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NepeamMmoBa

[IpononoBanMii HaBYaIBHUI MOCIOHUK CTBOPEHO Ha OCHOBI HOpMa-
THBHOTO Kypcy "IIporpamyBanHs" Al CTyIeHTIB (akyJIbTeTy KOM-
ITIOTEPHHUX HayK Ta KibepHeTuky KHiBChKOTo HalioOHaJIBHOTO YHIBEp-
curery imeHi Tapaca IlleByenka. Bin € TpeTim y cepii mociOHHKIB i3
i€l TUCIMILTIHU. SIKIO mepii JBa po3riisjalid MUTAaHHS OpraHizallii
009HCIIeHD 1 TPOCTI BUTIAAKU OpTaHi3allil JaHWX, TO B Iii KHU31 Mpe-
CTaBJICHO OPTaHi3allii0 CKJIAAHUX CTPYKTYp AAHUX, IO BUHHUKAIOTH Y
pealbHUX 3aja4ax, 1 JOBOJI CKJIAJHI JUIS CTYJICHTIB MUTAHHS 3aBaHTa-
JKEHHS TAaHUX 13 30BHINIHIX HOCIIB Y TaKi CTPYKTYPH.

ITociOHMK BHCBITIIIOE MUTAHHS MPOEKTYBAHHS BJIACHHX 1 BHKOPHC-
TaHHs 010JIIOTEUHHMX KJIaciB IIAOJIOHHMX KOHTEHHEpIB 3ac00aMu MOBHU
nporpamyBanHsi C++. Ha KOHKpEeTHHX TPUKIIAAaX PO3IISIAIOTHCS TTH-
TaHHS: K CTBOPUTH BJIACHUH MTA0OHHNH KJIac a0 1MabJIoH QYHKIIIT, SK
iX BHKOpPHCTOBYBATH JUIi KOHKPETHOI 3ajadyi, SK J0MATH CrierupidHy
(hyHKITIOHATIBHICTD JI0 3arajbHOTrO MIA0JOHHOTO KIIAcy, SIK BHKOPHCTO-
BYBaTH CTaHIApPTHI 0i0Ii0TEeUHI MTAOIOHHI KJIACH IS PO3B’sI3aHHS KOH-
KpeTHOT 3a1aui. TakoK po3rIAAal0ThECS KOHTEHHEPH, ETIEMEHTAMU SIKHX
€ 1HIIIl KOHTEHHEPH, 1 OpraHi3allis JoAaBaHHS JIJAHUX Y HUX.

PazoMm 3 BuCBITIIEHHSM MOXUIMBOCTed MoBu C++ Ha TpHKIAmi
KOHKPETHOT 3a/1a4i JEMOHCTPY€ETHCS 3aCTOCYBaHHS TICBHUX [Ia0JIOHIB
MPOSKTYBAHHS Ta 1HIINX 3aralbHONPUNHATUX TPUAOMIB.

[TociOHWK MIiCTUTH YHCJICHHI IirOTOBYI BIIPaBH JO KOMILIEKCY
nmabopaTopHUX PoOIT 1 3a1adi I CaMOCTIHHOTO po3B’s3aHHA. Pobo-
Ta 3 MOCIOHUKOM Iependadae 3HaHHS OCHOB IIPOrPaMyBaHHS B IIIJIO-
My i, 30kpema, MmoBu C++ B 00cs31, Hanpukiaf, mocioHukis [1, 2].

Jns mojanemoro BAOCKOHAJIEHHS 3HaHb i3 C++ 1 TEXHIKH TIpo-
rpaMyBaHHS peKoMeHIyeMo MoHorpadii [3-9] ta ocTaHHil Ha Hac
3aBepIlIeHHs poOOTH HaJ pyKonucoM cTanaapT Mmou C++ [10].

Kon mpuknazgiB po3niny | miaAroToBieHo 3a JOTOMOTOI KOMITLJIS-
topa MmoBu C++ Bim hipmu Microsoft. Kox npuximanis y pozaiiax 2—6
TaKOX LIIKOM cyMicHu# 3 Kommijsitopom MinGW 6.3.0. [eski au-
PEKTUBH Ta USing-1HCTPYKIIi B TEKCTI MOCIOHMKA MOTJIH OITyCKATHCA.
IToBHY Bepcio KOy NPHUKIAIIB AWB. HA CAWTI KHATH 3a aApecolo
https://sites.google.com/site/vstupdocplusplus/.



Y TociOHUKY pO3TIBIIAIOTRCS 3aaadi 00poOku HabOpiB OgHOPI-
HUX naHux. Jlo Takux 3amad HaJleXaTh, HAMPUKIAT, 0OpoOKa ex3a-
MEHaLIHUX BiIOMOCTEH 3 MEPENiKOM CTYAEHTIB Ta iXHiX OL[IHOK abo
KAaCcOBUX YEKiB, II0 MICTATH MEpeIiK TOBapiB 3 KIJIBKICTIO, IIHOIO Ta
BapTICTIO TOIIO. Y3araji Takoro pojay 3ajadyi MOXHa PO3B’s3yBaTH
3acobamu 6a3 manux. [Ipote posropratu mporpamue 3abe3nedeHHs
KepyBaHHA 0a3aMH JaHUX (ke MOke OyTH i He OE3KOIITOBHHM) 3a-
panu KUTbKOX 33124 MOKE BUSIBUTHUCS HEJTOIUIHLHHM.

[IpoxpeMoHCTpyeMO POOOTY 31 CTPYKTypaMH JaHUX Ha KOHKPETHil
3ajaui.

3anaua npo gadopatopHi podorTu. TekcToBwmii daitn MiCTUTH 1a-
Hi PO BUKOHAHHS Ja0OpaTOpHUX POOIT CTyAeHTaMH. Y KOXKHOMY
PSAKY Yepe3 PO3AUILHUK yKa3y€eThCs:

— TIpi3BHIIE, iM’S Ta TT0 OATHKOBI CTYICHTA;

— KOJJ0Ba Ha3Ba J1abopaTopHOi poOoTH;

— KiJIbKICTh HAOpaHUX OauiB.

IIpy mpOMy CTYACHTH MOXKYTh 37aBaTH JaOOpaTOpHi poOOTH Ki-
JbKa pa3iB, OCKUTEKH OCTATOYHUM 3a JabopaTopHy poOoTy cTae 6an
Haiikpamoi cpoou. HeoOximHO 1Ist KOKHOTO CTYJEHTa BUBECTH CY-
My HaOpaHuxX OajiB 3 pO3MHU(PPOBKOIO IO JTA0OPATOPHUX POOOTAX i3
3a3HavYeHHSIM Oajla HalKpaloi cipodu Ta KiJIbKOCTi cripoo. [

VY po3B’s3aHHi Li€l 3aa4i, HABEAGHOMY B po3Aijax 5 Ta 6, BUKO-
PUCTOBYETHCS TIEBHUM HaOip MOBHHUX 1 0i0Ji0TeUHHX 3ac00iB MOBH
C++ — BUHATKH, KOHTEHHEpH, iTepaTopH, MAOIOHU. 3HAHOMIIATE i3
HUMH po3finu 1-4. Ha mowatky po3ziny 5 chopMyiboBaHO KijbKa
BKIMBHUX TPUHIIMITIB, YTUICHUX i/l 9aC MPOEKTYBaHHSA U pO3POOKH
MIPOTPaMHOTO PO3B’s3aHHS 3a7adi.



1. BUHATKAN

CyuacHi 6i0mioTeuni QyHKIII Ta KIacH, o peanizyloTh CTPYKTY-
pH 1aHWUX, BUKOPHCTOBYIOTh BUHATKH. Y IIbOMY PO3LTI PO3TIITHEMO
MeXaHi3M BHHATKIB Ha MPOCTHUX MPHUKJIAAaxX. Y HACTYIMHHUX PO3MAiiax
BUBYATHMEMO CTBOPEHHS KJIACIB, [0 BUKOHYIOTh 0OPOOKY MOMHIIKO-
BUX CUTYallili 3 BUKOPHCTAHHAM MEXaHi3My BHHATKIB.

1.1. O6po6bka NOMUNIKOBUX
Ta HEOUYiKyBaHMUX CUTyaLin

IMomunkoBa cuTyamisi (Bix aHTII. error) BUHUKAE TOMI, KOJIH BH-
KOHAHHS MPOrpaMu 3a NIEBHUX OOCTaBUH HE MOXKE IPOJIOBKYBATUCS
3BHYaiHUM nuIaxoM. Hampukian, mifg yac BUKOHAHHS IporpaMa Io-
BHHHA 00poOuTH (haiii, ajie He Mae JOCTYIy JI0 HhOTO, a00 TOBUHHA
MTOIITTUTH I[iJI€ YHCIIO HA HYJIb.

HeouixyBana curyanisi (BiJ aHIJI. unexpected) 3a3BU4ali BUHUKAE
TOJIi, KOJIM TIpOrpaMa OTPUMYE JIaHi i He BiOMo, sIK iX y Hill iHTepmpe-
tyBaTH. Harpukiay, mporpamMa Mae OTPUMATH BiJ] KOPHCTYBaya KOMaH-
Iy 3 TIEBHOT'O TIEPEIKY, 2 KOPHCTYBa4 BBOAUTH IIIOCH 30BCIM iHIIIE.

B 000x Bumaakax 3BHYaiiHe BUKOHAHHS MPOTPaMHU CTa€ HEMOXK-
JUBUM. Y3araJbHUMO OIKCAaHI MTOMUJIKOBI T4 HEOWiIKYBaHI CHUTYyallil
TIOHATTSM BUHATKOBOT CUTYaIlil (aHTJI. exception).

BUHATKOBA cUTyauifl, abo NpocTo BUHATOK, — LI NEBHa CUTya-
Lif, AKa He A03BOJISIE NPOAOBXUTU 3BMYANHE BUKOHAHHSA NMporpamu.

Po3pi3HAIOTE CHHXPOHHI Ta aCHHXPOHHI BHHATKM. CHHXPOHHI
BHHAITKH BHHUKAIOTH TOMI, KOJM IX T€HEPYIOTh y TEBHIH YacTHHI
KOy HpOTpamMH 3a JOIMOMOTOI0 MOBHUX KOHCTPYKLIH. ACHHXPOHHI
BHHATKH MOXYTb BHHUKHYTH OyIb-KOJIH, BOHM HAJXOMATH 330BHI,
HANpUKIIAJ BiJ amapaTHOro 3a0e3leueHHs, 30KpeMa Ipolecopa, y
BUITAJIKY, KOJIM L[JIE YHCIIO JUTUTHCS Ha HYJIb.

BukopucTaHHs CHHXPOHHOT MO BHHSTKIB JO3BOJSIE CYTTEBO
3MEHIINTH KOJI, 10 00CIIyrOBY€ MEXaHi3M BHHATKIB. 30KpeMa, came
CHUHXPOHHY MOJICNIb BHHSTKIB BHKOPHCTOBYE CTaHAApPTHO HaaIlTO-
BaHui kommissitop C++ dipmu Microsoft.



Y moBi C++ 00poOka BUHATKOBHX CHTYaIlil Ma€ TaKWUH BUTIIS.
Crnouatky 6i6mioTeyHa ¢yHKIIiS a00 BIACHUM KOJ IOBITOMIISE TIPO
HasBHICTh BUHATKOBOI CUTYyallii. Lle Ha3nBaOTh KMIAHHAM BUHATKY
(amrn. throwing an exception), HKOM — TeHepPyBaHHAM BUHATKY. B
IHIIOMY Micui nporpamu Mae OyTH KOJ, IO pearye Ha BUHATOK (Ha-
MIPHUKIIA]] 3a1100irac BUKOHAHHIO HEJIOMYCTHMHUX Aiil). Moro BukoHaH-
HSl HA3MBaIOTh 00PO0KOI0 BUHATKY (aHri. handling an exception).

MexaHi3M BHHATKIB 103BOJIsI€ 3i0paTn 00pOoOKYy MOMMIOK B OA-
HOMY Michi mporpamu. Lle mopyirye cTpyKTypoBaHiCTh KOIy, IPOTE
3a 1HIIOTO MiaXoay "po3moB3aHHA" JIOTIKH OOpPOOKH MOMHMIIOK i He-
OYiKyBaHUX CHTYalill MO Pi3HUX YaCTHHAX KOAY POOUTH HOro majo-
3po3yminuM. OTKe, BAKOPUCTAHHS BUHATKIB € JAJIIEKO HE HAUTipIIUM
CIOCOOOM CTBOPHUTH 3PO3YyMUIHH i THYUKHH KOJI.

1.2. l’eHepyBaHHA Ta 06po6ka
BUHATKIB Y nporpami

Ipuxaan. PosrisHeMo reHepyBaHHS Ta 00pOOKY BHHATKIB Y 3a-
Jadi OOYMCIICHHST KBaJIPATHOTO KOPEHs 3 JIHCHOrO YWCIa, [0 HOTO
BBOJIMTH KOPHUCTYyBaY.

VY Wit 3a7a49i MOKIIMBI HECTaHIApPTHI cutyallii. KopuctyBau mMoxe,
MO-TIepIIie, 3aMiCTh JECATKOBOTO 300pakeHHSI JIMCHOTO YMCIIa BBECTH
IIOCh iHINIE, HAMPHKIIA] CJIOBO gqwerty, TO-Apyre, BBECTH Bill'€MHE
yucno. Onuiemo po3s’si3aHHs 3afgayi y ¢yHkuii calculation, ska
BHKOPHCTOBYE OTMIOMDKHI QYHKIIT inputDouble Ta mySqrt BBemeHHS
JiiCHOTO YMcia i 00YHCIeHHs KBagpaTHOro kopens. OOpoOKy momu-
JIOK, TI0SIBa SIKMX MOXIIMBA TIi/I YaC BUKOHAHHS BHUKIUKIB JTOTTIOMIXXHHUX
(GyHKLIH, peanizyeMo 3a JOOMOTOI0 BUHSTKIB.

®yHkuisg inputDouble moBepTae BBeAeHE 3HAUEHHS. 32 HEBJAIIO-
rO BBEJCHHS BOHA KUJA€ BHHATOK, aje mepes UM "mpubupae 3a co-
0or0", TOOTO cKHIla€ HEOOPOOJIEHHI 3aIHIIOK BXOJY Ta MOMUJIKY B
notoni. KuanHs BUHATKY BUIICHO MIPU(TOM:

double inputDouble(){

double x;
cout<<"Input some double..."<<endl;
cin>>x;
if (cin.fail()) {
cin.clear();



cin.ignore(numeric_limits<streamsize>::max(),
I\nl);
throw exception("no input");

}

return Xx;

}

OyHKIis mySqrt moBepTae KOpiHb KBapaTHUH 31 CBOTO apryMeH-
Ty. 3a BiI’€MHOTO apTyMEHTY BOHA KUAA€ BUHSATOK
double mySqgrt(double x){
if (x<0)
throw exception("sqrt from negative");
return sqrt(x);

}

Jii 3 reHepyBaHHS ¥ Tepeaadi JaHWX NMPO BUHATKOBI CHUTYyaril
(BUHATKH) 337af0ThCS CHEIialbHUM BHpa3oM BUTIsAY throw Bupas,
10 MICTUTBCS B OKpeMii iHcTpykmii. CriodaTKky OOYHCIIOEThCS 3HA-
YeHHs BHpa3y, 3allMCAHOTO TICIsl 3ape3epBOBAHOrO clioBa throw
(amrm. xkunymu). LM 3HaYCHHSM 1HIIIATI3YETHCS TUMYAcOBa 3MiHHA-
BUHATOK (aHTI. exception object), MICI 4OTO MOYMHAETHCS TIOLIYK
00po0OHHKa, SKOMY, Y pasi YCIIIIHOTO IMOMIYKY, MepeqacTbes Kepy-
BaHHS TOPSAKOM OOYHCIIEHb. 3HAYEHHS 3MIHHOI-BUHATKY 1HKOJIH HE
IyKe TOYHO HA3WBAIOTh 3HAUYEHHAM BHHATKY, a00 MPOCTO BUHITKOM
(Tak caMO HETOYHO, fK 1 If0 3MiHHY, 1 caMy BUHATKOBY CUTYyalli0). 3
KOHTEKCTY 3a3BHYail 3p03yMiJI0, TIPO IO WAETHCA.

v’ 3HadueHHs BHpa3sy mmicns throw MoXe MaTH JOBUIBHHI THII
(okpiM void); BOHO BH3HAYa€ THUT 3MIHHOI-BUHATKY. 3HAYCHHSM BU-
HATKY, 30KpeMa, MOke OyTH 00’ €KT AESIKOTro Kiacy.

Moga C++ mo3Bosisie He OpaTu 10 yBaru 3Ha4eHHS BHPa3y — TOAI
YTBOPIOETBCS TaK 3BaHA 1HCTPYKLisl BUpa3y (aHTI. expression State-
ment), TOOTO BUpa3 i3 ;. CaMe TaKMMU € IHCTPYKIii KUIAHHS BUHAT-
KiB, 3amucaHi BUIle y QyHKITifAX.

v’ THIHM BUHATKIB, SKi MOXE KHUIATH (dbyHKIis, HiSK HE 3B’s13aHi 3
THUIIOM 3HA4YEHb, [0 TIOBEPTAIOTHCS 3 Hef.

V HaBeneHVX (DYHKITISIX TiJ] 9ac KUAAHHS BHHATKY CTBOPIOETHCS 00 €KT
cmanoapmuozo muny eunamkie std::exception. O0’exT iHiIamzy-
€THCS PAJIKOM, YKa3aHUM Y JIy)KKaX, 1 Hajaui 30epirae neit psiok. (Kom-



misrop Microsoft no3Bosisie iHitiamizyBati 00 ekT Kiiacy std: :exception
C-psimkom, Xoua 1ie ¥ CynepeuuTh CTaHaapTy.) Jaii MmoYrMHaeThCs IMo-
IyK 00poOHMKa JIs 3reHepoBaHOro BUHATKY. DyHKIIT inputDouble Ta
mySqrt oOpOOHHMKIB BHHSATKIB HE MICTATh, TOMY B IIPOIEC] MOIIYKY X
BUKJIMK OyJe mepeayacHO 3aBEpIIeHHH, a JaHi BUKIMKY BIUIYYeHI 3
nporpaMHoro crexky. [yist Toro, o6 BHHSATKOBa CHTYyalis Moria OyTu
00po0IreHa, HeOOXiTHO HATHCATH KO/, KW 11e Oy/1e BUKOHYBATH.
Hacrtymaa ¢yskis calculation MiCTHTE KO, IIIO ONUCY€E BHSIB-
JeHHST Ta OOpOoOKYy BHHATKIB (ITOYATOK 1 KiHEHb YacTHH KOAY,
3B’SI3aHUX 13 1M, BUIUICH] IPUAPTOM):
void calculation(){
try{
double x=0., y=0.;
x=inputDouble();
y=mysqrt(x);
cout<<"for x='

<<x<<" y=" << y<«< endl;
catch(exception &e){
cout<<e.what()<<endl;
cout<<"unable to calculate"<<endl;

}
catch(...){
cout<<"smth wrong"<<endl;
}
}

g BusBneHHS Ta 0OpOoOKY BUHATKIB y LiH (YHKIII] BUKOPUCTO-
By€Thbcd iHCTPYKWiA try, ckinaneHa 3 try-01oKy H HENMOPOXXHBOT
TIOCITITIOBHOCTI catch-06I0KiB micist HEOTO (OCHOBHUMH 3HAYCHHSIMH
aHIJ. cJioBa try € "BunpoOoByBaru", "mepesipatu’, a catch — "noBu-
™", "cmifimatu"”, "macTtka").

Cxman try-0710Ky: 3ape3epBOBaHe CIOBO try i OJIOK ITiCIIsT HBOTO.
IIpo xox y try-6momi KakyTh, IO BiH OXOPOHSAETbCHA (aHTI. the
guarded section of code). nijg 4ac WOr0 BUKOHAHHS TEPEBIPAETHCS
MOsIBa BUHATKIB. SIKIIO 3’ABISETHCS BUHATOK, TO BiH MOXe OYyTH Tie-
pexorieHui i 00pobIeHu .

Koxxen catch-670k (acTka) mouYnHA€ETHCS 3apPEe3ePBOBAHUM CIIO-
BOM catch, mani iiie OTOJIOIIEHHS BHHATKY B KPYIVIMX Iy>KKax i
6nok. Kon y 6moui nactku npusHaueHuid 11t 00poOKK BUHATKIB TH-
Iy, yKa3aHoro B oroJyiomeHHi. [Hkomu 3amicte TepmiHa "oOpoOise”
(anrn. handle) yxuBaroth "1noBUTH" (aHIIL. catch).
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Y naBeneniit pyukmii catch-06mok

catch(exception &e){

cout<<e.what()<<endl;
cout<<"unable to calculate"<<endl;

}

JIOBUTh BUHSATKU THITy exception& i THUX THIIIB, IO MPUBOISITHCS JO
HBOTO, 30KpeMa THUIly exception i MOXiAHMX BiJ HHOTO KiaciB. Jlis
TOrO, 100 MaTH JOCTYII 10 3HAYCHHS BUHATKY, BUKOPUCTOBYIOTh iMe-
HOBaHHUI BUHATOK. IM’s1 BUHATKY, SIKE€ HE € 000B’I3KOBUM, YKa3y€ETh-
cs micns fioro Tuiry. BoHo moctyriHe B Mekax OJNOKY IMACTKH Ta MpH 11
aKTHBAIi iHIiaNi3yeThcs KHHYTHM BHHSATKOM. BJIOK MacTKy MiCTHTh
MTOCITIIOBHICTE 1HCTPYKIIiH, SIKi 0OpPOOJISIOTH 3JTOBJICHUI BHHSTOK.

OO6nacTro il OrOJIONICHHS IMEHI BUHATKY € OJIOK macTku. BomHo-
yac 3MiHHI, O3Ha4eHi B try-0JoLi, HeaOCTYyNHI B catch-0momi. 3a
noTpebu mnepeaatu AaHi B catch-0JI0K BUKOPUCTOBYIOTh 3HAUCHHS
BHHATKY, HamnpuKiaja, Bupa3 e.what() moBeprae psmok, ykazaHUH
MpY KMJIAHHI BUHATKY.

v OpnHomy try-05I0Ky MOXKE BINIOBIIAaTH KibKa catch-0IoKiB,
[0 JIOBJIATH BUHATKH Pi3HUX THMIB. K0 3a3manerigp HEBiIOMO,
BHHSTOK SIKOTO THITy MOKe OyTH KHUHYTHH, a00 He moTpiOHO po30u-
paTHCsl, SIKOTO caMe TUITy BUHSTOK OyJIO 3TreHepOBAHO, TO MOXKHA I1e-
PEXOIHUTH BUHATOK Oyab-KOro THIy. JJOBUIBHUH THII BUHATKY BKa-
3Y€ThCS B MACTII 3HaKoM ". . ."

V" SIKII0 BUHATOK 00pobiteHo AKUM-HeOY b catch-06mokoM, To Ha
LbOMY BHWIKOHaHHS try-iHCTPYKIi 3aBepuryeTscsi i pemTa catch-
OJIOKIB IIFOTO try-0JI0KYy B)ke HE BUKOHYIOTBCS.

v/ SIKmo BMKOHaHHS try-GJOKy 3aBepIIyeThCs 3BHYAMHHM CIO-
co00oM, TOOTO HE TIPUITHHSAETLCS Yepe3 MOSIBY BUHATKIB, TO HA IIbOMY
BUKOHaHHS try-iHCTpyKuii 3aBepuryetbesi. JKoaHa ii macTka Kepy-
BaHHS HE OTPUMYE.

VY HamoMmy mpuKiai, SKIIO KOPUCTYBa4 BBOAHWTH HEUUCIOBE a0
BiJ’€MHE 3HAYCHHS, TO 3aBEPUIYETHCS HE TIIbKH BUKOHAHHS BiJIIOBI-
QHOTO BHKIWKY, aie W BHKOHaHHS try-Omoky vy ¢yHKMIl
calculation. Jlami BHUKOHYETHCS TIIacTKa JUISI BHHATKIB THITY
exception& Ha nbomMy BHKOHaHHS try-i1HCTPYKINi 3aKiHIYETHCS.
Bona € ocranHboro B Tiii ¢yHKUii calculation, Tomy BukoHaHHS ii
BHKIIMKY 3aBEPIIY€ETHCS 3BUIAHAM YHHOM.
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Hapemri, 3anumiemo To10BHY QYHKITIFO:
int main(){

calculation();

system("pause"); return 0;

}
O

IMopsgok Bukonanusi. Komu KUHYTO BUHSITOK, HOTO 00poOIIsie
HaiOnmXx4a macTka, ska BiAnoBigae ioro Tuiy. PosrnsHemo merans-
Hille, K BiI0YBa€ThCS MOMIYK 0OPOOHHKA.

Haranmaemo: mij yac BUKOHaHHS MPOTPaMH yYTBOPIOETHCS TOCTIIO0-
BHICTh BHUKIIMKIB (DYHKIIH 1 BKJIQJIEHUX IHCTPYKIiH, BAKOHAHHS SKHX
po3mouato, ane He 3aBepireHo. Ko 3aKkiHdyeThCsl BAKOHAHHS OJIOKY,
03HAa4YCHI B HHOMY 3MiHHI BITyYaIOTHCS 3 TIPOTPAMHOTO CTEKY, a 3aBe-
PIICHHS! BUKJIWKY (DYHKLIT 3BUNBHSE CTEK BiJ YCIX JaHUX BUKIUKY
[Tpu ibOMy BUKOHAHHS IHCTPYKIIii 1 BUKJIMKIB (DYHKIIIH 3aBEPIIYETHCS
B TIOPSIKY, 3BOPOTHOMY JI0 TTOPSIIKY MOYATKIB iX BUKOHAHHSI.

[Ticnst KMgaHHA BUHSATKY TMOYMHAETHCS MPOLEC MOCTIJOBHOTO IPH-
MMUHEHHS BUKOHAHHSI BKJIQJICHUX THCTPYKIIH 1 BUKIMKIB (yHKIH. [aHi
THCTPYKIIIH 1 BUKIMKIB BHITyJalOThCS 3 TIporpamMHoro creky. Lleit mpo-
IIeC HA3UBAIOTh PO3MOTYBAHHSIM CTeKY (aHTI. stack unwinding).

SIK TITBKM TIPUITMHAETBHCS BUKOHAHHSA try-Omoky Tiel try-
THCTPYKIii, 10 MICTUTh catch-0J0K BUHATKIB KHHYTOTO THITY, PO3MO-
TYBaHHSI CTEKY 3YNUHSEThCA. Jlayli MOYMHAIOTh BUKOHYBATUCS 1HCTPYK-
uii mporo catch-6moKy (KaXyTb, IO BUHITOK IEPEXOIIEHO MACTKOIO,
abo axkmusosano 0OpoOHUK BHUHATKY). SIKIIO BUKOHAHHS IHCTPYKIH
070Ky TIacTKH J100irae KiHII, TO BUKOHAHHA try-iHCTPYKIil, YUs TacT-
Ka Tepexonuiia BHHITOK, 3aBEPUIYETHCS, 1 il 3BHYAHHUM IILUIIXOM
BHUKOHYIOTHCSI IHCTPYKIIii IPOTpaMH TCT i€l try - iIHCTPYKIII.

v’ Tlix ywac BH3HAYCHHS, Y MOXE IMacTKa 0OpOOUTH BHHSTOK, 10
yBaru He OepyThcs const Ta &.

v/ TlacTKH try-iHCTpYKIii TIepeBipsroThCS B MOPAAKY 3aIliCy.
[TacTka m1st BUHATKIB 6a30BOTO THITY MOKE OOPOOIIATH BHHATKH TI0-
XIIHUX THUIIB, TOMY NAacTKy AJIs BHHATKIB 0a30BOTO KJIaCy 3aBXKIH
CJIiJT 3aIMCYBATH MiCIA MACTOK IS MMOXiTHUX KIACiB (SKIIO Taki mac-
TKH €), a TACTKY JJIs1 BUHSTKIB YCiX THIIIB — OCTaHHBOIO.

v' SIKmo mix yac po3MOTYBaHHS CTEKy MACTKy sl BUHATKY He
3HAWJICHO, TO MPOrpaMa aBapiifHO 3aBEPIIYETHCS.
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3a HeoOXiIHOCTI MepexOIyIeHNH MACTKOI0 BUHATOK MOXKHA KUHYTH
naui. [y mporo B OJI0IIi MMACTKU TOCTATHRO 3aIFCATH MPOCTO throw;.
MoykHa KUHYTH TakoXX iHmmHA BUHATOK. [lpm mpomy kom catch-
OJIOKy, 10 TeHepye BHUHATOK, MICTHTBCS MICIsA try-0JI0Ky MOTOYHOI
try-iHCTpYKLUIi, TOMy ii MacTKu mepeBipATHCS BKe HE OyAyTh.
Hpuxaan. Po3rasaemo ckimamHinty cutyamniro. Hexait € Taki ¢pyH-
kuii f Ta g:
void g(int n){
int a;
if (n==1) throw 'c’;
if (n==2) throw int(3);
if (n==3) throw exception();

}
void f(int n){

try { /] 1
g(n);

catch (char) {cout<<"cought char in f()\n";} // 2

cout<<"end of f\n"; // 3
}
PosrnstremMo nii mig yac BUKOHAHHSI Takoi try-iHCTpYyKIii:
try{ /] 4

(1); /]5

£(2); /] 6

£(3); /17

catch (char){cout<<"cought char in sample\n";} // 8
catch (int) {cout<<"cought int in sample\n";} // 9
catch (...) {cout<<"cought smth in sample\n";} //1@

300pa3uMo CXEeMaTH4HO Mepenadyy KepyBaHHS MK YacTHHAMH
KOy B pe3yJbTaTi BUKOHAHHS Ii€i 1HCTPYKMii (TOCHigoBHI mii po3-
MIIIEHO Ha OJHOMY PiBHI, BKJIaZIeHi — 3 BiACTYNOM). Y OyXKax yKa-
3aHO HOMEPH PAIKIB, 3aIMCaH] BUIE B KOMCHTAPSX:
try-6nok try-iHcTpykuii (4)
Bukank (1)
try-6nok try-iHcTpykuii (1)
BUKANK g(1)
KMAAETbCA BUHATOK 'C
catch-6nok (2)
noBepHeHHA 3 BUKAKUKY (1)
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BukAnk f(2)
try-6n0ok try-iHcTpykuii (1)
BUKANK g(2)
KMOAETbCA BUHATOK int(3)
catch-6n0k (9)

3a HaBeJeHUX [ilf HAa eKpaH BUBOISATHCS TaKl PIKU:
cought char in f()

end of f

cought int in sample

3ayBa)KUMO, IO MICJIS TOTO, SIK KWHYTO BUHATOK 'C', i3 mporpam-
HOTO CTEKy IOCHiJOBHO BHJIy4YarOThCs NaHi BUKIMKY g(1l) Ta try-
6noky try-incrpykuii (1). Ilicast kuganHs BUHATKY int(3) 31 cTeky
BIJIYYalOThCSI AaH1 BUKIMKY g(2), try-0moky try-incrpykuii (1) Ta
BUKIMKY f(2). Ilicas BukoHanHs catch-6moky (9), mo 370BUB BU-
HSTOK, BUKOHAHHS BCi€l try-iHCTpyKUii (4) 3aBepIIy€eThCs, TOMY BH-
KK f(3) y3araii He BUKOHYETHCS. [

v OOpoOKy BUHSATKIB MOXHa, ajie¢ 3a3BHuYaii He BapTO
3anMcyBaT B TOJOBHIN (yHKIii. Yepe3 po3MOTyBaHHS mporpa-
MHOTO CTEKYy KHJAaHHS BHHSTKIB 3JaTHE IE€peAaBaTH KEpyBaHHS
IyXe BiJaleHUM 4YacTUHAM KOXy, TOMY OOpOOKY BHHSTKOBHX
CUTYyaIlill HeOOXiHO 3a0e3euyBaTH SKOMOTa paHilie.

1.3. Cneumndikauis BUHATKIB

Skmo ming wac BUKOHAHHS (YHKIIS TeHEpye W HE MepeXOILTIoE
BUHSTOK, TO 1l BUKJIUK IEPEIYacHO 3aBEpIIYeThCsA. Y Takild cuTyarmii
KaXyTh, 0 GyHKIisA KuAa€ BUHATOK. /(s opranizamii oOpoOKu
MOMUJIOK Ba)KJIMBO 3HATH, BHUHATKH SIKMX THIIIB MOXYTh KHJIATH BU-
KOPHCTOBYBaHI (YHKIII] Ta 91 MOXKYTh KHJIATH B3araili, OCKiJIbKH TO-
Il MO’KHA KOHTPOJIFOBATH TiJILKH MOSIBY BUHSATKIB IEBHUX THITIB.

Xoga moBa C++ mae 3aco0u crerudikarmii THITIB BUHATKIB, SKi
MOXe KuAaTh (pyHKIsl, TOTOYHUI CTaHIapT peKoMeHaye crenudi-
KyBaTW BUHITKH 3a NMpHHIUIIOM "abo Bce, abo Hivoro". Hampukmnar,
BBXKAETHCSI, 110 (DYHKIIISI 3 OTOJIOIICHHSM

int f();

MOK€ KHHYTH BHHITOK JOBIIBHOTO THITY (3T1THO 31 CBOIM KOJIOM), a
(YHKLIS 3 OTONOIEHHAM
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int g() noexcept;
HE MOXKE KUJATH KOJHUX BUHATKIB. SIKIIO BUKIWK (DYHKIIII g 3aBep-
IIUThCS B PE3yJbTaTi MOSBH BHHATKY, TO II€ MOXKE MPH3BECTH JO
aBapifHOTO 3aBEPIICHHSI IPOrPaMHU.

Bonnowac, kopuctyounchk QyHKII€0, TPOrpaMicT MOBUHEH 3HAa-
TH, BUHATKH SKUX THITIB BOHA KHAA€, TOMY THUIHM BHHATKIB, IO iX
MOJKe KHJAaT! QYHKIs, YaCTO BKa3yIOTh Y KOMEHTapsIX.

1.4. Bi6bniorte4yHi KJ1acu BUHATKIB

YV MoBi C++ 0i0IOTeYHHMI Ki1ac BHHATKIB exception € 06a30BHM
JUISS. HU3KH 1HIIMX, [0 BiANOBINAIOTh PI3HUM THIIAM MOMHJIOK. YcCi
TTOMIJTKA TIOJUISIOTh HA JIBl TPYMH: JIOTIYHI Ta MOMIIKA 9acy BHKO-
HaHHA (QHTI. runtime).

JloriyHi TOMHJIKM BH3HAYalOTHCS BHYTPILIHBOIO JIOTIKOIO MPO-
rpaMu — HEKOPEKTHE 3HAYCHHS 1HJIEKCY, 3HaUeHHS He 3 001acTi BH-
3HaueHHS QyHKOii Tomo. Taki MOMHUIIKKA TEOPETUIHO MOXKHA TIepes-
0aYnTH i YHUKHYTH X MiJl 4aC BUKOHAHHSI.

IMomunku 4yacy BUKOHAHHS BHHUKAIOTH 4Yepe3 IMOMIl 3a MeKaMu
KoAy mporpamu. Hampuxman, apudmeTnyHe mepenoBHEHHS IiJI dac
o0urcneHs abo BiCYTHICTh (aifily Ha AUCKY.

JlorivHuM MOMMJIKaM y IUJIOMY BiOmoBigae kimac logic_error,
KU Ma€ HU3KY TMOXITHHMX KiaciB: domain_error, out_of_range,
length_error, invalid_argument. [lepen0OadaeThcs, MO0 BUHSATKA
Tuny domain_error MaroOTh CHOBIIATH PO HEKOPSKTHHUN apryMEHT
MmiJ Yyac MaTeMaTUYHUX OOYMCIICHb;, BUHATKU Tumy out_of_range
HalfyacTille CHUTHai3yI0Th MPO BHXIiJ 3HAYCHHS 32 MEXI 1HIEKCHOTO
niamazony, Tumy length_error — mpo cnpoOy moOymyBaTu 00’€KT,
pO3Mip SKOTO TEPEBHINYE TO3BOJCHUH, THITy invalid_argument —
PO HEKOPEKTHE 3HAUCHHS B PEIITi BUMAAKiB. HaBeneHi Kiacu BUHS-
TKiB OTOJIOIIEHI B CTaHIApTHOMY 6i0mioTedHoMy ¢aiim stdexcept.

ITommikamM 4Wacy BUKOHAaHHS B IUIOMY  BIITIOBiae  KJiac
runtime_error (Tpeba BKIIOYATH CTaHAAPTHHUN 3arojOBHHUN Qaiim
stdexcept), SKwif Tako)XK Ma€ HU3KY MOXimHUX KiaciB. Cepen HHUX 3a-
3HAYUMO TUIBKH Kiac ios_base::failure, mpu3HaYeHWil CHOBIIATH
PO MOMUJTKH, 1110 BUHHUKAIOTH TiJT Yac onepariii 3 0ypepom moToKy.
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Onmnepariii new Ta new[ ] y BUNIaAKy HEMOXIIMBOCTI BUAIICHHS IH-
HaMiYHOI TaM’aTi KHJAIOTh BUHATKU Kiacy bad_alloc, moxigHOTO
Oe3nocepeHbo BiJ exception.

