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FA3bIk1, NOSBUBLUMECS ANst UCMOMNb30BaHWs B web-npunoxenusx: Python, JS, PHP, Ruby. Bce 3T si3blku
VHTEpnpeTpyembl.

MNar 'Ma nporp
nporpaMmMm1poBaHus.
OcHoBHble Napaanrmbl (Mx onpeaernexns cM. B dhaiine ¢ TEPMUHOM): UMNepaTVBHas, O6beKTHO-

OpueHTUpoBaHHas, 0606LLEeHHOe NPOrpaMMUpoBaHme, PYHKUMOHAMbHES, FOrMecKast.

= COBOKYMNHOCTb WAEA 1 NOHATUIA, onpenensownx CTunb

O6GBEKT - CYWHOCTb, 06naaatowas CocTosiHueM 1 noseaeHnem. COCTOsIHUE MOENVPYETCS YneHaMmn
knacca. MNoBefeHne MoaenuMpyeTcs COOBLLEHUSIMM U NX MOCHINKON.

Object C = C + Smalltalk.

AGCTPaKTHBIN TN AaHHBIX - MHOXECTBO OnepauUnit, 6e3 COCTOAHMS.

YMOMUHAIOTCS TEPMUHBLI MeToAbl A0CTyNa, accessors W mutators (getters u setters), cBoncTBO
06beKTa, HO HET UX ONPeEneHit.

[anee upeT cpaBHeHMe A3bIKOB NPOrPaMMUPOBaHUS Ha NpUMeEpe 3aAa4u peBepca BXOJHOWM CTPOKM.
Mpvmepbl NporpamMm NpuseneHsl Ans siseikos C, C#, Java, Python, C++ (¢ ucnonb3osaHnem wabnoHos B
pamkax napagurmbl 0606LLEHHOr0 NPOrpaMMMpOBaHKs).

C++ 1 STL. STL BkrtoyaeT B cebs KOHTENHepPbI, anropuUTMbl U UTepaTopbl (Aymalo, YTO CTOUT HaluTu
onpe/eneHusi UTepaTopoB 1 KOHTEHepOoB). PaccmaTtpuBaloTcst uTepaTopel BBOAA/BbIBOAA ANS cin, cout,
istream_iterator<char>.

Peanusaums pesepca Ha C++ yucto yepes STL:
#include <algorithm>
#include <iterator>

int main() {
vector<char> v;
copy (istream iterator<char>(cin), istream iterator<char>(),
back_inserter<char>(v));
copy (v.rbegin(), v.rend(), ostream iterator<char>(cout));

DyHKUMOHanNbHas napaavrma Ha npumepe LISP (List Processing, 1959). B ®1 faHHbIe NpecTaBRsioTcs B
BUJE CMINCKOB.
Mpumep ans LISP: (print (reverse (read)))



OCHOBHblE TOUKW 3pEHUsi paccMoTpeHust A

e TexHomozu4eckas no3uyus, OTpaxaloLLast B3rMsi/, YeroBeKa, XenatoLero Ui BoIHYXAEeHHOro
NOMNb30BaThCS A3LIKOM MPOrPAMMUPOBAHNS KaK TEXHOMOTMHECKUM MHCTPYMEHTOM Ha KakoM-nnbo 13
3TanoB XW3HEHHOrO LMKNa NporpammHoro obecneyeHns. OHa N3 OCHOBHBIX MO3NLIMIA.

o Asmopckas no3uyusi. FOBOPUT O TOM KaK 3TO MOrTI0 GbITb M NOYEMY 3TO He peani3osaHo, 1 noyemy
NPUHSATEI UMEHHO Takue pelleHusi. AN — cuctema KoMnPoMuccos. PL/1 — GeCKOMNPOMUCCHBI
A3bIK, MO3TOMY W NPOBANMACS. HacTo KOMNPOMUCCHOE PeLLEHUE XyxXe, YeM noboe 13
NPeArnoXeHHbIX, NO3TOMY KOMMPOMUCChI HE J0MKHbI COCTaBMATbL BECh A3bIK. ABTOpCKas No3uLus
paccmartpusaeT pa3nnyHbIe 3a U NPOTUB BKIIOHEHNS TEX NN MHBIX CYLLHOCTEN B A3bIK.

e Cemuomudeckasi Mo3uyusi, oTpaxarolias 0CoGEHHOCTM A3bIKa Kak 3HAKOBOW CUCTEMBbI.

e Peanusamopckas no3uyus, oTpaxatollas B3rns/ Ha A3blk peani3aTopos TPaHCNATopa ¢ 3Toro
A3bIKa 1 aBTOPOB AOKYMEHTaLMK. Mo3uums YenoBeka, KOTopbIit cobupaeTcs co3aarb A3biK.

o CoyuasnbHas no3uyusi. IHOrAa Hemnb3s He yYnTLIBaTL TE UMK MHbIE acTeKTbl Pa3BUTUS A3bika
nporpaMMMUpoBaHusi B OTpkIBe OT obulecTsa. Hanpumep, Delphi nyyiwe VB no Bcem YeTbipém
npeabiayLMM NO3ULMSM, HO B pedynbTaTe nonynspHee ctan VB. Tak 4To BaXHO y4ecTb keM, B
KaKOM KOHTEKCTE 1 [Nl KOro pa3pabaTbiBancs s3bIK.

B CCCP ocHogHbIM y4ebHbIM si3bikom ¢ 80x 20006 6bin1 Pascal, nosmomy y Hac MHozo firded,
npozpammupyrowux Ha Delphi. B Amepuke xe y4unucs Ha Basic’e, moamomy mam wupoko
pacripocmpaHeH Visual Basic.

Tvnbl AaHHBbIX, onepauuu v cedA3biBaHne, KOHCTaHTbl BpEMEHW KoMNunsaumn n
BPEMEHMU BbINOJTHEHUA. Baswnc napagurmbl

OCHOBHbIE NOHATUSA A3LIKOB nporpaMMuMpoBaHuA. aHHble, onepauun U ceAsbiBaHne.

B nto6om Al ecTb faHHbIe, Haa KOTOPLIMU BbINOMHSIOTCS onepauun. B cyHKLMOHaneHo napagurme
hyHKLMM TOXe MOTYT BbITb PACCMOTPEHbI KaK IaHHbIE .

Tun AaHHbIX XapaKTepU3yeTCsi MHOXECTBOM MPUHAMAaEMbIX 3HAUEHWIN U MHOKECTBOM ONepaLiyit Hag HUM.
CocTaBHble TUMbI AaHHbIX — 3TO TWMbI, KOTOPbIE COCTOST U3 NOAOGHLEKTOB, TO €CTh UMEIOT BHYTPEHHIOK
CTPYKTYPY.

CBA3bIBaHWe — 3TO npouecc yCTaHOBIIEHNSI CBA3WN MEXAY 35TIEMEHTOM NPOorpammbl N KOHKPETHBIM
aTpUGYTOM UMK XapaKTEPUCTUKOIN. Bpems CBA3LIBaHUS — 3TO MOMEHT YCTaHOBMEHMS! ATOM CBSI3M.
Cssi3blBaHe GbiBaeT CTATUHECKM U AMHAMUYECKAM (CM. TePMUH).

EcTb ABa TUNa KOHCTAHT:
® KOHCTaHTa BpeMeHN KOMMUNALMUM - 33/1a0TCS B KOAE B BUAE KOHKPETHbIX 3HAHEHN
® KOHCTaHTbl BPEMEHU BLINONIHEHMA - KOHCTAHTHbIE NEPEMEHHbIe, KOTOpbIE HeMb3st
moanc1umMposaTs

O6BLeKTHO-NP yp | Ma BKJ B ce6s

1) Basuc - T0, Ha YeM CTPOATCS BCE OCTarnbHble KOHCTPYKUMW. Basunc GbiBaeT ckansipHbIM (T, 4TO He
nmeet BHyTpeHHeVI CTPYKTYpbI, NPOCTbIE TUNbI FlaHHbIX) W CTPYKTYPHbIM (COCTaBHbIe TUNbl AaHHbIX,
BbIpaXeHWsi, onepaTopbl).
CpencTBo NocTpoeHs aGeTpakLmm
CpeacTBo 3allMThl TOCTPOEHHbIX abCcTpakLuit

2,
3

OCHOBHbIM paclwmpeHnemM CKanspHoro Tuna AaHHbIX B C++ oTHOCUTENbHO C eCTb CChINIOYHBIN TUM AaHHbIX.

Mo6Go4HbIN 3hHEKT - U3MEHEHNE COCTOSIHUS BbIMOMHSEMOM NPOrpamMbl.

OnuckIBaKOTCA Kakne-To 0COBEHHOCTY 3blka Afja: B OCHOBE BCEX TUMOB NEXUT KaKOM-TO KAHOHUYECKUiA TUn
(panbLue He Nony4mock pazobparb, YTo HanucaHo). OnucaHue cuHTakcuca obbsBreHus B Age. B Age
HET HesBHOro NpUBEAEHNA TUMOB.
x: positive;
interger;
natural;
x := positive(i);
:= integer (x);

Oco6eHHOoCTU KonmpoBaHus 06bekToB B Java, B C#

Wcnonb3oBaHue onepatopa npucBanBaHnsa He CO3AaeT HOBOro 06LeKTa, a NNLLb KOMMPYET CCblrKy Ha
06BEKT (T.H. F THOE p ). Takum 06pasom, ABE CChINKM YKa3bIBaKOT Ha OFHY U Ty e
06nacTb NamsTH, Ha OIUH 1 TOT Xe 0BbEKT.

ins co3paHus HOBOro 06bEKTa C TaKNM Xe COCTOAHMEM UCTIONb3YeTCA KIOHMpoBaHue o6beKTa:

e KroHupoBaHve 06bekTa MOXHO peanu3oBaTh, UMNeMeHTuposas uHTepdeiic Cloneable u
peanuaoBaB konNMpoBaHWE COCTOSIHWIA NOTE W arpernpoBaHHbLIX 06bekToB. Takas peanuaaums
KIOHMPOBaHWA TpeByeT GOMbLIOTO BHUMAaHMS U MOXET CTaTb UCTOYHUKOM OLLMGOK.

e Bonee 6e3onacHbIM CnocoboM ABMAETCA UCMOMNb30BaHME KOHCTPYKTOPa KONMpPOBaHUs, KOTopoe
nosBonsieT usbexarb MHOrMX Npodnem.

e [Ipyrum GesonacHblM BapuaHToM siBrisieTcst pabpuutblin Metog (Factory method), koTopbiit
npencTaensieT coboit cTaTieckuin MeTof, BO3BPALLAIOLLMIA 3K3eMNIsip CBOEro knacca. ®abpuyHbIn
METOZ UMEET CNeAyIoLLMe NPeUMyLLECTBA NePea KOHCTPYKTOPOM KOMUPOBAHWS:

- Umeet nmsi (vawe Bcero getlnstance unu valueOf), uto genaet kop 6onee NOHATHBIM.

- Heobsi3aTenbHO co3aaBaTth HOBbIN OOBEKT B pe3yrbTaTe BbldoBa: O6bekTsl MOryT GbiTh
K3LLMPOBAHbI U PENCTONb30BAHbI.

- MoryT Bo3BpaLLaTb NOATUMN CBOEro Bo3BpaLLaeMoro Tuna. B yacTHocTy, MoryT
BO3BpalLiaTb OGBEKT, Y KOTOPOro HEM3BECTEH KIace pean1aaLmm.

B C# no ymonuaHuio Toxe UCNosb3yeTcsi NOBEPXHOCTHOE KonMpoBaHme. [Ans rmyGokoro konupoBaHus
MOXHO MCMOSb30BaTb HECKOMbKO NOMXO0B:
e [nyBokoe KONMpoBaHWA NOCPEACTBOM Cepuanuaauum (Camblit yaadHsli noaxoa). C
ucnonb3oBaHuem knacca BinaryFormatter u metonos Serialize, Deserialize. Knacc normxeH 6bite
nomedeH kak ‘[Serializable]”.

Cb6opka mycopa

ABTomaTuyeckas c6opka Mycopa. Ecnu Ha 06bekT GorbLue HeT CCbIoK, TO NamsiThb BblAeNeHHas noa
06beKT ocBOGOXAAETCS COOPLLMKOM Mycopa.

Bucsumne ccbiku — 310 aapeca yxe yHU4TOXEeHHbIX 06bekToB.

Mycop — 9TO HEYHUYTOXEHHbIE 06BbeKTbI U3 AVIHaMVNeCKOﬁ namMsaTu, Ha KOTOPbl€ OTCYTCTBYKOT CCbINKK.

RAD (Rapid Application Development)

KDHLLEI'IL(VIﬂ CO3aHuns cpecTs pa3pa6cm<|4 nporpaMMHbIX NPOAYKTOB, yaensatooLuas ocoboe BHUMaHVe
BbicTpoTe 1 yao6cTBy NporpamMMmUpPOBaHUsI, CO3AHMIO TEXHOMOTMYECKOro NPOLIECCa, MO3BOMSIOLLETO
nporpaMmMucTy MakCuMansHoO 6bICTp0 €034aBaTb KOMMbKTEPHbIE NPOrpamMmmel.

RAD npepnonaraeT, 4to paspabotka MO ocyLecTBrseTcs HeBOsbLLION KOMaHAO pa3paboTYMKOB 3a CPOK
nopsiaka TPEX-4ETbIPEX MECALIEB NYTEM MCMONb30BaHMS MHKPEMEHTHOTO NPOTOTUMMPOBAHNS C
NpUMEHEHNEM MHCTPYMEHTArTbHbIX CPEACTB BU3yanbHOr0 MoAenupoBaHus n paspabotku. TexHonorus

Pa3znunune mexay readonly n const B C#

KntoueBoe croso readonly oTnnyaercs oT koveBoro crosa const. Mone ¢ mogudmkatopom const
MOXeT BbiTb WHULMANU3NpoBaHO TOMbKO Npu obbasneHun nons. Mone ¢ MOAMq)Ml(aTOpOM I'eadol'lly MOXeT
6bITb UHALMANU3NPOBAHO NP OGBABEHUM UMK B KOHCTPYKTOpE. CrefoBaTenbHO, NoNs ¢
Moaucbukatopom readonly MOryT UMETb Pa3nnyiHbIe 3HAYEHUS B 3aBUCUMOCTM OT UCTIONb30BAHHOTO
KOHCTpYKTOpa. Kpome Toro, none const sBsieTCs KOHCTAHTOW BO BpeMsi KOMNuNsiLmm, a none readonly
MOXHO UCMONb30BaTL ANSA KOHCTAHT BPEMEHU BbINOMHEHNS.

Wms — 310 cTpoka CUMBOIIOB, CryXallas Ans 0603Ha4eHWs1 HEKOTOPOIA CYLLIHOCTH B NpOrpamme.

O6nacTb BUAMMOCTH (scope) - 06o3HavaeT obnacTb NporpaMmbl, B Npeaenax koTopon uaeHTUdukaTop
(MMs1) HeKoTOpOIt NepeMeHHO NpoforkaeT BbiTb CBA3aHHLIM C 3TOW NepeMeHHOI 1 Bo3BpallaTh eé
3HaueHue. (U3 BUKMNeamm)

O6nacTb BUAMMOCTY (AEWCTBUSA) HAUNHABTCS OT S3bIKOBON KOHCTPYKLWW, A€ BBOAUTCS 06LEKT AaHHbIX.
C KablM OGBEKTOM CBSI3bIBAKTCS TUM, 0GNACTb JENCTBUS, BPEMS! JKU3HU.

Buabl 06bekToB (CTaTM‘-IeCKVIe, KBaBVICTaTW-IeCKVIe...)

® cTaTyeck1e — CylLIeCTBYIOT BCE BpeMsi paGoThl NporpaMMbl

®  KBa3UCTaTU4ECKNe — CYLLECTBYIOT TOMbKO BO BpeMsl paboTbl HEKOTOPOI CUHTAKCUYECKN
Bbl[J€NEHHON KOHCTPYKUuK (6roka)

® VMHaMUYEeCK1e — CYLECTBYIOT 10 TeX Nop, Noka HyXHbl: A0 c60opKk1 Mycopa, yaanenust

e XxpaHumble (persistent)

O6bekTHO-pehepeHumnanbHas Moaesb

OBbeKTbI - NPUHUMNNANBHO aHOHUMHBIE, MMEHOBaHWA ABNAKOTCA CCbINKaMM Ha 06bekTbl. B Takux Mogenax
BCE NapameTphbl nepealTcs B PyHKLMM BCeraa no cebinkam. CBA3LIBaHME C PYrMMU OGLEKTaMM YUCTO
[AVHaMUYecKoe.

B a3bikax C# 1 Java cCbinku - 310 eﬂMHCTEeHHhIVI cnoco6 OﬁpaLLLeHI/lSI K 06bekTam. B aTux s3bikax npuHAaTa
pedepeHLmanbHas 06bekTHast MOAErTb.

Mpumepsbl:

Java Anron 68

int[] a; // oOOBABMIM MMEHOBAHHYD int i;

CCBIIKY, HO I[IOKa IyCTYiO ref int a = i; // cceuxa Ha int

ref ref int b = a; // ccrika =Ha
CCBUIKY Ha int

a = new int [10]; // cmazamm
MMEHOBAHHYD CCLHUIKY C OOBEKTOM
X x;

x = new X();

MpumutueHele TA. O6bsBNEHNE NepeMeHHbIX B Afa

apudmeTnieckue

noruyecknit boolean

CUMBOMbHbIN char

ykasartenb

nopsiakoeble T/l (onpeaensioTcs Ha yxe onucaHHbIX). Hanpumep, nepeuncnenus.

RAD npegycMarpuBaeT akTUBHOE NpUBNeYeHne 3akasdnka y)ke Ha paHHUX cTaausax — OGCJ'IeFlOBaHMe
opraHusaumu, BelpaboTka TpeboBaHuin kK cucteme. (M3 Bukuneamn)

JIT, MSIL

AA3blku GbIBAOT KOMIUAUPYEMbIMU I UHTEPNPETUPY (HexomMnunupy ).
JIT-komnunsauus (Just in Time) - TexHONOMs yBENMYEHUs NPOU3BOAUTENBHOCTY MPOrPaMMHbIX CUCTEM,
vcrnonb3yoLwmnx 6anT-kog, NyTéM koMnunsLmMm 6aiT-koaa B MaLUMHHBIA KOA UK B Apyroi dopmat
HErMocpeICTBEHHO BO BpeMsi paGoThl MporpaMmbl. Takum oGpa3om A0CTUraeTcst BbICOKasi CKOPOCTb
BbIMOSHEHVS MO CPABHEHWIO C MHTEPNPETUPYEMbIM BaiT-koAOM (CPaBHUMAs C KOMANINPYEMbIMU

) 3a CHéT Y noTpebreHns NamsaTy (Ans XpaHeHusi pe3ynbTaToB KOMNUAALUK) U 3aTpaT
BpemeHn Ha komnunsuuio (from Bukuneaus)

MSIL (Microsoft Intermediate Language) - npomexyTouHblit 3biK, paspaboTaHHklit chupmoi «Microsofts
Ans nnatcopmbl .NET Framework. JIT-komnunsitop MSIL siBnsieTcst 4acTbio CLR (aHrn. common language
runtime) — obLLeit cpeabl BbIMOMHEHWsS NPOrpaMM, HanMcaHHbIX Ha s3bikax .NET. B HacTOsILLM MOMEHT OH
nepenmerosaH B CIL (C Intermediate L

Java = sagpo Java + JVM + okpyxeHue.
OkpyxeHus Java:
e Java SE (Standart Environment)
e Java ME (Mobile Environment)
e Jave EE (Enterprise Edition)

Bcs ctaHaaptHas 6nbnuoteka Java npeAcTasrieHa B BUAE COBOKYMHOCTM NaKeTOB.
java.<mmg naxera>

B C# 1 B Java eCTb HEKOTOpbIE YacTy, KOTOPbIE BIFMSAAT Kak KNACChl, HO Ha CamMoM Aene BLIUTI B
KOMMUASTOP:

e String B Java

e System B C#

Wropsb ([857-871], 3aBepLueHo)

CkansipHble 6a3oBble TUMbI AaHHbIX. ApudmeTndeckme Tunbl 4aHHbIX

- LleJ'IOHI/ICﬂeHHbIe TUNbl
- BelecTBeHHble
- C nnasatoLuen To4koin. OnpenenéH ctaHgapTom IEEE-754. MpuHAT 1 peanu3oBaH
MPOU3BOAUTENSAMU NPOLIECCOPOB, a CNEA0BATENbHO W BOLWEN B S3bIKM NPOrPaMMUPOBaHUS.
- ®UKCUPOBaHHBIE - MAro MPWXUINCH B MHAYCTPUANHBIX S3bIKax

LienouncnexHble TMNbI

B Modula 2 BupT BBERN integer - 3HakoBbI TUN 1 cardinal - 6e33HaKoBbI TVM, NP STOM HESIBHBIX
npeobpa3oBaHuii MeXay HAMM BbiTb He MOXeT.

CTpaycTpyn npu cosaaHnu C++ peLunn, YTo KBanupULMpOBaHHbIE NPOrpaMMIUCTbI NOHAMEKT
0COBEHHOCTI HEesIBHbIX MPeoGpasoBaHMil TUMOB (3HaKoBble <-> GE33HAKOBBLIE) U CaMIi MOTYT PELLUTb, YTO
HYXHO HanucaTtb, NO3TOMY HE HYXHO 3anpellaTb Takue Npeobpa3oBaHms.



BbluncneHus ¢ char n short nponssoasTcs Tonbko Yepes int, N03TOMY AN NPOU3BOANTENLHOCTU BaXHO,
4TOBbI int Bbin poaHLIM. B Takom criy4ae notepb NPOM3BOAMUTENLHOCTM MOYTM HET.

B C# ecTb uint-Ge33HaKoBbIE YCNIOBUS 1 MOXHO 3aCTaBUTb, HAaNpUMep, [ONONHUTENbHO NPOBEPSITL BbIXOA,
pesynbTara 3a rpaHuLbl JONyCTUMBIX 3HAUEHUIA:
uint i;
cheched {
for (i = 0; i >= 0; i--) { }
}
checked 6yneT fononHMTeNnbHO NPOBEPATL BbIXOA U3 Ge33HaKOoBOro TMna.

C# ncnonbsyetr CTS (Common Type System)

1 sbyte byte

2 short ushort
4 int uint

8 long ulong

PaaMepbl TUNOB CTPOro SB(pMKCMpOEaHHbI, a HesiBHble ﬂpeOGpaSOBaHMﬂ BO3MOXHbI TONbKO B Criy4ae, ecnun
rapaHTMpOBaHHO He NpoucxoauT notepu 3Ha4YeHun, T.e. ecnu Tun, B KOTOprVI npoucxoavnt
npeoGpaaoaaHme MOXeT XpaHuUTb nto6oe 3HaYeHe UCXOAHOro TUNa.

byte -> short -> int -> long
ushort -> int -> long

uint -> long

byte -> ushort -> uint -> ulong

(so3moxHO NMioBoe npeobpazoBaHme B Npefenax CTPoUkN CrieBa-Hanpaso, Hanpumep, byte -> long)

Mpw nosiBneHnn HoBoW apxuTekTypbl factum64 BcTana npobnema nepeHoca nporpamm ¢ 32-6UTHol
aApXUTEKTYpbI Ha 64-GUTHYI0. 3TO 0KA3aN0Ck O4EHb CIOKHO U 10pOro. Hiuero He nonyyanock Ao
NosIBNEHNS apXuUTekTypbl X86-64, okasaBluelcs kpaiiHe aHeproHeaheKTUBHON, HO NONHOCTLIO
COBMECTMMON C X86 NO KOMaHAaM U ¢ 64-6UTHLIM Pa3MepOM BUPTYarnbHOMO a[IPECHOrO MPOCTPaHCTBA.
Pasmep int ocTancs pasHbiM 32 Gutam.

PeanbHoi, YicTon 64-6UTHOCTU HeT.

BUTOBBIN CABUT MOXET BbiTh kak BNEBO, Tak 1 BNPaBO, Kak apUdMETUHECKNIA, Tak 1 TOTUYECKUiA, HO
pearnbHO eCTb TONbKO TpK Koaa onepaumﬁ, Tak Kak apM(t)MeTMHeCKMI;I W noru4eckuin casur BNeso
3KBMBANEHTHbI:

sal o shi

sar - apudmeTMieckuii casur Bpaso. CTaplune GUTbl pesynbTaTa 3anoNHATCS CTapLmMM GUTOM
aprymeHTa

shr - nornyeckuit casur Bipaso. CTaplune GuTbl pesyribTara 3anofHATCA HyNém

B C, C++, C# kakow COBWI BbINOMTHAETCS 3aBUCUT OT TuMna Lenoro ymcna. Ecnu uenoe uncno aHakosoe, 10
BbINOHSAETCS apuchMeTUYeckuit cBur, ecrin GeasHakoBoe - norudeckuit. B Java 6e33HakoBbIX uucen
HeT (3a uckrnoyeHneM 1-6aitToBoro Tuna ‘byte’). MoaTomy 4TOGbLI OTAMYUTL apUdMETUHECKUI COBUT
BMApaso OT NIOrM4eckoro B Java npuwnoce BBECTU ABa pa3HbIX onepaTopa:

i>> N - apupmeTnyeckuin casur

2) Mepeuncnumblit TN - He pacluupsiemslii, a B Oberon Gbina KOHLENUMS pacluMperuns Tuna, a Takoi
(nepeuncnumblin\) TN npocTo npoTusopeunt OOTT.

