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BBenenue

Cucrema mnporpammupoBanust PascalABC.NET - sto peanusanms s3bika
Object Pascal, coueratomas mpocToTy si3bika [lackans U OTpOMHBIC BO3ZMOXKXHOCTH
mwiatopmel NET. S3eik PascalABC.NET MoHO oXxapaKTepu30BaTh Kak S3bIK,
MOJJICP>KUBAIOIINN CaMble COBPEMEHHBIE CPEACTBA SA3BIKOB MPOTrPaMMHUPOBAHUS:
00O0OIIEeHHBIE KJIAaCChl W TMOANPOTpPaMMbl, MHTEPQEICH], Meperpy3Ka Omnepaiuu,
UCKIIIOUEHHUsI, cOOpKa Mycopa, N-MepHbIe TUHAMUYECKUE MACCUBBI U T.JI.

Pascal ABC.NET pa6oraet na miardpopme .NET u renepupyet ucrnoHuMBbIe
daiinel mox oty ke wiargopmy. I[lnarpopma .NET - mporpammuas mmardopma,
BbINyIIeHHass kommanuet Microsoft B 2002 rogy. OcHoOBOM m1aThOpMBbI SIBISETCS
oOmes3bikoBast cpena ucnogHeHuss Common Language Runtime (CLR), koTopas
MNOAXOAMUT JUISl  Pa3HbIX  S3BIKOB  MpPOrpaMMUpOBaHusA. DYyHKIIMOHAJIbHbBIE
Bo3MOkHOCTH CLR  pmoctymHbel B JHOOBIX  SI3BIKAX ~ MPOrpaMMHUpPOBAaHUS,
ucnonb3yromux 31y cpeay. Xorsa .NET odunmanbHo paccuntana Ha paOOTy MOJ
OTICPAIITMOHHBIMU  CcHCTeMaMu cemelicTBa Microsoft Windows, cyiecTByroT
HE3aBUCUMBIE IPOEKTHI (Mpexae Bcero 3to Mono u Portable.NET), no3Bosstoniue
3anyckaTh nporpaMmsl .NET Ha HEKOTOPBIX APYrUX ONEPALMOHHBIX CUCTEMAX.

Jlannast pabora mocBsIIeHa peanu3anuu 3ambikanuii B Pascal ABC.NET.
3ambIkaHue — (QYHKIHS, B TeJIe KOTOPOU MPUCYTCTBYIOT CCHUIKH Ha TIEpEMEHHbIE,
OOBSIBJICHHBIE BHE TeJIa 3TOM (PYHKIIMM B OKPY>KAIOIIEM KOJIE€ U HE SBJISIOLINECs e€
napaMeTrpamMu. [OBOpsi IpPYrHMM SI3BIKOM, 3aMblkaHue — (YHKIUSA, KOTopas
CChIJIaeTCs Ha CBOOOIHBIE TIEpEMEHHBIE B CBOeM KoHTekcTe. [Ipu mcnonp3oBanumn
3aMBIKAaHUI TOBOPAT, UYTO (PYHKIUS 3aXBaThIBAET IEPEMEHHbIE W3 BHEIIHETO
koHTekcTa. 3ambikanus B PascalABC.NET npejicraBieHs! JIiMO/1a-BhIpaKCHUSIMH.
[lepBoHavabHO JAMOMA-BBIPAKEHHUST HE TOAJNCPKUBAIN 3aXBaT MEPEMEHHBIX W3
KOHTEKCTa, BHEIIHETO IO OTHOUICHHIO KOHTEKCTa ATOro JIIMOAa-BBIPAKCHUS.
EnvHCTBEHHBIMH BHJIaMH TIEPEMEHHBIX, KOTOpPHIE MOXHO OBUIO HCIOJIH30BaTh
BHYTpH Tella JISIMO/a-BhIpaXKCHUH, SIBISUTHCH TJI00albHbIE TMEPEMEHHBIE W TIOJS

kjacca. O0ycnaBIMBaIOCh ATO TEM, YTO MIPU KOMIMIIALMH (DYHKIIMS, TeHEpUpyemast



JUISL JIAMO1a-BBIpKEHMS, T00aBsIach MO0 Ha ri00albHBIM YPOBEHB, JUOO Kak
MeToJ Kiacca. B o0oumx ciydasx, TakuM 00pa3oM, KOPPEKTHBIA TOCTYyH K
«3aXBaThIBAEMBIM» MIEPEMEHHBIM 00€CTIEUNBAIICS KaK MOJIOKUTEIbHBINA MOOOUHbBIN
pe3yibTaT YK€ pealM30BaHHBIX ainropuTMoB. JlanHas paboTa MOCBsIIEHA
VCTPABJICHHUIO 3TOr0 HEJOCTATKA.

Jluccepranusi COCTOMT M3 YeTbipex rjaB. B mepBoii riaBe «JIlamOma-
BBIDQKEHUSI W COBPEMEHHBIC S3BIKM MNPOrPaMMHUPOBAHUS»  MPECTABICHBI
omnpenesieHus: JIMO/1a-BhIPaKEHUSI U OCHOBHBIX TOHSITHM, CBSI3aHHBIX C HUMHU.
Taxoke mpUBECH aHAIIW3 peaTu3alnii JIIMOJa-BbIpaKEHUN B COBPEMEHHBIX SI3bIKaX
nporpaMMupoBanus, Takux kak C# u C++. Bo BTopoii rmaBe «O0mias cTpykTypa
komnuisaTopa PascalABC.NET» onuceIBaloTCsl OCHOBHBIE CTQIUU KOMITUJISAIIMHM B
cucreme PascalABC.NET, a rtaxke BHyTpEHHHE NpEICTABICHHS NPOTPaMM B
npolecce koMmnuiasiuuu. B Tperbell rnaBe « CMHTakcHYeCKHe CpeacTBa JsMOpaa-
BoipakeHnii B Pascal ABC.NET» mnpencraBieHbl OCHOBHBbIE CHHTAKCHYECKUE
npaBmwia s3bika  PascalABC.NET, mnosBonsromme pabotath ¢ JaMOja-
BbIpOKEeHUsIMU. B deTBepTOl, mocneaHeil u camoii 0ObeMHOM TJ1aBe MPUBOIUTCS
OIMMKMCAHKE aJTOPUTMOB peaIn3allii 3axXBaTa NMEPEMEHHBIX B JIIMO/Ia-BbIPAKECHUSX,
a TaKXe MPEJICTaBICHbI HCUEPIBIBAIOIINE MPUMEPHI JIJ1s1 60JIee TOUHOT'0 TOHUMAHUS
paboThI ATUX anropuT™MoB. Kpome Toro, 4eTBepTasi rjiaBa CoepKUT pa3en «BeiBoa
napaMeTpoB THUIIOB MPU HMHCTAHIMPOBAHUM IMAOJIOHHBIX TOANPOrpaMM MpHU
peanuzaiuu JsaMOa-BeipaxkeHuit». HecMoTpst Ha TO, UTO OCHOBHAs TeMa, KOTOPOH
MOCBSIIIIEHA JaHHas paboTa, SBISETCS peaiu3aius 3aMbIKaHHi, aBTOpPOM ObLia
npojieJiaHa HeKoTopas paboTa Mo MoIU(UKAIMU alIropuTMa BBIBOJA THUIIOB B
mabJOHHBIX TMOANPOTpaMMax, TaK Kak uWHQopMmanus O TUIAxX SBISETCS
HEOTHEMJIEMOM YacThiO MpU 00pabOTKe 3aMbIKaHUW. B 3TOM paznene npuBoguTCs
omnmucaHue MOJU(UKAIIMK HTOTO aJroOpuTMa B Cilydae, Korja B I1a0JIOHHBIC
MOANPOTPAaMMBI B KauecTBE (PAKTUYECKUX TMapaMeTpoB TNEpenaroTcs JsimMOia-
BBIpQXKEHHUS, TUI TapaMEeTPOB M BO3BPAIla€MOT0 3HAYEHUSI KOTOPHIX HE ObLIU

YKa3aHbI ABHO U KOTOPLIC HGO6XOI{I/IMO BBIBCCTH aBTOMATHU4YCCKH.