Kitac exception mae BipryanpHHI MeTOx what (), 0 moBepTae
C-psimoK 3 TOBIIOMIJICHHSM IIIOAO TIpoOsieMu. BMICT 1IHOTO TIOBiTOM-
JICHHSI CTaHJIAPTOM HE PErJIaMEHTYEThCS, aje NMPUPOIHO OYiKYBATH,
mo crangaptHi 0i6mioteuHi QyHKIII KUOAalOTh BHHATKUA MOXITHHX
KJIaciB, JUIS SIKMX TI€ TIOBIIOMJICHHSI BiTOOpakae CyTh MpoOIeMHu.

3a cTaHmapToM, 00’€KTH BCiX HABEICHUX KJIAaciB BHHSATKIB, OKPIM
exception ta bad_alloc, mijg 4ac CTBOpeHHs Tpeba iHiliadi3yBaTh
C-psimkom abo pSIKOM THITY String, BMICT SKOTO Jajli MOXHa OTpHU-
MaTH 4epe3 BUKIMK Mmeroay what(). Ha Biaminy Bim cramapry,
koMmmisiTop  Microsoft no3Bonsie  iHimiamizyBaTHm 00 €KT Kiacy
std: :exception C-psakoM.

1.5. MeTtoau knacis, 3a4aTHI
reHepyBaTu BUHSATKM

Meroau Kiacy MOXKYTh KHJATH BHHSTKH. SIKIIO BUHSTOK TeHEpY-
€THCS y 3BUYAHOMY METOAI (He KOHCTPYKTOPi i HE AECTPYKTOpi), TO
rioro 0OpoOKa HiYMM He BiAPI3HAETHCS BiJ 0OPOOKH BHHSATKY, KUHYTO-
ro ¢yHkmieto. Tak camo BimOYBaeThCS PO3MOTYBAHHS CTEKY, TOOTO
3MiHHI OJIOKIB 1 BUKJIMKIB (DYHKIII BHITy4arOThCs 31 CTEKY JOTH, JOKH
HE BUKOHYETBCS catch-OJIOK ISl BIAMOBIJHOTO TUITY BHHATKIB a00 HE
BUJIYYa€ThCS TOJIOBHA (PYHKILS, TOOTO Tporpama 3aBepIIyeEThCS aBa-
piitHo. IIpu BuTy4eHHI 00’ €KTIB 11 HUX BUKJIMKAETHCS IECTPYKTOP.

O0poOka BUHATKY, KHHYTOT'O il HE IIEPEXOIUIEHOr0 B KOHCTPYK-
TOpi, JAEMIO Bimpi3HAEThCA. KO Mg 00’ €KTa XKOJEH KOHCTPYKTOP
JI0 KIiHIIS 1€ HE BIATPAIOBaB, TO 00 €KT HE BBAXKAETHCSI CKOHCTPY-
HoBanuM. ToMy IpH PO3MOTYBaHHI CTEKY IJIsI TAaKOTO 00’€KTa de-
cmpykmop He gukauxacmvcs. [Ipore, SKIO, y CBOK 4Yepry, MO
00’ekTa € 00’ekTaMu ab0 MacuBaMH 00 €KTIB i BOHM BXKE CKOHCT-
py#oBaHi, TO U1 HUX IXHI AECTPYKTOPU BHKJIMKAIOThCA. SKio Oa-
30BUl 00’€KT OYyJI0O CKOHCTPYHOBAaHO, TO ISl HHOTO KOHCTPYKTOP
TEX BUKIIUKAETHCS.
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JlecTpyKTOpH TakoX MOXYTh KHOATH BHHATKH, ajie I 6UHAMKU
Malome nepexonnosamucs 6 mini decmpykmopa. IHakiie MoKiIuBa
CHUTYyalis, KOJIM IporpaMa 3aBepIUUThCS aBapiiiHO, OCKIJIbKH, 3a CTa-
HIApTOM, BHHATOK, KHHYTHH 3 JAECTPYKTOpA IiJ 4ac pO3MOTYBaHHSI
CTEKY, IPU3BOAMTH 10 aBapiiHOTO 3aBEPIICHHS IPOTPaMH.

KOHTpPONbHI 3anuTaHHA

. 1o Take BUHATOK?
. Illo Take KugaHHS BUHATKY?
. lllo Take 0OpoOKa BUHATKY?
. SIKOTO TUIy BUHATOK F€HEPYETHCS 3a IHCTPYKILIi€0 throw?
. lIlo o3Havae, 110 KOJ OXOPOHSIETHCS?
. lITo Take po3MOTyBaHHS CTEKY?
. SIki nii BUKOHYIOTBCS 3a try-1HCTPYKIEIO?
. Un Morke try-iHCTpyKUis MaTH Kiibka catch-0yokiB?

9. Yu poctynHi B catch-0momi 3MiHHI, 03HaYeHi y BiAMOBIAHOMY
try-6momi?

10. Ik mepenaTtu gaHi MPO NOMUJIKY B OOPOOHUK?

11. SIki cranmapTHI Kiacu BUHATKIB HasiBHI B MOBi C++?

12. V skoMy BHIIQJKy aKTHBYETHCSI OOPOOHUK BUHATKY?

13. lllo BimOymeThes, SKIIO KiTbKa MACTOK try-iHCTPYKIi moTe-
HITIHHO 371aTHI IEPEXOTUTH BUHITOK?

14. Yn MoxHa B 0OpOOHMKY 37I0BJICHUH BUHATOK KUHYTH Jajli?

15. Yn mMoxHa B OOpOOHHMKY 3aMIiCTh 3JIOBJICHOTO BUHSATKY Aalii
KUHYTH 1HIIUH?

16. [llo cTaHETHCS, AKIIO KOJIEH OOPOOHUK TSI BUHSATKY HE aKTH-
BY€ETbCS?

17. Yn mae (yHKUiA MEePEeXOIUTIOBATH BUHSITKH, 3Tr€HEPOBaHI MiJ
yac 11 BUKOHaHHA?

18. [Ilo o3Hauae, mo GyHKITIT MOKE KUAATH BHHITKH?

19. Sk onmcaTty B KO T€, 1110 (PYHKIIiSI BHHATKH HE KUAa€?

20. Uu MoKXe KOHCTPYKTOP KHUJATH BUHATKU?

21. Yn MoXe AeCTPYKTOP KUIATH BUHATKH?

01N DNk W~
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2. KOHTEAHEPY TA NIAXIA
A0 IX MPOEKTYBAHHS

2.1. MOHATTA KOHTEeMHepa

CTpyKTypH IaHUX MalOTh KOHKPETHY OpTraHi3allilo Ta peatizyloTh I10-
IS Ha JaHi 3 00Ky po3poOHKKa, a He KopucTyBada. Cepell CTpYKTYp Ja-
HUX BUAULIIOTH KoHTelHepH. 1in koHTeiinepoM (aHTi. container), abo
KOJIEKII€ (aHTi. collection), po3yMilOTh CTPYKTYpYy HaHHX, IO 30e-
pirae Ha0ip 3HAYCHb OMHOTO YH PI3HHUX THUIIB (aJe 3a3BUYai TOXiTHUX
BiJ] CIITEHOTO 0a30BOT0) 1 HAJA€ NOCTYH A0 IUX 3HA4YCHb. SIK MpaBMIIo,
KITBKICTD €JIEMEHTIB JJaHUX y KOHTEHHepi MOke OyTH NOBIIBHOIO i 3a
BIZICYTHOCTI SIBHUX OOMEKEHb 3HAUCHHS €JIEMEHTIB MOXYTh ITOBTOPIOBA-
TUCs. HaWTHUmoBiln KOHTEWHEpPH MO3BOJISIOTH JOJIaBATH Ta BHJIyYaTd
JlaHi, a TaKOXK HaJal0Th JIOCTYII JI0 IAHWX, Y TOMY YHCII peati3ytoTh I10-
IIyK JaHUX y KOHTelHepi. HaituacTire KoHTeHHepr 3aCTOCOBYIOThCS TS
300paKeHHSI OJJHOTHITHUX JIAHUX, 110 OOPOOJISIOTHECST OJIHAKOBHM CIIOCO-
6om. Cepen KOHTSHHEPIB BUIULTIOTH TaKi, 10 30€piraroTh MOCiJOBHOCTI
3HaYCHb (AHTJL. Sequence container), HAPUKIA MAaCUBU Ta CIHCKH [2].
Jesiki iHI pi3HOBUAM KOHTEWHEPIB PO3IIAAIOTECS B PO3L. 0.

Kpim omepariit Haj maHUMH, KOHTCHHEPH 3a3BHYA MICTITH OIe-
pariii, mo I03BOJISAIOTH MEPEBIPUTH, YM € KOHTCHHED MOPOXKHIM, BH-
3HAYUTH KUTBKICTh €JIEMEHTIB, SIKi BiH 30epirae, Ta AesiKi iHIIi.

2.2. NMpoekTyBaHHSA KJaciB 3ropyu AOHU3Y

[onmpobuni TexHiyHOI peanizawii € HEBiJA €MHOIO CKIIAIO0BOIO
CTPYKTYP AAaHUX, IPOTE MOYMHATH IPOEKTYBaHHA caMe 3 HUX HE Bap-
T0. Bynemo Bectu mpoektyBaHHs 320pu donu3y (nus. [1]), mocTymoBo
YTOUHIOIOYHM OB’ sI3aHi 13 3aJjaUeto MOHATTS Ta MOTPiOHI A1t 0OpOOKH
nii. IlpoexTyroun KOHTEiHEep 3ropu OOHW3Y, CIOYATKy BU3HAYMMO
JlaHi, 110 1X 30epirae KOHTeHHEp, Ta OOMEKEHHS Ha HUX, HAIPUKIIA],
Y MOXYTb JaHi IOBTOPIOBAaTHCA. TaKoXX BH3HAYMMO JOIyCTHUMI
orepalii HaJl BMICTOM KOHTEHHEepa, HANPHUKIAA JTOJaBaHHs, TIOIIYK,
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BHJIyYEHHSI JaHWX, 1 TIIBKU MOTIM MeperiieMo 10 YTOYHEHHS MOIPO-
OuLp peamizauii Takoro KoHTeHHepa. 3ropu AOHH3Y OyAeMO MpOeK-
TYBaTH HE TUIbKH KOHTEHHEPH, aie i Ko MPOEKTiB y LiJIoMy.

IIpoektyBaTi CTPYKTYypH nmaHuX OyaeMo Yy BHIJLIAI K1acie
(muB. [2]), OCKIIBKM KJIACH JO3BOJISIOTH IHKAICYJIIOBaTU BCi HEOO-
XigHl omepamii 3 JaHUMH W 3a0e3MeYNTH IUTICHICTh OCTaHHIX. [Ipu
BOMY OyZIeMO HaMaraTucs siodiisamu inmepgeliic 6i0 peanizayii.

o inTepdeiicy kiaacy BXoAsTh BiIKpUTI MeToaH Kiacy (y MIHPO-
KOMY pO3YMiHHI CIOAW X NOJAIOTHh 3arajbHi KOMEHTapi CTOCOBHO
mpu3HaueHHs kiacy). [lprxoBaHi Ta 3axuIIeHi YIeHW KJacy W O3Ha-
YeHHS ~ METOMIB  CTAHOBJISITH  peajii3amilo  kimacy  (aHIJL
implementation). CyTp BigaineHHs iHtepdelicy Big peamnizamii moss-
rae B TOMy, IO JUISI BUKOPHCTaHHS KJIacy KIIEHTY He Tpeba Hidori-
CIHBKO 3HATH IO HOTo pealizaliio.

ITepm 3a Bce, BimmiieHHS iHTEp(dEHCY Bim peamizallii CyTTEBO CIIpPO-
LIy€e BUKOPHUCTAHHS KJacy #oro kiieHtamu. Kpim Toro, 3MiHM B peajti-
3aI1ii OJTHOTO KJIacy He MOTpeOYIOTh 3MiH y peai3ailii iHIIX KJIaciB Ta B
Kol KimieHTa. Takuil miaxix J03BOJISE TOCATTH MOJYJIBHOCTI TPOrpam-
HUX TPOAYKTIB 1 MaTu KiIbKa B3a€MO3aMIHHUX peasti3amiii OKpeMoro
Moayns. Lle miBuiye epeKTHBHICTh KOJEKTHBHOI PO3POOKH MPOEKTY,
aJDKe WOTo YaCTHHU MOAU(DIKYIOTHCS HE3AJISKHO OJTHA BiJl OTHOI.

[punnun BiggineHHs inTepdeiicy Bia peamizauii 3ycTpidyaeTscs B
MOBCSIKAeHHOMY KHTTI. Kopucryrounce MoOimsHUM TenedoHOoM,
MPACKOI0, EIEKTPOUYaHUKOM, TEJIEBI30pOM ab0 iHIIUM IMPHCTPOEM,
MU 3HA€EMO, SIKI KHOTIKH CIIiJi HATUCHYTH JJISl JOCSTHEHHS TEBHOTO
edeKTy, are He 3aMHUCIIOEMOCS, SK Il BCE BIAIITOBAHO BCEPEIWHI.
Ile 3py4HO ¥ CyTTEBO EKOHOMUTH Yac.

[poexTyBaHHs Kjacy BapToO MOYMHATH 3 BU3HAYECHHS HOTO iHTEp-
(heiicy, miCIsT 9OTO MEPEXOWTH J0 TIOJIB 1 perrTh MeToAdiB. bijei Toro,
JesIKi PUXOBaH1 METOJM MOXKYTb 3’ IBUTHCS JIMIIIC HA €Talli KOLyBaHHSI.

v' B o3HayeHHi KJIacy He BAPTO, X0Ua i MOKIMBO, 3aMUCYBATH T10-
BHi 0O3Ha4YeHHsI METOJIB — TYT JOCTATHBO JIMILIE OTOJIOIIEHb METOIB.

[IpuHUINI BimoKpeMyeHH iHTepdeicy Bif peamizalii IiIKoM y3-
TOMKY€EThCA 3 NMPOEKTYBAHHSIM 3TOPH JOHM3Y: CIOYATKY IMPOEKTY-
FOTHCSI OTIepallii, sIKi Ma€ HaJlaBaTH Kiac KIi€HTaM, TIOTIM BOHH YTOY-
HIOIOTBCS H TIOCTYTIOBO 3’ SIBIISIETHCS peaizalLlisl Kiacy.

" Tiyy kaienTaMu K1acy PO3yMilOTh YACTHHHU TIPOTPAMH, IO BHKOPUCTO-
BYIOTB KJIac abo HOro 00’ €KTH.
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2.3. Knacu ta 6e3neyHe
KepyBaHHSA pecypcamMm

Ille oHa mpUuYMHA MPOEKTYBAHHS CTPYKTYP JaHUX CaMe Y BHUTJISII
KJIaCiB TMOB’s3aHa 3 OPTaHi3alIli€l0 Oe3neyHo020 KePySaHHs pecypcamul
(anrn. exception-safe resource management). Y IUPOKOMY CEHCI IiJ
pecypcamu MO>KHA PO3YMITH BCE T€, 110 BUKOPUCTOBYE ITPOTrpaMa; Jiu-
HaMi4Hy [am’siTh, JUCKOBI (aitmm Tomo. 3a Ge3MevHOro KepyBaHHS
pecypcamu Mae He OyTH BUTOKIB pecypcy (anri. resource leaks)—
CHTYyalliii, KOJIM MporpamMa He MOBEpTae B KOPUCTYBAHHS OTPUMaHi pe-
cypcu. PosrnssHeMo moTeHTIiiHI Tpo0IeMH JIeTalbHille.

3a 30epiraHHs HAOOPIB JAHMX Y aBTOMATUYHIM UM CTATUYHINA mam’sITi
KUTBKICTh TXHIX €IEMEHTIB Ma€ OyTH JOBOJII HEBEIUKOO BiTHOCHO MOX-
JMBOCTEH CydacHUX KOMII I0TepiB. TakoX HeOoOXiTHO 3a37aieriip pese-
PBYBaTH IaM’sTh TiJ] JaHi HE3AJIEKHO Bijl IXHBOTO PEaTbHOTO PO3MIpY.
Sk Hachigok abo Oyze 3ape3epBOBaHO 3aiiBy mam’siTh (1 1i gami Moxke He
BUCTA4UTH IS IHIIUX OOYMCIICHb TIPOTPaMu), a00 JIaHi He BMICTAThCS B
3ape3epBoBaHui 00car. [ Toro, mo0 YHHKHYTH Takux MpoOIieM, J10-
LUTBHIIIE PO3MIIIYBaTH JIaHi B JUHAMIYHIN 11aM’ SITi.

JwuraamivHi 3MiHHI (Ha BiZIMiHY BiJ{ aBTOMaTHYHHUX ) HE 3HHUIIYIOTHCS
cami 1o co0i. 3aifHATa HUMH [1aM’Th 3BUTBHSAETHCS TUTBKU B Pe3yJIbTa-
Ti BUKOHAHHS SBHO 3anvcanoi iHcTpykuii. it Toro, mob 115 iHCTpyK-
mist Oyna BUKOHAHa, 0o Hei Mae Jditimu uyepea. OfHaK, Ko OyIo 3re-
HEPOBAHO Ta Bipa3y HE MEPEXOIUIEHO BHHATOK, TO 3BUYANHHUN TOPS-
JOK BHUKOHAHHS IHCTPYKIIM IepepHBacThCs, BUKOHAHHS MOTOYHOTO
BUKIIMKY 3aBEPIIYEThCS W IHCTPYKIIii 3BUTbHEHHS 11aM AT, SIKi Haifgac-
TiIlIe MICTATHCS B KiHIII Tija QyHKII, HE BUKOHYIOTbCS. SIK pe3ynbrar,
HAKOMMYIY€ETHCSA "CMITTSA", TOOTO HE3BUIBHEHI IUISHKH ITWHAMIYHOT
ram’siTi, OJaJIbIlle BUKOPUCTAHHS SIKUX HEMOJKIIHUBE.

Inest BuKOpUCTaHHS BHHATKIB BUXOAMJIA 3 TOTO, MO0 3pOOUTH OC-
HOBHHUH KOJI TIPO30PIIINM, OYUCTHUBIIHN HOTO BiJ KOAy OOpOOKH TIO-
MUJIOK. SIK CyMiCTUTH BUKOPHCTaHHS BHHATKIB 1 KOPEKTHY poOOTYy 3
IUHAMIYHOIO I1aM’ SITTIO?

Hacnpagni ananorivyxi npo6ieMu BUHHKAIOTh IPA poOoTi 5K 3 AWHA-
MIYHOFO TIaM’SITTIO, TaK 1 3 IHIIUMH pecypcamu. Po3ristHeMo, SIK 32 YMOBH
BUKOPHUCTAHHS BUHSTKIB OpPraHi3yBaTH Oe3IeUHe KePYBaHHs PECYypPCaMU.

OnuH 31 cnoco0iB 0E3MEYHOro KepyBaHHs pecypcamMH TOJsIrae y
BUKOPHUCTaHHI TaKUX MPUHLUIIIB:

— KepyBaHHS pPecypcoM BifIOyBaeTbcs B 00’€KTi (eK3eMIUIIpI
KJIacy), P IbOMY 00’ €KT BiJIMOBiIa€ HE OUIBII HiX 33 OJUH PECypc;
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— pecypc BUIOUIETHCS, KON 00’ €KT iHIIiam3yeThes (He 000B’I3KOBO
B KOHCTPYKTOpIi; MOKIIMBA TaK 3BaHA GiOKIA0eHd IHiyiani3ayis, KOIH TI0-
YaTKOBE 3HAYCHH IIPHUCBOIOETRCS HE ITif] Yac iHiMiami3artii, a m3Hime);

— Ppecypc BHBUIBHSETBCS B IECTPYKTOPI, 32CTOCOBAHOMY JI0 00’ €KTA.

KopekTHo peanizoBanuii K1ac JO3BOJIsE YHUKHYTH BUTOKIB Pecypcy,
OCKUTBKH TIPH 3HHIIIEHHI 00’ €KTIB 1 HUX O0OB’SI3KOBO BUKIUKAETHCS
JECTPYKTOP, Y SIKOMY MOKHA KOPEKTHO BUBLIBHUTH PECypC.

OTxe, AKIO KOHTSHHEP PO3MINIYE JaHi B TUHAMIYHINA 1aMm’Ti, TO
BIJIMOBITHUH KJ1ac 000B’SI3KOBO MAa€ MICTUTH BIIACHHI JECTPYKTOP, a
TaKOXX TapaHTYBaTH KOPEKTHICTh pOOOTH 3 TWHAMIYHOIO IaM STTIO
IiJ] 9ac MPHUCBOIOBAHHS Ta CTBOPEHHSA 00 €KTIB OIHOTO 3a IHIIUM.
BiamosinHi omepamii mMaroTh O6yTH ab0 HaAJEKHO peajizoBaHi, abo
3a00pOHEHI TSI BHKOPHCTAHHS.

2.4. Npuknapa KOHTEMHepa 3 NPAMUM
AOCTYNOM A0 eJiIeMEeHTIB

[IponemMoHCTpyEMO HaBeJEHI BHINE MPUHIMIIN Ta JACSIKI MOXKIIHU-
BocTi MoBu C++ Ha MPHUKIaAl MPoCTOro KoHreitnepa. Hexait 00’ ektu
CTBOPIOBAHOTO KJIACy 30€piraroTh IMOCIHIIOBHICT IUIHX, 3a0e3medy-
IOTh OTIEpAIlif0 JOJaBaHHS €JIEMEHTa B KiHEIh MTOCIIIOBHOCTI i Ha-
JAIOTh TPSIMUE mocTyT 10 ii enemenTiB. Lle Oyme BiAMOBimambHICTIO,
a00 TIpU3HAYECHHSAM, HAIIOTO KIIacy.

AKLO NEBHY YaCTUHY AaHUX MOXHa OTpuMaTtu 6e3nocepeaHbo 3a il
HOMepoM abo aapecoo, TO KaXyTb, WO A0 AaHWUX € NPAMUKA, abo AoBi-
NbHUKA, Aoctyn (aHrn. direct/random access). Lle o3Havae, Wo Ao ene-
MEHTIB MOC/TIAOBHOCTI € AOCTYN 3@ iXHIMM HOMepamm, TO6TO nosuuisMn B
nocnigoBHOCTI. Hanpuknag, macven 3abesnedytoTb ApsMMiA JOCTYn A0
CBOIX €/IEMEHTIB, 3MiHHa — O CBOro 3Ha4eHHs, pO3iMEHYBAHHS BKa3iBHU-
Ka — [0 AaHuX, siKi 36epiratoTbCst 3a BiAMNOBIAHOK aapecoro.

SAKLWO X 4nsa Toro, Wwob oTpuMaTh 3HaAYEHHS AEesIKOro efieMeHTa nocii-
[OBHOCTI (HaBiTb MawuM MOro Homep), Tpeba crioyaTky nepernsHyTV BC
efieMeHTU nepes HUM, TO Lie — NPMKIaA NOCIIZAOBHOIO KOCTYNy (aHr1.
sequential access). Ha BigMiHy Big npsiMoro, nmocnifgoBHUIA AOCTYN nepea-
6auyae, WO eneMeHT! nepernsaaroTbCs B 3a3ganeriib BU3HAYEHOMY Mo-
pSAKY, Hanpukiaj BiA4 MNeploro A0 OCTaHHLOro. TUMOBMM MPUKIAA0M
CTPYKTYp AaHUX i3 NOCTiA0BHUM AOCTYMNOM [0 eIeMeHTIB € CNUcKn [2].
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[IpoekTyBaHH: KJ1acy MMOYHEMO 3 HOTO iHTEpdeicy.

[Tixg yac KOHCTPYIOBaHHS CTBOPIOETHCS TIOPOXKHS ITOCIITOBHICTb.

MeTtop size noBepTae TOBXKUHY MOTOYHOT TOCITIIOBHOCTI.

Jlyis oprasizartii mpsiMoro JOCTYITy JI0 €JIEMEHTIB MOCTIIOBHOCTI Tie-
peBaHTaXUMO ornepartop [ ], IKWif 32 1HIEKCOM MOBEPTA€E MOCHIAHHS Ha
BIJIMOBITHUI €JIEMEHT TOCIIIOBHOCTI (iHIeKcallito nounemo 3 0). [pu
HaJIaHHI JIOCTYITY J0 €JEMEHTIB IOCIIIOBHOCTI OyIeMO €eKOHOMHTH Yac,
a TOMY BiZ]MOBMMOCS BiJ] IEPEBIPOK KOPEKTHOCTI IHACKCY 3aIIUTYBaHOTO
enemenTa. lle He myke moOpe, ane AesKki CUCTeMHI 0i0OTeuHi Kilach
BHUKOPHCTOBYIOTB TaKy CTPATETiio 3apavi €EKOHOMIi Jacy.

AHAJIOTIYHO CTaHJAPTHUM OIOMIOTEYHMM KilacaM, J0JaMo JI0
KJIacy MeToJ at, 1o, SK i onepaTop [ ], MoBepTae MOCUIaHHS Ha Bij-
MOBIIHUN €IIEMEHT TOCHiIOBHOCTI, ajie MepeBipsie€ KOPEKTHICTh iH/Ie-
KCy 3allMTYBaHOTO €JIEMEHTa ¥, KOJH TaKOrO €JIeMEHTa B MOCIiI0B-
HOCTi HEMa€, KAJa€ BUHATOK THITy out_of_range.

Takoxx 03HAYMMO METOJ| insert, SKUW JOJa€ €NEMEHT Yy KiHelb
MIOCITIIOBHOCTI Ta TIOBEPTAE TIOCHIIAHHS Ha IOWHO JTOJIaHUH €JIEMEHT.

3 BHIIIEHaBEIEHOTO BUILIMBAE TaKWH iHTEpdEiic Kiacy:

class Sequence{

public:

Sequence();
unsigned size() const; //po3mip B enemeHTax
int& operator[](unsigned); //6e3 nepeBipok,
//NoCcunaHHA KOpeKTHe MOKW [OBXMHA
//nocnipoBHocTi He3MiHHa
int& at(unsigned); //throw(out_of_range)
//NoCcunaHHA KopekTHe MoKW AOBXMHA
//nocnipoBHocTi He3MiHHa
void insert(int elem);//nona€ enemeHT y KiHeub
//throw(bad_alloc)
//pewTy 6yae poaaHo pani
¥

Mipkyroun Haj peali3ami€ro Kiacy, BUpIIIyeMO 30epiraT moci-
JOBHICTh y TUHAMIYHOMY MacHBi, 00 HE 0OMEKyBaTH MOXKJIMBY Ki-
JBKICTD ii eneMeHTiB. Jlami 03HaYMMO TOIA JaHWX. 3a BUKOPHUCTAHHS
JUHAMIYHOTO MacHBY €K3EMIUIIP KJIACy MICTHThH JOBKHHY ITOCIiIOB-
HOCTI, JIOBXUHY (KiBKICTh €JIEMEHTIB) MacHBY Ta BKa3iBHHK Ha JTUHA-
Mi4HMHA MacuB Linux. Jlonamo Taky 4acTHHY 10 O3HaYEHHs KJacy:
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private:
unsigned size_=0;
unsigned capacity_=0;
int *arr=nullptr;

Craamaptr C++14 0ozeonse exasysamu iniyianizamopu nomie
00’exkma be3nocepeonvo 6 o3HauenHi kaacy. SIKIo B KOHCTPYKTOPI
HEe BKa3aHWU IHILIANI3yIOunii BUpa3 AJs MO 00’€KTa, TO BUKOPHC-
TOBYETBHCS iHiLliami3aTop i3 O3HaueHHA Kiacy. ToMy cTaHAapTHUH
(anrn. defaulf) KOHCTPYKTOp MOXKHA O3HAYHUTH 32 YMOBUAHHSM (QHTIL.
defaulted). Otxe, 3MiHUMO O3HAYCHHS KOHCTPYKTOPA:

Sequence()=default;.

BukonanHs KOHCTpyKTOpa iHimianizye mois size , capacity_,
arr 3HaYCHHSMH BUPa3iB, yKa3aHUMH B iX OTOJIOLICHHI.

3ayBaskeHHs. 3aMiCTh BHECEHHS 3MiH B O3HAUYEHHS KJIACy MOXHA
y cpp-(aiini 3 peanizauiero METOIIB KJIaCy 3alMCATH TaKe.

Sequence: :Sequence()=default;

Ilin gac momaBaHHS eleMEHTa MOXe BUHUKHYTH CHUTYaIlis, KOJIHU
MOTOYHUN MAaCUB TOBHICTIO 3alOBHEHO. ToJi mepen aoJaBaHHIM
eleMeHTa MacuB HeoOXigHo 30impmmTH. st mporo Tpeda 3aMiHUTH
MOTOYHUN JUHAMIYHUNA MacHB OUTBIIUM, y SKHI CKOMIMOBaHO ee-
MEHTH TOCHiIOBHOCTI. BimmoBimHi 1ii BUKOHye MeTon resize, a
KpOK 30LIBIICHHS KUTBKOCTI €JIEMEHTIB MacHBY 3alJa€ TOje Kiacy
capacityStep:

private:

void resize(); //throw(bad_alloc)
static const unsigned capacityStep=32;

VY cpp-aiini 3 peanizalii€ro METOIIB KJIaCy HAIMILIEMO TaKe:

#include "Sequence.h"

#include <memory.h>

unsigned Sequence::size()const {return size ;}

int& Sequence::operator[](unsigned n) const{
return arr[n];

}

int& Sequence::at(unsigned n) const{
if (n>=size_) throw std::out_of range(
"There is no element with index " +
std::to_string(n) +" in the sequence.");
return arr[n];

}
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void Sequence::insert(int elem){
if (size_==capacity_) resize();
arr[size_++]=elem;
}
void Sequence::resize(){
unsigned capacityNew=capacity_ +capacityStep;
int *arrNew=new int[capacityNew];
if (arr && size >0)
memcpy (arrNew, arr,size *sizeof(int));
delete[] arr;
arr=arrNew;
capacity_=capacityNew;

}

Y HaBeneHOMY KOJi MacHB KOIIO€ (DYHKITiS memcpy, OTOJIOIIEHA
B cTraHzapTHoMy OibmioTeuHoMy daiini memory.h. bibmioreuna
¢dyHKIis to_string 3a 4mMCIOM MOBEpPTaE WOro JECATKOBE 300pa-
JKEHHSI PSAKOM THIY string.

3ayBakenHs. Metoj operator[] MOXHa OTOJIOCHTH SIK KOHC-
TaHTHUH, ajpke BiH HE 3MiHIO€ 1Mo 00’ ekTa. JlomaBaHHs crerudika-
Topa const J03BOJIsIE BUKOPUCTOBYBATH HOTO ISt 00’ €KTIB THITY K
Sequence, Tak i const Sequence. [Ipote 00’€KTy HalEKUTHh NWHA-
MIYHUIA MacHuB, SKHH MOXKHA 3MIHUTH 32 JOMOMOTOIO I[bOT'O METOY.
Y nmoniOHUX BUTIAAKAX Kpalle MaTH Iapy METOIIB, a caMe:

— 1int& operator[](unsigned), sikuil Hajgae AOCTYI ISl 4YH-
TaHHS Ta 3alUCy CJIEMEHTA,;

— int operator[](unsigned) const, sKuil Haxae AOCTYM
TIIBKH JUIS YATAHHS CJIEMEHTA.

AHanoriuHe 3ayBajk€HHSI CTOCYEThCS U Meromy at, sKuil BapTo
3aMIHUTH TaKOIO TTAPOI0 METOIB:

int at(unsigned)const;

int& at(unsigned);

Peamizarii "koHcTaHTHUX" METONiB operator[] Ta at 3aiwuma-
FOTBCS Ti CaMi.

HaBeneni mMeTomu Bipi3HAIOTECS crienupikaTtopoM const, TOMY
KOMITUISITOP BBaXKa€ iX pisHUMH. BUKIIMK TOTO 4M 1HIIOTO 3 TTApU Me-
TOJIIB 3aJIEKUTH BiJ] KOHTEKCTY W CAMOCTIHO BH3HAYAE€THCS KOMITi-
JASTOPOM. SIKIO METOJ| BUKIMKAETHCS ISl HE3MIHIOBAHOTO 00’ €KTa,
TO KOMIJISATOpP BUOUpae came "KOHCTaHTHUN" METOA.
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OpHak sSIK yTHITI3yBaTW TMaM’ ATh i3-mij MacuBy? baxkano pobutn e
came Tiepesl TUM, KOJU 00’ €KT BUBAHTKYEThCS 3 TIaM SITi. 3rajaemo: me-
peIl BUBAaHT)KEHHSM 00 €KTa BUKIIMKAETHCS JIECTPYKTOp. SIKIIO Tporpa-
MICT HOTO HE HAIKCAaB, TO KOMIIUIITOP JOMAE CBiM, 110 BUKOHYE HEOOXiI-
Hi 3aBepiIaibHi Ail. [IpoTe KOMIIIATOp HE MOXKE 3HATH, UM MOTPiOEH 11e
JMHAMIYHUH MacB (MOMKJIMBO, BiH BUKOPHCTOBYBATHMETHCS W Haali).
Orxe, ToAaMO 10 KJIacy BIACHUN IECTPYKTOP, AKHI 3HHIIY€E MacHB. Im’st
JIECTPYKTOpa 3aBxk M (HIKCOBAHE: 11 iM s KJIACY 13 CUMBOJIOM ~ IOTICPE/TY.
JecTpykTop He Ma€e apryMeHTIB Ta Hi40ro He IOBEpTaE:

public:

~Sequence ();

Takox mogamo HOTo peaizaiio:
Sequence: :~Sequence(){

delete[] arr; arr=nullptr; size_ =0;
}

Curyarii, y SKux AidcHO € moTpeba B mporpami MoBoto C++ sIBHO
BUKJIMKATH ACCTPYKTOP, Iy>kKe cretudivni i TpamsoThes piako. Bapto
am’sITaTy, 10 3BEPHEHHs A0 00 €KTa, Ul AKOro BxXKe OyJ0 BUKOHAHO
JECTPYKTOP, MOKE TPU3BOJMTH JI0 HEMependadyBaHUX HACIIIKIB, TOO-
TO JUIsl OHOTO 00’ €KTa BUKOHY8AMU OeCMPYKMOop 06iui He ModicHd. Pe-
aTi3aIliio JeCTPyKTOpa MOXKHA CIIPOCTUTH, aiPKe ITICIIST HOTO BUKOHAHHS
"NOBHOLIIHHE XHUTTA" 00’€KTa 3aBepIlcHEe i 3HAYEHHs HOro TOJIB yKe
HeBaXxJIMBi. OTXXe, IECTPYKTOP JIMIIIE 3BUIBHSIE [IaM’ STh:

Sequence: :~Sequence (){delete[] arr;}

[poTe Ha LBOMY MPOOIEMH HE 3aKIHIYIOTECS. Po3rissHeMo Takuii Kox:

Sequence a;
a.insert(1);
Sequence b(a), c;
c=a;

TyT BUKJIMKA€ETHCS KOHCTPYKTOP KOl Ta orepaTrop MpUCBOOBaH-
HS KOMifOBaHHAM. MU i METOIM HE HAIMCaIH, CTAaHAAapT He 3a00po-
Hs€ JI0J]aBaTH iX 32 HASBHOCTI HAIMCAHOTO TPOTPaMiCTOM JECTPYK-
TOpa, OTKe, KOMIILIATOpP D0JAaB iX 3a Hac. IXHi ii 3BOAATHCA 10 KO-
MMIOBaHHS BiMMOBITHUX IONiB. Haramaemo: 00’ekT 30epirac He Ma-
CUB, a BKa3iBHMK Ha MacUB eJeMeHTiB. ToMy KomitoBatucs Oyje He
MTOCTIIOBHICTh, a TIIBKH anpeca, 3a SKOK BOHA pO3MIIIeHa, TOOTO
Ma€ MiCIIe He2niuboKke KONito8aHHs.
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TTomaspIa 3MiHa 3HAYEHB €IIEMEHTIB ITOCIIOBHOCTI B OTHOMY 3 00’ €K-
TiB a, b a00 ¢ 0IHOYACHO € 3MIHOIO Y IBOX iHIIMX 00’ €kTax. Habararo rip-
1I1e Te, 10 y BUKJIMKAX JIECTPYKTOpa TSl KOXKHOTO 3 TPHOX 00 €KTiB Oyjie po-
ouTrcs crpo0a 3BUTHHUTH ITaM’sITh, BUIUICHY MAacHBY B eK3eMITIpi a. J{o To-
IO K MaM’SITh 13-TiJl MAacUBY, CIIOYATKy CTBOPEHOTO 00 €KTOM C, 3BUIbHEHA
He Oyie, OCKLITBKY TICITsl IPUCBOFOBAHHS a/Ipeca IIbOro MacHBY BTPAYa€eThCHL.

Bunydeni meroau. HekopektHa po0oTa 3 maM’sITTIO € pe3yIbTaToM
HErJMOOKOr0 KOMiIOBAHHS MOJIB-BKA3IBHUKIB Y KOHCTPYKTOpI KOIIii Ta B
orepaTopi MPUCBOIOBAHHS KOMIFOBAHHSAM, HESIBHO JIOJAHMX KOMITLISTO-
pom. Omxe, abo Tpeba 3armporpaMmyBaTH I1i METOIM SBHO, 00 BOHH IIpa-
BHJIGHO OOPOOIISTM BKA3IBHUKH (SKIIO TTaM’sITh IMiJ] TUHAMIYHHA MAacHB
OyJI0 BULIEHO, TO CIIOYATKy HOTO CIifl 3HUIIUTH, a TIOTIM CTBOPHUTH HO-
BHH 1 CKOMIiIOBaTH B HHOTO 3HAYCHHS), a00 3a00pPOHUTH BHUKOPHCTAHHS
METOIiB, HESIBHO JOIaHKX KoMmrisiropoM. [lizemo apyrim mmsixom. [To-
ynHatoun 31 craHmapry C++11, BiMOBiqHI METOAM MOYKHA OTOJIOCHUTH
BIIKPUTHMH, aJie 03HAYHTH iX SK BHIIy4eHi (aHriL. deleted):

public:

Sequence(const Sequence&)=delete;
Sequence& operator=(const Sequence&)=delete;

Tenep moBinbHa cpoba BUKOPUCTATH iX y KOAI BUKIAYE TTOMUII-
Ky Ha eTari KOMITUIALI.

