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AHHOTANMA
[punaIuns! 00bEKTHO-OPHUEHTHPOBAHHOTO MoJX0/1a. OOBEKTHO-OPHEHTUPOBAHHBIN aHaju3 "
npoexTrpoBaHue. OCHOBBI OOBEKTHO-OPUEHTHPOBAHHOTO TMporpaMMupoBaHus. OOO0OIEHHBIE KIIACCHl H
MeTobl. CTPOro TUIMTU3WPOBAaHHBIE HCTOYHHUKH. YTIPaBJICHUE B3aUMOACHCTBHEM OOBEKTOB.

1. lean u 3apa4n

Heap AucHUNIHHBI
» CdopmupoBarh MpeJICTaBICHUE O Pa3HOOOPA3HBIX BRIYUCIUTENLHBIX 33/1a4aX B TEOpUU TpadoB 1 00
ACHMITOTUYECKUX CIIOKHOCTSAX UX PEUICHUIT;
* J1aTh TEOPETHUYECKUE U MPAKTHICCKHE 3HAHUS 00 aJTOPUTMAxX M CTPYKTypax JaHHBIX TEOPUH IpadoB
C JI0Ka3aTeIbCTBOM KOPPEKTHOCTH UX pabOThI, 0 METO/IaX OLIEHKH CIIOKHOCTH AITOPHUTMOB.

3axauu QUCHUNIHHBI
*  Hayuurs QopmynupoBaTh 3amad¥ B TEPMHUHAX HM3YyYCHHBIX TEOPUH, BBHIOUpATH IMOAXOMSIIMI
QJITOPUTM JIJIsI TIOCTABICHHOM 3a/1a4H;
* Hay4YHTh pa3padaThIBaTh KOMOWHAIIMU aJITOPUTMOB JUIS PEIICHHS MTOCTABICHHBIX 337a4, OLICHUBATh
CIIO)KHOCTH aJTrOPUTMOB, HUX MOAMGUKAIMKA M KOMOWHAIMH, B TOM YHCIE C IOMOIIBIO
aMOPTH3ALMOHHOTO aHaJM3a, BHIOMPATh MOIXOASIINE CTPYKTYpPhI JTAHHBIX JUIS MMOCTABJICHHBIX 3ajad,
peaNM30BbIBaThH AITOPUTMBI B 0000IIIEHHOH (hopMe Ha sI3bIKe TporpammupoBanust C++.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-2.1. TlpumeHsieT 3HaHUS OCHOBHBIX IIOJIOKEHUH H
KOHLIENIIIMA B 00JacTH NPOrpaMMHUPOBAHHS, APXUTEKTYPY
S3BIKOB ITPOTPAMMHUPOBAHMSI, OCHOBHYIO TEPMUHOJIOTHIO U
0a30BbIC AJITOPUTMBI, OCHOBHBIE TPEOOBaHUS

OIIK-2 CriocobeH pa3pabaTbiBaTh arOPUTMBI H
KOMITBIOTEPHBIE TIPOTPAMMBI, TIPUTOIHBIE JUIS
HPaKTUYECKOTO IPUMEHEHHS

OIIK-2.2. AHanmuzupyer THUIIOBbBIE SI3BIKH
[IPOrpaMMUPOBAHUS, COCTABIIAET IPOTrPAMMBI

OIIK-2.3 [IpumeHsieT Ha MPaKTUKE OMBIT PEIIeHUs 33134 C
WCIOJIb30BaHUEM Oa30BbIX aJrOpUTMOB, aHAJIW3a THUIIOB
KOMMYHHMKAllMi W MHTETpalludl  pa3IM4HBIX  THUIIOB
MPOrpaMMHOT0 00eCIIeueHuUs

3. IlepevyeHnb MIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JMCUUILIHHE (MOIYJII0)

B pesynbrare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HaTh:
* AnropuTMbl Ha rpadax U CTPYKTYphI JaHHBIX, CBSI3aHHBIC C HUMH;
* OULEHKH CIOKHOCTH CTaHIAPTHBIX aJITOPUTMOB;
. CTaHJapTHBIC AITOPUTMbI Ha Tpadax M HUCHONB3YeMble CTPYKTYphl JIAHHBIX, MOJAXOABI K
Monu(UKAIMH KIIACCUISCKUX aJITOPUTMOB;
*  pa3HOOOpa3Hble KIIACCHYECKHE 3aJadi B TEOPHH I'padoB M aCUMITOTHYECKUE CIOXKHOCTH HX
peLIeHMI.

YMETb:
»  @opmynmHupoBaTh 3a7a4M B TEPMUHAX W3YYCHHBIX TEOPH, BEIOUPATh MOIXOISIINA aNTOPUTM ISt
MOCTaBJICHHOM 3aJ1a4H;
* pa3pabaThiBaTh KOMOMHAIIMH aJTOPUTMOB JJIs PEIICHHUS TTOCTABICHHON 3a/1a4y;
* OIIEHUBAThH CIOXKHOCTH aJTOPUTMOB, UX MOTUGUKAIMA U KOMOMHAIINN, B TOM YHCJE C MOMOIIBIO
aMOPTHU3ALMOHHOTO aHAIN3a;
* BBIOMPATH MOJXOSIINE CTPYKTYPHI JAHHBIX JIJIsl KOHKPETHOW 3a]1a4H;
* peaJM30BHIBATh AITOPUTM B 00OOIICHHOH (opMe Ha S3BIKE IPOTPAMMUPOBAHUS C++;
. peaIM30BBIBaTh CTAaHAAPTHBIC AITOPUTMBI Ha Tpadax W CTPYKTYPbl JaHHBIX Ha S3bIKE
nporpammupoBanusi C++.

BJIAJICTh:



° MCTOI[aMI/I JACKOMIIO3HMIIMH 3a1a4 B obmacTu I/IH(i)OpMaL[I/IOHHLIX TEXHOJIOTUH U MNOCTPOCHUSA CAUHOT'O
peuICHus ¢ UCIIOJIB30BAHUEM U3YUCHHBIX aJITOPUTMOB,
¢ MCTOAaMH OLCHKH CIIOKHOCTHU AJITOPUTMOB, UX MO,Z[I/I(I)I/IKaI_II/II‘/’I n KOM6PIHaHHI>'I.

4. Coaep:xanue TUCUMILIUHBI (MOAYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAAM YUE€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTs Camocr.
pabora
1 Bgenenmne B A3BIK 3 5
2 MoaunukaTopbl TUIIOB 4 6
3 [Teperpyska oneparopos 4 5
4 Hacnenosanue (inheritance) 4 5
5 [[Tabnons (templates) 4 5
6 Ucknrouenus (exceptions) 4 5
7 Anokaropsl (allocators) 4 6
8 Beenenne B OOII 3 5
9 Konreitneps! (containers) 3 6
10 |HUreparopsl 4 5
11 Move-cemaHTHKa U rvalue-cCbUIKH 3 5
12 | YMHBIE yKa3aTenu 4 5
13 |BeBox THIOB 4 6
14 [[TabnoHHOE MeTanmporpaMMUpOBaHUE U 4 5
SFINAE
@OyHKIMOHATIbHBIE OOBEKTHI u
15 MO 1a-QyHKITHI 4 >
16  |Hekoropsie 0cobOble MMOJE3HBIE THITBI 4 5
Hroro yacos 60 &4
IToaroTroBka K sK3aMeHy 0 yac.
Oobmas TpynoEMKOCTb 144 gac., 4 3au.en.

4.2. Cogpep:kaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszaeiam)
Cemectp: 1 (Ocennuii)
1. BBenenue B S3BIK

OO6mme cinoBa: Mecto si3bika C++ cpear COBPEMEHHBIX SI3BIKOB, aKTyaJlbHBIE BEPCHU JTOTO SI3BIKA,
KJIFOYEBbIE JIFOAM, CBA3aHHBIE C 3TUM S3bIKOM, O(HUIIMATBHBINA CTAaHAAPT SI3bIKa

CrpykTypa nporpamMmsbl, GYHKIMS main, MOHATHE O0IacTH BUAMMOCTH (scope). KitodeBble cioBa.
Brog-BriBOz (Cin, cout).

OO6mbsBnenus (declarations). Unentudukaropel. @ynnamenranbublie Tuisl (int, long, long long, float,
double, long double, char, bool, momudukaroper signed u unsigned). Pa3zmepsl 3THX THIIOB,
OCHOBHBIC OIEpalii HaJ HHMH, HESBHBIC INPEoOpa3soOBaHMs THIIOB MEXIy coOoi. Jlurepaisl,
muTepanbHbie  cy(QOUKCHI Ui  OCHOBHBIX THMOB. OObsiBICHUS (QYHKIUA, pa3zHUIA MEXKIY
oOBsBIeHHEM U onpezenienrneM, one definition rule.




Bripaxenust (expressions). Omepatopsl. Apudmerndeckue oreparopbl. [[0OMTOBBIE ONEPATOPHI.
Jlorndeckue ormepaTopel, OCOOCHHOCTH HX paboTel. Omeparop NPHCBaUBAHUS U  OIEPATOPEI
COCTAaBHOTO TMpHCBaWBaHWs, OCOOCHHOCTH ero pabotel. [lonstue lvalue um rvalue B C++03.
WHKpeMeHT u AeKPEeMEeHT, OTIInYne NMpe(UKCHON Bepcuu oT mocTPUKcHOU. Oneparopsl CpaBHEHUSL.
TepHapubIii onepatop. Oneparop “3ansitas’. Oneparop sizeof.

Wuctpyknuu (statements). Koncrpykmmu if...else, for, while, do...while, switch, nx cuHTakcuc,
npaBwia pabotel. MHCTpYKIMU break, continue, return, ux aeficreue. MTHCTpyKIHst g0to M METKH.
[MonsaTHsT OMMOKK KOMITMIJISIIIUY, OMIMOKA BPEMEHHU BBIMOJIHEHMsI (runtime error), HeonpeaeIeHHOTO
nosenenus (undefined behaviour), oTuuus Mexay HUMHU, TpuMepbl. Bunbl ommMOOK KOMIHIISIUH:
JIEKCHUYECKUE, CHHTaKCHUecKne, cemanTruueckue. [lonstre segmentation fault u stack overflow.

2. MonuukaTopsl TUIIOB

Vkazarenu, omepanuu Hajg Humu. Ormepanust B3ATHS aapeca. ABTOMAaTHYECKas NaMATh (CTEK).
MaccuBbl, onepanus [] (KBaapaTHble CKOOKH), €€ MPUHIMII PaboThl. Ykazarenb Ha void u ero
OCOOCHHOCTH.

Oynknuu. Ileperpyska ¢yHKIWi, MpaBuia paspelieHus neperpy3ku (obmias cxema, 0e3 JeTanei).
@OyHKIMU ¢ apryMeHTaMu MO yMoimdaHHio. DYHKIMH ¢ HEyKa3aHHBIM KOJMYECTBOM apryMEHTOB.
VYkazarenu Ha (YHKIWH, ONIEpalliy HAJl HOIMH, UX OCOOCHHOCTH.

Jlunamudeckass mamsth. Omneparopbl new W new|[]|, WX HCIonb30BaHWe (B CTaHAAPTHOW Qopme).
Omneparopsl delete u delete[], ux ucmons3oBanme (B craHmaptHoit ¢opme). [Ipobmema yreuek
namsrtu. [IpoGiema qBOMHHOTO ynaneHus.