ITocTanoBKka 3agaum
PeanuzoBars 3ambikanus B PascalABC.NET ¢ mogmepkkoil clieayromux
BUJIOB 3aXBaTa MEPEMEHHBIX:

® 3aXBarT JIOKAJbHBIX IEPEMEHHBIX;

® 3axBaT MapaMeTPOB MPOIEAYP U QYHKITUN;

® 3aXBarT IIEPEMEHHBIX IUKJIOB for M foreach;

® 3axBar IMOJICH Kj1acca, BKJIIOYas MOJIs, HE SBISIOMIHUECS MyOJIMIHBIMHU.
OO6ecrieunTh TONIECPKKY OJHOBPEMEHHOTO UCIIOIb30BaHUS HECKOJBKHUX
BHUJIOB 3axBarta.
PeanmuzoBath MOAAEPKKY  JISIMOAa-BBIpOXXCHUW  BHYTPH  ITAOJIOHHBIX
TIOIITPOTPAMM.
MoaudunupoBaTh  aIrOPUTM  BBIBOJA  MApaMeTPOB  THUIIOB  IIPH
WHCTAHIIUPOBAHUU IMAOJIOHHBIX MOJNPOTPaMM IIPH pealu3alliu JIsIMOa-

BBIPAKEHUU.



I'maBa 1. JlaMOma-BbIpa:keHUsT M COBPEMEHHbIC SI3bIKH

MPOrpaMMHUPOBAHUA

1.1 Onpenenenue asaMO1a-BbIpasKeHUsI

Kaxk yxe 0b110 ckazano panee, Pascal ABC.NET, siBnsissicb KOMIUISTOPOM MO
mwiatpopmy NET, oOTkpbiBaeT BO3MOXXHOCTH pabOTBI € COBPEMEHHBIMHU
KOHCTPYKITUSMUA OOBEKTHO-OPHEHTHPOBAHHBIX S3BIKOB. [lomjepikka JeneratoB
ABJISIETCA OJHUM U3 TAKHX CPEJICTB.

Jlenerat — 9TO THII, KOTOPBIN TPEACTABIsAET COOON CCHIIKM HAa METOMBI C
ONPEAEICHHBIM CIIMCKOM IapamMeTpoB M BoO3BpamiaeMbiM Tunom. [Ipu cozmanuun
HK3EMIUISIpA JesieraTa dTOT SK3EMIUISIP MOXHO CBsI3aTh C JIIOOBIM METOAOM C
COBMECTUMOM CHUTHATYpOM M BO3BPAIIa€MbIM THUIIOM. METOJ MOXHO BbI3BaTh
(aKTUBHUPOBATH) C MOMOIIIBIO FK3EMIUISAPA JIeJerara.

Jlenmeratbl UCMOB3YIOTCS JJIsl IEPEJAYM METOJIOB B KAYECTBE apTyMEHTOB K
apyrum  Metogam. Jlo Beemenus B PascalABC.NET mnogmepxku nsamOma-
BBIPOKEHUI MMEHOBAHHBIE METOJIbI OBLIM €MHCTBEHHBIM CIIOCOOOM OOBSIBICHUS
neneratoB. Tak, HanmpuMmep, A Iepeaadr MOANPOrpaMMbl B KAYECTBE apryMEHTA
JPYrol TOANPOTpaMMBbI HY)XHO OBUIO CHadajlia T[OJHOCTBIO OMNHUCATh dTHU
Mepe1aBaeMbI€ MOJAMPOrPaMMbI U JIMIIb MOCJE 3TOr0 UCIOJIb30BaTh UX UMEHA TMPHU

BBI30BE JPYroi noanporpaMmmsl (cMm. npumep 1).

function fl(x: integer): boolean;
begin

result := x mod 2 = 0;
end;

function f2(x: integer): integer;
begin

result := x;
end;

begin
Seq(3,5,2,3,5,7,0,3,1,1,2,6,3) .Where (fl) .OrderBy (f2) .Print () ;
end.

[Tpumep 1.



JIsmOna-BeIpaXkeHUE — 93TO CHEHHAIbHBIA CUHTAKCUC JUISl OOBABICHUS
AHOHMMHBIX TOAMPOTPAMM IO MECTy MX HCIOJb30BaHus. C MOMOIIBIO JIIMO/1a-
BBIPDAKEHUI MOXHO CO3/1aBaTh JOKaJbHbIE (DYHKIIMH, KOTOPBIE 3aTEM MOXKHO
nepeaaBaTh B Ipyrue PyHKIMU B Ka4e€CTBE apryMEHTOB WJIM BO3BpAIlaTh U3 HUX B
Ka4eCTBE 3HAUCHUS.

B npumepe 2 mnoxka3aHo, Kak M3MEHUTCA Mporpamma u3 mpumepa 1 ¢
WCITOJIb30BAaHUEM JISIMO/Ia-BhIpakeHuil. V3 mpumepa BHIIHO, HACKOJBKO YAOOHO
UCIIOJIB30BaHUE JISIMOAA-BhIpAXKCHUN MpU Tepefaye B KadyecTBE apryMeHTa B

MOAIPOrpaMMy.

begin
Seq(3,5,2,3,5,7,0,3,1,1,2,6,3)
.Where(x -> x mod 2 = 0) .0rderBy(x -> x).Print();
end.

[Ipumep 2.

Hau6onee noapoOHO U MOJIHO CpeicTBA, NOCBSIIEHHBIE MOAIEPKKE JIAMOa-
BeipakeHuii B PascalABC.NET, a Ttaxxe 0cOOCHHOCTH HCIOJB30BaHHS JIsIMO/a-

BBIPKEHUI OyIyT ONMKUCAHBI B CIACAYIONMIUX Pa3jeiax.

1.2 OcHOBHbIC IOHATHS, CBA3AHHBbIE € JAMOAA-BbIPAKCHUAMH

B nanHom paznene OyayT pacCMOTPEHBI OCHOBHBIE MOHSATHSI, CTICIU(pUYHbIC
JUISL JIsIMO/Ia-BBIpQXKEHHM, OTIMYAIONIUE WX OT TMPUBBIYHBIX B HMIIEPATHUBHBIX

S3BIKAX MPOIEAYP U (PYHKITUH.

1.2.1 BeiBOA THIOB B JIIMOAa-BbIPAKEHUSIX

B o6miem ciydae npu onucanuu 10001 mporeAypsl Win GYHKIMH B SI3bIKAX
porpaMMHUpPOBaHUsl TpeOyeTCs MOJTHOCTHIO YKa3bIBaTh CUTHATYPY TOW WJIM WHOMN

MOAMPOTPAMMBI, BKJIIOYAIOINIYI0 B ce0s uHpopMmainuio o Tumax (popmMaabHBIX



napamMeTpoB HJTOM MOANPOrpaMMbl, a B chydyae (QYHKIUH TaKXKe THUIIA
BO3BPAILAEMOI'0 3HAYEHHUS 3TON MOAIPOrPAMMBI.

B namOpma-BblpakeHHUSIX,  pEATM3yEeMbIX  COBPEMEHHBIMU  SI3bIKAMHU
POrpaMMHUPOBAHMS, OOBIYHO MCTIOIB3YETCS MHOW MOAXOJ: MPH HUCIOJIb30BAHUU
JAIMOa-BhIpAXKEHUSI B OOJIBIIMHCTBE CIIy4aeB HE TpeOyeTcsl yKas3blBaThb THIIOB
dbopMallbHBIX TApaMETPOB W THUIA BO3BPAIAEMOT0 3HAYEHUS 3TOro JiAaMOJa-
BbIpaxeHHs. KoMIMIATOp B TAKOM Cllydae CiocoOeH OMPEIeIUTh 3Ty HHPOPMAIHIO
CaMOCTOATENIbHO, OCHOBBIBASICh HA THIIAX BBIPAXKEHHI, COCTaBIAIOMIMX TEJO
JAHHOTO JIIMOJa-BRIPAXKEHUSI, a TaK)KE€ Ha THUMAX [EPEMEHHBIX BHEIIHETO
OKPYXEHUS.