OpHaKo NepeyncnUMBIN TUM OMeHb NOAXOANUT ANs BU3YarbHO KOMMOHEHTHOMO NPOrpaMMUPOBaHNS:
- CBopo4Hoe NporpaMMMpoBaHIe - He HaJIo HUYero pacluMpATL
- Hanpumep, Bu3yanbHoe npoekTupoBaHue nHtepdeiicoB. Moxem BbiGupath cBOWCTBa O6BEKTOB M3
cnucka nepeumncnennsi. CTaHOBSITCS JOCTYNHbIMU MOACKA3KM K koay.
3ameTnm, yTo 1-as “npobnema’ nerko 06xoAMTCS pasrpaHNYEeHNEM NPOCTPaHCTBA UMEH kak B C++:

enum Color { red, green, blue }; //rnobanbHble KOHCTaHTLI, OGpalleHne npsamoe: red
enum class Colour { red, green, blue }; //obpaiieHue: Colour:red

B HEeKOTOpbIX Crly4asax ansa cpnaroa NCNONb3YHTCA LENOYUCTIEeHHbIe 3HAYeHUs, KOTOPbIe MOXHO
KOMBUHMPOBATbL C MOMOLLbIO BUTOBBLIX onepaLmit &, |, Takum obpasom usberaeTcs HEO6GXOAUMOCTb
vcnonb3oBaTh MaccyB cnaros. Hanpumvep,

int Maximized = 1 << 0;

int Minimized = 1 << 1;

int Centered = 1 << 2;

int TopMost = 1 << 3;

int BorderLess = 1 << 4;

// DInsa cosmaHMs BMPYCa MOKHO CKOMOMHMpOBaTh Guarm Maximized, TopMost u
BorderLess

CreateWindow (“Wirus”, Maximized | TopMost | BorderLess);

MoBTOpPMM NPOGAEMBI NEPEYNCAINMOrD TUNa:
- HesBHbIi1 3KCMOPT KOHCTaHT
- HepaclwmpsiemocTts

Ho oH Bce paBHO BOLWWEN B KOMAUNnpyemMble A3blK1, XOTS U C UBMEHEHUAMU.
B C#: enum States { U, A, ... }
+ MoxHO BbIGpaTh 6a30BbIi TUM NEPEYNCNEHUS U3 BCTPOEHHBIX YMCMOBLIX TMNOB (byte, short, int),
Takum 06pa3oM CIKOHOMUB NaMATL ArA NEPEYNCTIEHNI C HEBOMbLUMM KONMYECTBOM KOHCTAHT (T.e.
Ans 6onbLMHCTBA)
+ BblAenaeTcs B 0TAeNbHOE NPOCTPaHCTBO VMEH
Ho B uenom gaHo paspaboTarb Uepapxuio Ansi HaCNeaoOBaHWs O4eHb CUMbHO. [03TOMY HepacLUMpsieMoCTb
He TaK yx npobnemaruyHa.

B Java nepeuucneHus nosBunuce He cpasy. B nepsoit Bepcum sisbika B 1995 roay ux He 6bino. MosBunmch
OHM Nuwb B 2005 roay, HO caenanm 1x KnaccoBbIM CCbINIOYHBIM TUMOM AaHHbIX. enum States { A, B, C } no
ymonyaHuio Hacnenyetcs ot Object. A, B, C - camoonpenenéHHble KOHCTaHTHble MMeHa 6e3 TUNoB no
ymonuaHuio static, public, const uneHbl. Kapou HeGonbLuoe paclumMpeHne cuHTakcuca. Ho ato knacc,
MOXHO NCaTb MeTObI, KOHCTPYKTOPbI, €70 MOXHO HacriefoBaTh.

[AvanasoHsl MaccuBos 13 Pascal He BbXUNK HUrAe, xoTs Bbinu B Ada: range L..K
Bespe npwxuncs C-noaxof K MHAEKCLMM MaccuBa, npu KOTOpoM Macceus AnmHel N, umeeT uHaekekt 0..N-1,
a caMu MHAEKCHI UMetoT Tun int.

CUMBOIbI 1 KOAWPOBKU

CUMBONbHBIN TUN AaHHBIX char Bbin ewé B Pascal. Ho ceitvac nepelunu ¢ 86ut Ha Unicode.

i>>>N - nornyeckni

Bel.LleCTBeHthe TMNbI

Mo cTaHpapty no6oe BbluucneHue ¢ float nponcxoanT Yepes pacwmpenme ao double. B printf Bcerga
AagyT double, XOTs BbIAACT OH TOYHOCTH float.

|EEE-754 yHuchuumpoBan npeacTasneHuns n apudMeTuky Yucen ¢ nnasatoluein Toukon ans 32 n 64 6ut. B
LienioM Npou3oLLIIO YNpOLLEHNe, BELLIECTBEHHbBIX YMCen 3a CHET NpuHATUsA IEEE-754 1 Lenbix Yucen 3a
CY&T yHMUKaLMK apudmeTuyeckux onepumii B x86, x86-64 1 Heckonbkux RISC apxutektyp Bpoge ARM.

MpumMep onpeaeneHnst BELLECTBEHHbIX YNCen ¢ hMKCMPOBaHHOI TouKoi B Ada:

type Def is delta H range L..R

rae

H - war, no ¢yt - To4HOCTH

L, R - MOXHO NpeanonoXuTb, MUHUMarbHOE 1 MakcUMarbHoe YUCNo

KomnunsiTop MoxeT cam BbiGpaTb yao6Hoe eMy npeacTtasneHve. Hanpumep, ecnu L u R He cnviukom
BEIUKM, TO ANst NpeCTaBMNeHNs AaHHOTO TUNa, OH MOXeT BbIGpaTh Lienoe uucno. Beero TpeGyetcs
xpaHuTb (L - R)/H BO3MOXHbIX Yncen. 1o onpeaensiet MUHMMarbHO Heo6XoaAnMYyIo paspsiaHOCTL
perucTpa. CTapaemcs BbIGpaTh NOMEHbLLE, YTOBLI IKOHOMUTL NaMsTh.

BnepBbie BelecTBeHHbIe Yncna ¢ (hMKCUPOBaHHOI To4KoM nosiBunuck B Cobol, 3atem - B IBM-PC x86.
Kpome Toro, B IBM-PC x86 ecTb ABOMYHO AECATUYHbIE Yncna. Kaxaoe Yncno KoampyeTcst CBoummn
AECATUYHBIMU Lidopamu, Kaxzast U3 KOTOpbIX B CBOIO ovepeb koaupyetcs 4 6Gutamu. Hanpumep 947
Bynet 3akoanpoBaHo kak 1001.0011.0111. He achchekTUBHO No NamsiT1, HO obecneymBaeT GbICTPbIN
BBO/A/BbIBOA.

Taioke eCTb AECATUYHBIN TUN AaHHbIX. Decimal B SQL 1 decimal B C#.

B Python ecTb Tonbko nnasatowwnil 1 Lenbiii (6asucHbIin\) TUN. [nMHHbLIX BELLEECTBEHHbIX Y1CeN HeT, a

ANVHHBIE Lienble - eCTb. Yucno, ecnu He ymelaeTcs B 32 6uta, cTaHoBUTCS 64-6UTHBIM, @ ecnn He
Bre3aeT 1 Tyaa, To yxe 6yAeT MOAEN1poBaTLCS HECKOMNbKUMM Y/CTIaMu, XOTS U MeaseHHee.

Javascript, Lua
BOOGLI.Le TOnbKo oAvH Tun - Number - 64 6uTHoE BeLLEeCTBEHHOE YUCIO, HO TaM HET TOYHON TOYHOCTU.

MouTy Nto6oit A3bIK NPOrPaMMUPOBAHUS NOAAEPKUBAET SIOMUYECKUIA TUN AAHHBIX KaK OTAEMbHbIN, He

COBMECTUMBIN HU C KakUM JpYriiM, TWn AaHHbIX. Ho He cTouT 3abbiBaTh npo C++ B KOTOpPoM ‘bool’ HesiBHO
KoHBepTUpyeTCA B ‘int’.

[Mepeuncnumble Tvnbl

Bupr, kak cosaan ero B Pascal, Tak 1 y6un ero 8 Oberon, no Asym npuyunHam:

1) Mpy umnopTe 13 ApYroro Moayns NepeynciIMmMoro Tuna HesiBHO MMNOPTUPYIOTCA 1 BCE UMeHa

KOHCTaHT
type col = ( red, green, blue ); BOOHOM Moayne
type Col = ( red, green, .. ); BAPYrom mogyrne

BO3HUKHET KOHMDMUKT

1991 roa - nosiuncs ctaHaapT Unicode. OH COCTOUT U3 ABYX OCHOBHBIX Pa3Aerio: yHMBepcasbHbIit HaGop
cumBonos (aHrn. UCS, universal character set, 6eisaeT UCS-2 n UCS-4) n cemeitcTo koamposok (aHrn. UTF,
Unicode transformation format). YHnBepcanbHbiii Ha6op cMMBOMOB 3aAaéT OAHO3Ha4YHOE COOTBETCTBUE
CMMBOIMNOB KOA@M — 3reMeHTam KoAgoBOro NPpOCTPaHCTBA, NPEACTaBNALUMM HeoTpuLaTenbHble Lernbie Ynucna.
CeMeiiCTBO KOAMPOBOK ONpe/ensieT MalMHHOE NpeACTaBreHe nocneaoBaTensHocTH kogos UCS.

Mpouwe roBopsi, UCS cococTtasnsieT nepornudy  kog 26218, a UTF-8 (Hanpumep) conocTasnsieT kogy
26218 npeacrasnexne Ha KomnblOTEPE B BUAE nocnegosaTensHocTi 6ut FO A6 88 98.

i18n = internationalization (18 - konu4ecTBo GyKB MEXAY ‘' 1 ‘N’) = KOr4a NULLIEM NPOrpPamMMbl Cpasy ¢
pacqémm Ha HECKOINbKO A3bIKOB U BO3MOXHOCTBIO NTOKanu3aummn nponoxeHus.

globalization - MeHio BbIBOAUTCSI HA AHITIUIACKOM S3bIKE, HO BBOAWUTbL MOXHO Ha JTI0GOM S3bIKe.

0..127 <paabueka cumsonos kak B ASCII u coBnagaet Bo Bcex KoAMpOBKax>
128..255 <ISO-latin1> - nepBoe paclumpeHune

KOI-8R - ocobas koanpoBka Ans pycckux 6yks, KOTOpasi MO3BOMSIET NPOUUTaTh pycckve BykBbl Aaxe C
06HYNEHHBIM NpaBbIM G1UTOM.

B UTF-8 cumBon MoxeT 3aHumaTh oT 1 4o 6 6anT. KonuyecTso 6ailT v koaupoBaHue Yucna onpeaensercs
B COOTBETCTBMN U MUHUMAlNbHO HeOﬁXO,ClMMbIM KONM4YecTsom 6uUT Ans npeacTasneHnsa 4aHHOro Kkoaa B
[iBoV4HOM Bufe. B npuBeagHHoI TaBnnLe KoNMYecTBO X'-0B B CTPOYKE COOTBETCTBYET KOMIUYECTBY
3HavaLlax 6uT - Ha MecTo aTuX ‘X-OB U NOACTABMSAETCA CTaHAapTHas ABOMYHAst hopMa AaHHOro Koaa.

Konuyec = 3nauawmx (e (T

TBO Gant our

1 7 0XXXXXXX

2 11 110xxXXX LOXXXXXX

3 16 1110xxxx 10xxxXXX 1OXXXXXX

4 21 11110xxx 10xxxXXX 10XXXXXX 10XXXXXX

5 26 111110xx 10xxxxxx 10XxxxxxX 10XXXXXX 10XXXXXX

6 31 1111110x 10xxxxxX L0OXXXXXX L1OXXXXXX 10XXXXXX 10XXXXXX

B UTF-8 Bce kopabl oT 0 go 127 kopupytotcs Takke kak B ASCII. MoaTomy ecnm TEKCT 3akoAMpoBaH B
ASCII, a npocmatpuaem Mol ero kak UTF-8-TekcT, To TekcT Ha AHrnuiickom sisbike ByaeT oTopaxaTtbes
NpaBUbHO, a TEKCTbI Ha AYPrux A3blkax ByayT oToBpakaTbeA HenpaBuIbHO.

KoHel cTpoku:

UTF-8: 0x00

wchar_t: 0x0000 - uncTblit Unicode

B UTF-16 kogbl n3 UCS-2 koaupytotcs 2-x 6aitoBbimM Yncnom. Koabl, koTopbie He Bnesatot B UCS-2
KOZVPYIOTCS Napow ABYX3HaYHbIX YMCeN.

Ho nosiBnsietcst npo6nema nopsigka:

FF.FE - big endian - nopsiaok, B KOTOPOM YKCna 3anucbiBaeT Yenosek
FE.FF - little endian - nopsiaok, B KOTOPOM MnazLlume 6aiTbl MayT BHa4ane (T.e. JIOrvyHbIin)



Mpoueccop ucnonkayer little endian, a ceTsb - big endian, noaToMy Ans onpeaeneHus Toro, kakon NOPSAOK
ucnonb3yeTcsi, cTpoka B Unicode formkHa HaunHaTbesi ¢ BOM - Byte Order Mark, cneuuanbHbix AByx 6ait
= OxFFFE, no KOTOpbIM ONpPeAensierTcs UCNonb3yeMblii NopsiAok 6aiT.

KommeHTapwit! Booblue, Ha Moii B3rnsz, npobnema BbicocaHa 13 nanbua. CeTb AomkHa nepejasaThb NOTOK
6ai1ToB B TOYHOCTM Kak eii roBopAT. MpuinH Ans uameHeHns nopsaka 6anTos He BuaHo. Mpobnemel He
BosHukaeT B UTF-8, rae kogupoBanve naét nobaiitoso. MNpu peanusaunm UTF-16, no Bcei BuanmocTn
1cnonb3yloTes, dyHKLMK paboTatoLme ¢ Gnokamu no aea 6anTa u Ha pa3HbiX apXUTEKTYpax CoxpaHeHne
9TKX GalT NOET B pasHOM nopsiake.

B si3bIkax NporpaMMMpoBaHKis, NOSIBUBLLMXCS Mocne cTaHaapTa Unicode, CTPOKOBLIM UM CUMBOMbHBLIM
Tvnom siensietca Unicode, 1 oH HesiBHO He npeoBpasyeTca k uucny. K Takum sibikam oTHocutes C#, Java,
JavaScript. B C# n Java ectb Char, o6bl4HO B UTF-16.

Mpo6nembl NOSIBUNUCH, Y 513bIKOB, NosiBMBLUMXCS A0 90-x. B C 1 C++ BCE pelunnu npocTbiM pacluMpeHnem.
B C++ nosiBunuch HoBble TUMbI: wehar_t, wstring, cooTBeTcTBYtoOLWME (PYHKLMM JOGaBUNM onpefeneHus
Unicode cumBonoB v cTpok:

L'c’ => Unicode cumeon

L"stss bla bla bla” => Unicode cTpoka

BornbLue npo6nem BosHukro B Python. B Bepcusix 2.* Gbinu kak Unicode, Tak u He-Unicode cTpoku: * *, “*,
w*"” (Unicode cTpoka), a B Bepcum 3.* octasunu Tonbko Unicode cTpoku o6o3Havaemble Tenepb NpocTo ' ‘.
Takum o6pa3om NOMeHsINach CeMaHTVKa Nporpamm.

WToro cTpykTypa NpocTbiX TUMOB AAHHbIX:
- Apudmerunyeckue
- MNepeunciMmele B KOMMMIMPYEMbIX A3bIKaX
- char-> string
- bool

YkasaTenu u ccbinku

K yKkasarensiMm B pa3HbiX A3blKax pa3Hble NoAxoabl:
- ClC++:
YkasaTenk - aGCTpakums aapeca, B camom obiem euae - void*
- Pascal/Ada:
Ykasaresb UCNonb3yeTcst ANt MOAENMPOBaHWS AMHAMUYECKUX CTPYKTYP TOMbKO Ans 06palleHust k
BblAENeHHbIM obbektam B ,umuamwecxoﬁ namsaTm
KnioyeBoe otnuune ot C/C++ - HeT aapecHon apucmeTukn

Ada 83

type R 1s record
A: T1
B: T2

end record;

type PR is access R; // Ykazarens

X:PR;

X = new R;

X.A ; X.B ;

X.all - cceulaeMcs Ha BeCb OOBeKT (3auem?\)

Y:R;

Y.R, Y.B; // T.e.uTOMOMy4a@ETCH, CUHTAKCUC AN AOCTYNa K NOMsiM Yepes ykasatesb U 06bekT
OANHaKoBbI? \

6orbLLIOro NocneA0BaTENLHOrO Kycka NamsTi HeT. BosHukaeT Heo6XoAMMOCTbL MPOU3BECTH
nepepasmelleHne 0GHLEKTOB C LieNblo YNIOTHEHWA aHHbIX B namMATU. COOpLUMK Mycopa Aenaet aTo
aBTOMaTUYeck1. STO OfHA M3 NPUYUH BO3MOXHBIX NMOABMCAHUI NPOrpamMm C aBTOMATUHECKO CBOopKoi
Mycopa. Takke 06bekThl MOryT 3MEHUTL CBOW aapeca U TpaAULINOHHbIE yKasaTenu Ha laHHble 06beKTbl
cTanm 6bl HeleNCTBUATENBHLIMM, HO CChINKU SBNAIOTCS Gomnee BbICOKOYPOBHEBLIM TUMOM [JaHHbIX, OHU
aBTOMaTUYeCcKU OGHOBNAKOTCS M NpoJOmKaT paboTaTb NPaBUIbHO.

C# -> Net pabotaet B VES (Virtual Execution System) Hap onpeaenénHoit OC. Mpu HeobxoaumocTn
ncnonb3oBaTb poaHble Ans aaHHoi OC API, HyHO ncnonb3oBaTh cuctemy Platform/Invoke.\

Java -> JNI (Java Native Interface). Ocobblit MHTepdeiic ans obpalleHns B poaHbIM Ans aaHHoin OC
cepsucam. [Mpu Mcnonb3oBaHUW NPUBOAUT K aBGCOMIOTHON HEMEPEHOCUMOCTU, HO 3aTO 3hEKTUBHO.

Bnok fixed B C#

B C# sBenu 6nok fixed, KoTopbIit huKCUpyeT agpeca Bcex 06bEKTOB, UCMOMb3yemblx BHYTpU 6rioka, He
NPUMEHSIS K HAM CTaHAaPTHbIN CEOPLLMK Mycopa. Aapeca (PUKCUPOBaHbI, @ 3HAUUT MOXHO WX NONYYUTL:

byte[] b = new byte[1024];
fixed { byte* pbffer = b; .. }

MpocxoauT NpeoGpa3oBaHie CCbIKM B TPaANLIMOHHBIN C-LUHbIN yka3aTerb Ge3 BCSKOro KOHTpOns. BHyTpu
fixed MOXHO ncnonb3oBaTh NGbIE yHKLUMK M3 GuBnMoTekn sabika C. Ho TpebyeTcs ykasaTb atpubyT
unsafe, Takum 06pasoM Mbl “NoanMckIBaeMcs” NoA TeM, YTO BCA OTBETCTBEHHOCTb NEXWT Ha Hac. U cBopky
TOXE 06si3aHbl Aenatb ¢ atpubytom unsafe. Mpu 3Tom Ha unsafe NPoekTbl HakNaabIBAETCA OrpaHudeHue,
1X Henb3s 3anyckatb 6e3 OLIM (rapaHTus HemameHHocTy bin-cbaiina).

CcbInoyHbIv TMN B C++

B C++ ccbinka Bcero nub “anbTepHaTuBHoe UMs” obbekTa
T& a;
T& a = *new T();
delete (&a) ; // aBTOMaTU4ECKOro 0OCBOBOXKAEHUS HE MPOU3ONAET
EnvHCcTBEeHHas onepaumst CO CCbINKOM - MHULManM3aumus 06bekToM, BCE ocTarbHOe NPUMEHSIETCS K
06bekTy.
T x;
T& a(x);
T& a = x;
Ecnu ccbinka sBnsieTcst YacTblo Knacca, T0 UHMUMannu3npoBaTb €& MOXHO TONbKO B KOHCTPYKTOpE B CNucke
VHALManusaumm:
class T {
public:
T(): <BOoT 3mecn> { }
}
Bpemst XM3HM CCbINKN HE MOXET BbiTb GOMbLLEe BPEMEHM XU3HW 0bbekTa.

Moxoxe Ha Apyrve A3blkv NnporpaMmMnpBaHns 1o, 4To cam BbIFlEJ'IeHHbIVI 0BbEKT HE MOXET U3MEHUTL CBOKD
ATNHY.

B nnaHe ckansipHoro 6asnca TUNOB AaHHbIX A3bIK1M NPOrPaMMUPOBAHWS PA3NNYAIOTCA HE CAIMLLIKOM CUNBbHO
14

Enaro,qapﬂ TOMY, 4YTO yKasaTtesb yKa3bliBaeT TO/IbKO Ha ANHAMUYECKYIO NamATb AOIMKHO BbITb npotule
cosgaTtb c6opLyuk mycopa. Ho B nepsom ctaHaapTe Ada 83 cboplumnka Mycopa He Bbino, Tak Kak s3biK 6bin
pa3spaboTaH Ans 3aay peanbHoro BpemeHu. MnaeHas npobnema cboplumka Mycopa 3akiio4aeTcs B ToM,
yTo cao6o}:u-|a;| namsaTb AOIMKHA ObITb B e[luHoMm nyne.
Coapatenu Ada UCXoannu 13 TPEX KpUTEPUEB:

1) Hap@xHocTb (Tak kak paspabatbiBancs Ans 3aaay 060poHbl)

2) 3dcheKkTMBHOCTL (ANS 3a4a4 peansHoro BpeMeHn)

3) YuTaemocTb (4Ns CONPOBOXAEHMS)
Ho pfo6aeunu moaynb unchecked_deallocation - YacTb cTaHaapTHOM BUBNMOTEKN, HO OTAANM Ha OTKYN
KkoMnunsTopy. Komnmnsitop MoxeT cam caenatb c6opky Mycopa U NpourHopuMpoBaTh
unchecked_deallocation.

Ada 95

Beenu apyroit Tun ykasatens, Tak kak Bcst AP| 6bino u3 okpyxeHns 1 HanucaHo Ha C, To Hazo 6bino
BbI3biBaTh APl Ha Apyrom A3blke, a Tam (Ha C) rnasHoe - ykasaTenb, a 3Ha4YUT HYXHO BBECTW yKasaTenb ny
ceba:

type PI is access all integer;

X:PI;

i:integer;

X := new integer;

x := i’access;

[Mpn 3TOM HOBOBBEAEHHOMY YKa3aTero MOXHO NpUCBanBaTh CTapbli, HO He HaOGOPOT. Tako ykasaTerns
cTan ykasatenem no tuny sisbika C. OH MOXeT yka3blBaTb Ha Mio6oit 06bekT. Ho B caMoM s3blike 310 Gbino
He HyXHO. [106aBMNM TOMbKO ANA B3aNMOAEGNCTBMUS C BHELIHUM MUPOM.

3ameTum, 4to Ans C 1 C++ Henb3s cosfaThb cEOpLUMK Mycopa, Tak kak ykasaTernb MOXKeT ykasblBaTb Ha
no6oe MecCTO, B TOM YMCNe U B CTAaTU4ECKON NamsiTyH.

CLR - ocobas peanvsauusi, B KOTOPOI BBENM CHOPLLMK Mycopa. [1ns 9TOro nosiBucs ocobbli Tun
yKkasarens, KOTOprVI MOXeT yKasblBaTb TONbKO Ha AUHAMUYECKY NaMsTb, U K KOTOPOMY He NpyuMeHumMa
appecHas apVIC'.)MeTVIKa. TornbKo K Takum ykasatensim v npyumeHuma CGOpKa.

Bce tunbl B C#

- Tunbl 3HaYeHA (CKanApHbIe TUNbI AaHHbIX)
- char
- bool
- int, float, decimal, ...
- struct (B C# He Toxe camoe 4To class!)
F/:Le OﬁbﬂBﬂeHbl, Tak 1 BblAensietcs noga HUX Mecto

- PedepeHuuanbHble TUMbI
- MaccuBbl
- uHTepdeiickl
- Knacc
- peneratbl: (OyHKUMOHAMbHbINA TUN AAHHBIX, MO CYTU YaCTHbINA CryYail CCbiNKn
int[] a; // O6bLSBRSETCS TONBLKO CChINKa HA MaccuB, NamsiTb NOA CaMm MaccyB He BblaensieTcs
a = new int[50]; // BelaenseTca namsTb Ha caM MaccuB B AIMHAMUYeCKOW NamaTu

To6oii cGopLmk Mycopa MOXeT nepeHecTu agpec. Mocne BblaeneHyst 6oNbLIOro KONMYecTBa 06GHLEKTOB U
OCBOﬁO)KAeHMﬂ 4acTu U3 HUX, MOXET NONy4YUTLCA Tak, YTO CBOﬁOﬂHOVI namsTm UMeeTCs MHOro, Ho
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a) BonbLuoit Habop TUMOB NOA apXVUTEKTYPY MallnHbI (Java, C#)
6) HemHoro Tunos, He addexTnBHo (Python, Ruby)

CTPYKTYpHbIi1 6a3nc

CoBeplLUeHHbII XeLl - 3TO XeLl 6e3 KOnnuauii u ¢ abComntoTHO NMNOTHLIM oToBpaxeHnem. Ero MoxHO
nocTpouTb Ans noBOro KOHEYHOrO MHOXECTBA.

Mackank:
- Maccusbl
- 3anucu (To, 4to B C HasblBaeTCsi CTPYKTYpOit)
- Crpoku
3T TpU €CTb N0 CYTU B MI0BbIX S3bIKax NMPOrpaMMUPOBaHUS, a TakKe:
- MHoxectsa
- aiinbl

CTPYKTYpHbIit 6331C OGBEKTHO OPUEHTUPOBAHHbIX 5I3bIKOB MPOrPAMMUPOBaHMSI

B no6om ctatnyHom (komnunupyemom) sisbike (C, C++, C#, Java), nocneaosaTensHoOCTM:
- maccuBbl
- CTPOKM
- 3anucu/cTpyKTypbl => Krnacc

W3 Basuca ywinm gainbl, MHOXECTBA U NEPELLNN B CTaHAAPTHYI0 GubnmnoTeky.

