4yana paboTaeT AeCTPYKTOp, a 3aTem
ocBobOXaaeTcAa NaMATb, 3aHATAA 0O bEKTOM)
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[lecTpyKTOpbl OOBHEKTOB

e [Ipu BbIxOAE U3 BIOKA ANA BCEX aBTOMATUYECKMX OOBEKTOB
BbI3bIBAlOTCA AECTPYKTOPbLI, B NOPAAKE, MPOTUBOMNOJOKHOM
NopAAKY BbIMONHEHMA KOHCTPYKTOPOB:

1. CobCTBEHHbIN AECTPYKTOP, NPY 3TOM B MOMEHT Ha4vasia
pPaboTbl Nporpammbl AeCTPYKTOPaA Moas AaHHbIX K/lacca eLwé
He OYMLLEHbI U, CiIeJoBaTe/IbHO, AOCTYMHbI ANA
MCNONb30BaHUA, AOCTYMHbI B AECTPYKTOPE TaKKe Mo
6a30BbIxX K/1accoB (ecnun ecTb HaciegoBaHUe)

2. [lecTpyKTOPbI BCEX BNOMKEHHbIX 0OBEKTOB B NOpAAKe,
obpaTHOM NOPSAAKY UX ONMUCAHUA B KNacce

3. [ecTtpyKTOopbl 6a30BbIX KNaccoB (ecnn ectb HaciegoBaHMe)
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PaboTa c AMHaMMUYeCcKom NamaTbio

O61beKTbl pa3melatoTcsa B NaMATU aHaIOTMYHO AaHHbIM A3biKa Cu:
CYLLECTBYIOT CTaTUYECKME 0O BEKTbI M aBTOMATUHECKME 0O BEKTbI, BbIOOP
onpeaenaeTca Mectom onpegeneHmsa obbekToB (He Knaccos!)
BHe npoueayp MoryT onpeaensatbca TONbKO cTaTudeckue (Static) m
rnobasibHble 06BEKTbI , BHYTPU — eLE N aBTOMATUYECKNE OO bEKTDI
[nsa co3aaHua obbeKTa B cBOOOAHOM NamMATU MCNONb3YETCA onepauumsa
Nnew, ana ero yHMYToXKeHuA npumensetca onepaunsa delete
Pa3mep npocTpaHCTBa, 3aXBaTbiBAEMOro NPU BbIMNOJIHEHMM Onepaumn NEw,
TOYHO COOTBETCTBYET pa3mepy obbeKkTa-onepaHaa
int * p =new int; // co3gaHne HoBoro obbekta P e——Lint
*p=5; //npucsamBaHue 3HayeHus obbekty P LS
ABHOe co3aaHMe HOBOro obbeKTa B cBOHOAHOM NaMATU KOHCTPYKTOPOM:
Box * b4 = new Box (2, 3, 5);
delete b4;
Onepauun Nnew n dellete moxkHo nepeonpenenaTb




PaboTa c AMHaMMUYeCcKom NamaTbio

Co3paBaTb MOXKHO M MaccMBbl 06bEKTOB. B 3ToM cnyyae onepaums
co3aaHusa obo3Havaetca Kak new| ]

p ° » Int
int * p; int
p = new int [3]; // co3paHne maccmBa U3 3-X 06BbEKTOB

Maccus yHuutoxkaetcs onepaumueii delletel[ ]

Pasmep ocBobOKaaeMOM NAMATU KOHTPOIMPYETCA CUCTEMOM U He
yKasbiBaetca B onepauum delletel[ ]

R DG
delete p; // yHuuTOXEHMUE CKanapa 5 A
delete [] p; // yHnuTOKEHME MaccKuBa |/N\t

[MpmeHeHMe CKaNIfAPHOro BapuaHTa onepaunum ocBOOOXKAEHMSA NAaMATH K
yKa3aTento, No KOTOPOMY Pa3MeLL,aeTca MaccmMB NpmUBeAET BO BpeMSA
PaboTbl Nporpammsbl K onbKe

Onepauun new|[ ] ndelete[ ] moxHo nepeonpegensts
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PaboTa c AMHaMMYEeCKOU NamMATbIO

class string { char * p; int size;
public:  string (const char * str); // KOHCTpyKTOP
// BbINONHSAIET BblAeNEHNE NaMATU NOA CTPOKY
// v nHuUManmn3aumio 3Ton NamaTu
~string (); // ocBoboXAeHWEe NamATH
;
string::string (const char * str) // ana nHMumanmsayumm KoOHCTaHTaMu
{ p = new char [(size = strlen (str)) + 1];

strcpy (p, str);

}
string::~string () { delete [] p; }

void f() { string s1 (“3HaK”);
string s2 =s1;
string s3 (“Cucrema”); /*...*/ s3=s1; //..
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PaboTa c AMHaMMYEeCKOU NamMATbIO

sl

void f() { string s1 (“3HaK”);
string s2 =s1;
string s3 (“Cuctema”);
s3 =5s1;

s2

S~
~

// KonupoBaHWe nonen p u size
J* .. %/

// npucBanBaHme noneu p u size

-~ o
~
-
~
~o
3 N
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PaboTa c AMHaMMYEeCKOU NamMATbIO

string::string (const string & a)
{ //KonupytoTca He yKasaTenu, a 3Ha4eHuUs:

p = new char [(size = a.size) + 1]; strcpy (p, a.p); }
string::~string () { delete [] p; } // DecTpyKTop He meHAeTcs
void string::operator=(string & a)

{ //npucBamBatoTca He yKa3aTenu, a 3HaYeHuUA:
delete [] p; // yHWUYTOXKeEHMe CTaporo sHayeHus
p = new char [(size = a.size) + 1];  strcpy (p, a.p);

sl N

R EEEEN Clu]cTzke M a]0]

SY ] s3
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PaboTa c AMHaMMYEeCKOU NamMATbIO

string::string (const string & a)
{ p=newchar [(size = a.size) + 1]; strcpy (p, a.p); }
string::~string () { delete [] p; }
string & string::operator=(string & a)
{ if (this =& a){
delete [] p; // yHMUYTOXKeHMe CTaporo sHayeHus
p = new char [(size = a.size) + 1];  strcpy (p, a.p);
} return * this;

} s3 =s2 =s1; // Tenepb Takoe npucBanBaHue A0MYCTUMO
sl ~

) 3[ulalx]O] Clu]cTzke M a]0]
SY ] s3

4 \BHaK(ﬂ KA \BHaK(ﬂ
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KOHCTAaHTHbIE Y/eHbl Kaacca

NHoraa HeobxoanMma yBEpPEeHHOCTb, YTO MEeToA, He byaeT MeHATb 3HaYeHuUs
nepeaaHHbIX eMy napameTpoBs

string & string::concat (const string & s) { ... }

OWMB0YHBIMU ABAIOTCA ONEepaTopbl, B KOTOPbIX MEHAETCA 3HaYEHME TaKUX
napameTpoB, OLIMBOYHbIMM ABNAIOTCA BbI30Bbl METOA0B ANA TAKUX
napameTpoB (KOHCTaHTHbIX 06bEKTOB), MOCKO/IbKY HET MHPOPMALIUK O TOM,
KaKkue onepauumn oHUM NPOU3BOAAT Ha, CBOMMM O6bEKTaMU:

int string::length (); // HeT ykasaHnAa HeM3meHHOCTU 06beKTa

string & string::concat (const string & s)
{ /*..*/s.length()/*..*/} //Ownbka!

B s3bike Cn++ MOXHO YKa3blBaTb, YTO HEKOTOPbIEe METOAbl HE MEHAIOT
COCTOSIHUA CBOUX 06BbEKTOB (KAtoyeBoe cnoBo CONST nocne ckobok

rpynnupoBaHua GopmManbHbIX NapPaMeTPoB):
int string::length () const;
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KOHCTAaHTHbIE Y/eHbl Kaacca

KaK To/Ibko meTo 06bABNEH KOHCTAHTHbIM, EMY ABHO pa3peluaeTca O6biTb
BbI3BaHHbIM A9 KOHCTAaHTHbIX 0O bEKTOB TMNa String. Tem cambim, CTaHeT
AONYyCTUMOWM peannlauma metoaa string::concat () ¢ KOHCTaHTHbIM
dopMmasibHbIM NAPAMETPOM:

int string::length () const; // BViHa CTPOKM

string & string::concat (const string &s) // KOHKaTeHaLUuA CTPOK

{ string temp = * this;
delete [] p;

p = new char [(size = temp.length () + s.length ()) + 1];

strcpy (p, temp.p);  strcpy (p + temp.length (), s.p);
return * this;

} paspeuwleHo 079 KOHCmaHmeol “s”
ecsu memoo length() moxe KoHcmaHmMHbIU!
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CTatnyeckme yneHbl Knacca

B Knaccax AonycKatoTcs cTaTU4eckue YieHbl (Mona AaHHbIX U MEeTOAbI)
CTaTuyeckme meToabl K1aCcCoOB HE MMEKT HEABHOIO NapameTpa,
COOTBETCTBYIOLLErO YKa3aTento Ha akTUBHbIN OOBEKT, B Tesle
CTaTUYECKMX METO/0B Kaacca Henb3a Ucnonb3osBaTb YKasaTtenb this
[na cTaTM4ecKoro YaeHa Knacca NnamaTb OTBOAUTCA OAMH Pa3 B MOMEHT
3aMycKa Nporpammebl, Kak 415 06blMHOM CTaTUYECKOMN NepemMeHHON
CtaTnyecKoe nose npeacraBaseTca B eAMHCTBEHHOM 3K3emnasape Ans
BCEX 3K3EeMNNAPOB 3TOro Ksacca
ObpawaTbCa K CTaTUMECKOMY YEHY MOXKHO 6e3 YKa3zaHMA UMEHMU
0bbeKTa, BO U3bekaHne He0AHO3HAYHOCTM MOXKHO MCMNO/1Ib30BaTb UMSA
camoro Knacca: class A { public: static int x; static void f (char c); };
[* .. %/ A::x =10; A::f(‘d’);
[na paboTbl CO CTAaTUMECKUMM NOSIAMM UCMNONb3YIOT CTaTUYECKUE
MeToAbl



CTatnyeckme yneHbl Knacca

Mpu paboTe co cTaTUY4ECKMMU NOSIAMMU KNAaCCOB HE BO3HUKAET
HeobXxoAMMOCTU BblAENATb NAMATb NOA, SK3EMNNAPbI Knacca:

class X { public: int a; static int count;
X (inti) {a=i; count ++; }
5

MHnumanmsauma ctatTudecknx NO21IEN BbIMOJ/IHAETCA BHE ONMUCAHMA Knacca:

int X::count = - 1;
int main () { X g(1), z (10); cout << X::count; }

ObpalleHne K CTaTUYECKOMY YJIeHY K/1lacca MOKeT NPoncxXoauTb C
NOMOLLLbIO KaKoro-nnmbo n3 obvekTos (g.count, z.count), nnb6o c noMoLLbtO
NMeHU Knacca (X::count), KOTOpoe MOXHO UCNO/Ib30BaTb AarKe A0
onpeaeneHns NnepBoro 06bEKTa: BbI30B Yepe3 06beKT (g.count) BO3MOXKEH
TO/IbKO NOC/ae onepaTtopa onpeaeneHms 3Toro obvekrta (g)



CTatnyeckme yneHbl Knacca

NHUUMANnU3aumno BHE K/1lacCa MOXHO UCNONb30BaThb AdXKe, eC/u
cTaTMyecKoe noJsie onpeaeneHo B 3aKpbITOM YacTu Kaacca:
class X { static int count; public: int a;
X (inti) {a =i, count ++; }
void c_print () { cout << count << endl; }
5
int X::count =-1;
OObblyHble MeTOAbl HEMb3A BbI3blBaTb 40 CO34aHUA NEPBOro 06bEKTa,
4TObbI BbI3BATb GYHKLMIO A0 CO3AaHMNA NepBoro obbvekTa, eé cneayet
06BbABUTb CTaTUYECKUM YJIEHOM KNacca:
static void c_print () { cout << count << end|; }
CTaTU4ecKMM MeTo0M KJ1acCa MOXHO 0O6bABUTL TONIbKO TaKOU MeTo/, B
KOTOPOM UCNOJIb3YKOTCA TOJIbKO CTaTUHECKUNE NOJ1A AaHHbIX K/1aCCa UJTU

Apyrve ctaTM4eckme meToabl
BbI30B cTaTU4ECKOro MeToaa: X::c_print ();



CTatnyeckme yneHbl Knacca

e CTaTU4yecKne meToabl Knacca He MOryT Bbi3biBaTb HECTAaTUYECKME METOAbI,
HecTaTUYecKkme MmeTobl MOTYT Bbi3blBaTb CTaTUYECKUE

e KOHCTaHTHble MeToAbl KNacca He MOTYT U3SMEHSTb 3Ha4YeHMA Nosen
NAHHbIX KNacca, 04HAKo, OHM MOTYT MEeHATb CTaTU4YecKkue nonsn

e CTaTU4YeCcKMi MeToA, MOKeT co34aBaTb 3K3eMNnAApbl Knaccos (06beKTbl), B
4aCTHOCTU, 3K3eMnAApbl COBCTBEHHOrO Kaacca:

classX{ X(){} ~X(){}
public: static X& createX () { X * x1 =new X;
cout << "X created”; return * x1; }
static void destroyX (X & x1) { delete & x1;
cout << "X destroyed”; }
5;
int main () { X & xx1 = X::createX (); //...
X::destroyX (xx1); returnO; }
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CTatnyeckme yneHbl Knacca

Ob6beKTbl, UMEIOLLME CTaTUYECKMNE YNeHbl, MOTYT ObiTb 06bABNEHDI
KOHCTaHTaMu

class X { public: static int c;

5

const X xc; // xc - KOHCTaHTa

[Mone ‘c’ KOHCTAHTOM NpPU TaKOM onpeaeneHmnmn obbeKTa ‘xc’ He
ctaHoBUTCA. C HUM MOXHO pPaboTaTb, Kak € 0ObIYHOM NEPEMEHHOM
Y106bI 06BABUTL CTaTUYECKOE NONE AAHHbIX KOHCTAHTOM, 3TO HAAO
cAenaTb ABHO:

class Z { public: const static int c;

b
constintZ::c=25; //3apaHo 3HayeHue nonga ‘c’
const Z zc; // ‘zc’ — KOHCTaHTa, none ‘c’ —Toxke -,



CTatnyeckme yneHbl Knacca

Pacnpe,u,eneHme NamAaATnN AnAa CtTatTM4eCknx 4aeHoB K/1aCCoB
ocywlecTBnAeTCA Tak e, Kak U ANA O0bObIYHbIX CTAaTUYECKNX OO BEKTOB:

class X {static int countl; static long count2;
static void print ();
5
int X::countl = 25;
long X::count2; // KaxkabI cTaTUUECKUM YNieH Knacca
// DonxeH 6bITb onpeaenéx

PacnpegeneHue namaTu ANa CTaTUYECKMX METOA0B KNacCoB
OCYLLECTBNAETCA TaK Xe, KaK 1 An1a 0bblyHbIX Npoueayp:

o

void X::print () { cout << countl << “ “ << count2 << endl; }

// KaxKabI cTaTUUeCKUM MeToa KNacca
// nonxeH bbiTb onpeaenéH
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[lepeKpbiTE UMEH

* Pa3spelaerca ncnonb3oBaTb OANHAKOBbIE MMEHA AJ1A
Pa3HbIX 0OBEKTOB (MepeMeHHbIX, KOHCTAHT, PYHKLUN)

e Obnact BUAMMOCTM B NPOrpamMmmax moryT ObiTb
BJIOXKEHHbIMM APYT B Apyra, onpeaeneHmne obbekTa BO
B/IO}KEHHOW 06/1aCTN BUOMMOCTU OTMEHSAET (NepeKpbIBaET)
onpeaeneHne oAHOMMEHHOIo 06bEeKTa B 06bemAtoLLLeN
obnacTtu

* [lepeKpblTMeE NO3BOASAET UCMOJ/Ib30BATb B Pa3HbIX
(BnoeHHbIX Apyr B Apyra) obaactax BUAMMOCTU
OMHAKOBble MMEHA ANA Pa3HbIX, HO OAHOBPEMEHHO He
MCNO/Ib3yEMbIX OOBEKTOB



[leperpys3ka oyHKUMN

[Mepeepy3Ka hyHKUUU — MeXaHU3M, NO3BONAOLLNN
OAMNHAKOBO MMeHOBaTb GYHKLUU, BUANMBIE B
oaHOW obnacTtu

[Mepeepy3ka ¢pyHKYUU — NPoOABAEHNE CTAaTUYECKOTO
(MONIHOCTbLIO pa3pellaemMoro Ha cTagumu
KOMNUAAUMK NPOrpamm) nosimmopodmama
[Mepeepy3ka ¢pyHKYUU NO3BONISET MCNONb30BaATb B
oaHou obnactm BUAMMOCTU OAMHAKOBbIE MMEHA
N1 pa3HbIX, HO OAHOBPEMEHHO HE UCMNOJ1b3yEMbIX

GYHKUMM




[Meperpy3ka ¢pyHKUNU. KOHPAUKTDI

HeoaHO3Ha4YHOCTb BblOOpa HYXKHOM PYHKLUUN:
void f (char); void f (double);

voidg () {... f(1); ...}

OTcyTcTBUE NoaxoaaLlen GyHKUUN:

class X{... }; classY{... };

void f (int); void f (Y);
voidg(){...Xa; f(a); ...}

CKpblTaa HEOAHO3HAYHOCTb BbiIbOpa GYHKLUUM:
void f (int x = 1); void f ();

voidg () {...f(); ...}

Tnn BO3BpaLL,aemoro 3Ha4yeHma GyHKLUUN He y4acTBYeT B
Bbibope obcnyKmnBatowen GyHKUUNN:

float sgrt (float); double sqgrt (float);
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[MTpaBuna paboTbl anropntma

BblOOpa neperpyXeHHom GyHKLUUM

a).
6).

B).
r).

A).

ToyHOe oTOoXaecTBneHune

OToXKOecTBAEHME NPU NOMOLLU CTaHAAPTHbIX
LL€/TIOYNCNEHHbIX U BELLECTBEHHbIX PaCLUMPEHNN
OTOXXAEecTBNEHME C MOMOLLbIO CTAaHAAPTHbIX
npeobpa3oBaHUM

OTOXXAEeCTBNEHME C NMOMOLLbIO NONb30BaATENbCKUX
npeobpa3oBaHUM

OTOXXAEecTBNEHME MO INNNNTUHECKON KOHCTPYKUMmM “...”

(0B6blYHO 3TOT WAr BbINOAHAETCA TONbKO NPU BbI30BaAX
OYHKLUMM C HECKONbKMMK NapameTpamm)



Bbibop neperpy*KeHHOU GpyHKLUUN
a). ToyHoe oToXKaecTB/eHne

e To4yHOe coBnageHWe TUMOB
e CoBnaaeHue c TouHocTblo go typedeT (HoBbil TN He co3paéTcal)

¢ Tpmsmaanble FlpeO6pa3OBaHMFIZ

= [lapameTp-maccumBs: T[l<-->TFH*
= [lepepaya napameTpa Mo CCblnKe:
T<-->T& (const T<-->const T &)
" [epenaya nepemeHHOM Ha mecte GOPMasIbHOrO
napameTpa-KOHCTAHTbI: T-->constT
(obpaTHOE Npeobpa3oBaHMe He paccMmaTpUBaeTCs)
" [TapameTp-PyHKUUA (Yepe3 nma GYHKLUN U
yepes yKasaTenb Ha GYHKLUMUIO): T(...)<-->(T%) (...)



Bbibop neperpy*KeHHOU GpyHKLUUN

a). ToyHoe oToXKaecTB/eHne

void f (int); void f (float); void f (double);
void f (int unsigned); void f (unsigned long);
void g () { f(1.0); /*f(double)*/ f(1.0F); //f (float)
f(1); /*f(int)*/ f(1U); //f (unsigned int)

f(1UL); } // f (unsigned long)
void f (int * a); <= voidg () { int m[5]; f(m);f (& m [0]); }
void f (int & a); <= voidg () { intm; f(m); }
void f (int a); <= voidg () { intm, & k=m; f(k); }
void f (constint *a); wvoidg() {intk, * m=&Kk; f(m); }
void f (int * a) ; void g () { constint k =7;

const int * b = & k; f(b);6 }



Bbibop neperpy*KeHHOU GpyHKLUUN
6). CraHAQpTHbIE pacCLUNPEHUA

e LlenoyncneHHble paclUMpeHuns:

= char (signed/unsigned), short (signed/unsigned),
enum => int (unsigned int, ecan TMn int cAMWKOM y30K)

" enum => long int (unsigned long int, ecnn 3HayeHnA He
MmoryT 6bITb NpeacTaBneHbl TMNom long int)

" bool => int (false --> 0, true --> 1)

" EC2IM BO3MOXKHO, TO OUTOBbIE MO/ MOTYT PACLLINPATLCA
Ao int nam unsigned int, NHaYe OHM He pacLUNPAIOTCA

e PacwmpeHna yncen c nnaBatoLLEN TOYKOW:
= float => double
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Bbibop neperpyXeHHON GYHKLNA
6). CraHOapTHbIE paclnpeHUn

¢ PaCLUVIF)EHVIFI TUNOB BCeraa MUMeroT NpeanoyTeHnAa nepes,
APYrMMU CTaHOAPTHbIMUA I'IpeO6pa3OBaHVIFIMVI

void f (int); void f (double);
voidg () { short aa =1; f (aa); // f (int)
float ff =1.0; f(ff); } // f (double)

e HeT HEOAQHO3HAYHOCTU, XOTA:
short => int & double float => int & double
 Ecnmn 6bl cTaHpapTHbIE Npeobpa3oBaHMA HE Ae/IMIUCL HA MYHKTbI

6 n 8, TO HEOAHO3HAYHOCTb BO3HMKaNA Obl, MOCKONbKY BCe
npeobpa3oBaHMA OAHOrO LWara paboTbl aNropmuTMa PaBHOMPABHbI



Bbibop neperpy*KeHHOU GYyHKLU UK
B). CraHOapTHble npeobpa3oBaHmA

e Bce ocTaBlumneca ctTaHAapTHbIE Npeobpa3oBaHUA:
" BCe OCTaBLUNECA Hesg8Hble CTaHAaPTHbIEe LLe/1I0YUCIEHHbIE
1 BellleCcTBEeHHble nNpeobpa3oBaHumS
" Npeobpa3oBaHUA YKa3aTenemn 1 CCblIoK:

0 => noboun yKasaTesb
* ntobon ykasateno => cBObOOAHbLIN yKa3aTenb (void *)

e yKa3aTesb (ccbl/sIKa) Ha NPOU3BOAHBLIN TUN =>
yKa3aTenb (ccblika) Ha 6a30BbIv TUN

(o8 oaHO3HAYHOro AOCTYnHOro 6a3oBOro Kaacca
HacneACTBEHHOM MEePapPXnN)
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Bbibop neperpy*KeHHOU GYyHKLU UK
B). CraHOapTHble npeobpa3oBaHmA

e Bce cTaHaapTHble NpeobpasoBaHUA PaBHOMPABHbI:

void f (char);
void f (double);

void g () {f (0); }

e HeoaHO3HAYHOCTb BO3HUKAET MU3-3a OTCYTCTBUSA ABHOIO
coBnageHusa (MYHKT d) u OTCYTCTBMA CTAaHOAPTHOIO
pacwupeHus ans tTuna 1Nt (NyHKT 6): npu BblbOpe
noaxoasauwen GyHKUMM No NpaBuIam NyHKTa 6
npeobpasoBanHua int => char v int => double paBHOMNPaBHbI



Bbibop neperpy*KeHHOU GYHKLU UK
r). Mpeobpa3oBaHMA Nosnb3oBaTeNA

 KoHcTpyKTOpbI Npeobpa3oBaHus (C oAHUM NapameTpom)

e DYHKUMM NPpeobpa3oBaHUSA — HECTAaTUYECKME METOAbI
Knacca c npodounem “operator <mun> ()”, Kotopble
npeobpas3ytoT 06bEKT Kaacca K Tuny <mumn>

struct S{ S (long); // KOHCTpYKTOpP NnpeobpasoBaHua: long-->S
operatorint(); // dyHKuMA npeobpasoBaHmA: S -->int

}; void f (char *); void g (char *); void h (char *);
void f (long); void g (S); void h (const S &);

voidex (S&a){f(a); // f((long)(a.operatorint())) =f (long) (2mn8)
g(1); // g(S((long) (1)) =g (S) (2)
g (0); // g((char *)(0)) = g (char ¥) (8)
h(1); // h(S((long) (1))) =h(constS &) (e



Bbibop neperpy*KeHHOU GYHKLU UK
r). Mpeobpa3oBaHMA Nosnb3oBaTeNA

* PaspelwaeTtca oanH pa3 NOBTOPHO UCKAaTb NOAXOAALLNN
Tmn (a), pacwmnpermne (6) nam npeobpasoBaHue (8)

e [lonb3oBaTesibckme NpeobpasoBaHUA NPUMEHSIOTCH
HEesABHO TO/IbKO B TOM C/ly4ae, eC/iM OHW OAHO3HaUYHbI

struct A{int a; public: A (inti){...}; structB{intb; public:B (inti){... };
int f (Ax,inty){returnx.a+y;} int f (Bx inty){returnx.b-vy;}

BoipaxkeHue f (1, 1) HEOAHO3HAYHO, MOCKOJ/IbKY MOMKET
MHTEPNPETUPOBATLCA ABOAKO:

f(A(1),1) /*f(A, int)*/ f(B(1),1) /*f(B,int)*/
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Bbibop neperpy*KeHHOU GYHKLU UK
r). Mpeobpa3oBaHMA Nosnb3oBaTeNA

e JlonycKaetcAa He 6osee 00H020 NONb30BATENbCKOTO
npeobpa3oBaHuA aAnsa 06paboTKkM 0AHOro BbI30BA ANA

OZHOro napameTpa

class X { ... public: operator int (); ... }; // moxxHo npeobpasoBaThb B int
class Y { ... public: operator X();...}; // moxHo npeobpa3osaTb B X
void f(intx, inty);

void g(){Ya;intb; f(b,a);} // HenpaBUAbHO

¢ Tpe6yeTc;|: a.operator X ().operator int () — aBa wara no NyHKTy &

 Ecam HanucaTb 3TO ABHO, OLLMOKM He ByaeT: Lenoyku
ABHbIX Npeobpa3zoBaHUM MOryT ObITb CKOJIb YTOAHO
ONMMHHbIMMU
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Bbibop neperpy*KeHHOU GYHKLU UK
r). Mpeobpa3oBaHMA Nosnb3oBaTeNA

e [1nA UCNONb30BaHUA B HEABHbIX NPeobpa3oBaHUAX U NpU

nouncke nogxoaawen PyHKLUMMN KOHCTPYKTOP A01XKeH
MMETb pa3peLleHne Ha HeABHbIN BbI30B

e HeABHbI BbI3OB KOHCTPYKTOPA MOXKET ObITb 3anpeLléH
cneunduratopom explicit

class X{... public: X (int); ... };

void f () { Xa (1); // ABHbIN BbI3OB, BCEraa npaBuabHO
Xb=2; // HeABHbIN BbI30OB

X c=X(2); // aBHbIN BbI30B C TeM e 3bPeKToM
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Bbibop neperpyXeHHoM GYHKLNA
C HECKOZIbKMMM NapameTpamu

1. Otbumpatotca Bce PyHKLUMM, KOTOPbIe MOryT ObITb BbI3BaHbI C
YKa3aHHbIM B BbI30BE KOIMYECTBOM NapamMeTpoB

2. 1na KaXaoro napameTpa Bbi30Ba CTPOUTCA MHOXECTBO PYHKL NN,
ONTUMAJIbHO OTOXAECTBNAEMbIX NO 3TOMY NapameTpy

3. Haxoautca nepeceyeHme sTUX MHOXKECTB:

" eC/IM 3TO POBHO 0AHA PYHKLUMA — OHA M ABNAETCA UCKOMOMW,
" eC/IM MHOKEeCTBO NYCTO UK COAePHKUT bonee oagHOU PYHKLUN,
reHepupyetca coobuieHne o6 ownbKe.

* [lpn paboTe anroputma Ana PyHKLUMMN C HECKONIbKMMM NapameTpamm
obHapy*XeHne HeoAHO3HAa4YHOCTM HEe NPUBOAMUT K HEMEA/IEHHOM
OCTaHOBKe anroputma, HeOAHO3HAYHOCTb MOMKET ObITb CHATA
PACCMOTPEHMNEM APYTNX NAapameTpoB GYHKLUUN



Bbibop neperpy*KeHHOU GYyHKLU UK
n). Bbibop no ...

e OYHKUWUU C NEpEMEHHbIM YUC/IOM NapameTpoB paboTatoT B
Cn++ c nomolblo makpoonpegeneHmmn va_list w va_arg

class Real { /* ... */ public: /* ... */ Real (double); /* ... */ };
void f (int, Real); void f (int, ...);
voidg () { (1, 1); // f (int, Real) // NYHKT 0 gaxe
// He npuBneKaeTca K pacCMOTPEHUIO
f(1, “Crpoka”); // f (int, ...) // int, const char *
}

e MHoOrotoume moxxert npmnsoaunUTb K HeO4AHO3HAYHOCTU
void f (int); void f (int ...);
voidg () {/*...*/f(1);/*.. */} // OwmnbKa, TaK KaK OTOXKAECTB/IeHME
// no nepsBomy napameTpy AaéT obe cIJyHK7|_5|,M|/|



[Tpobnembl OTOXKAECTBNEHUA
CCbIJIOK, @ TAaKXe KOHCTAHTHbIX U
HEeKOHCTAaHTHbIX TUMNOB

[epeKpécTHaa nepegayva nepemMeHHbIX U CCbINIOK

void f(int x) { } T(r1); // Oumbxka
void f(int & y){ }

MepeKkpécTHas nepegaya NnepemeHHbIX M KOHCTaHT ANs
dbopMasibHbIX MapamMeTPOB-CCbINOK

int 1=1;
int ri &=1i; f(1); // Oumbxa

void f(const int & x){ } T(ci); // f(const iInt &)
void F(int & y){ }

AHanornyHblie MexaHn3mbl paboTatoT NP NCNONb30BaAHUMN
KOHCTPYKTOPOB KONMpoBaHuA (BapnaHTbl c CONSt n 6e3 const)

int 1=1;
const Int ci=2; f(1); // f(int &)



[Tpobnembl OTOXKAECTBNEHUA
CCbIJIOK, @ TAaKXe KOHCTAHTHbIX U
HEeKOHCTAaHTHbIX TUMNOB

e [lepemeHHble N KOHCTaHTbl AN1A GopMasibHbIX NaPaMETPOB-CCbIJIOK

void f(const int & x){ } T(c1); // T (const iInt &)

int 1=1;
const Int ci=2; f(1); // T (const iInt &)
void f(char & y){ }

* [lepepava KOHCTAHTbl NO 3HAYEHUID
const int ci=1; void f(int y){ } f(ci); // £ (int y)

e [lepeKkpécTHaa nepeaavya KOHCTAHT M NePeMEeHHbIX MO 3HaYEeHUIo

const Int ci=1;
int 1=0; :}_ f(ci); // Oumbxa

void f(int y) { } T(1); // Oumbxka
void f(const int z) { }
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[leperpy3ka onepauuu

 MOKHO neperpy*Katb 06bl4YHbIE APUPMETUYECKUE U
NIOTUYEeCKMe onepauumn, onepaLmm OTHOLLEHUS, ONEPaALUM
npucBanMBaHUA, CABUTU, ONepPaLMM MHOEKCUPOBAHMA,
Pa3bIMEHOBAHMA YKa3aTesel Ha CTPYKTYPbI, onepaumm
NOCTYNa K YieHaM K/1acca Yepes3 YKa3aTe/lb Ha Y/ieH
K/1acca, onepauuu rpynnmMpoBKM NapameTpoB, 3axBaTa U
ocBoboxaeHus ceoboaHoM namaTn (Bcero 42 onepauumn):

+ - % / % << >> A &

= += —_ = * = /: %: <<= >>= N= = &:
== = | , < <= >= > | &&
R R

~  new new [] delete delete []



[leperpy3ka onepauuu

* Henb3Aa neperpyKarb:

- pa3pelleHme 0ba1acTn BUANMOCTH

- BbIOOpP Ys1eHa Knacca
¥ - BbIOOp yepes yKasaTenb Ha YN€eH Kaacca
?: - TEPHapHaA yCNOBHAA onepauma
sizeof - onepauna BbIYMUCIEHUA Pa3Mepa OODBbEKTA
typeid - onepauunsa BblMUCIEHMA MMEHN TUNA
H - HA4Ya/10 MaKpoAUPEKTUBDI
HH - CIAAHNE Unn npeobpasoBaHUE IEKCEM



[leperpy3ka onepauuu

e [1na neperpyskn onepaunm Ncnoab3yeTcs
KntoyeBoe cnoso operator, Hanpumep, 3anmcb
“operator=="06bl4HO Ncnoab3yeTca ANA
onpegeneHna onepaumm NPOBEPKU Ha PaBEHCTBO
NN 06BbEKTOB HEBCTPOEHHbIX TUMOB

* [1pn onpeneneHmnmn onepaunmn nyye cbaurameo
ceMaHMmMUKY HOBbIX onepaunm ¢ CEMAHTUKOM
aHaNOrMYHO 3anMUCbIBaEMbIX OnepaLmm
BCTPOEHHbIX TUMOB




[leperpy3ka onepauuu

* Bce neperpysku onepauunin, HeobxoanMMbIX B MPOrpamMmme,
HY>XHO AenaTb ABHO, AJ1 KaXKA0M onepauunu (garke ecnm
HEKOTOpPble onepaLmm 3KBUBANEHTHbI):

++ 3 a+=1 a=a+1

 Mmea dyHKUUN, onpeaensatome cnoxkeHue a.operator + ()
1 NpucBamBaHue a.operator = () , Henb3A aBTOMaTUYECKMH,
6e3 ABHOro onpeaeneHus, UCNob3oBaTb onepauuto ‘+=,

TO ecTb GYHKUMIO a.operator += ()

e Onepaumun npucsansanusa (‘=’), nnaekcuposanms (‘[ 1) v
noctyna (‘—>’) moryT neperpy»aTbCs TONbKO
HecTaTUYeCKMMM METOJaMM KNacCcoB



[Meperpy3ka bMHapHbIX onepaunit

e OnpeaeneHne metoaa KOHKaTeHaL MM B Knacce,
Co3aHHOM AnA paboTbl CO CTPOKaAMMU:

classstring { char * p; int size; [* .. %/
public: string& concat (const string& s) {/* .. */}