[lepenaya apryMeHTOB IO 3HAYCHUIO M 110 yKasaTewro, repBasi Bepcust GpyHKuuu swap. Jumemma c
MpHcBauBaHWEeM (CO3/1aBaTh HOBOE Ha3BaHwe WM komuio?). Maes ccwuiok (references). Otmumuus
CCBUIOK OT yKa3aTelei, mpaBuiia paboThl CO CChUIKaMU, BTopas Bepcust GyHkuuun swap. [IpoGnema,
CBsI3aHHAsI CO CCHUTKOW Ha JIOKaJIbHYI0 epeMeHHY0 (“OuThie CChUIKH ).

Nnes koHCTaHT, KitoyeBoe CioBO const. IIOHSATHME KOHCTAaHTHBIX U HEKOHCTAHTHBIX OIEpPALIAM,
0CcOOCHHOCTH PabOTHl ¢ KOHCTaHTaMu. KOHCTaHTHBIE M HEKOHCTAHTHBIC CCBHUIKH. KOHCTaHTHBIC
yKa3aTelll U yKa3aTesld Ha KOHCTaHTy. Pa3pelieHHble U 3anpelieHHble TPICBAauBaHUS MEXIY BCEMHU
BBILICYTIOMSIHY THIMU THUITAMHU.

Buner npuBenenuii TUIoB: static_cast, reinterpret_cast, const_cast u C-style cast, ux ocobenHocru,
IpUMepsl IPUMEHEHHUS U IIPUMEPBI, KOTZIa OHU He CPabOTaIoT.

3. Ileperpy3ska orneparopos

OOmass uaes meperpys3ku omeparopos. I[leperpyska apudmeTndeckux onepaTopoB Ha IpUMEpe
knacca Biglnteger: OuHapHbBIE OIEpaTOpbl, COCTAaBHBIE MPHUCBAWBAaHUS C HHUMH, IPABHIBHOE
BBIp2XKEHUE OJHOTO uepe3 apyroe. lIpobGneMa ¢ KOPPEKTHOCTHIO BBIpXKECHHN BHAa “X+y=5;".
[IpoGiiema B ciydae JeBOTO omepaHia - He 00bekTa Kiacca (Beipaxkenus Buaa “5+x”). [leperpyska
OIepaTopoB << U >> Ha IIPUMEPE NOTOKOBOI'0 BBOAA-BBIBOJA.

[Teperpy3ka onepatopoB CpaBHEHHsI, IPaBIJIBHOE BHIPAXKEHHE OHUX CPAaBHEHUIT yepes ipyTue.
[eperpy3ka nHKpeMeHTa U JieKpeMeHTa (Ipe(UKCHOTO 1 MOCTPHUKCHOTO).

ITeperpy3ka omeparopa []| (kBaaparHble ckoOku). [IpaBunbHOE COOMIOAEHHE KOHCTAHTHOCTH IPH
neperpyske oneparopa [].

[leperpyska omeparopa “kpymible ckoOku”. Ilonatme ¢yHkTOpa M (QYHKIMOHAIBHOIO Kiacca,
Kommaparopa. [IpuMep ucronb30BaHMs B CTAHAAPTHBIX AITOPUTMAX.

OcobeHHOCTH TIeperpy3Ku ornepaTopoB “norudeckoe M7, “moruveckoe NI u “3amsitas”.
OcoOeHHOCTH TEperpy3Kd OIepaTtopoB  “‘yHapHas 3Be3/l0uka”, ‘‘YHapHbBIM ammepcann’ U
“cTpenouka’.

[leperpyska onepaTopoB npuBeaeHus tuma. Ene oqHO npruMeHeHne KI4YeBoro ciioBa explicit.

4. HacnenoBanue (inheritance)

OObsBnenue HacienoBaHus. Momudukarop apocrtyna protected. PasHuma Mexny mNpHUBaTHBIM,
MyOJIMYHBIM U 3alUIICHHBIM HacleaoBaHueM. PazHuIa Mex 1y HaclIeJ0BaHHEM KJIACCOB M CTPYKTYP.



INouck umen npu HacnenoBaHuu. COKphITHE UMEH HACJIEAHUKOM. SIBHBIN BBI30B METOAOB POLUTENS Y
Hacyieanuka. Mcnone3oBanue :: u using. IIpo0ieMbl ¢ BUAMMOCTBIO Ha3BaHUK POIUTENICH U UX TIOJIEH
y IIOTOMKOB B Cilyyae€ JABYXYpPOBHEBOIO HACJEIOBAaHUS, IJ€ IEPBbI YpPOBEHb - IPUBATHOE
HacyienoBanue. [IpaBuia neiictBus cioBa friend B 3THX ciyyasx.

[Topsimok  BbI30Ba KOHCTPYKTOPOB W JOECTPYKTOpPOB IpuM HacienoBaHuu. IIpobimema ¢
WHUIMATU3a0ed POAUTENECH MpPH OMNpEeAe]ICHUHM KOHCTPYKTOpa HACIEAHHMKA, BHOBb INPUMEHEHHE
CNHCKOB MHUIManu3anuy. [lpaBuna pasmerienust 00beKTOB KIaCCOB-HACIECAHUKOB B ITAMSTH.
MHOXECTBEHHOE  HAcleIOBaHWE, HEOJHO3HAYHOCTH MpH HeM, npobdiemMa poMOOBHIHOTO
HacieoBaHus. IIpumepsl paspemieHuss HEOJHO3HAYHOCTH C IIOMOULIbIO IPUBEIEHUM THUIIOB U
oreparopa ::, KOMOMHAIIMK BCETO 3TOTO C MPUBATHBIM HACJIEIOBAHUEM, CIBUTH yKa3aTeleH.
BupryansHoe HacnemoBanue. OCOOCHHOCTM KOMOHMHALMU BHUPTYQJIBHOTO W HEBHPTYAJIbHOTO
HacJIeI0BaHMUsI.

[IpuBeneHue TUIIOB MEXAy POAMTENEM M HACIECAHHUKOM: Cpe3Ka IpU KONMPOBAHUM, IIPUBEICHUE
yKazaTeneil, npuBeneHre ccbutok. OcobeHHOCTH static_cast, reinterpret cast MEXIy POAUTEISIMH H
HacJIeIHUKaMK (a TakXke yKa3aTelsIMH WIH cchUlkamu Ha HuX). Omeparop dynamic cast, ero
oTIMYure OT static_cast.

Bupryansnble GyHKIMH, UX 00I1as uaes U OTINYNE OT HEBUPTYyalbHBIX. OCOOCHHOCTH pa3MeIeHUs
B MaMATH KJIACCOB C BUPTYaIbHBIMH (YHKUIUSAMH, NOHATHE nonuMopdusMa. [loaumopdHbie Kinacchl.
[MonsTue o Tabnuile BUPTYaTbHBIX GYHKIIUH.

BuptyanbHblil IECTPYKTOP U €T0 NPEIHA3HAYCHHUE.

AOCTpaKTHBIE KIIacChl M “UMCTO BUpTyasbHbie” (pure virtual) ¢yHkumu, mx ocobeHHoctH. Yucto
BUPTYaJIbHBIN AecTpykTop. Ommobka “pure virtual function call” u ee BO3HHUKHOBEHHE.

KiroueBsie cioBa override u final npu HaciegoBaHuM, UX TPeAHA3HAUYCHHE.

Mexaum3m RTTI. Omneparop typeid u nuHamuueckoe ompexaeneHue Tuna ooObekra. Kiace
std::type_info.

[Ipobnema ¢ BBI30BOM BHPTYalbHBIX (DYHKIHMN B KOHCTpykTopax. [IpoOimema ¢ aprymeHTamu o
YMOJTYaHUIO B BUPTYQJIbHBIX (DYHKIIHSX.

Empty base optimization, mpumepsl.

5. llTa6monsr (templates)

MotuBupoBka u obmas uaes madmoHoB. IllabmoHbl kimaccoB, maONoOHBl (QYHKIUIH, CHHTAKCHUC
OOBSIBIICHHS, TPUMEPHl HCIOIB30BAHUS, CBA3b INAOJIOHOB M MNOJIUMOpP(H3MA, CTATUYCCKUN
MOTUMOP(H3M.

Crienuanu3anuy mabiIoHOB, TMPUHIMUI “4acTHOE MpPENoYTUTeNbHee 00mero” MpUMEHUTEIbHO K
mabnoHaM. YacTHyHbIe ¥ TOJNHBIE crienuanu3anud. [IpuHIMI “aydine TOYHOE COOTBETCTBHE, YEM
npuBefeHne THna’. Pa3zHuia Mexy crenuaiu3anueidl ¥ Meperpy3kod ajs mabnoHHBIX (QyHKIHH.
[TpaBuiia BEIOOpA KOMIMISTOPOM KaHIUIATOB Ha CHICIIMAIM3AIIIO U HA TIEPETPY3KY.

KirroueBoe cioBo typedef, ero mpemnnasHauenue. lllabGmonnsie typedef’si, wmcmonp3oBaHme clloBa
using.

[Mpobnema c obpamenneMm k typedef’am BHYTpHM NIa0NOHHBIX KJIAccOB. [IpuMeHEHHE KITHOYEeBOTO
ClIOBa typename JUisl peIIeHHs ITOW TPOOIEMBI.

[Mpumeps! peanu3anuy MPOCTEHIIMX type traits ¢ IMOMOIIbIO IIAOIOHHBIX CTPYKTYp U typedef’oB
BHYTPHU HHX: remove_const, remove_reference.

[TpaBuiia BbIBOza THMOB uisl 1abnoHoB. OTOpackiBaHME CCHUIOK IpH BbIBOJE THMa. Pazbop ciydaes
CO CCHUIKaMH ¥ KOHCTaHTaMH.

[Tapamerpbl MmalIIOHOB, HE SBISIOIIUECS THUIMAaMU (IPUMEp: MAacCHB KOHCTAHTHOH JUIMHBI).
[MapameTpb! mabi10HOB, ABISIOIIKECS madbaoHamu (“template template parameters”).

[abrnoHel C TiEepeMEHHBIM KONUYECTBOM aprymeHToB (variadic templates). CuHTakcuc
ucnonb30BaHus. “OTKycbiBaHHE  AOJOHHBIX apIyMEHTOB 110 ofHoMy. Onieparop “sizeof...”.
@OyHKIMOHANBHBIE KJIacChl M (YHKIMOHAJIbHbIE OOBEKTHI ((YyHKTOPBHI), CX€Ma MCHOIb30BAHUS.
Kommaparopsr. [Ipumep: xommapatop B std::sort. Crangaptabsie kommnaparops! (std::less, std::greater,
std::equal u T. 11.), UX peanu3ars.

Curiously Recurring Template Pattern (CRTP).

6. Uckmrouenus (exceptions)



OOmass wuaesd, MOTUBHPOBKA MCIOJIb30BAaHUS HCKIIOUEHHUH, omepatop throw u KOHCTpyKuus
try...catch. [Ipumeps! cTaHIAPTHBIX ONIEPATOPOB, FEHEPUPYIOIINX UCKITIOUCHHUS.

Pa3zumnna MCXKY HUCKIIOYCHUAMHU U oIInOKaMu BPCMCHU BBITNNOJIHCHUA. OIIII/I6KI/I, HC SABJIIOIHECCA
HUCKIIIOYCHUAMM, 1 HCKITIOUCHHUS, HC ABJIAIOIIUCCA OIIIMOKAMHU.