BBIBOJ TUTIOB BO3MOKEH B JIBYX CIIy4asiX:

® [IpU NPUCBAUBAHUU JISIMOIa-BBIPAKEHUS IEPEMEHHOM;
e [pu mepenade JAMOJa-BHIPAKEHUS B KadyeCTBE apryMEHTa JIpYyroi
MOANPOTPAMMBI.

B mnepBoM cnydae yka3bpiBaTh THIBI IapaMETPOB JIAMO/a-BbIPasKEHHUS
U3JIMIIHE, TaK Kak BcAd HeoOXxoaumas MHPOpMalHs O TUIMAX COAEPKHUTCS B THUIIE
MePEeMEHHOM, KOTOPOI MpUCBAaMBAETCs JaHHOE JsIMOAa-BeIpaxkeHne. Bo BTOpOM
cllydae HET HEOOXOAMMOCTH SIBHO YKa3bIBaTh THUIIBI TOTOMY, YTO HH(pOpMaIus 00
ATUX TUMNAaX OepeTcst U3 Tuna (HopManabHOro Mapamerpa MOoANpPOrpaMMbl, HA MECTO
KOTOPOTO nepenaercs MO 1a-BbIpakeHHE.

CpencrtBa COBpEMEHHBIX S3bIKOB MPOTPAMMUPOBAHUS 110 aBTOMATHYECKOMY
BBIBOJY THIIOB CIIOCOOCTBYIOT 0o0Jie€ MPOAYKTUBHOW pabOTe€ C JAHHBIM SI3bIKOM
IPOTrPaAaMMUPOBAHMS, TTO3BOJISIA HE 3a00TUTHCS O MPABUILHOM HAMMCAaHWUU THIIOB
BCEX BBIPAXKEHMI, HCMOJB3YEMBIX B TEKCTE MpOorpaMmMbl. Kpome Toro, mporpamMmel,
HAIMCAHHBIE HA TAKUX S3bIKaX MPOTPAMMHUPOBAHUS, MTOTYUYAIOTCS TAKOHUYHBIMU U
JIETKO YMTAEMbIMU, YTO 00JIeryaeT JAIbHEUIIYI0 TOAJIEPKKY KOJIa.

B nannoii pabote OyAeT paccMOTpeHa peanu3alius ajJropuT™Ma BbIBOJIa TUTIOB
napaMeTpoB M BO3BPAILlAEMOr0 3HAYEHHUsS B JISIMOJAa-BBIPQXKECHUSX B Cpele

nporpammupoBanusi PascalABC.NET npu ux nepenade B kauecTBE apryMEHTOB B



10

IIOANIPOrPaMMBI IIPU IIOMCKE BEPHOI'O U3 HECKOJIBKUX IIEPErPYKEHHBIX BapUAHTOB
ATUX MOANPOrpaMM, a TAKKe OYyT pacCCMOTPEHbBI OCOOEHHOCTH AJITOPUTMA BBIBOJIA
JOKEHEPUK-TIapaMETpPOB MPU HMHCTAaHLUUPOBAHUU C MHCIIOJNB30BaHHEM JIAMOJa-

BBIPAKCHUH.

1.2.2 O0JsacTh AeiicTBUSA NMEepPeMEHHbIX B JISIM0O1a-BbIPasKEeHUAX

[Ipu HanrcaHuu porpamm Jijist peleHus: HEOOXOIUMBIX 3a/1a4 MPOTPAMMHUCT
OMHKCHIBACT HAOOp JIOKAJIBHBIX TMEPEMEHHBIX, TJI00ATbHBIX TMEPEMEHHBIX,
HOJIIPOrpaMMbl ¢ COOCTBEHHBIM HAOOPOM JIOKAJIBHBIX IMapaMeTpoB U T.4. Kaxnas
U3 OINHCAaHHBIX IIEPEMEHHBIX M MapaMeTpoB HMEIOT COOCTBEHHYIO 00J1acTh
BUJIMMOCTH, KOTOpas OIpEAeNsieT, OTKyJa K Held MOXHO OyaeT oOpaTUThCS.
Hanpumep, Ha ri1006anbHble IEPEMEHHBIE POrPaMMbl MOKHO CChUIAThCS U3 000
JPYroi 4acTH MPOrpamMMbl, B TO BpeMs Kak K (popManbHOMY HapaMeTpy MpoLeaypbl
MO>KHO 00paIlaThCs TOJNBKO U3 JaHHOU npoueaypsbl. [Ipyu ncnoaHeHnn nporpaMmsl
110 MEpe TOTO KaK 3aBEpIIAETCS BHIMOJIHEHHUE 0JI0OKA, B KOTOPOM OIpeieieHa Ta Win
WHas T[IEpEMEHHasA, W3 NaMATH YAAIIOTCS BCE JIOKAJIBHBIE IIEPEMEHHBIE,
OIpe/ieJieHHbIe BHYTPU JAHHOTO OJI0Ka, TaK YTO K 3TUM IEPEMEHHBIM TepseTcs
BCSKMM JOCTYII, U 3allUCh M YTCHUE 3HAYCHUS ITUX IEPEMEHHBIX CTAHOBSATCSA
HEBO3MOXHBIMHU.

B cnyudae namOpa-Bblpa)keHUM TOCTYH K MEPEMEHHBIM, ONpPEACIICHHbIM B
HEKOTOpPOM OJIOKE, BBIIIOJIHEHHE KOTOPOTO YK€ 3aKOHUYMIIOCh, B TO BpEMS Kak
MO Aa-BBIPAKEHUE BCE €11I€ MPOA0HKAET CYLIECTBOBATh, CTAHOBUTCSI BOZMOMHBIM.
BoNbIIMHCTBO COBPEMEHHBIX SI3bIKOB MPOrPaMMHUPOBAHUS MOAIEP)KUBAIOT JIsIMO1a-
BBIPKEHUSI, CIIOCOOHBIE CChUIATHhCA HAa BHEIIHWE MEPEMEHHbIE, HaxXOondIluecs B
o0iacTh BHIMMOCTH, COJIEpKalIyl0 JaHHOe JsMOaa-BelpakeHue. Hampumep, B
s3pike C# siMO1a-BhIpaXkKeHHsI MOTYT CChLIAThCSl HA IEPEMEHHbBIE, HAXOASAIINECs B
00J1aCTH BUJUMOCTH METO/Ia, B KOTOPOM JaHHOE JIIMO/1a-BbIpaKEHHE OINPEIEIICHO,

7160 B 00J1aCTH BUIMMOCTH THIA, KOTOPOE COAECPKUT ITO JISIMO/1a-BhIpAKEHUE.
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[lepeMeHHbIE, TIOJYyYEHHbIE TaKUM  CIIOCOOOM, COXPaHSIOTCS  JUIs
WCITOJIb30BAHUS B JIIMOJA-BBIPAXKEHUSAX, NaXKe €Ciu Obl B MHOM CIlydae OHHU
OKa3aJIMCh 3a TPaHUIIAMU 00JIaCTH IECUCTBHUS.

B nanHoii pabGore Oynmer omucaHa peanu3alys —ajiroputrMa  H
MOCJIEAOBATEILHOCTh JICUCTBUM, BBIMOJHIEMBIX JJIsi OOECIEUEHHS MOIIAEPKKU

3aXBaTa pPa3/IMYHbIX BHAOB IICPCMCHHBIX J'ISIM6I[8,-BLIpa}KCHI/IHMI/I B CHCTCMC

PascalABC.NET.