5
 Peanunsauma bMHapHOM onepauuun yBennyeHma ‘+=":
string & operator+= (string & s1, const string & s2)
{ return sl.concat (s2); }
e OnpepeneHue 3TOM e onepaLmm B cocTaBe Knacca:
classstring { /* ... */ public:
string & operator += (const string & s) { return concat (s); }
}; string s1 (“a”), s2 (“b”); sl +=s2;
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MeToabl Knaccos U
GYHKUMNUN-APY3bA KNACCOB

e CBouncTtBa (orpaHmnyeHma) obbIYHbIX METOA0B KJacca:

1. MeTopa, Knacca UMeeT NpaBo AO0CTYyMNa K 3aKPbITOM YacTu
0b6bABNEHMNA KNacca
2. MeTopa Knacca HaxoauTcs B 06/1aCcTV BUAMMOCTU Knacca
3. MeToa, AoNXKeH BbI3bIBAaTbCA TO/IbKO AN1A 0ObeKTa Knacca
(MMmeeTcAa HeABHO NPUCYTCTBYIOLWKMI yYKa3aTesb this)
e CTaTuyeckme metodbl He umetoT yKasatensa this v moryt
BbI3bIBATbCS, KOr4a 0OBbEKTOB Y KNacca He cyLlecTsyeT
e OYHKUMKN-APY3bA, 0613438 AOCTYNOM K 3aKPbITON YacTu
ob6baABAEHMA Knacca, He 06A3aHbl HAXoAUTbCA B 061acTU
BUAMMOCTM 3TOro Ksacca 83



OYHKUMN-APY3bA KNACCOB

* nntocTpaumna pasnmynm B onpeaeneHmm nu UCrnoib3oBaHnmn
MEeTOo0B Ksiacca U GYHKUUN-ApPY3ENn:

class X { int a; public: ...
friend void friend_f (X*, int);
void member_m (int);

}

void friend f (X * p,inti){p->a=i;}
void X::member_m (inti){a=1i; }

void f ()

{ Xobj;
friend _f (& obj, 10);
obj.member_m (10);

}
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OYHKUMN-APY3bA KNACCOB

e [IpenmyLLecTBa NCMONb30BaHUA GYHKLUMM-ApPY3EN:

1. PYHKUMN-APY3bA NOBbLIWAOT 3PPEKTUBHOCTb NPOrpPamm,
NO3BONAA OTKA3aTbCA OT MCNONb30BaHUA GYHKLUMN AOCTYNaA K
3aKpPbITbIM Y/1€HAM Kiacca

2. ObbaABneHne GyHKLUMM APYroOm Cpa3y HECKOIbKMX K1accoB
NO3BOJIET YNPOCTUTb MHTEPPENCHI CPA3Yy BCEX STUX K1AaCCOB

3. DYHKUMA-OAPYT HE HAKNAAbIBAE€T OrpaHUYEeHNIN Ha CNUCKU
cObBCTBEHHbIX MAapPaMeTPoB U He TpebyeT AenaTtb rMaBHbIN
napameTp (ncnonb3yembit 06bEKT) NEPBbIM B CMTUCKE
napameTpoB GyHKLUUNU

4. OYyHKUMA-APYr AONYCKAeT npeobpa3oBaHMA IMaBHOMO
napameTpa (ncnonb3yemoro o6bEKTA), @ METOAbI Kaacca
5TOro He AONYyCKatoT



OYHKUMN-APY3bA KNACCOB

* Echm apyrom ob6bABAseTCA neperpyXeHHana PyHKUumA,
TO/IbKO OHA M3 OAHOUMEHHbIX PYHKLMM ABNAETCA APYrOmM

e [Ipy»x6a He ob6napaeT TPAaH3UTUBHOCTbLIO, OHA He
nepenaérca No HacneacTBy NPOU3BOAHbBIM KlacCam

class A { friend class B; int a; /* .. %}
class B{friendclassC; /*...*/};

class C{ void f (A *p) {p->a++; }}; // oumbKa

class D: public B{ void f (A *p){p->a++;}};
// HeT pocTyna K 3aKpbiTomy noato ‘a’
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[leperpy3ka onepauuu

e [leperpy3ka MOKeT NPON3BOAUTLCA A5 onepaLmi C
napameTpamu BCTPOEHHbIX TUMOB:

class complex { double re, im; /* ... */
public: complex (double r =0, doublei=0){re=r; im=i; }
friend complex operator* (const complex &a, double b);
A
complex operator * (const complex & a, double b) {
complex temp (a.re * b, a.im * b);
return temp;

}
e MOXKHO MCNonb30oBaTb onepaTopbl

complexy =2, z; double d =5.3;
z =y * d; // BbI3bIBaeTcs pyHKUMA operator*(y, d)
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[leperpy3ka onepauuu

* BBMAY OTCYTCTBMSA BapmnaHTa neperpyskm YMHOMKeHUA ¢
nepsbiMm NnapameTpom, umerowmm tmn doub e, octaércs

HeBepHbIM onepaTop
z=d *vy;// OwunbKa
e Cnepnyet onpenenuntb elle oaHY APYKeCTBEeHHYIO Knaccy
complex pyHKumio:

complex operator * (double a, const complex &b) {
complex temp (b.re * a, b.im * a);
return temp;
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[leperpy3ka onepauuu

° Mmea TaKkue onpeaeneHmnsa, MOXHO HanucaTb Nporpammy:

complexx (1, 2),y (5,8),z; const complexw (1, 3); doubled=7.5;
z=X+YVy; [* x.operator + (y) */ z =X+ w; // const BHyTpU CKOBOK
z=2+d; /* z.operator + (complex (d)) */ z=w + x; // const nocne ckobokK
z=d+Xx; // owmnbKa: Bbi3oB d.operator+ (x), Ho B Knacce double

// HEeT onepaummn CNOXKEHUA C KOMMAEKCHbIMW YUCIaMMU

 MeToabl Ka1acca B Ka4ecTBe CBOEro nepBoro napameTpa
BCEraa MMetoT NapameTp, MUMELWKMA TUN 3TOro Kaacca

o OYHKUUMK, He aBAAOLWMECA METOAAaMM K/1accoB, CBOOOAHbI
OT 3TOro TpeboBaHUA

e [leperpys3Ka onepauum YieHamu Kaacca obblyHO
MCcNoab3yeTca, Koraa oba onepaHaa OTHOCATCA K 3TOMY
Knaccy 89



[leperpy3ka onepaumnmu

e [leperpy3ka onepauuu ‘+' ¢ NOMOLLLbIO Apyra Knacca:

class complex { double re, im; /* ... */

public: complex (double r =0, doublei=0){re=r; im=i; }

friend complex operator+ (const complex& a, const complex& b)

{ complex temp (a.re + b.re, a.im + b.im); return temp; }

3
complex x (1, 2),y (5,8),z; constcomplexw (1, 3); doubled=7.5;
z=Xx+Yy;, [/ operator+(x,V)
z=z+d; //operator + (z, complex (d))
z=d+x; //operator+ (complex (d), x), HeT ownbOK

e DYHKUMM-APY3bA NYyYLLE UCNOAb30BATb B TEX CAYyYasAX,
Koraa B onepaumax y4acTByOT onepaHabl Pa3HbiX TUNOB



[leperpy3ka onepauuu

¢ |£|,OI'IYCI-(8€TCFI He bonee OA4HOTO NMNOoJ/1b30BaTE/IbCKOIO

npeobpa3soBaHua ana 06paboTKM 0A4HOro BbI30BA AJ1 OAHOTO
napameTpa

class X { public: operatorint (); ... }; // moxHo npeobpasoBaTb B int
class Y { public: operator X ();...}; // moxHo npeobpasosaTb B X
void f () {Y a; int b;

b=a;} //HenpasunbHo: b = a.operator X ().operator int ();

e [IBOMHOM LWIAr NO NYHKTY 2 aAropuTtMma 3anpeLéHr
e Ecnn HanucaTtb ABHble Warn npeobpasoBaHMa TUNa, OWMOKN He

byaeT: ueno4YKn ABHbIX NPeobpa3zoBaHMIM MOTYT ObITb CKOMb YroAHO
OJIMHHbIMM

[pncBamMBaHMe NOAYMHAETCA TEM XKe NpPaBuaam, YTo U gpyrue
neperpy»eHHble GyHKLNU
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Onepauna MHAEKCUPOBAHWUA

 Unpekcauma ‘[ ]’ ectb BuHapHan onepauus, eé neperpyska
BbINOJIHAETCA TO/IbKO HECTAaTUYECKMM METOA0M K/1acca, Y KOTOPOro
HesIBHbIM MapameTp — 3TO CaM OOBbEKT, K KOTOPOMY NMPUMEHSAETCA
onepaums, a ABHbIM NapameTp — 3Ha4YeHUe NHAEKCa

class string { char * p; int size; /* ... */
public: char & operator [] (int i);
{if(i<0|]i>=size){cerr << “string:” << i << endl; exit (1); }
return p [i];
}
} s (“Cuctembl nporpammmpoBanma’);
charc=s[3]; //3KkBuBaneHTHo c =s.operator [] (3); =>c=="T

¢ Bo3Bpau.|,aeN\oe 3Ha4YeHUne B sBnae CCblJIKU NMNOo3BOJIAET UCMNOJ/Ib30BaTb

MHAEKCAUUNIKO B NPpNCBanBaHNM U CrnpaBa U C/1eBa o



[leperpy3Ka yHapHbIX onepauunm

* YHapHble onepauun neperpyxatorca metogom 6e3 napameTpos
(TouHee — c o AHNUM HeABHbIM NapamMeTPoM)

class complex { double re, im;
public: complex (double r =0, doublei=0) {re=r; im =i;}
const complex operator— () const // —x =y x =—ComplexConstl
{ complex temp (—re, —im); return temp; }

complex x (1, 2), z;
z=—x; [[zre=-1,z.im=-2
z=—2; //38ecb HEeT HUKaKOM neperpysKn YyHapHOro MMHyca:

// paboTaeT npncBamMBaHME 3HAYEHUSA BblparkeHUs —2
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[leperpy3Ka yHapHbIX onepauunm

° YHapHble onepauun neperpy*Karotca PyHKUNEN-APYrom C OAHUM
napameTpom (aonyctnmbl n 06blyHblE GYHKLUMN)

class complex { double re, im;
public: complex (double r =0, doublei=0) {re=r; im =i;}
friend const complex operator— (const complex & a);

J

const complex operator— (const complex & a)
{ complex temp (— a.re, —a.im); return temp; }

complex x (1, 2), z;
z=—X; [[z.re=—1,z.im=—2:pe3ynbraT TOT e
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’

OcobeHHoCTK onepaumn ‘++ n ‘——

* [lpu neperpysKe HYXHO YKa3blBaTb, KAKOM MMEHHO BapUaHT
neperpy»aetca (npePuKCHbIN NAN NOCTPUKCHbIN)

e [lna aByx onepauunin A3blka onpeaenéH cneumanbHbl CUHTAKCUC:

++a = a.operator++ () a++ = a.operator++ (0)
——a =a.operator—— () a—— = a.operator—- (0)

e [1nAa yKa3aHUA Ha NOCTOUKCHYIO GopMy NCNONb3YyeTCA PUKTUBHbBIN
aprymeHT c Tunom INt: operator++ (int)

e KaK 1 BCce oCTanbHble YHapHblie apuPMeTUYecKmne U normyeckme
onepauun (oHU 8ce npeguKcHbie), NpePUKCHaA onepaums
onpegensetcsa 6e3 PUKTUBHOIO aprymeHTa: operator++()

* DUKTUBHbLIN AaPryMeHT UCNOJb3YyeTCs TONbKO AnA “Heobbi4YHbIx”
(eAMHCTBEHHbIX B CBOEM poae) NOCTPUKCHbIX onepaumn ‘“++' n ‘——

4



OcobeHHoCTK onepaumn ‘++ n ‘——

[MpedunKcHbie onepaunmn 06bIMHO BO3BPALLAOT CCbIJIKM HA OOBEKTDI,
a NOCTPUKCHbIE — KONMUK 3TUX OO BEKTOB

[MpedunKcHaa onepaymnAa-GyHKLUMA NOAYHAET CCbINKY Ha
HEKOHCTAHTHbIN 0OBEKT, KONMA KOTOPOro BHYTPU GYHKLUN HE
CO34a€ETCA, 2 BO3BPALLAET CCbIJIKY Ha KOHCTAHTY, UTOObI 3aNpeTuTb
onepauuuv BUAA ++++Z UNU ++ Z = ...

[MocTdUKCHaa onepauma-GyHKUMA BO3BPaALLAET KOHCTAHTHOE
3Ha4YeHune, YTobbl 3aNpeTnTb onepaunmn BUAa Z ++++ UNN Z ++ = ...;
CCbl/IKQ HE BO3BPALLLAETCA: HYXXHA KONMA HEM3MEHEHHOIO 06beKTa

class complex { double re, im; /* ... */
const complex & operator++ () { ++ re; return * this; }
const complex operator++ (int pusto)
{ complex temp = * this; re ++; return temp; }

’



4

OcobeHHoCcTM onepauum ‘++ n ‘——

class complex { double re, im; /* ... */
public: complex (double r =0, doublei=0) {re=r; im =i;}
const complex & operator++ () { ++ re; return * this; }
const complex operator++ (int pusto)
{ complex temp = * this; re ++; return temp; }

b

complex x (1, 2), v, z;

Z=++X; [/ zre=2,2.im=2,x.re=2,z.im=2

Z=X++; [/zre=2,2.im=2,x.re=3,z.im=2

++ ++ X; // OWWUBKA: Bo3BpallaeTca KOHCTAaHTHOE 3HaYeHue

y = (x +y) ++; // OLULUBKA: cnoxeHne Bo3BpallaeT
// KOHCTaHTHOe 3HayeHue
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[leperpy3ka onepaumnmu

 Buabl onpeaeneHnmn neperpy3Kkn onepaumn:

class X { // uneHbl Knacca (MmetoT HesABHbIN napameTp this)
X operator++ (int); // nocTtduKcHasa yHapHaa onepaums yBennveHus
X &operator ++ (); // npedukcHaa yHapHasa onepauua yseamyeHums
X * operator & (); // npedukcHaa yHapHasa onepauua B3aTuAa agpeca (‘&’)
X operator & (X); // 6uHapHas onepaumsa nornyeckoro N (‘&’)
X operator & (X, X); //owubKa:3apaHbl Tp onepaHaa onepaumm ‘&’
X operator/ (); //owubKa: HeT yHapHOM onepauun geneHnsa (/')
} // dYHKUUWK, He aBaAloLWMeca Y1eHaMM Knacca
X operator --(X&, int); // nocTtdmKcHaa yHapHaa onepauma ymeHbLUeHUs
X &operator -- (X&); // npeduKcHaa yHapHas onepauma ymeHblleHUs
X operator - (X); // npedukcHaa yHapHaa onepauua USMeHeHNA 3HaKa
X operator - (X, X); // 6uHapHas onepaums BbluMTaHus (—')
X operator - (); //owubKa: He 3apaHbl onepaHabl onepaunmn ~’
X operator- (X, X, X); //owubka:3apaHbl TpM onepaHga onepauum -’
X operator % (X); // owubka: HeT yHapHOW onepaumnmn ocTaTKa (‘%’)




[leperpy3ska onepaunit. [lNpumep

Onepauuns KOCBEHHOrO A0CTYMNa K o6beKTam:

class Ptr_Object { Object * operator ->(){ }} p; // p -> Object_field = 0;
I'Ipe06pa3OBaHV|e B YKa3aTe/lb.

Object * f (Ptr_Object p) { return p.operator ->(); } // p == 0 He gonycTumo!
[nsa obbIKHOBEHHbIX YKa3aTeneun onepauma AocTyna -> ABAAETCH
CMHOHUMOM HEKOTOPOM KOMBMHaUMM onepauni padbiIMeHOBaHUA *
M nHaeKcaumu [J:

p->m=(*p)m (*p). m = p[0].m p->m = p[0].m
Onepauuns KOCBEHHOrO A0CTYMNa K o6beKTam:
class Ptr_Object { Object * p;

public: Object * operator -> () { return p; }
Object & operator * () { return * p; }
Object & operator [] (inti) { return p [i]; }
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Buabl OTHOWEHUN MmeXxKAay
K/llaccamMmu

e Knaccbl moryT paccmaTpuBaTbCA KaK aBTOHOMHbIE abcTpaKTHble
CYLLLHOCTU, OAHAKO

e B 6e3ycNn0BHOM DO/IbLLUMHCTBE CYLLECTBYHOLLUX

nporpamMmm KaacCcCbl B3aMMOCBA3aHbI

 Pa3sHOBUAHOCTM B3aMMOCBSA3€EN (B TOM YMcne — uepapxmi):

Accoumnauma Knaccos

Arperauua Knaccos

Ncnonb3oBaHMe O AHUM KNacCoOM APYroro Kaacca
NHCcTaHUMpoBaHUe (HanoaHEeHME) Knacca

HacnepoBaHue ogHUM KNacCOM CBOWCTB APYroro
Knacca 100



OcHoBHble noHATHNA ER-moaenu

CywHocms (Entity) — abcTpaKums, Noay4eHHass Ha OCHOBe
CXOAHbIX 06bEeKTOB, MHDOPMALMA O KOTOPbIX A0XKHA
COXPaHATLCS U ObITb AOCTYMNHOM

B anarpammax ER-mogenm cylwlHoCTb npeacTtasaAeTca B Buae
NPAMOYroqibHUKa, coaeprKallero MMaA CyLLHOCTH

ASPOTOPT

Hanpumep, LlepemeTtbeBo, Xutpoy

MMms cyLHOCTU — 3TO MMs Tuna (Knacca), a He HeKOToporo
KOHKPETHOro 3K3eMri/aapa 3TOoro Tuna

Ampubym — nMeHOBaHHaA XapaKTePUCTUKA CYLLHOCTH

Katoy cywjHocmu — COBOKYMHOCTb aTpubyToB, 0AHO3HAYHO
onpeaensaoLan KOHKPETHbIN 3K3eMNAApP



OcHoBHble noHATHNA ER-moaenu

e (eAa3b (Relationship) — rpadpmnyeckm nsobparkaemas
accoumaums, ycTaHaBAMBaAEMasa MEeX Ay CYLWLHOCTAMM, CBA3b —
3TO TUNOBOE NOHATUE, BCE IK3EMMNIAPbLI CBA3bIBAEMbIX
CYLLLHOCTEN NOAYMHAIOTCA eAMHbIM NpaBuaam CBA3bIBaHMA

NokynaTtens cone 3aKas
A3b N
I_I O Ky ﬂ aTEI'I b ”MHoeoj{B-ozHomy” 3 a Ka 3
A36  1:N
I_ O Ky I aTEI'I b ”MHoao-C:-ogdHo/wy” 3 a Ka 3
1 CBA3b
I— O Ky rl aTen b "OdUH-K-OdHomy” 3 a Ka 3

e ModanbHocmb c883uU — “0onxceH” nnn “moxcem”




B3anmopencreme n nepapxus
KaaccoB. Accoumauma

e Accoumaums — Hanmbonee obwMM BN B3aMMOCBA3U

Ha nepBbix cTagmnAX NPOeKTUPOBaHMA BUA 3TOW CBA3U HUKAK
He KOHKpeTU3npyeTcsa, a YTBEpPKOAeTCA NULLb Haan4ue
HEKOTOPOM CBA3M, KOTOPas 3aTEM MOMKeT NPOSABUTbLCA B OAHOM
N3 APYrux BUA0B MeXOObeKTHbIX CBA3EM

e Accounaums Bceraa ssaseTca OUHaApPHOM N MOXKeT
CYLLLeCTBOBATb MeX Ay ABYMS Pa3HbIMU CYLLLHOCTAMW UN
MEX Y CYLLHOCTbIO N €10 e camoi (peKypcmBHas cBA3b)

¢ HpM nocaeayrouwem npoeKTUpoBsaHMM CBA3b, BbIPpdXKeHHAA KaK

accoluaumsa, npespallaeTca B Apyryto, bosee TO4HO
BblpaXeHHY0 CBA3b
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B3anmopencreme n nepapxus
K/1accoB. Arperauua

e Arperauus BbiparkaeT OTHOLWEHME MEXKAY Kliaccamm no

»

dopmyne “yacme-uenoe” (“has a”, “codepyicum”)

e [lpu arperaumm o6BHEKT OAHOr0 KNacca BHYTPU cebsa coaepKuT
06BEKTbI APYrMX KNACCOB, KaK 0b6beKT “Tpey2osnbHUK”
coaepXuT Tpn obbvekta “BepwuHa”, a 0b6bvekT “Camoném”
COAEPXKUT YeTbipe obvekTa “/lsucamerns”

* PasnunyatoT cTporyto (CMAbHYIO) N HecTporyto arperaumio. MNpwu
CTPOrom arperaumm BHyTPEHHUIN KOMMNOHEHT cyLLLecTByeT
TO/IbKO OAHOBPEMEHHO € 06bekToM. CTpOryto arperauuto
MHOTAA Ha3bIBAOT KOMMNO3ULUMEN (B 3TOM Cay4ae HECTPOryHo
arperauuto Ha3blBatoT arperaumen 6e3 Kaknx-nmbo yTouHeHun)



Bsanmogeuncreme n nepapxus
KnaccoB. Arperauus

e HecTporasa arperaumna Ha A3blke Cn++

class ShareHolder { ... Share * asserts; ... }; // Akuun moryT ncuesHyTs,
// HO 06beKT byaeT cylecTsoBaTb

AKUMOHep IO AKuMA

e Crporas arperauma nam Komnosnuma Ha a3bike Cn++

struct A{/* ... */}; °
struct B { struct A a; /* Knacc B cogeput knacc A */ };

class Triangle { Point v1, v2, v3; ... }; // BepwuHbl He MOryT ncyesHyTb,
// Noka cywecTByeT aK3emnaAp Knacca Triangle
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B3anmopencreme n nepapxus
KnaccosB. lcnonb3oBaHue

* ImA oAHOro Knacca ncnonb3yeTca B NpoTtoTune

(npodunne) metona Apyroro Knacca

B Tene metoaa o4HOro Kiacca CO34aETCA JTOKaAbHbIN
0OBbEeKT ApYyroro Knacca

e MeToa oaHOro Knacca obpatlaercs K metToay Apyroro

K/1aCCa

Ncnonb3yowmm
(knnueHm)

Ncnonb3yembin
(cepsep)
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Bsanmogeuncreme n nepapxus
KnaccoB. MHCTaHUMpOBaHMeE

e NHCcTaHUMpOBaHUE — NpoBeAeHne HaCTPOMKM WabnoHa ¢

NMOMOLLLbIO TUNOBOrO NapameTpa
Tun (knacc) unu pyHKUUA

—————— Pe3ynbTaT reHepaumnm

. no wabnaoHy
y | Tvn ‘.=
daKTUYecKkni

LlabnoH napameTp wabnoHa r

MMapamemp LUG5fIOH(JJ 107



[Toumep nepapxmmn.
OanHoOYHOe HacnenaoBaHUE

KoHuenuus Hacnedo8aHUA: OAUH Knacc ABNAETCA
pa3HOBMAHOCTbIO (“yacmHbim cnyyaem”) apyroro

Nepapxma HacnenoBaHUA obpasyeT nepapxmio CTPYKTYP
Knaccos

Mepapxma CTPYKTYp KaaccoB onpeaenset oTHOoLWeHue

“060bweHne/cneumnanmsaumna”’ (“is a”, “ecms”)

B nepapxmm Knaccos BbllecToALWaa abcTpaKkuma aBaseTca
ob60bLEeHneM, a HUXKeCToALLLAA — cneunanm3aumen



HacneposaHue B Cn++

* Llenb — popmmpoBaHue nepapxmyecknx CBA3em MmexKay
No/1b30BaTENbCKUMM TUNAMU NYTEM pacllnpeHmna 6a3oBbIx
K/NacCcoB K/1laccaMm-HacneaHMKamu

* HacnepoBaHMe BblparKaeT OTHOLWEeHMe Bnaa “yacmHoe-
obwee” (“is a”’, “ecmvb”, “po3a” ecmob “uBetoK”):
06vbeKkmobl MPou3800HbLIX K/ACCOB8 PACCMaMpUBAOMCcA KaK

yacmmHole cayyau obvekmos 6a308biX K1accos

e HacnepoBaHMe — MeXaHU3M CO3aHMA HOBOIO Kaacca
(nponsBoaHoro) n3 craporo (6asosoro):
“vmoyHaemca” onpedeneHue 6a308020 Kraacca,
pacwupsaemcsa e2o npeocmasseHue u rnogedeHue



HacneposaHue B Cn++

CocTtoAHMA U noBeaeHue 6a30BOro M NPON3BOAHONO K1accoB
CBA3aHbl Mexay cobow

Mpoun3BoAHbIN KNacc HacneayeT cocToaHme (Habop AaHHbIX) U noBegeHue
(Habop meToa0B) OT yrKe cyulecTBytowero 6a3oBoro Kaacca

[MPOn3BOAHBIN KNACC MOXKET PaCLUMPATbL COCTOAHME M NoBegeHue 6a30BOro
K/niacca, TO eCTb AONONHATb YHAaCNeA0BaHHYIO CTPYKTYPY AAHHbIX U
YHac/ien0BaHHbIM Habop meToaoB

[MpOon3BOAHBIN KNACcC MOXKET nepeonpenenatb nosegeHmne 6a3oBoro Kaacca, 10
eCcTb coAepKaHme YHacneaoBaHHbIX GYHKLUUN

[MPOU3BOAHBIN KNACC MOXKET KOPPEKTUPOBATL AOCTYMN K YneHam 6a3oBoro
Knacca

Ba30BbIM KNACC HUYEro HE 3HAET O HA/IMYMKM NPOU3BOAHOrO KNacca, HO MOXKET
npeagnonaraTb ero Hain4yme U NPUHUMaTb Mepbl NO 061IerYeHnto ero co3aaHus

Bo3HMKaoWMM Npu Hacneao0BaHUM Knacc ecTb noaTun 6a3oBoro
Knacca, o6beKTbl K1acca-Hac/eaHMKa MOTYT MCMO1b30BaTbCA BE3g,
rae MOTyT MCMOJ1Ib30BaTbCcs 06 beKTbl 6a30BOro Knacca 110



HacneposaHue B Cn++

struct A { intx;inty;}; Aa; B::[A:: int x:
struct B: A{ intz; }; B b; int y;
bx=1; b.y = 2; b.z=3; _
INt z;
a=b;

Ob6beKT Npon3BOAHOro TUNa B HacneayeT cBOMCTBA 6a30Boro Tmna A
[Jonyctnmo npucBanBaHne a = b

ObpaTHOe npucBamBaHue b = g HEBEPHO: Yy 0OBbEKTa 0 HET
AOCTAaTOYHOW MHbOoPpMaUUM ANa 3anoNHEHUA Nonen obbekTa b

Knaccbl A u B MOryT CAyXuUTb 6a30BbIMM KacCamu ANs Apyrux
Knaccos 6e3 orpaHNYeHma Ux Yncna:

struct C: A{intt; }; struct D: B{intt; };



HacneposaHue B Cn++

* WNepapxuma KNaccos, ONUCbIBAOLWMX AaHHble O CTyAeHTax:

student

a

student2c

student
‘ e
student3c student2c Eudenmc
student2cSPdep

e Cambl MaaWwnn HachegHUK n3obparkaetTca BHU3Y Mepapxmm
e CTpenkKa HanpaBnAeTCA OT NPOU3BOAHbIX KNaccoB K 6azoBomy

° Yuycno BxoasaLmMX CTPENOK Ana ntoboro 6a3oBoro Knacca MoxeT bbiTb

CKOJ1b YrogHo 6OI'IbLUMM, OT 3TOIro HaciaeagosaHne ANA KaxXgoro m3
nopoxaAaeMblX K/1aCCOB B OTAE/IbHOCTUN HE HEPECTaéT ObITb

OANHOYHbIM




BuammocTb Npu HaciegoBaHUNU

e HacnegoBaHMe KOHTPOAUPYETCA C NOMOLLbIO
OrpaHNYMUBAIOLLUNX BUAMMOCTb CNEeLMPUKATOPOB AOCTYNA

e CneunduKaTopbl AOCTYNA MOryT TO/IbKO YMEHbLINTb
BUAMMOCTb, HO He pacllnpUTb ee

* [0 yMONYAHUIO CTPYKTYPbI HacneayoT cBOMM H6a30BbIm
K/laccam OTKPbITbIM Crocobom, a Knaccbl — 3aKPbITbIM:

class C { public:intc;};

struct S { ints;};

class CC: C{CC() {c=1;/* OWWMNBKA! */} // Kknacc HacneayeT 3aKpPbITbIM
class CS: S{CS() {s=1;/* OWLUBKA! */}}; // obpasom,
struct SC: C{SC() {c=1; }}; // a CTpyKTypa — OTKPbITbIM

struct SS: S{SS() {s=1; } };
class CC: publicC {CC() {c
class CS: publicS {CS() {s

1:} ) // TaK Hago ncnpasuTb OLNOKK!
1; th
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BuammocTb Npu HaciegoBaHUNU

[MopoXKAEHHbIN KNacc HacneayeT Bce YneHbl 6a30BOro Kaacca u
nmeeT cBOHOAHbIN AocTyn K oTKpbITbiM (PUD I 1C) 1 3aWNEHHBIM
(protected) yneHam 6a3oBoro Knacca

[MprUYMHOM BBEAEHUA 3aWULLLEHHDbIX YN1EHOB K/acca ABNAETCS
HEeobXoAMMOCTb OTKPbITb AOCTYN K HEKOTOPbIM U3 3/IEMEHTOB
6a30BbIX KNACcCOB, HEAOCTYMHbIM AJ11 MOCTOPOHHMUX

3alWnLEHHbIE YieHbl 6a30BOro Kaacca BeayT cebs Kak OTKpbITbie MO
OTHOLLEHUIO K METOA,aM NPOU3BOAHbIX KNACCOB M KaK 3aKpbITble MO
OTHOLLEHUIO K APYrMm GYHKLMAM

3aKpbITble (private) anemeHTbl 62a30BOro Knacca HegOCTYNHbI ANA
BCEX, BK/OYAss MeToAbl MPOU3BOAHbIX K/1accoB



BuammocTtb npn HacneaoBaHUNU

mMemoobl U memoosl U
opy364 MOCMOPOHHUE Opy3bA
camoeo nosb3osamersu nMpou3800H020
Knacca Knacca

omkxpuimsie (PUDIIC)
} sawuwénnvie (Protected) v

' 3akpuimsie (Private)
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BuammocTb Npu HaciegoBaHUNU

e OrpaHuMyeHmne BUANMOCTU AENCTBYET TO/IbKO Ha AaHHbIN
NPOM3BOAHbIN K/1aCC U Ha €ro BO3MOKHbIX MOTOMKOB

struct A{intx;inty; }; class D: protected A{intt;};
Dd,*pd=&d; //cTtpoutca ykasaTtenb Ha Npomn3BOAHbIN Knacc
pd ->t; // OWUUBKA: goctyn K 3aKkpbiTomy nonto D::t (d.t)
pd -> X; // OLUUBKA: noctyn K 3aWwmwéHHOMyY nonto D::x

e PaboTa c ykasaTenem npoucxoauT B KOHTEKCTe npas
l0CTYNa 3TOro yKasartens:

A * pa = (A*) pd; // ctpouTtcs yKasaTenb Ha 6a30Bblt KNacc
pa -> X; // NnpaBuUAbHO: None A::x — OTKpbITOE

o Kaxabln Knacc co3gaét cobcTBeHHY0 061acTb BUANMOCTU
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BuammocTb Npu HaciegoBaHUNU

e Ecnu B Npon3BOAHOM Knacce obbsBNEH MeToa, OAHOUMEHHbIN
meToay 6a30BOro Kaacca ¢ coBnagarowmm npodumnem, To umeet
MEeCTO repeKkpbimue memooa

struct M { void f (int x); }; struct N: public M {int x; void f (int x); };
M m, *pm; N n, *pn;

pn = &n; pn->f(1); // Bbi3biBaeTca N::f (1)

pm = (M*) pn; pm ->f (1); // Bbi3biBaeTca M::f (1)

* Ecnn metopn HEKOTOPOIo K/1aCCa A0J/1XKeH Bbl3BdTb ,u,pyrofz'l MmeTo/,
OMMCaHHbIN B OoA4HOM U3 6a30BbIX K/1aCCOB, UCMNOJ1b3yeTCA ABHAA

l- -’

onepauua paspelieHmnsa obaactv BUAMMOCTU ‘=
pn -> N::f (1); // Bbi3biBaeTca N::f (1)
pm -> M::f (1); pn -> M::f (1); // Bbi3biBaeTca M::f (1)

e fBHOEe Ucnosib3oBaHMe obbeKTa BCelrda TpakTtyeTCcA O4HO3HA4YHO:
n.f(1); // Bbi3biBaeTca N::f (1)
m.f (1); // Bbi3biBaeTca M::f (1) 117



BuammocTtb npn HacneaoBaHUNU

int x =7; void f (int);

class P { int x; public: void f (int); 4
class Q: public P { void f (int); voidg (); };
void Q::g()

{ f(1); // BbizoB Q :: f (1)
P::f(1); // BbizoB P :: f(1)
(1) // Bbi3oB rnobanbHol void f (1)
x=1; // 13ameHeHue rnobanbHOM nepemeHHOM X
X=2; // KaxkeTca, uto: =::x = 2, TaK KaK P :: X CKpbITO B 6a30BOM Knacce,
// Ho OLLIUBKA, TaK Kak x Knacca P nepekpbiBaeT rnobanbHyIo X,
// vi B Knacce Q rnobanbHasa nepemeHHas x HegoCTynHa!