[IpaBuiia JIOBIM ¥ TIOBTOPHOTO OpOCaHMsI UCKIIIOUYEHHIA, IPUBEICHUS THIIOB TIPH JIOBJIC HCKIFOYCHUH.
JloBnst Bcex mckimouenuii. [IpaBuna BeIOOpa Oioka catch KOMITWIATOPOM B Cilydae, KOT/Ia MOAXOAST
pasHbie OJIOKH.

KOHI/IpOBaHI/Ie npu 6pOcaHI/II/I 1 JIOBJIC HCKJ’IIO“IGHHﬁ, HCKIYCHHUA W HACJIICOIOBAHUC. Ocobennoctu
rnepexspara HUCKJIFOYCHUH 110 3HAYECHHUIO U 10 CCBIJIKEC, ITO CCBIJIKC Ha 0a30BEIi Ki1acc.

Crenudukanuy HUCKIIOYEHHH B CTapoM CTWiIe M HX [Opobrnemsl, unexpected exceptions
(HEeOKWIaHHBIE UCKIIOYCHHS). chenupukanuu uckmodennid B cruie C++11, omepatop u
cneundukaTop noexcept. YcnoBHbIi noexcept.

HckmroueHnst B KOHCTPYKTOpax M MpodiemMa yTeUKH MaMsATH MPH UCKITIOUEHUSIX.

Uckmrouenus B nectpykropax, GpyHkuus uncaught exception, ¢pyHkuun terminate u set_terminate.
lapanTuu GezomacHOCTH NpU UCKITIOYCHHUSAX: 0a30Bast U CTporasl.

Function-try 6noku, ux ocobeHHOCTH.

7. Annokatopsl (allocators)

Placement new, €ro CUHTaxKCHc, ,E[eflCTBI/IC U OTJIMYME OT OOBIYHOIO NEW.

Pasnuna mexay oneparopom new u (yHKImen operator new. bosee moapoOHBIN pa3bop AelcTBHS
omeparopa new. Ileperpy3ka new uig OTAENBbHBIX KiaccoB. [leperpyska mioOanbHOTO new.
Omnpenenenne new ¢ MPOU3BOJILHBIMU NapameTpamu. To ke camoe [yt oneparopos delete u delete[].
[Tpumep, Korna KOMIWIATOP HESBHO BhI3bIBaeT delete ¢ HecTaHgapTHEIMU napaMmeTpamiu. [loBenenue
delete nns monuMopHBIX OOBEKTOB.

nothrow omneparop new, ero CHHTaKCUC X OCOOEHHOCTH.

Pa3bop mnoBegenus new B ciayyae HexBarku mnamsaTH. PyHkumsa new handler, ¢dyHkumn
set new_handler u get new_handler.

[Tonsitue ammokaropa. Kiacc std::allocator, ero ocHoBHble MeTonnl (allocate, deallocate, construct,
destroy) m ux mpumepHas peanmzanus. OCOOCHHOCTH peanu3allii KOHCTPYKTOPOB M OIleparopa
MPUCBaUBaHUS Y CTAHAAPTHOTO aJuIOKaTopa.

Kitacc std::allocator traits, ero npenHa3HadeHe U OCHOBHBIC METOJIBI.

[Ipumep HecTannaptHoro amiokaropa (PoolAllocator), unes peanuzanuu ero metonos. [IpoOnemsr ¢
KOHCTPYKTOPOM KOITMPOBAHHS U OIIEPaTOPOM IIPHUCBAUBAHMS.

8. Beexgenune B OOI1

Unes OOII. IlonsTust kjmacca W CTPYKTypbl, ujeHOB Kiacca. [lodas u MeToApl, MOHSITHE
UHKanCyasuuu. Monuukaropsl JOCTYTIA.

Konctpykropel u nectpykropbl. KoHcTpykTop 1o ymomdanuo. Ileperpy3ka KOHCTPYKTOPOB.
KoHCTpykTOp KONHMpOBaHMS, €r0 CHUTHaTypa M cxema peanusauuu. Ilpumep, korma HeoOxomum
HETPUBHAJIBHBI KOHCTPYKTOp KOIMPOBAHUS W ONeEparop NpucBauBaHus. [IpaBuia reHepamuu
KOMITWJIATOPOM KOHCTpYKTOpoB. Kitouesbie croa default u delete B koHTekcTe ompeneicHUs
(YHKUNH-YIICHOB.

Omneparops! “Touka” u “crpenouka’”. KiroueBoe cioBo this u mpuMep UCTIOIB30BaHUS.
Omneparop npucBanBaHus, €0 CUTHATYpa u cxema peanmzarui. “[Ipasuno tpex”.

[IpoGema ¢ wWHUNMANM3ANMEld KOHCTAHT M CCBHUIOK. PelleHWe: CIUCKM WHHIUAIW3AINA B
KOHCTPYKTOPAX.

KimroueBoe cnoBo explicit. [Ipumep ¢ koHCTpyKTOpOM String(int n).
KoHcTaHTHBIE 1 HEKOHCTAHTHBIE METO/BI, IIPUMEPHI.

KimroueBoe cioBo mutable, mpuMep npruMeHEHUs!.

[NonsTre npyxecTBeHHBIX (PYHKIIHIA U KI1acCOB, KIItO4YEBOE coBo friend.

[IpoGiiema BBI30Ba KOHCTPYKTOPOB M3 JIpyTMX KOHCTPYKTOpOB. PemieHue: nenerupyrouiyie
KOHCTPYKTOPBL.

CraTuyeckue Mojs u MCTOAbI, IPUMCEDP. JIokanbHBIC CTAaTHYCCKUL NCPpCMCHHBIC.

VYkazaTenu Ha WieHbl M yKa3zaTeau Ha MeTonbl. CHHTakcuc OOBSBICHHS, IPHUMEP HCIOIb30BaHUS.
Omneparops! “Toyka co 3BE3J0YKON” U “‘CTPETIOYKa CO 3BE3A0UKOM .



Cemecrtp: 2 (Becennuit)
9. KonTeitnepsl (containers)

OO6mue cnoa o koHTelHepax. Kiace std::vector, ero npegHasHauenue, uaest peaan3aliu, OCHOBHbIC
METO/IbI U UX AITOPUTMUYECKAst CII0KHOCTD.

ITons xmacca std::vector. Peanu3zamnusi KOHCTPYKTOPOB, AE€CTPYKTOPOB, OINEpaTopa MPHUCBAUBAHHS C
MPaBWIBHBIM 00paleHneM K aJlJIOKaTopy.

Peanmzanus metona push_back ¢ mpaBuibHBEIM 0OpallieHHeM K allIOKaTopy.

Peanuzanus oneparopa [] Uit KOHCTAaHTHBIX M HEKOHCTAHTHBIX vector. Pazuuna mexny [| u meTonom
at().

Merton emplace back, ero peanuzanus u omnune ot push_back.

Meronst size(), resize(), capacity(), reserve() u shrink to_fit().

OcobOenHoctn  paboTHI c AIJIOKaTOpOM  TIPH KOITPOBAaHHU BEKTOpA. Meron
select_on_container_copy_construction.

Bomnpockl Ha moHuMaHue: 4eMy paBHO sizeof(V), rae v - BEKTOp, M 4TO HPOM30MIET HpU BHI30BE
delete[] &(v[0])?

Knacc vector<bool> u ero ominurie oT 00bIYHOTO Vector, MPeUMYIIECTBA U HEOCTaTKU. BHYTpeHHNH
knacc BoolProxy. Ocobennoctn peanuzanuu omneparopa [| ¥ omeparopa NpUCBaWBaHHS s
vector<bool> 1o cpaBHEHUIO C OOBIYHBIM Vector.

Knacc std::deque, oCHOBHBbIE METOJBI ¥ UX AJITOPUTMHUYECKAs CIIOXKHOCTL. PasHuiia mexay deque u
vector: Metonsl deque, OTCYTICTBYIOIIME Y vector; METOAbl vector, OTCYTCTBywomue y deque.
Anantepbl Han koHTeiiHepamu: std::stack, std::queue wm std::priority queue, uX peanuzanuu.
Kommaparopsr B priority queue u ee crieliu)UIHbIe METO/BI.

Kitacc std::list, ocHOBHBIE METOABI M WX AJITOPUTMHYECKas CIOXKHOCTh. Mpes peammsamum list’a.
BceraBka u ynanenue u3 mpousBoibHOro mecra. Cnenmduunsie s list’a meromsl: splice, sort,
merge, reverse. OcobenHoctu paboTsl list’a ¢ amiokaropom, metof rebind y amnokatopoB. Kitacc
std::forward_list, ero ommaust ot 00bIuHOTO list.

AccormaruBHbie KoHTelHephl. Kiace std::map, ero npeanasnavenue, ujies peanmzanuu. Onrcanne
malJIOHHBIX TapameTpoB kimacca map. Kiacc std:ipair m ¢ynkous std::make pair. OcHoBHBIE
METOJ/IBI Mmap’a U UX ajJropuTMHYecKas CI0KHOCTh. CriocoObl morcka B map’e. CriocoObl BCTaBKHU B
map, ocobeHHocTH pabotel omeparopa []. Cnocobbl ymanenns u3 map’a. Kiaccer std::set,
std::multimap u std::multiset, ux npeaHasHaueHue, o4 us ot std::map.

Knacc std::unordered map, cxoxctsa u paznuums ¢ oObI4HBIM Std::map. OCHOBHBIE METOIBI U HX
anropuTMuUeckas ciuoxHocTb. Ocobbie st unordered map madnonnsie mapamerpsl: Hasher, Equal.
Knacc std::hash u ero cnenmanuzanuu. OcoOble ansi unordered map metomsl: bucket count,
load_factor, rehash. Kmaccer std::unordered_set, std::unordered multimap, ux wuaes, omid4ue OT
unordered map.

10. Utepatopst

OOmmas unest nteparopos. Mcronb30BaHNe HTEPATOPOB Y CTaHAAPTHBIX KOHTEHHEPOB.

Buger  wreparopos: input, output, forward, bidirectional, random access. Omnepamun,
MOICP)KUBACMBbIE KKIBIM BHIOM UTEPaTOPOB. BB HTEPAaTOPOB y CTAHJAPTHBIX KOHTCHHEPOB.
KoncrantHeie u reverse-uteparopbl. Mertomsl cbegin, cend, rbegin, rend, crbegin, crend y
KoHTelHepoB. Peannzanus kiacca std::reverse_iterator, metos base.

Knacc std::iterator, ero npeanasnadenue. Knacc std::iterator traits, ero mpennazHaueHue. [lpumep
CUTYyalllH, KOTZIa OH HeoOxonuM (oOpateHue K value_type).

Oyukrun std::distance u std::advance. Paznuune B moBefeHUM 3THX (YHKIHA JJI Pa3HBIX BHJIOB
UTEPaTOPOB, PEATH3aLUs TOTO Pa3IuyIusl.

CrangaprHas  OuOnmoTeka anropuTMOB, HCIOJNB30BAaHHE CTAHIAPTHBIX — AJITOPUTMOB  HaJ
KOHTEeWiHepaMH ¢  wurepatopamu. Mreparopbl s BcTaBoK: Kiacchl — std::insert iterator,
std::back insert iterator, @ wWx  mpenHasHaueHwe,  peanuzamusa.  Dysknmm  std:inserter,
std::back_inserter, ux peanu3zamus.

[IpaBuiia MHBaIMIAMM UTEPATOPOB B CTAHIAPTHBIX KOHTEHHepax. besomacHele n HeOe3omacHbIC
oIepaIuy B KOHTEHHEpax ¢ TOYKHU 3pEHMs MHBAIMIALUU UTEPATOPOB.