1.3 JIam0aa-BhIpaKeHUsi B HEKOTOPBIX A3BIKAX MPOrPAMMMPOBAHUS

JIssMO1a-BBIpaKeHUS IIepBOHAYAIILHO HAIIN MIPUMCHECHHUE B
GYHKIIMOHATIBFHOM MpoTrpaMMupoBaHud. DyHKIIMOHATEHOE MPOTPAMMHUPOBAHNE —
ATO TIapaJiuTMa MPOrPaMMHPOBAHUS, B KOTOPOH MPOIECC BBIYUCICHUS TPAKTYETCS
KaK BBIYMCIICHUE 3HAUCHU N (YHKIIMI B MaTeMaTHIECCKOM ITOHUMAaHHH TTOCIETHUX (B
oTIuYre OT (YHKIUN KakK MOANPOrpaMM B IMPOIEIYPHOM MPOTPAMMHUPOBAHUN).
OYHKIMOHAIBHOE  MPOrPpaMMHUPOBAHHE  IPOTHUBOIIOCTABIIACTCS  Iapagurme
UMITEPATUBHOTO MPOTrPAMMHUPOBAHMS, KOTOpas OMHUCHIBACT MPOIECC BHIYUCICHUH
KakK I10CJIEI0BATEILHOE H3MEHEHUE COCTOSTHHIA.

B mocnegnue roawsl moajepkka (PyHKIIMOHAJIBHBIX BO3MOXXHOCTEH HAIIIO
IITUPOKOE PACTIPOCTPAHCHUE B UMITIEPATUBHBIX SI3bIKAX MPOTPAMMHUPOBAHUS, TAKUX
kak C++, C# u 1.1. K TaKOBBIM MOKHO OTHECTH M TIOJIJICPXKKY JIIMO/1a-BhIPAKESHUM.
B nanHOM paszzierne pacCMOTPUM CPEACTBA MOJICPKKH MO 1a-BeIpakeHnii B C++
nu C#. DTO TO3BOJNMT HaM CpPaBHUTh M MPOAHATM3UPOBATH, KAaK Pa3IUYHBIC
MMIIEPATUBHBIC S3BIKM MOTYT CYIIECTBOBaTh COBMECTHO C (DYHKIIMOHAJIBLHBIMU
BO3MOYKHOCTSIMH, W BITOCJICJICTBHM CPaBHUTh OCOOCHHOCTH peall3alluy JistMO1a-

BBIPQKCHUH 3TUX SA3BIKOB C peanu3alueii iaMoaa-seipakenuii B PascalABC.NET.

1.3.1 JIam0aa-Bpipa:kenus B C++
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B s3p1xe nporpamMmmupoBanus C++ 1siM01a-BeIpakeHHUE — 3TO KpaTkas hopma
3anucu aHOHUMHOTO (yHkTOpa. B C++ «dyHKTOp» SABISETCS COKpAIlICHHEM OT
«(pyHKIMOHAIBHBIN 00bEKT». DYHKIMOHANBHBIA OOBEKT SIBISIETCS K3EMIUISIPOM
kinacca C++, B kotopoM onpenenén operator(). Eciu onpenenuts operator() ass
kiacca C++, TO MBI TOJTYYUM O0OBEKT, KOTOPBIN AEUCTBYET KaK (PYHKIIHSI, HO MOKET
TaK)K€ XpaHUTh COCTOSHUE.

B C++ cuHTakcwueckas KOHCTPYKIHMsS, TPEACTABISIONIAsS JsIMOa-
BBIpaXEHHE, MpeodpasyeTcss KOMIWIATOPOM B (DYHKTOp, MOCIE YEro CO3/1aeTcs
HK3EMILISP 3TOr0 PYHKTOPA U MOJACTABISETCS HA MECTO 3TOTO JIAMOa-BbIpaXKEHUS.

[IpousrocTpupyeM Bce BBILIECKa3aHHOE HA MTpUMepe (CM. ipumep 3).

#include <algorithm>
#include <cstdlib>
#include <iostream>
#include <vector>
using namespace std;
void main ()
{
vector<int> arr;
for (int i = 0; 1 < 10; i++)
{
arr.push back(1i);
}
int result =
count if (arr.begin(), arr.end(), [] (int n)
{

return (. n $ 2) == 0;

1)
cout << result << endl;

[Tpumep 3(a).
#include <algorithm>
#include <cstdlib>
#include <iostream>
#include <vector>
using namespace std;
[Tpumep 3(0).

class lambdal
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public: bool operator () (int x) const {return ( x % 2)==0;}
i
void main ()
{

vector<int> arr;

for (int i = 0; 1 < 10; i++)

{

arr.push back(1i);

}

int result = count if (arr.begin(), arr.end(), lambdal()):;

cout << result << endl;

[Mpumep 3(0, okoHUaHHE).

B uactu (a) mpumepa 3 mpuBeAeHa NporpaMma, B KOTOPOMl B KauecTBe
npeaukara B (YHKIMIO count if TepefaeTcs JIsMOna-BbIpaXKeHHE, KOTOpOe
OIIpENIEIISET, SIBISETCA JIU MepeJaHHOe LeI0e YUCIIo YeTHBIM. B yactu (6) mpumepa
3 moOKa3aHo, YTO MJs JTaHHOTO JIAMOJA-BBIPAKEHHUS KOMIIWJISTOP TE€HEPUPYET
(GyHKTOp lambdal, U TOMEMIAET TEIO JSIMO1a-BbIPAKEHUS B TEJIO MEPErPYKEHHOTO
oreparopa operator ().

JIsmOna-Beipakenne B C++ Bcerna HaunHaerces ¢ [ ], rae [ ] MmoxkeT ObITh He
IYCThIM, a 33/1aBaTh TaK Ha3bIBa€MbIH CIIMCOK 3axBaTa, 3HAUEHUE KOTOPOro Oyner
OOBSCHEHO MO3Ke. 3aTeM UJET HeoOA3aTeNbHbIN CIMCOK MapaMeTpOB U, HAKOHEI],
TENO JAMOAa-BbIpaKeHUs. SIBHOE yKa3zaHUE THUIIOB IapaMeTpOB SIBJISAETCSA
o0si3aTeNbHBIM, B OTJIMYME OT THUIA BO3BPAILlAEMOr0 3HAYEHUs, KOTOPOE
KOMITUJISITOP CIOCOOEH OMpPENeuTh CaMOCTOSITENIbHO, OCHOBBIBASICH Ha THIIE
BBIP@XEHUS,, KOTOPOE BO3BpallaeT Teylo JsAIMOaa-BblpakeHUs. B  HeKoTophix
CIIOXHBIX CIy4asx, HapUMeEp, Korjga B TeJe JsIMOAa-BbIPAXKEHUSI UCIIOIb3YETCS
HECKOJIBKO OIEpaToOpOB return, U KAKJbIM U3 HUX MPUCYTCTBYET B onepaTope if
WIM switch, KOMIWISTOP HE MOET BBIYMCIUTH TUI BO3BPAIIAEMOr0 3HAYEHUS
aBTOMATHUYECKH, M TOT/1a HEOOXOJAUMO YKa3blBaTh THUII SIBHO B BUJE -> bool, TIe

BMECTO bool MOMXKET CTOSTh Jt0OOM TpeOyembiit Tum. s mpumepa 3 mosHas
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CUHTAKCHUYCCKAasA KOHCTPYKIIHA JI}IM6,Z[a-BLIpa}KCHI/IH TOrga 6y,Z[CT HUMCTb BHA,

yKa3aHHbINA B mpuMepe 4.

[1] (int n) -> bool
{

return ((n % 2) == 0;

[Tpumep 4.