}
Mpu co3gaHnm obbeKTa TMNa Q Bbi3biBaeTCA KOHCTPYKTOP P::P (),

3aTem cobCTBEHHbIN KOHCTPYKTOP Q::Q ()
[pun paspyweHnn obbeKTa TMNa Q Bbi3biBaeTCA AecTpykTop Q::~Q (),
3aTemM AecTpyKTop 6a3oBoro Knacca P::~P () 118



Co3aaHune n YHUYTOXXeHue
06BbEKTOB NPU Hacieg0BaHNN

e [pu co3paHmnm obbeKTa NPOU3BOAHOrO Kaacca cHavyana
CO3/aloTCA 3/1IeMeHTbl AaHHbIX 6a30BOro Knacca, cam
6a30Bbl KN1acc, NOTOM 3/1eMeHTbl AaHHbIX MPOU3BOAHOIO
KNnacca, HakoHel, cam NPon3BOAHbIN Knacc

* YHUYyTOXEHUE 0O6BEKTOB NPOXOAUT B 0OpaTHOM nopagKe:
CHa4ya/ia YHMYTOXKAEeTCcA NPOMU3BOAHbIN Kacc, ero
3/1eMeHTbl, 6a30BblN Knacc, anemeHTbl 6a3o0Boro Knacca

° J/1eMeHTbl AaHHbIX CO3at0TCs B NopsaKke 06bsaBAEeHUA B
KNacce U YHUYTOXAatoTCA B obpaTHOM nopsgke



CneunanbHble meToAabl
Nnpu HacneaoBaHUM

e KOHCTPYKTOpPbI, 4ECTPYKTOPbI U onepaLum npucsamBaHus
(dbyHKumn operator=()) He HacneayloTcA, B KaxKA0M

K/1aCCe UxX onpenenaroT 3aHOBO:

struct E { E & operator = (inti) { /*... ¥/}
E (int i) {/*..*[} [*.. %/

5

struct F: E{/* ... */};

voidf () { Fx(1); // OLUMNBKA: KOHCTPYKTOp He HacneayeTcs

// i He NpOHWKaeT B NPOU3BOAHbIN KNacc

x=2; //OWWMBKA: onepauuna npucsanBaHuUs

} // He HacnepayeTca
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Co3aaHune, UHNUMann3auma u
VHUYTOXKEeHne NogobbeKToB

Ob6beKTbl BHYTPM OOBEKTOB APYrMX KNaccoB:
class Point {int x; inty; public: Point (); Point (int, int); };
class Z { Point p; int z; public: Z (int); };

Ob6beKTbl CO34at0TCA B MOPAAKE BXOXKAEHUA BNOXKEHHbIX
Ob6BbEeKTOB B COCTaBHOU OO beKT

KOHCprKTOp COCTaBHOIo O6bEKT Bbi3blBaA€TCA, KOlf44d BCe
I'IO,EI,O6'b€KTbI yxe cywecrsyrot " UHULUUNPOBAHDI.

Z*z=newZ(1); // Point(); Z (1);
[lecTpyKTOpPbI Bbi3biBalOTCA B 06paTHOM nopagKe:
delete z; /] ~Z(); ~Point ();



CNMUCOK MHNLUMANN3aUnNU

NHUUMann3npoBaTb BNOKEHHbIN 0ObEKT A0 BbI30Ba COOCTBEHHOTO
KOHCTPYKTOpPa C MOMOLLbIO CMUCKA MHULMANN3ALUN:

class Point {int x; int y; public: Point (); Point (int, int); };

class Z { Point p; int z; public: Z (int); };

Z::Z(intc):p(1,2){z=c;} // ectbaHanorusa c Point p (1, 2)

Z::Z (intc):p(1,2),z(c){} //HOHenb3a aenatb ogHO onpeaeneHune
// B cocTase apyroro onpeaeneHus

Ecnn 3agaH cnMCOK MHMUMANM3auum cobCcTBeHHbIX nonen, byayt
BbI3BaHbl KOHCTPYKTOPbI U3 CNMCKA C 3a4aHHbIMM NapaMeTpamm

Echv ans yneHa Knacca MHUULMANM3aLUnA B CNUCKE He YKa3aHa, ANA
MHULUMANU3aLUNN NCNO/Ib3YeTCA KOHCTPYKTOP YMOYaHUA

KOHCTPYKTOPbI U3 CMTUCKA BbI3bIBAOTCA 8 MOPAOKE B8K/AHOYEHUSA
3/71eMeHmMo8 8 COCMAes Ksaccd, HO He crucka! 122



MHnumanmsauma n npucBamBaHume

NHnumanmnlaumna obveKkTa oT/indaeTca oT NPUCBaNBAHMA 3TOMY
06BbEKTY HOBOroO 3Ha4YeHUSA

[MpucBanBaHME MOMKET MNOBTOPATLCA MHOIO Pas,
NHULUMANU3ALMUA BbINOAHAETCA NNLLb OAHAXAbl

ﬂpMCBaMBaHVIe KOHCTAHTaM HEBO3MOXHO, MHUUUNATN3aAUUNA
KOHCTaHTbl — nNpouecc eCTEeCTBEHHbIN

NHUumManmn3lauma BbinoaHAeTca ANAa HUYEeM He 3anoJIHEHHOWM
namaATn, NpucBanBaHMe A0/IKHO NPaBUIbHO PaboTaTb C yiKe
CO37aHHbIM OOBEKTOM, 3HaYEHME KOTOPOro 3aMeHseTCH
HOBbIM

B UHNUNAIN3aTOPAX 4N1eHOB K/1aCCa BO3MOXHO 3a4aHNE
Ha4Yya/IbHbIX 3HAYEHUM CCbIJIKAM U KOHCTAHTAM



MHnumanmsauma n npucBamBaHume

° B MHMUMANM3ATOPAX Y1EHOB KN1acCca BO3MOXKHO 3a4aHMe Havya/ibHbIX
3HaYeHUM CCbIIKaM U KOHCTaAHTaM:

class error {int i; const int ci; int & ri;
public: error (intii) { i =ii;
ci =ii; // OWWUBKA — Henb3s NnpmucBamMBaTb KOHCTaHTE
ri=1i; }// OLUUBKA — ccbinika 4ONXKHa ObITb MHULMMPOBAHA

5

e Cneayet U3SMEHUTb KOHCTPYKTOP M 3anncaTb MHULMANM3ALMIO TAKUM
obpa3om, yTobbl OHa HE CMEeLWMBaAIachb C MPUCBAaNUBAHMNEM:

error::error (intii): ci (ii), ri (i) // 3necb HeT owmnbOK!
{i=ii;} // 370 0bblYHOE NpucBanBaHUe
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MHMumnanm3lauma nonen AaHHbIX

NHnumannlaymm nonemn, yHacneaoBaHHbIX MPOU3BOAHbIMMU
K/llaccamu oT 6a30BbIX K/1aCCOB, MOXHO He AenaTb, eCAn ANA 3TUX
noJsier AOCTAaTOYHO BbI3bIBATb KOHCTPYKTOPbI MO YMOAYAHUIO
B cNMCOK MHMUKMANU3ALNN, MMEIOLLLIUMCA Y KOHCTPYKTOPA
NPOM3BOAHOrO Kaacca, HeobxoaAMMO BKAKOYATb 0bpalleHme K
KOHCTPYKTOPY 6a30BOro Knacca ¢ napameTrpamm, o6bI4HO
CTPOALMMUNCA HA OCHOBE 3HAYEHUIN NapPaMeTPOB COOTBETCTBYIOLLETO
KOHCTPYKTOPa NPOMn3BOAHOIO Ksacca:
class T {int n; double x; /* ... */
public: T (int i, double y): n (i), x (y) {/* ... */}
};
class U: public T { bool b; /* ... */
public: U (bool t, inti, doubley): b (t), T(i,y){/*... */}
};



MHUuManm3sauma nonem aaHHbIX

* KmeHa nonen 6a30BOro Kiacca UCNoab30BaTh B CNUCKE
MHNLMANN3ALUN KOHCTPYKTOPA NPOM3BOAHOMO Kaacca Heb3A:
class T {int n; double x; /* ... */
public: T (inti, double y): n (i), x (y) {/* ... */}
¥
class U: public T { bool b; /* ... */
public: U (bool t, int i, double y): b (t),
n(i), x(y){/*..*/}// OLLUBKA
// TaK MOXHO MHULMANN3NPOBATb TO/IbKO COBCTBEHHbIE MOA

5
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OanHo4YyHOe HacnenoBaHUe B Cn++

 Onpegennm 6a30BbIN KNACC, ONUCbIBAOWMIM aTPMOYTbl CTYAEHTOB,
5TOT K/1aCcC NOCNYXNUT OCHOBOUW CO34aHUA HEKOTOPOro NPOU3BOAHOIO
KNnacca, ONMUCbIBAOLLEro TONbKO CTYAEHTOB 2 Kypca

class student { protected: char * name; int year; // ron obyyeHus
double avb; // cpeaHuin 6ann
int student_id;
public: student (char* nm, inty, double b, int id):
year (y), avb(b), student_id (id)
{ name = new char [strlen (nm) + 1];
strcpy (name, nm); }
char * get_name () const { return name; }
void print ();
~student () { delete [] name; }

}- 127
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OanHo4YyHOe HacnenoBaHUe B Cn++

e CTyaeHT BTOPOro Kypca obnanaet Bcemu aTpnbytamm CTyaeHTa —
NMMEHEM, HOMepoM roala obyyeHus, cpeaHUm 6aniom Ha
3K3aMeHax, Y Hero ectb U CBOW, TO/IbKO eMy npucyLline aTpnbyrol,
Hanpumep, HAaMMeHOoBaHMe TeMbl NPaKTUYeCcKon paboTtbl No Cn++ un
MMA PYKOBOAMUTENA NMPAKTUKON:

class student2c: public student { // ykazaHune Ha 6a30BbIi Knacc
protected: char® pract; char* tutor;
public: student2c (char* n, double b, int id,
char* p, char* t) : student (n, 2, b, id)
{ pract = new char [strlen (p) + 1]; strcpy (pract, p);
tutor = new char [strlen (t) + 1]; strcpy (tutor, t); }
void print ();
~student2c () { delete [] pract; delete [] tutor; }
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OanHo4YyHOe HacnenoBaHUe B Cn++

Y HOBOrO K/1acca, YTOUYHAOLWEro paHee BBeAEHHbIN Kiacc, AO/TKHbl
OblTb CBOM KOHCTPYKTOPbI U AECTPYKTOP

dyHKUMA print () nNpon3BOAHOIO KNacca CKPbIBAET OAHOUMEHHYO
dyHKUMIo 6a3oBoro Knacca (U3 apyron o61actm BUAMMOCTH)

[MoNHOCTbIO YHacNea0BaH NPOU3BOAHbBIM KN1aCCOM U MOXKET B HEM
MCNO/b30BaTbCA cenekTop get_name ()

B HOBOM K/1acce MOXKHO 3aHOBO CTPOUTb BCe MeTOoAbl (MOKeT ObITb,
Konupya ¢parmeHTbl TEKCTA U3 onpeaesneHmsa 6a3oBOro Knacca), Ho
MOXHO BOCMNO/1b30BaTbCA YKe CHGOPMUPOBAHHBIMU METOAAMMU
6a30BOro Ksacca, Kak caenaHo B 3TOM NPMMeEpeE, rae KOHCTPYKTOP
NPOW3BOAHONO Knacca obpaliaeTca K KOHCTPYKTOPY 6a30BOro Knacca
ANA MHUUMANM3aLumMmM yHacnegoBaHHbIX NONEN, KOTOPbIE HEeNb3A
MHULUMNPOBATb NOUMEHHO



OanHo4YyHOe HacnenoBaHUe B Cn++

e [1pOMN3BOAHbLIN KNAaCC MOXKET YCTaHaBANBATb AOMNO/IHUTE/NbHbIE
OrpaHMYeHUnsA Ha AOCTYN K YHac/neA0BaHHbIM OT 6a30BOro Ksiacca
3N1eMeHTaM, KoTopble byayT pacnpoCTPaHATLCA M Ha HEFrO CaMoro U
Ha BCe Te KNaccCbl, KOTOPble CTaHYT ero Hac/ieaHUKamum

* Bce OTKpbITble U 3aWULLEHHbIE 31eMeHTbl 6a30BOro Kaacca
pPaccMaTpMBatoTCA B MPOM3BOAHOM KNacce KakK 3alMLLEHHbIE, 3 BCe
3aKpPbITble 3/1IeEMEHTbI OCTaINCb Obl 3aKPbITLIMMU:

class student3c: protected student { /* ... */ };

* Bce aniemeHThbl, YHac/eg0BaHHble NPOU3BOAHbIM KNAacCOM OT
6a30B0Oro, CTaHOBATCA 3aKPbITbIMMU:

class student4c: private student { /* ... */ }; // akBUBaneHTHO:
class student4c: student { /* ... */ };



OanHo4YyHOe HacnenoBaHUe B Cn++

Bo BHOBb NOPOXKAEHHOM NPOU3BOAHOM Kacce MOryT BbITb
onpeaesieHbl HOBbIE Y/ieHbI (KaK HOBblE NO/S AAaHHbIX, TaK U HOBblE
METO/bl): B KOHCTPYKTOPE KNacca CTYAEHTOB 2 KypcCa YKe He HYXKHO
3a[aBaTb rog obyyeHmna, Ho HeobxoaMMmo 3aaaTb TEMY U
PYKOBOAUTE/NIA MPAKTUKOM

[Mpn BbI30BE KOHCTPYKTOPA ANA 3K3eMMNaApa Kaacca CTyAeHTOoB 2
Kypca CHayasa npopaboTaeT KOHCTPYKTOP 6a30BOro Knacca
student (), a 3aTeM KOHCTPYKTOP NPOM3BOAHOrO Knacca student2c,
NepapxmyecKkn BIOXKEHHOro B 6a30BbIf, KOTOPbIM BNpaBe 0XnaaTh,
4YTO UMA CTYAEHTa, HOMEP 3a4ETHOM KHUKKK, cpeaHun bann n rog,
obyyeHunAa 6yayT yrKe onpeaeneHbl, Koraa npuaeTca 3anoNHATbL Nond
TEMbl U UMEHU PYKOBOAUTENSA

Mpwn paboTe NnponsBoaHOro AecTpyKkTopa ~student2c () none roaa
obyuyeHun eLé byaeT cywecTBoBaTb



OanHo4YyHOe HacnenoBaHUe B Cn++

o dyHKUMA print () 6a3oBoro Knacca He BUAHA 06 BbEKTAM
NPOU3BOAHOIMO K/aacca, HO NyTeM YTOYHEHUA ee UMEHN UMEHEM
K/1acca, KOTOPOMY NMPUHAANEKNT QYHKLMA, €€ MOXKHO CAeNaTb
BMAMMOWM, eC/in OHa He umeeT aTpubyTta private
void student :: print ()

{ cout << “©ONO =" << name << endl;
cout << “Kypc =" <<vyear << endl;
cout << “CpegHum bann =" <<avb << endl;
cout << “Homep 3a4étkn =" << student id << endl;

void student2c :: print ()
{ student :: print (); // Bbioaét B paitn name, year, avb, student_id

cout << “Tema KypcoBon =" << pract << endl;
cout << “MpenoaasaTtenb =" << tutor << endl;

} 132



OanHo4vyHoe HacneaoBaHue B Cn++

 MaHunynauum c obbeKTamm Knaccos B /106anbHOM yHKUMMU f ():

void f ()
{ student s (“Kata”, 2,4.18, 20100210);
student2c ds (“Tana”, 4.08, 20100211, “Komnunsatop Cun++”,
“BuKTtop MetpoBuy”);
student *ps =&s; //ykKasaTtenb Ha 6a30Bbin Knacc (Kypc = 2)
student2c* pds = & ds; // yKasaTenb Ha Npoun3BOAHbIN Kacc
ps ->print (); //student ::print () HaneyaTaeT rasHoe
pds -> print (); // student2c :: print () Hane4yaTaeT BCE
ps = pds; // ponyctumo (ctaHgapTHOe npeobpa3oBaHue)
ps ->print (); //student ::print () BbibMpaeTcs
// CTaTUYECKM MO TUNY YKa3aTens
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[eHeanormnyeckme npeobpasoBaHuA

ps — hame pds —|name l—  croda mosmem
; yKa3b18amo ps,
c00a He year year MaK KaK 8 5mom
OMEm obvekme umeromcs
yKasieams pds, omzccyiﬂnLZZ’z,m K
MaK Kak 30eco Hem gcex pract muny *ps
Heobxooumebix 0718 muna
3 00HaKo, docmyrn
*pds nonel - - -
KO 8CEM r10AAM 110
yKa3amerto ps
ps=& s; pds=&ds; ps= pds; //pgonyctumo! HeE03MONeH,
pds = ps; // OWWUBKA: HeponycTumo! nonHeili docmyn
pds = &s; // OWWUBKA: HeponycTmo! 803MOM(EH MOSIbKO

rno yKkaszamesnr pds
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[eHeanormnyeckme npeobpasoBaHuA

ps —jname pds —|name —  cro0a moxcem
yKa36i8ams ps,
1030 1 year year MaK KaK 8 3mMom
obvbekme umeromcs
moxem T Tt gce noss
yKasblieamso pds, ’
3 omHocAawueca K
MakK Kak 30ecb Hem acex pract muny *ps
Heobxooumblix 019 muna
$ 00HaKo, docmyn
*pds nonel - - -
KO 8cem rnossaM ro
. _ . yKasamento ps
ps = pds; // base * = derived * (6e3onacHo) HEBOIMONCEH,
ps = & ds; // base * = derived * (6e3onacHo) nosaHelli docmyn

C 06bEeKTOM MPOM3BOAHOIO KAacca MOXHO 06pallaTbCa Kak
c o6bekTOM Ha30BOro Knacca npu obpalleHnn K Hemy Npum

nomouwu 6a30BbIX YKa3aTEHEﬁ N CCbIJZIOK

803MOM(EH MO/IbKO
rno yKkaszamesnr pds
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[eHeanornyeckme npeobpasoBaHmA

e BO3MOXKHOCTb 4OCTYNa K 06beKTam No yKasaTenam
onpeaenaeTca CTaTUYEeCKM No TMNy UCNoNb3yemoro
VKa3aTtens

e [lpaBMO CTaTUYECKOro BblbOpa 0b6beKTa No TUny
VKa3aTena paboTtaeT Aarke B yCNOBUAX AJIMHHbIX
LenoYeK NPounu3BOAHbIX KN1aCCOB:

class X1 { public: void f (int); [*.0% )

class X2 : publicX1{/*...*/};, [*..*/

class X10 : public X9 { public: void f (double); /* ... */ };
void g (X10 * p) {p ->f(2); } // X10::f nnn X1::f?




Buabl nonmmopopunsma

MonumopgHbIMU HA3bIBAOTCA METOAbI, NO3BOAAKOLWME BblPasuUTb
anropuTm OAMH pPa3, HO UCNONb30BATb €ro C MHOXECTBOM Pa3HbIX
TMNOB

Cmamuyeckul noaumopgusm AeNCTBYET TONIbKO Ha 3Tane
KOMMUAALUUKN N XapaKTepusyeTcsa NCNONb30BaHMEM OAHOUMEHHbIX
GYHKUMK € pasHbIMM NPOPUNAMU

Mapamempuyeckuli (munoesili) noauMmopgusm BpeMeHM
KOMMNUAALMK CBA3AH C BBeaeHMeM WabioHOB KaK cpeacTsa
napameTpuyeckoro onnMcaHmnA KNaccos

AuHamuyecKul noaumopghusm peannsyeTca ¢ NOMOLLbIO
BUPTYaNbHbIX PYHKLUMN U AOCTYNa K GYHKLUMAM MO YKa3aTenam,
KOrga Ha 3Tane KOMNUAAauum He yaaéTtca onpeaenuTb TOUHYIO
BbI3blBaeMyto GYHKLMIO, TAK KaK 3HAYEHME YKa3aTena He U3BECTHO
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JnHaMmU4yecknm noammoppPumnm

MNoanep*KKy AMHAaMUYECKOro NoaMmopdrU3Ma BbIMONAHSIOT
BMPTYa/ibHble MeToAbl, CBA3aHHbIE C NOIMMOPPHBIMU 0O BEKTaMMU
BupTyanbHble meToabl BBOAATCA B K/1accax, KOraa npeanonaraercs,
4yTO BNOCAeACTBUM ByayT onpeaeneHbl NPon3BOAHbIE OT HUX
KNaccbl, B KOTOPbIX 3TN BUPTYya/ibHble meToabl byayT
nepeonpeaeneHbl U caenaHbl KOHKPETHbIMU, UMEOLWMMN Bonee
TOYHble peannsaumu

B Ka)XXa0M 13 NPOM3BOAHbIX KN1aCCOB nepeonpeaeneHmne
BMPTYa/IbHbIX METO0B MOKET ObITb CBOE, HE MOXOXEe Ha
caenaHHoe B APYrnx Knaccax

Llenbto BBeAEHMA BUPTYaNbHbIX METOA0B ABAAETCA 3aMEHA
cTaTUyeckoro Bbibopa meToaa (Mo TMNy yKkasaTtensa), Ha
AMHamMun4eckum Bbibop (nNo TNy obbekTa, a He yKa3aTena)



PaboTa BUpTYasibHOUN PYHKLUU

e [lonumMopHbIM HA3bIBAEMCA MUrl, 8 COCMAB KOMOPO20 8X00AM
supmMyasibHbie hyHKYUU
class student { /* ... */ public: void print () const; };
class student2c: public student { /* ... */ public: void print () const; };
student ::~student() {delete[] name;}
student2c:: ~student2c() { delete [] pract; delete [] tutor; }
void student :: print ()

{ cout << “©ON0 =" << name << endl;
cout << “Kypc =" <<year << endl;
cout << “CpegHum bann =" <<avb << endl;

V4

cout << “Homep 3a4ETKM
void student2c :: print ()
{ student :: print (); // Bbioaét B paiin name, year, avb, student_id

cout << “Tema KypcoBon =" << pract << endl;
cout << “NMpenopasaTtenb =" << tutor << endl; }

<< student_id << endl; }
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PaboTa BUpTYasibHOUN PYHKLUU

 MaHunynauum c obbeKTamm Knaccos B /106anbHOM yHKUMMU f ():

void f ()
{ student s (“Kata”, 2,4.18, 20100210);
student2c ds (“Tana”, 4.08, 20100211, “Komnunatop Cn++”,
“BukTtop lMetpoBny”);
student *ps =&s; //ykasaTtenb Ha 6a30BbI KNacc
student2c* pds = & ds; // yKasaTenb Ha Npoun3BOAHbIN Knacc

ps ->print(); //student :: print () HaneyaTaeT rnaBHoeE
pds -> print (); // student2c :: print () HaneyaTaeT Bcé
ps = pds; // ponyctumo (ctaHpgapTHoe npeobpasoBaHue)

ps -> print (); //student ::print () BbibupaeTca
} // CTaTUYECKM MO TUMY yKasaTens
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PaboTa BUpTYasibHOUN PYHKLUU

[TonumopHbLIM HA3biBAEMCA MUrl, 8 COCMA8 KOMOPO20 8X00AM

8uUpMyasbHble PyHKYUU
class student {

/* ... */ public: virtual void print () const; };

class student2c: public student { /* ... */ public: void print () const; };

student :: ~student ()

{ delete [] name; }

student2c:: ~student2c() { delete [] pract; delete [] tutor; }

void student :: print () const

{ cout << “®NO ="
cout << “Kypc ="
cout << “CpegHum bann =
cout << “Homep 3a4€TKM =

void student2c :: print () const

”

V4

<< name
<< year
<< avb

<< endl;
<< endl;
<< endl;

<< student_id << endl; }

{ student :: print (); // Bbioaét B paiin name, year, avb, student_id

V24

cout << “Tema KypcoBon =
cout << “lNpenopasaTesnb =

V24

<< pract
<< tutor

<< endl;

<< endl; } »



PaboTa BUpTYasibHOUN PYHKLUU

 MaHunynauum c obbeKTamm Knaccos B /106anbHOM yHKUMMU f ():

void f ()
{ student s (“Kata”, 2,4.18, 20100210);
student2c ds (“Tana”, 4.08, 20100211, “Komnunsatop Cun++”,
“BuKTtop MetpoBuy”);
student *ps =&s; //yKasaTtenb Ha 6a30BbIt KNacc
student2c* pds = & ds; // yKasaTenb Ha Npoun3BOAHbIN Kacc

ps ->print(); //student :: print () HaneyaTaeT rnaBHoeE
pds -> print (); // student2c :: print () HaneuyaTaeT BCé
ps = pds; // ponyctumo (ctaHgapTHoe npeobpasoBaHue)

ps -> print (); // student2c :: print () BbibupaeTca
} // ANHAMUYECKM MO TUMNY 06BbEKTA
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[lpaBuNa co3gaHUA
BUPTYA/IbHbIX PYHKLIMN

. meeTca nepapxua knaccos (6e3 nepapxmm HeT BUpTyasibHOCTU!),
X0TA Obl U3 ABYX KNaccoB — 6a30BOro M NPpou3BoAHOrO

. B 6a3oBom Knacce pyHKLUA 0O6bABAEHA C KNHOYEBLIM C/IOBOM
virtual

. B NMPOU3BOAHOM K/1aCCe eCTb CI)yHKLI,l/IFI C TaKNUM e UMEHEM, C
TAKUM XKe CMMTUCKOM MNapaMeTpoB (KOJ'IM‘—IECTBO, TUMbl N NOPAAOK
NapamMeTpoB B TOHHOCTHU COBI'Ia,EI,aI-OT) U CTaAKUM XKe TUMOM
BO3BpPaLLLaeEMOIO0 3HaA4YE€HUA

. Bbi3oB (I)VHKLI,MM ocywecCTBNnAeTCA Yepe3 yra3daTte/ib i CCbIJIKY Ha
obbeKT 6a30BOro Knacca bes YKAa3daHNA CaMOro obbeKkTa u

YTOYHEHWNA obnactu BUOAMNMOCTHU
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[lpaBna co3naHUA
BUPTYA/IbHbIX PYHKLIMN

B npousBoaHom Knacce cnoso VIirtual moxer
OTCYTCTBOBATH

MpocToe ncnonbsosaHue cnosa Virtual s 6asosom
Knacce He 3arnyckaeT MexaHU3M BUPTYaIbHOCTU

HapylweHue ycnosmnm npnsoauT K TOMY, YTO BMECTO
BUPTYanbHOW PYHKLUUN BO3HUKAET OObIYHOE NepeKpbITUE
MMEH 6a30BOro Kaacca NPou3BOAHbIM

B 6a30BOM K/iacce, Kak TAKOBOM, HUKaKUX BUPTYA/IbHbIX
GYHKLUMIN CYLLECTBOBATb HE MOXKET



[lpaBna co3naHUA
BUPTYA/IbHbIX PYHKLIMN

 Tunbl BO3BpaLlaemMbIX 3HAYEHUN MOTYT UMETb OT/IMYUSA: €CNN B
6a30BOM Knacce 3TOT TMM eCcTb TUMN YKa3aTtena (ccbikun) Ha 6a30BbIN
Knacc, a B Npou3BOAHOM Kiacce — TN yKa3aTens (CCblKKU) Ha
MPOU3BOAHbIN KNacc, TO BUPTYa/IbHOCTb BCE e A0CTUraeTcs

o JlonycKaeTca UCKNOYEHUE: eC/IN B BUPTYasibHOM GYHKLUUM
6a30BOro Knacca TMMNOM BO3BPaLLLaeMOro 3Ha4eHUA ABAAETCA
yKasaTe/lb Ha caM TUM 3TOro Kaacca, To B PyHKLUM NPOU3BOAHOTO
Knacca AonycKaeTca UMEeTb B KaYecTBe BO3BPALLLaeMOoro 3Ha4YeHua
TaK¥e yKasaTe/ib Ha TUN NPOU3BOAHOrO Knacca:

class student { public: virtual student  * cv () const; };
class student2c:public student { public: virtual student2c * cv () const; };



[lpaBna co3naHUA
BUPTYA/IbHbIX PYHKLIMN

 Ecnun B Npon3BOAHOM Knacce HeT 06bABAEeHUA PYHKLUN,
OAHOUMEHHOM C dyHKUMeN, 0603Ha4YeHHOM B Ba30BOM
K/lacce Kak BUpTyanbHaa, PyHKUMA n3 6a30BOro Knacca
Hacneayetca, npuyém co chosom Virtual, To ectb
CTAHOBUTCA NOTEHUMUANbHOM BUPTYanbHOU GYHKLUMEN HA
CNy4an BOSHMKHOBEHWUA HOBOMO NOKO/IEHUSA
HaceayrLWwmnx KNaccos



[lpaBna co3naHUA
BUPTYA/IbHbIX PYHKLIMN

* Bbi3oB PyHKUMM yepe3 0b6beKT (x.f ()) npnBoanuT K
PaHHEMY CBA3bIBAHUIO AaXKe ANA BUPTYA/IbHbIX PYHKLMNN,
BUPTYaNbHOCTM HE BO3HUKaET

* [Mpn HenocpeacTBeHHOU paboTe c ob6beKkTamm (be3
yKa3aTesien u CCbIZIOK) X TUN BCerga U3BeCTeH:

void fvirt ()

{/*..*/
s.print (); //=student :: print(); // ABHble BbI30BbI AeNaIOT
ds.print (); // =student2c :: print (); // nonnmopPpunam HEHYKHbIM

)



[lpaBna co3naHUA
BUPTYA/IbHbIX PYHKLIMN

e [lpu BbI30BE METOA0B N3 METOA0B MEXaHMU3M BUPTYan3aLnMmM TOXKeE
paboTaerT, Tak KaK BbI30Bbl CONPOBOXKAAOTCA (4acToO HEABHbIMM)
onepaumamm goctyna ‘—>" no ykasatenio this:

- ——
P -_————
e

1
:::class B: public A {public: int fnvir() { return fvirt ();}

———mmmmmmm————— ===~

i int fvirt () { return ‘B’;  }};

-~
-~
-~
-~
-~
-~
-~
-~
-
-~ -
-
-
-
——
—_

~

* [lpn ABHOM YKa3aHMM KNacca BUPTYaNbHOCTb OTK/IKOYAETCS, AarKe
Npu Bbi30Be Yepes3 yKasaTtenb: ps -> student :: print ()
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BupTyanbHble AeCTPYKTOPbI

e [lecTpyKTOpbl HEe HacneayoTcs

e [lecTpyKTOpbl cneayeT AenaTb BUPTYaabHbIMU

* YnaneHuwe obbeKTa AecTpyKkTopom 6a30BOro Knacca
MOXKeT NPUBECTU K NoTepe NamaATU, Tak Kak HeKoTopble
nons AaHHbIX B HAac/eAHUKe He byayT ocBObOXKAeHbl:

void f () { student2c * pds = new student2c (“Tana”, 4.08, 20050211,

/a{

“Komnunatop Cn++", “Bukrtop Netposuy”);
student * ps = pds; /¥ .. %/
delete ps;
// Bbi3oBeTcs ~student (), n HekoTopble Nons He 6yayT
// 0cBOBOOXAEHbI, TaK Kak KOMMUAATOP HE B COCTOAHUM
// 3HaTb cocTaB 06bEKTA, Ha KOTOPbIA YKa3biBaeT ps
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BupTyanbHble AeCTPYKTOPbI

BupTyasibHble AECTPYKTOPbI:

virtual ~student (); // B Knacce student
~student2c (); // B Knacce student2c

Mpu BbinonHeHnn onepaunm dellete ps bygeT BbI3BaH
NEeCTPYKTOP NPOMn3BOAHOIO Knacca ~student2c () (cpaboTtaet
ANHAMUNYECKUIN NOIMMOPPU3M)

OcobeHHOCTb BUPTYa/IbHbIX AECTPYKTOPOB: MMEHA Y AECTPYKTOPOB
6230B0Oro M NPoOM3BOAHOIO KJACCOB Pa3Hble, HO ANA AECTPYKTOPOB
CAeNaHO UCKNoYEeHME 13 oblero npasuaa (Kak ecam 6bi Bce OHU
MMenn ogHo ycnosHoe nmsa “Zlecmpykmop”)

KoHcmpykmopbi He mo2ym 6bimb supmydasnbHbIMU: NnpPon3BoaHblIe
K/1aCCbl HE AO0/1XKHbl U HE MOTYT NOAMEHATb KOHCTPYKTOPbI 6a30BblIX
K/1aCCOB




BupTtyanbHble AeCTPYKTOPb

class A { public: virtual ~A () { final_procedure (); }
void init_procedure () const {stepl (); step2 (); }
virtual void stepl () const {cout << "Step one."; }
virtual void step2 () const { cout << "Step two." << endl; }
virtual void final_procedure () const {cout << "Step out." << endl; }
I
class B: public A { public:
virtual void stepl () const { cout << "Step new."; }
virtual void final_procedure () const {cout << "Step off." << endl; }
I
int main() { A*array[] ={newA, newB };
cout << "Base object: "; array [0] -> init_procedure ();
cout << "Derived obj: "; array [1] -> init_procedure ();
delete array [0]; delete array [1]; return O;

//
//
/!
/!

Base object: Step one. Step two.
Derived obj: Step new. Step two.
Step out.