MaccuBbi
OcTaHOBUMCS Ha NOHATUM MaccuBa. TyT eCTb TpU onepaumu:
e A=B MO3MEMEHTHOE KOMMPOBAHWE 3NEMEHTOB 13 B B A
e Afi] VHAEKCMPOBaHWe, BO3BpaLLiaeT dneMeHT ¢ HomepoM ‘i’ maccusa A. CpabaTeiBaeT

npu oBpaLleHnm K anemeHTy B maccuse (printf(“%d”, Afil))
e Afi]->ref T  BO3BpaLaeT CCbINKy Ha aNeMeHT maccuaa ‘A’ ¢ Homepom ‘i'. CpabaTbiBaeT npu
npucsansaHumn anemexTa maccusa (Afi] = 50)
Mpu 3TOM Bpems A0CTyNa KOHCTaHTHOe, B OTNINYME OT CrioBaps, rae Bpems ocTyna obbluHo O(logN).
Takke 3amMeTM, 4YTO CyTb Maccusa oTpaxaeT NPUHLMMbI hoH HelimaHa:
- OpHOpOAHOCTb (BCE XpaHWMble AaHHbIe UMEIOT OAUH U TOT Xe Tun)
- JlvHeitHocTb (Bpems 4OCTYNa K 3MeMEHTY He 3aBUCUT OT ')
C maccuBamu MHOTAa MOXET NOSBUTLCS HeaththeKTUBHOCTL. Hanpumep, koraa Maccus BblaenseTcs B
Amuammqecmﬁ NaamMAT, HA MOMEHT TPaHCNALMWM agpec MacCvBa HE N3BECTEH, @ 3BECTHA CCbinka.
BosHuKaloT pacxofibl Ha pasbiMeHoBaHue 1 c6opky Mycopa.

B Mackane Bce agpeca MaccyiBa U3BECTHbI B MOMEHT TpaHCsiLmu. MamsTb ncnonb3yetcst aphekTUBHO,
HO 1 ANNHBbI MaCCMBOB CTaTUYHbI. HeKOTOpre Ke fA3bIKM NO3BONANY BblAeNATb MacCcue B CTEKOBOW NamsTu.
Hanpumep, Ada:

procedure P(N:integer) is
X: array range 1..N of integer;
Y: array range 1..2*N of real;
begin

end



AHnppelit ([872-879], 3aBepLueHO)

BblgensieTcsi namMsiTb B MOMEHT BXOAa B NpoLieflypy 1 0CBOBOXKAAETCS B MOMEHT BbIXOAa
(KBa3MCTATMYECKWNE MACCUBbI - HE MOTYT MEHSITLCS! Mocse Co3/iaHus). Ho Mbl BCe-paBHO He 3HaeM, rae
VMEHHO B CTeKe MNAryT NepemMeHHble, HO 3aTO Mbl TOYHO Bceraa 3Haem offset.

WN3-3a Takoro B/MAa ANHAMUYECKUX MAaCCUBOB HY>KHO AOMNOMNHUTENbHO NMETb CMeLLeHNe OTHOCUTENbHO
Kagpa CcTeka, HO OHW BCEe-paBHO AenUrMpoBaHHbIe. .

MocTosHHasi 6opb6a 3PHEKTUBHOCTL/MMBKOCTb.

HeorpaHuueHHbi maccuB Aga

B Ane ecTb HEOrpaHUYeHHbIN TUN AaHHbIX.

ObLee 06bABNEHNE TUNa Maccuea:

type LARR is array INDEX range L..R of T;

INDEX - Tun uHpgekca, L,R - KOHCTaHTHbIE BbIpaxeHust Tuna uHaekca, T - TUn 3HaueHust

HeorpaHuyeHHbIit Maccus:

type ULARR 1s array Integer range <> T;

Ha camom gene Bce cydro, noTomy 4TO npu 06bABMNEHNUN NEPEMEHHOI pasMep BCE-paBHO HaAo ykasaTb:

y : ULARR; « Hemnb3s

z : ULARR range 1..N; < MOxHo, ecm N - const

w : ULARR range 0..N-1;

EAvHCTBEHHas NnioLLka - NepeMeHHble Z M W 6yayT hopManbHO OJHOrO TUMa, 1 MO3TOMY C HUMU MOXHO
Aenartb NpUCBaUBaHUs, €CIN UX [ANWHbLI COBMNafarT z := w.

HeorpaHuuerHbIi TUn ynobex ans onpeaenexus npoueayp, rae apryMeHToM ABNsSeTcA Maccus, Tak Kak no
onpeaeneHunio agpec CTatnYeckn Mbl HE 3HaeMm.

Bo Bcex onepauusix ¢ HeorpaHUYeHHbIMM TUNamMK BKMIOYAETCS KBA3UCTaTUYECKMIA KOHTPONb (Mo cam
KOMMUNATOP, €CI1 3HaeT BCe NapameTphbl, NPOBEPseT onepaumio, Inbo BCTaBUT NPOBEPKY)

PaGota ¢ maccusamu Apa
function Sum(A: ULARR) return T;
count : T := 0.0;
begin
for i in A’RANGE
Sum := Sum + A(i) « WHaekcauums Kpyribimiu ckobkamu
end;
return count;
end Sum;

ATpuBYTHblEe dyHKUMKM MaccusoB Apaa: ALENGTH, A'UPPER, ALOWER, ARANGE

Maccuebl B Mogyne-2

OTKpbITBIA MaccuB:

TYPE A: ARRAY of T;

O6bI4HbIN Maccus:

TYPE B: ARRAY[L..R] of T;

Mpu 3TOM NepemeHHble TUNa A MOryT GbiTb TOMbKO (hOpMarnbHLIMM NapameTpaMu npoLieayp v yHKUMIN
(X Henb3s co3aasath)

EcTb 0606LLeHHOe NOHATUE NocneAoBaTenbHOCTU. MocneaoBaTenbHOCTL - 3TO Takasi LUTyka, KOTopyto
MOXHO MHAEKCUPOBaTb.

ECTb CrM1CKY, KOTOpPbIE HA CAaMOM e MACCUBbl, HO Ha3blBAKOTCS CMICKAMMU.

a = [1,”str”,3] // HenpepbiBHas 0BNACTb NaMSTH, KOHCTAHTHAS NO BPEMEHU MHAEKCaLs

Crnmcky NOMHOCTLIO AHaMUYeckne. MOXHO yanaTb/BCTaBNATL 3fleMeHTbl. Peannokaums npouexoant
aBTOMaTUYeCcKU. MOXHO CMELUNBATL Pa3Hbie TUMbI JaHHbIX

EcTb kopTexu (tuple)
a = (1,2,”str”) Il HeuameHsiemasi AnNMHa, MOXET GbiTb KIOYOM B CrioBape

EcTb cTpokun

a = “str”// HeusmeHsiemMas [nMHa, NPU MOAUCHUKALIMM CTPOK MPOCTO KOMMPYETCS B HOBOE MECTO, MOXHO
MCNOnb30BaTh Kak KoY B crioBape

CTpokKa - 3TO He NPOCTO MacCHB 4apoB, @ OTAENbHbI 0GLEKT CO CBOUMU (DYHKLIMSIMU.

EcTb cnosapu
a = {‘a": 1}
AccoLnaTVBHbI MaccuB, peann3oBaH B Bie Xelwa. Mpu 3ToM Bce KIioUmM A0MKHBI BbITh 0aHOrO TUNa

EcTb reHepatopsl. [eHepaTop - 3T0 Takas LUTyka, KOoTopasi Co3aeT NocreAoBaTensHOCTb Ha Xoay No
HeobxoanmocTu. (Kak noToku B Jlucne)
def natural():

i=0

while True:
yield 1
i+=1

natural () - CO3[JAET reHEpaTop, KOTOPLIN CO3AAET GECKOHEUHYIO MOCNEA0BATENLHOCTE HATYparbHbIX
uncen. Kak BCe 0CTarlbHble NOCAEA0BATENLHOCTH, MOXKHO UCMONL30BATL B LMKNaX.

Co BCemM NocNe0BaTENbHOCTSMIU MOXHO AeNnaTh crieayloLee:
s.index(obj) < Mouck nepBoro BXopKAEHNS ArIeMeHTa B NOCNeA0BaTeNnbHOCTb

s.count(obj) « MoacyeT konuyecTBa BXOXAEHWIA NEMEHTa B MocnefoBaTeNbHOCTb
s[2] « Unpekcauus

s[2:3:1] « BbIpeska (slice) co 2ro no 3ii anemeHT ¢ warom 1.

B Python range (right), range(left, right), range(left, right, step) -Q3To reHepaTopbl
COOTBETCTBYIOLLMX NocneaoBatensHocTeit (B Python 2 - cyHKUMK. cosgatoLme crvcku)

B Python Het uukna for, ectb Tonbko foreach, koTopelit HasbiBaeTcs for. Linkn obsizatensHO NpUHUMAET Ha
BXO/} nocrnefoBaTenbHocTb. Yepes foreach MOXHO MMUTUPOBATL 0BbINHBIN for:

for x in range (left, right, step) BIluTOHE
OKBMBANEHTHO
for(int x = left; step > 0 ? x < right : x > right; x += step) BCax

MocnepoBatenbHocTn B Java n C#

B Java u C# ecTb uHTepdeiicbl Anst cosaaHvs nocrnenoearensHocTei: lterable n IEnumerable
COOTBETCTBEHHO, a Takke cneunanbHble UMKIbl Ans nepe6opa JTUX ANIEMEHTOB.

PROCEDURE Sum(A:ARRAY OF REAL) : REAL;
VAR Res: REAL;
I : INTEGER;
BEGIN
Res := 0.0;
FOR I := 0 TO HIGH(R) DO
Res := Res + A[T]
END;
RETURN Res;
END Sum;

MquJ'Ia-Z yl'lOpOTbIﬁ A3bIK, N B HEM HeMb3s MoNny4nuTb HUXHIOK rpaHnULy MaccuBa, TOMNbKO BEPXHIO
(HIGH(A)).

Maccuebl B O6epoHe

ECTb MHOroMepHbI€ OTKpbITblE MaccuBbl. OHW MOTYT UCMOMb30BATLCS TOMBKO B KAYECTBE (hopManbHbIX
napameTpoB tyHKLWIA.

HeT 6e33HakoBoro Tuna. Het guanasoHos.

Maccus 3agaetcs:

B : ARRAY N of real; < N - anuHa (MHaekcel 6yayT ot 0 go N-1)

MaccuBbl B JAVA u C#

CoBpeMeHHble 53bIK1 UMEIOT pedepeHLnarnbHylo Mofenb (BCe 06bEKTbI COCTaBHBIX TUMOB XPaHATCS B
[LIMHAMUYECKOI NamsiTh)

T[] a = new a[N]; « [inmHa Hy>xHa TONLKO ANS MHALMANM3aLMK

MoaTomy obpalleHne a [i] Bceraa nopasymeBaeT [Ba pasbiIMEHOBaHNA.

370 KBa3aCTaTMYECKNE MACCHBbI: ANMHA NOCTOAHHA, HO 33AaeTCs B MOMEHT UHULManN3aLmm.

(370 HyxxHO Ansa acbchekTUBHOCTU. MOTOMY YTO @anropuUTM pacLLNPEeHUs/CY)XeHUs MaccuBa HeyHuBepcaneH
1 NO3TOMY He BXOAWT B 6a3uc)

B nntocax ecTb vector, y KOTOpOro onepauvs erase, yaansioLlasi Bce 9NeMeHTbl MaccuBa, He Npou3BoauT
peannokaumio, T.e. 3ape3epBMPOBAHHOE MECTO COXPaHSIETCS.

MaccuBbl B AMHammveckux asbikax (JS, Python)

JavaScript

Maccus - aTo OG'I:-GKT, NPOTOTUNOM KOTOPOro ABNAeTca Array. Mo CpaBHeHUo C OBbIYHBIMU OG'beKTaMI/I,
MaccuB MMeeT [onosiHuTenbHoe nore length, cogepxallee AnvHy, a Takke Habop crneuMUUHbIX QyHKLWIA
Bpoge push, map u 1.n. Mpn 06paboTKke MAcCUBA YUUTLIBAKOTCS TOMLKO NOSIS C LEMNOYUCIEHHBIMY
Kn4yamu.

Mpo 06bekThl B JS HWke N0 TEKCTY

var a = [1,2,3];

console.log( a.length ); // 3
a.length = 4;

console.log( a ); // [1,2,3,undefined]
MonHOCTBIO AMHAMWUYECKUIA MACCHB, KaK B MUTOHE.

Python

C#

Livkn

foreach (elem in collection) { ..}

ns pa6oTel ¢ utepatopamm B .NET ecTb cneumanbHeii si3bik LINQ (Language Integrated Query), koTopblit
no3BonseT B AeknapaTuBHOM CTure onuckiBaTh npeobpasoBaHns AaHHbIX. LINQ ucnonbayet nexnsoe
nopoxaeHue o6bekTa, TO eCTb reHepaTopbl.

3anucu (cTpykTypbl) B C++, C#, JS (06bekTbl)

3anuck - 3To Kak CTpykTypa B Csix. inn maccus 13 pasHOPOAHbIX 3/IEMEHTOB, HO TakuX, YTobbI Bce
CMeLleHNsa MOXHO 6bI110 BLIYUCTIUTL Ha 3Tane KoMnunauuu.

B ANHaMUYEeCKUX A3blkax Takasl WTyKa OTCYTCTBYET 3a HeHaADGHDCTbIO, Tak Kak TaM eCTb accounaTuBHble
MaccuBbl (XeLum).

Jaxe B Java ee HeT.

C++
struct Record { int x; double y; }
Record t;

t.x, t.y; < O6palleHue k nonto 3anucv
Record* t = ..

t->X, t->y; < ObpalljeHune K Nonto 3anncy Yepes ykasaTenb Ha 3anuch

Onepartop —> MOXHO NeperpyanTb: T* operator ->() { .. }
370 06bI4HO UCTONb3YeTC ANst 06ePTOK Hag, Cebinkamu (Bpannepos)

C#

EcTb cTpykTyphl. B oTnmnune ot C++, B C# CTpykTypa oTnnyaeTcs oT knacca noseaeHnem. Knaccel B C#
ABNSIOTCS CCITOYHBIMU TUNamMu. CTPYKTYPbI - TUMaMU-3Ha4eHUSMU. 3TO 3HAYUT, YTO B OTIIMYME OT
CCbIMNOK, AOCTYM K MOS0 CTPYKTYPbl TPEGYET TOMbKO OAHO pa3biMeHoBaHNe. KpoMe TOro, CTPYKTYpb!
XPaHSATCS Ha CTeKe U NMPUCBANBAIOTCS MOSMHBIM KONMPOBAHMEM.

370 HYXHO Anst 9dEeKTUBHOCTMU, OCOBEHHO ECIIN MPUXOANUTCS MOCTOSIHHO CO3AaBaTL/yAansTh OGbLEKTHI,
4YTO Ha CTeke genaetcs 6|=|01pee, 4em B Ky4e.

CprKTypbl Hernb3s HacneaoBatb, NepeonpeaensTe B HAX KOHCTPYKTOP MO YMOMN4YaHuio.

0O6bekTbl B JS

370 accoumaTBHEIE MACCBbI C YNyYlLIEHUEM B BUE MPOTOTUMHOMO HACTEA0BaHMS.

var a = {}; // mycroit obwekT mMeer nporToTun Object u HaGOp CTaHOAPTHEIX METOLOB
var b = { cat: 5 };

a[“dog”] = b.cat;

b[“cat”] = a.dog + 1;

/] a = dog: 5 } b = { cat: 6 }

ObpalueHus a.cat u a[“cat”] akBuBaneHTHbI, kak 1 a[1] u a[“1”]. Bce kntoyn 06BLEKTOB HA caMoM Aene
cTpoku. Ecrnm kntoy He HaigeH, To Bo3spatuaetcs undefined.

Mpo npoToTUNHOe HacreaoBaHue kak HNGYaL NOTOM.

Oennc ([880-903], 3aBepLueHO)

YnpaBneHvie nocneaoBaTenbHOCTbIO BblYMCIIEHNI

[MBa Tuna cywHocTen:



1. BbIMMCIIEHUS (BbIPaXeHNs, HesiBHOe ynpasrieHne)
2. nocrnefoBaTeslbHOCTb ONepaTopoB (SBHOE yrpaBrieHue)

BbipaxeHus

B pamkax OQHOro BbipaXXeHusi NocrefoBaTeribHOCTb BbIMMCIIEHWI 3aBUCUT OT CEMaHTUKU, npu 3TOM ecnm
CeMaHTVKa Aonyckaet HeO4HO3Ha4YHOCTb, TO NOPSAAO0K He onpeaeneH.

B thyHKUMOHANBHBIX A3bIkax €CTh “SleHnBbIe BbIMUCTIEHNS” (OnepaH bl BEIMMCTIIOTCS MOJILKO Npn
pearnbHoii Heo6Xx0AUMOCTH).

Jlornyeckve onepaunn and, or — NeHuBbIE (B and ecnu neeas YacThb false, To npaBas He Bbl‘-ll’lCl'IHeTCﬂ).

Mepsbiit BapuaHT Ada npeanaran: NopsiAoK BbIMUCTIEHUIA He OMKEH UMETb Takux 0COBEHHOCTEN,
NpeanoxXunu cneunansHo Ao6aeute andthen uorelse. OkoH4yaTenbHo (83), ocTaBunu neHmsble and
Wer.

B JavaScript ecniv onepaHzbl He bool, TO BO3BPALLAOTCS CaMy 3HAYEHWs ONepaHAoB ([exuc: ecnn
Hanucatb 'foo' or 'bar' TONOMYYMTCR 'foo', @ He true WM false)

LIMK.HI:-I, nepexoabl
Fortran: eqnHCTBEHHbI UMKN — DO, C (PUKCUPOBAHHBIM YMCIIOM NOBTOPEHMIA. Bece ocTanbHoe nepexoasl; K
KOHUY — 3 TUna goto (+ elle NosiBUNUCL).

1967: Oevikctpa Hanucan ctatbio «Goto statement considired harmful» -- roBopuT, Hy>HO BbIGpaTh 1
OpMy YNpaBnsoLWKX CTPYKTYP, 4TOBbI icHa Bbina CTpykTypa anroputma.

Mporpamma — nocnegoBaTernbHOCTL NpeoGpa3oBaHuil NpeanKaToB (chopmarbHoe NporpaMMupoBaHne —
[AaeT [0Ka3aTenLCTBO NPaBUIbHOCTY NPOrpaMMmbl).

P1 (k) P2, rpe k — ynpaBnsiowas CTpyKTypa C onpeaeneHHoi CeMaHTUKOA — YEeTKO onpeaeneHo, Kakow
VMMEHHO npeaukar P2 nonyuutcs us P1.

P -- uHBapnaHT umnkna, ecrm P — BepHo Ans no6oro CocTosHNSA NPy BbIMMCIIEHNN S
while B do S
P and not S — BEpHO ecnu LMK 3aKOHYUTCS

Vipes “nokasatenbHOro NporpaMMUMpoBaHuUs” — O4eHb COXHa, T. K. N1loBoe AoKasaTenbcTBo CoXHOe —
Bonee coBpemeHHas 1aes «nNporpamma — HaaexHast COBOKYNHOCTb HEHaAEKHbIX KOMMOHEHTY — assert,

TecTupoBaHue U T. 4.

1967 — «Notes on Structural Programming» 3 ctaTbu - NosiBfieHne CTPYKTYPHOTO NPOrpaMM1pOBaHNS.
YnpaBnsatowmx CTpyKTyp, KOTOpbIe Hago UCMOoMNb30BaTh AOCTATO4HO Maro — NPOrpamMMUCT TEeM Nyylle, Yem
MeHbLLE BUAOB yNp. CTPYKTYP OH UCNOMNb3yeT
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prepare; e 2 pasanoBTOPSiETCS prepare
whiJ..e B do ®  MPULLNOChL NOArOHATLCSA MOA
begin CYLLECTBYHOLLYIO CTPYKTYPY
process; e nyvuwe caenatb goto, €CNN Takon
prepare; CTPYKTYpbI HeTy B AN
end
Wroro:

1) ycroBHble nepexofpl - i f-then-else UK MHOrOBaPUaHTHbIM BbIGOP (Lenoyka if Unu case)
2) umkrbl (while-do; do-while; for)
3) “3amenutenu goto” (break; continue; return, [ONOMHUTENbHbIE goto, throw)

B 70-m nosiBunuck a3blkv 6e3 goto: Java, Modula-2

B Java goto 3ape3epBUPOBaHO, HO He MCMOMb3YETCS, U 40 CUX MOP He NosiBuncsi. Ho 3aTo ecTb
pacLUMpeHHbI break M; rae M — MeTka Hauana KOHCTPYKLIUK, U3 KOTOPOW Hado BbITY (feHuc: B cryuae
BINOXEHHbIX for-0B HANPUMED, MOXKHO caAenatb break ANA BHELWHEro U3 BHyTDeHHeI'O)

RAII - B C++ Resource Acquisition Is Initialization, noGoi pecypc Hano 3aBepHyTb B Knacc,
VHULManM3auus B KOHCTPYKTOPE, a YHUMTOXEHNE B ECTPYKTOPE, NPy 3TOM U3-3a CBEPTKM CTEKa BCe
yHU4TOXMTCA. ECNn HET CBEPTKM, TO BO3HUKHET Kyya npobnem (try-catch No3BONSET He UCNONb30BaThL
goto AN YACTKW PECYPCOB B KOHLIE NPOrpamMmbl).

CocTaBHbIe CTPYKTYphbI

3aMeTUM, YTO NPOCThIE YNPaBsioLLMe CTPYKTYPbl COCTaBHbIE:
if then S1 else 52 --S1u S2onepaTopsbl, KOTOpble HAAO pasnuyaTh

(YuebHuk: Bo Bcex si3blkax: if A if B else C <==> if A { if B else C })
EcTb aBa BapnaHTa: 6€3 SBHbIX TEPMUHATOPOB 1 C ABHBIMU TEPMUHATOPAMM.
Be3 ABHbLIX TEepMUHATOPOB -- BBOAUTCSI COCTaBHOW onepatop (06bl4HO YTO-TO Tuna 6noka B C -- {

onepaTopbl } U3 HEro MOXHO AenaTh goto)

Ho ecTb 06bemmioLyit GroK-TeNo yHKUWM — U3 HETO goto HapyXy cAenarb Henbas

Pascal c
while B do S while (B) S
repeat S1...S2 until B do S while (B)

Bespe -- poBHoO 1 onepatop
SIBHbIV TEPMUHATOP -- ABHO COCTABHOI oneparop
begin ... end --CBfi3aH C NOHATMEM 6110Ka, a He COoCTaBHOro orneparopa

MosiBUNCS 0COoBbIN onepaTtop MHOroBapuaHTHOro Eblﬁopa:

Ada: <Modula-2, Fortran, Oberon> Python
(AABHBI TEpMUHATOP -- “OTCYTCTBME OTCTYNa")

if Bl then YCTMOBHbIN Oneparop if B:

sl COCTOUT 13 3 YyacTten pass — sBHBII NyCTOM OMNEp.
elsif B2 then elif B2:

S2 elseif He S2

elsif B3 then cunTaetcs 1f (MHade | else:
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1965 — gokasanu, YTo Nobyto NPOCTYI0 NPOrpaMMy MOXHO peanu3oBaThb TOMBKO C Ucnonb3oBaHuem 0), 1),
4).

3 cratbu:
1. [eickeTpbl 0 goto (NpoTue DS-programs -- Dish of Spagetti, rae ucnonb3yercs Tonbko goto)
2. Xoapa(Ha eé ocHoBe BupT, no6aBus for i := el to/downto e2 do S, cosgan Pascal)
3. 7

1974 -- [1. KnyT, “Structural Programming with goto statements”, nuwer, uto ngesi [lefikcTpsl B pasaenequmn
nporpamMmbl Ha ypoBHe abCTpakuum 1 AanbHenLlei AeTanMsalnmumn noka He AoMAEM 10 YPOBHSI OnepaTopoB
An.

MnweT, YTO yKa3aHHbIX yNpaBnsioLLnX CTPYKTYP HEe XBaTaET, T.K. MHOTME NPOrpaMMbl UIMEIOT BUA:

Mogaos vhea

S2a-ke, J

1
o>

-
3/#0}
l 7
21
53 HY)XHO BbIr0 Gbl s3
else CTOMbKO Xe endif
s4 nucarb).
endif
4 Tna umknos B Modula-2:
while B do do for .. loop
loop loop loop S
S S S end loop
endloop end loop end loop
until B
Oberon Ada Ruby
npuaymaH snoHuem n CUnbHoO
OTNMHAETCH OT €BPOr. A3bIKOB
loop Pewwmnu, yto umkn KxyTa (BbiXoz no MOXHO 1 OTCTyrom 1 begin-end
s ?? UMKNA) BLIFMAAUT He YA0GHO, if B
end rioeromy Aobasunu: s1
oop ) else begin
when B ==> exit; 32
end loop; end
(OeHuc: Janee npeT onucaHne HABOPOTOB, KOTOPble OTHOCSTCS K Ruby)
X =B?el : e2 -- X =1f B then el else e2 end;
Lf B then S1 end -~ S1 if B (&ns BJIOXEHHBX ACCOLMATMBH. [Opasad)
81 unless B -~ S1 iLf not B
Linkn:
while B
S
end
(Axppeit: HaBopoTkl ¢ 6nokamu B Ruby TyT BoOGLLE He B TeMy, NOTOMY YTO CKOPEE OTHOCSTCA K
3aMbIKaHUAM 1 NAMBAa-YHKUMAM, YeM K YpaBnsaioLwmumM KOHCTPYKLINAM.)
ECTb BO3MOXHOCTb NPUCOEAMHEHNS Brioka K HEKOTOPOMY BbIPAKEHUS (MOXHO BrOK MPUMEHNTbL K
uTeparopy).
f.readlines do | line |
end
f.readlines { | line| .. }
Ha camom flene aTa cTpallHas LWTyka aHanornyHa Bei3oBy yHKLUM ¢ NSMEA0M-3aMblkaHnemM
Hanpumep, kak 9To Morno BeIrfsaeTs Ha JavaScript:
f.readlines (function(line) { .. });
MpenmyuiecTBo 6nokoB Haj NAMBaamMK B YnCToTe - HeT criosa function
3.times { .. } --Bnok BeINONHUTCA 3 pasa
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MHoroBapuaHTHbIN BbIGOp case
MoxHO caenarb MHOMO if, a MOXHO 3hPeKTUBHO peann3osaThb Tabnuuel nepexonos.