€ 111e /1Ba METO/IH, SIKi MOXKYTh MPU3BOJIUTH 10 HEMPABMWIILHOI YTHITI3a-
1ii mam’sITi — 11e KOHCTPYKTOP MEePEMIILIEHHS Ta OTepaTop MPHCBOIOBAHHS
niepemiteHHsM. [IpoTe, Ko B Kiaci SIBHO OTOJIOLICHO JECTPYKTOp, TO
crauzapt C++14 3a60ponsie” HESBHO I0JABATH ITi METOIH JI0 KIIACY.

INepeBanTa:kenns onepartopis i MeTonu Kiacy. OroJiomeHHs pisHIX
00’€KTIB IPOrpaMu 3 TUM CaMHM iM’SIM B OJHIH 0OJIacTi Jiii Ha3MBa€THCS
NepeBaHTA:KeHHAM (aHIv1. overloading) iMeHi (iHKOJIM, HE TOYHO, Tiepe-
KJIAJIAI0Th SIK nepeosHayents: imeni). Moa C++ 103BOJIsIE TIEpEBaHTAKYBa-
TH iMeHa (yHKIiH, KpiM iMeHi main. Il yac kommisii HeoOXiqHe 03Ha-
YeHHS BUOMPAETHCS 3a KUTBKICTIO i THamu niapamerpiB. ToMy omHOVMEH-
Hi (QyHKIIii TOBUHHI MaTH Pi3HI KUTHKOCTI TIapaMeTpiB abo pi3Hi MOCIiIoB-
HOCTI 1XHiX THITB. THM 3HAYEHb, 10 TIOBEPTAIOTHCS, MOXKYTh OyTH SIK OfI-
HAKOBMMH, TaK 1 pi3HUMHA. O3HaYeHHS OMHOMMEHHVX (QDYHKIIIH, SIKi Bimpi3-
HSTFOTHCS1 JTUIIE TUTIAMH 3HAYEHB, 1110 TTOBEPTAIOTHCS, € TIOMILTKOKO.

2 Xou CTaHZAPT 1 3a00pOHsE, ajle He BCi KOMITUIATOPH IIUTKOM BiTIOBIIAIOTH
CTaHaapty. SIKIO B KJaci SIBHO OTOJIONICHO JECTPYKTOP, @ KOMITUBITOP yCe-Taku
TeHepy€e KOHCTPYKTOP MEPEMIIIICHHSI Ta ONepaTop MPUCBOIOBAHHS MIEPEMIIIICHHSIM,
TO 1X MOYKHA O3HAYUTH SIK BIJTyUeHi (3a IOIIOMOTOr0 KOHCTpYKIii =delete).
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Jns kaciB A03BOJAETHCS TIEPEBAHTAXKYBATH SIK METOAM, TaK 1 Orepa-
topu. IIpu mpoMy OiBLIICTE OmepaTopiB MoXke OyTH TiepeBaHTaXKeHa He
TIJIBKH SIK METOZIM KJIacy, ajie i sIK 3BU4aiiHi pyHKLIi 32 MexXaMu Kiacy. Y
HaBeZIEHOMY TIPHKJIafi oneparop [ ] mepeBaHTaXeHO SIK METOJ] KIacy.

IlepeBanTaxxyBaTu MOXHA I ONepaTOPH MepeTBOPEHHS 10 TH-
ny. IlepeBanTaxkxumo A Ki1acy Sequence orepaTop NepeTBOPEHHS
no Tumy bool Tak, mo0 3a MOPOKHBOI MOCIIZOBHOCTI OTPHUMYBAaTH
false, 3a HEMOPOXHKOI — true. Jlo 0O3HaYeHHA KIacy CIiJl IOAAaTH

public:

operator bool() const;

Ilett MmeTox Mae iM’st operator bool i HOro CHHTaKCHYHOIO OCO0-
JIMBICTIO € Te, IO TUIT PE3YNbTaTy Mepe]] HOTo iMEHeM He BKa3y€ThCs.

VY aiin i3 peanizalliero METOAIB 101aMO MOTO O3HAYCHHS

Sequence: :operator bool() const{

return size()!=0;
}

3ayBa:keHHs1. Y KOJi omeparopa MepeTBOPEHHs N0 Tumly bool
3aMiCTh TIOJIA Size_ yKa3aHO BHUKIWK METOMY, IO MOBEPTAE BiAMOBI-
JIHE 3HAYE€HHs, 1 I1¢ HE BUITaJIKOBICTb.

[pumyctumo, mo B MaiiOyTHIHM Bepcii kiacy mone size_ martume
THIIMH 3MICT (HaNPUKIIa1, BUPILIXMO 30epiraTi He KiTbKiCTh eJIEMEHTIB,
a 1HJEKC OCTaHHHOTO BHUKOPHCTAHOTO). ToIi HEOOXiMHO 3MIHUTH METO-
I, IO BIATIOBIZAIOTh 32 HOTO 3MiHY, i METO/H, 10 BUKOPUCTOBYIOThH
Hioro 3HaueHHs. [IpuuoMy 3MiHH B YCiX METOJaX, 1[0 BUKOPHCTOBYIOTh
3HAYEHHs, MAIOTh OYTU OJHAKOBUMH. SIKIIIO TaKMX METOJIB Oararo, To
BUHHKAIOTh 3MiHH B 0araTtboX MicCIIIX KOAy. SIKIIO 3a JIOTiKy MepeTBO-
pPEHHS 3HAYCHHS TOJIS Size_ Ha KUIBKICTh €JIEMEHTIB, IO 30epiracThCs
B KOHTEUHEPI, BIAMOBIIa€ € TMHUHN MeTO (Size), TO JOCTaTHRO 3MIHUTH
TUIbKU Horo. OTke, BUKOPUCTAHHS CaMe BUKIIMKY METOIY JO3BOJISIE
YHUKHYTH JTyONIOBaHHS KOAy OOYMCIICHHS KiJIbKOCTI eJeMeHTiB. 3a 0a-
YKaHHSIM y TIOTOYHOMY KJIaci METOJ] Size MO)KHA 3pO0OUTH BOYIOBaHHM.

Omnepanii BBelleHHSI/BUBEAEHHsI [Jisl KOHTeiHepa. Omepaiii
BBEICHHS/BUBEICHHS MPUHUHATO 32 MOKJIMBICTIO BiIUTUIATH Bif OIIe-
pariii 3 nanumu. ToMmy B po3poOJicHOMY KJIaci HEMa€e KOIHHUX 3aco-
0iB 3 ioro BHBeneHHs. HaTomicTh TepeBaHTaXKUMO OMEpPaTop <<
BCTaBKH B MOTIK. [[1s 1iporo B 3aroyioBHUU (haiin micis o3HaueHHS
KJIaCy 3alyIIeMO TaKuil 3aroyIoBOK (Ie HeOOXiTHO BKIFOYHTH CTaH-
JapTHUHN 3arojoBHUM (daiin ios):

ostream& operator <<(ostream&, const Sequence&);
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Y BiamoBimHUA (aitr i3 pearmizariisiMa g01aMo0 Horo o3HadeHHS (11e
HEOOXiTHO BKJIFOUUTH CTAHIAPTHHI 3aroIOBHUM (hailir ostream):
ostream& operator<<(ostream& f, const Sequence&s){
if (s.size()==0) f<<"sequence is empty";
else {
unsigned last=s.size()-1;
for(unsigned i=0; i<=last;++i) f<<s[i]<<" ";
}
f<<endl;
return f;
}
TlepeBaHTa)keHHsI omepaTopa >> BCTaBKM 3 MOTOKY 3aJUIIAEMO
JUISL BIIPABH.

2.5. KoHcTpyKkTOpM KONii/nepeMiljeHHNA
Ta onepaTtopu NpUCBOIOBaHHSA
KoniroBaHHAM/nepeMilleHHAM

s kmacy Moxke OyTH 03Ha4€HO KiJlbKa Pi3HUX KOHCTPYKTOPIB,
KOXCH 3 SKHX BHUKJIHKAETHCA (HESIBHO 200 SBHO) y MEBHUX CUTYya-
nisx. KoHCTpyKTOpH Ta KOHCTPYKTOPH KOl B TOMY BUTJIAML, K
BOHU iCHyBaju 10 BBeJeHHS craHaapty C++11, posrmsganucs
y [2]. Tlounnarounm 3i crangapry C++11, y BUnajaky, Koiu HOBHUH
00’EKT CTBOPIOETHCA 33 BXKE ICHYIOUMM 00’€KTOM TOTO CaMOTO
KJIacy, MOX€ BHUKOPHUCTOBYBATHCS KOHCTPYKTOpP Komii (aHri.
copy constructor) abo KOHCTPYKTOP HepeMillleHHsI (aHTI. move
constructor).

OnuiemMo pi3HMIIO MK IUMH IBOMa KOHCTpyKTOpamu. [IpumycTu-
MO, IO 00’€KTaMU € KOHCIICKTH. 111 Toro, 1100 3a OAHUM KOHCIIEKTOM
CKOHCTPYIOBAaTH HOBUM, MOXKHA 200 IepenucaTi KOHCIEKT Y HOBUH 30-
IUT, a00 BHPBATH apKyIli Ta BCTABUTH B HOBY OOKJIAIMHKY. B 000x
BHUIIAJIKAX 3HAYEHHS CKOHCTPYHOBAHOTO KOHCIEKTY Mae 30iraThcs’ 3i
3HaYEHHSIM KOHCIIEKTY, 3a SIKUM HOro OyJio CKOHCTPYHOBAHO, ajie OdYi-

3 3BiCHO, MOXKJIMBI BHUIIAJIKH, KOJIU B TIPOTPaMiCTa BUHUKAE TUBHE OaXKaHHS,
100 KOHCTPYKTOPH KOIIi/IIepeMillieHHs] pOOWITH HE 30BCiM TOYHI KOITil.
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KY€TBCS, 10 KOHCTPYKTOP KOIIii CTBOPIOE KOIIIIO IAHUX 3pa3Ka, a KOHC-
TPYKTOp TiepeMileHHs "3a0upac” nani 3paska cobi, TOOTO AaHi nepemi-
Wyl1omuvCs Bijl iCHY104O0ro 00’€KTa 0 CTBOPIOBAHOTO.

Jna knaciB, sIKi KepyIOTh pecypcamu, KOMIIOBaHHS O3Hayae
CTBOPEHHS HOBOI KOMii pecypcy, a mepeMilieHHs — L0 pecypc nepe-
JA€ThCSI CTBOPIOBAHOMY 00’ €KTY.

IIpu npucBoroBaHHI 00’€KTIB, aHAJIOTIYHO KOHCTPYIOBAHHIO, TEX
PO3TJISIAt0Th KOIIIOBAHHS Ta MEpeMillleHHs. BiqMIHHICTD BiJ KOHC-
TPYKTOPIB JIMILIE B TOMY, L0 3HAUYEHHS KOIIIOETHCA ab0 mepeMilry-
€THCS HE B CTBOPIOBAHMI 00 €KT, a y BXKE ICHYIOUHIA.

Hexaii y kaci HasiBHI KOHCTPYKTOD KOMIii Ta KOHCTPYKTOpP IepeMi-
mieHHs. SIKImo Bupas, 1o 3aga€ 00 €KT, 3a SIKMM KOHCTPYIOEThCS HO-
BHH, € [-BHpa30oM, TO Ma€ BUKOHYBATHCS KOHCTPYKTOP KOIIii, iHaKIIIe —
KOHCTPYKTOp mepemimenHs. OcTaHHI BUMAJOK BHHHUKA€E, 30KPEMA,
TOZI, KOJM 00’ €KT CTBOPIOETHCS 32 TUMUYACOBUM 00’ €KTOM. 3a3HaYNMO,
IO CTAaHAAPT O3BOJISIE KOMITIIITOPY ONTHUMI3yBaTH KUTBKICTh THMYa-
COBHUX 00’€KTIB 1 MPUOMPATH 3aiiBi BUKIMKHA KOHCTPYKTOPIB.

SK1mo B KJ1aci HassBHUH TiJIbKM KOHCTPYKTOP KOIIi, TO BiH MOXe
3aCTOCOBYBATHCS 3aMiCTh KOHCTPYKTOpA MEPEMilICHHS.

Bubip omeparopa nprucBoioBaHHA BinOyBaeThcsl aHaynoriyHo. Ha-
MpUKIIa, Y KOAi

string s1("Example"), s2(s1),

s3(s1+" of move constructor");

s3=s2;

s3=sl+"of move-assignment”;

JUTST KOHCTPYIOBAaHHSA 00’€KTa S2 BHKOPUCTOBYETHCA KOHCTPYKTOP
komii (OCKUIBKM 1M’ sl € [-Bupa3oMm), a A KOHCTPYIOBaHHS
00’€eKTa S3 — KOHCTPYKTOP NMEPEMILICHHS, OCKIIBKH KOHCTPYIOETHCS
3a BUPAa30M, IO 3aJ1a€ TUMYACOBUI 00’ €KT. AHAIOTIYHO y MPHUCBO-
IOBaHHI S3=52; BHUKJIMKA€TbCA ONEPATOP IPHCBOIOBAHHS KOIMIiIO-
BaHHSM, a B OCTAHHbOMY IIPHCBOIOBAaHHI — ONEpaTop MPHUCBOIOBAH-
HA TTePEMIIIICHHSM.

BaacHi KoHCTpYKTOpH Komii/mepeMillieHHs Ta ONepaTopu MpHU-
CBOIOBAHHS KONMiIOBAHHSIM/MlepeMillleHHSIM 115 KJacy Sequence. Y
MIOTOYHIN Bepcii KJ1acy Sequence BiINOBiIHI KOHCTPYKTOPH Ta OTepa-
TOPH TPUCBOIOBAHHS OYJIO BHIIYYEHO, 00 YHHKHYTH HETPaBHIHHOT
PpOOOTH 3 BHIUICHOO ITiJ MACHB JIMHAMIYHOIO mmam’aTTio. Moaudikye-
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MO KJIac Sequence, JOJABIIH BJIAcHI 03HAYECHHSI KOHCTPYKTOPIB KOIIii
U TIepeMiIleHHs Ta ONepaTOpiB MPHCBOIOBAHHS KOIIIOBAHHSAM 1 TIepe-
MimeHHsIM (Y KOl iX HaBe/IeHO B TIOPSIKY TIEPETIKY):

public:

Sequence(const Sequence&);
Sequence(Sequence&&);

Sequence& operator=(const Sequence&);
Sequence& operator=(Sequence&l);

[1ig wac KomilOBaHHA CTBOPIOEMO HOBY IUISHKY Iam’ATi Uid 30e-
PEXEHHS TTOCTIIOBHOCTI H KOITIOEMO B HEl MOCTIIOBHICTD; TPH TIe-
peMileHHi TIepenaeMo BKa3iBHUK BiJ OJHOTO 00’ €KTa IHIIOMY.

B omepatopi mpucBOIOBaHHS Mepea THM, K BUKOHYBATH MPHCBO-
FOBaHHS, CIIOYaTKy HEOOXIMHO 3BUTLHUTH TaM’sTh, BHIIJICHY ITiJT
"crapy" mociimoBHICTE 00’ ekTa. Tak camo Tpebda 3BIIBHATH HaM’ SITh i
B AecTpykTopi. OCKIIBKH MICHsl BUKIUKY ACCTPYKTOpa 00’€KT BBa-
JKAETHCS 3pPYHHOBAHUM, TO BUKOPHCTOBYBATH JECTPYKTOP LISl 3BiNb-
HEHHS TaM’sTi He MOKHA. /|1 3MeHIIIeHHs Ty OIIoBaHHS KOy JToaa-
MO TPUXOBaHUIl MeToA release, sIKWH 3BUIBHSE MaM AT (HOTO MO-
’KHA BUKOPUCTATH U Y IECTPYKTOPI):

private:

void release();
3anuieMo oro O3HAYEHHS:
void Sequence::release(){

delete[] arr;

arr=nullptr;

size =0;

capacity_=0;

}

Topi onepaTop NPUCBOKWBAHHS KOMIIOBAHHAM BUTJISAIAE TaK:

Sequence& Sequence: :operator=

(const Sequence &other){
if (this!=&other){

release();

if (other.size_>0) {
arr=new int[other.capacity ];
capacity_=other.capacity_;
size_=other.size_;
memcpy (arr,other.arr,size_*sizeof(int));
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}

return *this;

}

Tyt ypaxoBaHO, IO 3@ NPUCBOIBAHHA 00 '€KmMa camomy codi xHcoo-
HUX Oill 3 KOnito8anHs Gukonyeamu He mpebda. KOHCTpyKTOp Komii
CIIOYAaTKy 3BUIBHSE CBI TUHAMIYHUI MacuB, TIOTIM CTBOPIOE HOBHH i
KOIIIIOE B HBOT'O €IEMEHTH 3 1HIIOI HMOCHIZOBHOCTI. 3a3HAYHUMO, IO
HaBeJCHUH KOJI MOKHA JIEII0 ONTHUMI3yBaTH. 30KpeMa, CTBOPIOBATH
HOBUU MacHB TIJILKH TO/Ii, KOJW MIOTOYHOTO HEIOCTATHRO IS 30epe-
JKEHHS 1HIIOT ITOCIITOBHOCTI.

3anumnmeMo KOHCTPYKTOP KoIii, y SKOMy 00’€KT CIIOYATKy iHiIi-
aNmi3yeThCsl 3a JOMOMOrOI0 CTAHAAPTHOrO KOHCTPYKTOpa', a MmoTiMm
HOMY MIPHUCBOIOETHCS 3HAYCHHS 1HIIOTO 00’ €KTa:

npobinun Ak TyT

Sequence: :Sequence

(const Sequence &other):Sequence(){*this=other;}

VY 11bOMY KOHCTPYKTOPi BUKOPUCTAHO JAeJeryBaHHS — KOJIH OJlHA
¢byHKUisA (METOd, KOHCTPYKTOP) denecye, TOOTO mepenae, poborty iH-
miii. KoHcTpykTOop KOMii crodaTKy 3a JOMOMOTOK0 CTaHAapTHOTO
KOHCTPYKTOpa BCTAHOBJIIOE 3HAYCHHS MOJIB (1enerye poboTy 3i
CTBOpEHHs 00’€KTa CTAaHAAPTHOMY KOHCTPYKTOPY), @ OTIM BUKOHYE
BracHi fmii. [lemeryBaHHsS B KOHCTPYKTOpaxX IOITyCKA€TbCS CTaHIAp-
toM C++14 i no3Boisie ynuxkamu 0yo08anHsa Kooy, MO BCTAHOBIIOE
[MOYATKOBI 3HAYCHHS TIOJIIB.

JleneryBaHHs BKa3y€eThCs TUTBKU B CEKIIii iHiIiai3amii KOHCTPYK-
TOpa, SKWH Yy I[bOMY BHWIIQJKy HA3WBalOTh [eJEeryl4YuM (aHIIL
delegating). Tlpu 1bOMy 1HII iHIIIANI3aTOPU BXKE 3alUCYBATU HE
MoOkHa. JIaHIFO)KOK JiefieryBaHbh MOXke OyTH JTOBOJII JOBTHM, aje pe-
KYPCHBHI BUKIIMKA KOHCTPYKTOPIB HE JJOITyCKAIOThCSI.

Omneparop NPHCBOIBAHHS NMePeMillleHHAM TIepe/iae MOCIiI0B-
HICTB Bijl OJJHOTO 00’€KTa iHIIOMY. Horo peaiizaiiisi TaKOX Ma€e Ko-
PEKTHO 0OpOOIATH MPHUCBOIOBAHHS 00’ €KTa caMoMy co0i:

Sequence& Sequence: :operator=(Sequence &&other){

if (this!=&other){
release();

* V crapux Bepcisx MoBu C++ HaBeneHHH TYT KOX MOXe HE BiIKOMITi-
JIIOBATHCSL.
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size_=other.size_;
capacity_=other.capacity_;
arr=other.arr;
other.arr=nullptr;
other.release();

}

return *this;
}
Toi KOHCTPYKTOP NepeMillleHHsI MOKHA 3aITMCATH TaK:
Sequence: :Sequence(Sequence &&other):Sequence(){
*this=(Sequence &&)other;
}

3ayBakeHHsl. HasiBHe B KO/Ii SIBHE MTEPETBOPEHHS 3MIHHOI THITY
Sequence && Ha THUII Sequence && He € aHi 3ali6UM, AHI NOMUTIKO-
sum. bez HpOro BHpa3 other po3rnsamaeTscs KOMIIUIATOPOM SIK /-
BHpa3 1 Jaii KOMITUIATOP BHOMpaE MPUCBOIOBAHHS KOIIIOBAHHSIM.
Boanodac Bupas (Sequence &&)other, askuil HacTIpaBIi HE 3a1ae
YKOJTHOTO TIEPETBOPEHHS, YK€ He PO3TIISIAIAETHCS KOMIIIIATOPOM SIK
/-Bupa3 i 3a HUM KOMMUISATOp BHOWpae MPHUCBOIOBaHHS MEpeMi-
[ICHHSIM.

Hpuxaaa. [poimroctpyemo omHy 3 6araThOX CHUTYyallid, Koiau Oa-
KaHO MaTH KOHCTPYKTOp mepemimeHHs. Hammmemo ¢yHKmio
createb, sKa Ma€ OBEPTATH TMEPII 1T’ ATh HATypaIbHUX YHCEN, TOO-
To mocaigoBHicTh 0, 1, 2, 3, 4 (3a MbkHapogHUM cTanmaptoMm [SO
80000-2:2009 uucio 0 Takox € HATYPAIBHUM):

Sequence create5(){

Sequence sa;

for(int i=0;i<5;++i)
sa.insert(i);

return (Sequence&&)sa;

}

VY Tini ¢yHKIIT CTBOPIOEThCA aBTOMAaTHYHA 3MiHHA, Y SIKY 3aIHCY-
€THCS ITyKaHa MOCHigoBHICTh. [1i yac BUKOHAaHHS IHCTPYKLIi return
BUKOHYETHCSI KOHCTPYKTOP, SIKMI 3a 3alMCaHUM B iHCTPYKIil BUpa-
30M CTBOPIOE 00’€KT, MO € pe3ynbraroM (yHKII. SIkmio 3amucatu
return sa;, To Oyne BUKOHAHO KOHCTPYKTOP KOMii, MiJ 4ac BHKO-
HaHHS SKOTO Ma€ BifOyBaTHCS KOIIOBaHHS NTaHUX, 30KpeMa BHIi-

32



JIEHHST HOBOI MUISTHKY Tam’ ATl Ta 3anuc y Hel nqanux. OmgHak i3 3aBe-
OTxe, HacmpaBai Hemae nompebu pooumu Konito danux. JJocTaTHBO
nepemicmumuy JIaHi BiJi aBTOMAaTUYHOI 3MiHHOI (D)yHKIIii B TOYKY BHU-
KIUKY. 3a IHCTpyKLi€eio return (Sequence&&)sa; KOMIIIATOp 3re-
HEPYE KO, [0 BUKOPHCTOBYE KOHCTPYKTOP MEPEMIllIeHHS.

s posrsinyToi (pyHKINT 3aliBe KOMIIOBaHHS HE € KPUTHYHUM,
ajyie y BUNIAAKY OUTBIIIOTO 00CSTY JaHUX TMEPEMIMEHHS T03BOJISIE CYT-
TE€BO CKOHOMHWTH Yac i mam a1b. [

IMpuknaxg komiroBaHHs Ta mepeMimieHHS 00’ekTiB. PosrimsHemo
TaKHi KOJ:

Sequence sa, sb(sa), sc(create5()); //1

sb=sa; //2
sb=create5(); //3
sb=Sequence(); //4

3a BUKOHAHHS 1HCTPYKIII 3 psinka 1 CTBOPIOIOTHCS TPU OO’ EKTH.
[Tix yac cTBOpeHHS IJist 00°€KTa S8 BUKOPHCTOBYETHCS CTaHAAPTHUHI
KOHCTPYKTOD, U1 00’ €KTa Sb — KOHCTPYKTOP KorIii (OCKIJIbKH BHKO-
PHUCTOBYETHCS [-3HAUEHHSI), U1 00 €KTa SC - KOHCTPYKTOP IepeMi-
LICHHS! (CTBOPIOETHCA 3a THMYACOBHM 00 €KTOM, SIKUH He € /-
3HavueHHsAM). [lig 4ac BUKOHaHHS MPHUCBOIOBAaHHS 3 psizka 2 BinOyBa-
€THCSl KOITIFOBAaHHS 3HAYCHHS OMHOTO 00’€kTa B iHIMUN. Y psnKy 3
00’€KTy Sb IPUCBOIOETHCS 3HAYEHHS TUMYACOBOT'O 00’€KTa, OTpHMa-
HOTO SIK pe3ynbTaT BUKIMKY (yHKUIi, a B psaKy 4 o0’ekty sb npu-
CBOIOETHCS AaHOHIMHUN 00’ €KT, TOOYIOBaHUN 32 JOTIOMOTOIO CTaH/Ia-
PTHOTO KOHCTpYKTOpa. B 000X ocTaHHiX BUNIaAKax 00’ €KTH, IO MPH-
CBOIOIOTBCS, HE € [-3HAUCHHSAMH 1 AJISl HUX BHKOHYETHCS PHUCBOIO-
BaHHS TICPEMIIICHHSM.

SAx6u nna kiacy Sequence He OyJau O3Ha4€Hi KOHCTPYKTOpP Hepe-
MIIIEHHsI ¥ Omeparop NPHCBOIOBaHHSA NEPEMILICHHSAM, TO 3aMiCTh
nepeMillleHHS BUKOPHCTOBYBasiocs O KomiroBaHHs. Tozi 3a BUKOHAH-
HS IHCTPYKIIN psinka 3 aBidi BigOyiocs O KOIMIIOBaHHA JaHUX: CIO-
YaTKy MY MOBEPHEHHI 3 BUKIHUKY (QYHKIII1, a TOTIM i 9ac Oe3moce-
pEIHBO IIPUCBOIOBAHHA.

3anmuieMo HEBENHKY IMporpaMy, IO AEMOHCTPY€E BHKOPHUCTAHHS
pO3p0o0JICHOTO KIT1acy:
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int main(){

Sequence sa;

try{
cout<<"created sequence is: "<<sa;
sa.insert(1);
cout<<"inserted 1, the sequence is: "<<sa;
sa.insert(2); sa.insert(2);sa.insert(3);
cout<<"inserted 2,2,3, the sequence is: "<<sa;
cout<<"element with index 1 is "<< sa[1l]<<endl;
cout<<"element with index 56 is "<< sa.at(56);

}
catch (const exception &e) {cout<<e.what()<<endl;}
return 0;

}

3a ii BUKOHaHHS OyJle BUBE/ICHO:

created sequence is: sequence is empty

inserted 1, the sequence is: 1

inserted 2,2,3, the sequence is: 1 2 2 3

element with index 1 is 2

There is no element with index 56 in the sequence.

MoskHa 6a4uTH, MO0 BUKOHAHHS OCTAHHBOI IHCTPYKIIi OJIOKY Tie-
PEPUBAETHCS TIOSIBOIO BUHATKY IIiJ] 9ac 00UnCIeHHS sa.at(56) 1 gam
KepyBaHHS TIEPEIAETHCS TMACTIll, KA BHBOJUTEH ITOBIIOMJICHHS IIPO
IIOMMIIKY.[]

[ToBHMIA KOI MPHUKIIAAY Pa30M 3 PO3MOIIIOM TI0 OJAMHHUIIIX TPaHC-
JIAIIT Ta JeMO-TTPOrpaMoI0 HaBEICHO Ha CAlTi KHUTH.

2.6. HessBHI KOHCTPYKTOpPM Ta onepaTtopm
npucBolOBaHHA y ctaHaapTi C++14

3razaeMo, 10 3a BiICYTHOCTI OTOJIOIICHHUX MPOTrpaMicToM (aHTdI.
user-declared) KOHCTPYKTOPIB KOIMIi/TIEpEMIIllEHHsI Ta OIEPaToOpiB
MIPUCBOIOBAHHS KOMIIOBaHHSAM/IIEPEMIILICHHSIM KOMMOUIATOP 37aTeH
HESBHO JI0JIaBaTH BiJIMOBIHI METOAM IO Kiacy. 3amucaHi mporpami-
CTOM OTOJIONICHHS HA3WBAIOTh ABHUMH. J[0JlaHi KOMIIJISITOPOM OTO-
JIOIIEHHS BBAXXAIOTh HeIBHUMMU (aHTII. implicit), a nojaHi HIM O3Ha-
YCHHS — 03HAYEHHSIMH 32 YMOBYAHHAM (aHTJ1. defaulted).
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Craamapt C++14 BBOOUTH NEBHI 0OMEKEHHS HA HESBHI Jii KOM-
minsTopa. CtanaapT 3a00poHSIE KOMIUIATOPY:

1) 3a HasIBHOCTI OTOJIOIICHOTO MPOrpamicToM xo4ya O OJHOTO 3
ISITH METOJIB (KOHCTPYKTOPH KOMIii Ta TEepeMIlleHHs, OnepaTopu
MIPUCBOIOBAHHS KOITIIOBAaHHSM 1 MEpPEeMIileHHIM, AECTPYKTOP) BHKO-
PHUCTOBYBAaTH HESBHI KOHCTPYKTOp IEpEMIIlEHHS Ta ONepaTop IMpH-
CBOIOBaHHS IEPEMIIIEHHSM;

2) 32 HasABHOCTI OTOJIOIIEHOTO MPOrpaMicTOM KOHCTPYKTOpa Iie-
pemimeHHst a60 orepaTopa MPHUCBOIOBAHHS TIEPEMILIICHHSIM BUKOPHC-
TOBYBaTH HESBHI KOHCTPYKTOp KOIii Ta ONEpaTop MpPUCBOIOBAHHS
KOITiFOBaHHSIM.

Crangapt C++14 noku 1110 SBHO HE 3a00pOHSE, e He PEKOMEH-
oye (aHrI. deprecated) BUKOPUCTaHHS HEIBHUX KOHCTPYKTOpPA KOIIil
Ta oreparopa MPUCBOIOBAHHS KOIIIOBAHHSM, SIKIIO B KJIACi SBHO OTO-
JIOIIEHO X04a 0 OJIMH i3 TPhOX METOJIIB — KOHCTPYKTOP KOIIil, onepa-
TOp TPUCBOIOBAHHS KOIIIOBAHHAM, JIECTPYKTOP.

HepexoMeHa0oBaHUMU 3a3BUYal MMO3HAYAIOTH Ti KOHCTPYKIIIi, SKi
30MpalOThc YHEMOMIJIMBUTH B MaiOyTHIX cTaHgapTax i1 Bepcisx
koMmImisiaTopiB. Kox, 1Mo BHKOPHCTOBYE HEPEKOMEHIOBaHI CTaHIAp-
TOM KOHCTPYKIIii, Kpale He TUCATH.

Jeski KOMIUISATOpY IIe MATPUMYIOTh HEPEKOMEHJOBaHI KOHC-
TpyKii, ane meski — yxe Hi. [1lo0 He 3amexaTtw Bij Bepcii KOMITII-
TOpa y BUITAJKaX, KOJU BUKOPUCTAHHS HESIBHUX METOIB € HeOaxa-
HUM, BIJIIOBIHI METOAM BapTO JCKIapyBaTH SIBHO Ha OCHOBI TaKOTO
MpaBuIIa.

v TlpaBuio w’situ (aurit. Rule of five). SIKmo i Kimacy sBHO
OTOJIOIICHHUH X04a O OJIMH 3 METO/IB:

— IECTPYKTOP,
— KOHCTPYKTOp KOTTii,
— KOHCTPYKTOp TepeMillleHHS,
— oTepaTop MPHUCBOIOBAHHS KOMIIOBAaHHSM,
— OmnepaTop NPUCBOIOBAHHS MEPEMILICHHSM,
TO JJIsl BOTO KJIacy MaloTh OYTH SIBHO OTOJIOIICHI BCI i METO/IH.

SIBHO O3HAYaTH IS KJIAaciB yCi II'SITh METOJIB ACM0 OOTKINBO,

TOMY 3aCTOCOBYIOTb L€ OJHY T€3Y.
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v' Ipasuao nyas (asrn. Rule of zero). Knac, y sxomy xoda 6
OJMH 13 3a3HAYEHUX BHILE METOMIIB OTOJIOLUIEHUI SABHO, MAa€ €KCKIIIO-
3WBHO BOJIOAITH PECypCOM, MPUIOMY €UHHM; KJIacH, 10 HE BOJIOIi-
I0Th PECypCaMHu, JKOIHOTO i3 3a3HAYEHUX METO/IIB SIBHO OTrOJIOIIYBaTH
HE MOXYTb.

KOHTpPONbHI 3anuTaHHA

1. 1o Take koHTEHHEPH?
2. SIxi HaWTUTIOBIIII orepartii HajJ KOHTeHHepaMu?
3. flki mepeBaru nmae BigmindeHHs iHTepdelcy Kiacy Big HOro
peaizamii?
4. I3 9oro ciiji HIOYMHATH PO3POOKY Kitacy?
5. Illo Ha3MBaIOTh KIIiEHTAMH KJ1acy?
6. ILlo Take BUTOKU pecypcy?
7.V 4omy nonsrae O6e3nevHe KepyBaHHS pecypcamu?
8. UnM npsiMUiA JOCTYN BiZIPi3HSETHCS BiJ] MOCIiTOBHOTO?
9. Un MOXHa B O3HAYCHHI KJIacy BKa3yBaTH iHIliaJi3yr04i BUpa3H
U1 1Oro HeCTaTUYHUX IOMiB?
10. 3 sIK0T0 METOXO METOJM 03HAYAIOTH SIK BUITyUCHi?
11. SIxi cuHTaKCHYHI OCOOJIMBOCTI Ma€ Ui KJaciB IepeBaHTa-
JKEHHS OTIepaTOPiB MEPETBOPCHHSI THITY?
12. UM KOHCTPYKTOP KOIIii BiAPI3HIETHCS BiJ KOHCTPYKTOpa Iie-
peminieHHs?
13. ¥V gxux BHIIagKax MOXeE BHKJIMKATHCS KOHCTPYKTOp Iepe-
MiIeHHsa?
14. Yum mpHUCBOIOBAHHSA KOMIIOBAaHHSM BiAPI3HSAETHCS BiA Tpu-
CBOIOBaHHS MEpEMilIeHHIM?
15. o Take aemeryBaHHs?
16. 3a sSKuUX yMOB y KOHCTPYKTOpax NPHUIYCTUME JeJeTyBaHHSA?
SIK BOHO Ma€ CHHTaKCHYHO 0()OpMITIOBAaTHCS?
17. SIki icHy10TP OOMEXEHHS Ha CTBOPEHHS HESBHUX KOHCTPYK-
TOpIB Ta ONEepPaTOPiB MepeMileHHs?
18. Y yomy mosnArae cyThb IpaBuiia m’atu?
19. ¥V yomy nomnsrae cyTh npaBuia HyJs?
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Bnpasu
1. st kimacy Sequence TIEpeBaHTAKUTH OTIEPATOPU:

0)!=.

2. 3anmcatu Ui KJacy Sequence BIIaCHI O3HAuYEHHS OIEPaToOpiB
MIPUCBOIOBAHHS.

3. lns xnacy Sequence ONTHUMI3yBaTH KOJ| ONepaTopa MPUCBOIO-
BaHHS TakK, 00 HOBHII MaCHUB CTBOPIOBABCS TLIBKH SKIIO MIOTOYHOTO
HEJIOCTATHHO JJIs 30epeKeHHS 1HIIOT TTOCITiTOBHOCTI.

4. [lepeBaHTaXXUTH AJIs KJ1acy Sequence oreparop BCTaBKHU 3 IO-
TOKy. BBaxaTu, 110 BBEJACHHS NPHUIMHIETHCS 3a MEPIIOT TMOMHUIKH
3UNTYBaHHS.

5. 3a 101OMOroI0 KJlacy Sequence po3B’si3aTH 3a1ayi:

a) MEePEeBIPUTH, YU BC1 YUCIIA TIOCITIIOBHOCTI € HEMAPHUMU;

0) TIepeBipUTH, YU € TOCIIiJOBHICTh HECTIAAHOIO;

B) TICPEBIPHUTH, IH € TTOCITITOBHICTE MOHOTOHHOIO;

r)y TOCTIJOBHICTh I[JIMX JIOAATH 3aJaHe 3HAYCHHS IiCIIs
MIEPIIOTO €IEMEHTa 3 MiHIMAJIbHUM 3HAUCHHSIM;

Il) y KiHEIb OHI€1 TOCTiTIOBHOCTI AOMUCATH 1HIITY.
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3. KOHTEMHEP 3 NOCNIAOBHUM
AOCTYINOM A0 EJIEMEHTIB

[ToOynyemMo KOHTEWHEp 3 MOCHTIJOBHUM JOCTYIIOM JIO €JIEMEHTIB,
1o 30epirae MHOXHUHY IUTHX (O3 IMMOBTOPEHB) 1 HATa€ MOKIUBICTD
JIoJlaBaT HOBHMH €JIEMEHT Ta IEPEBIPATH HAJCKHICTh 3HAYCHHS
MHOkHHI. CKOpUCTaEMOCS 3B’ I3aHUMH CITUCKAMHU.