Step out. Ho He Step off.
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[MTpnmep BUPTYaNIbHOU PYHKLUM

BupTyanbHblie GYHKUUM MOTYT MOMOYb NPU BHEAPEHUN
NoAMMOPPUYECKNX CBOMUCTB B TaKMe OOBbEKTbI, KOTOPbIE
M3Havya/ibHO He 06naganu noamMmopdPmuaIMmom

He asnatoTcs noammopdmnyeckMmm onepaumm BBoaa U BbiBOAa,
onpeaenéHHble B CTaHAAPTHOM bubnnoTteke Cn++ Ansa NOTOKOB
NAHHbIX, YTO O3Ha4YaeT HEBO3MOXKHOCTb A406MTbCA MOANMMOPEPHOCTH
onepaLlun BbIBOAA B MOTOK 3HAYEHMA MPOU3BOAHOIO TUNA:

class Token {..}
classident:  public Token {...};
class number: public Token {...};
class Parser { Token * lex; /* ... */
public: /* ... */{/* ... */ cout << lex; /* ... ¥/}
// OLUUBKA: onepauua He onpeaeneHa
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[MTpnmep BUPTYaNIbHOU PYHKLUM

* Monnmopdunsam BHeapAETCA B 0OBEKT C MOMOLLbIO
BUPTYanbHOW PyHKUMKM HA30BOro Knacca:
class Token { public: virtual ostream& print (ostream&s) { /*...*/ }

friend ostream& operator << (ostream & s, Token * t)
{ return t -> print (s); }
5
°* B npomn3BoAHbIX Knaccax PyHKLUA onpeaensaeTcs B TOM
BMAe, KOTOpbi Hanbonee yaoobeH AN AaHHOTO TUNA:

classident:  public Token { public: ostream& print (ostream& s) {...}};
class number: public Token { public: ostream& print (ostream& s) {...}};

e To4yHbIN TMN nekcembl (06beKkTa * lex) He n3secTeH, HO
BUA, 3Ha4YeHMA 0bbeKTa byaeT onpenenaTbca ero TMnom



[MTpnmep BUPTYaNIbHOU PYHKLUM

 Ecnm nepBbiMm NnapameTpom onepaumm aBASETCA
napameTp HeNnoOAMMOPPHOro TUMNA, OHA MOMKET
06paTUTbCA K GYHKLMU, NEPBbIM MapamMmeTpom KOTOPOM
ABNAETCA YKa3aTe/lb Ha NOAMMOPEPHbIN KNacc

o OyHKUMA print () ABnseTcA BUPTYaNbHOMN, BbIOOP €€
peannsaumnm byaeT ocyLLecTBIATLCA B MPOrpamme He
CTaTUYECKM NOo TUNY yKa3aTend, a AMHAMUYECKM NO TUNY
0b6beKTa, Ha KOTOPbIN NOCTPOEH YKa3aTe/ib:

void f (Token * lex, ident * id, number * nmb)
{ cout << lex << id << nmb; };




[Topumep nepapxmmn.
MHoOXecTBeHHOe HacneaoBaHUe

* MHoxecmeeHHoe Hacsedo8aHUe ecTb OA4HOBPEeMEHHOe
HacneaoBaHWE OAHUM KN1aCcCOM CBOMCTB cpasy
HEeCKONbKUX APYrnX KNaccos

struct E {/*...*/} E F

struct F {/*...%} \/

struct G:E,F{/*..*/};
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MHoOXecTBeHHOe HacneaoBaHUe

[Mpoun3BOAHbIN KNacc MoKeT bbiTb CO3/1aH Ha OCHOBE
NPOW3BOJIbHOIO YMca 6a30BbIX KNACCOB:

class A (/* ... */); class B (/* ... */); class C (/* ... */);

class D: public A, protected B, private C (/* ... */);
[P MHOXKECTBEHHOM Hac/1ieJ0BaHUN COXPAHAIOTCA OCHOBHbIE
MPUHLUMUNbI AENCTBUA MEXaHM3MA HacNea0BaHMs, HO BO3HMKALOT
NOMNONHUTENbHbIE NPobAEeMbI, CBA3aHHbIE C NOTEHLMabHON
HEeOHO3HaYHOCTbIO MHOYKECTBEHHOro Hac/ie40BaHMUA
Kaxkabin cneunduKaTop ypoBHA AOCTYNa AENUCTBYET TO/IbKO Ha
OAHO YNOMUHaHMe 6a30BOro Kniacca, A1a Nocneayolmx KNaccos
13 cNMcKa 6a3oBbix CHOBA HAaYMHAET AENCTBOBATb MPUHLMM
ymonyanua (private npu HacnegosaHuu ansa kKnacca, public
NPW HacneaoBaHUN ANA CTPYKTYPbI):

class D: publicA, B{/* ... */ };



MHoOXecTBeHHOe Hac/ieaA0BaHUe

B cneundmKaumm 6a30BbiX KNAaCCOB HN OAMH KNacC HEe MOKeT

NOABUTLCA ABa*KAbl

Henpamoe noBTOpHOE HacneaoBaHUE BMOJHE BO3MOMXKHO U
ABNAeTcA 06bIYHOW NPAKTUKOM NPOrpaMMmMPOBAHUSA:

class L { publicintn; /* ... */ };
class A: publicL{/* ... */ };
class B: publicL{/* ... */ };
class C: public A, protected B

{/*..*/voidf(); /*..*/}

A::L

N N\

cobcTBeHHO A

B::L

N N\

cobcTtBeHHO B

cobctBeHHO C

I57




MHoOXecTBeHHOe HacneaoBaHUe

e (CBoMcCTBa Knacca L HacneaytoTca ABaxkAbl (onocpeaoBaHHO), a
3HAYMT, NONA, OTHOCALLMECA K STOMY TUNY, ABa*KAbl BONAYT B
cocTaB nosaeun Knacca C

* [lpn paboTte c HacneaCTBEHHbIMU NEPAPXUAMM COCTABAAIOT
PELETKU CMEKHOCTMU:
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MHoOXecTBeHHOe Hac/ieaA0BaHUe

class student {protected: char * name;

/* ... */int student_id; };

class student2c: public student { protected: char* pract; char* tutor;};
class student3c: public student { protected: /* ... */ public: /*..*/};
class student4y: public student { protected: char* certificate; /*...*/};
class student5y: public student { protected: char* diploma; /*...*/};
class student4p: public student2c,public student4y{ bool test;/*...*/ };
class student5p: public student2c,public student5y{ int exam; /*...*/ };

student

I

student4y

student

student student
student2c student5y

I

'\/

student4p

student2c

'\/V

student5p
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MHoOXecTBeHHOe HacneaoBaHUe

OnpegeneHue ob6beKTa NPOU3BOAHOIO Knacca:

student5p AB;

HeBO3MOXHO OCYLEeCTBUTb AOCTYMN K MO0, COAEePrKalLemy
cpeaHut 6ann, nony4YeHHbIN CTYAEHTOM 33 Bpemsa obyyeHusn

(coBepLIEHHO HEACHO, KAKOEe MMEHHO
noae c UMeHem avb nmeetcs B BUAY):

AB.avb =4.7;

[1Ba TakMx BapMaHTa A0CTYNa K NONAM
C 3TUM UMEHEM:

AB.student5y::avb =4.7; // nan
AB.student2c::avb =4.7;

student2c::student

NG

student2c

student5y::student

NG

student5y

student5p

AB

|6O



MHoOXecTBeHHOe HacneaoBaHUe

C Y4ETOM MHOeCTBEHHOCTU HacneaoBaHUs Heobxoa4MmMo cneamnThb,
4yTObObI HEABHOE NpeobpasoBaHMeE NPOBOAMNOCH TO/IbKO TOrAa,
Koraa 6a30Bbli K1lacc 4oCcTyneH 1 onpeaenaeTca oA4HO3HAYHO:

void g ()
{ student4p™* p4 =new student4p;
student * ps =p4; // OLLUBKA, HeT 04HO3HAYHOCTH
ps = (student *) p4; // aBHOe Nnpeobpa3oBaHMe He NOMOraer,
} // TaK KaK BbINOJIHEHO TO/IbKO YC/10BME AOCTYMNHOCTU

Bo3mMoXHO Takoe npeobpasoBaHue (sBHOe npeobpasoBaHume
MOXKeT ObITb YNpaBAAeMbIM):

ps = (student *)(studentdy *) p4; // => studentdy => student
[MpaBuabHbiM ByaeT n Takoe npeobpasoBaHme:
ps = (student *)(student2c *) p4; // => student2c => student



MHoOXecTBeHHOe HacneaoBaHUe

* Ba30BbIM KNacc CYNTAETCA AOCTYMHbIM B HEKOTOPOM
obnacTt BUAMMOCTHU, €CNN AOCTYMHbI €ro OTKPbITbIE
yneHol (nona u/mnn metoabl)

class B { public:inta; /* ... */ };
class D: private B{/* ... */ };
void g ()
{ D*pd=newD;
B*pb=pd; //OLWWUBKA, TaK KakK B g () OTKpbITble YneHbl B,
// Hacneayemble Knaccom D, HeAOCTYMHb

}

* [lokazaHHOe npeobpa3oBaHWE BO3MOXKHO, KOFAa ero
BbINO/IHAIOT MeToA, Knacca D, inbo yHKUMM-ApY3bs
Knacca D, TaK Kak B HUX Knacc B cTaHOBUTCA AOCTYMHbIM



BuptyanbHoe HacnegoBaHue

class L { public:intn; /* ... */ };
class A: publicL{/*...*/};
class B: publicL{/*...*/};
class C: public A, protected B

{/*..*/voidf(); /*...*/}

C

Cc; cn=1, C*pc=newC( L * pl = pc;

// HET oWNBKKU: BCE AOCTYNHO N OAHO3HAYHO s



BuptyanbHoe HacnegoBaHue

class L { public:intn; /* ... */ };
class A: virtual publicL{/* ... */ };
class B: virtual publicL{/* ... */ };
class C: public A, protected B

{/*..*/voidf(); /*...*/};

Cc; cn=1, C*pc=newC L * pl = pc;

// HeT oWKnbKN: BCE AOCTYNHO U OAHO3HAYHO -



BuptyanbHoe HacnegoBaHue

class student {

class student2c:
class student3c:
class student4y:
class student5y:
class student4p:
class student5p:

student

I

student4y

protected: char * name;

public student { protected: /* ... */ public:
public student { protected: char* certificate;
public student { protected: char* diploma;
public student2c,public studentdy
public student2c,public student5y

/* ... */int student_id;
public student { protected: char* pract; char* tutor;

[*..%/
[*..%/
[*..*/

{bool test; /*...*/
{intexam; /*..*/

student

student student
student2c student2c

I

'\/

student4p

student5y

'\/V

student5p
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BuptyanbHoe HacnegoBaHue

class student{ protected: char * name; /* ... */int student_id; };
class student2c: virtual public student { protected: char™ pract; char™ tutor; 4
class student3c: virtual public student { protected: /* ... */ public: [X.*%) )
class student4y: virtual public student { protected: char* certificate; [*.*) L
class student5y: virtual public student { protected: char* diploma; [¥..x% )
class student4p: virtual public student2c,public student4y {bool test; /*..*/ };
class student5p: virtual public student2c,public student5y  {intexam; /*..*/ };

void g () { student4p * p4 = new studentdp; student * ps = p4; } // HeT owmnboK

student
studéﬁt4y student2c stud;ntSy

W

student4p student5p
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BuptyanbHoe HacnegoBaHue

 [lpn popMmmnpoBaHNMN HaCNeaCTBEHHOMN MEPAPXUUN C BUPTYanbHbIM
HacneaoBaHUEM HYKHO cnegnTb, YToObl GYHKLMM BUPTYaNbHOIO
6a30BOro Knacca Bbi3bIBaNCb TOJIbKO M3 camMoro “HuxHero”
NPOM3BOAHOIO KNacca

e [lna Knacca student npasuabHbiIMKW ByayT onepaTopbl:
student5p n5p (“UBan”, 4.78, 20110217, “Namatb”, “NMywknH”, “Tpancnartop”, 5);
student * n5 = & n5p; n5 -> print ();

e (OTBET Ha BbI30B GYHKLMMN MOXKET ObITb TAKUM:

dno =
Kypc =
CpeaHun bann =
Homep 3a4€TKU
Tema KypcoBon =
[lpenogaBaTenb =
Tema gunnoma =
JK3aMeH caaH =

NBaH lNeTpoBny benknH

2

4.78

20110217

PacnpeneneHne namatv Npu TPAHCAALUN BblparKeHUM
AnekcaHap Cepreesuy yWwKnH

TpaHcnaTop Cu++

5
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HeoAHO3HAYHOCTb NPW

MHOXEeCTBEHHOM HaC/1e4O0OBdHUN

Bropaa npobsema HEOAHO3HAaYHOCTU NPU MHOXKECTBEHHOM
HacneJo0BaHMM CBA3aHA C BO3MOMKHbIM Ha/IMYMEM OANHAKOBbIX
MMEH B pa3Hbix 6a30BbIX K/iaccax:

class A { public: int a; void (* b) (); void f (); voidg(); /*..*/};
class B { int a; void b (); void h (char);
public: void f (int); void h (); void h (int); intg /*..*}

Knaccbl A u B npobsiembl He co34atoT, HO HacaeayioLWmMmn MM Knacc

C BblABNAET HEOAHO3HAYHOCTb:

class C: public A, publicB{/* ... */ };

voidgg (C* pc){ Cc; c.a=1; //OWUBKA: HeacHo, A::a nnu B::a
pc->a=1; } // OWUBKA: HeacHo, A::a unu B::a

HesepHbl paccyxc0eHus: B Knacce A none a — OTKPbITOE, B Knacce B

OHO 3aKpbITO, 3HAYUT MOKHO MOJ/1Ib30BATbCA OTKPbITbIM MONEM A::a
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HeoAHO3HAYHOCTb NpK
MHOXeCTBeHHOM Hac/ne40BaHUMK

e [lpouecc NOUCKa onpeaensatoWero BXoKAeHMA YieHa
Knacca (nona nam metoaa) HaYMHaAETCA B TOYKE
MCMNO/Ib3YIOLLLEro BXOXAEHUA:

= [llg2 1: KOHTPO/1Ib 0OAHO3HAYHOCTH

= [llge 2: BbIOOP neperpyxaemoun pyHKUNK

= [llg2 3: npoBepKa AOCTYMNHOCTHU
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HeoAHO3HAYHOCTb NpPWU
MHOXeCTBeHHOM Hac/1e40BaHUN

LlJa2 1: KOHTPONAb OAHO3HAYHOCTH

BbiicHseTcs, onpeaeneHo M aHaAn3npyemoe nma B
o4HOM 6a30BOM Knacce Uam cpasy B HECKONbKUX

KOHTEKCT MCM0/Ib30BaHMA MMEHUN He NMPUBAEKaeTCS
(HeBaKHO, YTO 3TO 33 UMSA — B OLHOM KJ/1aCCe 3TO MOKET
ObITb MMSi NONA AAHHbIX, @ B APYromM — UMA MeToa
Knacca)

CoBMmecTHOEe NCNoJ/ib30BaHUE UMEHU B OAHOM KJiacce
(onpeneneHne o4HOro UMEeHU B Pa3HbIX KOHTEKCTax B
O4HOM M3 6a30BbIX K/1acCOB) AONYCKaeTcs



HeoAHO3HAYHOCTb NpPWU
MHOXeCTBeHHOM Hac/1e40BaHUN

LLlaz 2: BbIOOp neperpyxaemomn GyHKLUUK

Ecan ogHO3Ha4YHO onpeaenéHHoe MMA eCTb UMSA
neperpyeHHom GyHKUMM, AenaeTca NonbiTKa pa3peLwnTb
aHaIM3NpPYEMbIN BbI3OB:

" lweTca PyHKUMA, cnocobHaa ob6CcnyKnTb AaHHbIN
KOHKPETHbIN BbI30B MMEHMU

" Takaa PyHKUMA A01KHAE ObITb € 4UHCTBEHHOM

LlJae 3: npoBeAeHWe NPOBEPKUN AOCTYNHOCTH

KoHTponb A0CTyna NpoBOoAUTCA TONbKO, €CAN ABA NEPBbIX
Llara 3aBepLUNINCL YCMELIHO



HeoAHO3HAYHOCTb NpPWU
MHOXeCTBeHHOM Hac/1e40BaHUN

e Kaxkabl¥ U3 nocnenoBaTe/ibHO BbINOJHAEMbIX
LLAaroB MOXKET NPUBECTU K PUKcaL UM OLLNOKN:

OAHO3HAYHOCTb

EANHCTBEHHOCTb
(¢ TouHoCTBIO A0 => neperpyxeHHon => JocTyn
COBMECTHOrO PETPY Y
OYHKUMM

MCNONb30BaHUA)
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HeoAHO3HAYHOCTb NpK
MHOXeCTBeHHOM Hac/ne40BaHUMK

BTopaa npob6nema HEOAHO3HAYHOCTU NPU MHOMKECTBEHHOM
HacneaoBaHMM CBA3aHa C BO3MOMKHbIM Ha/iM4Mem OANHAKOBbIX
MMEH B pa3HbIX 6a30BbIX Knaccax:

class A { public: int a; void (* b) (); void f (); voidg (); /* ... */ };
class B { int a; void b (); void h (char);
public: void f (int); void h (); void h (int); intg /*..*}

class C: public A, publicB{/* ... */ };
void gg (C * pc) {

pc->a=1; // OLUNBKA: HeT oAHO3HAYHOCTH

pc->b(); // OWWUBKA: HeT 04HO3HaYHOCTH

pc->f(); pc->f(1); // OLUUBKA: HeT o4HO3HaYHOCTH

pc->g (); pc->g=1; //OWMWUBKA: KOHTEKCT He NpuBAEKaeTCs
pc->h (‘a’); // OWWMUBKA: npoBepkKa AoctynHocTtun h(char)

pc->h(); pc->h(1); } //HeT ownboK: 0OAHO3HAYHO M JOCTYMNHO,



HeoAHO3HAYHOCTb NpK
MHOXeCTBeHHOM Hac/ne40BaHUMK

BTopaa npobiema HEOAHO3HAYHOCTU NPU MHOXKECTBEHHOM
Hacneao0BaHUM CBA3aHA C BO3MOMKHbIM Ha/IMYMEM OANHAKOBbIX

MMEH B pPa3Hbix 6a30BbIX KNaccax:
class A { public: int a; void (* b) (); void f (); voidg(); /*...*/};
class B { int a; void b (); void h (char);
public: void f (int); void h (); void h (int); intg /*..*}

class C: public A, publicB{/* ... */ };
void gg (C* pc)  {

pc->A::a=1;

pc->A:b ();

pc->A:f(); pc->B:f(1);

pc->A:g(); pc->B:ig=1;

pc ->h (‘a’); // OWWUBKA: npoBepKa goctynHocTtu h(char)

pc->h(); pc->h(1); } //HeT ownboK: 0OAHO3HAYHO M JOCTYMNHO,



[MTpeobpa3oBaHue yKka3artens this

e (ObpaleHna K metogam u nonam o6bLEKTOB M3 METOA0B Kaacca
PeasIn3yloTCA C NOMOLLbIO YKa3aTens this:

class A { public:intf(); };
class B: public A { public:intf(); };
class C: public B { public:int f(); intg(); };

int C::g () { cout << this ->f (); // cout << f ()
cout << ((B *) this) -> f (); // cout << B::f ()
cout << ((A *)(B *) this) ->f(); //cout<<A::f()
return B::f ();
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Yucrtble BUpPTYanbHble QYHKLNK

Mpwn NnporpammmnpoBaHMM MOTYT BO3HUKATb CUTYaLMK, KOTAa B
6a30Bbix KN1accax BUPTyasibHble GYHKLMM HE MOTYT BbINO/IHATb
HUKAKMX peanbHbIX AENCTBUI, CTAHOBACL “YncTbimn”
BUPTYaNbHbIMU PYHKLMAMM, HANPUMEP:

class shape { public: virtual doublearea() {returnO;}};
class rectangle: public shape {/* ... */ private: double height, width; /*...*/

public: doublearea () {return height *width; } %
class circle: public shape {/* ... */ private: double radius; [*..%/
public: doublearea() {return Pl * radius * radius;} %

3aaaHHble oNUCcaHMA NO3BONAIOT CO34aTb MAaCCMB yKa3aTesien Ha
6a308BbI (abCcTPaKTHbIN) KNacc 1 B OAHOM LMKAE NOACYMTATb
CYMMY NNOLLLAAEeN Pa3sHOPOAHbIX reOMEeTPUYECKUX dUryp:

shape * p [N]; inti; double total area =0.0;
for (i=0;i<N;i++) total _area +=p [i] -> area (); e



Yucrtble BUpPTYanbHble QYHKLNK

PeanbHO MOTyT CyLLLEECTBOBATb TO/IbKO 0OBbEKTbI MPOU3BOAHbIX
K/1aCCoOB, MMEHHO Ha HMX MOTYT YKa3bIBaTb 3/IEMEHTbl MAaCcCUBaA
yKa3aTeneu

Ecnm 6yayT BBEAEHbI A0MNONAHUTENbHbIE NAOCKMUE GUTYPbI U
ONMUcaHbl UX KNacCbl U METOAbI BbIYMCAEHUS NNOLLLAAN, TO
yKa3aTe/IM Ha HUX TaKKe MOXKHO BHeCTM B 06w mit maccus, 1 bes
M3MEHEeHNA OCHOBHOM NPOrpamMmmbl BbIYMCAUTL OOLLIYIO NoWaab

Ecnn Teno BuptyanbHou PyHKUMM (Hanpumep, yHKUMK area () ns
6a30B0ro Knacca Boobule He NCNO/Ib3YyeTCcA B Nporpamme, PyHKLMA
asnaetca “yncton” suptyanbHom GyHKUMNEN

Ona Taknx pyHKUUN MCNONb3YyeTCcA crneunanbHblM CUHTAKCUC:

class shape { /* ... */ public: /* ... */ virtual double area () = 0; };



ABCTpaKTHbIE Knacchl

A6CMpPaKmHbIM Ha3bi8aeMCA Kaacc, cooeprcaujuli xomsa 6ol 0OHY
Yucmyro eupmyanoHyro yHKYUO

HYucmasa supmyanbHaAa yHKYUA — 3mo pyHKYUA 8uoa:

virtual <tmn_pesynbrata><uma_oyHKUMK> (<KnapameTpbl>) = 0;
ABCTPaKTHbIN KNAacC MOXET NCMO0/1Ib30BaTbCA TONIbKO Kak 6a3a ana
NOCTPOEHUA APYTNX KNaccoB

Ob6beKTbl abCTPAKTHOIO K/1acca Co034aBaTb HeNb3sl, @ YKa3aTe/In Ha
HUX 33BOANTb MOMKHO

ABCTPaKTHbIN KNacC MOXKEeT coaeprKaTb HEKOHCTAHTHbIE Y/1eHbl-
NAaHHble, ONMCAHUA KOHCTPYKTOPOB N AECTPYKTOPOB

Knacc, npon3BoaHbIN OT abCTPaKTHOrO K/aacca, MOXKeT OCTaTbCA
abCTPaKTHbIM, €C/IM B HEM KOHKPETU3UPOBaHbI HE BCE YUCTbIE
BUPTYasbHble PYHKLMM 6A30BbIX K/1aCCOB, MOCKObKY YNCTbIE
BUPTYasbHble PYHKLMM HACNEAYIOTCA U OCTAOTCA BUPTYabHbIMM




Teno yncton BUPTYasIbHON GYHKLUUU

class student {

public: virtual void print () const = 0;
}; // 06beKT ‘student’ co3paTtb Henb3sa!
void student :: print () const

{ cout << “®©UNO =" << name << endl;
cout << “Kypc =" <<year << endl;
cout << “CpegHum bann =" <<avb << endl;
cout << “Homep 3auétkn =" << student id << endl;
}

class student2c: public student { /* ... */
public: virtual void print () const
{ student :: print (); // Bbioaét B paitn name, year, avb, student_id
cout << “Tema KypcoBon =" << pract << endl;
cout << “NMpenoaasatenb =" << tutor << endl; }

}; // 06beKT ‘student2c’ co3aatb MOMKHO!
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Peannsauma BUPTYa/IbHbIX
GYHKLUU

e [1nAa peannsaumm annapata BUPTYyanbHbIX METO0B UCMONb3YETCA
MEXaHWU3M KOCBEHHOIO BbI30Ba Yepes crnelunanbHble CBA3aHHbIE C
NOIMMOPPHbIM TUNOM 0OBbEKTA MAaCCUBLI YKa3aTesien Ha PyHKUUNN-
Y/1€Hbl, TAaKME MACCUBbI Ha3bIBalOTCA Tabanuamm BUPTYabHbIX
meTozaoB (TBM)

e Tabnuua BMPTYyasbHbIX METOA0B CO3AETCA B OAHOM 3K3emnaape
ONA KaXKaoro Knacca, B KaxKabl NoAMMOPOHbIN 0OBbeKT
KOMMUAATOP HEABHO NOMeLLaeT ykalaTtenb tvm™* ptvm Ha
cooTBeTcTBYHOLWYIO Tabanuy TBM, B KOTOPOM XpaHATCA aapeca
BUPTYa/ibHbIX MeToA0B (Yncao ccbiok Ha TBM cooTBeTcTBYET
YMUCNY CO34aHHbIX OObEKTOB)



Peannsaumna BUPTYyanbHbIX
OYHKUUNN

* [lycTb ecTb nepapxua Knaccos: A, B, C INEVTE
class A {int a;  &A::f
public: virtual void f (int); gﬁf -
virtual void g (int); —
virtual void h (int); B_TVM:
}: &A::T
class B: public A {int b; iif ﬁ
public: void g (int);
}: C_TVM:
class C: public B {int c; §A-:T
public: void h (int); ggi ﬁ
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Tabnnua BMPTYanbHbIX PYHKLUM

e [lycTb eCcTb nepapxma knaccos: A, B, C
Y Pap r A TVM:

e [lamAaTb 4Na Tabanl BUPTYaNbHbIX QYHKLUMN iﬁi 2
I:g

dBTOMaTN4eCKN OoTBOANTCA KOMMNUITATOPOM B &A- -h

cTaTudyeckon obnactum

. B_TVM:

e CCbIZIKM Ha OAHOUMEHHbIE GYHKLMU B T A f
Tabanuax BUPTYyasibHbIX METOA0B BCEX &B::g
K/J1aCCOB OZHOW Hac/NeACTBEHHOW nepapxum &AZ:h
BCET/1a HAXOAATCA HA OJHOM 1 TOM e MecTe  ———

 8A::f
&B::g

&C::h




— Pa

Peanunzaumus ik

int b

BUPTYANbHbIX QYHKUUN  [incc

BupTtyanbHasa pyHKUMA g () MmOXKeT ObITb Bbi3BaHa TaK:

Cx; A*pa=&x; pa->g(‘a’);

AKTUBHbIN 0O6bEKT oTHOCUTCA K TUNy C, HO peanmn3auma meToaa

MONHOCTbIO HacneayetTca n3 Ks1accd B

Mpu paboTte dyHKUMM B::g () ykasaTtenb th1S umeeTt goctyn Ko
BCEM NOJAM Knacca B 1 K oTKpbITbiM nonam Knacca A (€Eh1S = pa):

(* (pa ->c_tvm [index (g)])) (pa, @’);

N30epKKM MO NAaMATU ANA KaxKA0ro nommopdHoOro obbekTa
BbI/IMBAOTCA B HEABHOE XPaHEHME AOMNO/IHUTE/IbHOTO YKa3aTensa



Peannsaumna BUPTYyanbHbIX
OYHKUUNN

CnoxxHee peannsoBaTb BUPTYa/ibHble GYHKLMW NPU
MHOXXeCTBEHHOM Hac/ie0BaHUN:

class A { public: virtual void f(); };
class B { public: virtual void f ();

virtual void g (); };
class C: public A, public B { public: void f (); }
Cx, * pc=&Xx;

A*pa=&x; B*pb=&Xx;
pb -> g (1);
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Peanuzauma leram |
) N

int b

BUPTYaNbHbIX PYHKUMUM [inc | this

AKTUBHbIN 06BbEKT oTHOCUTCA K TUNy C, HO peanun3auma meToaa
NO/IHOCTbIO HacneayeTcs U3 Knacca B

e [lpu pabote dyHKUMU g () yKa3aTenb Th1S nmeeTt ooctyn ToNbKO K
TOW YaCTU aKTUBHOTO 06beKTa x Tuna C, KoTopasa yHacneaoBaHa OT
Knacca B (Ho He oT A): this

A
- N

(* (pb -> c_tvm [index (g)])) ((B *) ((void *) (pb) + delta (B)), 1);

e CmeweHue delta (B) onpenenaet mecto B o6beKTe Tna C, HauMHas
C KOTOPOro pa3meLlatoTca NoasA, yHacaeaoBaHHble OT Knacca B
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Peannsauma BUPTYa/IbHbIX
GYHKLUU

e B T1abnuue BUpTYyanbHbIX MEeTOA0B Knacca A pa3melLaeTca oaHa
3aMnmncCb, TaK KaK B 3TOM Kaacce MMeeTcs TOJIbKO O4Ha BUPTYya/ibHas

dyHKUMA f ()

e B Tabnuue BMpTyasbHbIX METOA0B Kaacca B pasmellatoTcs ABse
3anMcu: B 3TOM KJ1acce onpeaesieHbl cpasy ABe BUPTYyasbHble

GyHRUMM —f()n g ()
B knacce C nmetotca ase GyHKLNMU
" pyHKUMA g () yHacnepgoBaHa OT Knacca B

" PpyHKUMA f () ecTb nepeonpeneneHne BUPTyanbHbIX GYHKUUN f (),
nmeromnxca B 6a3oBbix Knaccax A n B



Tabnnua BUPTYaNbHbIX GYHKL NN

e [Ipy MHOXXeCTBEHHOM Hac/aeJ0BaHUN B CTPOKE TabnLpl
BMPTYa/IbHbIX METOA0B HAaXOAATCA CPa3y ABa 3HAaYEHMSA: aapec Tena
bYHKLMU N CMELLLEHME HaYyana AOCTYMHOM YacTh AaHHbIX 0ObeKTa B

06.,1acTM NamATU 3TOro obbekTa
tvm 0na A u C (delta (A) =0)

tvm P & C::f 0
delta (B) int a
(yactb A) tymonaBuC
tvm P & C::f - delta (B)
; intb
this & B::g - delta (B)
91 ebizosa B::g () (4acTb B)
tvm CCbIAKU cMeuw,eHus
int c
(yacTb C)

e CTpoKa Tabnnubl UMeeT CTPYKTYPY:
struct tvm_entry { void * (* fct) (); int delta; }; 187



Peannsauma BUPTYa/IbHbIX
GYHKLUU

3HavYeHuns CMGIJ.I,EHVIVI n3BeCTHbl BO BpemAa Komnnuiaauunum, oHU
BblYNCNAKOTCA HENOCPeACTBEHHO KOMMUTATOPOM

Bo BpemAa KoMNuasaumm HEM3BECTHO, KAKOE MMEHHO M3 3apaHee
PACCYNTAHHbIX CMELLLEHMNIM HaJ0 UCMONAb30BaTb (YKa3aTtenb pb
ccbllaeTcA Ha YacTb 0b6beKTa C, yHacnea0BaHHYIO OT Kaacca B)

Bo Bpemsa ncnosnHenma Bbi3osoB pa -> f () wnv pb -> f ()
dbopmumnpyeTcsa AOCTYN K HY>KHOU PyHKUMM f (), Hanpumep:

tvm_entry * vt = & pb -> tvm [index (f)];
(* vt -> fct) ((B *) ((void™) (pb) + vt -> delta));



[lpOoCTpaHCTBA MMEeHOBaHUA

e [IporpammHble 31eMeHTbI (Knaccbl, 06beKTbl, GyHKLNM),
oTHocAWMecA K 06paboTKe cBA3aHHOW MHPOPMALMM
MOYXHO 06 beANHATL B €AMHOE NPOCTPAHCTBO UMEH:

namespace Student { class student {...
class studentlc: public student {...
class student2c: public student {...
class student3c: public student {...
class student4c: public student {...
class student5c: public student {...

N e

N e

N e

W—’W—":«—'W—’W—’W—’

}
Student :: student2c :: print () { ... }
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[lpOoCTpaHCTBA MMEeHOBaHUA

e ObbaBneHUsa PyHKLUMN MOKHO 06 beaANHATD B
NPOCTPaHCTBAaX MMEH, co34aBasd ONMCaHUA MHTepdencos:

namespace Trigon
{ double acos (double x);
double asin (double x);
double atan (double x);
double atan2 (double y, double x);
double cos (double x);
double sin  (double x);
double tan (double x);
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[lpOoCTpaHCTBA MMEeHOBaHUA

e OTaenbHO AatoTca onpeaeneHna GyHKUUN,
onucbiBatowWmMe peannsaumnio GyHKUUN:

double Trigon :: acos (double x) { ..
double Trigon :: asin (double x) { ..
double Trigon :: atan (doublex){...}
double Trigon :: atan2 (double y, double x) { ... }
double Trigon :: cos (doublex){...}
double Trigon :: sin  (doublex) {... }
double Trigon ::tan  (doublex){...}

1
1
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[lpOoCTpaHCTBA MMEeHOBaHUA

 HoBbIN YN€H NPOCTPAHCTBA MMEH HeNb3sl 00bABUTL BHE
onpeaeneHns 3Toro NPOCTPaHCTBA UMEH:

double Trigon :: ctg (double x); // OLUUABKA!