B AN BLICOKOrO YPOBHS €CTb:
case e of

Cl : s1;
C2 : 82;
end
ADA Ruby
case e of case e
when 1, 2, 3, 5, 9, 11 = seq f when vall then S
when List 2 = seq N when val2, val3, .. valN then S2
L when Class then S3
when other s == seg Nel(?2?)
end case when range then S4
when predicate then S5
end
34ecb oGaBmnv cneumnanbHbI CIOXHbBIN
onepaTop CpaBHEHUsi ===, KOTOPbIN
MCMOMb3yeTCs TONMbKO BHYTPU Case 1 fenaet
CNOXHble LITYKX, NO3BOMAS NUcaTh
YMOMOMpaYnUTENbHbIE Case-bl
case a
when 1..5
"It's between 1 and 5"
when 6
"It's 6"
when String
"You passed a string”
else
"You gave me #{a} -- I have no
idea what to do with that."
end
C, Java (He3aByannpoBaHHbI# goto)
switch (e) case u default - npocto if (e == i)
{ cneunanbHble MeTKn goto case i
case N: else
default: goto default
}

YyebHuk: B C# Hanuume break TpebyeTtcs nocne Bcex case M default.
B Python HeT case, HO €ro MOXHO COMHUTENLHO MPOMOAENNPOBATh:

def switch(K):
(fl: f1, f2 : £2, .. fn : £n}[k] ()

foreach
Linknel HanBonee obLero suaa:
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Coroutine (conpoepamma) - BbI30B NPONCXOAUT
Tyza, rae oHa noTepsina ynpasrieHue, BMECTO
call nreturn nossiBnsercs resume (1
KOMaHaa BMECTO [1BYX, HO U3HaYanbHo 1 call)

Modula-2

BeeneH T[] Coroutine (Ans agpeca conporpammbi).

PROCEDURE NEWPROCESS (VAR C : COROUTINE, P : PROC, N : CARDINAL);
CTpoka 3aaaeT: MHULManM3aumio NporpamMmbi, Npoliecc 6es napameTpoB, pasmep paboueii obnactn - C
6ynet pabotatb Mo npoueaype P

PROCEDURE TRANSFER (VAR Cl, C2: COROUTINE); — nepefaet ynpasneHue oT C1 KC2.

ApxuTekTypa cTeka nosiBunach Ans peanusauuu nognporpamm (frame, activation record ans xpaHexve
[laHHbIX O BbI30BE).

Ho y kaxaoi conporpamMMbl A0MKeH GbITb CBOI CTEK, YTO M NoApasymMeBaeTcs B nepegaye napameTpa N -
pasmepa 06nacTu Ans CTeka peanusaLy v T.n.)

Python
Conporpammbl UCNOMNbL3YIOTCA B reHepaTopax (reHepaTopbl ABNSIOTCS YaCTHLIM CryYaem UTepaTopos).

Mpumep conporpaMmbl (BO3BpaLLaeT 3feMeHT, U Jaree He BbINOSHAETCS, NoKa He NOmnpocsiT eLue).
def fib(): # renepupyem umcria OnGoHauum
nl =1
yvield nl
n2 =1
yield n2
while True:
yield nl + n2
nl, n2 = n2, nl + n2

Tenepb MOXHO MucaThb:
for f in fib():
print (f)

Ewie MoxHO nucatb:
£ fib ()
nl = next(f) // 1
n2 = next(f) // 2
n3 = next(f) // 3
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Cc Ada

for (el; e2; e3) S for f1 := el do e2 step e3 do

end

Ceiyqac nosiBNATCS UMKIbI BUAA:

foreach (var t in C) S, rae C -- KOnnekums (NocrneaoBaTesibHOCTb) 3MeMeHToB

C#: IEnumerable WMeeT MeTOA GetEnumerator (), KOTOPLI BO3BpaLlaeT MHTepdenc IEnumerator:
CBOWCTBO Current -- TEKYLUUA SNeMeHT
bool Movelext () --Cneaylowwi, false €Cnu ero Het

Reset () -- NepeBoAUT B Ha4yano

foreach ©GepeT ccbinky Ha C, NonyvaeT TEnumerator, U AenaeT Next () U KakMe-To AeCTBus ¢
Current.

Bup: foreach (T v in C) S

C++11: for (T el : C) S
Java: for (T v: C) S

CpepnctBa passutus Al

HyxHO ymeTb
1. BBOAWTL HOBblE abCcTpakumm
2. 3awmwatb 3TM abeTpakumumn

[pyrvie cnocobbl Nepeaayn ynpasnenusi, He Bxoasiume B 6asnc:
e [oanporpammbl
e VckmiounTenbHble cuTyaLm

MonsiTne noanporpammel, Kak aGCTpaKLlMM anroputMma nosisunochL eule B Fortran.
CBs3aHHbIE MOHATUS:
e repegadva NnoToKOoB ynpasBsieHUsi U UX ynpasneHne

®  MOTOKN AaHHbIX
e noanporpammHble T

Moanporpammsl 1 conporpammel B Al

Subroutine B Fortran Bceraa Beget cebs
OAMHAKOBO, kKorfa 6bl ee He Bbi3Banu.
BbinonHeHune Subroutine kaxabin pa3
Ha4ynHaeTca CHavana.

Callee
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(ﬂeHMC: Aarnee onuChbIBAETCst MEXaHU3M generator. send (value), BCTBMIO NyYwe CIOAA BbDKUMKY U3 [JOKYMEHTaLWUM 1 npumep
co stack overflow, T.k. U3 NeKUMI S HU4ErO, OKa3aNoCh, He NOHSN)

B KoHLe Bepcuii 2.x yield CTan MOMHOCTLIO BbIpaXKeHUEM — BO3BpaLLaeT onpeaeneHHoe 3HauYeHne u

NoBSBNSAETCS (hYHKLUA:

generator.send (value)
Resumes the execution and “sends” a value into the generator function. The value argument becomes the
result of the current yield expression. The send () method returns the next value yielded by the generator,
orraises StopIteration if the generator exits without yielding another value.

To ecTb MexaHu3M, No3BOISeT NepeAasaTh B reHepaTop nHopmauuio Ans obpaboTku. MHdopmaumus
NPYXOAMT, KaK pe3yribTaT Bbl3oBa yield.

Mpumep:
>>> def double_inputs():
while True:
x = yield
yield x * 2

>>> gen = double_inputs ()
>>> gen.next () #run up to the first yield

>>> gen.send(10) #goes into 'x' variable

>>> gen.next () #run up to the next yield
>>> gen.send(6) #goes into 'x' again

>>> gen.next () #run up to the next yield
>>> gen.send(94.3) #goes into 'x' again

188.5999999999999

B Py(hol‘l 3.5 BO3MOXeH peanbHO I'Iapa]'l]'leﬂbelVI 3anyck conporpamm, nytem UCrnonb30BaHUA KNKYEBOro
CrnoBa async.

async def readl db():

data = await (db.fetch(“Select ..”)) -- OXWOAET 3aBepLIEHNS
yield from -- KOHKPETHO yKa3biBaem OT KOTO XOTUM MOMYYNTb AaHHbIe
HaknagHble pacxoab! B Python Ha cosaaeHve npouecca - 8 MB, ans conporpammel - 1 Kb.

C#

[Insi UTEpUpOBaHUS HYXKHO peanu3oBbiBaTh IEnumerable, BO3BpAlL@OWMA IEnumerator:

// Collection of Person objects. This class

// implements IEnumerable so that it can be used
// with ForEach syntax.

public class People : IEnumerable
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private Person[] _people;
public People(Person([] pArray) {

IEnumerator IEnumerable.GetEnumerator () {return (IEnumerator)
GetEnumerator();}

public PeopleEnum GetEnumerator () {return new PeopleEnum(_people);}

// When you implement IEnumerable, you must also implement IEnumerator.
public class PeopleEnum : IEnumerator
{

public Person[] _people;

// Enumerators are positioned before the first element
// until the first MoveNext() call.

int position = -1;

public PeopleEnum(Person[] list) {

public bool MoveNext () { position++; return (position < _people.Length); }
public void Reset() { position = -1; }
object IEnumerator.Current { get { return Current; } }

public Person Current { get ({
try
{
return _people[position];
)
catch (IndexOutOfRangeException)
{
throw new InvalidOperationException();

MonyyaeTcst NnpMMepHO CTpaHuLa koaa.
B C# BTOpOI Bepcum NosiBUNKCH KtoyeBble croBa yield break M yield return:

public class PowersOf2
{
static void Main() {
// Display powers of 2 up to the exponent of 8:
foreach (int i in Power (2, 8)) {
Console.Write ("{0} ", 1i);
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COI'IpOrpaMMbI == OY€eHb MOXO0XWN Ha NOTOKU, HO 3aTpaTkl ropasfo MeHbLUe.

Mepepaya napameTpoB B NOAMporpaMmax

1) cemaHTuKa nepeaaum (cemaTuka BXoAa/Bbixoaa)
2) cnoco6 nepegayn (MexaHuam)
Bce xoTaT, 4To6bl MOXHO 6biro cneunduumposaTs (1), a (2) utobbl kKOMNUAATOP BbIGpan cam.

p(C_1, ..., C_n) -BbI30BP (Arg_1, .., Arg_n)
-- Croco6 nepegayun v ectb Kak MIMEHHO C_i CBSI3aHO C Arg i

Q@opmaribHble napamempsi GbIBalOT TPEX TUMOB:
1. in — dyHKUNS NGO He BAWUSIET Ha AaHHbINA NapameTp, MGO OH He AOIKEH N3MEHSTLCS (HOSMKHbI
COXpaHUTb Ha BXofe).
2. out = [JOMKEH U3MEHSITb CBOE 3HaYeHMe, YTO 06sI3aTemNbHO NPUBOAUT K UBMEHEHMIO 3HAYEHNS
¢akTueckoro napameTpa.
3. inout -- TpebylOT ONpeaeneHHOCTN 1 Ha BXOAE W Ha BbIXOAE.

B sa3sbike Ada: BBenu 3 KIIOYEBBIX CI0BA in, out, inout. YkasbiBaem nepeaayy napameTpom

hyHKLMM — MO X0AY NPOrpamMmbl He AOIKHBI HAPYLIATL 3TUX TPeBGoBaHUIA.

KOHKpeTHBI MexaHn3m nepeaayun onpeaensieT KoMnMnsTop (cnocobel nepeaayn):
1) no 3HauYeHuto (Konupyem nepes BBOAOM, KnafieM Ha CTek)
2) no pesynbTaTy (KONMpyeMm Ha cTek Ha BbIxoae)
3) o 3HaYeHUMIO ¥ pesynbTaTy (ABa KONMPOBaHWS)
a) NMC — MUHUMarbHbLIE HAKNaJHbIE PACXo/bl ANs ManeHbKUX napameTpos
b) MWHyC — MakcuMarnbHble Anst GONbLUMX AaHHbIX

4) no ccbinke/aapecy (TOXe YTO Mo 3HAYEHNIO, HO NepesaeTcs aapec) « Hanbonee obLwmiA cnocot
5) no umeHn (ykasaTtenb napameTpa CTAaHOBUTCS TEM, Y4TO HanNnUcaHo B hopmanbHOM napameTpe).

Algol60

OnuckiBaem napamMmeTpbl U UX TUNbI; N0 YMOSHYAHUIO MO UMEHN (MaKpOI'IO[ZLCTaHOBKa c nepemmeHOBaneM):
procedure P(A, N);
integer array A[N, NJ; value integer N;

thunk - KpOoxoTHasi nognporpaMmma, co3faeTcs Ans Kaxaoro CbOpMaanOI'O napameTpa, B 3aBUCMMOCTU OT
BUAA PaKTUYECKOTO NapamMeTpa; Mpy Kakaom oGpaLLeHnn k cebe AaeT akTyanbHbIi appec oGbekTa (1

nepefaeTcsi No CyTy BMECTO NapameTpa) — Ha Kaxaoe obpalueHme K hopmanbHOMy napameTpy

BbI3bIBAETCA Lienas nognporpamma thunk.

PaccmoTpum creaytoLumin npumep:
procedure swap(x, y); (HeT value - no umexn)
integer x, y;
begin integer tmp;

tmp := X; X = y; y := tmp
end
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public static System.Collections.Generic.IEnumerable<int> Power (int number,
int exponent) {
int result = 1;
for (int i = 0; i < exponent; i++) {
result = result * number;
yield return result;

// Output: 2 4 8 16 32 64 128 256

Bce ocrarbHOe KOMMUIATOP AENaeT caM, Co3aasasi aHOHUMHYI0 pearnnaauust KIacca, pPeanuayioLero
IEnumerator.

B C# HauuHas ¢ naTow BepCcuu rnosiBMIIOoCL KntoyeBoe CroBo async, MO3BOSAOLLEE BbIMONHATL
conporpaMmmbl peansHO napannensHo.

Fortran 77(?77?)
MosiBunock Entry -- 0coboe 0603HaueHne A1t pasHblx TOYeK BXOAa B NOAMPOrpamMmy:
Subroutine P

Entry Pl ————————-- anpTepHaTUBHEE TOUKM BXOHa
(kpoMe eme ¥ TOYEK BHIXOIA)
Entry P2

Ruby

WTepaTtop - MeTof — MOXHO NMPUKPYTUTL K HeMy GOk, B KOTOPOIA MO yield nepegaeTcs BBeAEHHbIE

3HayeHus, T.e. ONUCbIBaeTCA Teno (byHKLlMI/I, KOTOpas Bbl3bIBAETCA BHYTPU UTepatopa npw BbINONHEHUN
yield.

Mpumepsl:
FLb(){If| print F} = & | £ | xnanyrcsa sHauenns ms yield
3.times do { [X| ..}

collection.each do { |X]| ... } < nepe6Gop anemeHTOB KONNEKLUMUN

O6wue cnosa

Mo CyTU -- CONpOrpamMmbl -- KBasunapansesnbHblie npoueccsl. (KBBSM == MOTOMY 4TO, pearibHO NporpammMa 8
Lenom BbinosniHAeTCA nocnenoaaTeano).

Ho HeKoTopble 3bIK1 UCMOMb3YIOT MOHSTUE NOTOKA Ars Conporpamm (erlang, B 4acTHOCTH).

Mo cyTu conporpamMmbl 04eHb Noxoxm Ha thread (Ho noTokn OC pearnbHo napanmnenbHble, a ConporpamMmmbl
KBasunapannesnbHsie).

B Windows ecTb fiber (BONokHO) -- nerkoBecHble NoTOoK, HO Ha OHOM NPOLIECCOPE — OHU

KBasunapannesbHble.
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integer array A[1:10]

integer 1i; i := 1; A[1l] 5;
swap (A[i], 1);
swap (i, A[i]); (i -- #3MeHMJOChL CcHauyana, a TOJbkO noroM A[i] Oyner

BEIUMCIIATLCS)
Mpw oBpaLleHnu K A [1], ByaeT BbI3biBaTLCS thunk N0 3HAYEHWIO i W BBIYUCTIATL TEKYLUMIA agpec.
tmp := i; i := A[1]; // A[5] =1, 1 == 5

BbIXOAUT, YTO HUKAK YHMBEPCAnbHbIA swap He HanucaTb.

Wtoro B Ada (fenvic: ns nekuuit He noksin, BpoAe bl peus wna npo Algol60): ykaxeM in - KOMAUNSTOP BblGepeT 4
€rnoco6, HoO ecnu nepefaemM Maccu TO OH ByeT OTCNeXMBaThb, YTOObI €r0 He MEHSMNN.

C - nepepaya NnapameTpoB OCYLLECTBNSETCS MOJILKO 110 3HAYEHUIO.

C++

T& == KOMNUNATOP BblsOpeT out UMM inout CEeMaHTUKy;
const T&-- 6y,cle1' Bbl6paHa TOMbKO in cemaHTuka.

OpHaKo 4acTo TOMbKO CEMaHTUKy 3aAaBaTb NPOCTO HEBO3MOXHO. Bceraa Hazo siBHO cneumduumposaTh
crnocob nepenayn, Tak B Ada95 —- yxe 0Tkasanuck, T.K. 0BHapyXUK, 4To NPOrpaMMbl, HancaHHbIe
NOMHOCTBIO MO CTaHAAPTY, Ha Pa3HbIX KOMMUIATOPaX AaloT PasHbii pesynbTat.

procedure P(inout A, B : T) is

begin

A := exprl;
raise range error;
B := expr2

end P;

® €eCnu no 3Ha4YeHuro, To d)OpMaanblVI napameTp He U3MEHSET 3aH4YeHnsa
® ECIM MO CCbINKe, TO A U3MEHUT, a B HET
CrnepoBaTenbHo, P (X, X) -- AacT pasHblii pesynbTat

WToro: Hazo Bceraa SiBHO ykaskiBaTh TUN Nepeaayn napameTpa, HO Haflo elle ykasaTb, NofAAepKuBaem
WM HeT CeMaHTUKy in, out, inout.

Bo3MOXHbI Crieaytole BapUaHTbI:
® BCS TpOWKa - N0 3HAYEHUIO; BCe pechepeHLmanbHbIe -- Mo Cebinke (B Java Tak, Kpome Toro
CeMaHTUKV - UrHOPUPYIOTCA)
o C++
T a -- 10 3HaYEHNIO
T &a =-- MO CCbINKE; N0 YMONYAHNKO inout
const T &a =--TO CCbIfKE; in
o TornbKo oaHu ykasaTenu
e Adad5
out M inout MO CCbIMIKE, in MO 3HAYEHMIO (€CMN ManeHbKUi) U Mo cCbinke ecnu GonbLuoit
obbem

C#
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MoxHo ykasaTb MoaudukaTopel ref M out (Mpu BbI3oBe NX HeobxoanMo AybnnposaTe nepen,
napameTpamm):

void f(ref int i)

void f(out int 1)

int i; // Heomp. 3HaueHMe 0COOO MUMLMATUBUPYETCH
g(ref i); // Henb3s - ownbka

g2 (out i) // wmoxuo

ref @ Lnout Yucras out cemaHTUKa (He TpeGyeTcs KOnMp. 3HaYeHUs Ha BXOZE, UCNOMb30BaTh A0
YCTaHOBKU 3HA4YEHUS1 HENb3S (CM. NPUMEP BbilLE))
ref Mout MOXHO yKasblBaTb 1 ANSA CCbINOK:

Class X .. // ccrulka mepemaeTcs IO CCHJIKE

void f (out X a) { .. a = new X(); .. }

Bans ([903-914], 3aBepLueHO)

mo6anbHble NepemMeHHbIe

® [OTOK A@HHbIX MUHYET chopMarbHbIe U thakTuyeckine napameTpsl. [noGansHas nepemeHHast
MeHsieT CBOE 3Ha4YeHne HEKOHTPONUpyeMMbIM AN nporpaMmMmucTa cnoco6om

® uaev o ToM, YTO Hajo yBpaTh rnobarnbHble NepeMeHHbIe 1 NepeaaBaTh BCE Yepes Cncok
napameTpoB (yHKLUMN

®  HEeBO3MOXHO MPOKOHTPONMPOBaTL 06paLLeHNst K ro6anbHbIM NepeMeHHbIM

e 3anper rno6.nepem -> HeT rno6. yHKLWi

B Java Tonbko metoq o6bekta Math.sin (x)
B C# Beenm static: static class X {}.BBenu, Ho Henb3si co3paBaTb OGBEKT, €CrM caenatb using, TO
MOXHO MeToAoM 6e3 cneumndukalmm obpalyaTtbes.
B Java static Toxe ecTb, HO 03Ha4aeT apyroe
B C++
- B Hel'lOCpe,qCTBeHHOI?I obnactu BUOUMOCTU: NPSAMO TYT CMNCOK
- B MOTeHUMarnbHon 06nacTu BUAMMOCTU: Yepes yTouHeHue “::” unm “.”
nmesa namespace NS { class T {...}; void £(T); }
T x; I/ TaK Henb3sl
NS::T x;// MOXHO
£ (x) ; Il MOXHO. ecnin HeT B cBOell 06nacTu, UweT B 0611acTy, rae onpeaeneH aprymMeHT.
B Ape o6si3aTenbHO nucaTh use <umsi_nakeTa>

BbizoBbI

1) TO3ULMOHHBI BbI3OB //kak B C++

2) KntoyeBoit Bbi3o //kak B python
1) Mo3numoHHeIit. CooTBeTCTBME (POPMABHBLIX 1 PAKTUHECKVX NAapamMeToB YCTaHABNNBAETCA Mo
nosuunsaM:

- BMNonHe eCTeCTBeHeH, NOABUICA U3HaYarbHO

- nonbITKa YATY OT rNoGanbHbIX NEPEMEHHBIX -> CTIMCOK NapamMeTPoB B (hyHKLNM CUITBHO

paspocraetcs.
- ANs yNpOLLEHNst NOSIBUNNCH NapameTpbl Mo yMON4aHMio
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Heneratbl B C#. KntoueBoe cnoso event

O6bI4HbI NpoLeaypHbii T. KpaitHe orpaHMyeHHas yHKU-Tb, 06bIMHO UMeeT BKZA “noanucka” -
"pacchbinka”. A3bik C# Tem He MeHee BKIo4aeT B cebs NoHATUE «aeneraThbl», aHanornyHoe
hyHKLMOHAMBHOMY TUMY, HO HE OCHOBaHHOE HeNoCPe/ICTBEHHO Ha KOHLIeNLUWUW ykasaTens 1 sensioLleecs
Bonee HageXHbIM.

Henerat — 9T0O TWN, KOTOPLIA MpeacTaBnsieT coboi CChiNKW HAa MeToAbl C OrpeAeneHHbIM Cr1CKOM
napameTpoB W BO3BpallaeMbiM TUMOM. [eneratbl UCNONb3yKTCS ANs Nepefiayin METOAOB B KayecTse
apryMeHTOB K JpyriM MeToflam.

[Neneratbl 06nafaloT JOCTOMHCTBAMM (PYHKLIMOHANBHOMO TUMA AAHHBIX, U B TO Xe BPEMST HE UMEIOT ero
HepocTaTkoB. BHeluHe 06bsiBNEHe Aenerata o4eHb NOXoXe Ha 06bsBreHNe DYHKLMOHAMNLHOro TUNa.
OGbsiBNeHe fenerata HauMHaeTcs ¢ KtoueBoro crioBa delegate, 3a KOTOpbIM MAET cneLMdMKaLms
yHKLMM:

delegate - Tonbko BHyTpK KaKOro-To kracca

class X {delegate void f(int); /* B System ecTe Delegate u uenouxn

IleneraToB; Tellepbk MOXHO nucaTb f d; omepaumm:*/

.=
class y{
void m(int p){...}
static void R (int i){} //oBa nomHOCTLL yHOBIETE. BUOY L

}

}
y = new Y();
d = y.m; //cchnka Ha MeTon
d = y.R; //mpocTo QyHKUMA
{//namo Gewio nucare
d = new f(y.m);
d = new f(y.R);

}
2) K ak3emnnsapy denezama MOXHO rpuMeHsMb criedyrouwiue onepayuu
UsHayambHo 3HaueHue denieeama nycmoe

e =-rnpucBanBaH1e

e +=po6aBneHune yHKLNM

e -=ypaneHue gyHkuun

e BbI30B
MpuceanBaHne aeneraty Kakoi-To yHKLWM - CTUPaeT BCE COAEPXUMOe [esierata v cosfaeT B HEM
CrNCOK U3 OAHOM (hyHKLMK, += AoBaBrseT B CNUCOK eLlé PyHKUMM(yA0BNeTBOpsioLLmME BUdY
Aenerata)Tenepb onepaLysi BbI3oBa Aenerata By4eT Bbi3biBaTh M0 o4epeau Bce (yHKUUM U3 crincka,
nepeaa.ast KXo PYHKLMM apryMeHTbl U3 BbI3oBa
3) () d(0) - kaxablit MeTOA BbI3bIBAETA C NapameTpom 0, NOpsiAOK He onpeaeneH.
“+=" - “nopgrmncka” ()" - “pacceinka” //e nekumsix 2012 roga () HasbIBAIOT yBEAOMNIEHUEM
£ d; - Ka¥abll MOXeT caenathb +=, -=, (), =(T.e. yAanuTb BCex), Xo4eTcs, 4Tobbl 6bin BNaaeney 1 mor
YTO-TO flenartb, Ho Bce T[] eanHooGpasHbl -> lneneratbl He SBMSIOTCS TUMOM [JaHHbIX
event - cneumansHoe HOBOE KITKOUYEBOE CII0BO, MOABUMOCH B 99 roAy. peanuayeT “roAnucKy-paceslrky”,
SBMSIETCS MOAUMKATOPOM MEPEMEHHON AeneraTckoro TUna. + nosisunack BO3MOXKHOCTb 3axsata (closure)
W ecnu obnacTs Aenerata B o6nactv BUAUMOCTb B 06nacTu BuammocTy local, To local 3axeaTtbiBaetcs.
CoBbITUs 3T0 0COGLIN TM MHOrOaAPECHbIX AENeraTos, KOTOPbIE MOXHO BbI3BaTb TOMLKO M3 Knacca unn
CTPYKTYpbI, B KOTOPOV OHM 06BbsBNEHD! (KNacc usgatens).Ecnu Ha cobbiTre noanMcaHsl Apyrve Knaccbl
UMK CTPYKTYpbI, UX MeToAbl 06paboTunkoB cobbiTuin ByayT Bbi3BaHb! korAa Knacc usaaTens MHULuMpyeT
cobbiTne.