11. Move-cemaHnTHKa 1 rvalue-ccplUIKA

[Ipobnembl, TpUBOAMAIIME K HAEE MOVE-CEMAHTUKHU: HEdIPPEKTHBHBIN swap, HedhHEeKTUBHBIN
push_back, emplace back, construct.

[Ipumenenne marnyeckot pyHkuun std::move. Pemenue npobiaemsl co swap.

[lonaTne move-KOHCTPYKTOpa M move-assignment omneparopa, HX peaju3alus, T'eHepauus
KOMITHJIITOPOM, “TIPaBHIIO TISITH .

Peanuzanms ¢pynkiuu std::move. Jlunemma: 4To NIpUHATH B KauecTBe napamerpa’?

[lonsarue rvalue-cchuiok. OCOOCHHOCTH HWHHLIMAIM3AlMKU  rvalue-CCbUIOK, pa3pelleHHble U
3amnpeleHHbIe TPUCBANBAHUS MEX/y CChIIKAaMHU (BKJIIOYask MpoOieMbl ¢ KOHCTAaHTHOCTHIO). Pemenue
rpoOiieMsl ¢ push_back.

[lonsarus glvalue, lvalue, rvalue, prvalue u xvalue. CBsi3u mexny Humu. [Ipumepsl BbIpaKeHHH,
SBJISTIOLIMXCS TEM WM HHBIM BUIOM value.

[lonaTre yHMBEpCAIBHBIX CCBUIOK, OTIIMYUE UX OT rvalue-ccoutok. IlpaBuia BeiBoga THMA mabI0HOB
B CIy4ae YHHMBEPCAJbHBIX CCBUIOK, pEIIEHHE MpOoOJIeMbl C THIIOM MapameTrpa (YHKIHMH move.
[IpaBuna cBopaunBanus cchliok (reference collapsing).

[Ipobnema mpsimort mepemaun (perfect forwarding). @ynkuums std::forward m ee npumeHenue.
Pemrenune npo6niem ¢ emplace back u construct.

Peammzanus std::forward, ee oOcyxaenue. I[louemy TuUIBI y NPUHHMAEMOTO TapamMeTpa |
BO3BPAILAEMOT0 3HAYCHNUSI UMEHHO TaKue?

HoBas mpoGmema ¢ push back: 0Oe3omacHOCTP OTHOCHUTENBHO UCKIIOUCHHUA. DyHKIUSA
std::move_if noexcept, perenne npoOIIeMBbI ¢ €€ MOMOIIIBIO.

Return Value Optimization, ycnoBus ee Bo3HukHoBeHus. [Ipumepsl, korga RVO touHo npounszoiaer u
KOTZIa MOXKET He Npou3odTH. lIpuMepbl, Korga MMeeT M KOrzna He MMEeT CMBICH MHcaTh return
std::move(x) Bmecto return x. Copy Elision, mpumepsl.

Ccputounsle kBanu@ukatopsl. Pemenne npoGiemsl ¢ 3ampeToM orneparopa npucBanBaHus 1uid rvalue
y KaCTOMHBIX THIIOB.

[Tpumeps! TUIIOB, 7SI KOTOPBIX MpsiMast epeaada paboTaeT HEKOPPEKTHO.

OcoOeHHOCTH TOBEJCHMS YHHMBEPCAJbHBIX CCBUIOK IPH pa3peuieHuu neperpy3ku. DeHoMmeH
“normnouieHrs” YHUBEPCATbHBIMU CCHUIKAMHU OOBIYHBIX CCBHUIOK.

12. YmHbIE yKa3aTenu

Wnest 1 MOTUBUPOBKA YMHBIX yKa3aTeJei.
Knacc std::auto_ptr kak nepBast HeyiauHasi MOTBITKA PEaIn30BaTh UACHO.

Krnacc std::unique ptr, ero xonpenuus. OCOOGEHHOCTH €ro KOHCTPYKTOPOB, AECTPYKTOpa U
oIepaTopoB NpucBanBaHusa. Meroas! * u ->. Crienuanu3anys unique ptr Juis MacCHUBOB.

Kiacc std::shared ptr, ero konnenuus. Maes peannsanuu cueTynka ccbulok. Peanusanus MeTonoB.
[MorennumansHas mpoOiema, cBsi3aHHAs C NPsSMbIM BbI3oBoM new. DyHkmmu std::make unique u
std::make shared kak cnoco®6 wu3bexkarb HPSAMOTO BbI30Ba new. Peamuzanus 3TuxX (QyHKUUH.
Oynknus  std::allocate_shared, ee mnpenHazHayeHwe W peanusanus. VcnpaBieHue peav3aldu
KOHCTpyKTOpa shared ptr amst Toro.

[Ipobnema 3akonblioBaHHOCTH YKazartened. Kiacc std::weak ptr kak pernieHue 3Tod mpoOIeMsl.
Peanuzaumsa meronoB atoro kiacca. IIpobnema c¢ peanumzanueit metona expired(), Moaudukanus
knacca shared ptr uis npaBUIIBLHON pabOTHI C ATHM.

Kacromubie deleter’sl s yMHBIX YyKa3aTened, cxemMa MCHONb30BaHUA. boree mnpaBuibHas
peanuzanus AecTpyKTopoB unique_ptr u shared_ptr.

Kiacc std::enable shared from this, ero npexnasnauenue u peanusanus. Emie omHa mogudukanus
KoHCTpyKTOpa shared ptr (mpoBepka Ha Hacieanuka enable shared from_this).

13. BeiBox THIIOB

[TpoGiema ¢ AIMHHBIMU Ha3BaHMAMHU THUNOB. IIpoGiiema ¢ BO3MOXKHBIMHM OLIMOKaMH B HANWCaHWUU
TOYHBIX Ha3BaHUI TMIIOB. KiroueBoe CIoBO auto Kak penieHne 3Tux mpoodseMm.

[IpaBuna BbiBoga TumoB i auto. OcoOwiid citydail ¢ tumoM initializer list. OcobenHocTH Tpu
auto&&. auto B Ka4eCTBE BO3BPAIIAEMOT0 THIIA (PYHKITUH.



KirroueBoe cioBo decltype, mpasuiia BeiBoga TumoB aist Hero. OcobeHHoCTH mToBeneHus decltype ot
BbIpakeHu# (cmywaum lvalue, xvalue, prvalue). Ilpumep c decltype((x)). OcoOeHHOCTH B3STHUS
decltype ot TepHapHOro oneparopa.

Koncrpyxkuus decltype(auto). [Ipumep: oO6epTka Hax oOpaiieHeM K KOHTEHHEPY 10 HHAEKCY.

Tprok /1% BEIBOJIa HA3BaHUH BBIBEJICHHBIX TUIIOB Ha dKpaH (HAMEPEHHOE MPOBOIMPOBAHUE OIIHOOK
KOMITHJISILIMN ).

14. 1lIabnonnoe meranporpammupoBanue 1 SFINAE

Nmuranms if gepe3 mabmonsl. Mmuranus for vepe3 mabmonsl. [Ipumephl: BBIYHCICHHE YHCEI
duboHauym, MpoBEpKa MPOCTOTHI YKcia, BeIBOA uncen ot 1 1o 1000 ¢ momomipto m1adioHOoB.

KiroueBoe cioBo constexpr s (QyHKIMH W JUId TiepeMeHHbIX. OTiamyme constexpr oT const.
TpeboBanus k constexpr-QyHKIHSIM.

type_traits. Ctpykrypsl std::is_const (pointer, reference etc.), std::add _const (pointer, reference etc.),
std::remove_const (pointer, reference, extent etc.), ux peanuzanuu. CrTpykTypsl std::is_same,
std::true_type, std::false type, std::conjunction, std::disjunction, std::conditional, std::rank, wux
peanu3anuu.

Ununoma SFINAE. O6mas unes. I[Ipocreiimmii npumep: ctpykrypa std::enable if, ee peanuzanus u
IIPUMEHEHHE.

Crpykrypa std::is_class, ee peanu3zarust (6e3 peanuzanuu std::is_union).

Peanmzanus metona std::allocator_traits::construct (mpoBepka, OmpeNeNieH JI y aJljloKaTopa METO.
construct). [IpoGiema: HeBo3MOKHOCTB HanucaTh T() i mpon3BosbHOTO THIA T.

Oynkius std::declval, ee ocoberrocTH. Pemenue npeapiaymeii mpooaeMbl ¢ €€ TTOMOIIBI.

CrpykTypBl std::is_constructible, std::is_convertible, std::is_copy_constructible,
std::is_move_constructible etc. Ix peanu3zarum.

Peanuzanus std::is_nothrow_move constructible.

Peammzamms  std::move if noexcept depes  std::is_nothrow move constructible.  Ilouemy
NPUHUMAEMBIH U BO3BpALIaeMbIii TUIIBI IMEHHO TaKkue?

[lonsarue nenonspix TunoB (incomplete types). Hoeas mpoOmema c declval (uro BO3Bpamars),
peleHue mpodIeMbl C MOMOIIBIO rvalue-cChiTKy.

Peanmzanus std::is_base of. [Mpumep MPUMEHEHHUS: MpOBEpKa
is_base of<enable shared from_this<T>> B konctpykrope shared ptr<T>.

Peanmuzanus std::common_type.
15. dynknuoHaIbHBIE 00BEKTHI U JIAMOa-(YHKIUT

JIamOna-hyHKIMKA: MOTUBUPOBKA, MPOCTOM MpUMep (HeCTaHIAPTHBINA KoMnaparop B std::sort).

Crncku 3axBarta B JIMO/a-QyHKIUSAX. 3aXBaT MO CChUTKE W O 3HaueHHI0. OCOOCHHOCTH 3axBara
this. 3axBar ¢ npucBanBaHueM U nepemernaronuii 3axsar B C++14. CnoBo mutable mpuMeHUTENBEHO
K 1sMOa-GyHKIMAM. SIBHOE yKa3aHKe BO3BPAIAeMOT0 3HAYCHUSI.

3axBar Mo yMOJYaHHUIO U MPOOJIEMBbI, KOTOphIe OH MOTEHIMAILHO Mopokaaet. [Ipumep ¢ KiaccoM u
MeTtojoM getFunction() B HeMm.

O606mennsie namoaa-pynkuun B C++14. [lpumenenne auto u decltype B 1amMOna-QpyHKIUIX.
Kitacc std::function, ero nmpegna3sHaueHue U cxema UCIONb30BaHus. Peanm3anus std::function.
Oynkus std::bind, ee mpeHa3HAYCHNE U CXeMa UCTIONb30BaHwus (0e3 peanmzarun). Placeholder’sr.
Knacc std::is_invocable. Kiacc std::invoke result u ¢pynkuus std::invoke. (Bce 6e3 peanuzauun.)

16. HexoTopsie 0COOBIE IMOIE3HBIEC TUIIBI

IOnunons! (union), ux ocHoBHas uaed. OTAMYMS OT KJIACCOB M CTPYKTYyp. MHHuIManuzaums mosiei
FOHUOHA, AKTUBHBIM WICH FOHUOHA U €70 U3MEHEHUE Ha IPYToi.

Knacc std::variant, ero npenHa3sHaueHHe W OCHOBHBIE MeToAbl. [IpumepHOe ommcaHue peaau3anuu
3TOTO KJI1acca.

Kitacc std::any, ero npegHa3zHaueHne U OCHOBHEIE MeTObI. [IpuMepHas peanu3aius 3TOro Kiacca.
Kitacc std::optional, ero npenqHazHadeHnE U OCHOBHEIE METOIBI.