3.1. 3B'A3aHi CNUCKM

Hexaii 3agano tun T. HaGip manux Tumy T MoxHA 30epiratu sx
MAacUB — IOCHIJOBHICTh OJHOTHIIHMX €JIEMEHTIB, IO 3aiiMac B
mam’sITi HemepepBHy AUISHKY mam’sTi. /o eleMeHTIB MacuBy € sK
MIPSAMUM, TaK 1 MOCTIMOBHUN AocTyn. [emo iHakie MokHa 300pa3u-
TH Halip €JeMEHTIB THIY T, SKIIO BUKOPUCTATH SK MPOTPaMHY MO-
JeNTb CMUCKH. Y HaWIPOCTIIIOMY BHITAAKy IO KOXHOTO €JIeMEHTa
MOCHITIOBHOCTI JOAA€ThCA 3B’ SI30K — cIy»k00Bi1 1aHi mpo Te, ae 30epi-
raeThCsl HACTYITHUHU 3a HUM eneMeHT. llpn nmpoMy crmcok y miomy
He 000B’A3K0BO 3aifMa€ B IaM’sITi HEMIEPEPBHY AUISHKY TIaM’ ATi.

EnemeHT Tury T pa3oM 3i 3B’13K0M YTBOPIOE BY30J1 (aHIUI. node). Ile-
PILMI BY30J1 CIIMCKY TPUIHSITO HA3WUBaTH IoJIOBOIO (AHTIL. head), OCTaH-
Hiif iHKOMH (i He Jy’Xe TOYHO') HA3MBAKOTH XBOCTOM (aHri. fail). 11106
MaTy MOXJIMBICTH OOPOOJISITH CIIMCOK, JOCTAaTHBO 3HATH KOTO TOJIOBY a00
XBICT, 3JISKHO BiJl HASIBHUX 3B’S3KiB MK By3JlaMH CIUCKY (puc. 3.1).

IELEEE e BN

Puc. 3.1. OnHo6iuHO 3B’13aHUI CIIMCOK

CTpyKTypy OaHHX, IO CKIAJAETHCA 13 3B A3aHUX MK COOOI0 BY3-
JiB, HA3UBAIOTh 3B’fI3aHOK CTPYKTYPOI AaHuXx (aHri. linked data
structure). HalmommpeHIIMMHA NPUKIATaMU 3B’ SI3aHUX CTPYKTYP
TaHUX € 3B’s13aHi cniuckm (aHri. /inked list), nepesa Toro.

Sy (hyHKITIIOHATEHUX MOBax MPOTrpaMyBaHHS ITiJ{ XBOCTOM CITHCKY PO3Y-
MIIOTh yCe T€, IO MiCJIS TOJIOBH.
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PosristnemMo 3B’ s13aH1 CIIMCKHU I€TAJIBHIIIIE.

SIKIIO KOXKEH BY30J1 CHMCKY MICTHTH 3B’SI30K 3 HACTYITHUM BY3-
JIOM, TO TaKW{ CHHCOK HA3WBalOTh OMHOOIYHO 3B’fAI3aHUM (aHTIL
singly linked), a6o iHKOIH, HE XYK€ TOYHO, OAHO3B’A3HUM. CTIHICOK,
y SAKOMY KOXXECH BY30JI MICTUTH 3B 530K SIK 3 HACTYIIHUM, TaK i 3 TO-
MepeIHiM BYy3JIOM, Ha3WBAaIOTh ABOOIYHO 3B’si3aHuUM (aHTI. doubly
linked), abo 1HKOIH, HE Ty’KE TOYHO, ABO3B’SAI3HUM (puc. 3.2).

NIRRT

Puc. 3.2. /IBo6iuHO 3B’A3aHUIA CIIMCOK

CIHCOoK, y SIKOMY OCTaHHIM By30JI MICTHATH 3B’ 30K 3 TIEPIIIM, Ha3H-
BalOTh UWMKJIIYHUM (aHTII. circular). 3 OISy 3py9IHOCTI 0OpOOKH IiH-
KJTIYHI CTIMCKH 1HKOMHM iIeHTH(DIKYIOTh HE 3a TOJOBOIO, 8 32 XBOCTOM.
LukmiyHi CIMCKH MOXKYTh OyTH SIK OHOOIYHO, TaK 1 ABOOIYHO 3B’s13aHi.

MacuBu versus cnucKkd. MacuBH HalaloTh K OPAMUHN, TaK 1 1Mo-
CJIITOBHUI JIOCTYI JIO CBOiX JaHHMX, CIHUCKH — TIJIBKU MOCIIiIOBHUH,
TOMY BUKOHAHHsSI OIEpaliil JOCTymy 1O eJIeMEHTa 3a HOMEPOM s
MAacCHBiB BUKOHYETHCS IIBHUIIIE, HIXK TS CITUCKIB.

Ha BiaMiHy Bif CITHCKIB, MAaCHBH 3aBXKAM 3aiiMalOTh HETIEPEPBHY Mi-
JSIHKY Tam’siTi. 3a3BU4ail oneparlii BCTABKW/BUITyYECHHS €IEMEHTa IS
MAcCHBIB BIMararoTh OUIBIIE Yacy, HiXK aHAIOTIYHI OIrepartii 31 CITUCKa-
mu. [Ipu BUiTydeHH1, HAPHKIIa] 3HAYEHHS SIKOT0-HEOY b 13 TTOYaTKOBHX
CNIEMEHTIB MacHBY, HEOOXITHO 3CYHYTH Ha OJHY IO3MI{IO 3HAYCHHS
BCIX €JIEMEHTIB, 10 HAyTh 3a HUM. [|J1s1 3B’S13aHUX CIIMCKIB Y LIbOMY BH-
nmasKy Tpeba TUIbKM MEepeBU3HAYUTH 3B’S3KH OJHOTO-JIBOX BY3IiB. 3a
BUKOPUCTaHHSI MAaCHBIB IUITHKY TaM’sITi HEOOXiJHO Bifpa3zy BUALIATH
ITi/T BeCh MacuB. SIKIIO B pe3yNbTaTi 10JJaBaHHS €IEMEHTIB PO3Mip BUi-
JICHOT MUITHKY OyJie BUYEPIIaHO, TO HEOOXIAHO BUIUIATH HOBY, OLTBITY
TUITHKY, 1 IPEHOCUTH TYIU JIaHi, 0 HE 3aBXKIH 3PYIHO Ta MOXKIIHUBO.
SIKIIO K BUKOPUCTOBYIOTHCS 3B’S13aHi CIIMCKH, Y SIKMX KOXKEH BY30I €
JTUHAMIYHOIO 3MIHHOIO, TO TaKO1 MPOoOIeMH He BUHHKAE.

OTXe, KOKEH CIoci0 300pakeHHs Ha0Opy JaHHWX Ma€e CBOI mepe-
Baru i HeMoJiKH, i OLTbII e)eKTUBHUMN JUIS OJHIET 3a1a4i MOXke OyTH
MeHII e()eKTUBHUM ISl 1HIIO1.
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Omnepanii Hag nanumu. B 00poO11i HaOopiB maHWX HaWdacTimie
BHKOPHCTOBYIOThCS Taki OIeparii: BCcTaBKa JaHWX y Halip (aHTJ.
insert, add), Buny4deHHs (aHTI. remove, delete) 3 HaOOpy, MOUIYK
eJIeMEeHTa, Teperiisif elIeMeHTa, MepeBipKa, 4u € Halip MOPOXKHIM,
BH3HAYEHHS KIUIBKOCTI e€leMeHTiB. EdeKTHBHICTP BHUKOHAHHS IHX
orepaliii 3aJeKUTh BiJl peajti3alii BiANOBIHOT CTPYKTYpH AaHUX.

3B’s13aHUI CIUCOK MOAEIIOE MOCIIIOBHICTh eJieMeHTiB. EnemenTn
MOJKYTh BCTaBIISITHCS (IOAAaBAaTHCA) 1 BUIIy4aTUCs Ha TIOYATKy TOCHi-
JIOBHOCTI, B 11 KiHIli a00 B3araji B JIOBUJIBHOMY MiCIli, HAIIPUKJIA] TaK,
o0 MOCHITOBHICTh JaHWX Oyja BIOPSIKOBAaHOIO 32 3POCTAHHSM.
[Ipu imeHyBaHHi omepauiii 3 MOCTIZOBHOCTAMHU MPHUUHATO BinoOpa-
JKaTH, Ji¢ BOHU Bi0OyBaroThes. J[o Ha3B omepailii 3 MOYaTKOM MOCITi-
JIOBHOCTI (TOJIOBOIO) TOMAIOTH clioBa head, begin, front, a g0 ome-
partiii 3 kiniem (xBoctom) — tail, end, back Tormro.

SKIIO BBECTH OOMEKCHHS Ha BCTABKY I BTy 4CHHS €JIEMEHTIB, TO
BHUHUKAIOTh TaKi CTPYKTYPH AaHUX, SIK CTEK 1 Jepra (nuB. [2]).

Hexaill Ha 3Ha4eHHAX THIY T 3371aHO orepariiro nopiBHIHHS. SIk-
IO TIOCIIIZIOBHICTE €eMEHTIB TUIY T, sika 30epiracThCs B CIIUCKY, €
MOHOTOHHOIO (HECHaJHOI0 3TiJHO i3 3aJJaHUM MOPIBHIHHSIM), TO Ka-
KYTb, II0 CIIMCOK € BiicOpTOBaHUM (aHTI. sorted). Y3arami ais 30-
6pa)KeHH$I MOHOTOHHHUX TOCIiIOBHOCTEN iCHyIOTL O1nbII eq)eKTI/IBHi
ase i OimpII ckiIaxHi CTPYKTYpPH JaHHX, HIX Bl):[COpTOBaHI/II/I CIIHCOK,
MpOTe AJIS NSSKUX 3a/1a4 LiJIKOM OCTaTHBO BiZICOPTOBAHUX CIIHCKIB.

Tpeba mrykaTtn KOMOpOMic MiX YaCOM BUKOHAHHsI OTlepaLiiii Haj 1mo-
CITIIOBHICTIO Ta 4acoM PO3pOOKM W HajlaroKyBaHHS MporpaMu. 3aB-
XKIM CITiT TIaM’ATaTH, WO e(EeKTUBHIII CTPYKTYPH JaHUX MOTPeOYIOTH
OiblIe yacy Ha po3poOKy W HalaromKyBaHHS, a OTXKe, i OlIblIe KOLI-
TiB. Y 3a/1a4ax, 110 HE MepeadavaroTh BETMKUX OOCATIB JaHUX, BUKOPH-
CTAHHS CKJIAIHUX CTPYKTYp JAHUX MO)Ke OyTH HaJUIMIIKOBHM: 3aiBi
BUTPAUeHl Ha PO3POOKY KOWITH HE [ajyTh HAIEKHOTO CKOHOMIYHOIO
edekry. Toxi HOUIBHIIIE 3YMHHATHCA HA XYK€ CIPOLICHOMY, HEONTH-
MayIbHOMY 3a 4aCOM 00pOOKH JaHHX, alle JCIUICBIIOMY BapiaHTi.

3B’sA3aH1 CHUCKH MOXYTh PEai30BYBATUCS PI3HUMH CIOCOOaMU.
PosrasaemMo peamizamiro AMHAMIYHEX 3B’SI3aHHX CHOHCKIB, TOOTO
CHHCKIB, BY3JIU SIKAX € JMHAMIYHHUMHA 3MiHHUMHU.

Tunu pns 300paxkeHHs BY3diB cmuckiB. By3on omHOOGiuHO
3B’SI3aHOTO CITMCKY €JEMEHTIB THITy T Ma€ CKJIAJaTucs i3 JIBOX IOJIiB:
eneMeHT Tumy T (To0TO naHi, mo 30epiratoThesl y By3di) i 3B’5I30K 3 Ha-
CTYITHUM BY3JIOM. SIK 3B’SI30K BUKOPHUCTOBYIOTh BKa3iBHHMK Ha HACTYII-
HU By3011 (BY30J1, III0 MICTUTh HACTYITHUI €JIEMEHT MOCITITOBHOCT ).
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Omnmumremo tun Node By3miB 01HOOIYHO 3B’S13aHOTO CHHCKY 3a JIO-
[IOMOTOI0 THITYy CTPYKTYp MoBH C++:

struct Node {T data; Node *next;};

Knrouoge croBo struct ykasye, 110 03Ha4a€ThCsI THIT CTPYKTYp. Tak
CaMo SIK 1 THITH, O3HA4Y€Hi 3 KJIFOYOBHUM CJIOBOM class, TUIH CTPYKTYp ¥
mosi C++ € K1acaMy Ta CKIIQIAIOTHCS 13 WIEHIB, IO MOXYTh OyTH SIK
TTOJISIMH, TaK 1 MeTtomamu. (Y KIIACHYHOMY BapiaHTi CTPYKTYpH CKJIaza-
I0TBCS TUIBKY 3 TOJIB.) BigMiHHICTE K1aciB, 03HaYeHHX Yy MOBi C++ sk
class, Bij THX, IO O3HAYAIOTHCS K struct, mossrae B ToMy, 110 3a HE
BKa3aHOTO crenudikaTopa JOCTYMy B Kiacax (class) wieHH BBaKa-
IOTHCS IPUXOBAaHUMH, & B CTPYKTypax (struct) — BIIKpUTHMH.

By3ox1 n1BoGiYHO 3B’S3aHOTO CHIHCKY €IEMEHTIB THUIY T Ma€ CKIia-
JaTucs i3 TPHOX MOJIB: €IEMEHT TUMy T, MO0 30epiraeTscs y By,
BKa31BHUKM Ha HACTYNHHH 1 ONEpeaHid (aHTI. previous) eleMEeHTH
CIucKy. BimnoBinHuil T By3/TiB Ma€ BUTIIS

struct Node {T data; Node *next, *prev;};

VY BUMagKy HEUUKIIYHUX CIIMCKIB BKa31BHUK HA HACTYIHHUH BY30I1
IUIL OCTAaHHBOTO E€JIEMEHTa CIHMCKY Ta Ha MONepedHid By301 A
MEPUIOTO €JIEMEHTa CIIMCKY MaloTh OyTH HyJapoBUMH. Lle peanizyers-
Cs1 JIOTIKOI0 0OpPOOKH BY3IIiB, @ HE TUIIOM JaHUX CaMOro0 BY3Ja.

Tun pas 300pakeHHst cnucky. CIUCKH 3 PO3MVISIHYTUMM BUILE
BY3JIaMH 1eHTU(IKYIOTHCS BKa3iBHUKAMH Ha TIEPIIHNA Ta/abo OCTaH-
Hill By3o1. Uu MOXHaA momaTu 10 Tuly AdaHux Node Bysna omeparii
BCTaBKH €JIEMEHTA B CHHMCOK Ta BHIYYEHHS 31 CIIUCKY, PO3IIIANAI0OUN
npu npoMy Node sik Tun crnuckiB? TexHIYHO MOXKHa, ane SKIIO, Ha-
MIPUKJIAJl, ONEpaliio JOJaBaHHS €JIEMEHTa B IOYATOK CIHCKY 3acCTO-
CyBaTH A0 MPOMIKHOTO €JIeMEHTa, TO MOPYIIUTHCS IiTICHICTh CIIHC-
Ky. OTxe, Tak poOUTH He cid. [Iyis OTpUMaHHS MOBHOL[IHHOTO THITY
JaHUX A 300pakeHHs CHHMCKY BHKOPHCTOBYIOTH IHIIY CXeMY, Y
KA CnuUcok-06’ckm MOHONOAbLHO B0100IE€ BKA3IBHUKOM HA Nepuiuii
ma/abo ocmaHuil 8Y3071 i peanizye onepayii Maninyi08aHHs OAHUMU.

3ayBa:keHHs1 11010 peaJi3anii cnuckiB. SKimo nmoTpibHO BHKO-
HyBaTH OTmeparlil BCTABKH €JIEMEHTIB Y MOYaTOK 1 KiHEeIb Ta BUIY-
YeHHs 1X 13 MOYaTKy Ta KiHIS CHHCKY, TO JOLIJIBHO MAaTH MPSIMUH
JOCTYI HE TUIBKM [0 MEPLIOro HOro By3nia, aje H IO OCTaHHBOTO.
Slkimo 30epirati BKa3iBHUK HAa OCTaHHIA BY30JI CIIUCKY, TO ITICJS BH-
JyYeHHS eJIeMEHTa 3 KiHIlSI CIIHCKY OCTaHHIM OyJe By30JI, IO Tepe-
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nyBaB BUIydeHOMY. OTKe, MO0 KOXKHOTO TakOro pa3y He HIyKaTH
BY30J1, IKHH Ma€ CTaTH OCTaHHIM (715l IbOTO AOBEAETHCS MOCHTiIOBHO
nepedupaty BCi By3/IM, MOYMHAIOYH 3 MEPLIOTO), JOLUUIBHO BUKOPHC-
TaTHA ABOOIYHO 3B’ SI3aHUI CIIHCOK.

[Tig wac peanizamii BCTAaBKU/BIIYUYECHHS €IEMEHTIB BHHUKAE CUTY-
aIlisi, KOJIM MpH JT0JIaBaHHI eJIeMEHTa B MOPOKHIN CIIUCOK 3MIHIOIOTh-
cs K TIEPINNH, TaK i ocTaHHIA Woro By3nd. 11[o0 yHHKHYTH 3alBHX
MEPEBIPOK, SIK TOJOBY BUKOPUCTOBYIOTh (DIKMUGHUL 8Y307, KU HE
MICTHTh AaHUX. BKa3iBHUKM B HbOMY BKa3ylOThb Ha HACTYNMHHUH (IO
MICTHTD TIEPIIHHA eJIEMEHT MOCITIIOBHOCTI) 1 TonepeaHii (110 MiCTUTh
OCTaHHIN €IEMEHT MOCTiIOBHOCTI) By3/H. TakoX It 3py9HOCTI 00-
POOKH CITUCOK POOIATH HUKIIYHUM. J[j1st iIeHTH(IKaIliT TAKOTO CIIHC-
Ky JOCTaTHBO BKa3iBHHKA Ha TOJIOBY (puc. 3.3).

gTTH

(—_) |—)

Puc. 3.3. /IB0o6iuHO 3B’A3aHNH UKJIYHUH CITHUCOK
i3 PIKTMBHHMM BY3J10M-T0J10BOI0

Taka peamizawis CIUCKY MEHII OYEBHMIHA, aje JO3BOJISE JACILIO
€KOHOMHIIIIE peasTizyBaTH Oomepallii BCTABKH/BUITYUYCHHS €JIEMEHTIB.

3.2. Knac, wo 36epira€ MHOXHWHY Linunx

[MoOynyemMo CcTpyKTYpy AaHHX, 110 30epirac MHOXHHY IUTHX 1 pe-
aiizye orneparii JoJaBaHHS €JIeMEHTa 0 MHOXKUHH, TIOIIYKY eJeMe-
HTa, IEPeTJIIAY €IeMEeHTIB, BU3HAUCHHS KUTHKOCTI Ta TIEPEBIPKH, UH €
MHOXXHHA TOPOXKHBOI. Ha OCHOBI IIi€l CTPYKTYpH JaHUX PO3TIISIHE-
MO TI€BHiI CHHTAKCHYHI MOJIMBOCTI MOBU Ta CTaHAAPTHI MPUHAOMH
nporpamyBaHHA. Il TEXHIYHOTO CHPOIIEHHS OINMEParilo BHIydeHHS
eJIeMEeHTa pO3IJIsiAaTh He OyaeMo.

OCKiNbKY Omeparlisi BWIYYCeHHS €JIeMEHTa 3 MHOXKUHU HE Tepe-
OauaeTbes, TO A 30eperKeHHS MHOKUHHU I[IIMX BUKOPUCTAEMO OJI-
HOOIYHO 3B’s3aHUI BiJCOPTOBAHHWM CIHCOK, IO iACHTU(IKYETHCS
BKa31BHHKOM Ha TOJIOBY. 3BHYaiiHO, TaKa peaji3alisi He € ONTHMallb-
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HOIO, ajie OUThII e(QeKTHBHI CTPYKTYpH AaHWX BiABepTain O yBary
BiJl IEBHUX JI€TaJICH, IKUMU Jaii "oOpocTaTuMe" Hall Kiiac.
BusnHaunmo crouatky  iHTepdeiic  po3pobiroBaHOTO - Kila-
cy IntlList, 0 MICTHTH CTaHIAPTHUH KOHCTPYKTOP, SKHU CTBOPIOE
MIOPOKHI0O MHOXHHY, AECTPYKTOp, a KOHCTPYKTOPHU KOIIii Ta orepa-
TOPH MPUCBOIOBAHHS O3HAYMMO SIK BIUIYUCHI. Y TONAIBIIHMX pellizax
iXHI O3HAYCHHS MOXKHA OyJie 3MIHUTH Ha BJIACHI BepCii I[UX BUIIy4Ye-
HUX MeTofiB. KpiM Toro, momamMo MeToJi size, 110 MOBEPTAE Kilib-
KICTh €JIeMEHTIB, 1 METOJ] empty, 10 TOBEPTAE iICTUHY, KON MHOXKH-
Ha mopoxkHSI. Meton find mepeBipse, Yu HaJICKHUTHh €JIEMEHT MHO-
KHWHI, a METOXI insert nojae eleMeHT Y MHOXHHY, SKIIO HOTO TaM
HEMae; SKIIO eJIEMEHT €, TO METOJI IOBEPTAaE XHUOHICTb.
class IntList{
public:
IntList();
IntList(const IntList&)=delete;
IntList(IntList&&)=delete;
IntList& operator=(const IntList&)=delete;
IntList& operator=(IntList&&)=delete;
~IntList();
unsigned size() const;
bool empty() const;
bool find (int elem) const;
bool insert(int elem); //throw(bad_alloc)
//false, AKWO enemMeHT yXe HAfABHUW Yy CNUCKY
//pewTy 6yae pogaHo pani
5
Ilounemo peamizoByBaty Ham kiac. Jlomamo Tum By3miB Node st
300paxkeHHs OHOOIYHO 3B’S3aHOTO CIIMCKY, BKa3iBHUK phead Ha roio-
BY CIHCKY Ta T0Jie Size_, 1110 30epirae KUTbKICTh €JIEMEHTIB MHOKUHU:
protected:
struct Node {int data; Node *next=nullptr;};
Node *phead=nullptr;
unsigned size_ =0;

Jns BKa3iBHHKA Ha TOJIOBY CIIMCKY Ta KUJIBKOCTI €JIEMEHTIB yKa-
3aHO iHimiaxi3aTopu. Y TaKOMY BHITaJKy KOHCTPYKTOP KJIacy MOKHA

Bi/ipa3zy O3HAYHTH 32 YMOBUYAHHSIM:
IntList::IntList()=default;
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BincoproBaHicTh CHUCKYy BH3HAYA€THCS O3HAYEHHSIM METOMY
insert. HoBuii ereMeHT Mae qoxaBaTUCs HE B JOBIJIBHE MICIIE CIIHC-
Ky, a TaK, o0 CIHCOK 3aJIUIIaBCs BiICOPTOBaHUM. Tomai mepen mo-
JaBaHHIM CJIiJl BIAIIYKaTH BY30JI CIIUCKY, MICJS SKOTO BCTaBUTH BY-
30J1 3 HOBUM eJleMeHTOM. Jly»e CXOKHi TOIIyK y CIHCKY BimOyBa-
€THCS M1 Yac MEePEBIPKU HAJICKHOCTI eeMeHTa MHOXHHI. [1[00 yHu-
KHYyTH IyONIoBaHHS KOIy, IojJamo MeTox lastLE, mo moBeprae
OCTaHHIN BY30J CIHCKY, 3HAYCHHS B SKOMY MEHIIE a0 JOPiBHIOE
3aJlaHOMYy. 3a BiJICyTHOCTI TaKOTO By3Jia METOJ IoBepTae nullptr:

protected:

Node* lastLE(int elem) const;
/* BKA3iBHUK Ha ocTaHHiW By3on 3 data<=elem;
nullptr, Akwo Takoro Hemae */

Hani peanizyemo meronu:
intList::~IntList(){
Node* tmp;
while (phead) {
tmp=phead->next;
delete phead;
phead=tmp;
¥

}

unsigned IntList::size()const
{ return size_;}

bool IntList::empty()const
{ return size()==0;}

IntList::Node* IntList::lastLE(int elem) const{
if (!phead || phead->data> elem) return nullptr;
Node* tmp=phead;
while (tmp->next && tmp->next->data<=elem)

tmp=tmp->next;
return tmp;

}

bool IntList::find(int elem) const{
Node* tmp=lastLE(elem);
return (tmp && tmp->data==elem);

}

bool IntList::insert(int elem){
Node *prev=lastLE(elem);
if (!prev){
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phead=new Node{elem, phead};
}

else if (prev->data==elem)
return false;
else prev->next=new Node{elem, prev->next};
++size_;
return true;
}
3BepHeMO yBary Ha BHpa3 new Node{elem, phead}. 3a HUM
CTBOPIOEThCS AMHAMIYHa 3MiHHA THUITY Node, BiIKpPHTI MOJIs AKO1 iHi-
Liami3yroThCs 3HaYeHHAMH 31 ciicky {elem, phead}. Ockinbku BCi
mmoJist 00’€KTa € BIAKPUTUMH ¥ BiICYyTHI SIBHO O3HA4eHI KOHCTPYKTO-
PH, TO TaKa iHiliami3alist MOKJINBA.
Hapmani po3pobnenuii knac 3a3Hae neBHUX 3MiH. [loBHMI ocTaTto-
YHUH KOJ Pa3oM 3 PO3MOUIOM IO OAMHUILIX TPAaHCIALIl Ta IeMo-
MPOrPaMOI0 HABEJICHO Ha CalTi KHUTH.

3.3. ITepaTtopm

3.3.1. NMoHATTA iTeparopa

PosrisiHeMo 3amady meperisiy BCiX MaHHX, IO 30€piraroThCs B
cnucky (abo xoHteWHepi). Hampuxiian, HEoOXigHO Bif MEpHIOro 10
OCTaHHBOTO BY3J1a CITUCKY PO3IPYKYBaTH JaHi, [0 B HBOMY MiCTSTh-
cs1, a00 3HAHUTH CyMy €JIeMEHTIB.

3a mexxamu kiacy IntList mocTymy A0 BY3JiB CIHCKY HEMae, TO-
My OOIfTH BCi By3/1HM MOXHa TUTBKH B KOJI MeTOXiB Kiacy. Haimpoc-
TillIe Ta Jenio XuOHE PO3B’S3aHHS: IOJATH JO KIACy CIHUCKIB METO,
1110 MTOCJIIJOBHO 00XOAUTH CIIMCOK 1 BUBOAUTH MOT0O €JIEMEHTH:

void IntList::print()const{

for(Node *tmp=phead;tmp;tmp=tmp->next)
cout<<(tmp->data)<<" ";

}

A SKIIO Jajli BUHUKHE TOTpeda HaApyKyBaTH CIIMCOK SIKOCH iHAKIIE
a00, HaMPHUKIAM, TUTHPKH TApHI YKCla 3i chucky mimmx? JlomaBaté 1o
THUITy CIHCKIB METOJ APYKy B iHIIOMY (opMaTi Ta METOX APYKy BCIiX
napHux? A MoTiM BCix HemapHux Tomo? Le He ayske 3pydHo.
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IIle omHa mpoGieMa BUHUKAE TOJ, KOJIU AJITOPUTM BUMArae rocliio-
BHO pyXaTHcs IO MOCITIIOBHOCT] i HEOOXITHO peasti3yBaTH KiJIbKa TaKHUX
IPOXOiB otHOYacHO. CaMe TaKuM €, HAPUKIIA[l, TPUBIAJIBHUN alnrOpUT™
PO3B’sI3aHHS 3a1adi: IS KOKHOTO €JIEeMEHTa HEBIOPSIIKOBAHOI MOCIII0-
BHOCTI 3HAHTH KiTBKICTh €JIE€MEHTIB, PO3TAILOBAHUX IICIsI HBOTO 1 MEH-
IIMX HDK BiH; TIOTIM HAPYKyBaTH €IEMEHT, JUIS SIKOTO I KUTbKICTh Haii-
MeHITA (SKIIO TaKUX KiTbKa, TO HaapyKyBaTH HAMMEHIIIHIA).

MacuB MoxHa 001iTH, BAKOPUCTOBYFOUH JUTS ITEPEMIIIICHHS IIUJTi 1H-
nekcu. JInst cniucky HeoOXiJIHO MaTH JOCTYII JI0 MIOTOYHOro By3na. Of-
HaK HAJaTH BIIKPUTHHA JTOCTYI J0 BY3MIB CITUCKY OyJie TpyOWM Iopy-
LICHHSAM NpUHIMITY iHKancymsiii. Jonasatu mo knacy IntlList HOBHI
METOJ TSI KOYKHOTO TaKOTO alTOPUTMY — XHOHHH TIXiI, ake HEMOXK-
JIMBO Tiepea0daynT Bei anroputMu. KpiM Toro, 3anucyBaTy B O3HaUSHHI
KJIacy ajlfOpPUTMH JUTsl cielrivHuX 3a/1a4 He Ty>Ke TIPaBUIIBHO.

s 00xomy KOHTeliHepa MOXKHa BHKOPHCTaTH MEXaHi3M iTepato-
piB. ItepaTopu MO3BOJSIFOTH IPAIFOBATH 3 PI3HUMH 33 BHYTPIITHHOIO
OyIIOBOIO KOHTEHHEpaMH OJHAKOBHM CIIOCOOOM. Y HaHmpocTimomy
BUII4/IKy BiJI iTepaTopa BUMaraeThcs 3a0e3euyBaTi MOCIiIOBHUI 00Xiz
KOHTeIHepa, HalpHKIIaj] BiJBilyBaHHS BCIX HOTO €JIeMEHTIB. 3a3BHYait
iTeparop 3abe3redye TOCTYII IO TOTOYHOTO eJeMeHTa KOHTeHHepa (K-
110 TAaKUH €) 1 mepexia 10 HaCTymHOro (y MopsiIKy o0xoxay). Y BUNagKy
00X0/ly MacHBY aHaJIOI'OM ITEPATOPIB € LIIOYMCIIOB] IHACKCH: 32 1HACK-
COM MOXXHA 3HAHTH E€NIEMEHT MacHBY; 100 MEpPEeHTH JI0 HACTYIHOTO
€JIeMEHTa, IOCTATHLO 3MIHUTH IHACKC. [[)1si TUHAMIYHUX 3B’ I3aHUX CITH-
CKIB 00’€KT KJIacy iTepaTopiB Mae 30epiraTH BKa3iBHHK HA MOTOYHHI
By30J1. Takox B iTepaTtopi MOXKyTh 30epiraticst J0JaTKOBI JIaHi, HATIPH-
KJIQJT BKa3iBHUK Ha TOJIOBY CIHCKY, IO HOTO OOXOMUTH iTepaTop, Bif-
CTaHb M)XK IIOTOYHUM €JIEMEHTOM 1 TOJIOBOIO CIIMCKY TOLIO.

3a JO0nmOMOrol0 iTepaTopiB MOKHA PO3B’SA3yBaTH 3aAadi meperis-
Iy HE TUTBKH BCIX €JIeMEHTIB KOHTEiHepa, ajie i JIUIle THX eleMCH-
TiB, IO 3aJOBOJBHSAIOTH MEBHY YMOBY. s mboro itepatop Tpeba
napameTpu3yBaTi QyHKIIi€I0, Ka Oy/ie 3a1aBaTH TaKy yMOBY'.

BukopucranHs HaJeXHO peajli30oBaHUX iTEpaToOpiB HE MOPYIIYE iH-
KaICyJIAIIO TaHUX 1 JO3BOJISIE HE 3MIHIOBATH O3HAYEHHS KJIacy Iopa-
3y, KOJIM BUHHUKAE MMOTpeda i Jac Mmeperisimy elIeMeHTiB KOHTeHHepa
BUKOHYBAaTH HaJl HUMHU sIKi-HeOyIb 1HIII 1Tii 800 00YnCIIeHHS.

6 JIMB. MpHUKIaa y KOT.
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3.3.2. ITepaTtop ansa knacy IntList

Posrnsaemo HanpocTimid iteparop ais Hamoro coucky. Jomamo
1o kmacy IntList kmac Iterator sk uieH (WieHAMH KJIaciB MOXYTh
OyTH HE TUIbKM JaHi Ta (QYHKII, aje i 1HIIi THIM JaHUX, 30KpeMa Kia-
cu). Twur, o3HaueHNH y Kiaci, HA3MBaIOTh BKJIAJEHHUM (aHTIL. nested).

Brmanenwii kimac Iterator, okpiM KOHCTPYKTOpA, SIKWH iHimiammi-
3y€ iTepaTop BY3JIOM CITUCKY, MICTUTh TaKi METOJIU:

— oTIepaTop *, SIKHW MOBEpTaE 3HAYCHHS, 10 30epIiracThCsl B MOTO-
YHOMY BY3J]i, a00 KUa€ BUHATOK TUIY out_of_range, sKIIO MOTOY-
HUH By30J BIICYTHIl;

— OIIepaTop ++, AKUI 3CyBa€ iTepaTop Ha HACTYITHUI BYy30JI, SKIIO
MTOTOYHHY B30I iCHY€, IHAKIIIE 3aJIMIIIA€ BCE 5K €;

— OIepaTop 3BEICHHS A0 TUIYy bool, SIKWi MOBEPTAE O3HAKY TOrO, YU
KOPEKTHO BCTaHOBJICHHH iTepaTop, TOOTO 41 iCHYE TIOTOYHHUH BY30IT.

Js peanizarii 3a3HadeHUX orepalliid B 00’ €KTi iTepaTopa J0CTa-
THBO 30epiraTy BKa3iBHUK Ha BY30J CIIUCKY:

public: // BipkpuTa 4acTuHa knacy IntList

class Iterator{

public:
explicit Iterator(Node *current=nullptr);
int operator *() const;//throw(out_of range)
virtual Iterator& operator ++();
virtual operator bool() const;

protected:
Node *current;

}s

V xmaci IntList BkmageHuit Tum IntlList::Node He € Bimkpu-
THM, OCKIJIBKY He Tpeba BiIKpWBaTH jaeTanmi peanizamii. ToMy mpairto-
BaTy 3 JOro 3HAYEHHIMHM MOKHA TIIBKM B MeTohax KiaciB IntList
Ta Iterator. 3Bincu 3a MexaMmu knacy IntList Biz[KpI/ITI/Iﬁ KOHC-
TpykTOp Iterator(Node*) MOXHA BUKIMKATH TUIBKU 31 3HAYCHHSIM,
110 HIKyIH HE BKa3ye, To0TO 3 nullptr.

Kirodose cmoBo explicit (ykp. s6rnuii) mepen KOHCTPYKTOPOM
yKa3ye Ha Te, 0 el KOHCMPYKMOp He Modce OYmu 8UKOPUCMAHUL
0151 Hes8HO20 NepemeopeHHsi munie, TOOTO HESBHE IEPETBOPEHHS
3HayeHb Tuny Node* nmo Tumy Iterator 3aboponeHno. ToMmy, Hampu-
KJIaj, 3a Jii oronomieHHs Iterator i; Bupas i==nullptr € cuHTaK-
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CUYHO HENpPaBUIbHHUM, OCKUIBKM 3Ha4eHHs nullptr He Moxe OyTH
HESBHO 3BeJieHe 70 Ty Iterator. IkOu KOHCTPYKTOp HE OYB Oro-
JomIeHMH sIK explicit, To HaBeneHMit BUpa3 OyB OM eKBiBaJIeHTHUH
BHUpa3y i==Iterator(nullptr).
Takox mo iaTepdeticy ximacy IntList momamo meron begin(),
IO MOBEPTAE iTepaTop, yCTAHOBJICHNUH Ha MEPIINH eIEMEHT CIIHUCKY:
public:
Iterator begin() const;
3amuiemMo pearizamiio J0AaHUX METOIIB. 3ayBaKUMO, IO 33 Me-
)Kamu kiacy Intlist BKJIAZI€Hl B HHOI'O THUIM CJIIJ ITIO3HAYATH KBaJll-
¢ikoBaHuM iM’s1, Harpukaax IntList::Iterator 3amicTe MPOCTOTO
iMeHi Iterator:
IntList::Iterator::Iterator(Node *c):current(c){}
int IntList::Iterator::operator *() const {
if (current) return current->data;
else throw
out_of_range("wrong iterator position");
}

IntList::Iterator& IntList::Iterator::operator++(){
if (current) current=current->next;
return *this;

}

IntList::Iterator::operator bool() const{
return current!=nullptr;

}
IntList::Iterator IntList::begin() const {

return Iterator(phead);

}

3.3.3. BUKOpucTaHHSA iTepaTtopiB

PosrnsiHeMo BUKOpHCTaHHS iTEpaTopiB IUIs pO3B’s3aHHS 3ajadi
BHBEACHHS BCiX €JIEMEHTIB IOCIIAOBHOCTI, IO 30€PIiracThCs B CITHC-
Ky. Hexaii mie oromomenns IntlList s;. YcraHoBumMo iTepaTop Ha
MOYaTOK CHUCKY. [layi B UK, MOKK iITepaTop KOPEKTHO BCTAHOBJIC-
HUHN (HEe BUHUIIOB 32 KiHEIb CIIMCKY), Oy/IeMO BUBOAWTH MOTOYHUI
€JIEMEHT Ta IIepecyBaTH iTepaTop:

auto i=s.begin();
while (i) //TyT HesBHO npauiwe bool(i)

{ cout<<*i<<" "; ++1i;}
cout<<endl;
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Y poMy Ko 3MiHHA 1 oronomeHa 0e3 SBHOTO 3a3HA4YeHHS THITY 3
KITIOYOBUM CJIOBOM auto. 3a Takoro OroJIONICHHS TUI 3MiHHOI i BH-
3HAYa€ThCS 32  TUNOM  IHINiadi3ylo4doro  BUpaszy,  TOOTO
IntList::Iterator. HasBHicTh iHimiamizamii y BHUIAIKy BHKOPHC-
TaHHA auto 00OB’si3koBa. Ll CMHTaKCMYHA KOHCTPYKIIiS TOJIETIIYE
MoudiKaIliio KOAy, OCKUTEKH OTOJIONIEHHS 3 auto He MoTpedye 3MiH.