 Takou noaxon No3BosseT 06HaAPYKMBATb OLUMOKKN Ha
CTagMnN KOMNUAALUUK NPOrpamMmmbil:

double Trigon :: cas (double x); // OLUUBKA! HeT dpyHKLMM

double Trigon :: sin (float x); // OWWUBKA! HeBepHbI TUN
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[lpOoCTpaHCTBA MMEeHOBaHUA

[MpocTpaHCcTBa MMEH ecTb 061aCcTb BUAUMOCTH
OObblYHble NOKanbHble U rnobanbHbie 0b1aCTU
BUOAMMOCTMU, a TaKXKe KNaccbl ABNAIOTCA
NPOCTPaHCTBAMU MMEH

Bce MmeHa MOryT oTHOCUTBLCA K HEKOTOPOMY
NPOCTPAHCTBY MMEH, eAUMHCTBEHHOE UCKIIOYEHMNE
— pyHKUMA main ()

[lbocmpaHcmea UMEH Mmo2ym 8Ksa0bl8aMbCA
opyz2 8 Opyaa



[lpOoCTpaHCTBA MMEeHOBaHUA

° lIMmeHa 13 ApYyrux NPOCTPaHCTB UMEeHOBaHUA cneayeT
NONO/IHUTENIbHO cneunuPunLUUpPoBaTb UMEHAMM 3TUX NPOCTPAHCTB:

double Trigon :: tan (double x)
{ double c =cos (x);
if (c) return sin (x) / c;
return Error :: error;

}
e Ob6bsABNEHME NCNOIb3YEMOrO NPOCTPAaHCTBa MMEHOBAHUA:

double Trigon :: tan (double x)
{ using Error :: error;
double c = cos (x);
if (c) return sin (x) / c;
return error;
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[lpOoCTpaHCTBA MMEeHOBaHUA

e ObbaBneHMA 06 NCNOb30BAHMMN HEKOTOPbLIX 3N1EMEHTOB
N3 APYyrux NPOCTPaHCTB MMEHOBAHWA BBOAAT JIOKA/IbHbIE
CUMHOHUMbI A8 UMEH 3TUX SINEMEHTOB, UX MOXHO
COCPeaoTouYnTb HEMOCPEACTBEHHO B OnpeaeneHunm
coH6CTBEHHOIO NPOCTPAHCTBA UMEH:

namespace Trigon

{ double acos (double x); /*...*/
double tan (double x);
using Error::error;



[lpOoCTpaHCTBA MMEeHOBaHUA

e O4HO NPOCTPAHCTBO MMEH MOXHO cAeNnaTb MNONHOCTbIO
AOCTYMNHbIM U3 4PYroro:
namespace Trigon

{ double acos (double x); /*...*/
double tan (double x);

using namespace Error; // TakKux gupeKkTus mMmosKeT bbiTb MHOTO

o [upeKTnBa USINQ BbINO/IHAET KOMMNO3MLMIO
NPOCTPAHCTB MMEH
e OOMHaKoBble MMeHa B pa3HbIX NPOCTPAHCTBAX

MMEHOBAHMA CHabKatoTCca cneyndruKaTopamm m He
NPMBOAAT K KOHG/IMKTaAM



[lpOoCTpaHCTBA MMEeHOBaHUA

B KaxKJgomn eaAnHULLE TPAHCAALUUM MOXKET BbiTb OAHO

HEMMEHOBAHHOE MPOCTPAaHCTBO MMEHOBAHMUA, B PasHbIX eguHULLAX

TPaHCAALMM HEMMEHOBAHHbIE MPOCTPAHCTBA CYNTAIOTCA PA3HbIMU:
namespace { double my_cos (double x); /*...*/ }

MImeHa, BBeAEHHbIE B HEMMEHOBAHHbIX NPOCTPAHCTBAX, AOCTYMHbI
B obbematowmx nx ob61actax BUAMMOCTMU:
namespace YHukanbHoe mmsa { double my_cos (double x); ... }
using namespace YHMKabHOE UMS;

[nobanbHble 06BEKTbI MOTYT CTaTb AOCTYMNHbIMU U3 BJIOKEHHbIX
NPOCTPAHCTB MMEHOBAHMUA NPM NoMmowm cneunduKatopa bes
MMEHMN:

.. p ++; // obpalweHue K rnobanbHOM NnepemeHHoOM p



[lpOoCTpaHCTBA MMEeHOBaHUA

* [lceBAOHMMbI NPOCTPAHCTB UMEHOBAHMUA:
namespace MSU = Moscow_State_University;

[* ... */
MSU :: double count_avb (const & student);

e [IpocTpaHCTBa MMEH OTKPbITbI: B 1t0OOM mecTe
Nporpammbl MOXHO NPOAOKNUTbL onpeaeneHmne
paHee onpeaenéHHOro NPOCTPAHCTBA
MMEHOBaHMA: namespace Student{ ... }

#include <list>
namespace Student { ... }



[lpOoCTpaHCTBA MMEeHOBaHUA

* [lpocTpaHCTBa MMEHOBAHMA He CO3AatoT rpaHuL,
NpenaATcTBYOWMX paboTe mexaHM3Ma Neperpy3Kku

bYHKUNN:
namespace A { void f (int); /¥ ... %/}
namespace B { void f (char); /*...*/}
namespace C {
using namespace A;
using namespace B;
void g ()
{ f(a); // Bbi3oBeTcs f (char)
[* .. %/
}
} 199



[lpOoCTpaHCTBA MMEeHOBaHUA

e [lpocTpaHcTBO std ncnonb3yetca AN rpynnupoBaHUS
GYHKUMM CTaHAQAPTHOM BUBANOTEKN:
printf (“Mpuset\n”); // OWWUBKA, HeT rnobanbHom printf ()
std::printf (“MpuseTt\n”); // npasunbHoO
e CpeactBa CTaHAaPTHOM BUBAMOTEKU AOCTYMNHbI Yepes
CTaHAaPTHbIE 3aro/I0BOYHbIE pannbl, HANPUMeD,
byHKUMA printf () pocTynHa nocae BbINONHEHUA BCTAaBKM:
#include <cstdio>
e [1nAa paboTbl C UMEHaMMN BUBANOTEUHDBIX QYHKLUUNA,
PEKOMEHAYETCA NCNONb30BaTb AUPEKTUBY

using namespace std;



OWKnOKM B NpOrpamMmHbIX
NPOoAYyKTaX

OwnbKM, obHapyxKMBaEMbIE KOMNUAATOPAMMU (MK APYrMMK
KOMMOHEHTAaMWM CUCTEMbI MPOrPaMmMUPOBaHMA)

= OwmnbKK B 3anncu nekcem (55/dent)

" HapyweHune 6anaHca cCKOHOK B apnUPMETUYECKUX BbIPAXKEHUAX

" lcnonb3oBaHME B onepaTopax onepaHaoB ¢ HENOAXOAALWLMMM TUNAMMU
= BeckoHeyHan peKkypcun

" lcnonb3oBaHMe oaHOMN GYHKLMKW TaMm, rae caefyeT Bbi3biBaTb APYryto

OwnbKKn, obHapy*KMBaEMble NPU NCMONHEHUN NPOrPaAMM

= OwmnbKM B Nnporpammax, He obHapyxnBaembie KOMMNOHEHTAMM CUCTEM
NPOrpammMmMpOoOBaHMUA

= OwmnbKM B AaHHbIX, MOCTYNAOWMX B NPOrpammy

= OwmnbKM n cbomn B pabote annapaTHOro obecneyeHms



Tunosble peakuun Ha OWMNOKM BO
BPEMA UCMOJIHEHMNA NPOrpPammbl

[MpeKpalleHne BbINOJAHEHUA NPOorpammbl (HaNpUMep, BbI3OBOM
cMcTemHomn dyHKUmnK exit ())

Bo3BpaT B BbI3BaBLUYIO PYHKLUMIO 3HaYeHUA “owubka” n/mnm
YCTaHOBKA CneLmanbHOro NnpusHaka (Hanpmumep, HEHYNEBOTO
3Ha4YeHus robasibHOM NepemMeHHOoN errno)

Bo3BpaT B BbI3BaBLUYIO PYHKLMUIO KaKOro-ambo AonycTMmoro
3HaAYeHMA N NPoao/IKEHNE PaboTbl

Bbi3oB cneumnanbHOM GyHKUMM Ansa 0b6paboTKkm owmnboyHoM
CUTYaLMK, KOTOPAA peanmnsyeT Te XKe TPU NepBbiX BUAa peakumm Ha
OWwnbKY

Bbigaya AMArHOCTUYECKUX COODLLEHNIN, 3aTEM — NPOAONKEHMNE MO
OAHOMY M3 paHee YNOMAHYTbIX PeLleHnI



NCKnrounTenbHble cutyauumn B
A3blKe Cn++

e OyHKUMA, 0OHapyKMBLLUAsA npodbaemy, reHepupyet
NCKNOUYUTENbHYIO CUTYaUUIO (KUCKAoYeHUE»),
4yTobbl NEpenaTb peleHmne npobaembl TOU
dYHKUMU, KOTOpaA eé Bbi3Bana (HenocpeacTBEHHO
NJIM ONOCPEeaO0BaHHO)

e OYHKUMA, KOTOpaA roToBa peLlaTb AaHHbIe
npobnembl, 3apaHee yKa3biBaeT, YTo byaeT
nepexBaTbiBaTb TaKUE UCK/IHOYEHUS



NCKnrounTenbHble cutyauumn B
A3blKe Cn++

e Pukcauma owmnboYHOU cUTYyaumm otaeneHa ot o6paboTKu
° 3JTanbl yNpaBAEHMNA UCKITIOYUTENBbHBIMU CUTYALUAMMN:

1. BbiaeneHne 610Ka nporpammsbl, B KOTOPOM BO3MOMKHO
BO3HWUKHOBEHWE NUCKIIOYUTENBHOM CUTYALUN U ANA
KOTOPOro OpraHM30BaH NepexsaT 3TOMN CUTyaLUmn

2. PuKcauma UCKAYNTENBHOU CUTYALUUN N Nepenada
ynpasneHnsa obpaboTymky

3. ObpaboTKa NCKNOYNTENbHOW CUTYaLIUK
obpaboTymkom



}

NCKnrounTenbHble cutyauumn B
A3blKe Cn++

try-bnok  — 620K, B KOTOPOM BO3MOKHO
BO3HUKHOBEHUE UCKAIOYUTENIbHON CUTYALNM
catch-6nok — 610K 06paboTKN UCKNOYEHUS

{/*...*/ throw Exception ();

}
catch (Handle) {/* ... */ }

e throw — onepaTop BO3OYKAEHUA NCKNOYEHUS
void f ()
Tr
(/5% Y throw
try

catch (Handlel)

catch (Handle2)

catch (Handle3)
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[lepeonpeaeneHne onepaumnu
MHOEKCcalunKn B Kslacce CPOK

char & string::operator [] (inti) // C octaHoBKOW paboTbl
{ if(i<0 || i>=size){cerr << “owmnbKa:” << i << endl; exit (1); }
return p [i];
}
char & string::operator [] (inti) // C Bo3byxaeHUEeM NCKNOUYEHUS
{ if(i<0) throw “string: 3aaaH oTpmuaTenbHbiM MHOEKC”;
if (i >= size) throw i; // cnvuwKom 6onblON UHAEKC
return p [i];
}
void g (inti) { /*...*/ try{stringa (i), b(7);b[i]=a[i—1]; /*...*/}
catch (intn) {/* ... */}
catch (const char * diagn) {/* ... */ } }
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NCKnrounTenbHble cutyauumn B
A3blKe Cn++

HeKoTopbin 06paboTtunk catch (Handle) 6ynet Bbi3BaH:

1. Ecnu tun Handle nmeeT TOT e Tun, 4yTo U Exception

2. Ecnun tvin Handle agnaeTtca 0AHO3HAYHbIM AOCTYNHbIM 6330BbIM
TMNom AanAa tTuna Exception

3. Ecan Handle v Exception aBnAatoTcAa yKasaTenamu, n ycnosusa 1)
AN 2) BbINONHAOTCA ANA TUNOB, HA KOTOPbIE OHU CCbINAOTCA

4. Ecnwn Handle asnaetcsa ccbinkon, n ycnosus 1) unm 2)
BbIMOJIHAIOTCA ANA TUNA, HA KOTOPbIK ccbinaetca Handle

JTtobou yKazaTtenb COBMECTUM CO CBOOOAHbIM YKa3aTeNlem:
nepexsaTynk catch (vord*) npurogeH ana o6paboTkun ntoboro

yKa3aTe/is, He nepexBavyeHHOoro npeablayLwmMmMmm nepexsaTt4nkamm



[lenctema npu Bo3byKaeHNN

NCKJTHOYEeHWNA
class X {/* ... */ public: X (char, double); X (const X&);
~XA(); [*.* L
void f (doubley) {/*..*/ Xz(‘+,y); throwz, /*..*/}
main () {/*..* try{/*..* f(1.2); [* ... %}
catch (X) { [* ... %]}

[* .. * }
e Lae 1. MNpwn Bbixoae n3 GpyHKUUU f () n3-3a Bo3byKaAeHMUA
NCK/TIOYUTENIbHOM CUTYaUMUN, CO30aETCA BPEMEHHDbIN OO BEKT
(Kkonma obbeKTa z), c KoTopbiMm pabotaeT 06paboTUMK

e Konwusa cyllecTByeT BCE Bpems 40 Tex Nop, NoKa UCKAoYeHue
He byneT obpaboTaHo (Nponsonaér sbixoa ns catch-6noka)



[lenctema npu Bo3byKaeHNN
MCKNHOYEHUS

e a2 2. BbinonHAeTcAa “cBEPTKA cTeKa”: ANA 0ObeKToB
Try-610Ka 3TO 3KBMBANIEHTHO BbIXoay U3 610Ka C
NoOMOLLbIO onepaTopa goto

e KOHCTPYKTOP KONUpoBaHUA anda Tuna X n Bce
HeobxoauMble AeCTPYKTOPbI AOAXHbI ObITb AOCTYMHbI B
TOYKe BO3OYXKAEHMNA UCKAOYEeHUN

* BHyTpM 06paboTUMKa UCKAOHYEHMA CaMO 3TO UCKIOYEHUE
MOXHO BO36yaANUTb NOBTOPHO: BHYTPM 0bpaboTymKa (nnbo

BHYTPU PYHKUMWN, BbI3biIBAEMOWN N3 0O6paboTYMKa) MOKHO
BCTaBUTb onepatop throw 6e3 napametpos



[lenctema npu Bo3byKaeHNN
MCKNHOYEHUS

e a2 3. NMpw BO3b6YKAEHNN UCKNOYEHMA (BbIMONHEHUM
onepartopa throw c napametpom) B cnmucke
06paboTunKoB obbemntoLLero 610Ka NWETCA HYXKHbIN
0bpaboTumnk (cmamuyeckasa no8ywHKa)

 Ecnn nopxoaAawmmn nepexsaTtiMK HaMOEH, BbIMO/IHAETCA
ero coctaBHou onepaTop (Teno nepexBaTynKa), 3aTeEm
ynpaB/aeHne nepeaaéTca onepaTtopy, pacnonNoXeHHOMY
cneoM 3a NoCAeAHUM NepexBaT4NKOM TOW Fpynnbl
nepexsBaTYNKOB, B KOTOPYIO BXOAUT CpaboTaBLUmMM
nepexBaTymK



[lenctema npu Bo3byKaeHNN
MCKNOYEHUS

e llaz 4. Echn HeT noaxoaAallero nepexsaTtymka,

OCYLLEeCTBAAETCA BbIXoa B 0bbematowmnm 610K

[lanee BbINoAHAETCA CBEPTKA CTEKa C YepesoBaHUEM
cmamuyecKux U OUHAMUYECKUX 108y LWIEeK

intmain(){ /*..*/
try { [*..0*/
f();

catch (int) {/*..*/}
catch (float){ /* ... */}

}

void f () { /* . %
try { [*..0*/
g ();

catch (float){ /* ... */}
catch (char){ /* ... */}

void g () { [*.0%/
try{ doubled=1.0;
throw d;

catch (int) {/*..*/}
catch (long) { /* ... */}

} 211



[lenctema npu Bo3byKaeHNN
MCKNOYEHUS

Mpu nepexsaTte UCKNOYEHUM 06PaboTUMKOM CCbIIOYHO20 MUnd
JNONO/THUTE/IbHbIX KOMUI NepexBavyeHHbIX 06 bEeKTOB-UCKAOUYEHUI He co3aaéTcH
[MepexBayeHHbIN 06BEKT YHMUTOMKAETCA NPU BbiXoae N3 obpaboTumnKa

try { /*...*/} catch (A&) { /*...*/} /* MepexBaTumnk ccblnoyHoro Tuna */

Mpu nepexsaTe UCKNOYEHUM 06pPaboTUNKOM HECCbII0YHO20 MUMd cO3AaéTcH
NONO/THUTENIbHAA KOMKUA NepexBavyeHHOro 06 beKTa-UCKAUYEHMA, KOTOPasA MOMKeT
MCNONb30BaTbCS BHYTPM 06paboTUMKa U YHUYTOXKAETCA NPU BbIXOAE M3
06paboTumMKa nepes yHUUTOXKEHMEM NepexBayeHHOoro obbekTa

try { /*...*/}catch (A) { /*...*/}  /* NMepexBaTunK HeccbllouHOro TMNa */

OnepaTtop throw yHMUYTOXKaeT Bce KONMKU MCXOAHOro 06 beKTa-UCKIHOYEHUA
OnepaTop throw 6e3 napameTpa BbibpacbiBaeT B o6bematowmin 610K
NCKNOYEHME B €ro NCXo4HOM BUAe (nepByto Konuto)

OnepaTop throw c napameTpom BbibpacbiBaeT B 06 bematowmimn 610K HoBoe
NCKNOYEHME, CO34aBas €ro Konuto



[lenctema npu Bo3byKaeHNN
MCKNHOYEHUS

e a2z 5. Echv HU oanH 06paboTUYMK BNAOTb A0 PYHKLMM
main () He nepexBaTua BO3OYKAEHHOE NCKNIOYEHME,
paboTa nporpammbl NPEKpPaLLAETCA: Bbl3bIBAETCH
byHKUMA 3aBeplueHunsn pabotbl terminate ()

e Pabota pyHKUUU terminate () nO ymoN4aHUIO COCTOUT B
BbI3OBE CUCTEMHOMN GYHKLMM OCTAaHOBKMK abort (), HO eé
MOYHO NOAMEHUTb, 0O6PaTUBLLUCHL 3apaHee C HYKHbIM

napameTpom K PyHKUMmK set _terminate ():
typedef void (* pf) ();
pf set_terminate (pf); // Bo3BpalwaeTca npeablayas GyHKLUA



BbizoB pyHKUMM terminate ()

e ®yHKUMA terminate () Bbi3biBaeTCA:

1. Ecnwn B nporpamme HeT noaxoasauiero obpaboTymka
BO3OY)XAEHHOIO NCKAHOYEHMS

2. Ecnu penaetca nonbiTKa NOBTOPHO BO36yAUTb UCKAOYEHME
(BbInONHAETCA onepaTtop throw 6e3 napameTpa), a aKTUBHOTO
NCKNOYEeHUA HeT (To ecTb NnepeBOo36yXKAeHMEe NPOUCXOANT HE B
nepexBaTymMKe N He B BbI3BaHHOM U3 HEro PyHKLUN)

3. Ecnun pectpyKTop, BbI3BaHHbIW B NpoLecce CBEPTKM CTEKA, Cam
NbITAaE€TCA 3aBepPLUNTb CBOO pPaboTy, BO3OyHKaas
UCKNOYUTE/IbHYIO CUTYaUMIO

4. Ecnm cuctema He B COCTOSSHUM CNPABUTLCA CO CBEPTKOM CTEKA
(cTeKk pa3pyLleH)



MCKNoYnTenbHble CUTYaUnn

B nporpamme MOXHO OpraHM30BaTb NepexBaT BOOOLLE BCEX UCK/THOUYUTENbHbIX
CUTYaUMIN, KOTOPbIE MOTYT B HEM BO3HUKHYTb, UCMO/1Ib30BAaHME CUHTAKCMYECKOM
KOHCTpYKumun “annunnc” (catch (...)) o3HayaeT npucyTcTtBme Nt0bOro aprymeHTa:

void f (){ /*...*/ try{/*...*/} // OcHoBHas paboTa f()
catch (...) // NepexsaT “Bcex ocTa/bHbIX CUTYyaLMIN”
{/*..*/} // ObpaboTka UCKNIOUYEHWNIA, B TOM YUC/IE
{/*...*/} } // BO3MOXHO ucnonb3oBaHue throw;

C try-6n10Kkom MOXHO CBAA3aTb HECKOJIbKO 6/10KOB 06PpaboTUMKOB UCKIOUYEHN

Mpu noucke noaxoaalero o6paboTymKka OHM NPOCMaTPMBALOTCA B TOM
TEeKCTya/IbHOM MOPAAKE, B KOTOPOM 3aMncCaHbl B Nporpamme

[MepexBaT NPOM3BOAHbIX TUMOB AOJIKEH NpeaLecTBoBaTb Nnepexsaty 6a3oBoro

[MepexBaT “Bcex O0CTasbHbIX UCKAOYEHMI” C NOMOLLbIO 3/1IMNTUYECKOMN
KOHCTPYKUMU catch (...) ponxKeH Bcerga HaxoanTbCA B CNUCKe 06paboTymKoB
nocneaHnMm



MCKNoYnTenbHble CUTYaUnn

e B obpaboTunmKke UCKNOYEHMSA B KaUeCcTBe NapameTpa nepexsaTa MOXHO
YKa3bIBaTb HE TO/IbKO TUM, HO U MMA GOPMaANbHOIo NapameTpa UCKAOYEHUS,
MMEIOLLEro NnepexBaTbiBaeMbli TUN (3TO NpnBeaET K NOBTOPHOMY KOMMUPOBAHUIO
0O0bEeKTa-UCKAKUYEHUA C BO3MOXHbIM Npeobpa3oBaHMem TMna OT NPOU3BOAHOIO
K 6a3oBomy):

char lex () {charc; /*...*/if (c<21) {/*...*/ throw c;} /*...*/ return c; }
try {charm=lex();/*..*/}
catch (char c) { cout << “HeBepHbIN cumBON ” << c << endl; }

nnn catch (char &c) { cout << “ccbinKka Ha naoxom cumson ” << ¢ << endl; }

K T1uny, ucnonbayemomy Ans nepexsata UCKAOYEHUA, MOXKHO A006aBUTb
cneunduKkatop const, 3anpewana moanduKkaumo napameTpa B nepexsaTynKke

* YKa3zaHMe B 3arosioBke 06paboTymKa cCbiNOYHOro Tnna 6NOKNpPYET NOBTOPHOE
KonupoBaHue. B aTom cnyvyae Bo3MOXKHO nameHeHue (c += ‘0’) 3HaueHusn
NCXOAHOrO 06 bEKTA-UCKNOUYEHMS, TOYHEE €r0 NEPBOM KOMUKU, KOTOPOE MOXKET
6bITb 3aMeTHO NMPU BbINO/IHEHUKM onepaTopa throw 6e3 napameTtpos.



MCKNoYnTenbHble CUTYaUnn

OLWNBKM pa3HbIX TUMOB MOXHO Pa3aenmTb MeXAY NCKNOYEHUAMMU C
Pa3IMYHbIMM MMEHAMU, NepeaaBan Ux 06paboTKy pa3HbIM 0b6paboTynKam:

struct Except {inti; Except (intk){i=k;}}; /*...*/

try {/*...*/throw Except (67);}

catch (const Except Err) // O6paboTKa UCKNOUYUTENIbHOM CUTYaLUMK

{ cerr << “Exception (” << Err.i << “)\n”; }

NcKkntounTenbHasa cuTyauma cymtaeTca ob6paboTaHHOM B camMbli HaYaibHbIN
MOMEHT BX0oAa B 06paboTumkK
JTiobble UcKAYeHnA, BO3HUKLIME BO BPEMSA BbINONHEHUA 06paboTumKa,
obpabaTbiBatoTca ob6paboTUMKamm obbemarowmx 610KoB, UMKnoB 06paboTKkM He
BO3HUKaET:

class Overflow { /¥ ¥
voidf(){ try{ [* . F/ /* ... */ throw Overflow (); }
catch (Overflow) { /* ... */ throw Overflow (); }

// O6paboTKa uckaoyeHnsa BHe GyHKUuK f ()

} 217



CNMCOK UCKNOYeHUWu

MOoXHO 3apaHee NPeayCMOTPETb, KAaKUE UCKAKUYUTEIbHbIE CUTYaL MU B HEN
MOTYT BO30YyXXAaTbcA B onpeaenaemon GyHKLUUK, U YKa3aTb UX B 3aro/IoBKe
bGYHKUMM (NYCTOM CMMCOK 0O3HAYaEeT 3anpeT Bo3O6yKaeHUa NtobbiX UCKAOYEHUN):

class Overflow { /* ... */};

void f () throw (ex1, ex2)

{ try{ [*.. %/ /* ... */ throw Overflow (); } // KoHcTpyKTOp 06beKTa
catch (Overflow) { /* ... */ throw Overflow (); } // ObpaboTKka ucknoYeHUs

}

MonbiTKa nepeaatb U3 PyHKUMK f () HeobpaboTaHHOE BHYTPU KaKoe-1nbo
NCKNtoYeHMe, Kpome ex1 unun ex2, npneeaéET K BbI30BY CTAaHAAPTHOM PYHKLU MK
std::unexpected (), 4TO N0 yMONYaHMIO O3HAYAET OCTAHOBKY MNPOrpammbl
dyHKuMto unexpected () N3 cTaHAAPTHOrO NPOCTPAHCTBA MMEH MOXKHO
nepeonpenennTb, obpaTtuBLLIKCb K GYHKUKNK set_unexpected ():

typedef void (* pf) ();
pf set_unexpected (pf); // Bo3BpallaeTca npeabiayLLas GyHKLMA s



CNMCOK UCKNOYeHUWu

e Ecnam cnncoK TMNOB NCKAKOYEHUM, YKA3aHHbIN B 3aro/1IoBKe PyHKUUM MYCT, TO
bYHKUMA HE UMeeT NpaBo BO3OYKAaTb Kakme-nmbo UCKIKOYEHUA HU NPAMO, HU
KOCBEHHO, 3TO ByAeT NpoBepPATLCA KOMMUIATOPOM

e Ecnm TaKOW CNUCOK He YKa3aH, pa3peleHo Bo3byXKaaTb Nt0bbie NCKAoYEHUA

e DKBWMBANEHTHbI cheayowme asa ¢pparmeHTa:

void f () throw (ex1, ex2) void f ()

{ /*..%/ { try{ /*..*/
// onepatopbl dyHKUMM f () // Te ke onepaTopbl GyHKUMM f ()
A [*..0% )

} catch (ex1) {throw; }

catch (ex2) {throw; }
catch (...) {std::unexpected (); }
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CNMCOK UCKNOYeHUWu

Hannumne cneundumKkatopa UCKAOYEHUIN B 3arosIoBKe GYHKLMKA NPUBOAUT K
OrpaHNYEeHUAM B UCNOJIb30BAHUM YKa3aTenen Ha Takme GyHKUMK, yKa3aTe b Ha
dyHKUMIO ¢ 6osiee orpaHNUYEHHbIM CMTMCKOM UCKAOYEHUIN MOXKHO NMPUCBOUTD
yKa3aTento Ha PYHKLUMIO C MeHee OrpaHUYEeHHbIM CMTUCKOM, HO He HaobopoT:

void f () throw (X);
void (* pfl) () throw (X, Y) =& f; // npaBunbHO
void (* pf2) () throw () = & f; // OLULUBKA

Henb3sa npucBamBaTb YKa3aTenb Ha GyHKUMIO 6e3 cneundPpumKaumm NCKAOHEHNIN
YKa3aTento Ha GYHKLMUIO, KOTOPbIN €€ nMeeT:

void g (); // moxeT Bo36yauTb Nt0boe UckayeHmne
void (* pf3) () throw (X) = & f; // OLULUBKA

CneundurKauma NCKIKOYEHUN HE ABNISETCA YaCTbto TMMa PYyHKUUM, MOITOMY B
onepaTope Ha3HAYeHUA CMHOHMMA TUNa eé ynoTpebnaTb Henb3A:

typedef void (* pf4) () throw (X); // OLUUBKA
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CNMCOK UCKNOYeHUWu

Hannumne cneundumKkatopa UCKAOYEHUIN B 3arosIoBKe GYHKLMKA NPUBOAUT K
OrpaHNYEeHUAM B UCNOJIb30BAHUM YKa3aTenen Ha Takme GyHKUMK, yKa3aTe b Ha
dyHKUMIO ¢ 6osiee orpaHNUYEHHbIM CMTMCKOM UCKAOYEHUIN MOXKHO NMPUCBOUTD
yKa3aTento Ha PYHKLUMIO C MeHee OrpaHUYEeHHbIM CMTUCKOM, HO He HaobopoT:

void f () throw (X);
void (* pfl) () throw (X, Y) =& f; // npaBunbHO
void (* pf2) () noexcept = & f; // OLWULUBKA

Henb3sa npucBamBaTb YKa3aTenb Ha GyHKUMIO 6e3 cneundPpumKaumm NCKAOHEHNIN
YKa3aTento Ha GYHKLMUIO, KOTOPbIN €€ nMeeT:

void g (); // moxeT Bo36yauTb Nt0boe UckayeHmne
void (* pf3) () throw (X) = & f; // OLULUBKA

CneundurKauma NCKIKOYEHUN HE ABNISETCA YaCTbto TMMa PYyHKUUM, MOITOMY B
onepaTope Ha3HAYeHUA CMHOHMMA TUNa eé ynoTpebnaTb Henb3A:

typedef void (* pf4) () throw (X); // OLUUBKA
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CTaHOapTHble UCKNOYeHUA

B asbike Cn++ nmerotcs CTaHA4dpPTHblIE UCKTKOYUNTE/IbHbIE CUTYAL UMW,
reHepupyembie npum BbinoOJIHEHUN TEX NJTU NHDBIX onepau,mﬁ:

NUmsa [eHepupytowasa onepauma 3aron0|3vqub||‘/’|
dbann

bad _alloc new <new>
bad cast dynamic_cast <typeinfo>
bad_ typeid typeid <typeinfo>
bad exception crieundrKaUMsa MCKIIOUEHU S <exception>
out _of range at (); bitset<>::operator []J( |<stdexcept>
invalid_argument |xoucrpyxkrop bitset <stdexcept>
overflow _error bitset<>::to ulong () <stdexcept>
Ins_base::failure |iIns _base::clear O <i10s>
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[IMHammnyeckoe npeobpa3oBaHue

 BuHapHaa onepaumsa A3blka AMHaMUYeCKoro npeobpa3oBaHUA TUMNa
BO3BpaLLaeT NpaBU/IbHbIN YKa3aTesb (UK CCbINKY) B ciy4vae
NpPaBUIbHOIO NPeAnos0XKeHUA O TUNe obbeKTa:

dynamic_cast <T *>(p) dynamic_cast<T &> (r)

 Onepauna UMeeT CMbICN TONbKO Npu paboTe ¢ BUPTYa/IbHbIMU
GYHKUMAMM N YKa3aTeNAMM Ha 0O BEKTbI:

class student {/*..*/}, ]/ nonmmopdHbI Knacc
class student2c : public student {/* ... */}; // npou3BoaHbI Knacc
int main ()

{ students, * ps; student2cds, * pds;

pds

PS
pds

& ds; // derived * = derived *
pds; //base * =derived *
ps; // onacHo, HO BO3MOXXHO Nnocae npeaplayLero npnucBanBaHms
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[IMHammnyeckoe npeobpa3oBaHue

e Ob6blYHO AMHAMM4YecKkoe npeobpasoBaHMe TMNA
yKa3aTtena npoBoAMTCA HENOCPEACTBEHHO B YC/IOBHOM
onepaTope:

void f (student * ps) {// ps yKa3biBaeT Ha HEKOTOpPbIN Knacc
student2c * pds;
if ((pds = dynamic_cast<student2c*> (ps)) !=0)
{ pds -> print ();
}
else
{// peakuua Ha nonyyeHne obbEKTa APYroro TMna

}
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[IMHammnyeckoe npeobpa3oBaHue

e Pe3ynbraT onepaumu AMHaMMUYeCcKoro npmseaeHusa Tuna
yKaszatena dynamic_cast <T*> (p) sakBMBaneHTeH

npuBeAeHUIO TUMA YKasaTena p K Tuny ykasatena T*

e [InHamMMYecKoe npmBeaeHue Tuna He JonycKkaeT
HapyLEeHWM NpaBuI AOCTYNA K 3aKPbITbIM U
3aWMLWEHHBIM Ha30BbIM Kaccam

 Onepaumnsa BO3BPaALLAET HYs1e80€ 3HAYEHUE, eCNN
obHapyXuBaeTca:

1. Nepepayva B KayecTBe NCXOAHOrO 3Ha4YeHUA
npeobpa3oBaHMA Hys1ieBOro onepaHaa (p == 0)
2. HeogHO3HaA4YHOCTb NPU NOUCKe Ba3oBOro Knacca tmna T



[IMHammnyeckoe npeobpa3oBaHue

* [lapameTp onepauunmn A0NXKEH ObITb CCbINKOU UK
yKa3zatesiem Ha NOAMMOPPHbIN TUM

° Pe3ynbTUPYHOLWMM TUN HEe 00A3aH ObITb
NOAMMOPPHbIM (MCXOAHBIN OOBEKT NPU 3TOM
BCE paBHO A0NKeH bbiTb NOAMMOPDHbIM):

student * ps; student2c * pd; int* pi;

void * pvl = dynamic_cast<void *> (ps); // npaBunbHO
void * pv2 = dynamic_cast<void *> (pd); // npaBunbHo
void * pv3 = dynamic_cast<void *> (pi); // OLUUBKA
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CtaTn4yeckoe npeobpasoBaHue

 CTaTM4ecKoe npuBeaeHue TUNa He aHaIN3NpPYeT OODBEKT,
KOTOPbIM OHO NPUBOAUT

e CraTnyeckoe npuseaeHmne Tmna GopmMmnpyeT HOBbIM
YKa3aTe/lb HY»KHOro TMna:

student2c * g (void * p) {
student * ps = static_cast<student*> (p);
// pS YKa3biBaeT Ha HEM3BECTHbIN Knacc
return dynamic_cast<student2c*> (ps);
// pe3ynbraTt He MmoXKeT b6bITb NpeACcKa3aH
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CtaTn4yeckoe npeobpasoBaHue

¢ Ol'paHl/I‘-IeHMﬂ, Ha/10XKeéHHblE€ Ha BO3SMOXHOCTU
CTaTn4ecCKoro npmseaeHmAa Tnos, NO3BONIAKOT
npoBOAUTb TaKOe npeo6pa308aHme TOJIbKO AJ1A.

(1) poacCTBEHHbIX TUMOB U3 OAHON UEPAPXUN
KnaccoB (NpoBepKa poacTBa Ka1accos
OTCYTCTBYET NnLb Npu npeobpa3oBaHUU
yKasaTensa us tmna void¥*)

(2) apnpmeTmnyeckunx TMnNos (Oarke He OYEeHb
6113KKX), Hanpumep,
float=> 1nt, 1INt =>enum



[Mpeobpa3oBaHMeE TUMOB CCbINIOK

[InHamunyeckoe npuseaeHue ccbia0K UMeeT 0COBEeHHOCTH,
OT/InYatloLWme ero oT NpuseaeHuA ykasamesnedl

MpuBeaeHmne yKasaTena K HOBOMY TUMY MOXKET NPUBECTU K
NONYYEHUIO HYNEBOrO 3HAYEHMA, O3HAYAIOLErO, YTO NO/TYYEHHbIN
YKa3aTeNb He YKa3bIBAaeT HM Ha KaKoM 0ObeKT

[IMHamunyeckoe npuseaeHme yKkasaTtena p K Hosomy tuny T
dynamic_cast<T*> (p) otBevaeT Ha Bonpoc: “Moxem au

yKa3amesib p yKa3bieamo Ha obvekmol muna 17"

CcbinKa Bceraa cBsi3aHa C HEKOTOPbIM 0O BEKTOM, HYIEBbIX CCbIIOK
B Nporpammax bbiTb HE MOXKeT

[na ccbinku r onepauns AMHAMUYECKOro NnpuBeaeHmna Tmna
dynamic_cast<T&> (r) asnaetca yreep:kaeHnem: “Ccblaka r

mMmoxcem bobimeo cea3aHa ¢ obvekmom muna T!”