Cnmcok 3axBara (capture list), o0 KoTopoM yImOMHHAIOCH paHee, CITYKHUT IS
yKa3aHUs BCEX MEPEMEHHBIX, OMMCAHHBIX B KOHTEKCTE, BHEITHEM IO OTHOILIEHHIO K
JAsIMOJ1a-BBIPAXKEHHIO, U 3aXBaThIBAEMbIX ITHM JISIMO/a-BbIpaK€HUEM. Y Ka3bIBaTh
TaKOM CHUCOK HEOOXOIMMO JJIsi TOTO, YTOObI KOMIWJIATOP UMEN MH(OPMALIUIO O
TOM, YTO BHYTPH TeJia JIIMOJa-BbIPa’KEHUS CYLIECTBYIOT CChIJIKA Ha TEPEMEHHBIE U3
o01acTy BUAMMOCTH, COJIEpKaleil 3T IAMOa-BbIpaskeHUE, U CMOT CT€HEPUPOBATh
CKPBITBIE TOJISI B KJIACCE TEHEPUPYEMOTO (DYHKTOpA JJIs XPAHEHUSI COCTOSIHUS ATUX
NEPEMEHHBIX U BIIOCJIEICTBUHA 00ECIEUNUTh JOCTYI K 3HAUCHUSIM 3TUX TIEPEMEHHBIX
U3 operator (), COOTBETCTBYIOLIETO JaHHOMY JIIMOAa-BbIpakeHUto. Bce
CKazaHHoe wunoctpupyetr npumep 5. Kak u B npumepe 3, B yactu (a) npumepa
NpUBEAEH KOJ IMporpamMmbl, B 4YacTu (0) COOEpXKHUTCS TPUMEPHBIA KO/,
TeHEPUPYEMBI KOMIMIATOPOM (IUPEKTHUBBI #include OIYIIEHBI JUIsI SKOHOMUHU

MecCTa).

void main ()
{
vector<int> arr;
int val = 5;
for (int i = 0; i < 100; i++)
{
arr.push back(1i);
}
int result =
count if (arr.begin(), arr.end(), [val] (int n)
{
return n > val;
)
cout << result << endl;

[Tpumep 5(a).
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class lambdaZ2
{
private: int wval;
public:
lambda2 (int wval): val( val) {}
bool operator () (int x) const {return x > val;}

}s

void main ()
{

vector<int> arr;

int val = 5;

for (int i = 0; 1 < 100; i++)

{

arr.push back(1i);

}

int result = count if(arr.begin(), arr.end(), lambdaZ(val));

cout << result << endl;

[Tpumep 5(6).

Kax BunHo u3 npumepoB 3 u 5, kommuiisitop C++ meperpyxkaer operator
() KaK const. DTO 3HAYUT, YTO 3aXBAYEHHBIC U3 BHEIITHETO KOHTEKCTA MIEPEMEHHBIE
HEJb34 OyJIeT U3MEHSITh BHYTPH Teja MO 1a-BeIpakeHus. [ Toro 4To0b1 000UTH
ATO OTPAaHUYCHHUE, MOKHO TIPH WCITOIB30BAHUHU JISIMOIa-BRIPAKCHUS YKa3aTh JIS
HEro KJIIOYEBOE CIIOBO mutable, KOTOPOE JOJKHO CIIEIOBATh HEMOCPEICTBEHHO
MocJie Crrcka (popMaIbHBIX MTapaMeTPOB JIIMOIa-BbIPAKEHUS.
B C++ paspemiensl aBa TUMa 3axBaTa MEPEMEHHBIX, WM, KaK OHU EIle
Ha3bIBAIOTCS, 3aMbIKaHUM
® 10 3HAYCHHUIO;
® 110 CCBIJIKE.
B mepBoMm ciiydae UW3MEHEHHMS 3aXBaThIBAGMBIX JISIMOJ1a-BBIpOKCHHEM
MEPEMEHHBIX BHYTPH 3TOTO JIAMOJA-BBIPAKEHUS HE OTPAXKAIOTCS Ha CaMoOu
MepeMEHHOM, HECMOTPSI Ha TO, YTO YKa3aHO CJIOBO mutable. Bo BTopoMm citydae 3tu

M3MEHEHUS OTPAKAIOTCS HA 3aXBaThIBAEMOM IMEPEMEHHOM.
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S3pik C++ MO3BOJSET yKa3bIBaTh CIIOCOO 3axBaTa IMEPEMEHHBIX KaK Ha
YPOBHE OTHEIBHOM IEPEMEHHOM, TaKk M JUIl BCEX NepeMeHHbIX cpasy. [lo
YMOJIYaHUIO HMCIOJIB3YETCA 3aXBaT IO 3HAYEHHI0. MOXXHO TakXe HE YyKa3blBaTb
KKy IIEPEMEHHYIO B CIIMCKE 3aXBaTa 10 OTHAEIBHOCTH: BMECTO 3TOTO MOYKHO
IPOCTO yKa3aTh CIIOCOO 3axBaTa M0 yMOJYaHHIO, M TOIJA BCE NEpPEMEHHbIE U3
BHEIIHETO KOHTEKCTa, KOTOPBIE UCIIOJIB3YIOTCSI BHYTPH JIAMOJa-BbIpakKeHUs, OYIyT
3aXBAaY€Hbl KOMIIMJISATOPOM aBTOMaTH4ecku. B Tabnuue | mpuBeneHbl HEKOTOpPHIE

IIPUMEPHI ONIPEIETICHUS TUIA 3aMbIKAaHUU.

Onpenesienue Tumna
. CeMaHTHYeCKHM CMBICJI THIIA 3AMbIKAHUM
3aMbIKAHU I

[ 0e3 3axBaTa IEPEMCHHBIX U3 BHEIIHCH
00J1aCTH BUAUMOCTH

[=] BCE IEPEMCHHBIC  3aXBaThIBAIOTCA  I10
3HAYCHUIO

[&] BCE IICPEMEHHBIC 3aXBaTHIBAIOTCS 10 CCHLIKE

[x, y] 3axBaT X U y M0 3HAYCHHIO

[&X, &Y] 3aXBaT X U y MO CCBIJIKE

[in, &out] 3aXBar in 10 3HAYEHHMIO, a OUt — IO CCHUIKE

[=, &outl, &out?] 3aXBaT BCEX IIEPEMEHHBIX 110 3HAYCHHUIO,
KpoMe outl u out2, KOTOpbIE 3aXBaThIBAIOTCS
TI0 CCBIJIKE

[&, X, &Y] 3aXBaT BCEX MEPEMEHHBIX 110 CChUIKE, KPOME X

Tabnuua 1. HekoTopsie mpuMepsl onpeneneHus Tumna 3aMmblkanuil B C++

1.3.2 JIam0na-Bboipa:kenus B C#

SAzpik C# mpemoctaBisieT OoJibllie CBOOOJBI TPH HAMHCAHWHM KOJA C

UCIIOJIb30BAaHUEM JISIMOAa-BhIpakeHUH, Hexxkenu s3blk C++. Hampumep, a3pixk CH
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00sI3bIBaCT SIBHO YKa3bplBaTh THUIBI  (OpPMaJIbHBIX [MapaMEeTPOB M THUNA
BO3BPAIIAEMOT0 3HAYEHUS JIIMOJa-BBIPAKCHUN TOJBKO B TEeX Ciydasx, Korja
aBTOMAaTHYECKH D5TO CHeJaTh JIECUCTBHUTEIBHO CJIOKHO JIMOO HEBO3MOXXHO. B
OCTAJIBHBIX CUTYALMSAX MPHU HAITMCAHUH JIIMOa-BbIpaXKEHUN OOBIUHO HE TpeOyeTcs
YKa3bIBaTh THI BXOJHBIX IMAPAMETPOB, TOCKOJIBKY KOMIIMISITOP MOYKET BBIBOJIUTH
ATOT THI Ha OCHOBE Tejia MO 1a-BhIpakKeHH s, TUIIA JIeJieraTa mapaMeTpa 1 Ipyrux
¢bakTOpoB, Kak OMKHCaHO B cienudukarmu sa3bika C#.