{delegate (int x) {return 2*x;}}
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2) KrntoueBoii. BbI30B Yepes NMsi hopmarnbHbIX NapameTpos

Apa:
procedure P(x: T; y: T1);
P( a, b) -- a->x, b->y

P(x:= a, y:=b) & P(y:=b, x:=a)
procedure P2(q: T = default, y: T1)
P(y:= b) - TOMbKO B KNOYEBOM BbI30BE MOXXHO OMyCKaTb NEPEMEHHbIE NO YMONYaHNIO
B Oberon atoro HeT. B moayne InOut onepeaeneHs! hyHKLMM AN Kaxaoro Tuna:
InOut.writeString (“hello, world”); InOut.writeln;
B C - “gbipka B ?TUNax” - var.args - > KOMAUMATOP HUYETO HE KOHTPONMPYET OTHOCUTENBHO TUMOB
B 004N f(...), rae “...” - maccus 06bekToB
C# void f(..., params int []args)
£ () -> MaccuB W3 Hyns dnNeMeHToB, £ (1,2) ->mMaccmBu32on. f(1, “string”) ->owubka,
HecooTBeTCTBME TUNOB

MoanporpaMMHbIA TMN AaHHbIX

Heo6X04MOCTb UMEHHO B NepeMeHHbIX (M0 COGbITUIO JOMKHBI AaTb 3HAYEHUE) -3 COBLITUINHO-
OPMEHTUPOBAaHHBIX CUCTEM(KOTA, AVHAMUYECKN HYXHO cTaBuTb callback)

Ana83: HeT NOANPOrpaMMHOTO TUNa, MCMONb3YIOT Aenerathbi(0606LeHHoe NporpaMmM1poBaHmne) (NoNoXnTL
Ha napameTp 3agavy ?nepenpblmBaTb KOMaH[ZlHyIO? d)yHKLlI/IlO B 3aBMCUMMOCTU OT NapameTpoBs, B
YaCTHOCTW OT AaHHBIX W NOANPOrpamm)

Ana95: ectb 06bekTHble ykasaTenu: Type PT is access TM - Ha YTO YrOHO MOXHO yKasbiBaTb; Ans
paboTtbl ¢ APl 13 C + nosisuncs noanporpaMmHbIi TUR AaHHbIX (TOXe ykasaTenu) s Tex e coobpaxeHui.
Mo GonbLueir YyacTv kak B C fenany, Tofbko MHOTAa TUN3MPOBani

Oberon, Modula2 Apa

TYPE PRC =PROCEDURE (INTEGER) Type PRC is procedure(in integer)’
PROCEDURE RUN (INTEGER) access;

X: PRC; procedure FUN(p: in integer)

X:= RUN; x: PRC;

X(0) x:=FUN’access;

Onepauuu: 1= () {/= B Ane}

Java: HeT yKaSaTeﬂeﬁ, HET NoANPOrpamMMHOro TUNa AaHHbIX, TOSIbKO CCbISTKK -> BCE 310 Yepes
AvnHamMnyeckoe CBA3blBaHWE MeTOA0B Knacca
C#: aHanorn4Ho. Ba3oBbilii Kace - B HEM nepeonpeaensieM ocobbii BbI30B poauTensckoro base.fm() +
AeneraTckvii Tn AaHHbIX
CHayana He 6blno HUYEero 1 Halo PHENOHNATHBLIN Habop ByKB NOXOXUIA Ha “nope NNaTMB”? NUcaTh, HO
NOTOM NMOABUNNCb aHOHWMHBbIE Knaccbl
Button bl, b2,b3;
bl = new Button {

protected void onClick() {...

super.onClick();

}

b2 = ..; //TyT b2 3ameHsiem 6e3 Heo6Xx0ANMOCTH pearnbHO Co3aaBaTk MHOTO KMaccos. TyT nossuncs
TepMuH closure - 3amblkaHue

{ecnu nepemMeHHbIe BUAHbI FAe-TO B 06NacTVi; UCMONb3ysi BHYTPU Hek. 061acTy, To OHa 3axBaTbiBaeTCs U
npn HeoGXOANUMOCTU BUAHA 1 BHE}
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delegate event Run(int x);
{ Run f; T local;
f = delegate (int x) {return 2*x + local;}

Jlambaa-dyHKLmK

e B Python Bcé npocto
f = lambda x: 2*x
print (£(1)) // 2

MoxHo ucrnonb3osaTb (3axBart nep ):
y =25

f = lambda x : x + y

print(£(3)) // 8

JIam6/ib! B MUTOHE MOTYT CoflepXkaTh TOMbKO OAHO BbipakeHUe, PesyrbTaT KOTOpOro SBRsSeTcs
pe3ynbTaToM YHKLMK.

Takum 06pa3om Nsam6ap! SBNSIOTCA YUCTbIMM PYHKLUMAMM (63 NoBOYHbIX achdekToB). Henbast
MEHSTb NepeMeHHbIe 13 NAaM6a-3amblkaHNin

e JavaScript
function f(x) { return 2*x; } //onpemenser QyHKLUMO
function g() {
y = 1;
function f(x){
return x+y;
}
return £;
} // maxear y
yHKUMM B §s - 3TO 0OBEKTLI NEPBOro Nopsiaka (MX MOXHO NepeaaBaTh Kak apryMeHTbl B chyHKLMM,
npucBanBaTh NEPEeMEeHHbLIM 1 T.1.).
Boobuue 310 He nsimbaa, a 3amblkaHue (Closure, 3axBaT NepeMeHHbIX).
Nambaa dyHKUMS B JS BbIrMSANT Tak:
var lambdaSum = function(a, b) { return a + b; };
OcHoBHasti CyTb NAMOG/, - aHOHUMHOCTb (MMSi (hYHKLUN HE 06513aTENBHO):
var sum = [1,2,3].reduce(function(a, b) { return a + b; }); // sum = 6
(cyMMa BJIEeMeHTOB)
Mo3HO eLe Tak nucaTb:

var sum = [1,2,3].reduce (lambdaSum) ;
Wnun paxe Tak:

function sum(a,b) { return a + b; }
var sum = [1,2,3].reduce (sum);

B cTaHgapTe a3bika JS nog HassaHueM ES6 (oH xe ES2015) MOXHO nucaThb Tak:
var sum = [1,2,3].reduce( (a,b) =>a + b );
var sum = [1,2,3].reduce( (a,b) => { return a + b; } );

Wcnonb3osaxue Jlambaa + 3ambikaHue:
var delta = 10;
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var oldArray = [1,2,3];

var newArray = oldArray.map(function(n) {
return n + delta;

i

// newArray = [11,12,13]

B otnnuue ot Java/Python, 3aMblkaHNsi MOryT M3MEHSITb NepeMeHHbIe:
var value = 10;
function subtract(n) {
value -= n;
return value;
}

var result = subtract(4); // result = value = 6

e B KOMNUIMPYeMbIX f3blkax MPOrpaMMMUpOBaHI1s Hafo A0GaBUTL JeneraTos.
C#. (x)=>2*x & x => 2*x //[reHepaTOp AeneraTos, 3TO BblpaXeHne
delegate int Run(int)
Run f;
f = x=>2*// TyT npoucxoanT reHepauus generata,
// vpeT BbIBOA TUNA U3 onpeaeneHns Aenerata (MHT)
{/lectb generic -> MOXHO HanucaTb
Run <int, int>
Libor<int> & void Libor(int)
}
BameTum, 4TO NAMGa-BbIPaXEHNS He MOV MosBUTLCS Ge3 0606LLEeHI( generic)
e Java. zaxeart, B 2005 nosiBunuce 0606wenus, B 2014 B Java8 okoHYaTesIbHO NosiBUNnchL naméaa-
yHKLMM
O6Lwwit BUA: (CnMcok napaMeTpoB) -> BblpaxeHue. // Ha choTo 914 ecTb Napa NpuMepoB
MCNONb30BaHUS.

Anpperit ([915-924], 3aBepLueHo)

PyHKTOPBI N NAamMbaa-hykHUMK B C++

Ecnu B knacce neperpyxeH operator (), TO TaKOil KNnacc Ha3biBaeTca (hyHKTOPOM. 3TO Kak
anbTepHaTvBa namGaam.

Hanpumep MoXHO AenaTb cBepTKu:

EcTb cTtaHpapTHas dyHkums B <algorithm>:

count_if (f1, £2, predicate)

rae f1 u f2 - utepatopel, predicate - hyHKTOp OT OAHOrO aprymeHTa

OHa MOXeT NPUHUMATB kak yka3aTerb Ha (PyHKLUMIO TUMa bool (*) (int), nuGo o6BEKT knacca ¢
neperpyXeHHbIM operator ().

B Cu++11 nosisunnch naméaa-yHKUMM:

count_if (f1, £2, [](int n) { return n%2 == 0; });

CeMaHTHKa KaK B NCre, Jaxe 3amblKaH!s eCTb.

Mpo Hux nogpo6Hee TyT: http://en.cppreference.com/w/cpp/language/lambda

Ecnu BHyTpy Grioka naeT obpalleHie K rnobanbHbIM nepeMeHHbIM, Nin NEPEMEHHBIM thyHKLMM, BHYTPU
KoTOpoit cosaaeTca nambaa, To byaeT olwmbka, T.K. 3aXBaT KOHTEKCTa (3amMblkaH1e) No-yMonyaHuo
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END Hello;

TYPE T;

PROCEDURE INIT T (VAR P:T);

DESTROY (VAR P:T) ;

70 peanusaums abCTPaAKTHOO TUNA A@HHBIX, BHYTPEHHEN CTPKYTYPbl KOTOPOrO Mbl HE 3HAEM.

Y mogynei B Mogyne-2 MOXHO 3a4aTb cneuuanbHyto Macky YCTONYMBOCTU:

MODULE M([4];

4 BoCnpUHMMaeTCs kak 6uToBasi Macka. CyTb 3TOM Macku B TOM, YTO OHa 3anpelLaeT HeKoTopble
npepbIBaHUs NPy BbINONHEHUM Moayns M.

Euwe B Mogyne-2 ectb COnporpammbl, HO 3TO yXe COBCEM pyrasi UCTOpUst

Oberon
HeT pasaenenns Ha onpefeneH1e/peanmaaumio, HeT rMaBHOTO MOAYNS
Bce moaynm moryT akcnopTtupoBath npoueaypsl Tuna PROC.
MODULE M
TYPE Obj* = RECORD
X : INTEGER;

Y* : INTEGER; < 3kcnopT oTaerbHbIX noneii CTpyKTypbl
END;
PROCEDURE P*; « * - 3HauuT akcropT

VAR Done*- : Boolean; < *- - 3HauuT TOSIbKO Ha YTeHne
END M
3a npesienamn Mogynst Hemnbas obpalaTbes K X:
VAR V : M.Obj
V.Y = 1; < MoxHo
V.X = 1; « Henbss

B aTOM s13biKe K COAEPKUMOMY MMNOPTUPOBAHHOTO MOZYISi MOXHO 0GpaLLaTLCs TONMBKO Yepes TOUKY,
Henbasi kak B Mogyne-2, MNopTUPOBaTh KOHKPETHbIR 06BEKT. (CM. Huxe)

[lonyckaeTcsi co3faTh NceBAOMOAYIb TONBKO C BblAENEHHbIMI UMeHamm (?)

Tlornyeckne mopgynm (Modula-2, C)
Ectb B si3bikax Ana, O6epoH, Moayna-2, Jiichens, ... - BCe OCHOBaHbI Ha NMOHATUW MOAYIS, KaK Ha MOHATAK

KOHEIHEPa A3bIKOBLIX PECYPCOB

MOXHO OMpeaeniTb MHTEPGENC MOAYNS (MepednCrieHne TOro, YTO HaAo AKCNOPTMPOBATL U Peanu3aLmio.
Torga peanuaauus KCOPTUPYET BCE B rN06anbHOE NPOCTPAHCTBO UMEH
(Witf?)

Boo6lue BUAMMOCTb U OCTYMHOCTL - 3TO Pa3Hble MOHSATUS.
BuaumocTb GbiBaeT ABYX TUMOB:
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BbIKMOYEH. YTO6bI BKIMHOYUTb, HA4O0 NUcatb [&] WK [=] UK [varname] UMK [&varname] (CMOTDM no
CCbINKE BbILLE).
MoHo Aaxe nucatb [=, &x, &y].(3axBaT X MY MO CCbINKE, OCTaNbHbBIX MO 3HAYEHUIO)

A eLle nosiBuncs 0606LLUEHHbI Knace function B 6GMGNMoTeke <functional>. Ero MoxHo
MCMoNb30BaTh Ans 06bSBNEHNS (PyHKLNI BbICLIErO Nopsiaka.

B Java ecTb nam6abl, Ho Tam 3axsaT nepeMeHHbIX MOXHO Aenath Tonbko read-only.

MopgynbHocTb (C++, Mogyna-2, Oberon)

C++

typedef He onpeaernseT HOBOrO TWNA, a TOMbLKO CO3/aeT anuac.

MoToMy 4TO NpM CO3AaHUM HOBOTO TUMa MOXHO Neperpyxatb (yHKLUM, HO
typedef int newtype;

void f(int);

void f (newtype);

BblAAeT OLIMNBKY.

EQvHCTBEHHOE, YTO B NAlocax co3gaeT HOBbIA TUM - 3TO AMPeKTUBaA class.

DuUanYecKuii Moaynb - 3TO €AUHALIA KOMIUASILMK (TPaHCHSLIMKY
YacTo nornydeckuin 1 puanyeckuii Mogynu coBnapatoT (Kak B nnocax)

Moayna-2
Mopaynu 6biBatoT nokankHsle 1 rnobansHele (BbnMoTeyHble). Bech koa nNo ymonyaHuio nuweTcs B
rMaBHOM MOKasbHOM Mozyne. JTokanbHbIA MOAYIb COAEPXMUT U OGBABIEHNS U peanusaLuio.
CTpyKTypa nokanbHoOro Moaynsi:
MODULE ModuleName

. definitions ..
BEGIN

. module code ..
END ModuleNmae;
module code 6yaeT BbINONHEH cpa3y Npy UHULManu3aumm Moayns. MoaToMy OH U UCTMONb3yeTcs Kak TouKka
BXO/a B MporpamMmy.

[noGankbHble MoAYNN HyXHbI ANs HanucaHus GubnuoTek. B HUX koA pasnenseTcs Ha onpeaenexus
(3aronoBku) 1 peanusauuo. OnpeeneHne N peanusauus NULLYTCS B pasHbix dainax. Vims daina kak
npaBuno coBnasgaeT ¢ UMEHeM Moalyns.
®aiin HELLO.DEF
DEFINITION MODULE Hello

EXPORT Hello;

PROCEDURE Hello;
END Hello;

®avtn HELLO .MOD
IMPLEMENTATION MODULE Hello;
FROM Terminal2 IMPORT WriteString, WriteLn;
PROCEDURE Hello;
BEGIN
WriteString(“Hello”);
WritelLn;
END Hello;
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a) HenocpeAcTBeHHas (MpsiMast, AOCTYN K UMEHU MoAynsi/pyHKLMM/NepeMeHHomn 6e3 ToUKM, Hanpumep
WriteString)

6) noTeHumManbHas (4OCTYN K UMEHY TOSNBKO Yepes yTOUHeHUe MOayns/o6beKTa ¢ MOMOLLbIO TOUKM,
Hanpumep Terminal2.WriteString)

Modula-2

B Moayne-2 fOCTYNHO BCE YTO BUAHO (HET MOAENM AOCTyna - BCE YTO BUAWM, MOXHO GpaTb)
HeI'IOCpeFlCTBeHHO BUOWUMBbI TONBKO CTaHAAPTHbIE UMEHA U UMEeHa BUBNNOTEYUHBIX MO[:LyﬂeVI (onpeqeneHMﬁ
mogaynein)

VmnopT nossonset MOArPY3nUTb AONONHUTENbHbIE MOAYNN:
IMPORT <CHMCOK MMEH MOZIyJIen>
IMPORT M;

[locTyn nocne UMropTa Bce-paBHO Yepe3 TOuKy: M. P
XoTA MOXHO AenaTh U HeNoCpPeACTBEHHbIN MMOPT
FROM M IMPORT P;

Mpu koMNUnsLMK daiin c onpeaeneHnem mopyns M.DEF nepexoaut 8 M.SYM
A thaiin ¢ peanusaumeit mogyns M.MOD nepexoaut B M.OBJ

Cc

#ifndef FILENAME

#define FILENAME

#endif

CTBHFIBDTHBR 3awuTa OT NOBTOPHOrO BKITHOYEHUS 3arofiOBOYHbIX q)al;l]'lOB

extern HyXHO N1caThb TOMbKO B 3arofloBOYHbIX dhaiinax, Ho NepeonpeaensTs yyxum typedef (wif?)

MogynbHble s3bikun (Delphi, Object Pascal, Ana)

Turbo Pascal, Ada, Modula-2, Oberon

B npocTom criyuae Mogyrb - 370 Habop pecypcoB, KOTOpbIE MOXHO PEUCTONbL30BATH, @ HE CO3AaBaTh
3aHOBO.

TioBoit knacc - aTo MoAaysb.

Delphi

MogynbHblit noaxop kak B Moayne-2, Ho OO (06beKTHO-0pUEHTUPOBAaHHBIN?)

O6Lwee rno6arnbHoe NPOCTPaHCTBO UMEH

BMF[I/IMOCTI:Z noTeHumanbHas, HenocpeacTBeHHas

MopoxpaeHne MeH - onpeaensioLlee (AoMkHO BbiTb 04HO, ecnu Gea neperpyskut), UcnonbayoLue
HenocpeacTeeHHO BUANMBI TONBKO MMEHs BUBNMOTEYHLIX MOaY el

WMnopT: uses M;
Bce nmeHa HenocpeAcTBEHHO MMMOPTUPYIOTCS (6e3 TOUKWM MOXHO 103aThb)

Object Pascal
unit:
interface « nepexoaut Tabnumuy cumeosnos

implementation « nepexoaut B obj-chaiin
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Wtoro nonyyaem, 4to nporpamma - 310 Habop moaynei. JkcnopTupyrolme -> brubnuoteuHsie.
VnoaneTBopeHme 3aBuUcMMOcCTe uMmnopTa

Hucxoaswwmit noaxoA - cHavana NpoeKTUPYeTCs BEPXHUI MOAY b B MepPapXv1 MMNOPTOB
BocxoasiLmii Noaxoz - CHavana npoeKTUPYETCs HIXKHIN MOZYIIb B epapXun MnopTos

Ana

package P is
« OnucaHu1e aKCropTUPYEMBIX PECYPCOB
Type T is record ..
end T;
procedure init (X: out T);
procedure destroy(X: inout T);

end P;

package body P
procedure init(X: inout T)

begin

end init;
end P;

OueHb noxoxe Ha Moayny-2
Bce 1MeHa UCNopTUpYIOTCSt NOCIIeA0BATENLHO

BnoxeHHble moaynu (Ana, Moayna-2)

Apa
IMakeTbl MOryT GbiTb BROXEHb

package Outer is
procedure P;
package Inner is
procedure Y;
end Inner
end Outer

Bo BHYTpPeHHeM nakeTe 4OCTYMHO BCE COAEPKVMOE BHELLHErO NakeTa, HO He HAa0GOPOT.
Eule MOXHO nucaTh Outer. Inner.Y

MoxHo fase BknajblBaTh ONpeaeneHne naketa B peannaaumio Apyroro naketa:
package body Outer is
package P is

end P;
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private:
<CTPyKTypa MOpUBATHOTO Tula>
Type Stack is record
Body:array(1..128) of T;
top:integer := 1;
end record;
end Stacks;

Mo-npexHeMy ecTb onepaLun NpUCBanBaHNs N cpaBHeHUs. ONSITb NOSIBNSIOTCS 1BE CEMAHTUKM
konupoBaHus. MoXHo caenaTtb coBceM HacToAwmin AT/:

type Stack is limited private; - LENUKOM 3aKPbITb BCIO CTPYKTYPY Aa@HHbIX.

Torpa BCe OnepaLum HY)XHO Pearnm3oBbIBaTh CAMOCTOSTENLHO.

OKBVBaANEHTHOCTb TUMOB AAHHbIX

B Ane 1 Cn — MeHHas 3KBMBANEHTHOCTb (COBMECTUMbI TONBKO TUMbI C COBMAAAIOLLVIMU UMEHaMM).
Apa:

type Newint is new Integer; ----> Newint!= Integer
C:

struct C {int a;} != struct S {int s;}

C++: BCE nepeBoauT B TUnbl Cu:
class X { struct X {..};
void f(); ---> void f_X( X *this);
}
[ins reHepaumn uMeHn cyHKUMM ucnonbayeTces mangling (reHepaums yHUKanbHbIX UMEH), MO3TOMy
[0CTaTOYHO UMEHHOWN SKBUBAIIEHTHOCTU.

Buabl TpaHcnsumum

N

LlenbHasi — MoAyNbHOCTb OTCYTCTBYeT. (CTaHAapTHbIN Mackanb)

2. Towarosas Un1 MHKPEMeHTanbHas — TPaHCNATOPY NPEABLABNAETCA NULLb OYepeaHoe
ucnpasnexve unu gonontHeHue (REPL — read — eval — print — loop)

3. HesaBucumas — TpaHCIIATOPY NPeALSBNSIOT OTAENbHbIE MOZYIM, @ CBA3bIBAHUE

OTTPaHCIMPOBAHHBIX MOZYIEi BhINOMHSET PeAaKTop CBA3el unu sarpysduk (GopTpaH)

PaspgenbHas TpaHcnauusa

1. 3aBucuMasi — NPy TPAHCIALMM UCTIONb3YETCA KOHTEKCT. KOHTEKCT NCMONb3yeTes Ans KOHTPOnst
MEXMOAYNbHbIX CBA3EN. HY)XHO, €Cn eCTb 1BYCTOPOHHME CBS3W MEX/1Y MOAYNAMM.
2. HesaBucumas — HMKaKoro KOHTEKCTa HeTy (Hanpumep, accembnep n Cu — Cu++)

3aBucumasn TpaHcnauus

Apa. Mogynu GeiBatoT
e [lepBuuHble  — crieumdmKaLMa nakeTamm

e BTOpWuHbIE — peanu3auus (Teno)
CTaHﬂapTHaﬂ ABYCTOPOHHAA CBA3b YCTaHaBnNMBaeTCa Mexay moaynem CI'IeLlMd.)VIKaLLMVI nmoaynem
peanusauuun.

Korga xe camu cneumcukaLmm NpeacTasnsioT OGO BHYTPEHHNE KOMMOHEHTbI APYruX MOfyNen,
TO NO-NPEKHEMY MOKHO OCHOPMJTISITE COOTBETCTBYIOLME TAKUM CrieLMdUKaLMAM Tena nakeTos, NpoLesyp
V 3afia4 KaK BTOPUYHbIE MOLYIW, HO ATt 3TOMO HYXHO SIBHO yKa3aTb yXe ABYCTOPOHHIOK CBSi3b. MMeHHO: B
TOM MOAyre, rae HaxoAUTCs CreLUmduKaLms, MPUMEHSIIOT TaK HA3BIBAEMYIO 3arTlyLLKY, YKa3blBaOLLYI0 Ha
BTOPUYHBIA MOAYIb, @ B 3arofioBKE BTOPUYHOMO MO/LYSIS ABHO YKa3bIBAIOT UMSI TOTO MOAYIIS, TAe CTOUT
3arnywika. MpU3HaKkom 1BYCTOPOHHEN CBSA3Y CITyXMT KIKOYEBOE CIIoBO separate.
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package body P is
end P;
end Outer;

370 TMNa HUCXOAALLMIA MOAXOA. (CM. BblLLE)
CoBpEeMEHHbI1 TEPMUH - TeCHO cBsidaHHble Moaynm (Closely Coupled Modules)
nx peuncnonb3oBaHne orpaHn4eHo

Moayna-2
IMPLEMENTATION MOD:
MODULE M[4]
EXPORT P1, P2;
END M;
END MOD;

JleB ([925-946], 3aBepLueHO)

ABCTpaKTHbI TUN AaHHbLIX (AT[)

PaHee (ronos 0 70-x) cunTanock, 4To Tn AaHHbIX (T[) — 3To MHOXeCTBO 06bEKTOB.
HauuHas ¢ 70-x nosiBunock noHsitue AGCTpakTHoro Tuna [JaHHbIX — 3TO NPOCTO UHTEpEc —
nepeyncrieHre onepaLyi, KoTopble MOXHO AenaTb ¢ 0GbekTammn aToro Tuna.

Bo MHOMVX CTapeHbKMX S3blkax 3TO peanu3yeTcs ¢ NOMOLLbI Mofyneit:

Moayna-2 — ckpbITbIi TUN AaHHBIX (Opaque). B Moayne onpenenenuit nuweTcs:

DEFINITION M;
TYPE T; <---- CxpuTeni (Opaque) Tum AaHHHX
CONST N; <---- IIpocTo CONST, 6Ges3 Twuna!
PROCEDURE INIT (VAR X: T) <---- Ofparure BHUMaHue Ha Tun!
END M.
OB6beKTbl CKPLITOro TWMa MOXHO NepeaasaTh B OyHKLUWMK, AenaTb onepauu :=, =, # (3To 3HauuUT “He

paBHO”). OBbIYHO 3TO peanu3yeTcs ¢ NOMOLLbIO ykasaTenei. MoaTomy onepaTop
= MOXET UMETb ABE CEMaHTUKM: FMyBOKoe 1 MOBEPXHOCTHOE KOMMPOBaHME.

B O6epoHe Noxoxee 4eno, TOKE CTPYKTYPbI MOTYT BbiTb CKPbITL. OAHAKO MpUCBanBaHIE yxke NoGUToBoE,
T.e. eCTb €ANHCTBEHHas CeMaHTuKa.

B Moayne-2 ans komnunsiuum mogynsi C ¢ umnoptom mogynsi M goctatouHo Moaynsi o6bsIBIIEHUA, T.€.
KOMMUASTOP MOXET BCE HEOGXOAMMOE BbIYUCITUTL MO HEMY. DTO MUHUMU3MPYET 3aTpaThbl Ha
NepekoMNUAALMIO, T.K. NPU UBMEHEHWI MOAYNS peanuaaLum TpebyeTcs CKoMIUIMPOBAaThL NULLL ero 1
nepenuHKkoBaTh.

B C 1 C++ ecTb Tpiok nop Ha3saHueM .pch — Precompiled Headers — npocto cepuanu3sauusi Tabnuy,
KOMNMNATopa, Ana 3KOHOMUX BPEMEHN HA KOMNUNAUMKO 3arofioBOYHbIX anVIJ'IOB.