Heynaunas mombiTka co3gare vector<int&>. Kmacc std::reference wrapper ans pemeHust 3Tol u
apyrux mnpoonem. [IpumepHast peanusanus 3Toro Kiacca.



5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHNS 00pa30BaTEJILHOIO
npouecca 1no JUCUUILInHe (MOIYJII0)

VYueOHast aymuTOpHs, OCHAIICHHAS! KOMIIBIOTEPOM M MYJIBTUMEIUINHBIM 000pyI0BaHUEM (IIPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHyeMOIi TUTEPaATyPbI

OcHoBHas nuTeparypa
HE IIPEAYCMOTPEHO

JomnonHurensHas aureparypa
HE MPeyCMOTPEHO

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS1 OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

He HCIOJIB3YIOTCA

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTEeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXO0AMMOCTH)

1O nuist pa3paboOTKH M OTIAIKU IPOrpaMM Ha si3bIKe IporpammupoBanus C++.
9. MeTonu4yeckne yKazaHusi JUIsl 00y4AIOIIMXCH 10 OCBOCHUIO U CIUILTHHBI (MOXYJIs)

Brimonnenue nomamnisero 3agaHus ABJsieTCs OHON o0uiei padboroii crynenta. Heobxoaumo TpeboBaTh
OT CTYACHTOB Kaue€CTBEHHOI'O M IOHSATHOIO NPOrPaMMHOIO KOZJa Ha sy U B PaBHOW CTENEHU C
MpaBUILHON paOOTON NPOrpaMMBl.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCIHATIIMHE (MOIY.TIO)

10 HAMPABJIEHUIO: [MpuknanHas MmaremMaTHKa ¥ HHPOpPMATHKA
npo¢uIb NOArOTOBKH: HckyccTBeHHBI HHTEIUIEKT U OOJIbIINE JaHHBIE
CereBoe o0yueHue
Kadeapa aIropuTMOB U TEXHOJIOTHUH MPOrpPaMMHUPOBAHUS
Kypc: 1
KBaJIH(UKALUS: OakanaBp

Cemectpbl, (hopMBI IPOMEKYTOUHON aTTECTALMH:
1 (ocennwmii) - 3auet
2 (Becennuii) - uddepenunpoBanHbIii 3a4eT

Pa3zpadorunk: N.C. Memepun, acCUCTEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-2.1. TlpumeHsieT 3HaHUS OCHOBHBIX IIOJIOKEHUH H
KOHLIENIIMA B 00JacTH MPOrpaMMHUPOBAHHSA, APXUTEKTYPY
SI3BIKOB IIPOIPaMMMPOBAHUS, OCHOBHYIO TEPMUHOJIOIMIO U
0a30BbIC aJITOPUTMBI, OCHOBHBIE TPEOOBaHUS
OIIK-2.2. AHanmuzupyer THUIIOBbBIE SI3BIKH
[IPOrpaMMUPOBAHUS, COCTABIIAET IPOTrPAMMBI

OIIK-2 CriocobeH pa3pabaTbiBaTh ajrOPUTMBI H
KOMITBIOTEPHBIE TIPOTPAMMBI, TIPUTOIHBIE JUIS
HPaKTUYECKOTO IPUMEHEHHS

OIIK-2.3 [IpumeHsieT Ha MPaKTHUKE OMBIT PEIICHUs 33134 C
WCIOJIb30BaHUEM Oa30BbIX aJrOpUTMOB, aHAJIW3a THUIIOB
KOMMYHHMKAllMi W MHTETpalludl  pa3IM4HBIX  THUIIOB
MPOrpaMMHOT0 00ecIIeueHuUs

2. Iloka3arei OLleHUBAHUS KOMIIEeTeHITHH
B pesynbrare uzydenus quctumuinHbl «IIporpamvupoBanue Ha C++» 00y4arOIIHiACs TOKEH:

3HATh:
* AnropuTMbl Ha rpadax U CTPYKTYphI JaHHBIX, CBSI3aHHBIC C HUMH;
* OULEHKH CIOKHOCTH CTaHJAPTHBIX aJITOPUTMOB;
. CTaHJapTHBIC AITOPUTMBI Ha TpadaX M HUCHONB3YeMble CTPYKTYphl JIAHHBIX, MOAXOABI K
Monu(UKAIMH KIIACCUISCKUX aJITOPUTMOB;
*  pa3HOOOpa3HbIe KIIACCHYECKHE 3aJadi B TEOPHH I'padoB M aCUMITOTHYECKUE CIOXKHOCTH HX
peLIEeHMI.

YMeTh:
»  @opmynmHupoBaTh 3a7a4M B TEPMUHAX W3YYCHHBIX TEOPHI, BEIOUpATh MOIXOISIINA aNTOPUTM ISt
MOCTaBJICHHOM 3aJ1a4H;
* pa3pabaThiBaTh KOMOMHAIIMH aJTOPUTMOB JJIs PEIICHHUS ITOCTABICHHON 3a/a4u;
* OIIEHHUBAThH CIOXXHOCTH aJTOPUTMOB, UX MOTUGUKAIMA U KOMOMHAIINH, B TOM YHCJIE C MOMOIIBIO
aMOPTHU3ALMOHHOTO aHAIN3a;
* BBIOMPATH MOJXOSIINE CTPYKTYPHI JAHHBIX JIJIsl KOHKPETHOW 3a]1a4H;
* peaIM30BHIBATh ANTOPUTM B 000OIICHHON (opMe Ha S3BIKE IPOTPAMMUPOBAHUS C++;

. peann30BBIBaTh CTAaHAAPTHBIC AITOPUTMbI Ha Tpadax M CTPYKTYpbl IaHHBIX Ha S3bIKE
nporpammupoBanusi C++.
BJIAJIETh:

* MeronaMu JEKOMITO3UINH 33/1a4 B 00JacTH WHPOPMAIIMOHHBIX TEXHOJIOTHIA U MTOCTPOCHHS €JHOTO
pPELIEHUS C UCTIONIb30BAHUEM U3YyUECHHBIX aJITOPUTMOB;
* METOJaMH OIICHKH CIOKHOCTH aJITOPUTMOB, UX MOTUGMUKAINA W KOMOWHAITHH.

3. IlepeyeHb THNOBBIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

Buab! ommOok KOMOWISAIMNI: JIEKCUYECKHE, CHHTAaKCHYECKUE, CEMAaHTHYECKHE.

[Monsarue segmentation fault u stack overflow.

Peanmzanus metona push_back ¢ mpaBuiIbHBEIM 0OpallieHHEM K aJllIOKaTopy.

Nnes u MOTUBHPOBKA YMHBIX yKa3aTenei.

JIssmOna-hyHKIIMK: MOTUBUPOBKA, MPOCTOM MpUMep (HECTaHIapTHBIA KoMmaparop B std::sort).

4. [lepeyens THNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

TeopMuHUMYM
OObsacHuTe TOHATHS compilation error, runtime error u undefined behaviour. IlpuBenuTe mo mape
MIPUMEPOB TOTO, IPYTOTO M TPETHETO.



UYro Takoe BbIpaXeHHs, omeparopbl? J[ig uero mnpegHasHau€HBI M YTO IO CTaHAApPTy MAETaroT
CIICAYIOLINE OIepaTophl: TEPHAPHBIN OIepaTop, omeparop ‘‘3amsras’, yHapHas 3BE3104YKa, YHAPHBIHA
amIiepcaH]i, ormeparopsl “Todyka” W “‘cTpeyiouka’, NBOHHOE JBOETOYHE, MPEPUKCHBIN W TOCTOUKCHBIN
WHKPEMEHT, OMHapHble & U &&, omepaTropsl MPOCTOTO U COCTABHOTO MIPUCBAaWBaHUsI, ONEPATOPhl << U
>>9

Uro Takoe cTekoBas MaMATh W AWMHaMU4Yeckas namstb? Uto Takoe stack overflow? 3auem HykeH
omneparop new? Uro takoe yreuku namsata? Yto Takoe cbopka mycopa?

Oo0mwsicaute upaeto cchuiok (references). J{ist uero OHM HY)KHBI, YeM OHH OTIMYAIOTCS OT yKaszarenen?
Uro Takoe “miepeaya apryMeHTOB 1O ccbuike U 1o 3HadeHnto”? Kak B C++03 peanuzoBars QyHKIHIO
swap?

Yro Takoe Kiacc, CTPYKTypa, B UeM Pa3HUIlA MeXTy HUMHU? UTo Takoe moisi, METOAbI, MOIU(PHUKATOPHI
JOCTYyIa, HHKATICYJISIUS?

Urto Takoe KOHCTPYKTOPHI, JECTPYKTOPBI, [ YETO OHU HY)KHBI, KAKOB CUHTAaKCUC UX onpexaeienusi? Te
K€ BOIIPOCHI PO KOHCTPYKTOP KOMMPOBAHMS M ONIEPATOP NPUCBANBAHMUS.

Uro Takoe meperpy3ka ¢yHkuui? Yrto Takoe mneperpyska omnepatopoB? IlpuBenure mnpumeps
OIIEpaTopoB, KOTOpbIE MOXKHO M HEJIb3sl meperpykarb. llpuBemure mnpumep mneperpy3ku XoTb
Kakoro-HHOYIb orepaTopa (HallMIINTE CUTHATYPY €To Meperpy3Kn).

Yro Takoe HaciuenoBaHue? B yem pasHuUIA MKy IPUBATHBIM U ITyOJIMYHBIM HACIIEIOBaHHEM ?

Yro Takoe BHPTyajbHbIC (DYHKIUH, YHCTO BUPTyallbHbIE (QYHKIMH, aOCTpakTHBIEC Kiacchl? UTo Takoe
BUPTyaJIbHOE HACJIeA0BaHUE?

Uro takoe nonumopduzm? [Ipusenure npumep nonumopduzma B C++.

Uro Ttakoe mabioHb? UTO Takoe WHCTAHIMPOBaHHE IMAOIOHOB, CrHenMamu3anus madioHOB?
[TpuBenuTe npumep Kakux-HUOYab madmonoB u3 STL, oGnagaromux crenuantn3anmei.

Uro Takoe uckimoueHusi? Kak momb3oBaTbcs MexaHM3MOM 00paboTKu HckioueHuil? Kak OpocuTts,
noimMath uckitoueHue? [IpuBeaure kKakoH-HUOYIL IPUMeED.

Paccmorpum  konteiiHepnr  std:ivector, std::list, std::deque. KakoBel OCHOBHBIE —oOrlepalu,
MpeaoCTaBIsieMble UMHU, U CKOPOCTh Pa0OTHI 3TUX ONepauii?

Paccmorpum koHTeitHeprl std::map, std::set, std::unordered map, std::unordered set. KaxoBsl
OCHOBHBIE OIIEpaINH, IPEIOCTABIIEMbIE MU, U CKOPOCTh PabOThI ITUX ONepanuii?

Uro Takoe ureparopsl? Kakue BuIBI HTEpaTOpPOB CyIIecTBYIOT? 3aueM oHHM BOOOIe HyXHbI? Kakune
UTEPATOPBI MOICPKUBACT KAXKIBIH U3 KOHTCHHEPOB, YIOMSHYTHIX B IPEIBLAYIIUX JBYX BOIPOCax?
Uro takoe kommnapaTtopsl? Uto Takoe GyHKuHOHaNBHBIE 00beKTH? [IpuBeauTE XOTH OAMH TPUMED.

s yero HyHa move-cemaHTHKa? PacckakuTe B oOIIMX 4epTax, uyTo 3TO Takoe. Kak mpaBuibHO
peanuzoBarhk ¢pyHKuo swap B C++11?