ITepaTop mpuxoBaB BiJ KopucTyBada kiacy IntList meram pea-
mizarii cnucky. OfgHaK 00XiJ CIHCKY BCe-TaKH TYT peali3oBaHO He-
THTIOBO. 3a3BWYail 00XiJ CIUCKY peali3yioTh K PyX Bil OIHIET TO-
3MLIT B COMCKY A0 iHIIOi, Mpu4oMy oOMABI MO3MLIT 3aJaf0Th iTepaTo-
pamu. s bOTO 7S iTepaTopiB BU3HAYAIOTH ONEPATOPH MOPiBHSIH-
HS Ha PIBHICTH 1 BigHOmeHHs. [[ns peanizamii MOpiBHAHHSA Ha piB-
HICTh y 0araTboX BHUIaJKaxX MO)KHA MOPIBHIOBATH a/pecH BY3JiB, Ha
sIKi BCTAaHOBJICHO iTepaTopu. Peamnizamis BiHOIIEHB (<, > TOIIO) Haii-
YacTille BHUKOPUCTOBYE BiACTaHb Yy €EMEHTAaX MK MOTOYHHM eJle-
MEHTOM CIIMCKY Ta TOJIOBOIO. 3a HAsSBHOCTI MOPIBHAHB iTE€PaTOPIB
CTalOTh MOXJIMBHMHU alTrOPUTMH OOXOAY BiJl OJHOTO iTepaTopa o
iHImoro. Y HaIoMy BHITAIKy JUIS peanisallii omeparii BHBEICHHS
BChOI'0O CIIMCKY 10 Kiacy IntList noqﬂ6H0 J0JaTh METOM, IO I10-
BepTae iTepaTop, YCTAHOBICHUH 3a KiHeyb CIIUCKY.

Jomamo o kiacy iTepaTopiB omepaTopH MOpIBHSIHHA iT€paTopiB
Ha PiBHICTE:

class Iterator{

// Te, wo 6yno paHiwe, 3anvwaeTbca 6e3 3MiH

public:

bool operator ==(const Iterator&) const;
bool operator !=(const Iterator&) const;

}s

ITepaTopu BBaXKa€EMO PIBHUMH, SKIIO BOHH BCTAHOBJICHI Ha OJMH 1
TOW caMUil By30I] CITUCKY.
bool IntList::Iterator::operator==
(const Iterator& other) const{
return current==other.current;
}
bool IntList::Iterator::operator!=
(const Iterator& other) const{
return current!=other.current;

}
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Homamo mo kmacy IntList meron end(), mo moBeprae itepartop,
YCTaHOBJIEHWH 3a KiHIleM ciucky. Llei itepaTop 3amae KiHEeIb 00X0-
Iy CITUCKY:

public:

Iterator end() const;

PeanizyeTscs BiH Tak:

IntList::Iterator IntList::end()const {

return Iterator();

}

Tenep moxnuBa QyHKIiS output, MO BUBOAWTH 3HAUEHHS eJie-
MEHTIB CHHCKY 3 MPOMDKKY [from; to) y BUXimHMIi HOTIK f.

std::ostream& output(std::ostream& f,

IntList::Iterator from, IntList::Iterator to){
for(auto i=from;il!=to;++i) f<<*ic<" ";
return f;

}

BukopucToByroun M0 QYHKIII0, MEPEeBAHTAXUMO OMEpaTop <<
BCTaBKH B MOTIK:

ostream& operator <<(ostream& f, const IntList& c){

return output(f, c.begin(), c.end());

}

OroJoIieHHs1 HaBeJIeHOro ollepaTopa MOXHA AOAATH JI0 3arojloB-
Horo (haiury 3 o3Ha4YeHHSM Kiacy IntlList, ame 3a meacamu xiacy
JonaraHHs 0 Kiacy, sKH BIAMOBIAa€e 32 30€pEKCHHS JTaHUX, €Jie-
MEHTIB BBEICHHS/BHUBEICHHS CYNIEPEUUTh TAKOMY TIPUHITUITY.

v’ Jlani, 3acobu ix eizyanizayii ma 3acobu KepyeamHs HUMU Md-
10mb i00iNAMUCA 00HE 8I0 0OHOZ0.

30KkpemMa, BHYTpILIHE 300pakeHHs JaHUX (MOJIENb TaHUX) Ma€e He
3aJIe’KaTH BiX 3aco0iB Bizyamizallii Ta iHTepdelicy KOpUCTyBada, 10
Kepy€e UMM JaHUMU. BB TOTO, OJHA ¥ Ta cama MOJEIh JTaHHUX
MOX€E BHUKOPUCTOBYBATHCS 3 pisHumu 3acobamu Bi3yaiizamii Ta iH-
tepdeticamu kepyBaHHS. Takui MiAXig 10 MPOEKTYBAHHS 30LTBIIYE
MO>KJTUBOCTI TTOBTOPHOTO BHKOPUCTAHHS KOJY 1 CIIPOIILy€E HOro po3-
poOky Ta Momudikaiito. 30kpemMa, OJHe U Te came 300paKeHHS aa-
HUX MOXXHa BHUKOPHCTOBYBAaTH 3 PI3HMMH 3aco0aMM Bizyauisarlii,
KpiM TOTO, MOomudiKallis peamizallii 300paxxeHHs TaHUX (32 HE3MiH-
HOTO iHTepdeiicy) He BHKIMKATHUME HEOOXIIHICTh 3MiH y 3acobax
Bizyauizartii.

50



3ayBa:keHHsl. Pe3ynbpraToM Momryky ejleMeHTa B KOHTEHHeEpl JTyKe
9acTO CTA€ BIMIMOBITHO BCTAHOBICHUH iT€paTop. 3MIHUMO OTOJIOMICHHS
Ta O3HaueHHs Merony find kmacy IntList, mo0 BiH moBepraB iTepa-
TOp, YCTAaHOBJICHWH Ha 3HAWICHWUN BY30JI (SKIO €IEMEHT 3HAMIEHO),
a00 3a MeXi CITUCKY (SIKIIIO TAKOTO eIEMEHTa B KOHTEHHEPI HEMaE):
Iterator find(int elem) const;
IntList::Iterator IntList::find(int elem) const{
Node *tmp=goLE(elem);
if (tmp && tmp->datal=elem)
tmp=nullptr;
return Iterator(tmp);

}

3ayBaxenHns. O3nadeHHs QYHKINT output HE 3aJEKUTH Bia OCO-
OnmuBOCTEW peainizanii KOHTelHepa i Moxke OyTH BHKOpHCTaHe 3 iTe-
paTtopamu pi3HHX CTPYKTYp JaHHX (32 YMOBH 3aMiHH THIIIB iTepaTo-
PIB y 3ar0JIOBKY).

3ayBaskeHHs1. Y BUNAAKy IBOOIYHO 3B’S3aHHMX CIIMCKIB iTE€paTOp
MOJKE PyXaTHUCS CIIHCKOM SIK Y TPSMOMY HampsMKY (BiJ MMOYaTKy 10
KiHIIA), TaK 1 B o6epHeHOMY. TOi MOXKHA PO3TIISIIATH:

— OJTHOHAIIPABJICHNUH iTepaTop, L0 PyXa€ThCs B IPIMOMY HAIIPSMKY,

— OIHOHANPABJICHHH iTepaTop, IO PYXa€eThCs B 00EPHEHOMY HaIPsIMKY,

— JIBOHAMPAaBJICHUI ITEPaTOop, 10 MOXKE PyXaTHCS B 000X HAIPsSMKaX.

3ayBaskenHs. [licas 3MiHM KOHTeWHepa iTEpaTop MOXeE CTaTH
"HemificHUM", HaITPHUKIIaJ TOMY, IO BiMOBIIHUI BY30J CIIHCKY OYJI0
BuiyueHo. Lleit gpakt Tpeba BpaxoByBaTH.

3.3.4. ITepaTop, WO 06X0ANTb €/IEMEHTH
3a NneBHO YMOBOIO

BuxopucroByroun MexaHi3M ycHaJIKyBaHHS, MOOYyIyeMo iTepa-
TOp, KUK OOXOIWTH HE BCi €JIEMEHTH KOHTEHHepa, a TUIBKH Ti, IO
BIJIMOBIAIOTE JIesKid YMOBIi, HaIpHWKJIAJ] TapHi a0o Ti, M0 HAIIO
IinaThest Ha 3. 3po3yMisio, IO KO’KHA HOBa YMOBa HE TIOBUHHA MTOPO-
JUKYBaTH HOBHUH Kitac iTeparopiB. ToMy moOymyemo Kiiac iTepaTopis,
napaMeTpU30BaHUX YMOBOIO. SIK YMOBY BHKOPHCTOBYBaTumemo ¢y-
HKIIIFO, SIKa 32 SJIEMEHTOM, 10 30€piraeThCs B KOHTEHHEDI, TIOBEPTAE
JIoTiYHEe 3HaUeHHS. Y HAIoOMy NpUKIaAi (GyHKINS Mae mpuiMaTH ap-
TYMEHT THUIly int, a moBepTaTH 3HA4YEHH TUITY bool.
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Hoguii knac IteratorC o3HaunMo BeepenuHi kiacy IntList i 3po-
OuMo #oro HaraakoM kimacy IntList::Iterator. €auHOI0 BiMIHOO
B Horo iHTepdeiici € Te, O NpH KOHCTPYIOBaHHI BiH JOAATKOBO Oyze
TIpuHMaTH YMOBY — (DYHKIIIFO, sIKa 33 3HAYECHHSAM THITY int (THT ereme-
HTIB, 10 30€piraroThCs B KOHTEIHEP1) MoBEpTae 3HAYESHHS TUITy bool.

Mipkyroun mpo peanizamlilo, 3a3HAYMMO, L0 ONEPaTop ++ UIs
BOTO KJacy Ma€ MEepeXOJUTH He Ha HACTYIHHUU €JeMEHT, a Ha Hda-
cmynHull enemenm, wo eionogioae ymosi. Tomy #ioro Tpeda nepepa-
HTaXuTu. KpiM Toro, 00’€KT Kilacy Mae 30epiratu BKa3iBHUK Ha Qy-
HKIIO0, IO pealli3ye NepeBipKy YMOBHU: 0 MPUXOBAHOI YaCTUHH JIO-
namo mione condition. Otxke, OTpUMy€eEMO Take O3HAUCHHS KJIacy:

public:

class IteratorC:public Iterator{
public:
explicit IteratorC(Node *current=nullptr,
bool (*f)(int)=nullptr);
IteratorC& operator ++();
protected:
bool (*condition)(int);

}s

Ho Bimkputoi wactnHu Kiacy IntList Bigpasy momamo MeTof,
KW TOBepTae itepatop TUmy IteratorC, yCTaHOBICHHH Ha Tep-
LU eIEMEHT CITUCKY, 110 BiIOBiIa€ YMOBI:

IteratorC beginC(bool (*f)(int)) const;

3anumeMo peaizaiiio IUX MEeTO/IB:

IntList::IteratorC

IntList::beginC(bool (*f)(int)) const {

return IteratorC(phead,f);

}

IntList::IteratorC&

IntList::IteratorC:: operator ++() {

do

{ Iterator::operator++();}
while(operator bool() && !condition(operator*()));
return *this;

}

st mepexomy 0 HACTYITHOTO €IEMEHTa PyXaeMOCS CIIMCKOM 3a
JOTIOMOTOI0  BiATIOBiAHOTO MeTOxy 0a30BOTo Kiacy, MOKA HE Oyne
JOCATHYTO KIiHIIS CITUCKY a00 BUKOHAHO YMOBY

IntList::IteratorC::
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IteratorC(Node * c, bool (*f)(int)):
Iterator(c), condition(f) {
if (!f) condition=[](int)
{return true;};
if (operator bool() && !condition(operator*()))
operator++();

}

Tyt Bukopucrano Jasmoaa-supa3s [](int){return true;}, 3a
SIKUM KOMITUIATOp TeHepye (QyHKIi0, 0 MpUiAMae apryMeHT THUILY
int i moBeprae 3HavyeHHs true. Tum pe3ynpraTy wiel GpyHKIIT BU3HA-
YaEThCS KOMIIUIATOPOM SK bool 3a THIIOM 3HAYEHHS, IO MOBEPTa-
€TbCS. Y JEI0 3arajbHIIIOMY BHIAAKY B KPYIJIHX JYKKaX YKa3yeThb-
csl meperik (GopMaTpbHUX MapaMeTpiB (YHKIIII, 3a SKUM PO3TalIOBY-
€ThCA 11 T1NIO (TTOCHITOBHICTD IHCTPYKLIN y (IrypHHX Ay*Kax). Jlera-
JBHUN CHHTAaKCHC JIIMOJa-BUpa3iB qUB. y JOKyMeHTauii MoBu C++.

[lig yac BUKOHaHHS yMOBHOI iHCTPYKLIii, SIKIIO 3HaYeHHsAM f €
HyJIbOBa ajpeca, TO 3MiHHIA condition mpucBoroeThCs agpeca 3re-
HEPOBAaHOT KOMIIIATOPOM (PyHKIIII.

JIsMOa-Brpaszy 3pydHi, KO HEOOXITHO IIBUAKO CTBOPUTH HECKIIa-
Hy 32 KoJioM (pyHKIito. Po3rissHeMo 111e 0AnH MpUKIIaz iX BAKOPUCTaHHSI.

[IpumyctrMo, 1o CTOITH 3a7ada JAPYKYBAaHHS BCiX €JIEMEHTIB
cnucky IntList s, ski Hamimo minsaThes Ha 3. MoxHa cTBOpHTH (Y-
HKIIIO, IO TIepeBipsie YMOBY MOAIBHOCTI Ha 3:

bool div3(int n){return n%3==0;}

Ta 3 11 BUKOPUCTaHHAM PO3B’A3aTH 3aJady:

auto i=s.beginC(div3);

while (i) { cout<<*i<<™ "; ++i;}

OpHak MOXKHa BUKOPHCTATH JIIMOJa-BUpa3 1 HE CTBOPIOBATH (Y-
HKLIO SIBHO:

auto i=s.beginC([](int n){return n%3==0;});

while (i) { cout<<*i<<" "; ++i;}

MoskHa TIOMITHTH, IO OOXiJl CIIUCKY iT€paToOpaMu Pi3HUX THIIIB
Mae Oararto crinsHOro. OHAaK SKIIO 3aMucaTH

output(cout,

st.beginC([](int n){return n%3==0;}), st.end());
TO OyIyThb BUBEAEHI BCi €IEMEHTH TOCIIiIb, TOYHHAIOYH 3 TIEPIIOTO,
o ainuthes Ha 3. Lle moB’g3aHo 3 THM, IO JIOKaiIbHA 3MiHHA 1 QyH-
Kiii output € iTepaTopom 6a30BOTO THITY, OCKUIBKH i THUIT BU3HAYA-
€THCS 32 TUTIOM BiATIOBITHOTO TapamMeTpa (yHKIIii.
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Jlero 3MiHIMO IF0 PYHKITIIO:
ostream& output(std::ostream& f,
ostream& output(std::ostream& f,
IntList::Iterator &&from,
IntList::Iterator &&to){
for(; from!=to; ++from)

f<<*¥frome<™ "5
return f;

}

Terep from € mocHIaHHSM, a JOKAIBGHY 3MIHHY i yCyHYTO. 3aBIsSKH
LBOMY IIPH TIEPEXOJi JI0 HACTYITHOTO €JIeMEHTa BUKOPHUCTOBYETHCS BEP-
Cist BIpTyalIbHOTO METO/Iy operator ++, III0 BIATIOBIAE TUITY 00°€KTa, a
HE THUITy 3MiHHO{ B OTOJIOIIEHHI METOTy. 3a TAaKUX 3MiH 32 MOTIEPETHBOI0
THCTpYKIIi€ro Oyie BUBEACHO came Te, 0 Tpeoda.

3ayBa:kenHs. J[oBoni THIOBOIO € CHTYyallis, KOJIW Ha Micus
OCTaHHIX [BOX apryMeHTiB (yHKIIi output migcTaBisAIOTBCS 7-
3HAYEHHS, HAPUKJIA]

output(f, c.begin(), c.end());

Tomy ocrtanHi 1Ba opMaibHI mapamerpu (QyHKMIii output MaroTh
THN TIOCWIaHb Ha r-3HaveHHS (&&). 3a BHKOPHCTaHHS NOCHIAHb Ha [-
3Ha4YeHH (&) MIACTABUTH F-3HAYCHHS HEMOXIIMBO, a 38 BUKOPUCTaHb
MOCHJIaHb Ha He3MiHIOBaHe /-3HaueHHs (const IntList::Iterator &)
y Tinmi ¢yskuii output He MokHa Oyno O 3MiHIOBaTH 3HA4eHHA from, i
MU TIOBEPHYJHCS O 10 HEOOX1THOCTI BBOJWUTH JIOKAJIBHY 3MiHHY.

SIxmmio x QyHKIi0 output HEOOXiAHO BUKIIMKATH 3 TapaMeTpaMH,
o € [-3HaueHHSIMH, TO iX HEOOXiTHO SIBHO MEPETBOPUTH IO THITY
IntList::Iterator &&, Ky TaKOMY KOJi:

IntList::Iterator il=st.begin(), i2=st.end();

output(cout, (IntList::Iterator&&)iil,

(IntList::Iterator&&)i2);

IIpukJsian BUKOPUCTaHHS pO3pOOJICHOT0 KiTacy B mporpami. Hapenena
HIDKYE Mporpama JoJiae B KoHTekHep uncna 5, 1, 3,2, 1, 7, 12, micns 4oro
BUBOJIUThH BMICT KOHTeHepa. Jlaii mporpaMa BUKOHYE TIOIITYK 3HAYEHb 3,
30, -5 i BUBOAWTH pe3yiIbTaTh NOmyKy. [licis mporo 3a monomororo ¢GpyH-
KIIii output BUBOISITECS BCl YMCTIA 3 KOHTEHHEpPA, a IMOTIM TUTHKH Ti YHC-
Ja, 0 IUISAThCA Haniio Ha 3. B ocTaHHROMY BHBEICHHI €JIEMEHTIB KOH-
TeiHEpa yMOBA 33/1a€ThCS JIIMOIa-BUPA3OM:
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bool div3(int n){return n%3==0;}
int main(int argc, char *argv[]){
IntList st;
st.insert(5); st.insert(1); st.insert(3);
st.insert(2); st.insert(1); st.insert(7);
st.insert(12);
cout<<"output list using <<: "<<st<<endl;
cout<<boolalpha;
cout<<"find(3) "<<st.find(3)<<endl;
cout<<"find(30) "<<st.find(30)<<endl;
cout<<"find(-5) "<<st.find(-5)<<endl;
cout<<"output all list using output function: “;
output(cout,st.begin(), st.end());cout<<endl;
cout<<"output elements satisfied n%3==0: \n";
cout<<" using output function and \
div3 function: ";
output(cout,st.beginC(div3), st.end());
cout<<endl;
cout<<" using output function and \
lambda-expression: ";

output(cout,

st.beginC([](int n){return n%3==0;}),

st.end());
cout<<endl;
return 0;

}

IToBHHMI OCTATOYHUI KOJ KJIaCy Pa3oM 3 PO3IMOIIJIOM IO OIUHH-
LX TPAHCIALIT Ta JeMO-TIPOTPaMOI0 HaBEeIEHO Ha CAiTi KHUTH.

Y HacTymHOMY po3isi OyJe po3risSHYTO IHIIUH CHOCIO TOTO, SIK
VHUKHYTH AyOJIOBaHHS KOIy, IO MOXE BHHUKATH 4epe3 HeoOXina-
HICTh O0XO/NTH KOHTEHHED iTepaTOpaMH Pi3HUX THUIIIB.

KOHTpPOJIbHI 3anNnUTaHHA
1. Y 4omy BiAMIHHICTh MiXK OJHOOIYHO Ta BOOIYHO 3B’sI3aHUMH

cucKamMu?
2. SIKl CIMCKM HA3WBAIOTh JWHAMIYHUMH?
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3. SIxi mepeBard Ta HEMONIKA Ma€ BUKOPUCTAHHS TUHAMITHHX
3B’SI3HUX CIHCKIB MOPIBHIHO 3 BUKOPUCTAHHIM MacHBiB?

4. 3anmuIuiTh THI, I10 300paky€e BY30Jl OAHOOIYHO 3B’SI3aHOTO OH-
HaMiYHOTO CITHCKY.

5. 3amuunTe TUNO, MO0 300pa)x<ye By30J JBOOIYHOTO 3B’SI3aHOTO
JUHAMIYHOTO CIHCKY.

6. SIkuii CrIMCOK HA3UBAIOTh [UKIIIYHUM?

7. Yn mimidine st 300pa)keHHST By3Jia ITUKIIIYHOTO CIHCKY THII,
10 BUKOPUCTOBYETHCS U BY3JIiB aHAJOTIYHOTO CIIHCKY, aje 0e3
YMOBH ITUKITIIHOCTI?

8. SIkmii CIMCOK HAa3MBAIOTh BiJICOPTOBAHNM?

9.Yu migiiige s 300paKeHHST By3Jia BiJJCOPTOBAHOTO CIHCKY
THII, 110 BUKOPUCTOBYETHbCA JISi BY3JIiB aHAJIOTIYHOTO CIIMCKY, ajie
0e3 yMOBH BiZICOPTOBAHOCTI?

10. Yomy Tum ans 300pakeHHSI By3Jia JAWHAMIYHOTO 3B’S3aHOTO
CIHCKY HE BapTO BUKOPHCTOBYBATH SIK THII 75 300paskeHHS CIIMCKY?

11. SIxe ocHOBHE TIpU3HAYCHHS iTEPaTOPIB?

12. Ilo 3amae kmroUoBe €I0BO explicit B oromomieHHi KOHCTpPY-
KTopa?

13. Slxmit T O6yze MaTH 3MiHHA, B OTOJIOIICHHI SKOI 3aMicTh
KOHKPETHOI Ha3BU THUITy BKa3zaHo auto?

14. Yomy paHi, 3aco0u ix Bizyauizamii Ta 3ac00M KepyBaHHSI HUMHU
PEKOMEHIYIOTh IPOEKTYBATH SIK OKPEMi YaCTHHU KOy ?

BnpaBu

1. dns xnacy IntList HanwcaTy BiacHi 0O3HaYEHHS:
a) KOHCTPYKTOpa KOTTii, 10 CTBOPIOE KOIIi0 JaHUX CITHCKY;
0) KOHCTPYKTOpa TEPEMIIIEHHS, 10 MEePEMINTy€e AaHi ¥ CTBO-
proBaHuil 00’ €KT;
B) oIlepaTopa TPHCBOIOBAHHS KOINIIOBAHHSAM, IO KOIIIOE JaHi
CITUCKY;
I') orepaTopa MPUCBOIOBAHHS MEPEMILICHHSIM, IO MepeMillye
JIaHl BiJ OJHOI'O 00’€KTa 10 1HIIOrO.

2. ns xknacy IntList mepeBaHTaXUTH ONEpaTop ==.
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3. s knacy Intlist mepeBaHTaXXUTH ONEPATOp <= Tak, 0O BiH
BHKOHYBAB IEPEBIPKY BKIIIOUEHHSI OTHi€1 MHOYKHUHH B i1HIITY.

4. JIna xnacy IntList mepeBaHTaKUTU OHepaTopu +, *, - Tak,
100 BOHM OOYHCITIOBAN 00’ €qHAHHS, TIEPETHUH 1 PI3HHUIIO MHOXKHH.
Pe3ynbrar Mae 30epiraTicst B HOBiif MHOKHHI.

5. Hamucatu QyHKLiI0, SKa 32 MHOXMHOIO IJTHX, 300pakK€HOIO
00’exToM Ki1acy IntList, 3HaXoAnuTh cyMy i1 €leMEHTIB.

6. 3minuTu kiac Iterator Tak, mo0 10 HLOTO MOXKHA OYJI0 J0/a-
TH omeparii mopiBHAHHSA < Ta <=. Jlogatu ix.

7. Homatu no kmacy IntList meTon, mo BUiIy4ae 3aaHuil ene-
MEHT (3a HasBHOCTI).
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4. WABJIOHAN

JoBoumi gacto (yHKIiT Ta aOCTpaKTHI THIH AaHUX BIAPI3HIIOTHCS
JIMIIE THUTIOM, SKHH JIEKUTH y iX OCHOBI. Hampukmas, Ko st THIry
JaHuxX T O3HAYEHO OIEpaTop <, TO MOXKHA HamucaTd (yHKLi0 min,
10 MOBEpPTaE€ MiHIMajdbHE 3 JABOX 3HAYEHBb I[HOTO THMY. SIKIIO O3Ha-
YEHO MPHUCBOIOBAHHS, TO MOXHA OOMIHATH MICUSMHU 3HAUY€HHS JBOX
3MIHHHUX IBOTO TUIY (QyHKLIA swap).

Tina mux GyHKIiH MOXXYTh BUTIISIIATH TaK:

if (argl<arg2) return argl; else return arg2;//min

T tmp; tmp=argl; argl=arg2; arg2=tmp; //swap

MorkHa 6a4nTH, IO OIMMCAHI Jii He 3aJeKaTh BiJ TUIY JaHWX, HAJ
SAKAMH BOHH BUKOHYIOThCS. ToMy, m00 He mucaté Maibke OJHaKOBHN
KOJl 1 YHUKHYTH AyOJIIOBaHHS, BapTO napamempu3yeamu K00 munamu.
[[poro Mo>kHa IOCSITTH BUKOPUCTaHHM IIAOJIOHIB (aHI. template).

4.1. lWWa6noH pyHKUIT

PosrnsreMo mabmnon GyHKmii myMin o04rcIeHHs MiHIMATBHOTO 3
JIBOX 3HAYCHB, THII IKHX € apaMETPOM Ia0JIOHY.
VY aiini templates. cpp 3amumnemMo Take:
template <class T>
const T& myMin(const T &argl,const T &arg2){
if (argl<arg2) return argl; else return arg2;
}

OyHKIIIS, O3HAYCHA B MIAOJIOHI, HA3UBAETHCS 1A0J0HHOI0. OroJio-
LIEHHS i O3Ha4YEHHA 11a0oHy (DYHKIIT Mae MOYMHATHCS 31 CITy>k00BOTO
croBa template, 3a SKUM Y KyTOBHX Ay>KKax ifie TEpeNiK THIIB, SIKi €
napamerpamu mabiaony . Has3si Tumy nepemye ciyx0oBe CIIOBO
class, sike B JaHOMY KOHTEKCTi € CHHOHIMOM citoBa "turr". KoxxeH yka-
3aHUIA TUIT MA€ BUKOPUCTOBYBATHUCS B 3ar0JIOBKY IIa0JIOHHOT (pyHKIIIT.

SIxmo mabnoH (yHKIIT BUKOPUCTOBYETHCS IS SIKOTOCh TUITY Y BU-
TSI/l BUKJIMKY TIaONOHHOI (YHKIIT 3 apryMeHTaMH IbOTO THUILY, TO
KOMITUIATOP TeHepy€e BEpCiro (yHKIIIi 3 MiJCTaBIeHNM y HEl BiAMOBiI-
HHUM TUIOM. Y Takii cuTyauii KaXyTb PO iHCTAHI{IOBAHHS IIA0JI0HY,

7 HlaGJ'IOHI/I, HapaMeTpI/I?;OBaHi 3HAUCHHAMU, TYT HE PO3IJIAAaEMO.
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a BIANMOBiAHY (YHKUIIO HAa3WBAIOTh IHCTAHLIHOBAaHOIO (aHTIL
instantiated function) Ta cneniajizamiero (aurm. specialization) maods0-
Hy. SIKI0 malioH BUKOPHUCTOBYETHCS 3 AKUMOCH THIIOM KiJIbKa PasiB,
TO IS IIBOTO THITy T€HEPYEThCS eauHa (YHKIiA. [ THIIB, 3 SKHUMU
(YHKLLIS He BUKOPHCTOBYEThCS, Bepcil (PyHKIIT He TeHepyIOThCS.

v’ Skmo mabnoH (yHKIIT IHCTaHIIFOETHCS IS IEIKOTO THITY, TO
JUISE OCTAaHHBOTO MAalOTh OYTH O3HAYEHIi BCI orepailii, 10 3aCTOCOBY-
FOTBCS 0 HHOTO B IiHl PyHKII.

3ayBa:keHHsl. Y TIa0JIOH 3aMiCTh TUIY T MOXKHA TIiICTaBUTH Maii-
JKe JOBUTBHUH THUI, Y TOMY YHCIIi TOH, IO KePye CKIATHOI CTPYKTY-
poro maHuX abo He MATPUMYE Omepario KomiroBaHHA. Tomy B 1radio-
Hax QyHKUIH sK THIN GopMaIbHUX MapaMeTpiB, Ha MICI AKUX MAlOTh
iACTaBIATUCS 3HAYEHHS TUIIIB-TIapaMeTpiB MAOJIOHY, 9YacTO BUKOPH-
CTOBYIOTH mocuianHs. Lle pobuthcs amst Toro, mo0 YHUKHYTH 3aiBUX
KOMIIOBaHb 3HAYEHb I11JT YaC BUKJIMKY 1HCTaHIIHOBaHOI (yHKIIi. SIKII0
y BUKJIMKY apryMEHTH MarOTh HE 3MiHIOBATHCS, TO 3aMiCTh T JOLIIBHO
BUKOPHCTATH const T& (MOCHJIaHHS HA HE3MIHIOBAHE 3HAYEHHS TUITY
T), iHaKIIIe BApPTO BUKOPUCTATH T& (abo T&R).

barato koMminATopiB HE MO3BOJISIOTH OKPEMY KOMIUIAIIIO IIaod-
noHiB. ToMy [uist TOro, OO KOMITIJIITOP MIr 3reHEPYBAaTH 1HCTAHIII-
HioBaHy (YHKIIFO, TPU BUKOPUCTaHHI MIa0IOHIB HEOOXITHO BKIIFOYA-
i (aitn i3 mabroHoMm. Buxoxsum 3 mporo, Ha moyaTKy (haimy
templates.cpp cuia qoJaTH Taki JUPEKTUBU:

#ifndef TEMPLATES_CPP

#define TEMPLATES_CPP
BiamoBiaHo B KiHIN (aiiiy JoaaTH 1€ OJHY IUPCKTUBY:

#endif //TEMPLATES_CPP

3amicTe TEMPLATES_CPP MO>KHA B3ATH SIKECh IHIIIE iM s, aJi¢ BOHO
HE MOXE BUKOPHUCTOBYBATHUCS B IHIIMX OAWHHULSAX TpaHcusawii. Tyt
iM’st TEMPLATES_CPP mpHupoHO 3B’s13aHO 3 iMeHeM Qaidiny. Jnsa daii-
TiB i3 O3HAYCHHSIMH KJIACIB JTIOBOJI 4acTO B Takid CUTyallii BUOUpa-
IOTB iM’$, IO BKITFOYA€E HA3BY KJjacy.

HaBeneni AMpEeKTUBH KOMIIUISITOPA TapaHTYIOTh, 10 3alIUCAHUN Y
¢aiini mabnoH He BKIIOYUTHCS Olnblie oXHOTO paszy (y peanlbHuX
MIPOEKTaX MOXKIIMBI JOBOJI CKJIaJHI JAHITIOKKHA BKIIIOYEHb, 32 SKHX
TOW caMuid (paiiyl BKIIIOYAETHCA KiTbKa pa3iB). AIIbTEPHATUBOIO MOXKeE
OyTH PO3MIllIEHHS Ha MMOYATKY TaKOi AUPEKTUBH:

#pragma once
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HupextuBa #pragma once MiATPUMYEThCS KOMIIUIATOpaMH (GipMu
Microsoft Ta nmeskuMu iHIIMME, ajie, Ha BiIMIHY BiJ{ TEpIIOTO BapiaHTa,
CTaH/APT HE TapaHTye, 0 KOXKeH KoMILIITop MOBH C++ Mae ii 3po3yMiTHL.

Po3rnsiHeMo npyKiIa ] BUKOPUCTAHHS MIa0JIoHy Y (hatiii demo . cpp

#include <string>

#include "templates.cpp”

using namespace std;

int main(){

int n,nl1=10,n2=15;

double x,x1=10,x2=15;

string s,sl="as",s2="12";

n=myMin(nl,n2); //myMin pgna int
x=myMin(x1,x2); //myMin gns double
s=myMin<string>(s1,s2); //myMin gns string
n=myMin<int>(nl1,n2); //myMin pna int
x=myMin<double>(nl1,n2); //myMin ans double
return 0;

}

Baunmo, mo BuknMk mabnoHHOT QYHKIIT MOXKHA 3amucaTH Oe3
SIBHOTO 3a3HAYEHHS THITY, III0 Ma€ MiJACTABIATHCSA 3aMiCTh TUIy T. Y
TAKOMY pa3i THI BH3HAYAETHCS 3a THIIOM apryMEHTIB BUKIUKY. Ha-
MIPHUKIIA], y BUpas3i myMin(nl,n2) BHKJIMKAETHCS BimmoBimHa (QyHK-
wis g Tamy int, a y Bupasi myMin(x1,x2) — mis tumy double.
OpHak THI MOXXHa BKa3ath 1 sBHO. Hampuxman, y Bupasi
myMin<string>(s1,s2) Oyne BUKIMKAHO BEpCit0 QYHKIII A THITY
string, a y Bupasi myMin<double>(nl1,n2) — mus tumy double, He-
3Ba)KalOYM Ha THIH apTyMEHTIB.

Ia6aon ¢yHkii, mo 00xoauTh KOHTeHHep. Po3rmsueMo mab-
J0H ¢yHKUii, 10 00X0ANWTH KOHTEHHEP 1 BUBOIUTH MOTO BMICT Y BHU-
X1JHUH MOTIK 3a JIOMTOMOTOI0 iTEpaToOpiB:

template<class Iterator> ostream& output

(ostream &f, Iterator from, Iterator to){
for(auto i=from; il!=to; ++i) f<<*i<" ";
return f;

}

Taka QyHKIisI MOXe OyTH BUKOPUCTaHA HE TiJIbKH JUIS iT€paTopiB
knacy IntlList, anme i A7 DOBUTBHHX iT€paTOpiB, IO MiATPUMYIOThH
omeparii =, ++, !=T1a *,
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3a HasBHOCTI OroJjolleHHs IntList s; 119 BUBEICHHS €JIEMEH-
TiB CIIMICKY, IO BiATIOBiJatOTh YMOBIi, MOKHA 3aIMCATH!
output(cout, s.beginC([](int n){return n%3==0;1}),
IntList::IteratorC());
Bukopucranuii Tyt 11M0aa-BUpa3 po3risiIaBcs B KiHLI po3aiy 3.
VY HaBeZeHOMY KOJIi CyTTEBO BHUKOPHUCTOBYETHCA T€, IO I 000X
TUMiB iTeparopiB (Iterator Ta IteratorC) kiHens 00XOIy MOXKHA
3a/laTH 3HAYCHHSM iTepaTopa, SIKHH yCTaHOBIICHO B HYJIBOBY aJIpECY.
3MIiHUMO MIA0JIOH:
template<class Iteratorl, class Iterator2> ostream&
output(ostream &f, Iteratorl from, Iterator2 to){
for(auto i=from; il!=to; ++i) f<<*i<" ";
return f;

}

3a3HauumMo, 1o Tunu Iteratorl ta Iterator2 maioTh OyTH CY-
MicHuMH 1151 | =. Ternep MOKIMBUN BHKITUK
output(cout, s.beginC([](int n){return n%3==0;}),
s.end());

4.2. lla6bnoH knacy Ha npuknagi
KOHTEeMHepa

Jna mobynoBu koHTelHepa IntList, mo 30epirac MHOXHHY ITi-
JINX, HACTIPABAl HE JyXKE BaXKIIMBO, IO 30epiraroThCs came IiJIi 9uc-
7a. 3aMiHUBIIN TUI €JIEMEHTIB MHOXXHHHU, MOKHA OTPHUMAaTH MHOXH-
Hy eJeMeHTiB iHmoro tumy. OTe, MPUPOTHO TapaMeTpU3yBaTH
kiac IntList Turmom enemeHTiB T, ki 30epiratuMe MHOXKHHA. J[amo
mabioHHOMY Kjacy (aHri. template class) im’st SList (Bim anrm.
sorted list — BiICOPTOBaHUI CITUCOK).

AHanoriuHo ma0moHy (yHKIIiT OTOJIOIIEHHS Ta O3HAYEHHS MIad-
JIOHY KJIacy TIOYMHAETHCS 31 CIy)KO0BOTO citoBa template, 3a skuM y
KYTOBHX Jy’KKaxX ifie Iepeik THIIB — mapaMeTpiB maliIoHy.