[Ipu BeBome THHOB KoMmmwisTop C# pyKOBOACTBYETCS CIACAYIOIIUMH
OCHOBHBIMH TTPaBUJIAMH:

e J1AMO/1a-BBIpAKECHHE JOJDKHO COAEPKAaTh TO YK€ YHUCIIO ITApaMeTPOB, UTO
U TUN JeJierata, KOTOpOMY MPHUCBAWBAETCS WM Ha MECTO KOTOPOTO
ITOJICTaBIISICTCS;

® KaXIbli BXOJHOW IapaMeTp B JsIMOJa-BBIPAKEHUM JIOJDKEH OBITh
HESIBHO MTpeo0pa3yeMbIM B COOTBETCTBYIOIINN ITapaMeTp JIeJierara.

e BO3BpalIacMoe 3HAYCHHUE JIIMO1a-BhIpAKEHUS (€CITU TAKOBOE MMEETCH)
JIOJDKHO OBITh HEABHO Npeo0pa3yeMblM B BO3BpAIAEMbId THI
Jlenerara.

AHanorn4Ho 536Ky C++, 51361k C# 1I03BOJIIET CTPOUTH JIIMO1a-BBIPAYKESHHUSI,
KOTOpPBIE MOTYT CChIIATHCS Ha BHEIIHHUE MEPEMEHHBIC, HaXOASIIHMecs B 00JacTh
METO0/1a, B KOTOPOM OmpeiesieHa MO aa-yHKIM, WK B 00JIaCTH TUTIA, KOTOPBIN
COJICPKUT JIIMO/1a-BBIpaKEHHUE.

B otnmume ot s3p1ka C++, B KOTOPOM pa3peiIeHbl 3aMbIKaHHS 110 3HAYCHUTO
U 10 cchulke, si3bIKk CH# peannsyer 3aMbIKaHHMS HCKIIOUMTENBHO 10 cchlike. [Ipu
ATOM HE TpeOyeTcsl yKa3bIBaTh CITMCOK 3aXBaTa — KOMIWJISATOP CaM OIpEACIseT,
KaKue TMEepPEeMEHHBbIC M3 BHEIIHETO0 KOHTEKCTa ObUIM 3aXBadeHbI BHYTPH JIAMOIa-
BBIPAXKECHUN, U TEHEPUPYET COOTBETCTBYIOLIWKM BCIOMOTATEIbHBIM KOX ISl HX
TIOIJICPIKKH.

Eme ogauM oTnuureM peanu3anuu JisiMOoaa-BeipakeHuil B si3pike C# ot C++

3aKIr04YaeTcss B ToM, uTo B C# myis Kaxaoro JisMOJa-BhIpaKEHUSI TEHEPUPYETCS
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METOJI C TOM K€ CUTHATYpOM, YTO M HCXOJIHOE JIIMOJa-BhIpakeHHE (C y4eToM
BBIBEJICHHBIX THUIIOB), U CCHUIKA HAa HETro MOJCTaBISETCS BMECTO 3TOro JsAMOMaa-
BbIpaKeHMs. B ciydyae 3axBaTa MepeMEHHBIX M3 BHEUIHETO KOHTEKCTa MOKET
TeHEepUPOBATHCSA OT OJHOTO JIO HECKOJBKHUX BCIIOMOTATeIbHBIX KiaccoB. VX Buj
3aBUCHUT OT TOTO, OTHA WJIM HECKOJILKO TICPEMEHHBIX 3aXBAaTHIBAKOTCS, YIUTHIBAFOTCS
Pa3HOBHJIHOCTh JTOW TMEpeMEHHON (JIoKalbHasg IepeMeHHas, (hopManbHBIN
napaMeTp MeToja, MoJjie Kiacca), a TAaK)Ke KOHTEKCT, B KOTOPOM 3Ta MepeMeHHast
OIKCaHa.

B ocnoBe peamusanuu 3ambikannii B PascalABC.NET, sBisroreiics
OCHOBHOU TICJIbIO, TTOCTABJICHHOMW TP BBIOJTHCHUH JAaHHOW pabOThI, BO MHOTOM
JSKUT WICOJIOTHSI pealn3aluu 3aMblkaHuil B si3bike C#. Jleranu peanuzanuu
3ambikanuii B PascalABC.NET B pa3inuuHbIX CUTyalusix Oy IyT TaHBI B CIICTYFOITUX
rJIaBax. 37eCh K€ PacCCMOTPUM MpHUMEp Kofa, TeHepupyeMoro kommmisitopom C#
Opy 3aMbIKaHUU JIIMOJIa-BBIpAKEHUEM JIOKAJIbHOW MEepeMEeHHON MeTona (CM.
npumep 6).

Kax o0ObryHO, B yacTu (a) mpumepa MpUBEIEH KO/ MporpaMMebl, B yacTu (0)

COAEPKUTCSI IPUMEPHBIN KO, TEHEPUPYEMBIA KOMITUISITOPOM.

using System;
using System.Collections.Generic;
using System.Ling;

namespace ConsoleApplication
{
class Program
{
static void Main(string[] args)
{
var 1 = new List<int> {1, 2, 3, 4, 5, 2, 5, 6, 3};
var v 25
Console.WritelLine (l.Count(x => x > Vv));

[Mpumep 6(a).
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using System;
using System.Collections.Generic;
using System.Ling;

namespace ConsoleApplication

{

class Program

{
private sealed class <>c DisplayClass2
{
public int32 v;
public bool <Main>b 1 (int32 x)
{

return (x > this.v);

}

private static void Main(string[] args)
{
<>c_DisplayClass2 CSS$<>8 locals3 =
new <>c_ DisplayClass2();
List<int> 1 =
new List<int> {1, 2, 3, 4, 5, 2, 5, 6, 3};
Cs$<>8 locals3.v = 2;
Console.WritelLine (System.Ling.Enumerable.Count (1,
new Func<int, bool>(CS$<>8 locals3.<Main>b 1)));

[Tpumep 6(0).

Paccmotpum npumep 6 noapoOHee. Kak BuaHO u3 mpumepa, B JasMOpaa-
BBIPDAKEHUH MMEETCSl CChUIKAa Ha JIOKAJIbHYIO NEPEMEHHYIO v, ONPEACIICHHYIO B
BBIIIEJICKAIIEM IO OTHOIIEHHUIO K 3TOMY JIAMOJa-BbIpakeHHIo Oyioke. UToOb
o0ecneunTh KOPPEKTHOCTh JAaHHOT'O 3aMbIKAHUS, KOMITUJISITOP CTEHEPUPOBAIT KJIacc
<>c_ DisplayClass2, B KOTOPbI MOMECTUI MyOJUYHOE MOJIE€ int32 v, KOTOPOE
MPE/CTaBIISIET 3aXBaThbIBAEMYIO MepeMeHHyro. Jlaiee, B Mecrte, rAe cO3JaeTcs U
WHULMAJIU3APYETCSl NIEPEMEHHAs v, OH CO3JaJl ONEpaTop ONUCAHUsS 3K3EMIUIIpa
Kjlacca <>c__ DisplayClass2. [lociae 3TOro KOMOWISTOp MPOU3BET 3aMEHY BCEX
oOpallieHuil K MepeMEeHHON v Ha CS$<>8 locals3.v. Ilpu 3Tom momto v ObuIO