Bot npumep cteka Ha Ape:

package Stacks is

type Stack is private;
procedure Push(S:inout Stack; X:T);
procedure Pop(S:inout Stack; X:out T);
procedure IsEmpty(S: in Stack) return Boolean;
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Hanpumep, MOXHO 0hopMuTL Kak BTOPUYHLIA MoAynbk Teno no6oit npoLeaypel U3 nakeTa
ynpasnexue_ceTsmMu. Boibepem npouenypy "BcTaBuTh" U chyHKUMIO "NepeveHb_csseit”. Toraa B Tene
naketa BMECTO 0GbABNEHUS 3TUX NOAMPOrPAMMHYXHO HanucaTb 3arofoBku BUAA

function nepeuene_ceaAsent (yszes: uMma_ysna)

return BOOLEAN is separate;

procedure BCTaBuTe (y3ern: in mMa_ysna) is separate;
—-- mepem HaMM OBE CCBUIKM Ha BTOPUYHEIE MOIYIIA,

—-- IBe B3aTyymKu.

COOTBETCTBYIOLME BTOPUYHBIE MOZYSN HYXHO OCHOPMUTL TaK:

separate (ympaBieHue ceTbi) -- YKa3aHO MECTOHAXOXAEeHUe 3arnyLuku
function nepeuene_ceasert (yszes: mma_ysna) return BOOLEAN is
. . . - Terno kak 06bl4HO

end TepedeHb_CBA3EN;

separate (ympasieHue_CeTbb)

procedure BCTaBMTL (y3en: in mMaA_ysmna) is
. . . —— Teyio Kak OBBMYHO

end BCTaBMTH;

Tenepb BTOPUYHbLIE MOAYIIM MOXHO TPAHCNMPOBaTL 0TAENbHO. B Ane npeanmcaH onpeaeneHHsii
(4aCTUYHBI) NOPSAOK pasaeribHoN TpaHensLMn. B yacTHOCTH, BCe BTOpUYHbIE (secondary) moaynn
crefyeT TpaHCNMpoBaTb MOCIe MOAYNEN C COOTBETCTBYIOLUMMI 3arnyLuKamu (T.e. nocne "crapumx”
Mo/Iyneii, KoTopble B CBOIO 04epe/ib MOryT 6biTh Kak MepBUYHBIMM, Tak 1 BTOPUYHBIMM)

MNakeTbl JAVA

MakeT — COBOKYMHOCTb TUMOB, NPEAOCTaBNAIOLLAs 3alMUTy AOCTYNa U NPOCTPaHCTBO UMEH. Ecnn xoTute
06BEAVHNTL HECKOIBKO TUMOB, HYXHO HanucaTh B Hauane daiina:
package <umsa nakera>;

EcTb nepemeHHas okpyxeHnsi CLASSPATH. OT Heé oTcunTbIBaETCS Mepapxusi akeToB (Camu NakeTbl He
nepapxuyHbl, 3TO BCETO MWL UMeHa, cofepXallme TOUKy, T.e. ecriv ecTb naketsl X.Y 1 X.Z, To import X.*
He NOAKMIUMT UX). Korga ecTb 3anuch BUAA@ import X.Y.Z, NPOMCXOAUT MOUCK dhaina
CLASSPATH/X/YIZ jar

Mocne atoro Hago nucaTtb X.Y.Z.Class... MoxHo 136aBuTbCA OT 3TOr0, eCNU HanNuMcaTh
import X.Y.Z.* WM X.Y.Z.Class

C++, namespace. MpocTpaHcTBa UMEH.
namespace X
namespace Y {..} <===

> namespace X::Y {..}
}

C#. AnanoruuHo.
namespace X.Y {..}
X.Y.Myclass <=> using X.Y;

EduHuya komnunsyuu u eduHuya ducmpubyyuu -
MoHsATUE eAnHNLBI AUCTPUGYLINK XapakKTepHO AMs MPOMBILLIIEHHOTO MPOrPaMMUPOBAHS — eAUHULA
pacnpocTpaHeHusi.

C++, aiin .src — eguHMLa KOMNMNALMK, .obj — AnCTpnGyLmMN.
C#. E[1 — assembly (c6opka). — .exe unu .dil
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Mopaynu B MHTepnpeTUpyeMbIX A3bikax

EavHuubl anctprubyumm — TeKCTbI MPOrpamMm (Ha KpaiiHsiK — NPOMEXYTOUHOE MpeCTaBrieHue).

Python. Mopaysnb — daiin.py. Y kaxaoro — rno6asibHoe NpOCTPaHCTBO MMEH U CTaHAAPTHbIA KOHTEKCT
(BCTPOEHHbIE OYHKLMM).

L = [1,2,3] ---> L nomMecTwsiMm B IJIOBalEHOE MP-BO
def foo(): ---> foo Toxe

Mo cyTU — MHKpeMeHTarnbHasa TPaHCNALMA (nowarosas).
AkcnopTupyetcs Bes rrobarnbHas Tabnuua.
import <mMms momysg>

noarpyxaeT B TekyLLyto TabnuLy Bco Tabnuy <ums MoAynsi> (KpOMe HauMHaIOLLMXCS Ha _), T.e. UMeHa
GyayT BUAHDBI KaK <UMSsi MOZYIISI>. <UMs>

from <mma momysa> import * ---> uMeHa KONMPYWOTCA B Tex. Tabmmuy
(kpoMe KOHOIMKTOB)

EcTb 1 nakeTbl — NpocTo AnpekTopua + cann __init__.py B H&m nponucaHo, YTo AenaTtk Npu 3arpyake
naketa. MoxHo onpefennTb nepemerHyto __all__ — cnucok noanakeToB. ABTOMaTUYECKM 3arpy3snTes
MOZYyN1 U3 AaHHOW AnpeKTopuu + nognakeTel u3 __all__

Javascript. M3HayanbHo He 6bino moaynei. MoaTomy nosiBunack CTOPOHHNASA cneuudukaums moaynei
nop HassaHnem CommonJS. McnonbayeTcs B node.js

mod.js

module.exports.x = 0;

module.exports.foo = function(x) {return x + 1;}

.js

= require('mod.js') ---> BosBpamaer o6wekT module.exports
0
)

230
X

m.foo(l) == 2

B Hosom cTaHpapTe JavaScript noa HassaHuem ES6 (ES2015) nosiBunack oduumansHas cneumdbukaums
Moaynein:

mod. js

export function sayHello(t) { console.log(“Hello world - ” + t); }

export var value = 5;

b.js
import { sayHello, value } from ‘mod.js’
sayHello (value);

O6paboTka onGoK(aBapUNHBIX CUTYaLMIA)

Owmbku ecTb Beerpa!

Bonpocbl:

. ObbsBReHre UCKNIUNTENBHBIX CUTYyaumii (aanee UC).
. BosHnkHoseHne UC

. PacnpocrtpaneHue NIC

. Peakuusi Ha IC

BWN =

[Kctatn! HaknagHble pacxoab! Ha 06paboTky MC oueHb BENWKN — B HOPMArIbHOM XWU3HM He ucnonbayem.]
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WNC & ¢ Tvnom aaHHbIx cesisbiBaeTcs (int, char * v T.4.)
(const char * what()) - class std::exception B STL nosisuncs
throw expression; -- o6bekT IC

Bbinensietcs ocobas namaTts Ans poBHO 1 o6LekTa UC (He auHammyeckas, HO ocobas) + ecTb ABHOe
MOHATHE “cBepTKa cTeKa” (T.K. MPOMCXOAUNT BbI3OB AECTPYKTOPOB BCEX CO3AAHHBIX? 06bEKTOB)

n yeckown y 3aknioyaeTcs B TOM, YTO BblGupaeTcs peakuust Ha UC, Gnnxaiiuas
no ,ClMHaMMHeCKOI;I Leno4YKM BbI3OBOB.

CBepTKa CTeKa - NpoLiecC YHUUTOXEHUS NepeMeHHbIX B aBapuiiHoM 6roke (Tam rae npouwsowna UC). Ans
NOKanbHbIX NEPEMEHHbIX UM 0GBEKTOB paboTaOT AECTPYKTOPbI.

CwHTakcuc:
try {

ornepaTops;

} // pasnswe mper cnucok “JoBywek”
catch (Tun [mMs]) (6rox peaxumm}
catch (Tun [mms]) {6rox peaxuym}
catch (...) { .}

Twn -- cTporoe oToxaecTBeNHWe ¢ TUNom, 6e3 npeobpa3oBaHnil, KPOME NPOU3BOAHLIN -> 6a30BbINA.
VUMSi - €CN XOTUM 0BpaLLaThest kK MHYrU? BbI3s? obbekTa

BaxHo! B MOMEHT CBEpTKU CTeka He [OIDKHO BbiTb UCKITIOUEHUIA (MecTa Ans Hero yxke HeT). MNporpamma
3aBepLUNTCS aBapuHO.

Ecnu HeT GonbLue try GrI0KOB BbilLiE N0 CTEKY, TO ANsA? B JAHHON TOUKE MOXHO 3aBEPLUIMTLCS -aBOCT? ->
MOXHO CaMOCTOSITENBHO BbI3BaTb GUGNMoTEUHy0 hyHKumto terminate();
+ ycTaHoBMTL CBOW 06paboTumk set_terminate(HoBebli); // oTAaTL? CTapblil 06paboTymnk

C#, Java

WNC - cneumarnbHblit Knacc oLmbokK.
+ ecTb uneH-gaHHble?, Exception InnerException BHyTpu knacca Exception 4to6bl “paspactanocs”
WUCKNYEHNE => MOXHO BblaaTb CTEK

WC pensitcs Ha nonb3oBaTenbCKue 1 CUCTEMHbIe. Bo3byxaeHne nonb3osaTtenbckux VIC npoucxoauTt B
Kofe nonb3osaTtens, a cuctemHbix UIC - B koae, reHepupyembiM KOMMUNATOPOM.

Monb3osaTtenbckue MC B C++ HacneaytoTcs oT knacca exception, B C# - ot ApplicationException, B Java -
oT Exception.

YHUYTOXEHNE OGBEKTOB HOCUT HeAeTepMMHMpOBaHHbIﬁ XapakTep B A3blkax C aBTOMaTM4YeCKOn CﬁopKOﬁ
Mycopa.
B C# n Java ucnonb3ayeTcst KOHCTpyKLUms - try{} - nosyLwukm - finally {kog 06s3aTenbHO BEINONHATCA}

C# Java
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Apa. MepBbii A3bIK, B KOTOPOM MOSIBUMNCH UCKMOYEHUS (MOMbITKK Gblnu B PL/1).

BeoauTcs ncesnoTun exception. BBoauTcs 6 craHaapTHbIX ucknioveHuid (Hanp., RANGE_ERROR).
Mpasuna BuAMMOCTY 0BbIuHbIe. OfHa onepauusi — BO3GYKAeHMe.

raise <UMs UCKIIOYEHNS>.

C++, Ha ocHoBe Afibl. B cTaHpapTHoi GubnmoTeke nosisuncs std::exception. FeHepupyioTcst YacTo camnm
KOMMUNATOPOM (Hanpumep, Ana dynamic_cast<...>(...) ===> bad_cast).

Visual Basic.
ON <uma> <peaxuus> (06bl4HO GOTO meTka) — onepaTop ycTaHoBKkM 06paboTymka (nokarbHo B
npoueaype).

Error.raise( Homep UC, coobumenue) — 6pocuTb owmbky. Ecnu ON He ycTaHoBMEH, TO
pacnpoCTpaHsieTCsi BBEPX N0 MPOrpaMMe (T.K. MHTEPNPETaTOop), eCIM He HALUMN ==> OTNafumK.
Bcero 4 BapuaHTa obpaboTku:

1. resume — NOBTOPUTbL onepaTop.

2. resume <mMeTKa> — Ha4aTb C MeTKN

3. resume next - HauaTh CO CreayioLIero oneparopa.
4. exit sub

Cawa & Crac ([947-968], 3aBepLueHO)

WcknitoueHus. MpuHUMN AuHaMuyeckoi NoBywku. CeepTka cTeka
WC - vckniounTtenbHas cutyaums.

CemaHTVKa 3aBepLUEHUS!
BbinaBwmii? 6nok obs3atensbHo 3aBepluaeTca (CoCTaBHON onepaTtop)
/I 1.e. o601 BIOK MOXET MMETb UCKMIOYEHNSA

Ada:
begin
OnepaTops
(6y0x peaxLmit)
when ncl|uc2|uc3|...|ucN => onepaTopu peaxumm L
when mcN[1,1]|..|ncN[1l,k] => onepaTopu 2
when others
end

HO Mp¥ 3TOM 06A3aTeNbHO BbLIXOAUM U3 6110Ka, (MOXEM BbI3BaTb 3aHOBO, HO 3TO He BO30GHOBMEHME, a
nepeaanyck)
. PacnpocrpaHenme - ansa VI-I'IpprbI? + BblJaem MOMHBIV CTEK BbI3OBOB, €CM BbILLNA U3 I'IpVICT.?
e OGpaboTka: COBCTBEHHO BbIMOMHSAIOTCS ONepaTopbl
raise; -- YacTuuHol 06paboTku -> nepeBo3byxaeHue (Bpoae throw 6e3 top3o8?)
npwv 3TOM HUKaKoi ??7?, kpome UMeHmn ¢ UIC He cBsizbiBaeTCs -> HEAOCTaTOK (T.K. NPOCTO pearnpyeTcs: ??77?
B CMMCKE LIETNIOYUCTIEHHOTO uaeHTUdMKaTopa)

C++
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Knacc Exception (HenocpeacTBeHHbI Knacc Throwable

notomok Object, 0T Hero HacreayloyTcsi Bce {cBepTku cTeka BoOGLLE HET, AECTPYKTOP -
ownBKu VUMEHHO npw paspylieHnn obbekra(finalize),
OHU BOOBLLIE MOTYT He BbINOMHATLCS,
BLI3OBATCS? TONBKO NpU cBopke Mycopa}
catch(Exception ex)

finally {...} -- BbI3bIBaETCS BCerpa B KOHUE try
6roka B HE3aBMCHMOCTM OT criocoba Belxofa
13 try 6roka n 06paboTku UCKITIOHEHUI
throw new Err();

throw new Err();

catch (Exception ex) - Bce noiimaet

catch { onepatopei } - aHanor catch (...) {}, xota
W He HyxeH

B Java Toxe RAIll peanuayeTcs {Resource Acquisition Is Initialization}
Res x = new Res();
try {

}
finally {ocBo60xaeHne X}
To ecTb HeT SIBHOro BbI3oBa ¢MH3]‘IM3BTDDOB, HO €CTb BO3MOXHOCTb 3aaTb ABHOE YHUYTOXEHUE (Hy)KHD,
4TOGbI KNacc peanusoBbiBan ???)

IDisposable {
void Dispose ()

Toraa:

var img = Image.FromImage (“some.png”)
try {
// paGora c img
}
finally {
// HYXHO SIBHO NpMBECTM K MHTEepdericy, eciu SIBHO peammsoBanu MHTepderic
// “siBHast peanmsauust uHTepdeirca”
((IDisposable)img) .Dispose () ; //ocBoBoxmeHne KapTUHKN

AnbTepaTtvBa - UCMONb30BaHKe using(1msi) // Ms nepemeHHoi, koTopas peanuayeT IDisposable
using (Image img = Image.FromlImage (“some.png”))
{
//work with image
}
//img aBTOMATHUECKM OCBOOOXIEH
Komnunstop cam noacrtaswT try/finally + nposepuT, 4To Knacc AencTenTensHo peanuayeT IDisposable

Python:
Error -> nu6o throw Error, nu6o throw <class, Hacneaytowmit ot Error>
/I Bpoge kak B Python raise (To4Ho raise).

try:

OnepaTops
<JTOBYIMKN>
except wmMal:
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except:
finally:
else: -- xorza BEIUIM HOPManbHO + cpaborasn finally B KOHLe

Js:
try {
. throw new Error(...);
}
catch (e) { .. }

€ == ums, 6es TUNOB, T.K. U3Ha4YarnbHO Nogpa3ymeBaeTcs, YTO BCcerga Bblﬁpacuaae'rca o6bekT Error.
HeT MHOXeCTBEHHbIX NOBYLLEK, T.K. Tonbko 1 O6bekT - Error

KommeHmaputi: CemaHTuka Bo306HOBNEHUs paboTaeT B OCHOBHOM TOMNbKO B ManeHbK1X NPoekTax,
noaTomy B BONbLIMHCTBE A3bIKOB peanu3oBaHHa UMEHHO CeMaHTUKa 3aBepLUeHNs

Cneumndukaums UCKNOYeHNIA: (Tonbko B C++ 1 Java)

CH+:

void f() throw (cmmcox Tumom)); {function body}

// cneumpurauMs ONMUMOHATbHA

// CIMCOK TUIIOB MOKET ObITH JIOOEM

970 03HaYaeT, YTO 3TO -- KOHTPAKT, YTO KPOME YKa3aHHbIX MCKMOUYEHNI HKaKNX APYTUX He NOSIBUTCS.

370 rapaHTUpyeT, 4To Bee MIC He 13 cnncka nubo He BO3HMKaloT, N6o obpabaTeiBaloTCst BHYTPU yHKLMN.

Mpumep:
void f£() throw (X, Y, 2);
void suppress() throw()
{
try {
£07
}
catch (X x) {}
catch(Y y) {}
catch(z z) {}

B criyuae, ecnu Yepes dyHKLMIO MPOXOANT He creLnuLmMpoBaHHoe UckiodeHue -> unexpected() +
set_unexpected() { no cym terminate }, npu aTom B 3T0I e Touke Gonee cneunuLMpoBaHHO MeCTO
nagexus,

-> noapasymeBaeTcs, 4To noboit AecTpykTop Kak 6yaTo cneundmumposaH throw() {T.k. He JomkeH
BbIGpackIBaTh UCKMOYEHNI}

Java:
class X {
void f() throws cmmcok tunoe JC (Bce Hacnennukx Throwable) { .. }
void g () [mycToi CHMCOK MO yMOJYAHMIO —> 10 YMOJIYaHMIO HUYETO HE MOXET
6pocars] { .. }

-> throws oGsi3aTerneH -> yxe Ha aTane KOMMUSALMM NErko NPOBEPSATL -> KOMMUMSTOP rapaHUTUPYeT
e opHako ecTb JNI -- a 370 no cyTh L-? Tam HeT UCKNoYeHnit, a oLIMBKN BO3HUKaTL MOTYT }
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this B C++: X * const this (const - Henb3s (kpome C#) caenatsb this = new X();)
mutable nons - ux MoryT MeHsTb Aaxe const MeTofbl.

B BONbLUNHCTBE A3LIKOB == NINHEIAHOE PACMONOXEHNe NP €AMHUYHOM HacneaoBaHNM -- KOrfja HOBbI YneH
BD AoNUCbIBAaeTCH B KOHeL B ( BO3MOXHO C BblpaBHMBaHMeM) -> BCE YNeHbl-AaHHble UMeT
hUKCMpOBaHHOE CMeLLieHne

Smalltalk: (BcTaButb kapTuHky 953 ¢oTo)

KommeHTapum oT Calum, B pyKanucHbIX NEKLMUsIX OTCYTCTBYIOT:
I
B C++ He HacneaylTCst KOHCTPYKTOPbI, AECTPYKTOP U OMepaLiyist MprcBanBaHms.

Java - class name extends name-base-class {...}

C# - class name: name-base-class {...}

B C# n Java HeT MoaudumkaTopoB foctyna. Bee knaccel B oTnnumnm ot C++ umetot obLero npeaka Object (
B HEM €CTb MHOTO METOZIOB, HO HET YNeHOB-AaHHbIX).

*/

C [ipyroit CTOPOHLI MHOXECTBO TUMOB - €CTb MHOXECTBO 06beKTOB
MpocToit kKoMNUnMpyemblii A3bIk - Bce T[l He nepecekatoTes => Anst Nio6oro o6bekTa AaHHbIX
cylecTByeT eauHTCBeHHbIN T[], Ho B C, Hanpumep, paspeLuatoTcsi HEKOTOpbIe NpUBEAEHUS.

O6bepuHeHus

WHorpa HyxHo o6beauHeHve:
C: =>T1
union ->T2
-> Tk

union y {

Tl vl1;

T2 v2;

T3 v3;
} y; -- He pasmedeHHas, BCE MPOCTO MMENT OOMEe PAaCNOJOXEHNWE B NaMATH
Pascal:
type vr = record

£f1: T1;

fn: Tn;

case <uma>: Tun of
valuel: (crpykTypa 1);
value2: (crpykTypa 2);
valuem: (crpykTypa m);
end;
- BapMaHTHad 3anuch, “AUCKPUMMUHMPOBAHHAMA, pasMedeHHaa” (MOXHO 3HaTh TUI
CTPYKTYP)

R: vr; f1|f2|...|fn|<mma>|crpyxTypa I
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®  CyL|EecTBYIOT OLINGKM, Ha KOTOpble HeMb3a pearnposaTh (OLWNGKKM NPOLIECCOpa, HEOXMAAHHO, Pe/IKo,
Ho B NMioBoM MecTe), HO Ha? HUX He HaJo pearMpoeaTth

Buabi owmnbok B Java
e class Error extends Throwable{...} - olwmbku dyHUMOHMpOBaHUs Java-maiwmHel u JRTE
e class Exception extends Throwable{...} - 6a30Bblit knacc Ans nonb3osaTensckux VIC, ux HyXHO
yKkasbieaTb B throws
e class RuntimeException extends Exception {...} - 6a3oBblit knacc Ans owmnbok BbIXoAa 3a rpaHnLy
MaccumBa, HeXBaTKM MaMATU U T. M., HA HUX He 06si3aTeNbHO pearnpoBaTh, HO MOXHO, Kak
CneacTBue, MOXHO onyckaTb B throws

ADA:
CosfaHue UCKIIOHeHUs!:
New_Exception: exception;
MoaHATUE/BO3BYX/AEHNE UCKIIOYEHUS:
raise New_Exception;
OTroB ncknoyeHns:
begin
Rise_Exception;
exception
when New_Exception =>
Do_Smth;
end;

WUcknioyenus
+

N

Kop 06paboTku cmanuaoBaH? - nierde Yntath v nucaTb
2. [MpoBpoc nHepLumnm]? - 3a CHET OJHOTO UCKITIOYEHNS, He Haao AenaThb KOCTPYKLMK
if (...) {return -1;}

1. ACMHXDOHHOCTI:- - B Mlo6om MecTe HEeOXNAaHHO MOXEeT BO3HUKHYTb no6oe KoNMYecTBo oWnBoK
2. TucaTb XopoLuMe 0TKa3oyCTONUMBLIE NPOrPaMMbl TOXE? CIIOXHO

HacnepoBaHue

e pacnonoxeHxue B namsitu (layout)
® MHOXeCTBEHHas Teopus TMNnoB

C++: npomssoaHbiii T1 < T2 6a30BbIit, rae < -- OTHOLIEHNE HaceaoBaHNA MEXAY TMNaMu
Smalltalk:
nepemeHHas -> knacca (static B C++)

-> 3K3emnnsapa -- BCe HKarncynmpoBaHHble -> Hafo BBECTM get u set

npy 3TOM BCE onepaLmi - 06MeH COOoBLIEHNAMM:
{5+ 3 - uucny “5” nocbinaeTcs coobLyeHne “+" ¢ aprymeHTom “3" < 5.+(3) }

-> Npu HacneJOBaHUM HacneayTCs BCe CBOCTBa M aTpubyThi(+ onepauym)

MOXHO [J0GaBUTb HOBbIE; PU 3TOM B CTAHAAPTE HUTAE He CKasaHo, YTO Herlb3si Peann3oBLIBaTh
HernpepbIBHOM NaMSTbI0
[----namsTb noa 6a30BbIi-----|[---NaMsATb NOA NPOU3BOAHBIN---]
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Ada:
record

case uma:Tun of

when valuel => crpykrypa 1
when others => cTpykTypa m;
end;

CuHtakeuc New: New(p, t1, ..., tk) -> Tun p ykasblBaeT Ha BapuaHTHytO 3anucb

type UPR = tVR;
p: VR; -> new(p, value), value -- 3sHaueHMe <TMNA> M NaMATb BHIEJSETCA MO
pasMepy, NpM STOM 3HadeHMe B <MMA> He MPUCBaMBAETCHA

HyxHO P1.<umsi> = value; -> BO3MOXHO HEBEPHO MOCTaBUTL

B C -- He pa3ameyeHHble 06beaAVHEeHNS -> YacTO BPYYHYIO BBOAWUIM, YTOGLI 06beanHEHUs HaunHaNUChL ¢
short -- ugeHTUdMKaTOPa TMNA, “AnUCNeTYEpPU3aLMs No noso Tmna” -- paboTtaem no switch, cornacHo Tomy,
KaKoro Tuna coobLeHre K HaM NpULLIO

Ada:
paspeLlaroTcs TONbKO pa3MeYveHHble 3anucu ¢ AUCKPpUMUHUPOBAHUEM

case MMA_JNUCKPMMMHAHTAa: TUna of //He moxeT OTcyTCTBOBaTb'?, kak Ha Pascal

Pascal?:
type word =
record
case WORD TYPE of
WD_BITS: (bits: parted? array [1..48] of boolean);
WD_INT: (i: integer);
WD_REAL: (d: real);
end;
X: word;
X.1 := 65536; —-> [48] - =3HaKOBEI OuT
x.bits[17] := 0; -> MOXHO C OMTaMy OTHEJLHO paboTaTk
Ada:
record word (D: WORD_TYPE) // oBasaTeNnpHO Kak NapaMeTp yxasbBaeM
record
case D:WORD_TYPE of
when ..
end;
—> X:WORD (WD_BITS); -- ¥ TOJBKO Tak —-> 2?2 TOTO, 4YTO D yCTaHOBJEH? KOPPEKTHO U

HE M3MEHUTCA

Ho HWKTO He rapaHTUpyeT, 4TO NPOrpamMMICT NPaBUNLHO HanuweT 06paboTky Yepes case
=> B OOA Gonblumx case/switch HeT, Tak kak AomkeH GbITb NOMMOpPhU3M

=> He HyXHa aguncneTtyepusauuns no Tuny

=> 06beAVHEHNI TOXE HeT -- BCe yXOAUT B HAacleaoBaHue

[nocTosiHHas YacTb -- base_class, BapuaHTUBHas YacTb - B HAaCNeOHUKOB]
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AHons? Teopust
TUN -~ HEKOTOPOE MHOXECTBO 0GBETOB (NOTEHLMANBLHO GeckoHeUHoe)

D <B: ¥xeD =>xeB, D € B -> B Smalltalk: D -- noaknacc, B - cynepknacc

Ecnm T1 € T2, To T1 koBapuaHTeH T2.