ITopiBHsHO 3 IntList BHeceMo B kiac SList mesKi 3MiHH.

1. Turr T Moxke OYTH TOCTaTHBO CKJIATHO OpraHi30BaHWH 1 HE Tif-
TPUMYBATH OIIEpaIlifo KOMiOBaHHSA. TOoMy BCi mapaMeTpyd METO.iB i
3HAYEHHS, O MOBEPTAIOTHCS 3 METOJIB, 3pOOMMO MOCHIAHHAMU. Y
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BHIIAJKy, KOJM 3MiHH He IependadaroThesi abo MOXKYTh MOPYIINTH
LUTICHICTD JAHUX, BUKOPUCTAEMO HOCUIAHHA HA HE3MIHIO8AHE 3HA-
yenns, To0To const T&.

2. Bunyuenns 3 xinacy IntList KOHCTPYKTOpIB Komii Ta mepemi-
meHHs Oyio 3poOJieHe IWIe 3apald CHPOINeHHS mpukiamy. Ha
MPaKTHIN TaKUH MiAXia y OLIBIIOCTI BUNAAKIB CYyTTEBO OOMEXKYE MO-
JKIIMBOCTI BHUKOPHCTaHHS KJaciB, TOMY O3HAa4WMO BIIacHi Bepcil
KOHCTPYKTOPIB KoOmii Ta mepeMilieHHs. 3apagll CIpPOLICHHS Hexai
0o0uBa BOHU MiATPUMYIOTh CEMaHTHKY ITePEeMiIIeHHS.

3. PesynbraroM MeTOAy MOJaBaHHS €JIeMEHTa B KOHTEHHEp Ha-
cripaB/i Moke OyTH HE TiIIBKH O3HaKa TOTO, YU OyJIO BUKOHAHO JO-
naBaHHS abo eJIeMEHT yke OyB y HasBHOCTI, aJie i iTepaTop, ycTaHo-
BIICHWI Ha JOJAHUH eJIeMEHT. 3MIHMMO MeToXl insert Tak, mo0 BiH
TIOBEpPTaB Tapy 3HAYCHB: ITEpaToOp Ta O3HAKY YCIIIIHOCTI. THIoM
napamerpa 3pobumMo T&&, TOOTO MpeACTaBIeHE HUM 3HAYEHHS Tepe-
MIIIY€ETHCS B CTPYKTYPY AaHUX. 3a3BHYall MOTPiOEH Ije METOJ BCTa-
BKH 3 apryMEHTOM THITy const T&, SKWH KOIiIO€ 3Ha4YCHHS B KOH-
tefiHep. Jlonamo i fioro.

4. Il 3MiHA € CyTO CHMHTAKCHYHOK. Y MEKax O3HAYeHHS KJia-
Cy SList 3ajqMmuMoO TITbKM OTOJIOIICHHS BKIIAJCHHUX KJaciB
Iterator, IteratorC, a iXHi 0O3HAUEHHS PO3MICTHMO OKPEMO.

OzHaveHHd Kjacy SList HaOyae BUIIIATy

template <class T> class SList{

public:

class Iterator;
class Iterator(C;
SList()=default;
SList(SList&);
SList(SList&R);
SList& operator=(const SList&)=delete;
SList& operator=(SList&&)=delete;
~SList();
unsigned size() const;
bool empty() const;
pair<Iterator,bool> insert(const T& elem);
pair<Iterator,bool> insert(T&& elem);
//throw(bad_alloc)
//false, AKWO eneMeHT yXe HasBHWUA Yy CNUCKY
protected:
struct Node {T data; Node *next=nullptr;};
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Node *phead=nullptr;
unsigned size_=0;

Node* lastLE(const T &elem) const;
/* BKA3iBHUK Ha OCTaHHiW By30n,
ona akoro data<=elem;

nullptr, Akwo Takoro Hemae */
public:
Iterator begin() const;
Iterator end() const;
Iterator find(const T &elem) const;
IteratorC beginC(bool (*f)(const T&)) const;

3

TyT BUKOpHCTaHO CTaHAAPTHHHA 0i0IiOTeUHUI Ki1ac pair i3 mpoc-
Topy imMeH std. [t poOoTH 3 HUM CIIifl BKIIOYUTH CTaHIAPTHUI 610-
mioreunuid (aiin utility. Knac pair € mabnoHHuM Kiiacom, mapa-
METPHU30BaHUM [IBOMa THUNaMH. BiH mpu3HaveHWi 30epiratu mapu
3HAYeHb, TUIH SIKUX 33J]AI0ThCS TMapameTpamu mabmony. Kiac pair
Haja€ AOCTYII 0 KOMIIOHEHTIB MMapu yepe3 MeToau first Ta second.

Y pe3ynbTaTi MiACTaHOBKY KOHKPETHHX TUIB Iterator Ta bool
3aMICTh BiANOBIIHUX THUIMiB-IapaMeTpiB WAOJIOHY (TOOTO iHCmanyi-
108aHHS mabIoHy) YTBOPIOETHCS KOHKpPETHUH THUI
pair<Iterator, bool>, incTaHIifioBaHUi Bi Kiacy pair. Lleit Tun
30epirae mapu 3Ha4eHb, /¢ MEPLIOI0 KOMIIOHEHTOIO € 3HAYEeHHS 3 THU-
1y Iterator, a npyrorw — 3Ha4eHHs 3 TUILY bool.

OzHaveHHs BKJIaJE€HOro kiacy Iterator 3amuiieMo 3a Mexamu
O3HaueHHs Kiacy SList. J{ns BKiIageHoro Kiacy ciii BUKOPHUCTOBY-
BaTH Keaihikosane im’s, MO CKIANAEThCS OC3MOCEPEIHBO 3 HA3BU
KJIacy Ta Ha3BH KJIacy, y SIKOMy Horo Oymo oroimomieno. Cepen MeTo-
IiB 3MIHUTBCS TUTBKU OTOJIONICHHS omepartopa *. Tumom 3Ha4eHHs,
IO TIOBEPTAETHCS, MAE CTaTH NMocuiaHHs. OCKUIBKHA CTPYKTypa Mil-
TPUMY€E BIIACTHBICTH BiJICOPTOBAHOCTI, TO 3MiHA 3HAYEHHS €JIEMEHTa
B 3araJbHOMY BHWIIQJIKy MOXE MOPYIIMTH II0 BIACTHBICTH, a TOMY
pe3ynbraToM Mae O0yTu const T&.

Hapenemo Timbku 3MiHU MTOPIBHSHO 3 aHAJOTIYHUMU KJIACAMU TSI
IntList:

template<class T> class SList<T>::Iterator{

//pewTa 3anvwaeTbcsa 6e3 3MiH
const T& operator *() const;

3
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Tenep 3amunieMo O3HAYEHHs BKJIaACHOro kiuacy IteratorC.
AHAJOTIYHO MOTIepeTHFOMY HaBEAEMO TUJIbKU 3MIiHU:
template<class T> class SList<T>::IteratorC:
public SList<T>::Iterator{
//pewTa 3anvMwaeTbcA 6e3 3MiH
explicit IteratorC(Node *current=nullptr,
bool (*f)(const T&)=nullptr);
//pewTa 3anvwaeTbca 6e3 3MiH
bool (*condition)(const T&);

};

Y moBi C++ kiac Moxxe OyTH MOXIJHMM BiJ 1HCTAHI[IHOBaHOTO
Kilacy, ame He Big mabmoHy  kmacy. Tomy  3ammc
public SList::Iterator Ha mOYaTKy O3HAYeHHS Kiacy OyB Ou
CUHMAKCUYHO HenpasuivHum. ba3oBuH kiac He O0OB’S3KOBO Ma€
OyTH iHCTaHIlilOBaHUM JUIsl TUITY T: BiH MO>Ke OyTH IHCTaIliiioBaHUH
JUIS  JIOBUTRHOTO THIY, BKJIOYalouun T, Hampuknang public
SList<double>::Iterator Tomo. OnmHak Iie HEe BiANOBiAAaE MpH-
3Ha4YeHHIO Kiacy IteratorC, ToMmy Tak pooutu He Oynemo i 3a 6a3o-
BMIi KJ1ac Bi3bMeMo SList<T>::Iterator.

Jonmamo nraGnonu QpyHKIIN, M0 3MiHCHIOIOTH BUBEJCHHS

template <class Iteratorl, class Iterator2>

ostream& output(ostream& f, Iteratorl from,
Iterator2 to);

template <class T> ostream& operator <<(ostream&,

const SList<T>&);

Hani cmig 3amucati o3Ha4eHHS METOMIB 1 (YHKLIHA BHBEICHHS.
O3HaueHHSs METOMIB IMA0JIOHHOTO KiIacy Ma€ IOYHMHATHCT 3
template <class T>.3a Mexamu O3HAYEeHHS MIA0JIOHHOTO KJacy Ta
nepenikiB (GopMaIbHUX TapaMmeTpiB i T HOro METONiB Ui HOTo
iMEHYBaHHS CJil BUKOPHUCTOBYBaTH SList<T>, a He mpocto SList.
L1i 3MiHM HEOOXiTHO BHECTH B yCi O3HAYCHHSI.

HaBenemo pearizariito YaCTHHH METO/IB Kiacy (TIOBHUHM KOJ MpH-
KJaxy m1a0JIOHy KJIAcy AWB. Ha CAlWTi KHHUTH).

3anunieMo 03HAYCHHSI KOHCTPYKTOPa MEPEMIIIICHHS:

template <class T> SList<T>::SList(SList&& other){

phead=other.phead;
size_=other.size_;
other.phead=nullptr;
other.size_=0;
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Konctpykrop komii peanizyemMo Tak, 11100 BiH BUKOHYBAaB IepeMi-
meHHd. J7s yHUKHEHHsS OyOJIOBaHHA KOAY CKOPHCTAEMOCH KOHC-
TPYKTOPOM IiepeMimieHHsl. [ [bOro OCTaTHHO MEPETBOPUTH THUI
MTOCHJIaHb 1| BUKOPUCTATH JICIeTyBaHHS

template <class T> SList<T>::SList(SList& other):

SList<T>((SList<T>&&)other){}

VY peamizamisx MeToAiB kimacy IntList mig tumy enemeHTIB BU-
KOPHCTOBYBAJIUCS OTEpaToOpH <, ==, <=, !=. [[[00 mabmonHnii Kiac
SList mMokHa OyJiI0 BUKOPHCTATH 3 THIIOM T, ISl OCTAaHHBOTO TaKOX
MaloTh OyTH O3HadeHi 3a3HadyeHi omeparopu. OpHak <=, != MOXXHa
BHpa3uTH 4Yepe3 <, ==, ¥ Merojax kiacy SList me BapTo 3poOuTH.
Toni st kitacy T Oy/ie TOCTaTHBO TIEPEBAHTAKUTH TUTHKH < Ta ==,

I1le omHi€el CHHTAKCHYHOK OCOOJIMBICTIO MIAOJIOHIB € Te, IO 32 MeXa-
MH 1a0JIOHY KJTacy BUpa3 SList<T>: :Node He mo3HAYa€ BKIIAJCHUH THUII.
Cunrakcuc MmoBu C++ BUMarae siBHO BKa3yBaTH, 10 BUPa3 TIO3HAYAE THIIL.
st boro BUKOPUCTOBYETHCS KITIOUOBE CIIOBO typename. [IpaBuibHIM
MO3HaueHHsM THITy Oyje typename SList<T>::Node. Sk mpukman 3a-
MAIIEMO O3HAYEHHS MeToAy lastLE:

template <class T> typename SList<T>::Node*

SList<T>::lastLE(const T& elem) const{

if (!phead || elem<phead->data) return nullptr;
Node* tmp=phead;
while (tmp->next &&
(tmp->next->data<elem || tmp->next->data==elem))
tmp=tmp->next;
return tmp;

}

Bukopucranus npocTtoro iMeHi Tuny Node ¢ mini O3HaYeHHS Me-
TONy Ta Mepemiky (GopMaIbHHUX MapaMeTpiB € MPUIYCTUMHUM. Y IhO-
My BHITQJKy IIa0JIOHHUI Kiac Node iHCTaHIIFOETHCS THM THIIOM T,
SIKMH YKa3aHO y KBaJli(pikoBaHOMY iMeHi SList<T>::1astLE meTony.

B o3HayeHHS pelTy METOMIB, TUIIOM PE3yNIbTATy SKHUX € BKIaIeHI
KJIaCcH, CIIiI BHECTU aHAJIOT14HI 3MiHH, TOJABIIN typename.

3anuiiemMo 03HaYSHHS METOy insert:

template <class T>

pair<typename SList<T>::Iterator,bool>

SList<T>::insert(T &&elem){

Node *prev=lastLE(elem);
Node *added;
if (!prev){
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phead=added=new Node{elem, phead};
} else
if (prev->data==elem)
return make_pair(Iterator(prev),false);
else
prev->next=added=new Node{elem, prev->next};
++size_;
return make_pair(Iterator(added),false);

}

Jms yTBOpEHHS map 3Ha4YeHh MOKHA BHKOPHCTATH ab0 KOHCTPYKTOP
pair<Iterator,bool> iHCTaHIIOBAHOTO BiJ pair kimacy (3a3Ha4YCHHS
THITIB TYT 0OOB’SI3KOBE), ab0 cTaHmapTHUI madmoH (yHKII make_pair.
Buxopurcranss mabnoHy make_pair CHHTAKCHYHO 3pYUHIITe, OCKUTGKH HE
noTpedye BiJl MpOrpamicTa SBHO BKa3yBaTH TUIIHW, SIKUMU 1HCTAHINFOETHCS
m1abioH. AJBTEPHATHUBOO OCTAHHIH IHCTPYKIIii Moriia O OyTH Taka:

return pair<Iterator,bool> (Iterator(added),false);

[ITabmor make_pair orojomeHnii y CTaHAAPTHOMY MIPOCTOPI
IMeH; sl HOTO BUKOPWUCTAHHS CIIiI BKJIIOYATH CTaHIAPTHHHA 0i0Ii0-
TeuHui dain utility.

Ille pa3 Haragaemo, 1o IS BUKOPUCTAHHS MAOJIOHY HEOOXiTHO
BKJIFOYATH HE TUIBKH (bapm 13 O3HAaYEHHSIM Kjacy, ane i ¢aiin i3
O3HAYEHHSM Horo MeToiB. TOMy O3HaYeHHSI METOIiB Kpaile 3anuca-
TH Bipasy Miciis 03HAYEHHs Kinacy. Cmeoprogamu oKkpemuil 3a20106-
Hutl gaiin cency Hemae. 3anuiieMo madsoH y daiin SList. cpp.

3a BKJIIOUEHHS 1a0JI0Hy

#include "sList.cpp"

MOJKJIUBUI TaKUH KO

SList<int> st;

Turnom 3MiHHOI St € IHCTaHIIHOBaHUI TUIIOM int MIAOJOHHUMIA Kiac
SList. [icis mpOro OroJyoeHHs 31 3SMIHHOO MOYKHA BUKOHYBATH BCi i,
HaBelieHI B JeMo-Tiporpami B KiHII  pO3AUTy 3, HaNmpHKIAR
st.insert(5); Tomo. [ToBHMIi KON MPUKIIALY HABSEHO HA CANTI KHUTH.

KOHTpPONbHI 3anuTaHHA

1. 17151 40r0 BUKOPHUCTOBYIOTHCS a0I0HU?

2. YKaxiTh CHHTaKCHYHI OCOOJIMBOCTI 3aMUCy MIa0I0HIB (QyHKIIiH.

3. lIJo Take iHCTaHI[IFOBAHHS ma6n0Hy'?

4. SIxmo mabnoH QyHKIIT B KOaI NPOTpamMi TPH pasd BUKOPHUCTO-
BYETHCSl 3 TUM CaMHM THIIOM, TO CKiIbKH (YHKLIH A7 HHOTO Oyne
3reHePOBAHO KOMILIATOPOM?
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5. lns doro mapameTpu IAOJOHHWX (YHKIIH, Ha Micui SKHX
MAalOTh MiACTaBISATUCS 3HAYEHHS THUILY, IO € MapaMeTpoM MalioHy,
poOIIATH MOCHITaHHAMH?

6. SIxe mpu3HAYCHHS Ma€ CTAaHIAPTHHIA O10ioTeUHHMI Kiac pair?

7. YoMy omneparop * mus knacy SList::Iterator He MOxke IO-
BepTaTH 3Ha4eHHS TUMy T&? Yu Mir Ou BiH MoBepTaTH 3HAUYCHHS I[HO-
ro TUIMY, IKOM cHCOK He OyB BimcoproBanuM? Yu 3miHMIOCS O TpU
LOMY TLJIO METOJY JIJIsl oreparopa *?

8. SIk 3a MexaMmM MIAOJOHHOTO KJacy MO3HAUYWTH BKJIAJCHUN Y
HBOTO THIT?

Bnpasu

1. 3MiHUTH O3HAYEHHS KOHCTPYKTOpa Komii kiacy SList tak, mo6
BiH KOIIilOBaB CIIHCOK Y CTBOPIOBAHHUI 00’ €KT.

2. lnst knacy SList HamMcaTH BIacHI O3HAUYEHHS:

a) orrepaTopa TPHUCBOIOBAHHS KOIIIFOBAaHHAM, IO KOIIIOE€ JaHi

CIIHCKY;

0) omepaTopa MPUCBOIOBAHHS MEPEMIIICHHSIM, 10 TIEpEMIlIye 1a-

Hi BiJl OZTHOTO 00’€KTa iHIIOMY.

3. nsa Knacy SList HanmucaTu O3HadyeHHs METony insert, 1o He
nepeMillye, a KOMiloe 3HaUSHHS, SIKE JOJA€ThCS B CTPYKTYPY JaHUX.

4. Jlna knacy SList nmepeBaHTaXUTH ONepaTop ==.

5. Ina xnacy SList mepeBaHTaKUTH ONepaTop <= Tak, M00 BiH
BHUKOHYBAaB IEPEBiIpKY BKIIOUCHHS OHI€] MHOXHMHH B 1HIILY.

6. llns ximacy SList mepeBaHTaXXUTH ONEPATOpH +, *, - Tak, 1100
BOHM OOUYHMCIIOBAIN 00’€IHAHHA, MEPETHH 1 PI3HULIO MHOXHH. Pe-
3yJbTaT Mae 30epiraTucs B HOBilf MHOXKHHI.

7. Jonatu no kiacy SList meTon, Mo BUIy4ae 3aaHUN €IEMEHT
(3a HAsBHOCT! ).

8. 3 BUKOpUCTAHHAM IIAOJIOHHOTO Kilacy SList peamizyiiTe THm,
110 MOJEJIIOE MHOXKUHY AificHux. Moaudikyiite onepatop BCTaBKH B
MOTIK TaK, MO0 MHOXXHHA BUBOJIWIIACS y 3BUYHOMY JUISI MaTEMAaTHKU
Burnsai, Hampuknan: {1.9, 3.2, 10.4} (mepernik eneMeHTIB MHOXHUHHU
y ¢irypHuX aykkax). Hanwmite mporpamy, mo 10Ja€ 10 MHOKHHHU
ypciaa 0, T, € Ta gajal BUBOIUTH Ii BMICT.
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9. 3 BHKOpHCTaHHSAM MIa0JOHHOTO KIacy pair 3amumiiTe Oroio-
HIeHHA THUITy, 10 30epirae mapu niicHuX. I IOTro THITy 03HAUTE
oreparlii TOpiBHAHHSA (==, !=, <) 1 HAUIIITH OIEepPaTOpP BCTABKU IMapH
IIACHHUX Yy TIOTIK Tak, 00 mapa BUBOIWIACA y 3BUYHOMY ISl Mate-
MAaTHKH BUTIISAI, Hartpukiag: (3.14, 2.78) (aBa exeMeHTH 4epe3 KoMy
y irypHux qyXKax).

10. PeamizyiiTe THM, 10 MOZAENIOE MHOKHHY Tap AificHux. Hamu-
LIITh MPOrpamy, 10 J0Ja€ B MHOXXHUHY BEPIIMHH OJUHHUYHOTO KBaj-
paTa, a OTiM BUBOJUTH BMICT MHOXKUHH.

11. Peanizyiite mabioH Kiacy, 1o 30epirac UUKIIYHUA 1BOOIYHO
3B’sI3aHUI CITUCOK, Y SIKOMY TOJIOBA CIIMCKY € BUIJICHHM BY3JIOM, IIIO
HE MICTUTh JaHUX. MaloTh MiATPUMYBATHCS OIepallii JoJaBaHHS
€JIeMEHTa Ha T0YaTOK CIUCKY, BIUITyYEHHS €JIeMEHTa 3 KiHIIA CIUCKY,
BH3HAYCHHS KUTBKOCTI €JIEMEHTIB, ITEPEBIPKH, YU € CTPYKTypa JaHHUX
MOPOXHBOIO, TOIIYKY €JIEMEHTa B CIUCKY, & TaKOX Oreparii oTpu-
MaHHS iTepaTopiB, yCTAHOBJIEHUX Ha ITOYATOK CIIMCKY Ta 3a HOTro Ki-
Henb. JlJis po3po0iieHOTo MMIaOJOHHOTO KIIACy O3HAuUTe OIepaTop
BCTaBKH B TOTIK.
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5. SBAAAYA INPO OBPOBKY TEKCTY

06 po3risaHyTH BUKOPUCTAHHS IAOJOHHHUX KJIACIB HAa MPUKIAI,
MOBEPHEMOCS A0 3a0ayi npo 1abopamopHi pobomu.

5.1. NocTtaHoBKa 3apauyi

Jano TexcToBmii ¢aiis, 10 MiCTUTH iH(OPMALIiI0 CTOCOBHO BHUKO-
HaHHA J1a00paTOpHUX POOIT CTyIeHTaMH. Y KOXKHOMY psIKy (aimy
gepe3 pO3MITLHUK YKa3yeThes Taka iHdopmaris: 1) mpisBuime, iM’s
ta o 6arekoBi (I1IB) crynenTa; 2) komoBa Ha3Ba JabopaTopHOi po-
6otu; 3) KinbkicTh HaOpaHux OamiB. [Ipy BOMY CTYAE€HTH MOTJIH
3/1aBaTH 1abopaTopHi poOOTH KiTbKA pasiB, i TOAI K OCTaTOYHHUH 3a
nabopaTopHy poOoTy OepeThbest 0aa HalKpaloi Cripoou.

HeoOximHO 11 KOXKHOTO CTyJIEHTa BHBECTH 1H(OpPMAIIIO 11100
cymu HaOpaHUX 0aliB i3 po3MHUPOBKOIO MO JabOpaTOPHUX poOOTax
13 3a3HaYCHHAM OaJia HalKparoi crpoOur Ta KiTbKOCTI CIpoo.

Hexailt sk po3miIbHUK y BXiZHOMY (hailli BUKOPHUCTOBYETHCS ;.
Ilepen TuMm, SIK IPOEKTYBAaTH KOA, HABEAEMO IPHUKIIAL BMICTY BXiIHO-
ro ¢aiiry text.txt:

Sidorov I I; Lab4; 10

Ivanchuk I I; Labl; 12
Ivanchuk I I; Labl; 1
Petrenko P P; Array;14
Ivanchuk I I; Labl; 13
Ivanchuk I I; Lab4; 8
Ivanchuk I I; Lab3; 2

OueBuHUM OOMEXEHHSM Ha BXIiJHI JIaHi € Te, IO PO3IUIbHUK Mae
OyTH BiICYyTHIM ycepenuHi iH(popMalii (30kpeMa, BiH He MOXe OyTH Jac-
THUHOIO Ha3BH J1a00PaTOPHOI pOOOTH), OCKUTEKY 1HAKIIIE BMICT TEKCTOBOTO

(haiiiTy He MOXKHA OJTHO3HAYHO iHTeppeTyBaTu. Hanpukian, psaok
Ivanchuk I I; Lab;4; 8

MOXHA CIIPUHMATH TO-Pi3HOMY: BBa)KaTH HOTO ITOMHJIKOBUM (3a Jia-

OopatopHy poOoTy Lab oTpumanHo 4 Oamu, a maji 3amMCaHo IIOCh

3aiiBe) abo po3risanatu Lab;4 sk Ha3By. OCKinbKU 0OWABI cUTyarlii

MOJXKJIMBI, TO HAWYACTIIIE TAKUN PSJIOK BBAXKAIOTH MOMIIIKOBUM.
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5.2. 3aranbHa CTPYKTypa po3B'A3KY

CdopmynroeMo 3aragbHHA aNTOPUTM PO3B’ SI3aHHS:

1) 3aBaHTaxuTu AaHi 3 ¢ainy B KOHTeiiHep;

2) BuBecTM iHdbopmauiw, wo 36epiraeTbca B KOHTelHepi.

Hexaii xonreiinepom Oyzae kimac Students. Bin BimmoBimatume
nuire 3a 30epiranss iHpopMmanii B mam’siti. BxinHa iHdopmaris Moxe
HaJaBaTHCS B Pi3HUX (Gopmarax i BiJl 30BHINTHHOTO 300paKeHHS MaHi-
MyJIFOBaHHS IaHUMU B OTIEPATHBHIN MaM’STi HiSK HE 3aJIeKHUTh. Tomy
3acobu, wo 0e3nocepednbo NPayioms i3 308HIUHIM 300PANCEHHAM,
Maroms He 6ymu yacmunoio koumetinepa. OTKe, 3aBaHTAKEHHS TaHUX
i3 Qailry B KOHTEIHEp Mae peayli3oByBaTH HE METOJ KOHTEHHepa, a
iHIMHA Kiac, Hanpukiaaa Loader. Toxi 3MiHa BXigHOTO (opmary He
BUKIIMYE 3MIiH y KOHTeWHepi. Haromicte Oyme JOCTaTHBO 3MIHHTH
TITBKU KJIAC-3aBaHTAXyBad. SKIO iH(OpMAIisi 0MHOYACHO HAIXOIH-
TUME y (aiinax i3 pisHUMH PopMaTaMH, TO 3aMicTh TOTO, 100 30i1b-
IIyBaTH KUTBKICTh METO/IIB KOHTEIHEPa, BIICTEXKYBaTH U MepedyaoBy-
BaTH BCi IPOEKTH, JIe BUKOPUCTOBYEThCS KOHTEHHEp, OyZe T0CTaTHbO
IUIsl KOXHOTO (opMaTy MaTH CBill kiac-3aBaHTaxyBad. llle omniero
MePEeBaror0 TAKOro MiIXOY A0 MPOEKTYBAHHSI € T€, IO 30L1bULIOMbCS
Mooicnugocmi  cymicnoi  pospoOku:  Kiac-KOHTeHHep 1  Kiac-
3aBaHTa)KyBa4d MOKHA PO3POOIISTH MapaenbHO.

Sxmro kimac Students Mae HIiYOTO HE 3HATH MPO Kiac Loader, TO
Kjac Loader OBHHEH MAaTH JOCTYI IO METOIIB, IO Peali3yloTh 3a-
muc iHdopmamii B KoHTelWHep Students, ane mpu UbOMY BiH Mac He
3anexcamu 8i0 cnocoby 306padicents iHhopmayii 6 Konmelinepi.

Bynemo mpoekTyBaTH pO3B’si3aHHS Hamoi 3aadi B CTHII
00’€KTHO-Opi€EHTOBAaHOTrO TNporpamyBaHHs. OTXe, O0’€KTH Kiacy
Students 30epiratumyTh iHQOpMALiO Tpo cTyaeHTiB. Toxi eneMeH-
TaMH KOHTeWHepa OyIayTh 00’€KTH Kiacy, Hampukian Student, mio
MICTSTb iH(pOPMAILIiI0 PO KOHKPETHOT'O CTYACHTA.

3 mormsamy Hamioi 3amadi iHTepdeiic 1 BHyTpilmHS OymoBa Kiacy
Student MoxyTh OyTH Maiibke noBiIbHI. OTXe, HE IyKe MPABUILHO
BHUKOPUCTOBYBAaTH 00’€KTU LIBOTO KJIACy SIK apryMEHTH BiAKPUTHX
METOAIB KOHTelHepa Students xouda O TOMy, IO SKIIO BHHUKHE
OaxaHHs a00 MpUXOBaTH, a00 3MIHUTH OYA0BY Kiacy Student, To 1e
CYTTE€BO BIUIMHE Ha YacTHUHY KOAY, IIO PEali30Bye 3aBaHTAKCHHS
JaHuX i3 ¢ailry B KOHTEHEp.
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Konreiinep Students Moxke miATpUMYBaTH pi3Hi NpUTaMaHHI KO-
HTeifHepaM orepailii, 30kpeMa onepariito "noxaru cryaenra”. OqHax,
BHUXOISYH 3 nonepez{Hix MipKyBaHB, JoaaMo 1o kiacy Students Ta-
KU BIIKPUTHI METOT;

void addLabAttempt(const string &name,

const string &labCode, unsigned score);
Bin nogae B koHTeliHep Students iHdopManito npo crnpody 3aaTH
nmabopaTopHy poOOTY CTYACHTOM.

5.3. 3aBaHTa>XXeHHA AaHUuXxX
i3 painy B KOHTENHEp

Kitac Loader BiamoBimae TiIbKH 3a 3aBaHTAXKEHHS JaHUX 13 (pailiry
B KOHTelHep Tumy Students. [HTEepdelic kracy Loader cKiramaeThCs
3 €IMHOTO METOAY
class Loader{
public:
bool load(Students&, const string &fname);
//irHOpy€ paAKu 3 HenpaBWIbHUM BMiCTOM
//throw(runtime_error) 3a NOMWAOK 4YMTaHHA dainny

BBakaemo, 1110 METO] ITHOPYE PAAKH 3 HEIPABHIEHUM BMICTOM, a
y BHIIQJKy MMOMIJIOK poOoTH 3 dailiom kugae BUHATOK. Lle 3a3Haue-
HO B KOMeHTapi. Pe3ynbpraromM € oO3HaKa YCIINIHOCTI BHKOHAHHS
(To0TO UM Bech (aiin OyB YCITIITHO 3aBaHTAKEHUH ).

Heranizyemo anroputm MeToay. BimmoBisiemMocst Bil mOBHOMac-
MTa0HOTO CHHTAaKCUYHOTO aHaJi3y il micis BigkputTTs (ailmy 3 iMme-
HeM fname psaKaMu 9UTaEMO HWoro BMicT. KokeH psaok po3oupaemMo
Ta 3amucyeMo iH(OpMAIliI0 B KOHTEWHEp. Y KIHI[ MOBIJOMIISEMO TTijI-
CyMKH 00pOOKH BXiTHOTO (haiiiy:

Biakputn ¢ain 3 imeHem fname AnAa YMTaHHA;

noku (BAAnNOCs MpoYUTaTU pAJOK BXigHoro TekcTy)

06pobuTU pAnoK;

BMBECTU nigcymku ob6pobku;

[MponoBxkyroun neramizariro, 104aMo 0 Kiacy NPUXOBaHUH Me-
Tox 00poOKHm psnka void loadOnelLine(); . [Jmst ontumizarii BHKO-
HaHHS BUKJIMKIB JOMIOMDXKHUX METOJIB yCIO iH(opMalito 30epiratu-
MEMO He B JIOKaJThbHHUX 3MIHHUX METOIIB, a B caMoMy 00’ekTi. [loms
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s, line, problems, loaded MicTaTh OOPOOIIOBAHUI PSIIOK BXiJHOTO
¢aiiny, iioro HoMep, KUIBKICTh MPOIrHOPOBAHUX MOMMJIOK Ta YCHiIl-
HO 3aBaHTXEHUX HETOPOXXHIX PAIKIB, BiAMOBigHO. OCTaHHI TpHU HE
€ 000B’SI3KOBUMH, aJI€ JO3BOJIATH MOBIIOMHUTH A1arHOCTUKY TTOMHJIOK
i1 macymkn oopooku. Ilome st 06’ekra 30epirac Bka3iBHUK Ha KOH-
TeHHep, Y AKUHA 3aIuCcCyeMO iHGOpMAIIIFO.

Jomamo 1o kiacy Loader BiAMOBiAHI IPUXOBaHI MMOJIS:

private:
string s; //NOTOYHUI pAJOK
unsigned line=0; // HOMep MOTOYHOro pAfka

unsigned problems=0;//kinbkicTb nomumnok

unsigned loaded=0; //KinbkicTb yCniwHO 3aBaHTaXeHUX
// HenopoxHix psagKiB

Students *st=nullptr;

3ayBa:keHHs. Y peaJibHUX 3aj1ayaxX JI0 TaKUX TEKCTOBUX (ailiiB
Ha MOYaTKy JI0IAf0Th II¢ KUTbKA PSAIKIB 3arojIoBKa (aHTI. header), a B
KIHIIl — KUThbKa PSAIKIB 13 IMiJCYMKOBOIO 1H(GOPMAIII€I0 IIO0 BMICTY
(3aBepluanbHa YacTHHA OKYMEHTA, aHIII. footer). SIKIIO 3aroioBOK
HaW4acTillle MIiCTUTh CTHCIUI ONMUC JOKYMEHTA, HANpPUKIAA "Bigo-
MICTb ... BiJ Takoi-TO AaTH", TO B KiHIII 3a3HAYaIOTh, CKITLKH PSIKIB
3 iH(opMaLli€ro BKItOYae Qaiii, ska 3arainbHa cyma 0ajiB MiCTUTHCS B
Horo psakax Tomo. SKIIo B mporeci nepeaaBaHHs TEKCTOBOTO (aii-
nmy iHdopmarito Oyzae COTBOpeHO (HANMPWKIAL BHIAICHO SKUNUCH
psamox abo 3MiHEHO Oanm 3a SKyCh JIaOOpaTOpPHY), TO 3a IiJCYMKO-
BOIO iH(OpMAIIi€rO 11€ MOXKHA TOMITUTH. Y HaIllill CIIPOIICHIN 3a1a4i
HasBHICTh TaKMX €JIEMEHTIB TEKCTy He mnependavaerbes. OmHaK yce-
TaK{ JI0JaMO JI0 MiJCYMKIB 00poOkH iH(GOpMAIliO 1100 3arajibHOT
CyMH ycmimHo oOpobnenux OanmiB. BinnoigHy BennunHy 30epirae-
MO B IPUXOBaHOMY I10J1i totalScore:

private: unsigned totalScore=0;

Merton loadOnelLine yTOYHMMO Ti3HilIe, ajleé HEXald y BHUIAJAKY
3HaXO/KEHHSI MOMMUIIKOBOI iH(opMmalii BiH reHepye BUHITOK THITY
logic_error. Maemo Taky peatizaiiito METOy:

bool Loader::load(Students& st_,

const string &fname){
ifstream f;
st=&st_;
cout<<"opening input file "<< fname<< endl;
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f.clear(); f.open(fname);
if (!f) throw runtime_error(

"Unable to open input file "+fname);
line=0; problems=0; loaded=0; totalScore=0;
while (getline(f,s)) {

++line;

try {loadOneLine();}

catch (logic_error &ex) { ++problems;

cout<<s<<"\nLine "<<line<<": "<«
ex.what()<<endl;}
}
if (!f.eof()) throw runtime_error(
"Unable to read input file "+fname);

f.close();
if (problems) cout<<"there are "<< problems<<
" problem lines while processing..."<< endl;

cout<< line << " lines were read"<<endl;
cout<< loaded <<
" nonempty lines were processed"<<endl;
cout<<"The total loaded score= "<<
totalScore<<endl;
return problems==0;

}

[IpoaoBKyI04YHM TMPOEKTYBAaHHS 3rOpU JIOHU3Y, YTOUHHMO METO]
loadOnelLine 06poOKM psiKa.

V3araii, paaok adbo MIiCTUTH JIaHi PO CTYJIEHTIB, ab0 € 3aroJioB-
KOM UM 3aBEepIIATGHUM Y JTOKYMEHTI, 4d "OUTUM" (MICTHTH TUIBKH
Oini cumBoim). Bif boro 3anexuTh 00poOKa psaka.

Ha BepxHBOMY piBHI alTOPUTM I[HOTO METOy BUTIIAJATHME TaK:

3a/exHo BiA Tuny BMicTy pagka BUKAMKATU BianosipHuii
MeToA-0b6pOobHUK .

Ockinbku enementy iHpopmariii (ITIB, HazBa maboparopHoi pobo-
TH, KiITBKICTh 0aJliB) pO3MIIIYIOTHECS B PAIKY Yepe3 PO3MITLHUK, TO
HEOOXIIHO PO3B’SI3yBaTH 3aJauy iX BUIUICHHS, PO3IJIIIAIOYH iX SIK
JeKceMu. 3ajada BHJUICHHS JIEKCEM — THIIOBAa 3ajada JIEKCUYHOTO
aHaiizy. 3poOKMO IIe BiIMOBINaIBHICTIO KIIACy Lexer.