IMPHUCBOCHO 3HAYCHUEC, KOTOPBIM MHUIHWAIN3UPOBAJIACH IICPCMCHHAA v B HCXO)IHOﬁ
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nporpamme. HakoHen, KoMOUWIsTOp 3aMeHIIT JIsIMOJa-BhIpakeHrue Ha oOpalieHue K
CT€HEPUPOBAHHOMY METOAY <Main>b 1, KOTOPBIM IPEICTABISIET HCXOIHOE
AAMOJa-BbIpAKEHUE W KOTOpPOE€  KOMIIMJATOP  MOMECTHN B KJace
<>c_DisplayClass2. B pesynbrare 3TuUX mpeoOpa3oBaHUil co3maercs KO/,
KOTOPBIN C OJIHOM CTOPOHBI MO3BOJISIET JIAMO/1a-BbIPAKCHUIO U3MEHATh 3HAUCHUE
3aXBaY€HHOM MEPEMEHHOM, a C IPYTrOl CTOPOHBI U3MEHATHh 3HAYCHUE 3aXBAYEHHOMN
MEPEMEHHOM B TOW 001aCTH BUIMMOCTH, B KOTOPO# 3Ta IepeMeHHas Obli1a ONMCaHa.
K Tomy e, eciau ObI MBI 3aXOTEIM NIEPEATh MOTyUYEHHOE JIMOAa-BhIpaXKEHUE KaK
pe3yapTaT MEeToAa Main, TO 3Ta 3aXBAYCHHAs NEPEMEHHAsA, KOTOpas cerdac Ha
caMOM Jiesie SIBIsieTCs MOJEeM Kiacca <>c  DisplayClass2, NPOAOIDKHIA ObI
(OGKUTB» W 3a TpeAeaMi METOJIa Main, IMMOCKOJIBKY Ha HEE €CTh CChUIKA U3 3TOTO
HK3EMIUISIPA CTEHEPUPOBAHHOTO KJIACCa, YTO HE 1a€T COOPILIMKY Mycopa IPOU3BECTH

yAaJICHUE ATON IEPEMEHHON U3 TaMSATH.

1.3.3 3anpocel LINQ u 1amM61a-BbIpakeHust

Pascal ABC.NET pa6oraet na miardpopme .NET u rerepupyer ucnoaHuMsbie
daiinel moxy ATy Ke miatdgopMmy. OTO O3HAYaeT, 4YTO B MPOrpaMmax,
paspabatbiBacMbix B PascalABC.NET, oTKpbIBalOTCS HIMPOKHE BO3MOXHOCTH
UCIIOJIb30BaHUs cTaHAapTHOM OnOnmoTexku kimaccoB .NET,

LINQ — sTo Ha6op nosiBusmmxcs B .NET Framework 3.5 dynkumii, koropsie
3HAYUTEIHLHO PACHIUPSIIOT BO3MOXXHOCTH CHHTAKCHCa SI3BIKOB IS THIAT(HOPMBI
NET. «LINQ to Objects» sBusercs moamuoxectBom LINQ wu o3Hauaer
ucroas3oBanue 3ampocoB LINQ ¢ mrobol Koiiekiued IEnumerable WIH
IEnumerable<T>. B o6miem cmbicie LINQ to Objects mpeacrapisieT co60i HOBBIN
MOAXOA K KOJIEKIUsM. TpamuiuoHHas oO0paboTka KOJUIEKIMK Tpearnosiaraet
HAIlMCaHWe CJIOKHBIX IMUKIIOB for M foreach, ONPEACIAIONINEC TOPSIOK
M3BJICUCHUSI JAaHHBIX U3 KoJuiekuuu. Ilpm wucnons3oBanmu LINQ nwumercs

I[CKHapaTHBHBIﬁ KOn, OHHCBIB&EMHﬁ, KaKuc JaHHBIC HGO6XOI[I/IMO HN3BJICYDb.
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O6bryro metonbl LINQ nms onpeneneHus maHHBIX, KOTOPbIE HEOOXOIUMO
W3BJICYb W3 KOJJICKIIMH, TPUHUMAIOT B KAYECTBE apryMeHTa THII JieJierara.

Jlo mosBinenuss B PascalABC.NET nsmOnma-BbIpaKeHHH IPHXOINUIOCH
OMUCHIBATh (PYHKIIMIO, KOTOPYIO HE0O0XoauMo nepenath B 3ampoc LINQ, oraensHO
U TiepenaBaTh ee uMs. Tak Kak Takue (QYHKIMH 3a9acTyiO0 HY>KHBI OJUH pa3, TO
KOJIMYECTBO TaKUX (PYHKIUU B MPOrpaMMe pacTeT MPOMOPIUOHAIBHO KOJIUYECTBY
BbI30BOB  MeTonoB LINQ. Takoit crwip HamucaHus TporpaMM  CHIIBHO
3arpoMOXIAeT KO, JeJiast €T0 TPYTHOINTACMBIM.

Tak kak JsIMOma-BbIpaXEHHS] — 3TO AHOHMMHBIC (YHKIIMH, C TOMOUIBIO
KOTOPBIX MO’KHO CO37aBaTh THUIIBI JelieraTa, TO WX MOXXHO HCIIOIh30BaTh [IJIS
nepenadn B kadectBe (akTuueckux mapameTpoB B 3ampockl LINQ. IMosiBnenue
asmona-seipaxennii B PascalABC.NET ¢ moaep)kkoii aBTOMaTHYECKOT0 BBIBOJIA
THUIIOB MMApaMETPOB U BO3BPAIacMOT0 3HAUCHHUS, BKIIIOUAS CIIydail NCITOIb30BaHUS
MO a-BhIpAKEHUN BHYTPH JIKEHEPUK-METOIOB, a TAK)KE 3aMbIKAaHUH MTEPEMEHHBIX
U3 BHEIIHETO KOHTEKCTa 3HAYMTEIBHO YMPOCTWIO Hamucanwe 3ampocoB LINQ,
OJIHOBPEMEHHO PaCHIUPSIsi BOZMOKHOCTH S3BIKA.

Panee B mpumepax 1 um 2 pasgenma 1.1 ObUT0 MTPOMILTIOCTPUPOBAHO
ucnonbs3oBanue 3anpocoB LINQ where u OrderBy 0e3 mcmonp30BaHus JIAMOma-
BBIPKCHHMI, a TAKKE C UX UCITONIB30BaHEeM. [IpuBeeM 3T IpUMeEphI TaKXKe 371eCh

(cm. mpumepst 7 u 8).

function fl(x: integer): boolean;
begin

result := x mod 2 = 0;
end;
function f2 (x: integer): integer;
begin

result := x;
end;

begin
Seq(3,5,2,3,5,7,0,3,1,1,2,6,3) .Where (fl) .OrderBy (f2) .Print () ;
end.

[Tpumep 7.

begin
Seq(3757273757770737171727673)
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.Where(x -> x mod 2 = 0) .0rderBy(x —-> x).Print();
end.

ITpumep 8.
I'masa 2. Oomas cTpykrypa komnuiasatopa PascalABC.NET

B nannoi#t riaBe Oynmer B OOmMMX uepTax OMMCAH IPOIECC KOMIUISAIUN

nporpamm B cucteme PascalABC.NET.

UcxoaHbiih I CuHTaKcMuecKoe aepeso
TOKCT - (npeacTaBneHHbIN B BUALS
CuHTaKcnyeckmnii AepeBa TeKCT nporpaMMb|)
nporpammol aHanu3aTop
KoHBepTep nepesbes
CemaHTUyeckoe aepeso
l'eHepatop (conepXvuT npaBuUIbHYIO
KoAa nporpaMMy; yuyuTbiBaeT Bce

1
IL - Kopg, <‘ || npaBuna onucanus a3bika;
XpaHuT uHpopMaum o Tunax

nepeMeHHbIX U T.4.)