COBMECTMMOCTb TUMNOB
x €T, y €T2 > x =y, F(T x) => F(y)

ecnn T2 € T1, To MOXHO nonaratb X=y

T1 *pl; T2 *p2; // p2 MOXHO NMPUBOIMTE K pl, HO He HaOOGOPOT

void f£(B &x) {...} // BHyTpsm mo cyru 2 TuUNA —— CTATUUHEI?
Dy => f(y) // moxHO, Tak xak D KoBapuaHTeH B

void g(B x) // 3To B, ¥ muHamwueckmit -- D

g(y) // npy 3TOM TMI NOMEHSeTCH; X = y IO CYyTU

Knacc kak o6nacte BUAMMOCTH

class X {...}
class Y: X {...}
class Y:X {
void £() { id = .. // wucnomszyerca 227 }
}
/* Kak MMHMMyM 2 OONAacCTV BMUIMMOCTM -- JIOKaJbHaf M ??? MPOCTPaHCTBO MMEH Kjacca

*/
/* cHayama vmeM B JIOKAaJbHOM, TOTOM B Teje Kjacca —> Gas0BOM M T.J. JO
ry106ansHOTO NMPOCTPAHCTBA (eCcim OHO ecTh) */

e B C++ ans (hyHKUMiA: €Crv JOLINW A0 BEPXHErO MPOCTpaHcTBa ??7?, TO [Aa HO, MOXET Aanblue]?
NoWLLEM B NPOCTPAHCTBE UMEH, B KOTOPbIX BNUCAHbI apryMeHTbI
e B C++ HeT ynpasneHns BUAUMOCTH, TONbKO A0CTyna
e B Java -- ynpaBneHus BUAUMOCTbIO UMEHHO?
(private -> BUAUM TONLKO BHYTPU Knacca)
([Tarke]? - B Ana u O6epoH, rae HeT knaccaos)
e B C++ BMAMMOCTb HapyLIAETCA TOMbLKO ONpeAeneHnemM ofgHOMMEHHOCTU? 06bekTa ( Npu Yem
MMEHHO MO UMEHMU, @ He MO CUrHaType)
e B C# noutu TaKkke, ¢ NCKIloYEHNAMN
class X {
public: void f£() (...}
}
class Y: X {
public: void f£(int i) {...}
public: void g() { .. £0; ..}
}

// mpomsonmer ommbKa OTCYTCTBMS aplyMeHTa
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Mpy npumeHeHnm sealed MoandmkaTopa kK MeTOAy N CBOWCTBY €ro HeobxoaAMMO BCeraa UCronb3oBaTh G
override.
nOCKOJ'Ibe CTPYKTYpbl HESIBHO 3anedaTtaHbl, UX HeMb3a HacneosaTth.

final B Java

KrtoueBoe crnogo final MOXeT NpUMEHSTLCS K KraccaM, METoam Uru nonsim. B npumexeHuu k knaccy oHo
03Ha4aerT, 4To AaHHblﬁ Knacc He MOXeT noApasaensTbCsa Ha NOAKMAaCChl. B NpUMEeHeHUN K MeToay OHO
‘O3Ha4aerT, 4To AaHHbIVI MeTo4 He MOXeT 6bITb 3aMeHEH KakuM-nu6o noaknaccom. B NPpUMEHEHUN K Nonk,
OHO O3HaYaeT, YTo B KaX/IOM KOHCTPYKTOPE 3HaueHWe Mons AOMKHO 3aAaBaTbCsi TONLKO OAWH pa3 1 nocre
3TOr0 HUKOrAa HE MOXET UBMEHSATBLCA.

final MeToz] He MOXeT GbiTb NeperpyxeH UM CKPbIT NPOM3BOAHBIMU KNaccamul.

Onsi knaccos Ans meTogoB

public final class MyFinalClass {...} public class Base {

public void m1() {...}
public class ThislsWrong extends public final void m2() {...}
MyFinalClass {...} // forbidden
public st; void m3() {...}
public static final void m4() {...}

}

public class Derived extends Base {
public void m1() {...} // Ok, overriding Base#m1()
public void m2() {...} // forbidden

public static void m3() {...} // OK, hiding Base#m3()
public static void m4() {...} // forbidden

final B C++11
YKa3blBaeTCs TONLKO Y BUPTYanbHoW thyHKLMM, 0603Hauas 4To oHa He MOXeT 6biTb NepeonpeseneHa B
NPOM3BOAHbBIX KNaccax.

struct A {

virtual void foo() final; // A::foo is final

void bar() final; // Error: non-virtual function cannot be final
h
struct B final : A { // struct B is final

void foo(); / Error: foo cannot be overridden as it's final in A

h
struct C : B {// Error: B is final
I3

OCHOBHblE apryMeHTb!
1. TpoeKTMpoBaHMe nepapxumn HacneJoBaHUs O4eHb CIOXHO -> HaJo 3anevaTaTb, €CIU peasibHO He
Hacnegyem
2. OdpchekTMBHOCTL - BbI30B Yepes ?7? Tabnuuy Aoporo => ecnu Aaxe n3 X Bbl3blBaeTCS BUPTYyarnbHas
YHKLMSI, TO TaK Kak OHa TOYHO He Gy/eT 3aMelLieHa, TO CIIOKHO CHSITb BUPTYaNbHOCTb BbI30Ba
3. BesonacHocTb
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Mpeo6pasoBaHue TUNOB (HESIBHOE)

Ecnu T1 koBapuanTeH T2 (T1 = T2 wnu T1 HacneaHuk T2) - npeoGpasoBaHne 4OMyCTUMO.
T1 koHTpaBapuaHTeH knaccy T2, ecnv T2 koBapuaHTeH knaccy T1.

Ecnu T1 1 T2 uHBapuaHThI (He KOBapuaHTbl 1 He KOHTPBaPUAHTbI), MOXHO MpUAyMaTh NoMnb30BaTeNbekoe
npeo6pa3sosaHue

1. T2(T1) - Apa, moayno, o6epoH
2. (T2)<BblpaxeHue Tuna T1>// C
3. C++

a. static_cast<T>(expr)

b. dynamic_cast<T>(expr)

c. const_cast<T>(expr)

d. reinterpret_cast<T>(expr)

Knaccbl-o6oroukun. ABTopacnakoska B Java, C#

KpDME 6a30BbIX TMMOB AaHHbIX, B A3blke Java LLIMPOKO UCMONb3YHTCA COOTBETCT-BYIOLLIME KNnaccbl-
o6onouku (wrapper-knaccel) 13 naketa java.lang: Boolean, Character, Integer, Byte, Short, Long, Float,
Double. O6bekTbl 3TUX KIAacCOB MOTYT XPaHUTL T€ Xe 3HAYEHNS!, UTO U COOTBETCTBYIOLME UM Ba3oBbie
TUMNbI.

KOMI‘lMﬂﬂTOp ymeet npeoﬁpaaoablaarh 3Ha4YeHns NPOCTbIX TUMOB B 3K3eMNNAPbI Kknacca-060104Ku
(ynakoBka) v obpaTHO (pacnakoBka).

C# Java
inti=123; /I ABTOynakoBka
/I The following line boxes i. Integer integer = 9;

objecto =1i;
/I ABTOpacnakoBka
123; intin =0;

nt)o; // unboxing in = new Integer(9);

3anpeT HacnepoBaHus (sealed B C#, final B Java, final B C++11)

sealed B C#

Mpu npumeHeHMM K knaccy, MoandmkaTop sealed sanpeluaeT ApyrM Knaccam HacreaosaTh OT 3Toro
knacca. B npusegeHHom npumepe knacc B HacneayeT ot knacca A, HO HiKakue Knacchl He MOryT
HacnefoBaThb OT kracca B.

Mopudukatop sealed MOXHO MCMONL30BaTL AN METOAA U CBOMNCTBA, KOTOPOEe nepeonpeaensieT
BUPTYyasbHbI METOZ, UMW CBOMCTBO B Ga30BOM knacce. JTo No3BonsieT knaccam HacnejoBaTh OT Ballero

Knacca, 3arpelias UM npu 3ToM nepeonpeaenaTe onpejesieHHble BUpTyalbHble MeToAbl Uk cBONCTBA.

class A {}
sealed class B : A {} - Hukakue knaccel He MOryT HacneaoeaTth oT B.
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[nHamunyeckoe cBasbiBaHue metoaos. Monnmopdnsm. TBM

i cBS

COCTOUT B TOM, YTO MeTOZ, KOTOPbII Hy)XXHO Bbl3BaTb, ONpeaenseTcs B
npouecce BbINOMHEHNs, @ He Ha 3Tane KoMnunsauun.

C++, C# -> virtual
Java - Bce MEeTOAbI ABNATCA BUPTYanbHbIMU

B C# obsizaTenbHo 3anuch override nepef saMectutenem.

TBM - Tabnuua BupyTanbHbIX METOA0B.
B Kax/blit NONMMOPMHBIN 06BLEKT KOMMUATOP HESIBHO MOMELLAeT ykasaTeslbHO Ha COOTBETCTBYIOLLYIO
TBM, xpaHsiLLyto agpeca BUpyTanbHbIX METOOB.
Ctpokn TBM coaepxaTt agpeca 3amecTuTenei BUpTyaribHbIX METOAOB: eCniv MeTo[, 3aMelLLieH B krnacce, TO
3an1cLIBaeTCA ero afipec, e HeT - 3aUMCTBYeTCH afpec 3aMecTUTenNs 13 Tabnuuel Ans 6asosoro
Knacca.
Mpumep:
class A {
public:
virtual void £() {cout << “A::f”;}
virtual void u() {cout << “A::u”;}
void g() {cout << “A::g”;}

Yi
class B:public A {

public:
void f() {cout << “B::f";}
void g() {cout << “B::g”;}

virtual void h() {cout << “B::h”;}
Yi
class C:public B {

public:
void f() {cout << “C::f “;}
void u() {cout << “C::u”;}

void h() {cout << “C::h”;}
virtual void w() {cout << “C::w”;}
Yi
void P(A *pa, B & b) |
pa->f(); pa->u(); pa->g();
b.£(); b.u(); b.g(); b.h();
delete pa;
}
int main() {
B b;
P(new A, Db);
cout << ™ ” << endl;
C c;
P(new B, c);
return 0;

}
PesynbtaT paboTbl creaytoLLmit
A::f R::u A::g B::f A::u B::g B::h
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B::f A::u A::g C::f C::u B::g C::h
Yctpoiicteo TBM Tabnuy Anst gaHHoro npumepa.

O6bekT TMNa knacc * TBM ans knacca *
A
&f()
&u()
B
B &f()
A &u()
B:: &h()
C
C: &f()
A &u()
B:: &h()
C: &w()

Mpumep ans C# (ans Java HyxHo y6paTs override u virtual)
class Program {
class A {
public virtual void f(int x) {
Console.WriteLine ("A::f");

}
class B : A {
public override void f(int x) {
Console.WriteLine ("B::£f");

}
static void Main(string[] args) {

A a;

B b =new B ();
b.f(1); // B ::f
a = b;

a.f (1); // B::f
a =new A ();

a.

£ (1); // At

U3pepxku:
1. [lononH1TenbHbIE KOMaHAbI MO U3BNIEYEHUIO afpeca MeToaa Npy BUPTYarbHOM Bbl30Be.
2. [ononnuTtenbHas namsite Ans TBM
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owwbka goctyna

X X
Yﬁ S~ Yﬁ r&r'\\/afe'

7y 7

B Java gerno o6cTout nHave.

X: public void f()
Y: private void f()

Z:{f();} <« Bb13oB X::f

d Hy)KHO NOUCK NpOBOANTL NO Npaswunam Ansi CBA3N

( — private He ABnNAeTCA 3amecTUTEneM, T. K. HENb3A 3amMeLlaTh To, 4TO He BUAHO)

— BHYTpY Y BbI30B f() He ByaeT BUPTyanbHbIM — MOXHO BUPTYanbHOCTb BbI30OBA CHATE.

3amecTuTenb He MOXeT ocnabnsTe poctyn.
X:
private virtual void f£();

public void g() { £(); }

private virtual void f();

Ecnu cospatb knacc Z, yHacnefoBaHHblii 0T Y 1 onpeaenuts Tam dyHKumIo f, To BbI3OB g npuBeneT k
BbI30BY f U3 Z, 4TO 1 AOMKHO BbITb.

B C# - ecrm private, To virtual 6biTb He MOXeT.

C++

- Pearnusaums cobbiTuiiHoi 06paboTkn

class X{
p
private: void Work(){ OnRven

ent () {
t()it

tected: tual void On
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3. [ononHuTtensHas namate Ang ykasatens Ha TBM.
BaxHo! [lecTpyKTop nosiumopcdHoro oGbekTa AomkeH GbiTb BUPTyanbHbIM.

Anuk ([969-981], done)

MoskHO B HacneaoBaHHOM Knacce HanucaTtb new virtual f, Torga Mbl co3aaanM BUPTyanbHbIA MeToz, f,
KOTOPbIN HAYHET HOBYIO MEPapXUIo 3amMellieHust (ckpbiBaeT f u3 6a3oBoro).

B Java Toxe nosiBuncs override - cneumanbHbIii, CTOUT nocne (yHKLWKM, Kak Noackaska.
B C++ - final - Henb3s 3amelaTb 3TOT MeTopa. Kak final Ha Java.

MHkancynauus. YposHu goctyna B C#, Java. YnpaBneHue BUAUMOCTbIO

B C# ponb GubnunoTekn urpaeT noHsTue cbopku (assembly), B Java - noHsTVe nakeTa (package)
YpoBHu goctyna B C#
1. public - uneHbl AOCTYNHbLI BE3Ae.
2. internal - BHyTPEHHWI, AOCTYNHbI METOAAM BCEX KITACCOB U3 3TOM e CBopKU.
3. protected internal - nocTyneH cBouM MeTOAAM M MeTOZaM MPOU3BOAHBIX KIAccoB (M3 NoBbIx
cBOpOoK), METOAM BCEX KMAcCoB 3TN CGOpKY.
4. protected - 3alMLLIEHHbI, AOCTYMHbIN TOMBbKO COOGCTBEHHLIM METOAaM 1 MeToAaM NMPOU3BOAHbIX
KnaccoB(13 MoBbix cGOPOK)
5. private - SaKprTblﬁ, AOCTYN MOXHO NOMYy4YUTh TONBKO U3 KOAA TOrO Xe Krnacca unu CTpyKTypbl

YpoBHM focTyna B Java
1. public - poctyneH metoaom nobbIx Knaccos, MoBbIX NakeToB
2. 6e3 Ha3BaHWs (ymonuaTenbHbIi), JOCTYMHbI METOAaM BCEX KNAacCoB U3 3TOFO e nakeTa
3. protected - 3aLLMLLEHHbIA, AOCTYMHbIA TONBLKO COBCTBEHHBIM METOAAM, METOAAM NPOU3BOAHBIX
KI1accoB 13 NMioBkIX NakeToB U METOAM BCeX KIacCoB W3 3TOTO Xe nakeTa.
4. private - [OCTyneH TONbLKO COBCTBEHHLIM METoAaM

B C# 1 Java ecTb BO3MOXHOCTb YNpaBnsTb JOCTYNHOCTbIO U3 cBopku(nakeTa).

YpoBHM focTyna B C++

1. public

2. protected

3. private
C++, C#
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class Y: public X{

te

void OnRvent () ;

void Y::0OnRvent () {
// cBoa obpaboTka
// xOoTuM BEIBBAT
this->X::0nRve

byHKUMIO M3 6a30BOTO Kjacca

yi // c

71 BEI3OBA

ATHME BUPTyallb
BameTum:

X *px; px->X::f(); //cHATME BUPTYalbHOCTU TOXE
B HeKoTOpbIX A3bIKaX MOABMSAIOTCS AOMOHUTENbHbIE CrloBa:

Delphi: inherited.nmsi_metoaa

C#: base.f() //kak ccbinka

Java: super.f()

Java

.) //BEIB0B KOHCTPyKTOpa 0a30BOTO

C#

BnoxeHHble (BHyTpPeHHWe) knacchl, ux ocobeHHocTu B Java, C#, C++

370 KNace Len1koM onpeeneHHsIi BHyTPY APyroro knacca. Takue Knaccel noaaepxveatotcs B C#, C++,
Java.
B Java cyujectsyeT 4 TMNa BNOXEHHbIX KNaccoB:

o CTatMyeckue BIOXeHHbIe Knacchbl. [leKnapupyloTcsi BHyTPU OCHOBHOIO Kracca 1 0603HavatoTest
KIKoYEBEIM CroBOM static. He nMeloT 0CTyna K YneHam BHELLHEro Kacca 3a UCKIIoYeHNeM
craTtunyeckux. Moxet coaepxaTtb CTaTU4eckue nons, MeToabl U Knacchbl, B OTNUYKE OT ApYrux TUNOB
BHYTPEHHUX KNaccos.

e BHyTpeHHMe knaccbl. [leknapupyoTcst BHYTPM OCHOBHOTO Kracca. B oTnuume ot ctatnyieckux
BITOXXEHHbIX KIMACcCOB, UMEIOT AOCTYN K YrieHaM BHELUHEro Knacca. He MOTyT coaepxaTb (HO MoryT
Hacne/:(oaa‘rb) onpefeneHne ctatu4ecknx nonen, MeTOI0B U KraccoB (KpOME KDHCTaHT).

o JlokankHble knacchbl. [leknapupyioTcs BHYTPU METOJO0B OCHOBHOTO knacca. MoryT GbiTh
UCNONbL30BaHbI TONIBKO BHYTPU 3TUX METOA0B. UmetoT AOCTyN K 4YneHamMm BHeLLHero kKnacca. WwmetoT
AOCTYN KakK K NokarnbHbIM NepemMeHHbIM, TaK U K napameTpam MeToda npyv 04HOM yCroBuu -
nepeMeHHbIe 1 NapameTpsl, UCMOMb3yeMble NMoKarlbHbIM KITacCoM, A0SMKHbI BbiTb
3apeknapupoBaHbi final. He moryT cogepxatb onpeaeneHune (HO MOryT HacneaoBaTh) CTaTUYECKNX
nonei, METof0B 1 KNACCOB (KDOME KOHCTaHT).

® AHOHMMHbIe Knacchbl. [leknapupyioTcsi BHyTPU METOJ0B OCHOBHOTO knacca. MoryT GbiTh
MCNOMb30BaHbI TOJSTbKO BHYTPU 3TUX METOAOB. B oTnuuve ot nokarnbHbIX Knaccos, aHOHUMHbIE
KIacchl He UMET Ha3BaHwsi. [NaBHoe TpeGOEaHMe K @HOHMMHOMY Knaccy - OH AOMKeH
HacnefoBaTh CyLLECTBYIOLLMIA KNAacc UNi peani3oBbIBaTh CyLIECTBYOWMA UHTEpdeiic. He moryT
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cofiepaTb onpeaerieHne (Ho MoryT HacneoBaTh) CTaTUMECKUX NOMel, METOZ0B U KNaccoB (kpome
KOHCTaHT).

BroxeHHble knacckl B C++, C#, Java MMetoT AOCTYN KO BCEM 3aLLMLLEHHBIM U MPUBATHLIM NONSM Knacca,
KOTOpbIN UX copepxuT. B Java (B C#, C++ - He 3Hat0) U3 06 BEMIIOLLEro KIlacca MOXHO MOSTyYMTh AOCTYN K
NpyBaTHbLIM MOMSM BIIOXEHHOTO Knacca.

ABCTPaKTHbIN KNacc - kKak nHTepdeinc Ana HacneaoBaHns

Teno BMpTyanbHoi byHKUMM 0BS3aTeNbHO HYXXHO 3afaBaTh, T. K. CCbIfka Ha Hee Bce paBHO ecTb B VTBL —

oLumbka.

Tabnuua BMPTyanbHbIX METOOOB UHNLMANU3NPYETCA B KOHCTPYKTOPE. B camom KOHCTpYKTOpE ellle HeT
3amelLeHuin. Kpome Toro, TyT MOXHO BbI3BaTb aﬁCTpaKTHbIVI MeToA, ecnu emy 3ajany peanusauuio.

To eCTb MOXHO 3a/jaBaTh Tena aGCTPaKTHbLIX METOZI0B.
(No ymonuaHuio - BbiaaeT AMarHoCTUKY W PYLUNT Nporpammy)

C#, Java

abstract class X{ // wmouesBoe croso abstract o6szarenbHoO
abstract void £(); // u snmecs Toxe

— ABCTpaKTHbI Knace - eCnv nepea HAM cTouT abstract (HO MOXeT He coaepxaTb abstract meTogos)

(npocTo TpeByeM OT Hero yHacreaoBaTs).

TTro6oi npon3BoAHbIf, rae elle HeT NnepeonpeaeneHns - obasaTtensHo ¢ MoaudukaTopom abstract.

ATl (A6cTpakTHbIN Tun [laHHbIX) - aGCTparMpyeTcs OT peanuaaumm knacca (Tonbko public MeTogb!)
ATA ( u3y ) — 3TO TWM, B KOTOPOM BHYTPEHHSAS CTPYKTYpa [JaHHbIX MOMHOCTHI0
WHKancynuvpoBaHa.

AK (A6cTpakTHbIit Knacc) - abeTpakuyst OT peanvsaumm HeKoTOpbIX METOA0B.

AGCTpPaKTHBIW KNacc — 3TO KNacc, KOTOPbI NpeAHa3HauYeH UCKITYMTENBHO Anst TOro, YTo6bl GbiTh
6a30BbIM knaccam. Jk3emMnnsipbl aGCTPAKTHOMO KNacca Herb3s Co3AaBaTh, HO MOXHO (M HyXHO)
UCNoSib30BaTh CCbINKM Ha aGCTpaKTHbIVI Knacc.

WHTepdheiic Knacca — COBOKYMHOCTb OTKPbITEIX YNIEHOB Knacca.

AK + ATl - “uHTepdeiic”

(ecnn abcTpakLysi 0TO BCeX peanusauuii Bcex MeTofoB)

{TONbKO METOA-ECTPYKTOP - BUPTYarlbHbIiA, HO HESb3s YKCTO, T. K. KOMMUISTOP CaM BCTaBrsieT
HeBUPTyarnbHbIi BbI30B AeCTpykTOpa 6e3 knacca B NpovM3BoaHOM}

CH+:

class Y: <mommukarTop Haciemoeanms> X {...}
class Y: private X {} // uacrto OwBaer
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boolean hasNext () ;
Object next();
void remove ();

interface IEnumerator {
object Current { get; }
bool MoveNext () ;
void Reset () ; }
} // peammsaums mHTepbderica
// peammsaumus mHTepdeiica class MyCollection implements
class MyCollection : IEnumerable { Iterable {
public IEnumerator public Iterator iterator ()
GetEnumerator () { /* peamusaums Meroma */ }
{ /* peammsaums meToma */ } }

Java | class X extends Base implements Il, I2, .., IN {...}

C# class X: Base, I1, 12, ., IN {}

M Base - KJlaCC, OT KOTOPOT'O MNPOM3BOOMTCS HACIENOBAHME, MOXET
GEITE TOJIBKO OnMH!
11, 12, ... , IN - uHTepdeMce, MOXET OHTb HECKOJBKO.

KoHhnuKTbI MeH:

Java | Heobxoaumo peann3oBbiBaThb TONLKO OAUH MeTog, public peanu3auus gomkHa
6bITb POBHO OJHOW. (M HEM3BECTHO OTKyAa@ OH UMeHHo, aapec B VTBL Gynet
coBrnagatb).

C# | noHsaTve “aBHas peanuaauvs nHTepdeiica”
class X: Base, Il, I2 {

void I1.£(){...}

void I2.£() (...}

fABHasA n HesiBHaa peanusauus nHtepdeica B C#

Peanusauus nitepgeiica MoXeT BbiTb Kak IBHOI, Tak U HEABHOA.
interface ISum{ ... void foo(); }

HesBHas peanusauus uitepceiica flBHas peanusauus uHTepderica

class D: Isum { class D: ISum {

public void foo(){...} void ISum::foo(){...}
} //* public He muumercs
}
D d = new D();
d.foo(); D d = new D();
d.foo(); // rak Henb3g, ouudKa.
((ISum) d).foo(); // Tax npaemIeEHO

Cam Microsoft B .Net 4acTo MCNOAbL3YIOT SBHYIO peanu3aumio.

62

Mpumep. MHoXecTBO.

class ISet // <== aBCTpaxTHHE KIacc

{

virtual void Ird (const T& x) = 0;
virtual void Rxd (const T& x) = 0;
virtual bool IsInt (const T& x) = 0;

virtual ~ISet() {}

class BitSet: public ISet, private BitScale {...}
// cooTBeTcTByHIME MeTomsl ISet BHBHBALT MeTOms BitScale
// peamusauys neNeTMpPOBaHUS

class TreeSet: public ISet, private RBTree {...}

+ [OMNOMHUTENbHO CBOAWNM 3aTpaThl Ha NEPEKOMMUNALNIO B min, T. K. 4OCTaTO4HO
nepeKkoMNUNMPOBaTL peanuaaumio 6es KIMeHToB

+ private HacnegoBaHWe NO3BONSET UHKANCYIMPOBAaTh (CKPbITb) BHYTPEHHIOW CTPYKTYPY Kracca.

+ public HacnegoeaHve nHTepdelica Heo6xoaUMO.

Paznuuuns mexay abeTpakTHbIM Knaccom U nHTepdeiicom B Java (Ha aHrn)

e All methods in an interface are implicitly abstract. On the other hand, an abstract class may contain
both abstract and non-abstract methods.

e A class may implement a number of Interfaces, but can extend only one abstract class.

e In order for a class to implement an interface, it must implement all its declared methods. However,
a class may not implement all declared methods of an abstract class. Though, in this case, the sub-
class must also be declared as abstract.

e Abstract classes can implement interfaces without even providing the implementation of interface
methods.

e Variables declared in a Java interface is by default final. An abstract class may contain non-final
variables.

e Members of a Java interface are public by default. A member of an abstract class can either be
private, protected or public.

e Aninterface is absolutely abstract and cannot be instantiated. An abstract class also cannot be
instantiated, but can be invoked if it contains a main method.