CDYH,EI,aN\EHTaIIbeIe OTTINYUNA
mexay YRka3dateaaAMn 1 CCblJ1IKaMU

 Ecamn onepauma AMHammn4eckoro npmuBeaeHms CCblJIKU He
NPUHAONEXKUT OXKUAaeMOMy TUNY, BO3byKaaeTcs
CTaHAapPTHaA UCKAOYNTeNbHaA cutyauma bad cast:

void f (student * p, student & r)
{ student2c *pp; student2c & pr;
if (op = dynamic_cast<student2c™> (p))
{ /* ncnonbsosaHune ykasatens pp */ }
else { /* ykasatenb pp He umeeT Hy»KHoro Tuna */ }
pr = dynamic_cast<student2c&> (r);
/* ucnonb3soBaHue ccblsikK pr */
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CDYH,EI,aN\EHTa!'IbeIe OTTINYUNA
mexay YRka3dateaaAMn 1 CCblJ1IKaMU

e [1ns 3alWMTbl OT HEYAAYHbIX NPUBEAEHUN K CCbIIKE
Heob6xoaMMO OpraHM3oBbIBaTb NEPEXBAT CTaHAAPTHOIO
NCKNOYEHUA:

void g ()
{ try { f(new student2c, * new student2c);
// HOPManbHbIN BbI3OB C HYXHbIM TUMOM
f (new student5c, * new student5c);
// HEBEpPHbIN TMN, BbIXOA, B NepexBaT4ymnK

)

catch (bad_cast) { /* obpaboTKka ncknoueHusa */ }

)
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Onepauna onpengeneHnAa Tuna

YHapHas onepauusa typeid, umerowas cmbicn ana
yKa3aTesier 1 CCbINOK Ha 06BbEeKTbl MONMMOPPHbBIX TUMOB,
NO3BONAET TOYHO ONpeaeanTb TUN NCCAeayeMOro obbekKTa
Ecnn onepaHA HYXXHOro TMna nmeet 3HadveHme 0, onepauus
BO3OyXKAaeT NCKAOUYUTENbHYIO cuTyauuto bad typeid
Pe3ynbraTtom onepauumn ABAAETCA CCbIJIKA Ha Kaacc
CTaHAQAPTHOM BUBAMOTEKM NO MMmeHu type info
BubnnoteyHbimum cpeacTBaMum rapaHTUPYETCS, YTO B 3TOM
Knacce 06A3aTeNbHO onpeaeneHbl onepaumum CPaBHEHUA Ha
PAaBEHCTBO M Ha HEPABEHCTBO, @ TAKXe MeTOo/,, BblAatoLLnMA
YKa3aTe/ib Ha CTPOKY, COAeprKalllyto CUMBOJIbHOE
npeacTaB/ieHne MMeHn Tuna obbeKTa (3aBucaulee ot
peanunsauumn)




Onepauna onpengeneHnAa Tuna

* [lpepgnonaraetcs, yto onepaunsa type id aonKHa ncnonb3oBaTbCA

NPUMEPHO B TAKOM KOHTEKCTE:
class type_info // 31O onpepeneHune ectb YacTb 6UbAMOTEKN!
{/*...*/ public: bool operator== (const type_info &) const;
public: bool operator!= (const type_info &) const;
const char * name () const; // BbigaéT uma Tuna

I

#tinclude <typeinfo> // 310 dparmeHT nporpammbi Nosb30BaTeNA
if (typeid (* pb) == typeid (D))
{/*..*/
pd = dynamic_cast<D*> (pb); // Ha 0 MOXHO He NnpoBepPATb
cout << typeid (* pb).name () << “ ” << typeid (* pd).name ();
// ByoeTt HaneyaTaHo, HaNnpPUmep:
// class student, class student2c

} // Moka3aHHble npeobpasoBaHua nyywe, yem pd = (D*) pb
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Buabl npeobpasoBaHMa TUMNOB

Kpome AMHaMMUYecKoro 1 ctaTMYeckoro npeobpasoBaHUin TUMOB,
MMeloTCs eLWwé ABa Buaa npeobpasoBaHUA:

" Hebe3onacHaa onepayma const cast otmeHser
KOHCTAQHTHOCTb MM NPOUN3BO/IbHYIO N3MEHAEMOCTb OO BbEKTA:

constint * g=/* ... */;int * p = const_cast<int *> (q);

" ewé 6onee onacHasA onepauua reinterpret cast
NPUCBaMBaET YKa3aTe/to 3Ha4YeHne, OTHOCALLLEecA K ApYrom
nepapxmm Hacneao0BaHMA, TO eCTb MOXKEeT NPeobpPa3oBbIBATH
HecBA3aHHble yKa3aTtenu (Mam ymcna B yKasaTtesnn):

int t = OxfO;
p =(int *) t; // TaKk nuLwyT Ha A3bike Cu

p = reinterpret_cast<int *> (t); // Tak nuUwyT Ha A3bike Cn++
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Buabl npeobpasoBaHMa TUMNOB

Bce npeobpa3oBaHUA TMNOB, yHacnea0BaHHblIe OT A3blka Cu,
MmoryT B Cn++ BblpaXaTbCA C NOMOLLbI HEKOTOPbIX
KombuHauui onepaunin static _cast, const_cast wu
reinterpret cast

3TOT CTU/Ib Npeobpa3oBaHni bonee TOYHO YKa3bIBAET
PA3/INUYNA MeXAY UCXOAHBIM U Pe3y/IbTUPYIOLWNUM TUNAMMU

B npeobpa3oBaHuu Buaa (T) expr HEBO3MOXKHO NpeacKas3aThb,
KaKoe MMeHHO npeobpa3oBaHMe BbINOAHAETCA, MO3TOMY OT
Hero cneayeTt OTKa3blBaTbCA, BbIbMpana 0aHO U3
npeobpa3oBaHUi, XxapakTepHbix ana Cn++

Hanbonee 6be3onacHbiMm ABAseTcA npeobpa3oBaHue
noanmopdHbix THNo dynamic_cast c anHamunyeckon
NPOBEPKO BO BpeMSA BbIMOJHEHUA NPOrPaMMbl



O606LWEHHOE NporpaMmmmMpoBaHMe

 KoHuenuma 0606w EHHOro NPorpaMmmMmmMpPoBaHus
nogpasymeBaeT NCNOJIb30BAaHME TUTMOB B KAYeCcTBe
napameTpoB onpeaeseHnn Knaccos U GyHKLUUN

e MexaHn3m WwabnoHOB NO3BOAET ONMUCHIBATD
NPOn3BOJibHble 0606 EHNA MHOXKECTBA aATOPUTMOB

e |llabnoH Knacca onpegenseT AaHHbIE N onepaunmn
NOTEHUMNANbHO HEOTPAHNYEHHOTO MHOMECTBA
POACTBEHHbIX KNACCOB, a WabaoH PyHKUUM onpeaensaeT
HeorpaHM4YeHHOEe MHOXECTBO POACTBEHHbIX PYHKLMNM

e OcobeHHO nosie3HO NCNONb30BaHMe Wab0HOB npu
NPOEKTUPOBAHUN N peanin3aummn CTaHAAPTHOM
bnbnnoTekun



O606LWEHHOE NporpaMmmmMpoBaHMe

e UHCcmaHyuposaHue — 3To npouecc PopMUPOBAHMUA
OMNMCaHMA Knacca nam GyHKUMM no wabnonHy u ero
daKTUYECKMM NapameTpam

e [lonyd4aemoe AN KOHKPETHOro 3HaYeHMA GaKTUUYECKUX
napameTpoB WabaoHa onnucaHue TUMNa Ha3bliBaeTcH
cneyuaausayuel wabaoHa

e ChopmmpoBaHHbIe Knaccbl nan GyYHKLUM CTAHOBATCS
CaMbIMKM 0ObIYHBIMK Knaccamum U GyHKLMUAMMU, KOTOPbIE
NOAYMHAKOTCA BCEM NPaBUAAM fA3blKa A8 KNAaCCOB U

GYHKUNN



O606LWEHHOE NporpaMmmmMpoBaHMe

e Lllab6i10H MOXKEeT UMeTb HECKO/IbKO NapameTpoB (He
MeHee 04HOro),
e CraHpapT A3blka Cu++ gonyckaeT napameTpbl WabsoHOB:

Tunosble (typename, class)
MnapaMeTpbl, KOTOPblE CaMWU ABJIAKOTCA lWabaoHamu

UHTEerpaJibHblie Tulbl: 3HAKOBbLIE U be33HaKoBble Le/sible TUMbl,
bool, char,wchar_t

nepe4yncammblie TUNbl (He OTHOCATCA K UHTErPaabHbIM,
HO UX 3HAYEeHUS NPUBOAATCA K UHTErPabHbIM B pe3y/bTaTe
LLleNNOYNC/IEHHOTO pacluupeHunn)

yKa3aTenu Ha 06beKTbl, PYHKLUN UM HA YNEeHbl K/1acCoB
CCbIJIKM Ha 06BEKTbI NN GYHKL UM



O606LWEHHOE NporpaMmmmMpoBaHMe

MapameTp WwabnoHa He moxKeT MMmeTb TN VO 1 d, He moXeT 6biTb
06bEeKTOM M0/Ib30BaTENIbCKOIO TUMNA UM MMETb N1aBatoLWmUin TUN:

template <double* d> class X; // OK

template <double& d> class X; // OK

template <double d> class X; // OLLUBKA
daKTHUyecKkme napameTpbl, COOTBETCTBYOLWME GOPManbHbIM
napameTpam UHTErpanbHbIX N NEPEYNCIMMbIX TUMOB, OOJIKHbI
ObITb KOHCTAHTAMM
B Tene wabnoHa Bce napameTpbl, He ABAAOLWMECA TUNAMU
PAacCMaTPUBAIOTCA KaK KOHCTaHTbI
MapameTpbl Wab/I0HOB MOTYT UCMONb30BaTbLCA TaK}Ke U AnA
onpeaeneHua cneayowmx napameTpoB 3TUX e LabIoHOB:

template <class T, T par2_name>classC{/* ... */}



LL1abn0oHbl PYHKLNN

LLlabnoH dyHKUMM 06BbABAAETCA cneayowmm obpasom:

template <cnucok _opmansHeix_napamempos_wabsaoHa>
go3spawaemsili_mun
UMSA_@yHKUUU (CrnucoK _¢hopmasbHbIX _napamempos_pyHKUUU)

{/*.*/}

Mpnumepom MOKeT CAYHKUTb Wab/0H GYHKLUMM BbIYUCNEHUA
CTENEHU UENoro Ymcna, MMeLWmin B Ka4ecTse napameTpa
3Ha4YeHuMe Lenoro Tuna:

template<int n> inline int power (int m)
{intk=1;
for (inti=0;i<n;++i)k *=m;
return k;
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LL1abn0oHbl PYHKLNN

* [lpn obpaweHnn K PyHKUUN-ABNOHY NOC/IE MMEHMU
bYHKUMM B YI/TIOBbIX CKOOKax YKa3biBatoTcA GdaKTUHECKume
napameTpbl WabsoHa — UMEHa pPeaibHbIX TUMOB UK
3Ha4YeHMA 06BEKTOB, M NNLLb 3aTEM OObIYHbIE
daKTnyeckne napameTpbl PyHKUNN:

UMA_(DYHKUUULCIUCOK_hakmu4yecKux_napamempos_wabsaoHa>
(cnucok_bakmuyeckux_napamempos_pyHKUuUU)

e [pumep obpalleHnsa K PYHKLUUN-LLABIOHY C
NnapameTpPoOM:

int main() { int m = 4; cout << power<3> (m) << endl; }



LL1abn0oHbl PYHKLNN

Mimea 0bblYHY0 GYHKLUUIO, MOXKHO onpeaennTb Ana Heé WwabnoH,
KOTOpPbIN MO3BOJ/INT UCMONb30BaTb AaHHbIE Pa3/IMYHbIX TUMOB:

int max (int x, inty) {returnx>y?x:vy;}
template<class T>Tmax (Tx, Ty){return x>y ? x:vy; }

[Mpu Bbi3oBe GYHKLMM aBTOMATUUYECKU OonpeaensieTca, Kakas
Bepcua WwabnoHa byaeT UCnonb3oBaHa, TO eCcTb GaKTU4ecKune
napameTpbl WabnoHa BbIBOAATCA U3 PaKTUYECKUX MapaMeTpoB

bYHKUUMU

Mpwn BbI3OBE void f () { /*...*/ max (1, 2); /*..*/} // T =int
dopmumnpyeTtcs BapmaHT yHKUMKN int max (int, int)

Mpwn BbI3OBE void f () { /*...*/ max (‘@’, ‘@’); /*...*/} // T =char
dbopmupyeTca BTOpon BapuaHT GyHKUMK char max (char, char)



LL1abn0oHbl PYHKLNN

* [lapameTpbl MOTYT MUMETb Pa3Hble TUMbI:

voidf () {/*...*/ max(‘a,6 100); /*...*/}
voidf(){/*...*/ max(2.5,1); /*..*/}

1. Mepen ogHNUM U3 NAPAMETPOB MOXKHO ynoTpebnsaTb
onepauuvio npusegeHUsa TMNa, KOTopaa caenaeT
BO3MOXHbIM MCMNO/Ib30BaHME HYXKHOTO WabnoHa
doOpMUPOBAHME HYKHOIO BapuaHTa PyHKUUU, TO €CTb
double max (double, double):

void f () { ... max (2.5, (double) 1); ... }



LL1abn0oHbl PYHKLNN

* [lapameTpbl MOTYT MUMETb Pa3Hble TUMbI:

voidf(){/*...*/ max(‘a@, 100); /*..*/}
voidf(){/*..*/ max(2.5,1);, /*..*/}

2. MOXXHO HanucaTb HOBbIN LWAabOH, KOTOPbIN YMeeT
CPaBHMBATb AAHHbIE PAa3/INYHbIX TUMNOB

3. MOXHO ABHO YKa3biBaTb BblbMpPaembin WabAOH C
MOMOLLLbIO cneundUuKaLmm TUMOM:

void f () {... max<int> (‘a’, 100);
max<double> (2.5, 1);
max<long> (4455, 777777);

..}



LL1abn0oHbl PYHKLNN

* [lapameTpbl MOTYT MUMETb Pa3Hble TUMbI:

voidf(){/*...*/ max(‘a@, 100); /*..*/}
voidf(){/*..*/ max(2.5,1);, /*..*/}

4. MoXHo neperpy3unTb WabsoH PyHKLMEN, TO €CTb K
onpegeneHunto wabnoHa nobaBUTb onpeaesneHne
OAHOMMEHHON OYHKLUN:

int max (char x, inty) {return x>y ? (int) x: y; } // vnu Tak:

int max (intx, inty) {returnx>=y?x:vy;}
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LL1abn0oHbl PYHKLNN

° [lpn KOHPMKTax WabnoHoB N PyHKUUMK paboTaeT
MOANDULIMPOBAHHbBIN AZITOPUTM OonpeaesieHnA NneperpyKeHHomn
GYHKUUN, OTAINYAIOLWMMNCA TEM, YTO B HEM AOMNONHUTENIbHO
NPpUMeHAeTCcA War a’, KoTopbI paccMaTPMUBAETCA NMOCAE TOro, Kak
He cpaboTan war no NyHKTY d aAropmutma

e Ecnun byaoet obHapyxKeHa PyHKUMA C POPMA/IbHBIMM MapameTpamum,
B TOYHOCTM COOTBETCTBYOLWMMM GAaKTUYECKMM NMapameTpam
Bbi30Ba (6e3 Kaknx-1Mbo AononHUTEeNbHbIX Npeobpa3oBaHUMN
baKTUYECKUX NapamMeTpoB), OHa 1 byaeT Bbi3BaHa

e ToNbKO B NPOTMBHOM C/ay4ae byayT NCKaTbCA NPUroaHble ANnA
Bbl30Ba WabN0HbI PYHKLUMIN, TaK KaK ABHO HAaNMCaHHAA C TOYHbIMU
napameTpamu PyHKLMA BCEraa MMeeT npeanodyTeHne nepes,
wabnoHamm GyHKL MM



LL1abn0oHbl PYHKLNN

NccnepoBaHMe BO3MOXHOCTU reHepaummn GyHKUUM no wabnoHy
MOXET NPUBECTU K reHepaunum HOBOU GYHKLMN UNN K
MCNO/Ib30OBAHUIO YXKe CreHepUPOBaHHOM NO WabNoHY GYHKUUM:

void f () {/*... */ max (@’ ‘@’); /* ... */ }
== max<char> (‘a’, ‘a’);

Cneayouwime warv mogneumumMpoBaHHOro anroputma oyayr
0ObIYHbIMUN: PACLUMPEHUA LLEeNOYNUCNEHHDBIX U BELLECTBEHHbIX
napameTpoB, ApYyrme CTaHAAPTHbIE, @ 3aTEM M0/Ib30BaTE/IbCKUE
npeobpa3oBaHUA NapamMeTpPoB, UMEHHO B COOTBETCTBMU C STUMMU
lWaramu anroputma byget obpabaTtbiBaTbCA BbI3OB

void f () {/* ... */ max (‘a’, 100); /* ... */ }



[leperpy3Ka Wab/i10HOB PYHKLUN

* [lpun BblbOpE Noaxoaawen GyHKLMM OCYLLLECTBAETCA NOUCK
cneymnanmnsaymm, Hanayydywmnm obpasom COOTBETCTBYHOLWEN CAUCKY
baKTUYECKUX NapaMeTpPOB Bbi30Ba, paKTUYECKU BbIOOP PyHKL UMK
NPOBOAUNTCA NO €€ COBCTBEHHbIM YXKe Creunaam3mpoBaHHbIM
napameTpam, 4TO NO3BONSIET BBOAUTb HECKO/IbKO WabnoHoB
OYHKLUMN C OAHUM U TEM KE MMEHEM:

template<class T> T max(T*p,intsize) {/*...*/}
template<class T> T& max (T&X, T&Y) {return ( X<Y?Y:X);}
template<class T,class Pr>T& max (T&X, T&Y, Pr P) {return (P (X, Y)?Y : X);}

e [LabnoHHOM PYHKUMEN MOMKHO NbITAaTbCA HAXOAUTb MAKCUMYM B
K/lacce KOMMEKCHbIX yncen complex:

complexa (1, 2), b (3, 4); void f () { /*...*/ max (a, b); /*...*/ }// T=complex



LL1abn0oHbl PYHKLNN

e MexaHn3sm WwabnoHoB obecneymBaeT NPOBEPKY OTCYTCTBUA
OWMOOK He TO/IbKO Npu onpeaeneHun, Ho U NPu NPoBeaeHUN UX
MHCTaHUMPOBaHUSA

e Ecnu B wabnoHe npegnonaraerca UCNOb30BaHMUE HEKOTOPbIX
onepaunit, onpeaenéHHbIX Ana oA4HOro TUNa AaHHbIX, HO He
onpeaenéHHbIX ANa APYroro, TO BbIABUTb BO3MOMXHbIE OLLNOKM
MOXKHO, NPU NPOBEPKe KOHKPETHbIX crneumanmsaumii wabioHa

e [1nA KOMNAEKCHbIX YUCEN MOXKHO CO3aaTb, HANPUMep, TaKylo
onepaumto cpaBHeHUA Ha “bonbLue”:
#include <math.h>

bool complex::operator > (const complex & a) const
{returnre *re+im *im >a.re *a.re + a.im * a.im; }



LIla6a10HbI KN1accoB

e |LlabnoHbI cO3aat0TCA HE TONbKO ANA PYHKLUMN, HO M ANA KNAcCoB
(CTPYKTYP), UMmetoLmnx obLLLYIO NOTUKY pPaboTbl:

template
<CrnucoK_gopmManbHbIX _napamempos_wabsoHa _muna>
class uma_knacca { /*...*/ };

e LllabnoHbI KNaccoB MOryT UMeTb He TOJIbKO TUMNOBbIe NapameTpbil,
HO M 0BblYHbIE NapamMeTpbl-NnepemMeHHble pa3peLléHHbIX TUMOB
(MHTerpanbHble, NepeyncamMmble, YKasaTenun U CCblIKK),
ncnosb3yowmeca B gasibHelwem B Tene wabnoHa:

UMSA_KAACCa<CrucoK_hakmuyecKkux _rnapamempos>obbeKrT;
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LIla6a10HbI KN1accoB

e Knacc BeKTopoB ny4ylle odopmMaAaTb WabgaoHOM Kniacca:

template <class T> class Vector { T * p; int size; /* ... */
public: explicit Vector (int);
T & operator [] (int); // HaeKkcaums
5
Vector<int> X (20); // Ana maccuBOB Hy»KeH
Vector<complex>y (10); // KOHCcTPYKTOp ymonyaHusa!

e Jltobon meTtoa WabnoHHOTOo Kaacca ecTb WwabnoHHanA
bYHKUUA:
template <class T> T & Vector <T> :: operator [] (int) { ... }
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LIla6a10HbI KN1accoB

NHcTaHUMpoBaHuA wabnoHa n onpegeneHnsa o6bLEKTOB:

template<class T, int size> class buffer { /* ... */ };

buffer <char, 1024> X;

buffer <char, 512*2>Y;

buffer <int, 1024> Z; // O6BbeKTbl X U Z UmetoT pasHble TUnbl!

Tnnbl X n Y cuntarotca oAMHaKOBbIMU

3Ha4YeHuA nepevyncammsbix Tunos nNpmn NHCTaHUUNPOBAHNNA
lwabnoHa NPUBOAOATCA K MHTErpa/ibHbIM TUMaM

3HaYeHMNA HEMHTErpaabHbIX TUMOB HE MOTYT ObITb
napameTpamu LLab/OHOB



LIla6a10HbI KN1accoB

e [IIabnoH MOXKeT B Ka4yecTBe CBOEro napameTpa MMeTb
Apyron wabsioH (3To moxKeT 6bITb TONbKO WabAoH
Knacca):

template<class T, template<class> class C> class Cont
{ C<T> mem; C<T*> ref; VA N

e TaKoe onpeaeneHune Knacca C, 3a,aHHOro Kak Knacc-
WabAoH C OAHUM TUNOBbLIM NapameTPom, AaET
BO3MOXHOCTb CO3/4aBaTb crneunannlalmm 3Toro TMna Bo
BpemMs MHCTaHUMpoBaHuA Tuna Cont:

Cont<Entry, vector> vectl; // ccbinku B BUAE BEKTOpPa
Cont<Record, list> list2; // CCbINKK B BUAE CMUCKa



LIla6a10HbI KN1accoB

e [llabnoHbl Knaccos (Kak 1 Knaccbl BoobLLE) Henb3A
neperpyratb

* Ecau B nporpamme nmeetca onpeaeneHue wabnioHa,
NMOMbITKA BKAOYUTL B Ty e 061aCTb BUAMMOCTU 3TOM
nporpammbi 1toboe n3 nocneayowmnx onpeaeneHnmn
KJ1acca C TEM Xe umeHem byaeT oLmnbKon:

template<class T> class Tmax { T * p; int size; public: Tmax (); };

template<class T> class Tmax {...}; //OLWUBKA
template<class T> struct Tmax {...}; //OLWUBKA
template<class U> class Tmax {... // OLUUBKA

5
template<class T, class U>class Tmax {...}; // OLULUBKA
classTmax {...}; // OWUWUBKA
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MeTtanporpammmnpoBaHue

template<unsigned N> struct factorial {
static const unsigned value = N * factorial<N-1>::value; };
template<> struct factorial<0> { static const unsigned value = 1; };
int i = factorial<5>::value; // 120

template<unsigned N, unsigned K> struct C {
static const unsigned value=factorial<N>::value /
factorial<k>::value / factorial<N-K>::value; };
int j = C<5,2>::value; // 10

template<unsigned N> struct _1 pow {
static constintvalue=N%2==07?1:-1; };
intk=_1 pow<5>::value; // -1
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MeTtanporpammmnpoBaHue

double pow(double x, int N) { if (N <0) return 1/ pow (x, —N);
else if (N ==0) return 1;
else if (N % 2 == 0) { double p = pow (x, N/2); return p * p; }
else return pow (x, N-1) * x;

}

template<bool B, typename T> struct enable_if { typedef T type; };
template<typename T> struct enable_if<false, T>{ };

template<int N, typename T>
typename enable_if<(N < 0), T>::type pow (T x) {return 1/ pow<-N>(x); }
template<int N, typename T>
typename enable_if<(N == 0), T>::type pow (T x ) { return 1; }
template<int N, typename T>
typename enable_if<(N > 0) && (N % 2 == 0), T>::type pow (T x)
{T p=pow<N/2>(x); return p * p; }
template<int N, typename T>
typename enable_if<(N >0) && (N % 2 == 1), T>::type pow (T x)
{ return pow<N-1>(x) * x; }
double y = pow<3>(x); 256



CtaHOapTHaa bubnamnorteka

ApeKBaTHasa NnoaaepHKa OO beKTHO-OPUEHTUPOBAHHOTO
NPOrpaMmmMmnUPOBaAHUA, NPOEKTUPOBaAHNE BNBANOTEYHDIX
3/IEMEHTOB B BUAE NEPAPXNIN KNACCOB, MCMNO/Ib30BAaHME
abCTPaKTHbIX KNaccoB U BUPTYAJIbHbIX PYHKLU NN
AKTMBHOE UCNo/ib30BaHUe WabnoHOB ANA NOBbIWEHUA
ypOBHA abcTpakumm 6a30BbIX aATOPUTMOB
Mcnonb3oBaHME MeXaHU3Ma UCKNOUYUTE/IbHbBIX CUTYaL I
N nepapxmm CTaHAAPTHbIX KACCOB ANA nepeaayn
3HAYEHMN NPU BO3OYKAEHUN NCKIHOUYUTENBbHbBIX CUTYALIUM
TexHonormna “ob6o0bWEHHOro NnporpammmpoBaHua’:
MaKCMMaibHoe 0606LeHne CTPYKTYP M aATOPUTMOB NMpwU
OAHOBPEMEHHOM COXPaHEHUN X 3PPEKTUBHOCTH



CtaHOapTHaa bubnamnorteka

e CraHaapTHaA bubnnoteka — cpeacTBo Pa3pPaboTKu
KOHTEKCTHO-OPUEHTUPOBAHHbIX BnbnmnoTtek

e CraHpapTHasa bubnmnoTteka npenocTaB/isieT COBOKYMHOCTb
MOHATUI, B TEPMUHAX KOTOPbIX MOXHO NPOEKTUPOBATb
nporpamMmmbi, 1 HABOp TUNOBbLIX PELLUEHUN C
MCNO/Ib30BAaHNEM 3TUX MOHATUN

 CraHpapTHasa bubnmnorteka — 3ato o6 beagnHeHune
HECKONIbKNX KOMMNOHEHTOB, Ka*KAbl N3 KOTOPbIX
npegocTtasnAaeTr Habop NPUMUTMBOB M TUMOBLIX PELUEHUN,
NO3BOIAOLWMNX CTPOUTb HAOOPbl KOHKPETHbIX KNAaCCOB U
GYHKUMN AN HEKOTOPOW NPUKNAAHOM 061aCTU



B3anmoanencrtasme anemeHToB
CTaHAQPTHOU BUBANOTEKNU

Pacnipedenumenu

I rnamamdu 1

A3bIKoBaA No0oepHKa <«———> CMpoKU
1UOUC12HOCITIUK(J 1 1

KoHmelUHepsi JloKanu3zayua munos «—— Jimepamopel

1

Beso0 u 8bigo0
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CpeAactBa CTaHAAPTHOU BNBAINOTEKU

e CpepactBa CTaHAAPTHOM BMOAMOTEKM onpeaeneHbl B eAMHOM
NPOCTPAHCTBE MMEH Std C NOMOLLbIO 3aro/IOBOYHbIX panios

e CraHpapTHaa bubnnoTeka npeaocTaBAAET:

" Pacwupaembin Habop KnaccoB 1 onpeaeneHnn, Heobxoammoblx Ann
NoAAepPXKM NOHATMIN A3blKa Cu++ (ynpasaeHne namaTbio, MHPopmaumsa o
TMNAaX BO BPeEMSA BbINOJHEHMA NPOrpaMmmbl, 06paboTKa UCKAKOYEHUI, CPeaCcTBa
3anycka Nporpammsbl, 3aBUcALLME OT peannsalmm acneKTbl S3blKa)

" [opaep*KKuU AMarHOCTUKM NOJIb30BATENBCKUX MPUNOKEHUN

" YTunntol obuwero HasHavYeHus

= KoHTenHepbl U nTepaTopbl

" O6006LWEHHbIE CTPYKTYPbI AAHHbIX M aNTOPUTMbI

= CpeAcTtBa NOKaAM3aLMM NPOrpaMmm

= Knaccbl U GYHKUMM AN MaTEMATUYECKUX BbIYUC/IEHN

= CpeactBa paboTbl CO CTPOKaMM

= Bsoa/BbiBOA



MpmnHUMnbl pa3paboTkm STL

bubnunoteka STL npeactaBnaet cobomn Habop coBMeCTHO pPaboTatoLuX,

XOPOLO CTPYKTYPUPOBAHHbBIX KOMMNOHEHTOB Cu++

= Bce ncnonb3ayemble B WabsioHax anropmtmbol paboTatoT He TONbKO C
6MBAMOTEYHBIMU CTPYKTYPAMM AAHHbIX, HO TaKXe N CO BCTPOEHHbIMU
CTPYKTYPaMM AAHHbIX A3blKa, B YaCTHOCTU, BCE aNropuTMbl paboTatoT C
0bObIYHbIMM YKa3aTENAMM

" Icnonb30BaH MPUHUUM OPMO20HAbHOCMU: UMEETCA BO3MOMKHOCTb
MCNoNb30BaTb OUBAMOTEYHbIE CTPYKTYPbI AAHHbIX C COOCTBEHHbIMM
anropuTmamu, a bnbanoTeyHbie anropuTMmbl € CO6CTBEHHbIMM
CTPYKTYPaMM AaHHbIX

SppekmusHOCMb peanu3auuu: Kaxkabl WabnoHHbIN KOMMOHEHT

bnbnmnotekn nmeet o606WEHHYIO peannlaunto, He OT/IMYAKOLLYHOCA MO

apPeKTnBHOCTU OT “pyyHoi” peanmnsaumm bonee, Yem Ha HECKOJIbKO

NPOLEHTOB

TeopemuyecKass 060CHOBAHHOCMb



[lporpammHble KOMNOHEeHTbI STL

B 06bIl4yHOM
bnbnnoteke
Tpebyetcai *j * k
BAapUaHTOB
nporpamm

Anzopummei (k)
nepecmaHoska
copmuposka =+
MoucK —-
8eKmMopol CIIUCKU
—
. oHmMeliHepol
yenoili poil
naasarowuli B bubnmnoteke STL

CUMBO/1bHbIU

Tunol 0aHHbIX (i)

TpebyeTcs ToNbKo j + k
BAapMaHTOB Nporpamm
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dannbl-3aronoBKu enbamnoTekm Cn++

#tinclude <algorithm> #tinclude <array>
#tinclude <bitset> #tinclude <complex>
#include <deque> #tinclude <iostream>
#tinclude <iterator> #include <list>
#tinclude <map> #tinclude <math.h>
#tinclude <queue> #tinclude <random>
#include <set> #tinclude <stack>
#include <string> #tinclude <typeinfo>
#include <valargs> #include <vector>
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ba3oBble KOMMOHEeHTb! STL

KoHmeliHepbl ynpaBAAOT 31eMEHTAMMN AAHHbIX
Nmepamopsl obecnevynBatoT AOCTYMN K 3/IEMEHTAM
NAaHHbIX, Pa3MeLLEHHbIM B KOHTEMHEpaX
Pacnpedenumenu namsamu (annokKaTopbl)
MHKaNCyAMpyoT MHPOPMALLMIO O MOAENAX NAaMATH
As120pummel onpeaenatoT BbIMUCANTENbHbBIE NPOLLEAYPbI,
OTAEeNEHHbIE OT KOHKPETHbIX peann3aumnm CTPYKTyp
NAHHbIX N He cBA3aHHble C KOHKPETHbIMU KOHTEMHEpamMM
PYHKUUOHAMbHbIE 06beKmMeblI

Adanmepsbi obecnevynBatoT npeobpa3oBaHUA

nHTepdemncos
KomnoHnenmeil STL peanu3yromca wabsaoHamu ¢ napamempamu




KoHTenHepsb! STL

KoHmeliHepbl ynpaBastoT Habopamm sueek namsaTu

KoHmeliHepbl — 370 06beKTbI WAab/OHHbIX K/1aCCOB, coaepHalmne apyrme
0b6beKTbI (CI'IMCKM, BEKTOpPbI, ovepean, gepeBbd, NPoCctblie N aCCOUNATUBHbLIE
MacCCumBbl N T. ,EI,.); MHOTAda TaK HAa3blBakOT CaMW 3TU lWabnoHHbIe KNacchl

KoHmeliHepbl He ABNAOTCA NPON3BOAHbIMM OT HEKOTOPOro obuiero 6a3oBoro
KNnacca, Kaxkabli KOHTEMHEP peanms3yeT BCe CTaHA4APTHbIE KOHTEMHEPHbIE
NHTEepPEnCHbI

HEKOTOpre I-(OHTel‘/JIHepr o6na,£|,a+0T CBOMUCTBOM peBepPCNBHOCTU, B AOMO/THEHUE K
06bIYHbIM TpE6OBaHMFIM KHUUM NpegbABAAKOTCA Tpe6OBaHMF| obecneyeHusn
A40CTyMa C NnOMOoLWblo O6paTHbIX nTepaTtopos

na noboro KOHTEVIHepa onpeageneHbl onepaunmn, Nno3soaArL0LINE BBOOAUTD
YKa3aTte/in u NTepPaTopbl Ha O6'beKTbI, cogepxawmneca BHyTpum HEro, onNpeaenAaTb
PaCCTOAHNE MmeXaY 3/1eMEHTAMMU KOHTEVIHepa U pa3mMepbl 3TUX 9/1EMEHTOB

Cpean 3N1eMeHTOB KOHTEMHEPaA BblAENAKTCA HauyaibHbI U KOHEYHbIN 31€MEHTbI

INeMeHTbl KOHTeMHEepPa MOYKHO CPaBHMBATb MeX/y COB0N N MEHATb MecTamu



KoHTenHepsb! STL

Bblaenatotca gse KaTeropmu KOHTel‘/JIHepOBZ KOHTeVIHepr-HOCHEﬂ,OBaTeﬂbHOCTl/I U
dCCoUuMNaTNBHbIE KOHTeVIHepr

[locnedosamenbHoCcCMuU OpraHM3o0BaHbl B BUAE KOHEYHbIX MHOXECTB 3/1eMeHTOB
OA4HOTO ThNa, 3TU MHOXXeCTBa MMEKOT CTPOryro J'IMHEVIHYI-O ynopAaao4eHHOCTb

AccoyuamueHbie KoHmeliHepbl NO3BONAKT 0b6ecneynTb ObICTPbIN A0CTYN K
3/1IEMEHTAM C MOMOLLbIO K/toYel

[1Ba Kntoya cunTatoTcA paBHbIMHA, eC/ZIN HN OANUH U3 HUX HE MEHbLLUE U HE bonblue
APYyroro: HenpasuabHO CH4NTATb, YTO A4 K/IFIO4YEeN MOXHO MCMO/Ib30BaTb
onepaunto cpaBHeEHUA ‘==" nyto ANA onpeaenaroT paBeHCTBO K/IlOYen TaK:

kl==k2 // OLLUBKA

I'Ipaanbellv\ noaxogaom K BblAB1EHNIO PaBEHCTBA K/touen aBnaeTca
nocnenoBartes/ibHoOE UCMOJ/1Ib30BaHWME MOJ/1Ib30BATE/IbCKOIO KPpUTEPUA CPaBHEHUA!

comp (k1, k2) == false && comp (k2, k1) == false

rae comp () ectb cpaBHMBAOLWMN GYHKLMOHANbHbBIA 0OBEKT, KOTOPbIN
nepenaérca wWabnoHy KOHTEMHepPa B KayecTBe PpaKTUYECKoro napameTtpa



KoHTenHepsb! STL

[na pasHbIX KOHTEMHEPOB onNpeaenaAtTCA CEMaHTUYECKU CXOAHble U

OIMHAKOBO NOMMEHOBaHHble GYHKLIMMN:

" NN1A KOHTEMHEpPOB-NOCNeA0BaTe/IbHOCTEN onpeaesieHbl PYHKLUK
insert () (BcTaBKa anemeHTOB) U erase () (yaaneHne anemeHToB)