Uro Takoe ymHbIe ykazarenu? s pemieHus kakux TpoOineM oHM HyxHbI? [lpuBeaure mpumep
HCIOJIb30BaHUSI.

Uro takoe amokaropsl? KakoBa obmas unes kinacca std::allocator, kak u 1151 4ero OH UCHOAB3YETCs?
Yro Takoe 1siMO/1a-BbIpasKeHHUs1, KAKOB MX cuHTaKkcuc? [IpuBeanTe XOTh OMH MPUMEP MCIIOIb30BAHHMS.
Hanmmmmre Bhrunciienue n-ro yucina dubonauun (B mpepenax long long) Ha sTame KOMIWISALUH, HE
UCTIONB3YS CJIOBA cOnstexpr.

Uro takoe SFINAE? [IpuBeaute xotst Ob1 0/TuH npuMep (Ha YpOBHE HJIeH, MOXKHO 0e3 peann3aiunm).

Bomnpocksr k 3auery

Yacts 1.

Pacckaxxure 00 ykazarensx u cceuikax B C++03. B ueM mx wmpaes, Ayid 4ero OHU HYXKHBEI? B uem
pa3HMIIa MEXAy yKa3aTelssMu U cchuTkamu? Kakue omepanuy OHU MOAAEPKUBAIOT, Y€M WX MOXKHO, a
YeM HeJNb3S WHHMIHMAIW3UPOBaTh? UTO Takoe KOHCTAHTHBIC YKa3aTelM, yKa3aTeIdi Ha KOHCTaHTY,
KOHCTAHTHBIE CCBUIKH, B 4YeM MPOSBISAETCS Pa3HUIA MEXKIYy HUMH U OOBIYHBIMU YKazaTelasIMu W
ccbuikamMu? Pacckakute o mpoodiiemMe “OMTHIX CChUIOK ™, PUBEIUTE MPUMED.

Pacckaxxute 0 TOM, YTO Takoe KJacChl, OOBEKTHI, WICHBI KJIACCOB, IOJISI, METOABI, MOAH(PUKATOPHI
JIOCTYTIA, HHKATICYSAIUs. PaccKkaxkuTe po KOHCTPYKTOPHI U IECTPYKTOPBI, ONIEPaTOphl MPUCBAUBAHUS,
“mpaBmiIo Tpex” W “TIPaBUJIO MSTH, PO TEHEPAIHIO KOMITUISITOPOM 3TUX METOAOB. UTO Takoe CIUCKH
WHUIMATN3alMU B KOHCTPYKTOpaxX U JENEeTUPYIOLIUEe KOHCTPYKTOPHI, 3aueM OHU HyXHBI? [lokaxuTe Ha
nmpuMepe Kiacca String, Kak MPaBUWIBHO ONPEACIIAThH BIMICIICPEUNCIICHHBIE METO/IEI.

Pacckaxxute 0 TOM, YTO Takoe KJIacChl, OOBEKTHI, WICHBI KIIACCOB, IOJIA, METOMABI, MOIU(HUKATOPHI
JIOCTyTa, WHKANCyIsnus. PacckakuTe O KIIIOUEBBIX clioBax static, explicit, mutable, friend c
MpUMEpPaMU CUTYaIIUH, KOTJa X CJICIYeT IPUMCHSITh.



Pacckaxxure o0 BO3MOXXHOCTAX neperpysku omneparopos B C++. [lokaxxkuTe Ha npumepe peanu3aluu
JUIMHHOU apudmeTuku (kiaacc Biglnteger), kKak mpaBUIIbHO MEperpy>karb OMHAPHBINA IUTIOC, YHAPHBIN U
OWHApHBII MUHYC, ONEPaTOphl COCTAaBHOIO MPUCBAMBAaHMA C IUIFOCOM M MHHYCOM, OIEPaTOpHI
CpaBHEHUSI, MPEPHUKCHBIN U TOCTHUKCHBIA HHKPEMEHT.

Pacckaxure o HaciaenoBanun B C++. B uem pasHMIA MeXAy MNPUBaTHBIM U IyOIWYHBIM
HacsiegoBaHrueM? KakoBbl mpaBuiia BUIUMOCTH TMOJEH M METOJOB POIUTENS B TeJe HACICIHUKA, KaK
SBHO OOpaTUTbCA W3 HAClHeIHHKAa K NOJIsAM M MerofaM poxauTens? KakoBbl mpaBuia BHIUMOCTH
poaMTeNnel U uX MoJed U METONOB IPH ABYXYpPOBHEBOM HaclleIOBaHMH, KaK JeHcTBYyeT cioBo friend B
atux curyanusx? Uro Takoe “cpeska mpu komupoBaHuu ? Kakue HesBHbIE KOHBEPCHM pa3peIleHbl
MEXly POAUTEISIMUA U HACJICTHUKAMH, B T.4. CChUTKaMU (yKa3aTeJsiMHi) Ha HUX?

Kak pasmematrorcsi B mamMsaTH OOBEKTHI KJIACCOB-HACIEAHUKOB? B KakoM mOpsaKe BBI3BIBAIOTCS
KOHCTPYKTOPBI M JECTPYKTOpPBI IPH HACIICJOBAHUM, KAK HHUIMAJIM3HPOBATH IO POTUTENS TIPH
ONPENICNICHNH KOHCTPYKTOpa Haciequuka? YTo Takoe MHOXXECTBEHHOE HAaClle[OBaHHE, B YeM
3aKJIro4yaeTcsl mpolieMa poMOOBHIHOTO HACIIENOBAaHUS, YTO TakOe BHPTyalbHOE HaciemoBanue? Yto
O3Ha4YaeT W Kak BO3HUKaeT ommoOka ‘“ambiguous base”? Urto o3HayaeT W Kak BO3HUKAeT “‘warning:
inaccessible base class”? UTto mpoucxomuT Hpu KOMOMHALMK BUPTYaJbHOTO M HEBUPTYAIBHOTO
HacJieI0BaHusl?

UYro Takoe BUpTyalbHble (QYyHKIMH? B deM pasHuIla MeXIy BHPTYaJbHBIMH W HEBHPTYaJIbHBIMU
¢byHKuMsMuU Tpu HacnenoBanuu? Yto Takoe Tabnuua BUPTyanbHbIX GyHKUUN? YTo Takoe abCTpaKkTHBIC
KJIacChl U YHMCTO BUpTyasibHble (QyHKIMU? [ yero HyXeH BUPTyasbHBIH aectpykrop? YUro Takoe
MOTMMOP(H3M U Kak 3TO moHsATHE B C++ CBA3aHO ¢ BUPTYaJbHBIMU (QYHKIUSAMH?

Pacckaxkure o pasHOBHIHOCTAX mpuBeleHU THMOB B C++. B uem pasnuma mexay C-style cast,
static_cast, const_cast, dynamic_cast u reinterpret_cast, Korna OHM IPUMEHHUMBI, a Koraa Het? [{nsg gero
HY’KEH KaXbli U3 3THX KacTOB?

Pacckaxure o mabnonax B C++. UTo Takoe WHCTaHIIMPOBaHKE MIA0JIOHOB, CTIeMATH3AIINs Ia0JIOHOB?
Kakue 3 Buma mabmonoB cymectByror? Kakue 3 Buma mrabnoHHBIX MapaMeTpoB cymiecTByroT? Kak
WCIIOJBb30BaTh IIA0JOHBI C TIEPEMEHHBIM KOJMUYECTBOM apryMEHTOB M orepartop sizeof...? Urto Takoe
Curiously Recurring Template Pattern? Uto takoe monmumopdusm u kak 3T1o nonstue B C++ cBsI3aHO C
mabionamu?

Pacckaxkure 00 wuckmouenusix B C++. B uem ux wmaes? Kak monb3oBaThesi omeparopoM throw u
KOHCTpyKIUe# try..catch? B dem pasHuna Mexay WCKIIOUCHUSMH W ONIMOKAMH BpPEMEHH
BbIMONHEHUA? UTo Takoe crHenu@uKanmuyd WUCKIIOYCHHH, Kak TI0Nb30BaThCcs OMEpPaTopoM U
cnenudukatopoM noexcept? B yem 0coOCHHOCTH M MPOOJIEMBbI HCKIIOUCHHH B KOHCTPYKTOpax M
JIeCTpyKTopax?

Pacckaxxute o koHTeiHepe std::vector. IIpemioxkuTe peanu3amuio KOHCTPYKTOPOB, IECTPYKTOPA,
oIIepaTopoB TPUCBAMBAHUS, Oomeparopa [], MeTojIoB at, resize, reserve, front, back ais storo kmacca (c
MPAaBUJILHON TOJICPIKKON aJlIIOKaTOPOB M MOVE-CEMAHTUKH).

Pacckaxure o konreitHepe std::vector. [Ipeanoxure peanuzanuio Meronos push _back u pop back (c
MPaBUIILHON IMOJJICPKKOH aJUIOKaTOPOB, MOVE-CEMAaHTUKU W TapaHTU 0e30IacCHOCTH OTHOCUTEIHHO
HCKITIOUCHHIA ).

Pacckaxure npo vector<bool>. B uem ero ocoOeHHOCTH U OTIHYKME OT 00bIYHOTO Vector? Pacckaxure,
KakuM 00pa3oM JOCTHTaeTcsi 3Ta OCOOCHHOCTh C TOYKM 3PEHUS pealu3aluy (ONHUIINTE pean3aIhio
OCHOBHBIX METOZIOB).

Pacckaxure o xoHreitHepe std::list. KakoBbl ero mMeTomsl U ckopocTh UX paboTel? Kak oH ycTpoeH
n3HyTpu? Kakum obpazom list<T> wucrons3yer ammokarop aias tuna T? Ilpemioxkure peanuzanuio
OCHOBHBIX MeTOJIOB list’a: KOHCTPYKTOPBI, OTIEpaTOphl IPHCBAaUBAHUS, IECTPYKTOP, insert 3JeMeHTa 1Mo
UTEPATOpy U erase Mo UTepaTopy.

Pacckaxure o konreiiHepe std::forward list. KakoBel ero meronsl U ckopocTh ux pabotei? Kak oH
ycrpoeH m3HyTpHu? Kakum o6pazom forward list<T> nucrone3yet ammokarop mis tuna T? [Ipenmoxkure
peanu3anuioo OCHOBHBIX MeTonoB forward list’a: KOHCTPYKTOpBI, Omeparophl PHCBaWBaHMUS,
JIECTPYKTOp, insert aJIeMeHTa M0 UTEPaTOpy U erase 1o UTeparopy.

Pacckaxure o xoHrtelinepe std::deque. Yem oH oTnudaetcs ot vector? Pacckaxkute 00 amanTepax Haju
koHTeiHepamu (std::stack, std::queue, std::priority queue). IIpeamoxkure peanu3ariio Kakoro-HHOYIb
OJIHOTO W3 HUX.

Pacckaxkure o koHTeiHepax std:map, std:set, std:multimap wu std:multiset. st dero onm
npumenstorcs? Kakue y HuX maOloHHBIC MapaMeTpbl U YTO OHHM O3Ha4yaroT? KakoBbI MX OCHOBHEIC
METOJIbl, CKOPOCTh M MNPHHIMI paboTel 3TUX MeTonoB? C INOMOIIBIO KAaKOW CTPYKTYphl JTaHHBIX
peann30BaHbl 9TH KOHTSHHEPHI?