B C# n Java MHOXeCTBeHHOe HacrneoBaHNe MOXET BbiTb TONbKO Mo uHTepdencam!

interface mMa {CHMIHATYPH MeTOHOB} //SI3HKOBOE CPeACTBO.
Mpumepbl nHTEpdeicos

C# Java

// craHpapTHET MHTepdeitc C#

interface IEnumerable { //

CcTaHmapTHeM MHTepderic C#
IEnumerator GetEnumerator(); }

} interface Tterator {

// craHmapTHBIT MHTepderic Java
interface Iterable{
Iterator iterator();
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class P:I1,I2 {
::foo() {...} // obBazarenbHO BCerza SBHO peajiM30BaTh
::foo() {...} // ecim y Hac ecTb KOHQIMKT.
//BOo3MO)HA yMmosdarensHas (default) peanmsaums
public void foo() {... I2::foo();}
}
Cp SIBHOMN U i p uHTepdeit
BuanmocTs HesiBHas nmnnemeHTauna fABHas UMNnemeHTaums Bceraa
BCEraa sIBMsiencs oTkpbITon 3akpbiTa (private).
(public), noatomy k MeTogam n Y106bI NONY4nTL AOCTYN K
CBOIICTBAM MOXHO 06pallaTbCsl | MMNMeMeHTaLum Heobxoanmo
Hanpsamyo. KacToBaTb MHCTaHUMIO Knacca K
vHTepdeiicy (upcast to interface).
Monumopcuam HesBHas umnnemeHTauna fBHas umnnemeHTauns sceraa
nHTepdeiica MoxeT BbiTb ctatyHa. OHa He MoXeT BbiTb
BUpTYyanbHoi (virtual), 4To nepenucaHa (override) unu nepekpeita
no3BONSIET NEpenuehLIBaTh ATy (new) B Knaccax-noTomkax.
VIMMNEMEHTALINIO B KIaccax-
noTOMKax.
ABcTpakTHbIN Knace | HesBHan peanusaums MoxeT fABHan peanusaums He MOXeT 6biTb
" peanusaums 6bITb aGCTPaAKTHO 1 aBCTpaKTHOIA, HO CaM KNacc MoXeT
peanu3oBbIBaTLCS TONBKO B nmeTb apyrie abCTpakTHble MeToab! 1
Knacce-noToMKe. cam 6bITb abCTpaKTHBIM.
MHo)XecTBeHHOe HacreaoBaHe
- KOH(MNKTLI UMEH
- peanusauus
YncToe MHOXECTBEHHOE HacneaoBaHue - TOMbKo B C++
Ho B Apyrix MHOXeCTBeHHOe HacneoBaHue - No MHTepdeiicam.
MNp 0
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// thisl
// this2

Heobxoaumo VTBL aenatb U3 2x YacTeit, rae Bo BTOPOM YacTh XpaHWTb aTy A, KOTOPYH Hago npubaBnsTe
Kk this1.

Hac o6s3kiBaloT pa3obpaThbest ¢ KOHMKTOM MMEH, B OTNNYMe OT Java.

Python

B nto6oit MOMEHT BpeMeHM ecTb kak MUHMMYM 3 0Bnacti BuaMmocTy.
1) rnobanbHas
2) module
3) def

Knacc - ewe ogHa o6nacts BMAMMOCTN

class C(Base): 0 =cQ
i=20 0.foo(1,2) //momwm B C, nortom B Base
def foo(self, a, b):
self.i =1
def _ init_ (self):
self.i =0
class C(Basel, Base2, ...): //nownu B C, noroM BIiySb B Basel, moToM B
Base2 u T. 1.

HeT koHbnMKTa UMeH, HO ecTb HaKrnaaHbIe pacxofdbl Ha NOMCK MeTOAOB (Kak U B nio6om Monyne).

Ana83 - YNCTO CTaTUYECKUI A3bIK, YeTKasi TUNM3auusi, 6e3 0GbEKTOB.
Anag5 - nobaeneHbl 06BLEKTHI.

package Sample is
type Base is tagged record;

end record

type Derived is new Base with tagged record
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Figure *pp = Intersection(&C, &L);
/1 ecnv ANs A@HHLIX apryMeHTOB CTb NEPErpy3ka, TO BLIOMHUTCS TO, YTO HEOBXOAUMO.

Figure *p1 = &C, *p2 = &L;
Intersection(p1, p2); // BI30BET UMEHHO OT ABYX Figure*.

2009r. - B Python nosiBunucb MynbTumeTOAbI.

def f(a, b): # NpMBASKK K TUIAM HET

from multimethods import *

@multimethod (int, int)
def foo(a, b):

@multimethod (int, double)
def foo(a, b):

BbI30B foo(a, b) 6ynet agpecosaH k Tomy multimethod, B koTopom Tunbl aprymeHToB ByayT coBnaaats.
f00(2.0, 2.0) - ownbka

Tenepb ecTb crieyuasbHblii Mogynbe multimethods {ecTb aTOT fekopaTop}.

JavaScript
O = {} <--=> 0 = new Object(
MyClass(...){ /< aTo dyHKUmMsA
this.x = // this mMeeT CCHIKY Ha 3TOT OOGBEKT.
this.y = // % ¥ y - NpuoGpeTeHHHE CEOWCTER, B3aBONATCA TYT.

0 = new MyClass() // BH30B QyHXUMU-KOHCTPYXTOPa
O.prototype // ecrT: Takoe CBONCTBC, MMEET 3HAYUEHME NPOTOTUIA QYHKUMU-KOHCTPYKTOPA .

Figure() {
this.x = 0;
this.y = 0;
this.prototype.area = function(){ return this.x * this.y; }

O = new Figure();
O0.x = 10;
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HOBEIE YJIEHEI
end record.

EcTb 06bl4HbIe 3anucK, a HacneaoBaThest MOryT TONBbKO tagged 3anucu.

procedure P(S:Base);
procedure P(D:Derived); YMCTOEe IEePeKPHTHE
Ho ecTb nHKancynsaums:

package File System is
type File is tagged private;
procedure View(F : File);

type Ada_File is new File with private;
procedure View(F : Ada_File);

private
type File is tagged
record
Name : String(l..20);
end record;

type Ada_File is new File with
record
Compiled : Boolean := False;
end record;
end File_ System;

Takke B Ada95 Beenm child package (HacnefoBaHve nakeTos)
package Sample.DerivedSample //noarpyxaem Bece Sample ceepxy
type Derived is new Base with tagged record

procedure P(D:Derived)...

/I moxem ncnonb3osaTh BCE U3 Tena Base

Tepsiem NOMHYIO MHKANCYNALMIO — Mto6Goii MOXET Tak NPUCOSANHNUTLCS K NtoGOMy nakeTy 1 noboit knacc

Hacreaosarb.

MyﬂbTMMeTOA - meTon, KOTOprﬁ npuBsa3aH ANHAMUYECKU K HECKOSTbKUM obbekTam.

class Figure { Figure *pF = ..;
public: virtual double getArea(); pF->getArea();

Figure* Intersection(Figure* pf1, Figure* pf2);
/I B 06Lem, Hapo onucaTb Ans NMo6oit napbl NPOU3BOAHBIX KIACCOB
Circle C;
Line L;
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O.y = 10;
O.area();

HacnepoBaHue:
Kak-To onpeaenutb npototun Figure kak (yHKUMM (HO [0 NEpBOro BbI3OBa) = UMEEM

HacnepoeaHve. Hanpumep, Tak:

function Circle() {
this.radius = 1;

Circle.prototype = Object.create(Figure.prototype);
Circle.prototype.area = function() {

return 3.14 * this.radius * this.radius;
}i

Koctsa ([982-990], 3aBepLueHo)

MapameTpuyecknin nonmmopdnam

OTtnuune napameTpu4ecKoro I'IOJ'IMMOpq)M:&Ma OT CTaTU4eCKoro U ANHaMM4eCcKoro COCTOUT B TOM, 4TO npn
CBA3bIBAHUN MOXET NOpOXAaTbCA HOBAasA CYLWHOCTb — Knacc unu d)yHKLlI/Iﬂ (METOH). MeTOFLbI peanusauuu
napameTpuyecKoro noMmopcuama oCTaToqHO CUMbHO Pa3NUYaloTca NS PasHbIX A3bIKOB.

Mpu napameTpuyeckom nonmmopduaMe NoNMMOpMHLIMU CyLLIHOCTAMM SBASIOTCA NapaMeTpU3oBaHHbIe
TUNbI (KNacchl) U NoAnporpaMmbl (MeTofbl).

[1Ba OCHOBHbIX NOHATUA NapaMeTPUYECKOro normMmopduamMa — 370 06 P
abcTpakuyum (wabnoxa unu o6o6wweHns) n P 3ToW abc (1. e. ee ncnonb3soBaHue).
CBsi3blBaHNe KOHKPeTU3aLMmM 1 0GbSBIEHUS BCeraa NPOUCXOANT CTaTU4ECKN (BO BPEMS TPAHCMAILIMN).

e B C++ npu KOHKpPETU3aLMK WaBMOHa MPOMCXOAUT CO3AaHNE HOBbIX HEMapaMeTPU30BaHHbIX
CYLLIHOCTEN — KNaccoB W (yHKLMA.

e B C# npu koHkpeTusaumm o606LLeHNst TPOBEPSETCSt KOPPEKTHOCTb (COOTBETCTBUE TUMOB).
FeHepaLyst MaLMHHOTO KoAa AN CC HenapameTpuac HbIX CYLLIHOCTEI NPONCXoaNT
npwu sanycke c6opku (JIT-komnunstopom cpeabl .NET) Ha OCHOBE NPOMEXYTOYHOTO KoAa,
CO3/1@HHOTO MpU TPaHCNALMM 06bABNEHNS 06OBLIEHNS, N MHOPMALMM O TUNaX — aprymeHTax
KOHKPEeTN3aLMu.

e B s3bike Java npu koHKpeTu3aummn 0606LLeHUs TONbKO NPOBEPSIETCS KOPPEKTHOCTL KOHKPETM3aLumn
(cooTBeTcTBME TUMOB). MOXHO paccMaTpuUBaTh KOHKPETU3ALIMIO Kak NPOLIECC CO3AaHNS HOBbIX
HenapameTpu30BaHHbIX CyLLHOCTeI (KNaccoB M METOLOB), OAHAKO BCS MHOpMaLMs 06 3Tux
CYLLHOCTSIX CYLLECTBYET TOJbKO BO BPEMS TPAHCTIALMN U CTUPAETCA MpU reHepaumm 06beKTHOro
koda ana JVM.

MexaHW3Mbl NapamMeTpU4ECKoro NonMMopduama Bo Bcex f3blka Mo3BOMsOT 06ecneunTb:
® [OBbILLIEHWE HAAEXHOCTN CO34aBaeMbIX aﬁcrpaKumﬁ 3a CYEeT CTaTUYECKOro KOHTPONA COOTBETCTBUA
TUNOB U NOBbICUTb SC’JCbeKTMBHDCTb
® yMeHbLUIMTb 06beM pa3pabaTbiBaEMOro koaa (MeHbLUe YCUIuit)

generic: Ada83 - “pofosble”
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generic: C# (2003), Java (2005)
template: C++ (90ble)

La6noHbl B C++. SiBHast U YacTMYHas cneuyuManusauus WabnoHoB

OBLWMIN CUHTAKEUC:
template <crnmcok_napaMeTpoB> OOBABJIEHME QYHKUMM_MIIM_KJacca

LlabnoHHas cyHkumsa LWabnoHHkI knacc

template<class T> template<typename T>

void g(T %, T y) class Foo {
{ public:
/. Foo ()
} void someMethod (T x);
. private:
int a, b = 0; T x;
long ¢ = 1; }i
g(a, b);
g<int, int>(a, b); template<typename T>
gla, c)i Foo<T>: : Foo ()
{
/]

template <typename T, int size> T }
operator * (VectorCT,size>&vl, template<typename T>
Vector<T, size>&v2) void Foo<T>::someMethod(T x)
{ {
T sum = 0; /o
for (int i=0; i < size; i++) }
sum+=vl.getAt (i) *v2.getAt (i) ;
return sum;

KritoueBsble crioBa typename v class npu onMcasmm npoToTuna WabrnoHHOM yHKLUMKM He pasnuyatoTes.
A BOT B 3TOM Cryyae BHyTpy knacca npu typedef HyxHO Ucronb3oBaThb TONbKO typename.
template<typename param_ t>
class Foo
{

typedef typename param t::baz sub_t;
Yi

KOHKDSTMSBLMR wabnoHa NPUBOAMUT K NOPOXOEHWIO HOBOrO TUNa. Ero nmexem siBnsietca MﬂeHTMq)MKaTOp
wabnoHa. M,CleHTMCtJVIKaTOp wabnoHa MoMHOCTLIO SKBUBASNIEHTEH UMEHM Tuna. an NopoXAeHUN HOBOro
TUNa MOXeT NPoOUCXoAuTb reHepaumna koda ans d)yHKLlMlZ — YfIeHOB HOBOro TMNa.

MopoxaeHHble (DYHKLNUM MOXKHO paccMaTpuBaTh Kak CEMENCTBO MeperpykeHHbIX (yHKUMI (CunTasi, YTo
MIMS1 NOPOXAEHHO (hyHKLIMM COBNaAaeT ¢ uMeHeM LuabnoHa dyHkuum). Toraa BOHUKAET BO3MOXHOCTb
BbI30Ba NOPOX/AEHHOI DYHKLIMM Bes ABHOTO ykasaHWs NnapameTpoB LWabnoHa. Mockomnbky koMIMATop
3HaeT npodunb Bbi3oBa (Hanpumep, (int)), TO OH MOXeT COMoCTaBUTL €ro ¢ NPodUNEM LLABIOHHO
yHkumm ( (T)) 1 oToXAECTBUTS (iNnt<->T). 3TO NpoLiecC Ha3bIBAeTCs BbIBOAOM TUNA.

BaxHo NoHMMaTh, YTO AN KOHKpeTU3aLmm HeoBX0ANMO NMeTb MOMHbI TEKCT WabrioHa (kak dpyHKUMK, Tak
W Knacca, BkntoYvasn onpeaeneHns scex ero HﬂeHOB). MopoxaeHne HOBOW CYLLIHOCTW MPOUCXOAUT BO BpeMs
KOHKpeTU3auun C y4eTOM KOHTEKCTa KOHKPeTU3aummn v NoMHOro Tekcta wabnoHa. VimeHHO nosTomy
6ubnunoTekm WabnoHos PacnpoCTpaHaTCa B UCXOQHbIX TEKCTaX (MHa"Ie UX Ucnonb3oBaTb He]'lb3ﬂ).

JocTynHOCTb NOAHON UHPOPMaLIMK KaK O WabrnoHe, Tak 1 O KOHTEKCTe KOHKpeTu3auuu no3sonseT
peanun3oBaTtb Takne NOHATUA, KaK neperpyska wabnoHos q)yHKLLMﬁ, fIBHas cneyunanusauusa LwabnoHoB n
YacTMuYHas cneuynanusaums WabnoHoB KNaccos.
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class A<T*, T2, I> {};

// wacrtmuHasa cneumamusauus, rpe Tl - int, I - umcrio 5, T2 - ykaszaresb
template<class T>
class A<int, T*, 5> {};

0O6061wweHusa B C#. KnioueBoe cnoeo where

Ha ypoBHe cuHTakcuca yHMBepcarbHble WwabnoHsl s3sika C# aensioTca Gonee NpocTbiM NoAXoAoM (Mo
cpaBHeHuio ¢ C++) K NapamMeTpu3oBaHHbLIM TUNaM, UCKIIOHaOLLMM CIOXHOCTb LIaGNoHOB A3blka C++.
Kpome Toro, B si3bike C# He fienaeTcs NonbITki 06ecneynTs Bee (DYHKLMOHANbHbIE BO3MOXHOCTH,
obecreunBaemble WabnoHamu s3bika C++.Ha ypoBHE peani3aumm 0CHOBHOE OTNuME 3aKioyaeTcs B
TOM, 4TO 3aMeHa YHMBepCanbHbIX TNOB A3bika C# BbINONHAETCS BO BPeMSA BbINOSHEHUA U
MHDOPMALWMS YHUBEPCANbHbIX TUMOB, TakuM 0GPA30M, COXPAHSIETCS! NS AKIEMIISIPOB OGLEKTOB.

0606LueHNs C# He NOAAEPKUBAIOT HY SIBHOWM, HU HACTUYHON CrieLmMani3aLnm, He No3BoNsET napameTpam
TUMNOB UMETb 3HAYEHNSA NO YMOSYaHUIO.

anI onpefeneHnn yHnsepcasibHOro Tuna MoXHo OrpaHn4nTb BUAbI TUMOB, KOTOPbIE MOTYT
MNCNONb30BATLCA KIMMEHTCKMM KOOOM B Ka4eCTBe apryMeHTOB Tuna npu nHuumanusaumm
COOTBETCTBYIOLLEro Knacca. an NONbITKE KNMMEHTCKOro KoAa co3daTh IK3eMnnsap Kracca ¢ NoOMOLLbIo Tvna,
KOTprIﬂ He [lonycKaeTcsa orpaHM4YeHneM, B pesynbtaTte BO3HUKaeT olwmnbka KOMI'IVI]'ISIL[VIVI.STO Has3blBaeTCca
orp: Orp: ONpefensitoTCst C MOMOLLbI0 KOHTEKCTHO-3@BICHMOTO KITIO4EBOTO CIIoBa
where B cnepytolueit Tabnuue NpuBeAeHb! LECTb TUMOB OrPaHUYEHUIA:

where T: struct APryMeHT Tuna [AOMKEH UMETb TUM 3HAYEHNS.

where T : class ApryMeHT TUna JomKeH UMeTb CChINOYHbIM TUM;
3TO TakKe PacnpoCTpaHseTea Ha Tvn noGoro

Knacca, uHTepdeinca, Aenerata unm maccvea.

where T : new() AprymeHT TMNa AOoMKeH UMeTb OTKPbITbIA
KOHCTpYkTOp 6€3 napameTpos. Mpn
MCMOMb30BaHWN C APYTMMM OFPaHUYEHNSIMM
orpaHuyeH1e new() IOMHKHO YCTaHaBnMBaThCst

nocnegHum.

where T : <base class name> APprymMeHT TMna JOmkeH sBNATLCS Un GbiTb

NPOM3BOAHBIM OT YKa3aHHOro 6asosoro knacca.

where T : <interface name> AprymeHT TvIna JOMKEH SBNSATLCS NI
peanu3oBbIBaTb yka3aHHbIN MHTEpdENiC.
MO>HO YCTaHOBUTbL HECKOSbKO OTPaHUHEHUi
nHTepdeiica.OrpannmymBaioLLnin HTepdeinc
TakKe MOXeT 6biTb YHUBEpCamnbHbIM.

where T: U AprymeHT TMna, NpeocTaBnsiemblit B kayecTse
T, AO0MKeH coenagaTtb C apryMeHToM,
npefocTaBnseMbIM B kauecTse U, nnm GbiTb
MPOU3BOAHBIM OT HETO.

// Obumit mabron
public class GenericListl<T> {
void Add(T input) { }
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SlBHaA cneuuanusauus

fBHas cneuvanusauus WwabroHa nopoxaaeT BapuaHT WabnoHa Ans KoHKpeTHoro Habopa ero
apryMmeHToB. ﬂBHyIO cneuuanusaunio nHoraa nyTawT ¢ KOHerTVISaLMeﬁ, Beb N NPU KOHKpETU3aLUnn Toxe
yKa3bIBaIOTCS aprymMeHThl. KoHkpeTU3aums ykasbiBaeT KOMNUMSTOPY crieaytoLiee: Bo3bMU LaGioH,
NPVYMEHU K HEMY apryMeHTbI U MOPOAM HOBbIN KNacce (pyHKLMIO), a AsBHAs CneLmany3aums — 370 ykadaHue
B3A1Tb HOBOE ONKCaHMe CTaporo WwabnoHa, Habop apryMeHTOB U CYMTATh, YTO ATO HOBbIV LWABIIOH, KOTOPbIN
NPUMEHUM TOMNBLKO K 3TOMY H360py 1 NopoXAaeT TONbKO OAUH BapuUaHT.

BapuaHT.

SiBHas cneuuanuaaums WwabnoHa pyHkumm — | // Hexoropas wabiouHas QyHKIMA

3TO KOHKPeTHas yHKLMS C IMeHeM template<class T> void f(T t) {

wabnoHHoM thyHKUMK, nepen 06bsBNEHEM .

KoTopoWu cTouT template <> b

// sBnas cneumamusauus 1

Mpu ABHOM crieunanuaaumn yHKUMA template | template<> void f<char>(char c) {

<> MOXHO OrycKaTb, TOrAa creLman3aums }

6yneT nmeTb BuA 06bI4HOM yHKUMK. [ins

Kknaccos template<> onyckaTh Henbas. // AeHas cneunamisaunA 2
template<> void f(doukle d) {

Koraa KoMnunsaTop BUAWT BbI3OB hYHKLMM C }
VMeHeM WwabnoHa, TO OH MbITaeTca CHavana
HalTN SIBHYIO CnieLyani3aLio, U Tonkko ecrnu
ee HeT, vieT WabnoH.

template <typename T> class
Container ({

// peasmsaums

b

template <> class Container<const
char *> {
// oNTMMM3VMPOBAaHHAA PeanM3auus

b

YacTuuHan cneunanusaums

YactnyHasn creupanvaauus nopoxaaeT HOBbIN BapuaHT NapaMeTpu3oBaHHOrO WaBmnoHa, KoTopbii
SBMSETCSH YaCTHbIM Criy4aem OGLLLeFO wabnoHa. Haﬁop aprymMeHToB, noaxoaswmx ans 4acTU4HON
crieuManu3saLmny, NoAXoaUT v Ans OBLLEro WaBnoHa, Ho ABrsieTcs «6ornee TOYHbIMY.

Hanpumep, o61umii WabnoH ncnonb3yeT NPocTo UMst Mio6oro TMna, a YacTMyHas cneumanuaaums — Tun
ykasaTtensi, Tun Maccvsa, hyHKLUMOHAMNbHbIA TMN U T. N. [lpyrim BapMaHToM cneumanuaaunm ssnsercs
MeHbLLee YCIo NapamMeTpoB, Yem B o6LLEM cryyae, U T.4.

Mpumep:
template<class T1, class T2, int I>
class A {}; // obumit matyiox

// wacruuHaa cneumammszauus, roe T2 - yxasarens Ha T1
template<class T, int I>
class A<T, T*, I> (};

// uwactuuHas cneumanmsauusa, rne Tl - ykasarens
template<class T, class T2, int I>
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// Obumit WabJIOH C OTPaHMYSHUSAMK
public class GenericList2<T> where T : class, new() {
void Add(T input) { }
}
class TestGenericList {
private class ExampleClass { }
static void Main() {
// Declare a list of type int.
GenericList<int> listl = new GenericListl<int>();

// Declare a list of type string.
GenericList<string> list2 = new GenericListl<string>();

0606LwWweHun B Java. OrpaHmyeHus ¢ nomolsio extends, super u wildcards

O606LeHns B Java no cBoet Npupoae aHanornyHel ogoteHnsm B C#. CuHTakcuc onpeaenexus
WabrIoHHBIX METOZI0B W KIACCOoB ABNAETCA (haKTUYECKM OZINHAKOBLIM 3a UCKIIOYEHNEM CUHTaKCUca
OrpaHNYeHnit.

e <T extends X>- Tun T gomkeH nu6o coBnagatsb ¢ X, NM6o ABNATCA NPOU3BOAHLIM OT HETO
Kraccom.

e <T super X> - 1n T gorpkeH 6o coBnagaTtb ¢ X, NMG0 SBNATCSH OAHUM W3 €ro CynepKnaccos
(npeakoB). MoXHO UCMOMNbL30BaTH AGHHOE OrPaHUYEHIe TOMBKO G LIAGNOHHLIMU METOaMU, HO He ¢
Knaccamu.

e <?extends X>, <? super X> - ecni B Tene LWaBIoHHOTO Knacca unn gyHKLMN HaM He HyXHO
paGOTaTb HenocpeacTBEHHO C NOACTaBNSAEMbIM TUNOM, TO MOXXHO UCNOJSb30BaTh wildcard-
HOTauuw.

Mpumep:
public class Garage<X extends Vehicle> { }

class Car extends Vehicle { }
class Motorcycle extends Vehicle { }
class Fruit extends Object { }

class Vehicle { }

interface PassengerVehicle { }

interface MotorVehicle { }

class ParkingGarage<X extends Vehicle & MotorVehicle & PassengerVehicle>

int totalFuel (List<? extends Vehicle> list) ({
int total = 0;
for(Vehicle v : list) {
total += v.getFuel();
}
return total;
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LWa6nokk! B Ana-83
B Ape ucnonb3ayeTcs NoHsTUE MKEHEPUKOB (generic units). Mo cBoel npupoae OHM o4eHb Grnsky K
wabnonam C++.

B Apa o6bsiBrieHMe WabnoHHoi yHKLMU MPOCXOAUT B AiBa AENCTBUS: OGbSBMNEHNS IKeHeprKa 1
06bsBNEHNE CaMOit yHKUMN.

Mpumepsi:
O6MmeH aByx uncen Kapkac wa6rnoHHoro cTeka
generic generic

type Element T is private; Max: Positive;
procedure Swap (X, Y : in out type Element T is private;
Element T); package Generic_Stack is

procedure Push (E: Element T);
function Pop return Element T;

procedure Swap (X, Y : in out end Generic Stack;

Element_T) is

Temporary : constant Element T := X; |package body Generic_Stack is
begin Stack: array (1 .. Max) of

X 1= Y; Element T;

Y := Temporary; T(_)p : Integer range 0 .. Max := 0;
end Swap;

end Generic_Stack;