= 119 KOHTEMHEPOB-NOCAeA0BaTENbHOCTEN UMEKOTCA PYHKL NN
push_back (), co3patowiaa oauH AONONAHUTENbHbBIA 3/IEMEHT B KOHLE
KOHTEeNHepa, n pop_back (), yHNUYTOKatoLWan 3/1EMEHT B KOHLE
KOHTEMNHepa

= 1719 aCCOLUMATUBHbIX KOHTEMHEPOB onpeaesieHbl onepaunu insert () u
erase () ( BCTaBKa M YHUYTOXKEHMNE SN1€MEHTOB NO 3alaHHOMY KAto4y), a
TaKXe NOUCKa 3/IEMEHTOB 1 AMana3oHOoB Nno 3agaHHomy Katouy (find ())

BcTaBKa 3/1eMEHTOB B aCCOLMATUBHbIN KOHTENHeEP (M UCKAtoYeHue

3/1eMeHTa M3 Hero), B OT/INYME OT NOXOXKUX onepaLun Haj,

nocaenoBaTe/IbHOCTAMM, HE pa3pyLUaeT paHee NOCTPOEHHbIe UTepaTopbl,

yKa3blBaloLLMe Ha KaKnue-1mbo apyrne sfieMeHTbl 3TUX Ke KOHTEMHepoB



KoHTenHepsb! STL

K KOHTelHepam-nocaeaoBaTe/IbHOCTAM OTHOCATCA BEKTOP UK AUHAMUYECKUI
mMmaccus (vector), nnHenHbIN cnncoK (list), ABycTOpoHHAA oyepeab (deque)

K accounaTUBHbIM KOHTEMHEPaM OTHOCATCA accoumMaTUBHbIA maccus (map),
MHOXECTBEHHbI accoumaTuBHbIM maccms (multimap), mHoXKecTBO (set — maccus
C K/1to4aMM 1 6e3 3/1IeMeHTOB) MU MHOXKECTBO C OAMHAKOBbIMU Katodamu (multiset)

KBasnMKoHTEMHepPbI: BCTPOEHHbI maccus (array), cTpoka (string), maccms
3Hauyenum (valarray), 6utoBbin Habop (bitset)

KBa3MKOHTENHEPbI coaepKaT BHYTPU cebs an1eMeHTbI, KaK 0ObluHble
KOHTeHepbl, HO 06/134a0T HEKOTOPbLIMU OTPAHUYEHUAMM: ANA HUX HE
onpeaensaTca oTae/IbHble OnepaLnmn, KOTopble Heb3si Peasin3oBaTh C
Tpebyemolt a4na 6MbANOTEUYHbIX 31eMEHTOB 3PDEKTUBHOCTbLIO

Ha ocHoBe cTaHAapTHbIX KOHTEMHEePOB-NoCcAeA0BaTe/IbHOCTEN C MOMOLLLbIO
aJlanTepoB CTPOATCA NPOU3BOAHbIE KOHTEMHepPbI ovepeab (queue), cTek (stack),
oyepeab c npuopuTeTamu (priority _queue)



KoHTenHepsb! STL

Ka*Kabl KOHTEMHEP B CBOEWN OTKPbITOM YaCTu COAEPKUT CEPUIO
onpeaeneHnn TUNoB, rae BBeAeHbl CTaHAaPTHbIE MMEHA TUMOB:

value type — TN anemeHTa

allocator _type — Tun pacnpeaennutena namaTtu

size _type — Tvn, UCNOAb3yeMbln ANA UHAEKCAUnmn

iterator, const_iterator — Tnn ntepaTtopa

reverse_iterator, const_reverse_iterator — Tvn o6paTHOro UTepaTopa
pointer, const_pointer — TUn ykasaTtena Ha 3/1eMeHT

reference, const_reference — TMN CCbIZIKKU HA 3/IEMEHT

3TN UMEHa ONpPeaensatoTCA BHYTPU KaXKA0ro KOHTEMHEPA TaK, KakK 3To
HeobxoAMMO B KaXKA0M KOHKPETHOM C/y4ae, YTo NO3BOAAET NUCaTb
NPOrpamMmmbl C UCMONb30BaHUEM KOHTEMHEPOB, HE 3HAA O HAaCTOALLUX
TMNaX, B YaCTHOCTU, MOXKHO COCTaBMTb Nporpammy, Kotopas byaet
paboTaTb C NH0ObIM KOHTEMHEPOM



UTepaTopbl STL

Umepamopesi (0606LLeHNe yKa3aTenel) npeaocTaBaAOT a/IroPUTMamM CpeacTBa
ANA nepemelleHmsa No KOHTEMHepPam 1 A0CTYNa K AaHHbIM KOHTEMHEPOB

Umepamopebi ecTb 06BbEKTHI LIABNOHHbIX K1aCCOB, A4/19 KOTOPbIX onpeaeneHa
YHapHana onepauma operator*, so3spallatollaa 3Ha4YeHMe HEKOTOPOro Kaacca
NN BCTPOEHHOIO TUNA, Ha3blBaeMOro TUNOM 3HadyeHua (value type) ntepaTtopa

Umepamopsi noaaepnBatoT abCcTpaKTHYIO MoAesb AaHHbIX Kak
nocnefoBaTeIbHOCTM OO BEKTOB

MoHATNA “Hynesoll, HUKyOa He yKasbiearowuli umepamop” He CyLLecTByeT, Npu
OpraHM3auum UUMKNOB NPOUCXOANT CPAaBHEHME C KOHLLOM Nocnea0BaTe/IbHOCTU

Kaxkablh KOHTenHep obecneynBaeT CBOU UTEPATOPLI, TaKXKe NoaaeprK1uBatoLime
CTaHAaPTHbIN HabOp UTEepPaLMOHHbIX onepaLunii Co CTaHAAPTHbIMU UMEHAMMU U
CMbIC/IOM

OnNKncaHnA KNaccoB UTepPaTopPOB HaxoaATCA B 3aronoBoYHoMm daline <iterator>

BcAakaa wabnoHHaa ¢pyHKUMA, paboTatowan c uTepatopamu, OA4HOBPEMEHHO
MOKeT paboTaTb U C 0ObIYHbIMM YKa3aTENIAMMU



UTepaTopbl STL

MimeeTcAa nATb BUAOB UTEPaTOPOB:

1. UtepaTopsbl BBOAaA (Inputlterator)

2. NtepaTtopsbl BbiBOoAa (Outputiterator)

3. OgHoHanpaBneHHble utepatopsbl (Forwardlterator)

4. 1ByHanpaBaeHHble ntepatopsol (Bidirectionallterator)

5. UtepaTtopbl Npon3BoabHOro aoctyna (RandomAccessliterator)

Pa3ninyHble UTepaTopbl MepapXmUUYeCcKn BNOXKEHbI APYr B Apyra:

= OOHOHanpassneHHble umepamopsl 06veMsgArom umepamopesi
88000 U 8618000

= /lsyHarnpassaeHHble umepamopbl o0bvemsarom
OOHOHAMNPAasseHHbIe Umepamopbl

" /imepamopebl npou3sosibHo2o0 0ocmyna obvemsarom
08YyHAMNpPassAeHHbIe umepamopbl
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UTepaTopbl STL

NTepaTopbl pa3INYHbIX
BMOOB Uepapxnvecku
BN1IOXKEHbI APYr B Apyra

Nepapxnyecku
obbemntowme
nTepaTopbl
YAOBNETBOPAIOT BCEM
TpeboBaHUAM
BJIOXKEHHbIX B HUX
NTepPaTopoB U MOTYT
MCNOIb30BATbCA BMECTO
HUX

NTepaTop Npoun3BO/IbHOro AOCTYNa

\

y

J1ByHanpaB/aE€HHbIN UTEPATOP

1

OpgHoHanpasne

HHbIW UTepaTop

/\

UTepaTop
BBOAaA

UTepaTop
BblBOAA
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Onepauunmn B nepapxmm ntepatopos

UTepaTopH UYrenue | JocTyn | Sanuce |UsMeHeHue | CpraBHEHME
Brieogma *p=e p++ +4p

Beogna X=*p p->T p++ ++p |p==q p!=q

OnmHOHAamIpaBJIeHHEe | X=*P p—>T *p=e p++ ++p |p==q p!=q
B _ p++ ++p

IByHanpaBJeHHbE X=*p p—>T *p=e D—— —-p p==q p!=q
p++ ++p

[IpOMBBOJIBLHEI X=*D p->F *p=e g;; ;;E p;zg gi:q

rocEyR PLn] p-n p-q [p>=q p<=q
p+=n p-=n




UTepaTopbl STL

* [lpn onncaHum anropnuTMmos, BxoaAawmx B STL, npnHATO
cornaweHue o6 McnoNb30BaHMUU CTAaHAAPTHbLIX UMEH
dopManbHbIX NAPaAMETPOB, B 3aBUCMMOCTM OT Ha3BaHUA
nTepatopa B npodpune aroputma, Aoa*KeH
MCNOb30BAaTbCA UTEPATOP YPOBHA “He HUKe, yem”

* [lo nMeHam nNnapameTpoB WabsoHa MOXKHO NOHATD,
KaKoro poaa ntepaTtop Hy»KeH, K KAKOMY KOHTeNHepy
MPUMEHUM 3TOT aJITOPUTM:

template <class Inputlterator, class T>
size_type count (Inputlterator start,
Inputlterator finish, const T& value);



UTepaTopbl STL

[na npoaBUMXKEeHUA UTepPaTOPOB Ha 3aJaHHoe paccToaHue (npnbasneHne Uenoro
4Yncna K utTepaTtopy) n onpeaeneHns paccTosHUA MeXKay S1eMeHTamMu
KOHTENHepOoB (BblYNC/IEHME PA3HOCTU UTEPATOPOB) B BLUBAMOTEKE MMetoTCA
wabnoHbl dyHKUMIA: advance () v distance ()

Onepauusa advance (i, n) MOXeT UMeTb OTpULATeIbHOE 3HaYeHMe napameTpa n
TONbKO A9 ABYHaNpPaBAEeHHbIX UTEPATOPOB N UTEPATOPOB NPOU3BOIbHOIO
[0CTyNa, 3Ta PYHKUMS NPOABUraeT UTepaTop i Ha N No3MLUMi Bnepéa nnm Hasaz,

template <class Inputlterator, class Distance>
inline void advance (Inputlterator & i, Distance n);
Inputlterator p; intn; /* .. */advance (p, n); //3KBMBaNEHTHO: p +=n;

Onepauus distance (first, last, n) npubaBnaeT K N YNCNO, paBHOE KONMNYECTBY
npoABUXEHUIN nepBoro utepatopa (first) ko sBTopomy (/ast):

template <class Inputlterator, class Distance>
inline void distance (Inputlterator first, Inputlterator last, Distance& n);
Inputlterator p, q; intn; /* ... */ distance (p, g, n); // akBUBaNeHTHO: n += q — p;



MUTepaTopbl BbiBOAA STL

e [lpucBamBaHMe, NPOBOAMMOE C NOMOLLbIO OAHOMO U TOrO Ke
3HayYeHUA UTepaTopa BbiBOAA, MOXKHO cAenaTb ANA AaHHOro ob6beKTa

TO/IbKO OAMH Pas, NPUYEM NPOMNYyCKaTb NPUCBANUBAHMNE N NEPEXOAUTD
Cpasy K cneaylolemy 3Ha4YeHUo nTepaTopa Henb3sa:

i ++; 0+ // OWWUNBKA

o l/lTepaTop BblBOda4d B KaH-(,EI,bIﬁ MOMEHT BpeMeHU MOXET UMETb TOJIbKO
OAHY aKTUBHYIO KOMUIO:
i=j;*++i=a;*j=b; //OLIUBKA

e EAWHCTBEHHbIM NnpaBuibHbIM UCMNOJZ1Ib3OBaHNEM ONepaunn
Pa3biMeHOBaHUA C UTEPATOPaMUN BbIBOAA ABNIAETCA NCMNOZIb30BaHUE

5TOM onepauun B N1€BOM YacTK onepaLum NnpucBanBaHuA

while (first != last) * result ++ = * first ++; // HeT oWMBKM



UTepaTopbl STL

NTepaTopbl MOTYT YKa3biBaTb HA 3/1EMEHT, KOTOPbIA TMNOTETUYECKM
PACcNO/IOXKEH 33 NOC/IeAHUM S/1EMEHTOM KOHTEMHEPA, AOCTYN K 3TOMY
rMNOTETUYECKOMY S/IEMEHTY HUKOTAa He OCYLLLeCTBASIeTCA

NTepaTopbl MOTYT UMETb 3HAYEHUE, HE YKa3bIBAIOLLLEE HM Ha KAKOW
3/IEMEHT KOHTEMHEPA, AR TAaKUX 3HAYEHUIN pe3ynbTaTbl OONbLIMHCTBA
onepauunmn He onpeaeneHobl

[1nana3oH ecTb Napa UTepaTopos, 3aAat0LLLAA HA4Ya/10 N KOHel,
BblYUC/IEHUN

[nanasoH [i, j) OTHOCUTCA K 3NeMeHTaM CTPYKTYpPbl AaHHbIX,
HAUYMHAIOLLLENCA C 3/IEMEHTA, HA KOTOPbIN YKa3bIiBAET i, U KOHYAIOLLLENCS
(HO He BKAoYatloLWen) anemMeHTOM j, AManasoH [i, i) ecTb NycToM AMana3oH

Bce anropntmbl A0/IKHbI NPUMEHATLCA TOMIbKO K MPAaBUIbHbIM
inana3oHam, B KOTOPbIX BTOPOMN UTEPATOP AOCTUXUM U3 NEPBOrO 33
KOHEYHOE YNC/I0 BbINOHEHMA onepauni operator ++



UTepaTopbl STL

e Cymb ucnosnb3o08aHUA umepamopos emecmo 0bbiYHbIX
yKasamesel cocmoum 8 mom, Ymo umepamopeol
obsnadarom 2opa3oo 6oabwel obWHOCMbHO

e CBOMCTBA UTEPATOPOB OMNMUCAHbl 3HAYUTENBHO DBonee
TOYHO, YEM CBOWCTBA NPOCTbIX YKa3aTeneun

 Te cBOWCTBA MTEPATOPOB, KOTOPbIE 3aBUCAT OT
KOHKPETHbIX peasin3aLuunm, CKpbITbl B peannsaumm
BNOANOTEKU, YTO MOBLILWAET NEPEHOCMMOCTb MPOrPaMM,
HAMUCAHHbIX C UCNO/Ib3OBAHUEM UTEPATOPOB, HO HE
CHUXKaeT 3PPEeKTUBHOCTU 3TUX NPOrpamm



UTepaTopbl STL

KaXXablh KOHTEMHEP COAEPKUT PAL KNOUYEBBLIX METOA0B, NO3BONAIOLWMNX HANUTHU
KOHLbl NOCNeA0BaTENbHOCTM 31EMEHTOB B BUAE 3HAYEHUN UTEPATOPOB:

iterator begin(), const_iterator begin() const
// BO3BpaLlaloT UTepaTop, KOTOPbI YKasbiBaeT
// Ha nepBbI 3neMeHT nocaeaoBaTeNIbHOCTU
iterator end(), const_iterator end() const
// BO3BpaLLaloT UTepaTop, KOTOPbI YKa3blBAeT Ha 3/IEMEHT,
// cnepyowmin 3a nocneaHUM 31eMeHTOM NMocae0BaTe/IbHOCTU

KOHCTaHTHblE NTepaTopbl NO3BONAKOT KOHTPOAIMPOBATb MOANDUKALMIO
3/1eMEHTOB KOHTEMHEPOB U 3aMnpeLlaTb €€ Tam, rae 3TO HYXKHO

C nomolLbto nTepaTtopos I'IOCI'Ie,EI,OBaTefIbeIl\;I AOCTYN K 3/ieMeHTaM AadHHbIX
KOHTEﬁHeprIX TUNOB OCYLLECTB/IAETCA OT NEPBONo a/1IEMEHTA K NocieaHeEMY.

rnocsie rnocseoHe20

g—eAlLBlLCIID]! +— .4

begin
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3anuces iterator p = v.begin () BepHa HeE3aBMCMMO OT TOTO, K KAaKOMy
KOHTEMHEPY V OHa NPMMEHAETCA, Noc/e Takoro onpeaeneHnsa *p ectb
NepBbIN 31eMEHT KOHTENHEpa V

LLlabnoHHasa ¢yHKUMA find () nweTt ntepatop 3a4aHHOro 3/IeMeHTa B
33/1aHHOM AMnana3oHe UTEPATOPOB U BbIAAET B pe3y/ibTaTe 3HAYEeHUE
nTepaTtopa, KOTOPbIM MOUCK 3aKaHYMBaeTCA

Ons poctnenuna uenen pyHkumm find () poctaTtouHO MCNONb30BATH
NTepaTop BBOAA N3 KOHTEMHEPA, MOCKO/IbKY NU3MEHEHUA 3HAYEHNIN U
NMOBTOPHOrO YTEHUA SNEMEHTOB He NoTpebyeTcA:

template <class Inputlterator, class T>
Inputlterator find (Inputlterator first, Inputlterator last, const T& value)
{ while ( first = last && * first |= value ) ++ first;
return first;
}// OtBeT: ecau first |=last, TO UICKOMbIM a1emeHT AocTyneH, Kak * first



Pacnpeaenutenn namartum STL

* Pacnpedenumenu namamu (as71710KamMopbl) yNpaBnatoT
nepeHoCMMbIMU CpeaCcTBaMM YNPATbIBAHMA MHPOPMaL UK
O MoAdenax NamMmaTU, TUNax ykasatenemn, TMnax pasHocTu
yYKa3aTeneun, tmne pa3amepoB 0O6beKTOB B AAHHOW MOoAeNmn
NaMATK, a TaKKe NPUMUTUBAMU A5 PA3MELLEHNA U
0cBObOOXKAEHUA NAMATU ANA AAaHHOW moaenm

* Pacnpedeaumenu namamu NO3BONAIOT CBECTU 33434y
pacnpeaeneHnsa NnamaTu AN CNOXKHbIX, COCTaBHbIX
06BEKTOB K COBOKYNHOCTU Honee npocTbiX 3a4au
pacnpeaeneHus namatn ansa 6onee NpPocTbix
(cocTtaBnsoWwmx) obbeKToB




Pacnpeaenutenn namartum STL

 Pacnpedenumenu namamu rnpeacTaBaatoT cobou Knaccol
0O6BHEKTOB, KOTOPbIE MOMKHO BK/IOYATb B KA4YECTBE
napameTpoB B ONMCaHMA WabioHOB APYTrMX KNACCOB:

template<class T, class A = allocator<T> > class vector {

public:

typedef typename A::pointer iterator; /* ........ */
private: A alloc; [ .. */
public: [ .. */

void reserve (size_type n)
{if (n <= Nmax) return;
iterator p = alloc.allocate (n); /*........ */
}
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Pacnpeaenutenn namartum STL

B Knaccbl pacnpegenutenem namaTu BKIKOYAOTCA
onpeaeneHna TMNOB, UCMONb3YEMbIX A8 UHAEKCaL UK
COOTBETCTBYHOLWMX 0O6beKTOB (Hanpumep, TN size _type)

3TW TUMbI MOTYT NPEeACTaBUTb CaMbll 6ONbLLION 0ObEKT
MCXOAHOro TUMa, COOTBETCTBYIOLLMM MOAENN NAMATH

B pacnpeaenutensax namaTu onmcbiBaeTca TuUM,
COOTBETCTBYIOLLIMMN TUNY pe3y/ibTaTa BbIYMTAHUA OBYX
ntepatopos (tun difference type)

OO6bIYHO 3TU TUMbI COOTBETCTBYIOT TMNaM Size t v ptrdiff t,
HO OHU MOTYT BbITb M UHBIMW, YTO 3aBUCUT OT NPUPOAbI
06BbEKTOB M OT BbIOpaHHOW MOAENN MAMATH



Pacnpeaenutenn namartum STL

e Nlna pacnpepenntenen namatn B bubnmoteke STL
BbipaboTaHbl TpeboBaHMUA, cGoOpPMYIMPOBAHHbIE B BUAE
nepeyHa onepalmm, KOTopble MOXKHO BbINOJHATbL HaA
06BbEKTaMM K/1acCoB pacnpeaennTenen Ana Kaxxaom

OTAEe/NIbHOM MOZEeNn NaMATU, K TaKMM onepaumam
OTHOCATCA:

" onepauuu 3axBata namatu allocate ()

" onepauuun nepepacnpegeneHma namaTtm deallocate ()

" oriepaumnm KOHCTPYNPOBAHMA YKa3aTenem Ha obbeKTbl
address ()

"UT. A



Anroputmbl STL

° As20pummbl onpeaensatoT BblYUCANTENbHbIE NPOLEeaypbl
(Mbocmomp, copmupoeka, rnouck, yoasneHue 3nemMeHmaos, ...),
He peasin30BaHHblIe METOAAaMU KOHTEMHEPOB, HO NMPUTOAHbIE
ANns paboTbl C pa3HbIMW COCTAaBHbIMU CTPYKTYPaMM AaHHbIX, B
TOM YMC/e C Pa3HbIMU KOHTEMHEPAMU

e As20pummbl ABNAOTCA YHUBEPCA/IbHbIMK ANs Ntoboro 13
KOHTEMHEepPOB MU MO3TOMY OHU peasin3oBaHbl be3
MCNO/Ib30BaHUA METOA0B, BXOAALLMX B KOHTEMHEPbI

° As20pummbl BblparxKatotca WwabsoHamu GyHKUMU UK
Habopamu Takux WwWabnoHOB

e CTaHAApPTHbIE aNTOPUTMbl HAXOAATCA B NPOCTPAHCTBE MMEH
std, a ux obbABNEHUA — B 3aroIoBoYHOM panne <algorithm>




Anroputmbl STL

o Anroputmbl bubnnotekun STL otaeneHbl OT KOHKPETHbIX
CTPYKTYP AaHHbIX, Ha4, KOTOPbIMM OHU BbINOJHAIOTCA:
aZITOPUTM MOUCKA AaHHbIX HE 3aBUCUT OT TOTO,
BbIMO/IHAETCA NOUCK B TIMHEMHOM MacCMBe UN CMNCKE

e JlocTyn K A@HHbIM OCYLLECTBAAETCA TO/IbKO C MOMOLLLbIO
NTEPATOPOB: O KaXKAO0M anropmtme n3s bnbnmoteku
M3BECTHO, C MOMOLLbIO KAaKOro BMAa UTepaTtopa AOCTYMNHbI
MCNO/Ib3yeMble B aNTOPUTMe AaHHbIE

 bnaropgapAa napameTpusauumn ntTepatopamu, aifOPUTMbI
pPaboTaloT N CO BCTPOEHHbIMM CTPYKTYPAMM AQHHbIX, U CO
CTPYKTYPaMM AAHHbIX, onpeaenéHHbIMM NOb30BaTENAMM



Anroputmbl STL

e Ob60b6LEHHbIE aNITOPUTMbI BbANOTEKMN:

1. Hemogamndpuuupytowme onepaumm Haa
nocnenoBaTe/IbHOCTAMM AaHHbIX (MOUCK U MoOcYém
yucsna 3nemeHmoas):

" find () — nepBoe BXOXXAEHWE 3/IeMEHTa C 3aaHHbIM
3HaYEeHNEM

" find_if () — nepBoe BXOXXAEHNE 31EeMEHTA,
yAOBNETBOPAIOLLETO 3a4aHHOMY YCN0BUIO

= count () — KONMYECTBO BXOXKAEHUW d/1IEMEHTA C
33/1aHHbIM 3HAYEHNEM

" for _each () — onepauusa-napameTp NPUMeEHSETCA K
KaXXJOMY 3/1eMEHTY, HE MEHSAA ero



Anroputmbl STL

e Ob60b6LEHHbIE aNITOPUTMbI BbANOTEKMN:

2. Moaudunumpytowime onepauumn Haa
nocneaoBaTeNnbHOCTAMM AAHHbIX (KOnuposaHue,
nepecmaHo8KU, Npeobpa3o8aHuUA, ...), KOTOpPbIE
MEeHSAIT MO0 cCamm 3nemMeHTbl KOHTEMHEPA, DO nX
nopaaoK, 1MbO NX KOJIMYECTBO:

" transform () — onepauna-napameTp NPUMeEHAETCA K
KaXKAOMY 3/1eMEHTY TaK, YTO COAEPHKUMOE KOHTENHEpPA
MeHAeTCH

" reverse () — nepecTaBAAET 3/IEMEHTbI B
nocneaoBaTeNbHOCTU

= copy () — co30aéT HOBbIN KOHTENHEP



Anroputmbl STL

e Ob60b6LEHHbIE aNITOPUTMbI BbANOTEKMN:

3. Onepauuu COPTUPOBKU, MONCKA MUHUMYMA U
MaKCMMYMa, YCKOPEHHOIo MOUCKa U T. A.

" sort () — npocTas COPTUPOBKA, UMEETCA TaKXKe
COPTMPOBKA MO BO3pacTaHuUto (B JaHHOM KOHTeNHepe
AN15 TUNa 3N1eMeHTa A0/IKHa bbITb onpeaeneHa
onepauua cpaBHEHMA HA MeHbLle, To ecTb ‘<’)

= stable _sort () — copTnpyeT, HO CoOXpaHAeT NoOPAA0K
cneaoBaHUA OAMHAKOBbIX 3/IEMEHTOB

" merge () — obbeANHAET OTCOPTUPOBAHHbIE
nocneaoBaTeNbHOCTU



Anroputmbl STL

e Ob60b6LEHHbIE aNITOPUTMbI BbANOTEKMN:

4. OBOb6LLEHHbIE YNC/IEHHbIE aNTOPUTMbI
(cymmuposaHue, cmexcHble pa3Hocmu, CAUsHUE,
0606WEHHOE CKAnapHoe rpousseoeHue, ...)



Anroputmbl STL

e B A3bike Cn++ Kputepum cpaBHeHMA Ana GYHKLUN
COPTMPOBKM sort () peannsyeTca ¢ NOMOLLbIO NapaMeTpPa
LWabNOHHOMN GYHKUUN:

template<class lterator, class Predicate>
inline void sort (lterator First, Iterator Last, Predicate Pr)
{ Sort_0 (First, Last, Pr, Val_type (First)); }
[* .. */
{ for (;; ++ First) { for (; Pr (* First, Piv); ++ First);
for (; Pr (Piv, * -- Last););
if (Last <= First) return First;
iter_swap (First, Last);

} 291
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e O606LEHHAA PYHKLUA COPTUPOBKM sort () moxKeT bbiTb
MHCTAHLMPOBAHA TakK, YTO €€ cneunanusauma oyaet
ynopaao4mBaTb 3N1€MeHTbl KOHTEMHepa No ybbiBaHUIO:

class IntGreater
{ public: bool operator()(int x, int y) const {return x>v;} };
#include <algorithm>
int main ()
{int x [1024]; /* ............ */ /] UHnumanusaums

sort (&x [0], &x [1024]); // Mo Bo3pacTaHUio

sort (&x [0], &x [1024], IntGreater ());

// Mo ybbiBaHMIO

} 292



PYHKUMOHaNbHble 06beKTbl STL

* DYHKYUOHAnbHbIe 0bbeKmbl yNpaBAAOT MHKANCYAALMNEN
bGYHKUMIN B OOBbEKTE A1 UX MCNONb30BaHUA APYrMMU
obbeKTamm

 QPYHKUUOHAsbHbIe 06beKMbl — 06bEKTbI LabOHHbIX
K/1accoB, ANA KOTOPbIX onpeaeneHa onepauumsa
rpynnmMpoBaHnA GakTUYECKUX NapPaMETPOB, TO €CTb
onepauua operator ()

* Ncnonb3oBaHne GpyHKUMOHANbHbIX OO bEKTOB NO3BONAET
WwabsioHam anropuTMmoBs paboTaTb U C YKa3aTenamm Ha
bYHKUMK, N ¢ NtobbiMn 0O6bEKTaMM, 411 KOTOPbIX
pa3pelleHa onepayma operator ()



PYHKUMOHaNbHble 06beKTbl STL

[Ons nposBeAeHUs NO3N1E€MEHTHONO CYMMMPOBaAHUA ABYX BEKTOPOB d
n b, cogep:Kalmx BelWecTBeHHbIe YMCNa, U Nepeaaym pesyanbtaTa B
BEKTOP a C MOMOLLbIO anroputma transform () n bBuHapHoro

dYHKUMOHaNbHOro obbeKTa plus () MOXHO BbINO/IHUTDL C/eayIoLLee:

template <class Inputlteratorl, class Inputlterator2, class Outputlterator,
class BinaryOperation>
Outputlterator transform (Inputlteratorl first1, Inputlteratorl last1,
Inputlterator2 first2, Outputlterator result,
BinaryOperation binary_op);

template <class T> struct plus : binary_function<T, T, T>
{ T operator () (const T& x, const T& y) const {return x+vy;} };

transform (a.begin(), a.end(), b.begin(), a.begin(), plus<double>()):

// res = opl +0p2 — ANA KaXAOro anemMeHTa au b
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PYHKUMOHaNbHble 06beKTbl STL

[na N3meHeHUs 3HaKa 3N1eMEeHTOB BEKTOPA MOXKHO MCMO/1b30BaTb
BapuWaHT anroputma transform(), npuroaHbin ANa yHapHbIX
onepauni, U yHapHbIn GYHKLMOHaNbHbIM 06beKT negate(),
BbINONHAWMNN N3MeHeHne 3HaKa 6e3 obpaweHnin K pyHKUUAM:

template <class Inputlterator, class Outputlterator,
class UnaryOperation>
Outputlterator transform (Inputlterator first, Inputlterator last,
Outputlterator result, UnaryOperation op);

template <class T> struct negate : unary_function<T, T>
{ T operator () (const T& x) const {return -x;} };

transform (a.begin(), a.end(), a.begin(), negate<double>()):

// res = - op — ANA Ka)KA0ro snemeHTa a
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e Adanmepbl NCNONb3YIOTCA AnA npeobpa3oBaHUA
MHTEPPEncos

B 6MBAMOTEKY BKAIOYEHDI

= Adanmepbl KOHMelHepoas

= Adanmepbl umepamopoas

= Adanmepbi hYHKUUOHAMNbHbLIX 06beKmoe

* [lpmeHeHUe afanTepoB NO3BOAET Ha OCHOBE 6a30BbIX
K/1aCCoOB CTPOUTb NPOU3BOAHbIE KNACChil,
obecneumnBatowme ynobHoe n apPeKkTnBHOE
npeacTtaBaeHMe AaHHbIX M ONepauun Had HUMM



AnanTtepbl KOHTeMHepoB STL

e Adanmepbl KOHmMelHepoe NO3BONAIOT CTPOUTb OFPaHNYEHHbIe
nHtepdemncobl (M3 6a3oBbix MHTEPDHENCOB YAANAOTCA NULLHNE OnepaLmn):

" nnA BeKTopos (vector) => priority _queue, stack
= nnA cnuckos (list) => queue, stack
" N1A ABYCTOPOHHUX oyepeaen (deque) => queue, priority _queue, stack

e Adanmepbl KOHMeliHepos8 He UMEIOT CBOUX UTEPaTOPOB, Npeanosaras
MCno/sib3oBaHWe 6a30BbIX UTEPATOPOB, B KaXKA0M KOHKPETHOM c/lyyae
ANA AOCTYNa K AaHHbIM CTeKa UCMOb3YIOTCS UTEPaTOPbl BEKTOPOB,
CMUCKOB U/ ABYCTOPOHHUX ouyepeei:

stack<vector<int>> // cTek uenbix uncen Ha b6ase BeKTOpa
queue<list<char>> // oyepeab cumBonoBs Ha b6ase cnucKa

e Adanmepbl KOHMelHepoe — NPOCTble NHTEPPENCHI, CO34aBaEMbIE A1
TeX KOHTEMHEepPOB, TUMNbl KOTOPbIX NepeaatoTcsa aganTepam B Ka4ecTBe
baKTUYEeCKNX NnapameTpos




ApanTtepbl uTepatopos STL

Adanmepbl umepamopoe BbINOAHAT GYHKLUMUKN, aHANOTUYHbIE

aZlanTepam KOHTeMHepoB, HO Npeobpa3oBaHMA UHTEPDENCOB
NPOM3BOAATCA B OTHOLIEHMM KNAaCcCOB UTEPATOPOB

[1ByHanpaBaeHHble UTepaTopbl U UTEPaToOPbl C MPOU3BOIbHbIM AOCTYNOM
MMEIOT COOTBETCTBYIOLLME adanmepsbl 06pamHbIX umepamopos, KoTopble
MOTYT NPOABUraTbCs MO CTPYKTYpPam AaHHbIX B 06paTHOM HanpasaeHumn

KoHTenHepbl, gonycKatowme paboTy ¢ ABYHANpPaBAEHHbIMU NTEPATOPAMMU
N UTepaTopamm NPOmn3BOILHOIO A0CTYNa, COAEPHKAT METOoAbl:

= reverse_iterator rbegin (), const_reverse_iterator rbegin () —

BO3BPaALLAIOT NTEPATOP, YKA3bIBAOLLMM Ha NEPBbIN 3/IEMEHT B
obpaTHOM nocneaoBaTeIbHOCTH

= reverse_iterator rend (), const reverse iterator rend () — Bo3BpawatoT

NTepaTop, YKasbIBalOWMIM HA SINEMEHT, CNeAyoLMA 32 NOCNEAHUM B
obpaTHOM nocneaoBaTeIbHOCTH



ApanTtepbl uTepatopos STL

rnepeo rnepssim

rnocsie rnocsieoHea20

FimmEn

rend () begin () rbegin () end ()

e C NOMOLLUbLKO O6paTHbIX UTEPATOPOB I'IOC!'Ie,CI,OBaTEIIbeIﬁ AOCTYyNn K
/1IEMEHTAM AaHHDbIX KOHTEVIHeprIX TUMNOB OCywecTBnAeTCAa oT

nocneagHero aJieMeHTa K nepBomy:

)‘D C B A

rbegin ()

rnepeo nepssim

I I
[ _Vl\
rend ()
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ApanTtepbl uTepatopos STL

* [lpn Nnpoxoae NocneaoBaTeNIbHOCTM KaK MPAMbIM UTEPATOPOM P, TaK U
0bpaTHbIM UTEPATOPOM rp NEPEXOA K CAeayoWeMy 3IEMEHTY
3anuncbiBaeTca C NOMOLLbIO onepauun yBenmvyeHuna ++ rp (Ho He -- rp):

template<class C> typename C::value type sum_twice (const C& c)
{ typename C::value_type sl, s2;
typename C::const_iterator p_p = c.begin ();
s1=0; while (p_p!=c.end()) s1+=*(p_p ++);
typename C::const_reverse_iterator p_r = c.rbegin ();
s2 =0; while (p_r !=c.rend ()) s2 +=* (p_r ++); return(sl+s2)/2;}

o [lpumeyaHue: L1abnoHHbIE KOHCTPYKUMM BUAQ ““T': : X, B KOTOPbIX
ncnonb3yetca uma Tmna |, BBeAEHHOE B NapameTpax WwabioHa,
HE3aBMUCMMO OT KOHTEKCTA MHTEPNPETUPYIOTCA Kak “ysneH-0aHHoe x
u3 knacca T”. B Takmnx cnyvyaax ana MCNoab3oBaHMA murna x nu3
Knacca 7 nuwyt ““typename T:I:x". 300




ApanTtepbl uTepatopos STL

Ncnonb3oBaHME B aNrTOPUTMAX TOM Ke onepaunum yBenndeHma ‘++', 4to u
Ana 0bblYHOTO UTEpaTopa, NO3BOASAET NCNO/b30BaTb OOpPaTHbIE
NTEPATOPbI C BNBAMOTEYHBIMM GYHKUMAMM B TEX CYy4YasX, Koraa
NCNO/Ib30BaHMe 3TUX GYHKLUUN MOTrN0 Bbl OKa3aTbCA 3aTPYAHUTENbHbBIM

Hanpumep, Ana opraHmn3aumm Nnoncka B KOHTeMHepe B obpaTHOM
nopAaKe (OT KOHUA K Havyasy) 0O6bI4HO NULLYTCA TaKMUE LUKbI:

template<class C> typename C::const_iterator find last
(const C& c, typename C::value_type v)
{ typename C::const_iterator p = c.end ();
while (p != c.begin ()) if (* -- p ==v) return p;
return c.end ();

}
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ApanTtepbl uTepatopos STL

MpumeHnB ob6paTHbIN UTEPATOP, MOKHO BOCMO/Ib30BATbLCA
bnbnmotevyHom GpyHKLUMEN NOMUCKA CO BCEMU €€ npenmylLuecTtsamm u bes

notepu 3dPeKTUBHOCTH

Onepaumsa i = ri.base () BblaaéT 3HaYeHMe i TMNa iterator, ykasbiBatoLLee
Ha OAMH 3/1eMeHT Bnepéa no3numm obpaTtHOro ntepartopa ri.