Knac anst iekcnyHoro po3oopy psiaka. O0’exT Kiacy Lexer y Me-
Tozi load oTpumye psIOK, sIKuit Tpeba po3idpary, iHIMIIOE TOYaTOK PO3-
Oopy ¥ Bu3HA4ae, iHPOPMAIIS SIKOTO TaTyHKY MICTUTBCS B PAAKY, aJKe
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CTPYKTYpa IMOYaTKy PAAKIB TEKCTY B HAIIIK 3aadi JO3BOJISIE BU3HAYNTH,
HAJIGKUTH PSIOK JI0 3aroJioBKa, 3aBepluainbHOi iHdopMarii abo 1e 3BH-
YalHUH psAmoK. SIKIIO JTO3BONMTH 3aITUCyBaTH y BXimHUN (haitn Ot psm-
KH, TO PSIKH TOAUIATECS HA TIOpoXkHi (EMPTY) 1 psaku 3 iH(opMaIieto
(LINE). 3apamu 1poro y kiac Tumn-niepernik LineType. Tun-nepenik iHgo-
PMATUBHILIMI 32 JIOTTYHHUH. 3 HUM MPOCTile MOAN(IKyBaTH KO JUis 00-
POOKH PSIIKIB 3arojIOBKa Ta PSIKIB i3 3aBEPIIATHHOIO THPOPMAITIETO.

Merox next BuAUIIE 3 psAIKa YEPrOBHHA €IEMEHT 1 IOBEPTAE
03HaKy ycmimHocti. Meton eof moBepTae 03HaKy TOro, 4d po3i0pa-
HO PSAAOK 70 KiHIIS.

3Bijcu MaEMO Takuit iHTepdelic kaacy Lexer:

class Lexer{

public:

enum LineType {EMPTY, LINE};

LineType load(const string &source);

bool next(string &lex);//"" skwo pspok po3ibpaHo
bool eof() const;

MipKyrouu HaJl peanizaliero METOAIB Kiacy, BUPILIyeMo 30epiraTi B
00’€eKTi: PAIOK source, po30ip SKOro BUKOHYETHCS; O3HAKy eof _ 3aBe-
PIIEHHS PO300pPY PSIKa; TO3UIIII0 POS TIEPIIIOTO HEPO310paHOTO CHMBO-
ny. [Toku He OyaeMo mapaMeTpu3yBaTh Kiac po3iIbHUKOM '; ', HaTo-
MicThb 30epexkeMo Horo sik cratuuHe nosie delim xiacy. 3Bigcu MaeMo
TaKy CYKyITHICTb ITOJIiB, IO 3aBEPIITyE O3HAYCHHS KJIACy:

protected:

string source;

bool eof_=true;
basic_string<char>::size_type pos=0;
static const char delim=";"';

};

Tyt basic_string<char>::size_type — me THI, SKUM iHIEKCY-
IOTBCSI TTO3MIIIT CUMBOJIIB PAJKIB THITYy string.
Hagenemo peasizariito METOIB IIbOTO KJIacy.
Lexer::LineType Lexer::load(const string &source_) {
if (!trim(source_).size()) {
source=""; eof_=true;
pos=string::npos; return EMPTY; }
else { source=source_; eof_=false;
pos=0; return LINE; }
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Hamenenunii Meton BUKOpUCTOBYE (PyHKIIiFO trim, sika oBepTae psi-
JOK 3 BWJIydeHHMH OiTMMH CHMBOJIAaMU Ha IOYaTKy Ta B KiHLi. Hanpu-
Knazm, 3a psaka string(" qwerty ") BOHa MOBEpHE HOBUH PSIOK i3
3HaueHHsM string("qwerty"). Llsa QpyHKIis HE € cTaHIAPTHOO 1 03HA-
YeHa B OKpeMoO po3polueHii OibmioTer (MOBHY Bepcilo KOMy IWB. Ha
caiiTi KHUTH). 3a O6110T0 psAAKa PYHKIIIA IIOBEPHE PSAIOK JOBKUHOIO 0.

bool Lexer::eof() const {return eof ;}

Sxmo po30ip psaka IIe He 3aBepIIeHO, TO METOJ next Hamara-
€ThCS 3HAWUTU HACTYIHUH BiJl TOTOYHOI MO3MIIT PO3MIIBHUK. 32 JCK-
ceMy OepeThCs YacTHHA PAIKA BiJl TOTOYHOI MO3UINIT JO 3HAWIEHOTO
pO3AUTEHUKA (HE BKIIFOYAKOYM HOTO0), SKIIO BiH €, IHAKIIE — JIO KiHISA
panka. B ocTaHHbOMY BHIIaJKy BUCTABJISETHCS O3HAKA 3aBEPILCHHSA
po3060py psaaka. Takoxk MEPeHOCUTHCS MOTOYHA TO3HIIIS:

bool Lexer::next(string &lex){

lex="";
if (eof()) return false;
auto posl=source.find(delim,pos);
lex=source.substr(pos,posl-pos);
if (posl<string::npos)
++posl;
else eof_=true;
pos=posl;
return true;

}

3aBanTaxKeHHs psaaKa 3 iHpopmanicio B koHTeliHep. Jlomamo
JI0 TIPIXOBAHMX TOJIB Kiacy Loader 00’ekT Kiacy Lexer, sskuii Oyae
3IiHCHIOBATH po30ip, 1 Mo Ist 30€peKEeHHS YaCTHH PsIIKa, 10 Mic-
TATH pe3yJbTaT po30opy, a came: I11b, Ha3By MabopaTopHOi poOOTH
U KUTBKICTB OalIiB:
private:
Lexer lex;
string sname, slabCode, sscore;
MeTton 06poOKH psiIKa iHIMIIOE JIGKCHIHHMA pO30ip TOTOYHOTO PSiI-
Ka i gani 3a noTpedu nepenae KepyBaHHs BiAMOBIAHOMY OOpOOHHUKY.
void Loader::loadOneLine(){
switch(lex.load(s)){
case Lexer::EMPTY: return;
case Lexer::LINE: loadLine(); return;
default: ++problems;
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throw logic_error("Unknown answer from Lexer::\
load. Revise code for Loader::loadOnelLine\n");

}
}

Tun-nepenik LineType € BKJIaJeHUM THUIIOM Kiacy Lexer. Tomy
3a MeXaMH{ KJacy Lexer KOHCTaHTH MEpPEiKy MalOTh iMEHYyBaTHCS
KkBaiiKOBaHUM iMEHEM: Lexer: : LINE ToIIIO.

st po30opy Ta 3aBaHTaKEHHS psmka 3 1HGOOPMAITIEI0 BUKIMKAECTHCS
MeToq loadLine. SIkOu y BXigHOMY TeKcTi OyJHM MPUCYTHI PSIKM 1HIIHX
THIIIB, TO JUI1 KOYKHOTO 3 HUX MaB Ou OyTH BIIACHUIA METOI-00pOOHHK.

Honamo mo kiacy Loader mnpuxoBanuid Meto void loadLine(); .
Anroput™m poboTtu loadLine Takuii:

1) po3ibpaT BXiAHWWA pAAOK Ha YACTUHMU;

2) 3a HeobxipHicTio NepeTBOPUTU PAAKOBL 3HAYEHHS Ha
BiAnoBiAH1i 4ucnoBi;

3) 3anucaTu KOHBepTOBaHy iHdopmauiw B KOHTelHep;

4) obHOBMTUM nipcymkoBy iHpopmauit.

[Mepmnii kpok anroputMmy OyJe BUKOHYBAaTH NMPUXOBAHWUH METO]
void parseline();. BiH BiAmoBimae 3a po3miJieHHS psAOKa HA dYac-
THUHU 3T1IHO 3 PO3MIILHUKAMH ¥ Ma€ IEPEKOHATHCS, 1110 YaCTHH IIpa-
BWJIbHA KUTBKICTh (y HAIIOMY MPHKIAAi TPH).

void Loader::parseLine(){

if (!lex.next(sname)) throw logic_error(
"Too few data in line: student name is absent");
if (!lex.next(slabCode)) throw logic_error(
"Too few data in line: lab code is absent");
if (!lex.next(sscore)) throw logic_error(
"Too few data in line: score is absent");
if (!lex.eof()) throw logic_error(
"Too much data in line");
}

3anumiemMo o3HaYeHHS MeToAqy loadlLine (psaku Komy BiIIoBi-
JIAI0Th KPOKaM allTOPUTMY ):
void Loader::loadLine(){
parseLine();
score=convert_u(sscore);
st->addLabAttempt(sname,slabCode,score);
totalScore+=score; ++loaded;
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Tyt dysKIisS convert_u (3 okpemMo po3po0biieHoi 0i0IiOTeKH) BUKO-
Hy€ TIepEeTBOPEHHS psaKa Ha Oe33HakoBe miie. J[st 3amucy indopma-
1ii B KOHTEWHEP BUKOPHCTOBYETHCS METO/I KOHTEHHEpa.
3ayBa:kenHs. CemMaHTH4YHI OOMEXKCHHS Ha JOBKWHY IpPi3BHIIA,
Ha3BYy JIaOOpaTOPHOI pOOOTH TOIIO MAlOTh BU3HAYATHCS HE 3aBaHTa-
JKyBaueM, a THIIOM €JIEMEHTIB KOHTelHepa. ToMy KOIHHUX IepeBipoOK
y IbOMY METOJi He BUKOHYyeThcs. Hamani moGaummo, mo BoHU Oy-
IOyTh 3IIHCHEH] MiJ Yyac KOHCTPYIOBaHHS 00 €KTIB, IO 30epiratoThes
B KoHTelHepi. BomHouac mepeBipka KOPEKTHOCTI psaka 3 OamaMu
BHKOHYETHCS caMe TyT. HenmpaBUiabHO BiaBaTH METOJY KOHTCHHE-
pa psIKoBe 300paKCHHS YMCIOBUX JIaHUX, OCKIIBKH Iie OyJe O3Ha-
YaTH 3aJIeKHICTh KOHTEHHepa Bil 300pakeHHS 30BHIITHIX JaHUX.

IlepeTBopeHHs1 psiAka Ha Oe33HaKoBe wije. (g po3B’s3aHHS
MOCTaBJICHOT 3aJa4i iCHYIOTh CTaHAapTHI 0i0mioTeuHi 3acobu. OmHak
TYT € HIOAHC: IPU BUKJIHMKY stoul(" -1 ") craHmapTHOi 0i0mioTed-
HOI1 (YHKIIII, 10 TEPEeTBOPIOE PSAAOK TUIy string Ha Oe33HaKOBe
JOBTe IiJie, Oyae MoBepHYTO 3HadeHHS ULONG_MAX (sKe KOZY€ThCS
Ti€I0 CaMOI0 IMOCTITOBHICTIO OITiB, IO H JOBre Iijie -1) i JKOMHOI
O3HAKU TIOMUJIKH. Bilbll TOro, 3a cTaHAapTOM Taka IMOBEIiHKA 3BU-
yaifHa IS 3a3Ha9CHO1 (DyHKITII.

Hama ¢ynkuis convert_u BHUKOHYE TEpEeBIpKy Ha BiJ’ €MHICTb.
Takoxx BoHa mepeBipse, Y HEMAE B PAAKY iHIIO! HeOL10i1 iH(pOopMa-
1ii, KpiM MEepeTBOPEHOr0 300pa)KeHHs Yuciia (CTaHAapTHA (QYHKIIS
Mae€ 3aco0u 1ie To0avnTH, ajne JJs Hei Taka CUTYyallisl He € TIOMHUJIKO-
Bo10). Kpim Toro, BoHa Oy/ie mepexoIunoBaT BUHIATKH, IO iX KHIa€
cTaHgapTHa stoul, i 3aMiCTh HUX KHJATH BUHATKH, IO MICTATH Oi-
JBIIe iH(GOPMAITlii CTOCOBHO ITPOOIIEMH.

unsigned convert_u(const string& s){

if (s.find("-")!=string::npos)
throw out_of_range
("unsigned ["+s+"] could not be negative");
unsigned long ul; size_t ind;
try { ul=stoul(s,&ind); }
catch(out_of_range &ex) {
throw out_of_range( string("unsigned ["

+s +
"1 is out of range (") + ex.what() + ")");

catch(invalid_argument &ex) {
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throw invalid_argument(string("unsigned [" + s +
"1 is invalid (") + ex.what()+")");
}

if (s.find_first_not_of (WHITES_C,ind) !=
string: :npos)
throw invalid_argument(
"unsigned ["+s+"] is invalid");
if (ul>UINT_MAX)
throw out_of_range(
"unsigned [" + s + "] is out of range");
return ul;

}

Jpyruii apryMeHT BUKIHKY stoul — aapeca 3miHHOI ind. ITig gac
BHKIIMKY B I}0 3MiHHY OyJie 3almucaHo 1HIeKC MO3UIil psaaKa, Ha SKii
3YMUHUIOCS TIEPETBOPEHHS. SIKIII0, MOYWHAIOYH 3 Hel, pAIOK MiCTUTh
TINBKH 0111 CHMBOJIH, TIEPEITiK SIKUX 3aMCAaHO B PSIKY

const string WHITES_C="\011\012\013\014\015\040";,

TO BCE Tapasll, iHaKIIe PSAAOK MICTUTH SIKYCh HEUUCIIOBY iH(QOpPMAIIiIO
1 TOMy T€HEepy€ThCS BUHSATOK

3ayBaxeHHsT mo0a0 TecTyBaHHs kJjacy Loader. Ha nanomy
eTami ISl TeCTyBaHHS Kiacy Loader JOCTaTHRO MaTH TaKWW KIac
Students:

class Students : public SList<Student>{

public:

void addLabAttempt(const string &name,
const string &labCode, unsigned score);

}s

3aMicTh peaNbHOTO 3aBaHTAKEHHs iH(MOpMaIlii B KOHTEHHEP MO-
KHa HamucaTH "3arnymky" (stub), sika JacTb MOKIJIMBICTH BHKOPHC-
TaTH Kjac Students y TecTyBalibHIN nporpami i kiacy Loader:
void Students::addLabAttempt(const string &name,
const string &labCode, unsigned score){
cout<< "Students::addLabAttempt \n";
cout<< " now is a stub\n";
cout<< "arguments: name=[" +name+ "], labCode=[" +
labCode + "], score=" + to_string(score) << endl;
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5.4. O6ropTkm ana KOHTenHepiB

[ToBepHeMoch 10 MpoeKTyBaHHsS KOHTelHepa, mo 30epirae iHgo-
pMartiro 3 daniy.

Konu HeoOXigHO BUKOPUCTOBYBATH CTPYKTYPH AAHUX IS PI3HUX
THUITIB €JIEMEHTIB, IO B HUX 30epiraroThCs, MAaOIOHN Mal0Th MOTY K-
HUH crocid YHUKHYTH JTyOmtoBaHHS KOAy. J[ist KOHKpeTHImmX 3aaa4
BHHUKA€E MOTpeda B OUTBII crelU(piYHAX Omepallisx HaJ KOHTeHe-
poM. Toxmi MokHa moOymyBaTd OOrOpTKY (aHTIiiII BHKOPUCTOBY-
I0Tb TEPMIHH Wrapper, decorator), ika OJAE 10 3arajbHOTO IHTEP-
¢eiicy crienudivyHy QyHKIIOHATBHICTS.

[Ipunycrtumo, mo € kinac Student, sikuii 30epirae iHpopmaLio
PO KOHKPETHOTO CTYJEeHTa, a TaKOXX MabIoHHWH Kiac Container,
SKUH pealizye NMeBHUI KoHTeiiHep. Pamimie Bke 3a3Hayanocs, L0
kimac Students, gxuif BinmoBimae 3a 30epexeHHs Bciei iHpopMarii
Ta, 1O CYTi, TAKOXX € KOHTEHHEPOM, MMOBUHEH MAaTH BIKPUTHH METO[
addLabAttempt. Mipkyroun Tpo HOTO peamizallifo Ta peaji3aiiio
METOAIB OCTymy 10 iH(opmamii, MOKHa MITH PI3HUMH LUIIXaMU.
MoskHa "3 HyJs" 3amucaTH peanizaiiio kiacy Students, ane Takuit
MiaXin BKpail HeedekTwBHUI. HaToMicTh KpammM pimieHHSM Oyne
BHKOPHCTATH HasBHUI Kiac Container. Ockiibku Horo Tpeba mina-
JAMTYBaTH TiJ KOHKPETHI TMOTpedW, 30KpeMa JO0JaTH METO]
addLabAttempt, To kac Students mMae craTu HOro 0OropTKOIO.

IcHyIOTH Ba OCHOBHI CIIOCOOM peajizyBaTh OOTOPTKY: BUKOPHC-
TaTH KoMno3uyiio KiaciB abo ycnaoxysanus. PosrisiHemo ix oOuaBa.

VY Bunanky xomnosuyii 00’€KT KIacy-0OTOPTKH MICTUTH 00’ €KT-
KOHTeHHep sk mone. g Toro, mo0b 330BHI Ki1acy MaTH AOCTYIH M0
oreparliif HaJi KOHTEHHePOM, HEOOXIHO JTOJIaTH BiAMOBIIHI BiIKPUTI
METOAH. Y HaBeJCHOMY IPHUKIIAJi BUKOPUCTAHO CaMe KOMITO3HIIIO:

class Studentse{

public:

SList<Student>::Iterator begin() const;
SList<Student>::Iterator end() const;
unsigned size() const;
void addLabAttempt(const string &name,
const string &labCode, unsigned score);
private:
SList<Student> students;

}s
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OpnHo3Ha4Ha TepeBara Takoro niz[xo;:[y B TiM, IO Kjac Student
MOke OyTH TIPUXOBaHMM BKIIQJIEHUM KJIaCOM KIIaCy-OOTOPTKH
Students®, TOOTO BHYTpIIIHIN yCTpiii KOHTEHHEPa-0OTOPTKH 32 Me-
’KaMH H0Oro METOIiB HEBITOMUIA.

Y BHUIAAKY ycnaokysanus 00’€KT KIacy-OOTOpPTKA MICTHTh 00’ €KT-
KOHTEHHep 5K 00’€KT 6a30BOT0 Kiacy. 3a BiIKPUTOIO yCIaAKyBaHHS BCi
BIZIKpUTI MeToaM 0a30BOTO KJIACy YBIHAYTH B iHTEpdEiic MOXiqHOTO:

class Student;

class Students:public SList<Student>{

public:

void addLabAttempt(const string &name,
const string &labCode, unsigned score);

}s

Binbm Toro, 06’ektu kinacy Students MOXHa BHUKOPHUCTOBYBAaTH
BCIOZIM, JI€¢ MOJKHA BUKOPHCTOBYBAaTH 00’€KTH Kiacy SList<Student>.
Tomy s BUBEICHHSA 00’€eKTIB Kinacy Students MoO)XHa BHKOpHUCTATH
o3HaueHui nus SList mrabmonuuii operator <<. Kmac Student mae
OyTH oroJolIeHNH 3a MexkaMu Students.

Peamizarmist Mmeromy addLabAttempt HaMaraerbcsi 1oJaTH HOBOTO
CTyIeHTa 70 KOHTeiHepa (ab0 mpoCcTo 3HAXOAWTH, SKIIO BiH ICHYE),
Ta denezye MOAAIBILY poOOTY 3i 30epekeHHs iH(hOpMAIll PO BUKO-
HaHy JJabopaTopHy poOOTY BiAMOBITHOMY METOAY Kilacy Student:

void Students::addLabAttempt(const string &name,

const string &labCode, unsigned score){
auto first=insert(Student(name)).first;
(const_cast<Student&> (*first)).addLabAttempt(
labCode, score);

}

OCKITBKM pe3yJbTaTOM pO3IMEHyBaHHS iTeparopa Kimacy SList e
3Ha4YeHHs TUIy const Student& — mocunaHHS Ha HE3MIHIOBaHE 3Ha-
YeHHs, TO Tpeba SIBHO MEepeTBOPUTH Horo Tuil Ha Student&. Lls cutya-
1Iisl BUHUKJIA HE TOMY, 1110 IIIA0JIOHHHH KJIac OYJIO CIIPOSKTOBAHO HErpa-
BWIIBHO (SIK pa3 HaBMakW, Kiac SList MOBHICTIO MATPUMYE LLTICHICTh
JaHKX), a TOMY, 10 T i€l 3ama4i kpaiie Oyno O BUKOpPUCTATH iHIIY
CTPYKTYpPY IaHuX. SIKII0 HE UTH NUISIXOM KapAWHAJIbHUX 3MiH y Hamps-
Mi e(heKTHBHUX CTPYKTYp AaHHX, TO, HAMPUKIaI, MOXKHA Oyso O BHKO-
PHCTATH CIHCOK, 1[0 HE € BiZICOPTOBAHUM, a JJIsl BUBE/ICHHS €JICMECHTIB
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y TICBHOMY TIOPSAKY JTOJATH METO, Mo Horo coprye. BapiaHT 3i 3wmi-
HOIO OTOJIOIICHHS OIlepaTropa PO3iMEHYBaHHsI iTepaTopa BCe-TaKH Kpa-
e BiIKWHYTH: METOJI, 1110 3[JaTHUH BUKIMKATH MOPYIISHHS MUTICHOCTI
JaHUX 332 HeoOepe)kHOro ado HEeyBa)KHOTO 3aCTOCYBaHHSA, MOXKE CIIPH-
YHHUTHU BEJIHMKI TIPOOJIEMH 3 HAJIATO/PKYBaHHSIM KOJTY.

Y JKUTTI IOBOJII YaCTO BUHHUKAE HEOOXIOHICMb NPUCMOCO8Y8ami Ha-
s6Mi OibriomeKky 00 nomoynux 3aday (HapUKIaIl TOMY, IO ITPHCTOCY-
BaTH HasBHE BUSBILETHCS JEIIEBIIE, HDK PO3POOHTH HOBY Oi0MiOTEKY,
abo ToMy, 1110 BUKOpHCTaHHS iHIIO1 6105i0Tekn HeMoKIBe). ToMy 7k0-
JTHOT TpareAii TyT Hemae: OyIeMO BUKOPHUCTOBYBATH Te, 1110 €, 0 TOTO K
MoBa C++ mae Al I[bOTO CHHTAKCHYHI MOXIIUBOCTI. Y HACTYITHOMY
pO3ALT MoGaYnMo, 110 JUTsl e(PEeKTUBHIIINX CTaHIAPTHUX 0i0IIOTEUHHX
KOHTEHWHEPIB PO3B’sI3yBaHa 3aaua TeX Ma€ MeBHi "MmiBoIHI KaMiHIi".

J1J1st 3HSTTSI HE3MIHIOBAHOCTI CITiJT BUKOPUCTATH orepaTtop const_cast.
JlaHa omepariist B 3aralbHOMY BHUIAJIKy € HEOE3MEUHO. Y HAIIOMY IIpH-
KJIa7li BOHA MOXKe TIPU3BECTH 0 TIOPYIIIEHHS ITUTICHOCTI JaHMX, 30KpeMa
BJIACTUBOCTI BiJICOPTOBAHOCTI, OCKUIBKH TTICJISl TIEPETBOPEHHS THITYy 3MiHH
eNIEMEHTA CIHCKY Bxke MOXJIHBI. Tpomku 3a0irarount Harepes, CKaxeMo,
mo cTyaeHTH OymyTh ymopsiakoByartucs 3a I1Ib, mo Oyzme oromomeHo
He3MiHHMIM, a MeTox1 addLabAttempt kmacy Student He Oyne HamaraTvcs
smiauTH [11B, ToMy 3 ynopsimkyBaHHSIM CIIMCKY Bee OyJie rapasl.

PosrnsaemMo perampHime OymoBy kinacy Student. Kpim mertomy
addLabAttempt Ta KOHCTpyKTOpa, Y HOTO BIIKPHTY YacTHHY BBiii-
IyTh METOau name, nlab Ta score, mo moBepratoTh I1Ib cTyneHra,
KUTBKICTh 31aHHX JIaOOpaTOpHUX poOiT i HaOpaHy 3a HUX CyMy OalliB,
BimmoBimHO. Tako momamo oreparop NepeTBOPEHHS 10 THITY
string, Akwii reHepye pANOK 3 iH(OpPMAIli€0, OMepaTopu == Ta <
MIOPIBHAHHS CTYJEHTIB (BOHU HEOOXIiTHI ANl BUKOPHUCTaHHS THITY
Student sk THITy eeMEHTIB KOHTEHHepa; B 000X BHIAIKAX JEKCH-
korpadiuro mopiBaio0ThCA [116).

class Student{

public:

explicit Student(const string& name);
//throw invalid_argument if not valid name

string name() const;

unsigned nlab() const;

unsigned score() const;

operator string() const;
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bool operator==(const Student&) const;

bool operator<(const Student&) const;

void addLabAttempt(const string &labCode,
unsigned score);

[lepeBipky mpaBmiIbHOCTI psaka, mo mae 3amaBatu I1Ib crynenTa,
BUKOHAEMO B KOHCTPYyKTOpi. OjHaK NpH3HAYCHHS KOHCTPYKTOpa —
KOHCTPYIOBaHHS 00’ekTa. SIKII0 BiH I1e Oe3rmocepeHh0 BUKOHYBAaTHME
TIEPEBIPKY, TO Iie Oye HOTo TOMaTKOBUM Ipu3HaYeHHAM. OIHIEO 3 Te-
HIICHIIIH CyJacHOTO TPOEKTYBAHHS € (PYHKUiIOHAJIbLHE MPOEKTYBAHHS,
3TITHO 3 SIKUM KOKHa (YHKLIS a00 METO[] TOBUHHI MaTh €OUHe NpU3Ha-
yennsi. ToMy TIepeBIpKY KOPEKTHOCTI iMEHI BHIUTIMO B OKPEMHM IIPH-
XOBaHUM Meron isValidName, SKMI BHKIIMKA€THCS KOHCTPYKTOPOM.
Take BimokpeMIIeHHS JIOTiKH MepeBIpKH B MaliOyTHIX perti3ax JO3BOJHTH
TOYHO JIOKaJi3yBaTH KOJ, IO BHKOHYE IEPEBIPKY, 1, 32 HEOOXiTHOCTI
3MiH, JIOKaJIi3yBaTy Iii 3MiHu. Takox pomamo modist, mo 30epiratoth [116,
HalpaHy 3a JabopaTopHi poOOTH KUTBKICTh OalliB 1 KoHTelHep 3 iHdop-
MaITI€r0 TIPo JIabopaTopHi poboTH. JIabopaTopHi POOOTH ITPOMOICITIOE-
MO 00’exTaMu Knacy Lab. OCKITbKH Iie IPUXOBaHWI BKJIAJECHHUN KIac,
TO HOTO MOXKHA OTOJIOCHTH 3 KIFOUOBHM CIIOBOM struct, mo0 y mero-
Jax knacy Student maru IIOBHHUIA JOCTyI 10 BCIX YJICHIB KJ1acy Lab:

private:

void isValidName(const string&);
const string name_;

unsigned score_=0;

struct Lab;

SList<Lab> labs;

s

3ayBakennsi. Y wiii curyauii moxna Oyino 0 3poOHTH Kiac
Student moxigHUM Bijx kiacy SList<Lab>. Ockinbku 3MiHU iHDOP-
Marii B KOHTeWHepi SList<Lab> MaroThb BUKIMKAaTH 3MIHH TIOJS
score_, TO YCHaAKyBaHHS B I[bOMY BHUIIaJKy Majo 6 OyTH npuxoBa-
HUM a0 3axXMIIEHUM: 32 MEXaMU METOHIB Kjiacy Student 3miHH
00’ekTa oro 6a30BOro Kjacy MaloTh OyTH HEMOXJIMBUMH. Takox
kJac Lab tpeba Oyno 6 orojocutu 3a Mexamu kiacy Student. 3Bic-
HO, 1Ie He mpoOieMa, ane 3a3HaueHUid BHYTPIIIHIN KJ1ac JOBOJII CIie-
uugivHmiA, Horo ycTpii kpame npuxoBatH. OTxke, IS MOO0YIOBH
kiacy Student oOpaHO BapiaHT KOMITO3HILI].
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s xmacy Student mepeBaHTaXKHMMO OIIEPATOP BCTABKH B MTOTIK:
ostream& operator<<(stream&, const Student&);
Hapenemo peamizamiro MetomiB kimacy. KoHCTpyKTOp Bimkumae
MMOYATKOBI ¥ 3aKITt04HI OiTi CUMBOJM psijKa, mo Mae Mictutu [11b, Ta
iHiliami3ye OTpUMaHNM 3HAYCHHSM BiAmoBinHe mose. Jlami BUKOHY-
€TBCS TIEpeBipKa KOPEKTHOCTI 1 32 HEOOXiTHOCTI KHAAE€THCS BUHATOK:
Student: :Student(const string& name):
name_(trim(name)) { isValidName(name_ ); }
void Student::isValidName(const string&s) {
if (s.size()<3 || s.size()>80)
throw invalid_argument("The name [" + s +
"] is invalid for student.\n");

}

3ayBas:kenHs1. OCKUIBKH TI0JI€ hame_ OTOJIONIEHE SK HEe3MiHIOBa-
He, TO HaJaTH HOMY 3HAYCHHS MOKHA MiibKU nid wac iniyianizayii.
Taxi aBa METOJI TIOBEPTAIOTH 3HAYCHHS BiJIIOBITHUX ITOJIIB:
string Student::name() const { return name_; }
unsigned Student::score() const { return score_; }

KinpkicTs mabopaTopHuX poOIiT BHU3HAYAETHCS SIK KiNBKICThH €Je-
MEHTIB KOHTEHHepa 3 1a00paTOPHUMH POOOTaAMHU:
unsigned Student::nlab() const
{ return labs.size(); }

PesynbraToM mepeTBOpPEHHS A0 THIY Sstring € psmok, mo Mic-
tuth [1IBb Ta arperoBany iHdopMmamliro mpo cryAeHTa (KiTbKiCTbH
nabopaTopHUX, CyMy HaOpaHmx OaiB), M0 sAKOI1 Imija dac 00Xomy
KOHTEHHepa 3 Ja00opaTOpHUMH pOOOTAMH JOMAETHCS iHGOPMAIIis
110 KOXHIN 3 HUX:

Student: :operator string() const {

string res=name_ + " has " + to_string(score()) +
" points and pass " + to_string(nlab()) +
" labs:";
auto from=labs.begin(), to=labs.end();
for(; from!=to; ++from) res+="\n"+string(*from);
return res;
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[lopiBHAHHSA CTYIEHTIB BUKOHYETHCA K MOpiBHAHHSA 1xHIX [11b:
bool Student::operator ==(const Student &other)const
{ return name_ == other.name_; }
bool Student::operator <(const Student &other)const
{ return name_ < other.name_; }
OmnepaTtop BCTaBKH B MOTIK BUBOJUTH Y MOTIK 00’ €KT, IIEPETBOPE-
HUH Ha THN string:
ostream& operator <<(ostream&f, const Student&s){
f<<(string)s;
return f;

}

Meron addLabAttempt momae mabopatopHy poOOTY, SKIIO 1i T
HEMae B MepelliKy, iHaKIle BiH MOPIBHIOE MOTOYHUI Oan 3a nadopa-
TOpHY po0OTY Ta 6ajn cripoOu, IO TOAAETHCS, 1 3ATHIINAE MAaKCUMAaITh-
HUH. B ycix Bumagkax BiH OHOBIItOE CyMy OaiiB cryieHra. Pearmiza-
L0 METOJTy HaBEJEMO TIiCIIs 03HaUEHHS Kiacy Lab.

[Morouna Bepcisi kimacy Lab He MicTUTH AeTanbHOi iH(pOpMarii
oo cpod. HatoMicTs 00’ ekTH Kitacy OyayTh 30epiratv Ha3By Jia-
OopaTopHoi poOOTH, KiNBKiCTh crpod ii 3maTh U pe3ynbTar Hailkpa-
mroi cripobu B moisix labCode_, n Ta score, BiZmOBiAHO. 3a KOPEKT-
HOI Ha3BM KOHCTPYKTOP KJIaCy CTBOPIOE OO’€KT, IO BIATOBIga€ Ja-
OopaTtopHili poOOTI, fKa IIe HE 3TaBaiacs; iHAKIIE BiH KUIAE BUHS-
ToK THITy invalid_argument. [lepeBipky KOpeKTHOCTI Ha3BH BHIi-
JieHo B MeTof isValidLabCode. Meroau nAttempts Tta bestScore
MOBEPTAIOTh 3HAUYEHHS MOJIB N Ta score, BiANoBigAHO. s mOoTOYHOT
Bepcii MoxkHa Oyio 6 obiiiTHCs 6e3 HUX, ane y BAMAAKY Moaudikarrii
KJacy, mo0 BiH 30epiraB icTOpit0 cmpod, iX HAsSBHICTb JO3BOJIUTH
YHHKHYTU 3MiH PEIITH KONy, SIKUi BUKOPHCTOBYE 3HAYCHHS IUX TO-
aiB. Onepatop nepeTBOpeHHs A0 TUMY string moBeprae pAgoOK 3 iH-
(hopmartiero mpo maboparopHy podoTy. Omneparopu MOpPiBHAHHSA II0-
PIBHIOIOTH Ha3BH JlabopaTopHUX pobiT. Meton addAttempt Biamosi-
Ja€ 3a JOJaBaHHS CTPOOU i MOBepTaE BEIWYHHY, Ha SKY 301IbIIHIA-
Csl OCTAaTOYHA KUTBKICTh OaJIiB 3a JJa0OpaTOpHY:

struct Student::Lab{

explicit Lab(const string& labCode);
//throw(invalid_argument)
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void isValidlLabCode(const string&);
//throw(invalid_argument)

unsigned nAttempts() const;

unsigned bestScore() const;

operator string()const;

bool operator ==(const Lab&) const;

bool operator <(const Lab&) const;

unsigned addAttempt(unsigned points);

const string labCode_;

unsigned n=0; //KinbkicTb cnpob

unsigned score=0; //pe3ynbTaT Hankpawol cnpobwu

}s

HaBenemo o3HaueHHS TiIbKU JACSIKUX METOJIB IIBOTO KJIacy.
Student::Lab::Lab(const string& labCode):
labCode_(trim(labCode))
{ isvalidLabCode(labCode_ ); }
void Student::Lab::isValidLabCode(const string& s){
static const unsigned maxLabCodelLen=8;
if (s.empty())
throw invalid_argument(
"The white name is invalid for lab code.\n");
if (s.size()>maxLabCodeLen)
throw invalid_argument(
"Too long lab code. Should be no more than " +
to_string(maxLabCodelLen) + " symbols.\n");
}
unsigned Student::Lab::addAttempt(unsigned points){
unsigned delta=0;
if (score<points)
{ delta=points-score; score=points; }
++n;
return delta;
}
O3HaueHHs PEIITH METOJIIB TPUBIATbHI i 3aIMINAIOTHCS K BIIpa-
Bu. [loBHa Bepcist KOy JOCTYIHA Ha CalTi KHUTH.
Tenep 3amuiieMo O3HaYeHHA Merony addLabAttempt xkiacy
Student:
void Student::addLabAttempt(const string &labCode,
unsigned score){
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auto first=labs.insert(Lab(labCode)).first;

auto delta=(const_cast<Student::Lab&>(*first)).
addAttempt(score);

score_+=delta;

}

TyT cmodaTky momaemo JabopaTopHy poOOTy i3 3aJaHOI0 HA3BOIO.
[epiioto KOMIOHEHTOIO PE3YIbTATY € ITePaTOp, YCTAHOBJICHHI a00
Ha JonaHy, abo Ha icHyrody JadoparopHy. Jam mo miei podotu mo-
naeMo crpoOy. Y pe3ysbTaTi MOXKE 3MIHUTHCS OCTATOYHHM Oair 3a
Hei, BeJIMYMHA 3MIHU MOBEPTAETHCS 3 METOJY Ta Ha I[I0 BEIMYUHY
OHOBITIOETHCA 3arajibHa KiIbKICTh OalliB CTy/JE€HTa. AHAIOTIYHO Bij-
MOBiAHOMY MeToXy Kiacy Students TyT HEOOXiZHO SBHO 3HIMaTH
HE3MIHIOBAHICTh TIOCHJIAHHS HAa EJIEMEHT, K€ € Pe3yJbTaTOM pO3i-
MEHYBaHHS iTepaTopa.

[pukaag kaieHTCHKOro Koay Ta iioro podoru. PeamizoBanuii
JUISE CIIUCKY IAOJOHHUH OmepaTtop << BHUBOJIUTH CJICMEHTH depe3
npo6in. [ns comMcky CTyZIEHTIB Lie He IyKe MiIXOAWTh, TOMY Iepe-
BAaHTAXKUMO << I Kiacy Students sBHO. CKOpHCTaGMOCH 1IUM
orepatopoM y (yHKIii testlLoader, sika 3unTye naHi 3 ¢aitry, 1onae
Xy 00’€exT Kjacy Students 1 BUBOJUTH pe3yJIbTaT! JOJaBaHHA:

ostream& operator <<(ostream& f, const Students&c){

auto from=c.begin(), to=c.end();
if (from!=to)
{ f << (*from) << endl; ++from; }
for(; from!=to; ++from)
f << endl << (*from) << endl;
return f;
}
void testLoader(const string &fname){
Loader 1;
Students c;
try{
cout<<"load " << fname <<
if (1l.load(c,fname))
cout << " OK;\n";
else
cout <« with errors\n”;
cout << ¢ << endl;
cout << endl;

to container\n";
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}

catch (runtime_error &ex)

{ cout << "runtime: " << ex.what() << endl; }
catch (logic_error &ex)

{ cout << "logic: " << ex.what() << endl; }
catch (exception &ex)

{ cout << "other: " << ex.what() << endl; }

}

Posrisremo 06po0OKy daitmy text.txt 3 Takum 3MicTOM:
Sidorov I I; Lab4; 10

Ivanchuk I I; Labl; 12
Ivanchuk I I; Labl; 1
Petrenko P P; Array;14
Ivanchuk I I; Labl; 13
Ivanchuk I I; Lab4; 8
Ivanchuk I I; Lab3; 2

3a BUKOHAHHSI BUKJIMKY testLoader("text.txt") Oyne BuBeme-
JIarHOCTUKY 3aBaHTA)KCHHS Ta BMIiCT KOHTEHHEPA:
load text.txt to container
opening input file text.txt
7 lines were read
7 nonempty lines were processed
The total loaded score= 60
0K;
Ivanchuk I I has 23 points and pass 3 labs:
[Labl]=13 in 3 attempts
[Lab3]=2 in 1 attempts
[Lab4]=8 in 1 attempts

Petrenko P P has 14 points and pass 1 labs:
[Array]=14 in 1 attempts

Sidorov I I has 10 points and pass 1 labs:
[Lab4]=10 in 1 attempts

KOHTpONbHI 3anuTaHHSA

1. YoMy 3aBaHTa)KCHHS TaHUX i3 30BHINTHLOTO HOCISI B KOHTEHHED

HE CJiJ IPOEKTYBATH SIK METOJ] KOHTelHepa?