Pacckaxxure o xkonrteiiHepax std::unordered map, std::unordered set, std::unordered multimap u
std::unordered_multiset. J{ns yero onu nmpumensitorcs? Kakue y HuX mabnoHHBIE MapamMeTpbl H UTO
oHM 0o3Ha4aloT? KakoBbl WX OCHOBHBIE METO/BI, CKOPOCTh M MPHHIHUI padoThl 3TUX MeTomoB? C
TIOMOUIBIO KaKOH CTPYKTYpBI IaHHBIX peaIn30BaHbl 3TH KOHTEHHEPHI?

Yro takoe ureparopsl? Kakne Buabl HTEpaTopoB OBIBAIOT U KAKUE ONEpPAIMU JOIMYCTUMBI HaJl KaXIbIM
n3 Hux? Pacckaxwure mpo ¢dynkmuu std::advance u std::distance. Kakum oOpa3zom pocturaercs ux
pa3HOE MMOBEJCHUE B 3aBUCMOCTH OT BHJA NIEpEITaHHOTO HUTepaTopa?

Kakue BHIBI HTEpaToOpoOB MOMJICPKUBACT KAXKABIM W3 CTaHIAPTHBIX KoHTeWHepoB? [Ipemnoxure
peanu3anno UTepaTopoB U KaKoro-HUOyAb M3 CTaHJApTHBIX KOHTEHHEpOB (Ha Ball BHIOOD), CUMTAasl,
9TO B OCTAJILHOM KOHTEHHEp y)KE peaTH30BaH.

Pacckaxure npo knacc std::insert_iterator u ¢pyHkuuto std::inserter, npeagoKUTe UX peaan3aluio.

Yacrs 2.

Pacckaxxure 06 omeparopax new u delete. 3aueM OHHM HY)XHBI, KaK UMH T0Jb30BaThcsi? UTO Takoe
placement new? B uyeM pa3Huma Mexay omeparopoM new u (yHkuumei operator new? Uro us
BBILICTICPEYMCIICHHOTO MOXKHO TIeperpy’karb M Kak JTO Jenarh? 3adyeM MOXKeT OBITh HYXKHO
neperpykarb KacToMHbIH operator delete? Pacckaxure o mpobieme yTeuek mamsTH.

UYro Takoe ayuIoKaTophl, 3a4yeM OHHM HyXHBI? Pacckakute mpo xiacc std::allocator, mpemioxure ero
peanu3anuio.

Pacckaxure o mpobieMax, s pelIeHus] KOTOPBIX Oblla BBEJIEHA MOVe-CeMaHTHKa. Pacckakute, Kak
paboraer ¢yHKIMsA std::move W Kak e€e NMPUMEHSTh, OOBSICHUTE, KaK OHA peaJin30BaHa U IOYEMY
uMeHHo Tak. Kak npaBuibHO peanu3oBath QyHKIH0 swap B C++117

Pacckaxkure o Tom, uyTO Takoe “naeanpHas nepenada’ (perfect forwarding). Pacckaxure, kak padoTaer
¢ynknus std::forward m xak ona peanmzoBana. [IpuBenuTe mpUMeEp NMPUMEHEHHUS 3TOW (YHKIWU.
[Touemy B std::forward Henb3s npunsaTe T&& B kauecTBe nmapamerpa?

Pacckaxwure 00 rvalue-ccpuikax u 00 yHUBEpCaNbHBIX ccbuTkax. Kakue mpucBamBanus Mexay lvalue-,
rvalue-ccplIKaMu, a TaKke BPEMEHHBIMH OObEKTaMHM M MMEHOBAHHBIMH HECCBUIOYHBIMH OOBEKTaMHU
paspeleHsl, a Kakue 3anpenieHsr? YTo MeHsieTesl B cilydae ¢ KOHCTAaHTHBIMU CChUIKaMHU M OOBEKTaMu?
Uro sBugeTCss M YTO HE SBIAETCS yHHUBEpCalbHBIMH ccblUikamu? IlpuBenure mnpumepsl,
WUTIOCTPUPYIOLINE BCE BBILIECKa3aHHOE.

Uro Takoe lvalue, rvalue, xvalue, glvalue u prvalue? IlpuBenure npumepsl. Pacckaxure o ToM, 4TO
takoe reference collapsing (cBopaumBanme ccwulok), reference qualifiers  (cchuiouHBIE
kBanudukaropel), return value optimization (RVO) wu copy elision. IlpuBeaute mnpumepsi,
WITIOCTPUPYIOIINE BCE BBIICIEPEUHCICHHOE.

Pacckaxwure, Juis pemieHHs Kakod HpoOJieMbl HY)KHBI YMHBIE yKa3aTelu. Pacckakure mpo Kiacc
std::unique_ptr, TpeANOXHTE peanu3alMio OCHOBHBIX METOJOB JTOT0 Kiacca (KOHCTPYKTOPHI,
JEeCTPYKTOP, ONIEpaToOphl MPHCBAMBAHUS, ONIEPATOPBI YHAPHAS 3BE3/104KA M CTPEJIOYKa).

Pacckaxure npo knacc std::shared ptr. Kakyro npobnemy oH pemnaer u kak oH ycrpoeH? I[peanoxure
peanu3anrilo ero OCHOBHBIX METOAOB (KOHCTPYKTOPBI, JECTPYKTOp, OIEPaTopbl IPHUCBAHBAHHUS,
OIepaTopsl YHapHast 3B€3/104KA U CTPEIOUKa).

[Ipennoxkure peanuzamuio Qynxauu std::make unique. 3auemM HykHa 3Ta (QYHKLUUS, KaKylO
MOTEHIMANIFHYI0 MpoOiieMy oHa pemaet? Pacckaxure o ¢ynkumsx make shared m allocate shared
(Ge3 peanuzanun). 3aueM Hy)KHa KaXJasi U3 HUX, KaKie NOTeHIHUAIbHbBIE TPOOJIEMbl OHU PELIatoT?
Pacckaxkure mpo knacc std::weak ptr. s permenuss kakoil mpoOnembl oH HyxkeH? Ilpemnoxure
peanu3anuio ero OCHOBHBIX MeTofoB. Kak weak ptr y3HaeT, 4To 0OBEKT Mol HUM YyiKe ObLT yianeH?
Pacckaxure npo xnace std::enable_shared from_this. [y pemenust kakoil mpoOiieMbl OH HY>KEH U Kak
uM rnonb3oBatbes? IIpemnoxkure peannsanuio 3Toro kinacca. Kak HykHO m3MmeHuTh kox shared ptr,
4TOOBI OH paboTan cormacoBaHHo ¢ enable shared from this?

Pacckaxkxute 0 BBIBOAE THUIIOB C MOMOILIBIO KIIOYEBBIX CJIOB auto u decltype. B uem pasnuma mexmy
IpaBWIaMH BbIBOJIa TUIIOB A7l HUX? B KakMX KOHTEKCTaXx MOXHO MCHONb30BaTh auto? Kak pabGoraer
decltype oT mpeHTH(QHUKATOPOB W OT pa3HbIX Kareropuil BelpaxkeHuil (lvalue, xvalue, prvalue)? Yro
takoe decltype(auto) u ams penieHus: Kakoi mpooIeMbl 3TO HYKHO?

Pacckaxkure 0 BO3MOXKHOCTSX compile-time Beruucnennii B8 C++. Kak ¢ momonipio 11aGioHHOTO
METanporpaMMHUPOBAaHHUS UMHTUPOBATh HUKIBI U yciaoBus? [lokaxure Ha mpuMepe MPOBEPKU IIETI0TO
YHCiIa Ha MPOCTOTY. Pacckakure 0 KIIOUEBOM CIIOBE CONStEXpr: 4eM constexpr OTINYaeTcst OT const,
3aueM HY)XHBI constexpr-(QpyHKIUU ¥ TIepeMEHHbIe, KAKUMH BO3MOXHOCTSIMH OHH O0JIaaloT M KaKue
OrpaHMYEHUS Ha HUX HAKJIabIBAIOTCS?

Uro Takoe type_traits? OObsicHATE, KaKk peann3oBaHbl CTPYKTYpHI std::remove_reference, std::is_same,
std::rank, std::conjunction, std::conditional, std::common_type.



Uro takoe SFINAE? O0OwscHuTe 00mIyro el Ha mpumepe cTpykTypsl std::enable if. [Ipemioxure
peanuzanuio cTpykTyphl std::is_class, oObsicHUTe, Kak OHa paboraeT (MPOBEPKOM HA iS_UNion MOXHO
npeHeOpeys ).

3adem HykHa ¢yHKuus std::declval? Ilouemy 3ta dynkums BoszBpamaer T&&, a ve T? Ilpennoxure
peanuzanuio CTpyKTyphl std::is_constructible, 00bsicHUTE, Kak OHa paboTaeT.

3auem HYKEH KJ1acc std::allocator_traits? [Ipenmoxure peanu3anuio dbyHKUMN
allocator_traits<Allocator>::construct. Kakum oOpazom 3T1a (yHKIHS TPOBEPSET, PEaM30BaH JIH Y
aJUTOKaTtopa MeTo[] construct, M Kak oHa ce0sl BeIeT B 3aBUCHIMOCTH OT 3TOro?

Pacckaxure o ¢ynknuu std::move if noexcept. B kakom Mecte craHgapTHOW OMOIMOTEKHM OHA
UCTIONIB3yeTCS M ToYeMy OHa Tam HeoOxoamma? Ilpemiokure ee peanusammio (cunTas, 4to type traits
YK€ peann30BaHbl).

[pennoxute peannzanuio cTpykTypsl std::is_base of. O0bscHUTE, Kak OHA PabOTaeT.

Uro Takoe namOnma-pynkimun B C++? KakoB cuHTakcuc msiMOpa-BeipakeHHi? UTo Takoe CHHMCKH
3axBaTa, YTO TAKOE 3aXBaT 110 YMOIYAHUIO M B YEM €ro OMacHOCTh? PacckakuTe O IOMOTHHUTEIBHBIX
BO3MOXHOCTSIX JNsiMOfa-BelpaxkeHnit B C++14  (3axBar ¢ WHUNMAIM3auend, o000OIICHHbIC
nsmMOna-Beipaxkenus). Pacckaxure (6e3 peanuzauuu) npo kiace std::function n ¢ynkumio std::bind,
MPUBEIUTE IPUMEPHI UX UCIIOJIB30BAHUS.

Yro Takoe IOHHOHBI (Union), AJIsl 4YEro OHU HYXHBI? B 4eM CXOACTBO M pa3nuuue Meay IOHHOHAMU U
kinaccamu? KakoBbI OCOOCHHOCTH WHHIMANHM3ALWU TOJNEH IOHHOHA, YTO TaKoe “aKTHBHBIA dWieH”
IOHMOHA M Kak ero momeHsaTh? Yto Takoe std::variant m std::any, jJyis 4ero OHM HYXHBI, KAKOBBI WX
OCHOBHBIEC METOIbI?

Uro Ttakoe peduekcus? UTo MOXKHO cKazaTb O BO3MOXHOCTsX pednexcuu B C++? Peanmzyiite
mabnonnyto ¢pynkuuio detect fields count<S>, koropast ObI 03BOJISLIIA ONPENEIIATH KOIHMYECTBO MOJEH
y naHHOU cTpYKTyphl S. OOBSICHUTE, KaK 3TO paboTaeT.