&*(reverse_iterator (iterator)) == &*(iterator — 1)

template<class C> typename C::const_iterator find last
(const C& ¢, typename C::value type v)
{ typename C::const_reverse_iterator ri =
find (c.rbegin (), c.rend (), v);
if (ri == c.rend ()) return c.end ();
typename C::const_iterator i =ri.base(); return--i;

} // U3BecTHO, YTO dYHKUMA find () nonb3yeTtca onepaumen ‘++'!




ApanTtepbl uTepatopos STL

e B 6ubnnoteky STL BKAOUYEH adanmep 8CMABKU, KOTOPbINA 3aMeHAeT
0bblYHYO onepaumio U3MeHEHMA 3HAYEHUA 3IEMEHTOB KOHTEMHEPA Ha
onepauuto BCTaBKMU 3N1€MEHTOB B KOHTENHEP

e 1nA 0b6bl4HbIX KN1AaCCOB UTEPATOPOB GparMeHT NPorpamMmmebl

while (first != last) *result ++ = *first ++;

O3HayaeT KonupoBaHMe 3NeMeHTOB Ananas3oHa [first, last) B AnanasoH,
HaYMHalWMNCA ¢ ntTepatopa result, opHaKko, ecnmn ntepartop result
ABNAETCA UTEPATOPOM BCTABKM, TOT *Ke cambir pparmeHT byaeT
NPOM3BOANTb BCTAaBKY A0MNO/IHUTENbHbIX 9/1EMEHTOB B KOHTEMHEDP.

e Adanmepbl umepamopos HeUHUYUaAU3UpoB8aHHOU Namsamu NPUMEHSIOT
1A 3aNUCKU pe3ynbTaTos onepaunii B HEMHULMANIM3NPOBAHHYIO NaMsATb,
TO eCTb B NaMsiTb, HE COAEPKaLLYIO HUKAKNX 0O bEKTOB AaHHbIX, NPO
KOTOPYIO M3BECTHO NI1LLb, YTO €€ pa3mep A0CTaTOUYEH A XPaHEeHUA
COOTBETCTBYIOLLEro pesynbraTta




KoHTenHep BeKTOpOB (vector)

* BeKTOpbI, CTpOALLMECA Ha OCHOBE KOHTEMHEPOB Kaacca vector, no
CBOMM CBOMCTBaM HaNnoOMUHalOT 0bblYHble OAHOMEPHbIE MaCCUBDbI:

#include <vector>

using namespace std;

template<class T, class A = allocator<T> > class vector;
vector& operator = (const vector <T, A> & obj);

e KoHcTpyKTOp Vvector<int> v (10) 3apaét BekTop M3 10 uenbix ymcen,
NMEITCH N ApYTrne BUAbl KOHCTPYKTOPOB:

vector (const vector <T, A> & obj); // KOHCTpPYKTOp KONUPOBaHUA
vector (iterator first, iterator last, const A& = A ());
explicit vector (const A& =A()); // TpebyeTca ABHbIN BbI3OB:
// vector<int> x (10);
explicit vector(size_type size, const T&value = T(), const A& a = A());



KoHTenHep BeKTOpOB (vector)

KaK n maccms, BEKTOp npeacTtasaseTr cobom HenpepbIBHYIO
nocsie4oBaTe/IbHOCTb 3/IEMEHTOB, HO, B OT/INYME OT OObIYHbIX
MaCcCMBOB, Pa3Mep BEKTOPa He U3BECTEH CTaTUYECKU

boolempty () const{/*...*/} //ucTuHa, ecnn KoHTenHep nycT
size_type size () const{/* ... */ } //Bbloaya TeKkyLwero pasmepa
MeTozpbl, CBA3aHHbIE C UTepaToOpaMu:

iterator begin (); const_iterator begin () const;

lterator end  (); const_iterator end () const;

Onepauuu, Bo3Bpallalollme He 3Ha4YeHUA UTepaTopoB Ha
3N1eMeHTbl BEKTOpa, a CaMM 3HAYEHUS 3TUX 3N1EMEHTOB:

reference front () { return * begin (); }
reference back () { return *(end () — 1); }
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KoHTenHep BeKTOpOB (vector)

e [1nA BEKTOPOB NErko HanmcaTb NPorpamMmmbl KOMMPOBaHUA
3/1€MEHTOB, KaK B NPAMOM, TaK U B 06paTHOM nopsaKe,
TO €CTb OT KOHEYHOro 3/1IeMeHTa K Ha4ya/IbHOMY:

int main ()

{ vector<int>v (100, 5); // 100 anem. ¢ Ha4yaNbHbIM 3HaYeHMUem 5
vector<int>::const_iterator p = v.begin ();
vector<int>::const_reverse_iterator g = v.rbegin (); // ...
while (p !'=v.end ()) {cout<<*p<<‘’;++p;} // ...
while (g !'=v.rend ()) {cout<<*qg<<‘’;++q;} // ...
return O;
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KoHTenHep BeKTOpOB (vector)

e [lpu co3aaHnM BeKTOopa 3a4aETCA TO/IbKO HavyasibHbIM pasmep

e Onepauun push_back () v pop _back () N3MeHAT KONNYECTBO
3/1eMEeHTOB BEKTOpaA: nepBas, Ytobbl 406aBUTb OANH NN
HECKO/IbKO 3/1EMEHTOB K KOHLLY BEKTOPA, a BTOpas, YToOb
VHUYTOXUTb OAUH NN HECKOJIbKO NMOCNeAHUX 3/IEMEHTOB

e Onepaunn BCTaBKU U yaaneHNA SNEMEHTOB NPUBOAAT K
nepemeLleHunio (KonMpoBaHMUIO) HEKOTOPOro YMCNa
5/IEMEHTOB BEKTOPA Ha HOBOE MECTO: MPWU BCTAaBKE 3/1EMEHTbHI
KONUpyroTca, 4Tobbl 0cBOOOANTL AOCTAaTOYHO MECTa A5 BCeX
BCTaBNAEMbIX SN1E€MEHTOB, NPU YAANEHUUN S/IEMEHTbI
KonupytoTca, YToObl B BEKTOPE HE OCTaBa0Ch
HeCyLLeCTBYHOLWMX 3N1E€MEHTOB



KoHTenHep BeKTOpOB (vector)

BcTaBKa nepen 3/1IeMEeHTOM:

iterator insert (iterator i, const T& value) {...}
'\
A
( )

value | «—— res (Ha BCTaB/IEHHbIM 31€eMeHT)

LY

BcTaBKa HECKONbKUX OAMNHAKOBbIX 3/1eMEHTOB rnepeg anemMeHTOM.
iterator insert (iterator i, size_type number, const T & value){...}

BcTaBKa B KOHEL, KOHTENHEPA:
void push_back (const T& value) { insert (end (), value); }

YHUYTOXKEHME BCEX 3/IEMEHTOB BEKTOPA 6€3 BbI30Ba AECTPYKTOPa CaMoro
BEKTOpa:
void clear () { erase (begin (), end ());}
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KoHTenHep BeKTOpOB (vector)

°*  YHWYTOXeHWe 3a4aHHOro 3/IeMeHTa U Bblaa4ya ntTepaTtopa 3/IeMeHT],
cheayrouwlero 3a YaaneHHbIM:

iterator erase (iterator i) { /* ... */ return (i); }
AN

res

\ / _
<7 1.
/\

* YHWYTOXKEeHUe nocnegHero sfiemMeHTa:
void pop_back () { erase (end () - 1); }

*  YHMUTOXKEHMe AManasoHa 1 Bblgaya utepatopa 3N1eMeHTa, CaeayoLwero
33 YAANEHHbIM:
iterator erase (iterator start, iterator finish) { /*...*/ return (finish); }

start L/ \ / _ finish = res

DiRE ol I

/N N\




KoHTenHep BeKTOpOB (vector)

 Onepauuwu insert () v erase () onpeaeneHbl TONbKO ANA
0bObIYHbIX NTEPATOPOB, MO3TOMY OPraHM3ya LMKAbI NO
obpaTHbIM UTEPATOPAM, 3TN 0OBPaATHbIE UTEPATOPbLI HAJO0
CHayana npeobpa3oBbIBaTb K OObIYHbIM, @ NNLLb 3aTEM
BbINMO/IHATb BCTAaBKY MM YHUUYTOMKEHME 3/IEMEHTOB:

vector<int>::reverse_iterator ri = v.rbegin ();
while (ri != v.rend ())
if (* ri ++ == Element)
{ vector<int>:iterator i = ri.base ();
v.insert (i, - Element); // nepep, i-TbiIMm 31eMeHTOM BCTaBUTb
break; // ewé oauH, c obpaTHbIM 3HAaKOM

)
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KoHTenHep BeKTOpOB (vector)

K KOHTenHepy vector npumeHmnma onepaumns MHaeKcaumm
operator [/, obecneumBatoLLas 4OCTYN K OTAE/IbHbIM 31€MEHTAM
BEKTOpa B NPOM3BO/IbHOM nopsaKe:

reference operator [] (size_type i) { return * (begin () +i); }

[lns pocTyna K aNemMeHTamM BEKTOpa UCMO/Ib3YIOTCA UTepaTopbI C
NPOM3BOIbHbIM AOCTYNOM (CcneacTtBMe BO3SMOXKHOCTU MHAEKCaLUNN)

Onepauus MHAEeKcauum He NPOBEPAET BbIXOA, 33 rPaHuULLbI
KOHTEMHEpPA, OAHAKO, K KOHTEMHEPY NpuMeHUMa dyHKUMA at (),
KOTOPaA BbINOJIHAET TAKOM e MHAEKCUPOBAHHbIN AOCTYM, HO C
NPOBEPKOM AMANA30HA NHAEKCA:

reference at (size_typei) {/* ... */}// conep>kumoe anemeHTa
// c Homepom |



KoHTenHep BeKTOpOB (vector)

* [lpwn BbIXOAE 3a Npeaenbl Ppa3peleEHHOro AMana3oHa
BEKTOpa (TO ecTb Npu 3HaYEHUN MHAEKCA MEHbLLE CAMOTO
MaJIEHbKOTO pa3peLléHHOro nam 6oablie camoro
6onblioro) Bo36y»KaaeTca UCKAOYUTEIbHAA CUTYaLUA
out _of range, noatomy npu pabote c pyHKumnen at ()
MCNOJ1b3YETCA NepPexBaTYNK UCKNOYEHUA:

try {/*..* vI[5]=vatl(i), /*..*/}
catch (out_of range) {/*..*/ [* .. %}

* Henb3a BbINO/HATL NPOABUKEHUE UTepaTopa (it = it + n),
ecnu pe3ynbTtaT byaeT yKasbiBaTb 3a past-the-end-
element (ownbKa puKcHpyeTca camon onepaumen
CNOXEeHUA, eLLé A0 3anncu pesynbraTa)



KoHTenHep BeKTOpOB (vector)

o ®dyHKUMA size (), He nmetoWw,aa NnapameTpPoB, MO3BO/IAET Y3HATb YNCAO
3N1E€MEHTOB BEKTOPA, PYHKUMA resize () MeHSIeT YNCNO INEMEHTOB BEKTOPA
Ha apyroe

e C nomoubto PyHKUMU reserve () MOXKHO BbINOAHUTL NpeaBapuTenbHoe
pe3epBMpoOBaHME NAMATU:

1. B nporpammax MOHO Cpasy BblAe/INTb MaKCUMalbHO Heobxoanmoe
MPOCTPAHCTBO OAHOM onepaLmneit BMEeCTO MHOTOKPaTHOrO
BblAeNeHUNA MeHbLINX dparmeHTOB NamaATH

2. Pe3epBupoBaHMe AOCTAaTOYHOIrO MecTa NO3BONAET rapaHTUPOBATb
COXPAHHOCTb 3HAYEHNN MHAEKCOB M YKa3aTesien Ha HEKOTOPbIN
nepuoa 06paboTkm BEKTOpa

e Onepauus reserve () oTain4aeTcsa oT onepaunm resize () Tem, 4To YMcno
3N1€MEeHTOB BEKTOpPa He MmeHAeTcA, GyHKUMA capacity () BbinonHaeTcs Ans
onpeaeneHna pasmepa 3apes3epBMpPOBaHHOM NaMATH



KoHTenHep BeKTOpOB (vector)

vector v
\ v.capacity ()
: \V-Size O : past-the-end-element

rfir ~-~~~~~~~—=7=9\-—=/==>"=>""="7/"=/—°~

3/1IEMEHTDbI

$ IH<_ ___________________ ;
// \\\\\ v.end()

v.rend() v.begin()
v.rbegin()
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KoHTenHep BeKTOpOB (vector)

#include <vector>

using namespace std;

typedef vector<int> Container;

typedef Container::size_type Cst;

void f (Container& v, intil, inti2) {

try { for (Csti=0;i<10;i++) { v.push_back (i); } //nemeHTtsI: 0,1, 2, ..., 9.
v.at (i1) = v.at (i2);
cout << v.size (); // Pa3amep KoHTeMHepa AnA JaHHOM TOUKMK
Container::iterator p = v.begin ();
p+=2; // Ona BeKTopoB MOXKHO, ANns Apyrux — advance (p, 2)
v.insert (p, 100); // dnemeHnTsl: 0, 1, 100, 2, ..., 9. p TepseT 3Ha4YeHue
sort (v.begin (), v.end ()); // CopTMpoBKa Anana3oHa
for (Csti=0;i<wvsize();i++) {cout<< v /[i]; }
}

catch (out_of range) {/* ... */} // peakuma Ha oLNBOYHbIN MHAEKC

}

int main () { Container v; f (v, 5, 12); }
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KoHTenHep cnuckos (list)

Cnuncku, cTposwmeca Ha OCHOBE CTaHAAaPTHOro KOHTenHepa list,
NO3BO/IAIOT OCYLLECTBAATb BCTABKMN U YHUUTOXKEHUA NHOObIX
3/1EMEHTOB 33 NOCTOAHHOE BpemMs, NPOU3BOJIbHbIN AOCTYN ANA
CMUCKOB NPUMEHATHLCA HE MOXKET, TO eCTb YPOBEHb Pa3peLlléHHOro
nTepaTopa — ABYHANpPaBAEHHbIN:

#include <list>

using namespace std;

template<class T, class A = allocator<T> > class list;

list& operator = (const list <T, A> & obj);

list (const list <T, A> & obj); // KOHCTPYKTOP KONMUPOBaHUA
list (iterator first, iterator last, const A& = A ());

explicit list (const A& = A ());

explicit list (size_type size, const T& value =T (), const A& a=A());
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KoHTenHep cnuckos (list)

* Pa3mep cnuUCKa He n3BecTeH CTaTUYeCcKu

bool empty () const{/*...*/} //uctuHa, ecnn KoHTenHep nycT
size_type size () const{/* ... */ } //Bbloaya TeKkyLwero pasmepa

e MeToabl, CBAI3aHHbIE C UTepaToOpPaMu:

iterator begin (); const_iterator begin () const;
lterator end  (); const_iterator end () const;

e Onepauuu, Bo3BpaLlatoLLIMe He 3HaYEeHUA UTePaTopOoB Ha
3/1eMEeHTbI CMUCKA, a 3HAYEeHUS CaMUMX STUX SNEMEHTOB:

reference front () { return * begin (); }
reference back () { return *(end () — 1); }
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KoHTenHep cnuckos (list)

e Kpome onepauunu push _back () v pop _back (), kotopbie
No06aBNAOT U YAANAKOT 3/1EMEHTbI B KOHLLE CNUCKA,
KOHTEMHEP CMUCKOB COAEPHKUT onepauumn push front () v
pop_ front (), nobasnatowme n yaansarowme 3ieMeHTbI B
Hayane Cnucka:

void push_front (const T& value){ insert (begin (), value);}
void pop_front () { erase (begin ()); }

e Onepauus insert () (nobaBneHmne HOBOro asiemMeHTa K
CMUCKY) MoKeT noTpeboBaTb 3axBaTa AOMNOJAHUTENBHOM
namaATU



KoHTenHep cnuckos (list)

e BcTaBKa 3N1eMeHTOB He BAUAET Ha 3HAYMMOCTb UTEPATOPOB
(yKa3aTtenemn) u cCbiNOK Ha 3/1IEMEHTb!

* YHMYTOXKEHME 3/IEMEHTOB BJ/INAET HAa 3HAYMMOCTb TOJIbKO TEX
NTEePaTOPOB U CCbIJIOK, KOTOPbIE OTHOCATCA K YHUUYTOXKAEMbIM
3N1eMEHTaM

e J1ns CNMCKOB BBEAEHbI ONepaLuu:

remove () — YHUUYTOXKEeHMNE HEHYXHbIX 31€MEeHTOB CMNUCKOB

splice () — nepemellueHne 3NeMEHTOB U3 OAHOMO CMNUCKa B APYrom c
VHUYTOXKEHUEM NepeMeLLLEHHbIX 91eMeHTOB

unique () —3ameHa nocneaoBaTENIbHOCTU OAMHAKOBbLIX 31E€MEHTOB
CMUCKa OAHUM 3/IEMEHTOM

merge () — cnnsaHne ABYX CMUCKOB

reverse () — peBepcmMpoBaHMeE CNMCKa

sort () — COPTUPOBKA CMNUCKaA



KoHTenHep cnuckos (list)

list |
\ 1.size ()
past-the-end-element
\
SNEMEHT | anemeHT | anemeHT | anemeHT \

[~ )

I.rend() 1.begin() 1.rbegin() 1.end()
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KoHTenHep BeKTOpOB (vector)

#include <vector>

using namespace std;

typedef vector<int> Container;

typedef Container::size_type Cst;

void f (Container& v, intil, inti2) {

try { for (Csti=0;i<10;i++) { v.push_back (i); } //nemeHTtsI: 0,1, 2, ..., 9.
v.at (i1) = v.at (i2);
cout << v.size (); // Pa3amep KoHTeMHepa AnA JaHHOM TOUKMK
Container::iterator p = v.begin ();
p+=2; // Ona BeKTopoB MOXKHO, ANns Apyrux — advance (p, 2)
v.insert (p, 100); // dnemeHnTsl: 0, 1, 100, 2, ..., 9. p TepseT 3Ha4YeHue
sort (v.begin (), v.end ()); // CopTMpoBKa Anana3oHa
for (Csti=0;i<wvsize();i++) {cout<< v /[i]; }
}

catch (out_of range) {/* ... */} // peakuma Ha oLNBOYHbIN MHAEKC

}

int main () { Container v; f (v, 5, 12); }
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KoHTenHep cnuckos (list)

#include <list>

using namespace std;

typedef /ist<int> Container;

typedef Container::size_type Cst;

void f (Container& v, intil, int i2) {

try { for (Csti=0;i<10;i++) { v.push_back (i); } //nemeHTtsI: 0,1, 2, ..., 9.

//v.at (i1) = v.at (i2);  Tpebyemcsa nepenpo2pammuposaHue!
cout << v.size (); // Pa3mep KoHTeMHepa AnA JaHHOM TOUYKMK
Container::iterator p = v.begin ();
advance (p, 2);
v.insert (p, 100); // 2nemeHnTsl: O, 1, 100, 2, ..., 9.

sort (v.begin (), v.end ()); // CopTMpoBKa Anana3oHa
for (b =v.begin (); p I=v.end (); ++ p) cout << * p;
}
catch (out_of range) {/*...*/} // peakuma Ha oLMNBOYHbIN MHOEKC

}

int main () { Containerv; f (v, 5, 12); } -



JloctonHcTtBa STL-noaxoaa

Bce KOHTEeMHepbl 0becneymBatoT CTaHAAPTHbLIM MHTEPDENC B
Bnae Habopa onepauni, ogmH KOHTENHEP MOXKET
MCNO/Ib30BaTbCA BMECTO APYroro, 3To He B/Ie4YET CepPbE3HOro
M3MEHEHUNA TEKCTA NPOrpaMmmbl

[lononHntenbHasa ob6WHOCTb UCNONb30BaHUA obecneynBaeTca
Yyepes CTaHAAPTHbIE UTEePaATopPbI

KaxKabi KOHTEMHEP CBA3AH C pacnpeaenntenem namsaTy,
KOTOPbIN MOXHO NepeonpeaennTb ¢ TeM, YTOObl peann3oBaTb
COBCTBEHHbIN MeXaHU3M pacnpeaeneHua NamaTu

[nAa KaXaoro KOHTEMHEPA MOXKHO onpeaenmTb
AONONHUTENIbHbIE UTEPATOPbI U MHTEPDEUCHI, YTO NO3BONUT
ONTUMa/IbHbIM 06Pa30M HACTPOUTb ero ANA peLleHuns
KOHKPETHOM 3343a4u



JloctonHcTtBa STL-noaxoaa

e KoOHTenHepbl Mo onpeaeneHmnto 0gHOPOAHbI, TO €CTb AO/KHbI
coaeprkaTb 3/IEMEHTbl OAHOrO TMUMa, HO BO3MOKHO CO34aHMNeE
PA3HOPOAHbIX KOHTEMHEPOB KaK KOHTEMHEPOB YKa3aTeneun Ha
o6LwmMimn 6a30BbIN KNnacc

* Anroputmsl, Bxogawme B coctas STL, npegHasHayeHbl ANA
PaboTbl C COAEPHKNUMbBIM KOHTEMHEPOB, BCE aNTOPUTMbI
npeacTtaBnAoT cobon WwabnoHHble PYHKLUMK, CNeoBaTENbHO,
NX MOXHO UCMO/Ib30BaTb A1A PaboTbl C N0ObIM KOHTEMHEPOM



HepoctaTkn STL-noaxoaa

e He aBnaacb Npon3BOAHbIMU OT HEKOTOPOro 6a30BOro Knacca,
KOHTEMHEPDbI HE UMEKOT PUKCMPOBAHHOIO CTaHAAPTHOTO
npeacTaBsieHns (3TO e BepPHO U ANA UTepaTopos),
MCNONIb30BaHME CTaHAAPTHbIX KOHTEMHEPOB U UTEPATOPOB HE
nogpasymeBaeT HUKAKOW ABHOW UM HEABHOW NPOBEPKU
TMNOB BO BPEMA BbINOJIHEHUA

e Kaxabln AOCTYN K UTEPATOPY NPUBOAMUT K BbI3OBY
BUPTYa/IbHON PYHKLUMK, 3aTPaATbl MO CPAaBHEHMUIO C BbI3OBOM
06bIYHON PYHKLMM MOTYT ObITb 3HAYUTEIbHBIMM

e [lpepoTBpalleHUe BbIXoda 3a Npeaesbl KOHTeMHepa
BO3/1araeTca Ha NPorpammmcTa, Npu 3Tom cnelmnasbHbIX
CpeAcTB KOHTPOAS He npeasiaraeTca



HoBoCTU cTaHAapTa Cu++

[TONHOCTbLIO pa3pelleHo NCNOAb30BaHUE TUNA
long long int

BeBegeHbl TUNMN3NPOBaHHbLIE NepeyHnNCcaeHnA

enum class E{V1, V2, V3 =100, V4 /*101*/ };
if (E::V4 ==101) ... /* OwmnbkKa! */

TN KOHCTAHT He 0ba3aTenbHO A0/IXKeH ObITb int, 3TOT TUN
MOXHO 33a4aTb ABHO:

enum class E2 : unsigned int { V1, V2 };

3aecb 3HavyeHune E2::V1 onpepeneHo, a V1 — HeT
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HoBoCTU cTaHAapTa Cu++

e J1nAa nepeyncneHuna, 3agaHHOro He CTPOro:
enum E3 : unsigned long {V1=1, V2 };
onpeaeneHbl oba 3HavyeHua: n E3::V1, n 3HavyeHne V1

e Bo3MOKHO nNpeaBaputTenbHoe obbaBieHmne
nepeynciieHnin, Ho TONbKO C YKa3aHUeM pa3mepa:

enum E1; // OwunbKa: HM3NexKalm TMN He onpeaenéH
enum E2 : unsigned int; // OK!

enum class E3; // OK: Hu3nexxawmmt Tun 1Nt
enum class E4 : unsigned long; // OK!

enum E2 : unsigned short;

// OwmbKa: E2 paHee 0b6bABAEH C APYrMM TUNOM
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HoBoCTU cTaHAapTa Cu++

* Ama NULL B asbike Cu++ onpenenaerca Kak KOHCTaHTa Cco
3HavyeHuem 0

* [leperpy3ka PyHKLUN MOXKET NPUBOAUTb K HEBEPHOMY
BbIbopy dyHKUMMK f () npu BbI3OBE BMAaa f (NULL):

int f (char * p); intf (inti); i =f (NULL); // int

B HOBOM cTaHAapTe BBEAEHO HOBOE K/1H0YEBOE C/I0BO
nul Iptr ana sHayeHuMa nycToro ykasatensa tMna

std::nullptr_t:

char * pc = nullptr; int * pi=nullptr; // OK!
bool b =nullptr; //OK: b=="false
int i =nullptr; // OwunbKa!

i=f(0); /*int*/ i=f(nullptr); //char*



HoBoCTU cTaHAapTa Cu++

e HOBbIM CTaHAAPTOM pPacLUMPEHbI BO3MOXKHOCTU
KOHTEeMHepoB, B YaCTHOCTU, pa3peLlleHa nx
MHUUMaNn3auma, nogobHaa HULUMaNN3aLUumn
BCTPOEHHbIX MaCCUBOB:

all={1,23,4}
vector<int>v|[]={1,2,63,4};
e N1na ynopAaaoYeHHbIX KOHTEMHEPOB BBEAEHbI METOAbI,

rapaHTUPOBAHHO AatoLlne 3HaYEeHUA KOHCTAHTHbIX
NTepaTopPoOB:

const_iterator cbegin (); const_iterator cend ();



HoBoCTU cTaHAapTa Cu++

e HoBbIm CTaHAOaQPTOM BBEAEHO K/1K0O4EBOE C/10BO
constexpr:

constexpr int give5 () { return5; }
int mas [give5 () + 7]; // maccuB 13 12 anemeHTOB

e OrpaHu4yeHunAa:
°  GYHKUMA HE MOXKeT bbiTb TNa VO 1d

* Teno ¢pyHKUnM gomxkHo numetb sug Feturn seipaxceHue

° BbIPAMEHUE MOXET Bbl3blBaTb TO/IbKO T€ GYHKLMU, YTO TaKKe
o603HayeHbl KntoyeBbiM cioBom CONSTEXPT, nam npocto
MCNO/1b30BaTb 0OObIYHbIE KOHCTAHTDI

* dyHKUMA, 0603HaYeHHas c nomoubio CONSTeEXpPr,
He MOXeT Bbl3blBaTbCA A0 ee onpeaesieHnn
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HoBoCTU cTaHAapTa Cu++

* B KOHCTQHTHbIX BblIPaKEHNUAX MOXKHO UCMOJ/1b30BATb
nepemeHHble NIIOObIX YNCNOBbLIX TUMNOB

constexpr double a=9.8;

constexpr double b=a/6;

 Onepauuto onpeaeneHmna pasmepa obbeKTa pa3peLleHo
NPUMEHATb K YN1eHaM-AaHHbIM K/J1aCCOB HE3aBUCUMO OT
CaMMnX 0O beKTOB KJ/J1accoB

struct A { some _typea;};, /*..*/
sizeof (A::a) ... // OK!
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HoBoCTU cTaHAapTa Cu++

B ctapom ctaHpapTe TpeboBaHMe yKa3biBaTb TUMN 0ObeEKTa B
HEKOTOPbIX A3bIKOBbIX KOHCTPYKLUMAX CUNBbHO UX YCAOMKHANO:

for (vector<double, My alloc<double> >::const iterator
p = v.begin (); p !=v.end (); ++ p)
cout << *p << endl;

HoBbI cTaHAapT AOMNYyCKaeT aBTOMATUYECKOE BbiBEAEHMNE TUMA
0b6beKTa M3 TMNa UHULUUNPYIOLWETro 3Ha4YeHMA, YTo bonee SKOHOMHO
C TOYKM 3PEHUA TEKCTA Nporpammbl 1 6bonee ycTonymseo K
OoLMOKam:

for (auto p = v.cbegin (); p = v.cend (); ++ p)
cout << *p << endl;
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HoBoCTU cTaHAapTa Cu++

fo (), fr (), ft () — dyHKUMKN, BO3BpaLLatOLLME 3HAYEHNA HEKOTOPbIX
TMnos, Torga vl, v2, v3 byayt umeTb COOTBETCTBYIOLLME TUMDI:

auto vl =fp (); const auto & v2 =fr (); auto * v3 =ft ();
BO3MOXHO TaK»e:

auto v4 =5; // vard umeet Tnn int
[lonycKaloTca TaKkKe onpegeneHua:

int v5; decltype (v5) vb6 = 5;
MOXHO onpeaensatb TUMNbl BO3BPaLlLaeMbIX 3HAYEHUN PYHKLUNA:

template <typename T, typename E>
auto compose (T a, E b) -> decltype (a + b)
{returna +b; }
auto ¢ = compose (2, 3.14); // 06bekT ‘c’ umeeT TN double
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HoBoCTU cTaHAapTa Cu++

° [lepeCY€THbIN LUMKA NO KONJIEKLUU ANA BCTPOEHHbIX
MACCMBOB U KoaneKuun ¢ pyHKumamm begin () v end (),

BO3BpaLLAOWMMMN UTEPATOPDI:
int arr[5] =11, 2, 3, 4, 5}; for (int&x:arr) { x*=2;}

e Jlenermpyrowme KOHCTPYKTOPLI:
classA{ intn; public: A (intx):n (x) {}
A(): A(14) {}
g
* NHMumanunsauma 4neHoB-AaHHbIX Knacca B 06n1actu nx

0bbABNEHUA B Kacce:
classA{ intn=14; public: explicit A (intx):n(x){}
A(){}
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HoBoCTU cTaHAapTa Cu++

struct B { virtual void some_func ();
virtual void f (int);

virtual void g () const;
I
struct D1 : public B {
virtual void sone_func () override; // OwwubKa: HeT Takon PpyHKUUM B B
virtual void f (int) override; // OKI
virtual void f (long) override; // OwwnbKa: HecooTBeTCTBME TUNA
virtual void f (int) const override; // OwunbKa: HecooTBeTCTBUE
virtual int  f (int) override; // OwmnbKa: HecooTBeTCTBME TUMNA
virtual void g () const final; // OK!
virtual void g (long); // OK: HoBas BMpTYyanbHasa GpyHKUMA
Iy
struct D2 : D1 { virtual void g () const; // OwumbKa: g () - puHanbHaa byHKUMA
Iy

struct F  final { intx,y; };
structG: F{ intgz // OwunbKa: HacnepgoBaHMe oT PUHANbHOIO KNacca
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HoBoCTU cTaHAapTa Cu++

inti=8,j=7,&&ri=i+]j;//ri—npasana ccbinka (r-value reference)

structTp  {inttp; Tp(intt=0){tp=t; };
void IncRef (Tp && t) {t.tp ++;}
intmain () {Tp rf; IncRef (rf); IncRef (i +j); returnO; }

// OwmnbKa!
inta=2; const int b =6; constint& c=a+ b;
int && d =a + 30;
int Ref (const int & r) {returnr; };

a = Ref (a + 1) + Ref (b) + Ref (c) + Ref (d);

void Ref (int && t); // HeT moaudukaTopa const
void Ref (constint & t); // ectb moaudumkaTop const
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HoBoCTU cTaHAapTa Cu++

class Str{ char *s;

int len;
public:
Str (const char * sss = nullptr); // TpaANLNOHHbBIN KOHCTPYKTOP HEMJIOCKOro Knacca
Str (const Str &); // TPAAMLMOHHbBIA KOHCTPYKTOP KONMUPOBaHUA
Str (Str && x) // KOHCTPYKTOpP NepeHoca U3 BpeMeHHOro obbeKTa

{ s=x.s; //B3aronoBKe KOHCTPYKTOpa HET c/ioBa const:
x.s = nullptr; // Konupyembiit 06bekT mogndunumpyetcs!!!

len = x.len; }
Str & operator = (const Str & x); // TpagnUMOHHaAs Neperpy>KeHHaa onepauua =
Str & operator = (Str && x) // BbICTPbIN NepeHoc BpeMeHHOro obbeKTa

{ s=x.s; // B 3aronosKe ¢pyHKLMM HET c/1oBa const:

x.s = nullptr; // ncxogHbit 06beKT moanduumpyetcalll

len = x.len;

return *this; }
~Str (); // TPAANLMOHHbBIN AECTPYKTOP HEMI0CKOro Knacca
Str operator + (Str x); // ...

|5 Stra (“abc”), b (“def”),c=a+b;c=c+a; 337
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