87



2. 3 KO0 METOI0 B TEKCTOBI (halimu 3 iHPOpMAITi€I0 TONAIOTH ITijI-
CYMKOBY iH(popMariro?

3. SIxi HOMMJIKM 3HAaXOJIUTH 1 IiarHOCTye cTaHAapTHa 6i16mioTe-
yHa ¢yHKIiA stoul? Um BBakae BOHa 3HAKOBE 300pa)KeHHS IMO-
MHJIKOIO?

4.Y 4yoMmy BIAMIHHICTH MiOXOMIB y peaiizalii Kiacy-o0TOpTKH
3a TOMOMOTOI0 KOMTO3MIII] Ta 3a JOTMOMOTOI0 yCImaaKyBaHHA? Ski
0COOJIMBOCTI Ma€ KOXEH 13 UX NiAX0IiB?

5. Illo Take ¢pyHKIIOHANBEHE TPOCKTYBAHHS?

6. [Ins yoro BUKOPUCTOBYIOTH omepaTtop const_cast? ¥V uomy
HeOe3MeuHICTh i€l omepartii?

Bnpasu

1. 3minuTH K1ac Lexer Tak, mo0 ioro MoxkHa OyJo 3acTOCyBaTH
Ui po30Opy PpAAKIB, SKI BHKOPHCTOBYIOTH IHIIMH CHMBOJI-
PO3IUTHHUK MIXK 9aCTHHAMH.

2. Hexaii TekcT, KpiM psaakiB 3 iHGopMaIliero, MiCTUTh Ha IoYa-
TKY OIMH DPSJIOK 13 3aT0JOBKOM, a B KiHLI — OJUH PSAOK 3 MiACyM-
KOBOIO iH(opMalliero. Psok i3 3aroJIOBKOM MOYMHAETHCS 13 CHM-
BOJIiB HEADER:, miACYMKOBUH PAIOK — i3 cuMBOJIiB FOOTER:, pem-
Ta PSAKIB MICTATH 1HQOpPMAIi0 MPO BHKOHAHHS Ja0OpPaTOPHUX
pobiT (auB. 3amady mpo 1abopaTopHi poOOTH), 10 AKOI HA TOYATKY
JOJJAaHO TOPSAKOBUN HOMEp pAlKa B JOKYMEHTI Ta PO3AIIBHUK.
3MiHUTH Kjac Lexer Tak, o0 IpHW 3aBaHTaXXEHHI B HHOTO PsIKa
BiH BH3HAYaB THI PsAIKa, 0 00pOOIg€THC.

3. [lonepenus 3amava, ajge TEKCTOBUHU (aldiid MOKe MICTUTH B
JOBINBbHIN KITBKOCTI W MOBUIBHUX Micusx "Oimi panku" (MOpokHi
PAIKH Ta PAOKH 3 OLIMX CUMBOJIB), AKi MAlOTh ITHOPYBATHUCS TIPU
00po0OIIi.

4. 3minuTH knac Loader Tak, moO0 BiH MIT yCHIIIHO 3aBaHTa-
JKyBaTH B KOHTEWHep TEeKCTOBI (haiinu 3 momepeaHroi 3anadi. [Ipu
LbOMY Ma€ BHUKOHYBAaTHCS IEepeBipKa, 4d pSAAKU 3 iH(pOpMaLi€ro
PO BUKOHaHHS JabopaTopHHX poOiT MpOHYMEpOBaHi MOCIiTOB-
HUMU YHUCIIaMU, TOYNHAIOYH 3 1.
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5. Ilonmepenus 3amaya, ane 3a YMOBH, 110 B MiJCyMKOBOMY PAJI-
Ky micas FOOTER: uepe3 pO3NUIBHUK YKa3yeThCs 3arajbHa Killb-
KIiCTh pAAKiB 3 iH(oOpMaIli€ro Ta 3arajrbHa cyMa 0alliB 1Mo BCiX psf-
Kax. YcCIilIHe 3aBaHTa)X€HHSA TEKCTOBOro ¢aiiny Mae mepeadaua-
TH, IO BMICT PAAKiB 3 iHQopMmali€ro BiINOBiAae MiACYMKOBOMY
pAnKy dainy.

6. 3MIHUTH CTPYKTYpy AaHUX JJIs 3a/1adi Mpo J1abopaTtopHi po-
0oTH Tak, 100 HATPUKIHIN JJI KOXKHOT BUKOHAHOT CTYJICHTOM Jia-
6opaTopHOi poOOTH BUBOAMIINCS HE TUIbKHM Oan HalKpamoi crpo-
0u Ta 3araipHa KiNBKICTH CIpo0, ane me i iHpopMaris mo KOXKHiH
crpo0Oi.

7. o nonepeaHboi 3aga4i BHECEMO TaKi 3MiHU: KpiM KIJIBKOCTI
OamiB U1 KOXKHOI CrpoOM 4Yepe3 pO3MIIBHUK YKa3yeThCs KiabKa
MPUMITOK (TIEpelliK 3ayBa)KeHb TOII0). MoaudikyBaTu CTpPyKTypy
JaHux s 30epexeHHs iHpopMmanii Ta kiac Loader BiAmoBiIHO
JI0 3MiH YMOBH 3aj1a4i.
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6. BUKOpUCTaHHSA CTaHQAPTHUX
acoliaTMBHUX KOHTEUHepIB

BracHuii mabsoH KoHTeliHepa SList Oysio cTBOpPEHO MepeBaKHO 3 Me-
TOFO TIOKa3aTH BHYTPIIIHIO OyJJOBY KOHTEHHEpa Ta Horo ireparopa, a Takox
MPOJIEMOHCTPYBATH MOMJIMBOCT] T4 CHHTaKCUYHI HIOaHCH MOBH C++.

Hacnpasni moBa C+ Hazae po3BrHEHY 0i0Ti0TeKy KOHTEHHEPIB: KOHTe-
WHepH TIOCITIIOBHOCTEH (QHIJL. Sequence containers) Ta acoIliaTHBHI KOHTCH-
HepH (aHII. associative containers). 111abnoHHI KOHTEHHEPH MOCITITOBHOC-
Tel array, deque, list, vector, forward_list Ta ixHi amamTepu queue,
priority_queue, stack mpm3HaYeHi AT 30epiraHHs TTOCiIOBHOCTEH 3HA-
YeHb. X04a JIesK 3 HUX HAAlOTh TPSIMHIA TOCTYIT JIO0 €IEMCEHTIB, ajie BCe-
TaKH BOHH Iepe(0a4aroTh, 1O Il 4ac 00POOKH NePerysIaeThCs BCst IOCTi-
JIOBHICTB; OTIepallist OITyKy elleMeHTa B TIOCIIIIOBHOCTI IM He MpHTaMaHHa.

AcoliaTiBHI KOHTeHHEpH MependayatoTh, M0 M Yac 0OpoOKH He
000B’SI3KOBO TEePETIIIATH BCi JIEMEHTH KOHTEHHEepa; KpiM TIOCITiIOBHOTO
JOCTYITy JIO €IEMEHTIB BOHH JIOIATKOBO PEJIi3ylOTh OMEPaLliio MOIIyKY.
Binpm Toro, BOHHM 3a0€3MEUyIOTh peatizallifo JOMaBaHHs, BHITYIECHHS W
TOIIYKY eJIEMEHTa 3a JiorapudmiuHuii Yac. Y BHIIQJKy acOIiaTUBHUX
KOHTEHHEPIB CyTTEBUM € TIOHSTTS Kao4a. [1in kimouemM po3yMiroTh KITko-
YOBY YacTHHY iH(opMmarlii mpo 00’€KT, TOOTO TaKy YacTHHY JAHHX, IO
JIO3BOJISIE OJTHO3HAYHO ieHTH(iKyBaTH 1ine. Hanpukian, macmopt oHo-
3HaYHO BH3HAYa€ KOHKPETHY JIOVHY 3 yCiMa i XapaKTepuCTUKaMH Ta
BJIACTUBOCTSIMU, TOMY TIACIIOPTHI IaHi MOYKHA PO3TIIIATH K KITFOY.

3apa3 HalO0 METOI0 € 3 MIHIMATbHUMU 3VCULISIMU GUKOPUCATIU
cmandapmui OibiomeyHi KoHmeliHepy YIS 3a1a4i Tpo J1adopaTopHi podo-
Ti. OCKUTBKY 18 33/1a9a MOTPeOye MOITYKY eIeMEHTa B TIOCTIIOBHOCTI, TO
BiJI KOHTEHHEPIB MOCIIZ0BHOCTEH BiIMOBUMOCKH. CIIpOOYEMO BUKOPUCTATH
acoliaTHBHI KOHTeHHepH set Ta map. Pemry acorjaTMBHMX KOHTEHHEpIB i
HEBIOPSIKOBaHI acOIiaTHBHI KOHTEHHEPH 3aJTHIIIMMO 11032 YBaroko.

6.1. Peanisauina knacy Students
3a AONOMOrol0 CTaHQAapPTHOro
6i6nioTeyHoOro KoOHTenHepa set

Konreitrep set 30epirae TUIHKH KITFOUi, SKI MAIOTh HE TTOBTOPIOBATH-
cs. Y HaIloMy BHTIAJIKY KIIFOUEM IS TaHuX 00’ ekTa Student e ioro mpi-
3BHITIE, IM’sI TA TI0 OATHKOBI, 110 30€pIiracThCs B TIOMI hame_; KITFOYeM IS
nmaHuX 00’ekTa Lab € komoBa Ha3Ba JlabopaTopHOI poOOTH, M0 30epira-
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€ThCs B o labCode_. Xowa HacmpaBai KIIOYEM € HE BCE 3HAUCHHS
00’€KTa, aie 1e He € MPOOJIEMOI0: OTIEPaTOPH < Ta == I KJIaciB Student
Ta Lab 03Ha4YeHO TakK, [0 BOHM IOPIBHIOIOTH caMe Kitodi. ToMmy iHCTaH-
IIFOEMO TTA0JIOHHMI KOHTEHHEp set 1 KiaaciB Student Ta Lab.
Jammi HaBenieHo TITBKY crerwiivHi 3MiHN paHiITe po3po0IeHIX KIIACiB:
class Students: public set<Student> {
//pewTta 6e3 3MiH

)

class Student {
// pewTa 6e3 3MiH
set<Lab> labs;

}s

HacnpaBni knac SList mpoekTyBaBesi Tak, mo0 Horo iHTepdeiic
BiJMOBiaB yacTuHi iHTepdelcy cTaHmapTHUX O0i0IIOTEYHUX acolia-
TUBHHMX KOHTEHHEpIiB (CTaHAapTHI KOHTEHHEpH "BMIIOTH" memio Oi-
Jblle, 30KpeMa BuirydaTu AaHi). Tomy peanizalii MeToaiB Ta orepa-
TOpa BCTABKH B MOTIK )KOJHUX 3MiH HE 3a3HAIOTh.

3a3zHaunMo, 1110, aHATOTTIHO HAIIoOMy Kilacy SList, kimac set He mepen-
Oauae 3MiHy eJeMeHTa (TOMY HEOOXIiHICTh IEPETBOPEHHS HE3MIHIOBAHOTO
THITY Ha 3MIHIOBaHWI T1iJ1 Yac 0aBaHHs iH(opMartii 3ammaeTsest). Kimac
set po3rIAAac eNneMeHT K KoY. 3a 3MIHM KITF0Ya TIOPYIIYIOTECS BHYTPI-
IITHI BJIACTHBOCTI 00’ €KTa KOHTEHHEpPa, SIKi TapaHTyIOTh HOro KOPeKTHY po-
0oty. HeoOxiHi HaM repeTBOpeHHs 3HAHIEHOTO B KOHreﬁHepi 3HAYEHHS HE
BIUTMBAIOTh Ha Pe3y/IbTaT BUKOHAHHS onepaum HOplBH}IHHS[ €JICMEHTIB KOH-
TeifHepa, TOMy BUKOHYBaHI 3MiHH €IEMEHTIB KOHTEHHEpa € JIOTYCTHMHMH.

3ayBazkeHHsl. Y 3arabHOMY BHIIQJIKy UL 3MIHU €JIEMEHTa KOHTEHHEe-
pa set 1ieil ejeMeHT Tpeda BIUTyYHMTH 3 KOHTEHHEpa Ta 3aMiCTh HBOTO JI0-
JIaTH HOBUI — OTO 3MIHEHE 3HAYCHHSL. Y BHUIIAJIKY, KOJIM eJIeMEHTaMH KOH-
TeliHepa € TOBOIi CKITaIHi CTPYKTYPH JIaHHX, Lis orepaltis MOXKe TPH3BECTH
JIO BEJIMKOI KUTHKOCTI 3aBHX KOIIFOBAHb 1Hq)opMau11 1 HaIMCaHHS 3HAYHOI
KUTHKOCTI PSIIKIB KOMTY JUIs peatizaliii 3a3HaueHOro MiIXo/y.

6.2. Peanizauina knacy Students
3a AONMOMOIor CtaHAapTHOro
6i6nioTeyHOro KoOHTeMHepa map
KownTeitnep map 30epirae napu (K104, 3HAYCHHS ), TPUIOMY KJTFO-

4i MaloTh OyTH YHIKQJIFHUMH. BiH Tako 1a€ MOKJIMBICTh MOIIYKY 3a
KITFOYEM 1 HaBiTh 3MiHW 3HAYEHHS, 10 BiMOBITa€ KITFOUY.
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3 OmHOrO OISy, JISl HAIOI 3a/1a4i I1e HETIOTaHO: aJlTOPUTM JI0fa-
BaHHs iH(opMaLii B KoHTelHep nependayae Mmouryk HeoOXiJHOTO eyeMe-
HTa i JomaBaHHs 10 HBoro iHdopMartii (TooTo Horo 3miHy). Tomy HeoO-
XiJJHICTh TIEPETBOPEHHS HE3MIHIOBAHOTO THITy HAa 3MIHIOBAaHMI 3HUKAE U
BUKOPHCTOBYETHCS MEHILIE TOTEHIIIIHO HeOe3IMeuHnX Orepartiii.

3 iHmoro normsay, Toli Tpebda Koy (Ipi3BuIle, iM s, o 0aThKO-
Bi) 30epiratm okpemo Bix 00’€KkTa, KW BiH imeHTU(IKYE. A 1€ BKe
MOpYIIy€e MPUHIUIN 00’ €KTHO-OPIEHTOBAHOTO MPOrpaMyBaHHS, 30K-
peMa MPUHIIMIT iHKAICY i, OCKIIBKY AaHi PO CTyAeHTa He OyIyTh
30epiraTucs SIK IiITICHUI 00’ €KT.

OCKUTBKY MU ¥ Hazami 30upaemMocs IparroBaTH 3 00’ EKTOM Kilacy
Student sK 3 IIUTICHOIO OMHUIIETO, IO MICTUTh BUYEPIHY iH(OpMa-
{0, TO 3ATAIINMO KJTF0Y (TIPi3BHUIIE, iM s Ta IO 0ATHKOBi) YACTHHOIO
nanux 1 Oymemo 30epiratu mapu (I1IB, cTyzeHT), a Takox (KomoBa
Ha3Ba JabopaTopHoi, 1adoparopHa). Lle cipuuMHNUTE HEBENHKI, ane
3aiiBl BUTpATH mam’sTi (ko4 Oyse 30epiraTucs SK y 3HAYEHHI, TaK 1
okpemMo). KpiM Toro, Marouu MOXKIIMBICTh 3MIHUTH 3HAUCHHS, MOYKHA
3MIHUTH TaKOXX HOro KJIIOYOBY YACTMHY W THM CaMHM MOPYLIMTH
uimicHicTh maHux. OfHAK TOJe i3 Mpi3BUIIEM CTYACHTa € HE3MIHIO-
BaHUM, a JaHi JJabopaTopHOi POOOTH MPHUXOBaHi, TOMy MOPYIIEHHS
LLUTICHOCTI JaHUX YHACIIOK 30BHIIIHLOTO BTPYYaHHS HEMOKIIHBE.

IIpote mokakeMo, sIK MO>kHA OyJI0 O BHHTH i3 cuTyarii, mo6 ra-
paHTyBaTH BIAMOBITHICTE KJIIOYIB /IO 3HaY€HB. [[JIs 1HOTO TOCTATHHO
BHUKOPHUCTATH 3aXHILEHE YCIaKyBaHHs:

class Students:protected map<string,Student>{

3a Takoro croco0y ycrmaakyBaHHS 00’€KT 0a30BOT0O KiIacy € 3aXu-
OIEHUM 1 JOCTYIl 1O HBOTO MOMJIMBHH TUTBKH 3 METOIIB KJIacy
Students. Omxe, KITieHTH Kacy Students He 3MOXYTh BUKOPUCTATH
MeTomu 0a30BOTO Kiacy map<string,Student>, mo0 3MiHUTH 3Ha-
YeHHS, sIKe BinoBifae Krouy. OfHaK TOI KIIIEHTH KITacy He 3MOXYTh
BUKOPHCTATH 1TEpaTOpH, IO HANAIOTH JOCTYI JO €eMEHTIB KOHTEM-
Hepa. ToMy nomamo BiOKpUTI METOIM, AKi IOBEPTAIOTh iTEPATOPH,
YCTaHOBJIEHI Ha TIOYATOK i 32 KiHEIlb MOCIIiJOBHOCTI 3HAYEHb!

public:

void addLabAttempt(const string &name,

const string &labCode, unsigned score);
auto begin()const noexcept;
auto end() const noexcept;
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¥

class Student{
// pewTa 6e3 3MiH
map<string, Lab> labs;

}s

3ayBaskeHHs. SIKIIIO SIK THIT Pe3yJIbTaTy METOAY BKa3aHo auto, TO
KOMIIJISITOP CaMOCTIHHO BU3HAYUTH THII 33 THUIIOM BUPa3y, YKa3aHOI'O
B IHCTPYKIIii return B 03HAYEHHI BiAMOBITHOTO METOY.
3ayBakeHHsl. 3a aHAJIOTIEIO 3 BiAMOBIMHIMH METOAaMH KIIacy map
METOIM begin Ta end OroJomICHO 3 KIIOYOBHM CIIOBOM hoexcept, ske
3a3Hayae, MO IX BUKIMK HE MOXE 3aBEPIIUTUCS B pe3yJIbTaTi KUIAHHS
BUHATKY. Ll criermdikariis BHHATKIB He € 000B’SI3KOBOIO.
Honani meroau aenerytooTh (TOOTO mMepeaaioTs) cBoi 00OB’SI3KU
BIJIMOBITHUM MeTOAaM 0a30BOTO KJacy:
auto Students::begin() const noexcept {
return map<string, Student>::begin();}
auto Students::end() const noexcept {
return map<string, Student>::end();}

OCKIUTBKH B KOHTEHHEpi map 30epiraroTbes He TUTBKH 3HAYCHHS, a i
rapy (KJIF04, 3HAYEHHS), TO HEeOOX1JHO BHECTH 3MIiHHU B peaizallii JessKuX
METOMIB 1 (PYHKIIH: BIAMIOBIHI il MAOTh BUKOHYBATHCS HE HAJI MApO¥0,
sIKa € SJICMCHTOM KOHTCHHEpa, a HaJl IPYTOK KOMIIOHEHTOR Tiapu. Kpim
TOT0, OTIepallisi BCTABKU €JICMEHTa B KOHTEHHED TaKOXK J0/Ia€ HE OKpeMe
3Ha4YeHHS, a napy. Jlaii HaBeleHo 3MiHM peatizallii METOIiB:

void Students::addLabAttempt(const string &name,

const string &labCode, unsigned score) {
auto first=insert(
make_pair(name,Student(name))).first;
((*first).second).addLabAttempt(labCode, score);

ostream& operator <<(ostream& f, const Students&c) {
auto from=c.begin(), to=c.end();
if (from!=to)
{f << (*from).second << endl; ++from;}
for(; from!=to; ++from)
f << endl << (*from).second << endl;
return f;

}
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Student: :operator string() const {
string res=name_ + " has " + to_string(score()) +
" points and pass " + to_string(nlab()) + " labs:";
auto from=labs.begin(), to=labs.end();
for(; from!=to; ++from)
res+= "\n" + string((*from).second);
return res;
}
void Student::addLabAttempt(
const string &labCode, unsigned score) {
auto first= labs.insert(
make_pair(labCode,Lab(labCode))).first;
auto delta=((*first).second).addAttempt(score);
score_+=delta;

}
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3apadi ANna cCaMOCTIMHOro po3B’A3aHHA

Y HaBelIeHUX HIDKYE 33j]a4aX BXIJIHHUNA TEKCTOBUH (hailil MOYMHAETHCS
3 PSIIKa-3aroJioBKa, 3a SIKUM iyTh PSJIKU 3 1H(OpMAIIi€to (3anuck) 1 B ca-
MOMY KiHIII — MACYMKOBHH pSAoK. Y (aiini B JOBLTBHIIN KITBKOCTI MO-
XKYTb 3yCTpidaThcs Ol PSIKH, SIKi MaIOTh iITHOPYBATHCS TIPU 00POOIIi.

Psimox 13 3arojI0BKOM MOYHHAETHCS i3 CHMBOJIIB HEADER @, TIiACYM-
KOBHH PSIIOK — i3 cuMBOJIiB FOOTER:, perira psAKiB (3aMHCH) MICTATh
iHpOpMaIlito, 10 KO HA TIOYATKY JOJAHO TOPSIKOBHI HOMEpP psaKa
(mymepartig 3 1, 6111 pSIIKA Ta 3aroJI0BOK HE HYMEPYIOThCS) Y TOKyMe-
HTI Ta po3AiTbHUK. OKpeMi YaCTUHHU PSAKIB 3 iHPOPMAILIEI0 PO3IiIICHO
po3ninbHuKOM (). Po3mineHuk ycepenuni iHGopMarlii He 3yCTpidaeTh-
csi. BMICT psizikiB 3 iH(pOpMAITIErO JIs 3a/1a4 HABEJICHO B JTy’KKaX.

O0poOka daitmy Mae nepeadayaT KOHTPOIJIb BiJAIOBITHOCTI 3aro-
JIOBKa Ta MiCYMKOBOTO PsAAKa A0 HOTo BMICTY, a TaKOXX KOHTPOJb
BIJIMOBITHOCTI 0 YMOBH BMICTY pSAIKiB (paitny. 3a BHHUKHEHHS J0-
BIJILBHUX PO301KHOCTEH 3aBaHTa)keHHA (hailily ciil BBaKaTH HEYCIIi-
IIIHUM 1 BUBOJWTH BIAIIOBIIHE ITOBIOMIICHHS.

1. TekcroBuii (aiin MICTUTD pe3y/bTaTH CKIAJaHHs CTYICHTaMH OJIHi€T
IPYIH ICTIUTIB 3UMOBOI cecii (HoMep 3aIiKOBOI KHVKKH, TPI3BHUILE, 1M s, TIO
0aTHKOBI CTYZIEHTA, JUCLMILTIHA, OIliHKa B Oanax 3a 100-0ansHOIO cucTe-
MOIO, OITIHKA 32 JIEPYKABHOIO IIKANIOK0). 3HAWTH 5 HAKpaIyX CTYICHTIB, a
TAKOK 110 ¥ Ha CKUIBKYA BOHH CKJIATH. JIKIIO 5-T€ MICIIE ITOCIOAr0Th KUTbKA
CTYZIEHTIB OJTHOYACHO, TO BUBECTH 1H(OPMAIIiFO 0 BCIiX HUX.

YV 3aronoBKy BKa3y€eThCs KUTBKICTh CTY/IEHTIB, y MiACYMKOBOMY PsA-
Ky 4depe3 pO3AUTbHUK — KUTBKICTh 3aIrcCiB y (aiiii i cymapHuii Oat.

2. TexcroBuii (halim MICTHTH MTEPENTIK BiIBAHTAKCHUX HAKIIATHUX:
13-cuMBOIBHMIT HOMEP HAKIIAIHOI, Ha3Ba TOBapY, KIJIBKICTh (IificHE
YUCIIO, K€ Ma€ BiJ OAHOTO 0 TPHOX 3HAKIB MICIIS KOMH), IiHA (iH-
CHE YHCJIO, NBa 3HAKW ITiCIA KOMHM), BapTicTh (miiCHE YHCIIO, ABa
3HAKH Micis KOMH). 3HAUTH HAaHTOMyJIApHimi ToBapy (Ti, 110 BiABaH-
Ta)KyBaJFICSl B HAHOUIBIIIH KiTbKOCTI HAKIIAJHUX ), BU3HAYNTH, y CKi-
JBKOX YeKax, CKUTBKH 1 Ha Ky CyMy iX OyJI0 BiJBaHTa)KEHO.

'V 3aronoBKy BKa3yeThCsl 3arajibHa KUTBKICTh YeKiB, Y TiICYMKOBOMY Dsi-
JIKY 4epe3 pO3IUTHHIK — KUTHKICTB 3aImiCiB y (aiiii i cyma BCiX BapTOCTEH.

3. TexcroBuii (haifn MicTHTB pe3yabTaTH ()yTOOIBHIX MaT4iB: KpaiHU-
YYaCHHUKH, PaxyHOK, Mepernik 6oMOapaupiB (HOMep, Mpi3BHIIE, iM’S Ta
XBUWJIMHU 3yCTpidi, HA SKUX BOHM 3a0WBAJM TONHM). 3HAWTH HAWKpaIINX
OoMOapmupiB (kpaiHa, Mpi3BHUILE, iM’sl Ta MaTyi, Y SIKUX BOHH 3a0HMBaJIH, a
TAKOXK PaXyHOK ITMX MAaT4iB 1 KUTBbKICTh 3a0MTHX HUMH TOJIB).
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Y 3arosioBKy BKa3y€ThCS KITBKICTh POBEACHUX 3yCTpideH, y min-
CYMKOBOMY PSIIKY — KUIbKICTh 3a0UTHX M’ SUiB.

4. TexcroBuil (aiin MICTUTH CTaTHCTHKY CHPUHTEPCHKHUX O1aTJIOHHHMX
TOHOK KyOKy CBITY 3 IBOMa BOTHEBMMH PYOE€KaMIH: MOPSIKOBHI HOMEp
erary, CTapTOBUI HOMEp y4YacHHKa, 3alHATE MICIIE, MPI3BUILE, iM s, Kpai-
Ha, 3araJbHUI 4ac MPOXODKEHHS TUCTaHIIl (Y CeKyHIax), 4ac Miaxoay i
BHXOJy 3 KO)KHOTO BOTHEBOTO PyOSKY (BITHOCHHIM, Y CEKYH/IaX BiIl IToYar-
Ky TOHKW), 3arajbHa KUIBKICTh TPOMAaxiB, 3arajbHUI dYac IOJOJIAHHS
mTpadHUX KpyTiB. J11s THX, XTO HE 3aBEpLIMB TOHKY, yKa3yeThest Micte 0 1
3araJIbHAN Yac TIPOXOKCHHS AWCTaHINi -1. 3HAHTH THX, XTO TPOTIIOM
CE30HY CTPUIIB HAWTOYHIIIE (He3aBepIIIeHI TOHKHM JI0 yBark He Oparu). Bu-
BECTH IO HUX JIaHI TI0 BCIX TOHKAX (eTarL, CTapTOBHI HOMED, 3aifHSTE MICIIe,
3araJbHAN Yac TIPOXOKEHHS JMCTaHIIi, KUTBKICTh IMPOMaxiB) i BKa3aTh
HaMKpAIINi 9ac CTPUTHOM Ta TOHKH 3 HAHKPAITIOIO BITyYHICTIO.

VY 3arojoBKy BKa3y€TbCsl KUIBKICTh €TaliB, Y IiJICYMKOBOMY Psii-
Ky — KUTBKICTB 3aITUCIB 1 3arajbHa KiIBKICTh TPOMaxiB.

5. TexcroBuii (haitm MiCTHTh PE3yJILTATH OIIHIOBAHHS 3MaraHb CyII-
niBceknM kypl. Koxker 3 10 uiieHiB aHOHIMHOTO JKypi 32 KOXKHUM ITyHK-
TOM OIliHIOBaHHS BHCTaBisie Oamu (11e Big O 1o 10); Takum YHMHOM
OTPUMYETHCS CyMapHa OIIiHKA, SIKY CY/III BUCTaBISE yIacHUKY. Jlaii Bin-
KUJIAIOTHCS HAUTIPIAa Ta HaHKpaIlia CyMapHi OIIHKHU i OepeThest cepeiHe
BiJl THX, 10 3ayuimincs. Lle € octaTouHnM pe3ysibraToM yyacHUKa. Bu-
BECTH YYaCHHKIB Ta iXHI OCTaTOYHI OI[IHKH 33 HE3POCTaHHSM OIIHOK. Psi-
IKH (hafiiry MICTSATh iH(pOPMAIIit0: CTapTOBUI HOMED, TPI3BHITIE, iM’SI y4a-
CHUKA, ITyHKT OLiHIOBaHHS (CJIOBAMH ), HOMEP CYIUIi, KUTbKICTb OaiB.

VY 3aroioBKy BKa3yeThCs TEpelik MyHKTIB OI[iHIOBaHHS (4epes
PO3ITBHUK), Y MICYMKOBOMY PSIKY — 3arajibHa KiJTbKiCTh YIaCHH-
KiB 1 cyMa BCiX BUCTABJICHUX CYIISIMH OaJliB.

6. TexctoBuil (aitn MiCTUTH PO3KNIa Ha CEMECTp: IEHb THKHS,
mnapa, Kypc, rpymna, ayIuTopis, TUCHHILIIHA, BHUJ 3aHITH (JEKIis,
MpakTU4He, ceMiHap, naboparophe). Kondmikrom ayauropiit HazBe-
MO CHUTYalilo, KOJU OJHOYACHO B OJHIM ayIuTopii MaroTh MPOBOAU-
THUCS 3aHATTS OUTBIIE HIXK OJHIET TPYIH, MPUIOMY He JISKIIi U TPy
OJIHOTO KypCy 3 OZIHAKOBOI JUCIMILTIHH.

[lepeBiputy, uu icHy€ B po3Kiaai KOHQIIKT ayauTopii. Ko ic-
HYE€, TO TIOBIIOMHTH NP0 BCi Taki KOH(IIIKTH (IeHb, Hapa, IKi IUCIH-
IUTiHA ¥ Y KOTO TaM MaloTh BiIOyTHCS).
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YV 3aroioBKy BKa3y€ThCs, IO MEH MOKYMEHT MICTHUTh PO3KIA, y
MiZICYMKOBOMY PSIAKY — 3arajibHa KiJIbKICTh 3aITUCIB 1 KUTBKICTH pi3-
HUX HaBYAJIBHUX TPYIL.

7. TexcToBuit (haix MICTHTH PO3KIa] HA OO0y MPUMICHKUX €JIEeKT-
poroi3niB (HoMep moi3na, Ha3Ba 3YNHHKH, Yac MPHOYTTS, 4ac Bia-
MPaBJICHHS) 32 IEBHUM HANPSAMKOM. 3a 3alaHMMHU JJBOMA 3yIIMHKaMHU
3HANTH BCl €JEKTPOIOi3aH, 0 KypCYIOTh BiJ HEpIIOl 3yHUHKH IO
npyroi. BBaxarn, 1o B mMpaBWIBHOMY PO3KJIaJli JBA €IEKTPOIIOI3IN
HE BIINPAaBIISIOTHCS 1 He MPUOYBAIOTh HA OAHY 3YNMHHKY OJHOYACHO.

Busectn moi3my B MOPSAIKY BiAIIpaBiICHHS 3 TEPIIOi 3amaHoi 3y-
NUHKA. {71 KOXKHOTO €NeKTpornoi3ia BUBOJUTH: HOMEp, Yac Biampa-
BJICHHS 3 TIEPILOi 3YyIHHKH, Yac MPHUOYTTS Ha IPYry 3YMHUHKY, 4ac y
J0pO3i, UM € Mepla 3yIMMHKa OYaTKOM PYXY €JIeKTpOoIIoi3aa.

V 3arojoBKy BKa3yeThCs, MO (Gaiia MICTUTh PO3KIIa] JICKTPOITOi-
3[[iB IEBHOT'O HANPIMKY Ta HOBHUH MepesiK depe3 po3AUTbHHK 3yTu-
HOK Ha IIbOMY HAampsIMKy (BiZICOPTOBaHMH 3a MapIIpyTOM pyXxy). Y
MICYMKOBOMY DSIIKY BKa3y€ThCs KITBKICTh PI3HHUX E€IEKTPOIOI3IiB,
MIPUCYTHIX Y PO3KIIAI, 1 KIIbKICTh 3aIHCIB.
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MichaMmoBa

VY mpoueci po3B’s3aHHA 3a/adi Mpo J1adopaTOpHI poOOTH MOKHA
Oyno 0auuTH, IO KOXKEH HaBeIeHMH crocid moOynoBH 3arajibHOI
CTPYKTYpH HaHUX Ui 30epeskeHHs iHdopMariii 31 BXiTHOTO TEKCTO-
BOTO (hailily MaB MEBHI HEIOJIIKH.

Hampuknaza, moxxaa Oyno 60 moOymyBaTH iHIY BIACHY CTPYKTYDY,
ne 0 He OyJo MoTpeOH BUKOPHCTOBYBATH IEPETBOPCHHS HE3MIHIOBA-
HUX TUMIB Ha 3MIHIOBaHi, 3aiiBUX BUTpAT Ham ATi mix 30epesxkeHHs
KON KITIOYiB (SIK y BHIAAKy BUKOpUCTaHHS map). OIHAK 3pemToro
HaBeZIeHI PO3B’I3aHHS 3a0€3MeUyI0Th IITICHICTh TaHUX.

MoxHna Oyn0 6 CTBOPUTH KJIac, SIKMH 10a€ 10 SIKOrock 6i0moTe-
YHOTO KOHTeHHepa IMOCIiJOBHOCTEH OmMepallito MonryKy eleMeHTa, i
Ha Horo OCHOBI MOOYAYyBaTH CTPYKTYPY JaHHX IS 3a7adi, [0 PO3-
msganacs. Hampukiaz, onepaitis Honiyky Oyjia 0 HEONTUMAIbHOIO
3a yacoM BHKOHAHHS, aje PO3Mip BXiJHOTO (ailily HaBpsAl 4M JO3BO-
JINTH BITIYTH MIepeBaru ePeKTUBHUX 3a YaCOM CTPYKTYP.

Jlemo iHImMI miaxia 10 Po3B’si3aHHs 33ja4i Mir TIOJISraTH B TiM, 1100
CTPYKTypa JAaHHX 30epirana CTpyKTYpH, KOXKHA 3 SIKUX MICTHTh iHpOpMa-
Iifo 3 psaKa BXimHOTO (haitny. Tom BUKOpHCTaHHS maM’sTi Oyio O myxe
HEONTHMAJIBHUM (HACTIpaB/i Ul CyJaCHMX KOMIT IOTEPIB Ha PeaTbHUX
JaHMX I 337124l 1po JabopaTopHi poboTH e He Oyio O IOMITHO 330B-
Hi), a BUBEJICHHS iH(OpMAITii, OCOOJIMBO IMiJICYMKOBOI TI0 KO)KHOMY CTY-
JIEHTy, BUMaraio 0 Habarato OiibIIe 3yCHiib Ha PO3POOKY 1 HAIMCAaHHS
koxy. OO’ eKTHO-OpIEHTOBAHMIA iJIX1]T TYT Ma€ OYCBUIIHI IIEPEBATH.

I Ha 3aBepILIEHHS: KOJICEH 3aMOBHUK 3A8HCOU DANCAE 30 MIHIMATLHI
KOWMU OMPUMAmMu AKOMO2a Kpawjuii npozpamuuil npodykm. 3MeH-
LIEHHS BAPTOCTI pO3POOKH MOKHA JOCSTTH, 30KpeMa, BUKOPUCTAHHSIM
Ta/ab0 MPUCTOCYBaHHIM HasIBHUX Oi0TIOTEK /10 PO3B’sA3yBaHOi 3a1adi.

3 morIsAAy BapTOCTI PO3pOOKH IS 3a7madi Ipo JadbopaTopHi pobo-
TH HaOIbIIE TAXOAATh KOHTEHHEPH set 1 map (OCTaHHINA MiHIMIZy€E
3yCHJUIA 3 PO3POOKH TiJbKH 38 BUKOPUCTAHHS BIIKPUTOIO yCHAAKY-
BaHHs). OCKIJIbKM y BUIAIKy BUKOPHCTAaHHS KOHTEHHEpa map Impo-
rpaMa Oyjie BUMaraTH TPOXH OLIbIIE OMEepaTHUBHOI Iam’STi, TO Ha-
KpaIuM BapiaHTOM JJIA 3a7adi mpo J1abopaTtopHi poOOTH CIIil BU3HA-
TH BUKOPUCTaHHS KOHTEHeEpa set.
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