[Mpumeps! OunEeTOB:

onnerNel
Uro takoe SFINAE? [IpuBeaute xots Obl 0/TuH npuMep (Ha YpOBHE HJIeH, MOXKHO 0e3 peann3aiunm).

Uro Takoe meperpy3ka ¢yHkuuid? Yrto Takoe mneperpyska omnepatopoB? IlpuBenure npumeps
OIIEpaTopoB, KOTOpblE MOXHO M HeENb3sl Ieperpyxkarb. IlpuBenurte mnpumMep Neperpy3kud XOTb
Kakoro-HHOY/Ib orepaTopa (HalMIINTE CUTHATYPY €To MePerpy3Kn).

OouneTNe2

Uro Ttakoe peduekcuss? UTo MOXKHO cKazaThb O BO3MOXHOCTSIX peduexcuu B C++? Peanmzyiite
mabnonnyto ¢pynkuuio detect fields count<S>, koropas Obl 103BOJIsLIIA ONPENEIATH KOIHMUECTBO MOJEH
y naHHOU cTpYKTyphl S. OOBSICHUTE, KaK 3TO padOTaeT.

Pacckaxwure o mpobiemax, sl peIIeHUs] KOTOPBIX OblIa BBEJCHA MOVE-CEMaHTHKA. PacckaxuTe, Kak
paboraer ¢yHKIus std::move M Kak ee MPUMEHATh, OOBSCHHUTE, KAK OHA PEaIM30BaHa U IOYEMY
uMeHHO Tak. Kak nmpaBmiibHO peann3oBarh QyHKIHO swap B C++117

omteTNe3

Kakue BuIBI UTEpaTOpOB MONIEPKMBAET KAXKIBIA M3 CTaHIAPTHHIX KoHTeHHepoB? Ilpemnoxure
peann3anuo UTepaTopoB AJIsi KAaKOTO-HUOYAb U3 CTaHAAPTHHIX KOHTEHHEPOB (Ha Balll BBHIOOD), cuMTasl,
YTO B OCTaJIbHOM KOHTEHHEp YK€ peaan30BaH.

Pacckaxkure npo knacc std::insert_iterator u ¢pyHkuuto std::inserter, mpeAIOKUTE UX pear3aluio.

Kpurepun onennBanus
OTJINYHO

10 TlomHOCTBIO M BOBpEMs peIleHBI Bce 3a7auu 0e3 omubOoK. [IpoaeMOHCTpUPOBAH TPAMOTHBIMA
MOAXO[ K PEIICHHIO 3aja4, Peajn30BaHbl ONTUMAJbHBIC AITOPUTMBI, KOA O(QOPMIIEH B €IMHOM
y1o00unTaeMOM CTUIIE

9 TlomHOCTBIO M BOBPEMS PEIICHBI BCe 3a1aun 0e3 onmbok. [IpogeMOHCTpUpPOBaH IPaMOTHBIN MOIXO/
K PEIICHUIO 337134, peain30BaHbl ONTHMAIbHBIC aJITOPUTMbI



8 TlomaHOCTHIO M BOBpEMSI PEIICHBI Bce 3a/1aun 0e3 ommoOok. [IpogeMoHCTpUpoBaH rpaMOTHBIN MOJXO0
K pELICHHIO 3a/1ad

XOPOILO

7 TloaHOCTBIO pelIeHsl Bce 3a1a4u. JJonmyieHsl HeCymeCTBeHHbIE OINOKY.

6 IlomHOCTBIO penIeHO OONBIIMHCTBO 33/a4. B HEKOTOPHIX 3ajadax JOIMYLICHBI M HE UCIPABIICHBI
OIHUOKH, JTUOO HEKOTOPHIE 3a/1a4W PElICHbI YACTUYIHO.

5  IlonHOCTBIO pelIEHO ABE TPETH 3alady. B HEKOTOpBIX 3ajadax JONYIICHBI M HE HCIPAaBIEHBI
OMOKH, TMOO HEKOTOPHIE 3a/1a4M PELICHbl YACTUYHO.

YAOBJICTBOPUTCIIEHO

4 TlomHOCTBIO perieHo OoJiee TONIOBHHBI 3a/1a4. B ocTalbHBIX 3a/1a4aX JIOMYIICHBl M HE UCTIPABIICHBI
OIMOKH, JTUOO HEKOTOPBIE 32/1a4W PElICHbI YACTUYIHO.

3 TlonHOCTHIO perieHo Goee MOJTOBUHBI 3a/a4.

HEYIOBJICTBOPUTEIHHO
2 PermieHo MeHee MOJOBUHBI 3a/1a4.
1 He pemieHo HU OHOM 3a1a4H.

5. MeTonuveckne MaTepuabl, onpeneasone Npouexypbl OLeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

HuddepenuupoBannbiii 3aueT OyIeT cOCTOSATh U3 JIBYX YaCTEW: MPeABapUTENbHON YaCTH U OCHOBHOM
4acTu.

[IpenBaputenpHas yacTb OydeT MPOXOAWTH MHCbMEHHO. Bam OynyT Beiganel 4 Bompoca B mpeaeiax
TEOPMUHMMYMa Ha 15 MMHYT, mHcaThb OTBETHl HYKHO OyAeT Ha BBIAAHHOM Oymare, HU4YEeM Helb3s
noJyb30Barecsi. Bompockl BeiOuparoTcs u3 cnucka “TeopmMuHMMyM”, TpuBeAeHHOro Hibke. OTBETHI
OLICHUBAIOTCS OMHApHO. UTOOBI yCHENIHO MPONUTH MPEABAPUTENILHYIO YaCTh, HEOOX0ANMO MPaBHILHO
OTBETHUTH HE MEHEE YeM Ha 3 BOIIPOCA U3 33JIAHHBIX YETHIPEX.

lapanTupyercs, 4To Ha MpeIBaPUTEIBHON YaCTH HE OYAyT 3aJaBaThCsl BOMPOCHI, BHIXOSIINE 32 PAMKH
cnucka “TeopmuHrMyM”™ (C TOI OTOBOPKOH, 4TO Bompoc Buaa ‘“Urto Takoe X Bcerga moapazymeBaeT
yYMEHHE NPHUBECTH Npumep). ['apaHTupyercs, 4TO OOUH BONPOC Ha MpPEABApUTEIBHOW yacTh Oyner
MOKPBIBaTh HE OoJiee OIHOTO MyHKTA JAaHHOTO CIUCKa (HO HEeoOs3aTesIbHO Oy[eT COBMAAaTh C ITyHKTOM
CITUCKA JIOCTIOBHO).

[IpumMepsl BO3MOXKHBIX BOIIPOCOB MPEIBAPUTEIBHON YaCTH U MIPABUIBHBIX OTBETOB HA HUX:

Uro Ttakoe BupTyanbHas ¢yHkous? (DTo MeTon Kiacca, KOTOPBIH MOXKHO TIEpEOIpe/eliuTh B
KJlaccax-HacJeJHUKaX TaK, 4YTO peanu3auus MeTofa s Bbi3oBa OyneT BbIOMpaThCs BO BpeMs
UCTIOJTHEHNS, @ HE BO BPEMS KOMITHIISLIMH. )

Jis perieHust Kakux npoOiem HyxkHa move-cemantuka? (Hampumep, Takux: HeapdeKkTuBHBINA swap
JIBYX TIPOM3BOJIBHBIX 00BEKTOB, HEa(PeKTUBHEIN push_back B BekTOp - ¢ JeMOHCTpanell Ha puMepe
KOJIa.)

KakoBo pneiictBue omeparopa “3ansitas’? (BeMUCIUTH JEBBIA OHEpaHA, CTPOrO IOCJIE 3TOTO
BBIUMCIIUTB IIPaBbIi ONepaH]l U BEPHYTh pe3y/IbTaT BbIYMCIIEHUS IIPAaBOro ONlEpaH/a. )

OcHOBHas 9acTh MPOXOAMT IO CICAYIOUIMM NpaBmiiaM. Bel Tanere 6unet. bunet Oyzner cogepxars 1Ba
BOTIpOCa M3 HIXKENPHUBEIEHHOTO crrcka “OcHOBHBIE Bompockl”. Crucok pa3out Ha aBe yactu. OauH
BONIPOC B KaXKA0M Omiiere OyJeT U3 MepBOM YacTH, OJUH BOIPOC - U3 BTOPOH YacTH.



Bo Bpems moarotoBku orBera Ha OMJIET MOXHO MOJIB30BATHCS CBOMMH 3apaHee IOATOTOBICHHBIMU
PYKOTIMCHBIMHU 3alMCSIMU B mpenenax onHoro jnucta A4. Ilomb3oBaTbes 3amucsiMH, CACTaHHBIMH Ha
4eM-1100, KpOME OJHOTO 3apaHee BbIOpaHHOTO nucta A4, WM 1000l MedaTHOH (a He PYKOITMCHOK)
nHopMaIren, Wi MHTEPHET-pecypcaMu 3anpenieHo. Hapymienue sToro nmpaBuiia npupaBHUBAETCS K
CTIHCHIBAaHHIO U BEZET K yJaneHuto ¢ 3aueTa. (CMBICI JAaHHOTO pa3pemieHus B TOM, 4YTOObI KaXKAbIH MOT
3anucaTh Juid cebs Hauboliee TpyIHBIC /s 3alIOMUHaHKA JeTaiu. He ciemyeTr BocmpuHUMATh 3TO KaKk
IIPU3BIB IIOCTAPATHCs 3aKOHCIIEKTUPOBATh MaTepUall BCEro Kypca Ha oJHOM JincTe.) C MOMEHTa Hadasia
OTBETa Ha OMJIET MOJIB30BATHCS BHIIICHA3BAHHBIM JIICTOM 3amperaercs (Ho, pa3yMeeTcs, MOKHO
10JIb30BaThCS 3aMUCAMHU, CAEJaHHBIMU Ha APYroi Oymare BO BpeMsl IOATNOTOBKU OTBETa Ha OWJIET).

B xone ocHOBHOI "acTy 3a4ueTa cmucok “TeopMUHUMYM™ CITY’KAT OPUEHTHUPOM Ha CITydai, €Clii pedb
unet o6 onenke ya(3) u Huwke. Ecinu B m000if MOMEHT 3K3aMeHa BBISICHUTCS, 4TO BBl HE MoXxeTe
OTBETUTH XOTs1 ObI Ha HECKOJIBKO BOIIPOCOB U3 criHckKa “TeopMHUHUMYM”, TO, BEpOsSTHEE Bcero, Baren
OIICHKOM 3a 3a4eT OyneT Heyn(2).

Ecin BbI mpeTeHyeTe Ha OLEHKY BbIle 0TI(8), TO, CKOpee BCero, BaM OyAyT 3aJaHbl JOTIOIHUTEIIbHBIE
BOIPOCHI B paMKax OOIIel MporpaMmsl Kypca, MPUBEACHHON BBINIE (a2 HE TOJBKO B paMKax CITHCKOB
“OcHoBHBIE BOoNpoch” U “TeopMUHUMYM”), 32 UCKIIOYEHHEM TOTO, YTO BBIJIEIIEHO KpPacHBIM I[BeTOM. B
ar000M cilyyae, MpenojaBaresb, €CIM COYTET HY)KHBIM, MOXKET JONOJHUTEIbHO K OWieTy 3aaaBaTb
BOMPOCHI U3 JIFOOOTO U3 TPEX CHHUCKOB B JIIOOOM KOJIMYECTBE IO CBOEMY YCMOTPEHHUIO.