Puc. 1. Craguu kommmsituu B PascalABC.NET

Ha puc. 1 wn300pakeHa 1OCIEAOBATEIHLHOCTD BBIMOJHEHUS CTaauid
kommuiisiie porpamm B cucteme PascalABC.NET. Brauaie MCXOHHBIA TEKCT
MPOrpaMMBbI TOCTYMHAeT HA BXOJ CHHTAKCHYECKOMY aHAIM3aTOpy, UMEHYEMOMY
TaKXKe MapcepoM, U pa30upacTCs UM B TaK Ha3bIBAEMOE CHHTAKCHYECKOE JCPEBO.
CHUHTaKCHYECKOE JIEPEBO COJIEPKHUT TMPEJCTABICHHBI B BUJIE JEpEBa TEKCT
nporpaMmbel. B mporiecce pazdbopa TEKCT HporpaMMbl MPOBEPSETCS JIMIIb Ha
COOTBETCTBHE CHHTAKCUYECKHM KOHCTPYKIIUSIM, CEMaHTUKa Ha HSTOM YPOBHE
MPAKTUYCCKHA HE YUUTHIBACTCS. DaKTHUECKH, CHHTAKCHYECKOE JAEPEBO — ATO TEKCT
IPOTPaMMBbI, TIEPEBECHHBIN MapcepoM B yIOOHOE JJisl TTOCHIEMytoleli 00paboTKu
npeacTaBieHre. CHHTAaKCUYECKOE JIEPEBO HE COJEPKUT HUKAaKoW MHQpopMaIuu o

CYIIHOCTSX, OIPEJEIICHHBIX B TporpamMme. Harmpumep, Ha CHHTaKCUYECKOM YPOBHE
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HET TabJIMIIbI CUMBOJIOB, COJIEpXKAIIeH TaHHBIX 000 BCEX MEPEMEHHBIX, OMMCAHHBIX
B INporpamMme, M ux Tumax. [loaTomy B mpouecce CHHTAaKCMYECKOTO aHaau3a
HEBO3MOXHO TIPOU3BOAUTH TAaKUE CIIOKHBIE JICMCTBUS, KaK BBIBOJ THUIIOB
(dbopMallbHBIX MAapaMETPOB U BO3BPAIIAEMOr0 3HAUCHUS JISIMO/Ia—BBIPDAKECHUS WU
aHaMM3 3aXBAauCHHBIX W3 BHEIIHETO KOHTEKCTa B  JIIMOJa-BhIPAKECHUIX
MIEPEMEHHBIX.

Ilocne TOro Kak CHHTAKCHYECKOE JEPEBO NOCTPOCHO, OHO NEPEBOIAUTCS
B CEMaHTHUYECKOE JECpPEeBO C TOMOINBI0 BU3UTOpa (KOHBEpTEpa JCPEBBLER).
CemaHTHUYECKOE JEPEBO — O3TO BHYTPEHHEE NPEACTABICHUE MPOTrPaMMBI,
coJieprKalllee MCUEPIbIBAIOLIYI0 MH(OpPMAIMI0 O MpaBWIbHOW mporpamme. OHO
YUUTHIBAET BCE IMpaBuja, KOTOpble C(HOPMYIUPOBaHBI B OMUCAaHUU s3bIka. B
CEMaHTHYECKOM JIepeBE, HaNpUMEp, XpPaHUTCS Takas uH(OpMalMs, KaK THII
MEPEMEHHBIX, MTPOCTPAHCTBO UMEH, K KOTOPOMY 3TH NEPEMEHHBIE OTHOCSITCS, IJIS
MOJANPOTPAMM TMPOBEPSIETCS COOTBETCTBUE KOJMYECTBA U THUMOB (OPMAIIbHBIX U
(haKTUYECKUX MapaMeTpoB U T.J. AJITOPUTMBI ITOMCKA UMEH B TaOJIMIIE CUMBOJIOB,
QITOPUTMBI BHIOOpA MIEPETPYKEHHBIX MOANPOTPaMM U MHOTHE JAPYTHE AITOPUTMBI,
HE0OXOAMMBbIC VIS aHAIM3a CEMAaHTUKH, padoTaroT Ha 3ToM dTarne. [lomyuaemoe Ha
BBIXO/IE CEMAaHTHUYECKOE JEPEBO COAEPKHUT BCIO MH(POPMALIMIO, HEOOXOAUMYIO JIJIs
reHepauuu [L-kona.

Hakowner, mo cemantuueckoMy JepeBy renepupyercs IL -koa ¢ momonibio

BU3UTOpA IO CEMAaHTHYECKOMY JEPEBY.
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I'maBa 3. CuHTaKcHM4YeCKHe CpeAcTBa JSAMOIA-BbIPAKEHUI B

Pascal ABC.NET

Cunrakcuc nsamOa-Beipakennii B si3bike PasCalABC.NET umeer oOimume
4epThl C CHHTAKCUCOM JIsIMOja-BbIpakeHUU B si3bike C#. B TO ke Bpems, B
OTIIETBHBIX CIIy4asX B CHHTAKCHYCCKUX TpaBUjaxX JIMOJa-BRIPAKECHUN B
PascalABC.NET mnpocnexuBaeTcss CXOACTBO C CHHTAKCHCOM TPaIUIMOHHBIX
noanporpamm (mpouenyp u ¢GpyHkuuii) s3sika [lackans.

Hwxe ¢ momomisto pacimupennot hopmbl bakyca—Haypa npuBenen oOmiuii

BUJI JISIMOJa—BBIpaKCHUH, KOTOPBIE CIIOCOOCH pacmo3Hath napcep Pascal ABC.NET

(puc. 2).

<nsaM6bpa-—-BHpaxeHMe> ::=
<mapameTp> —-> <TeJoO JaAMOna-BhpaxeHus > |
[function | procedure] ({<cnmucok napameTpoB[: Tur]>} [ : TuU])
—> <Tejyio jaMOIa—BEPAXeHUS >
<COMCOK InapaMeTpoB> : .=
<mnapameTp> | <CHIMCOK IapaMeTpoB>, <IapameTrp>
<Teyo naM6Ja-BHPAXEHUST > ::=
<BplpaxeHue> | begin <cnmucok onepaTopoB> end

Puc. 2. O0muit Bua nssmoOaa-seipaxkenuii B PascalABC.NET.

Kak BuaHO U3 puc. 2, kaxnoe JIMOa-BbIpaKEHNE HAUYMHAETCA CO CIUCKA
(opManbHBIX IapaMeTPOB, KOTOPBIE 3aJArOTCS CleBa OT JsAMOIa-orneparopa —>.
Cnucok mnapamMeTpoB MOXKET OTCYTCTBOBaThb. B cBowo odepenpb, QopMaibHbIE
napaMeTpbl MOTYT OBITh OMMCAHBI KaK C IBHBIM YKa3aHUEM HX THIIOB, TaK U 0€3 HUX.
B cnydae, korga tun ¢popMalibHBIX MapaMeTPOB OMYILIEH, B MPOLIECCE KOMIUIISIIIUU
OyZAeT mpou3BeieHa MOMbITKA UX BBIBOJIA.

CTOUT OTMETUTh OJHO CYIIECTBEHHOE OTIMYME JIIMOAa-BbIpaXXEHUIl OT

00bryHBIX TOAIporpamMMm si3eika PascalABC.NET. B omimume or mocieaHero,
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dbopmanibHbIE TIapaMeTpbl JIAMOAA-BBIPAXKEHUH HE MOTYT OBITh OIMCaHBI C
KIIOUEBBIMUA CIIOBAMU var WU const. MHBIMEH ciloBamu, mapaMeTpsl JsiMOIa-
BBIPAKEHUI BCEr/Ia MEPEIat0TCA M0 3HAYEHUIO0, a HE M0 CChUIKE.

[Tocne cniucka popmanbHBIX MapaMeTPOB YKA3bIBAETCS THI BO3BPAIlAEMOIO
3HaueHusd JAMOAa-BelpakeHusi. Kak u B cioydae ¢ TunmamMu  QopMaibHBIX
napaMeTpoB, TUI BO3BpAIlla€MOr0 3HAYEHUS MOXKHO OMycKaTh. B 3TOM ciyuae B
npoliecce KOMIWISIIMKY OyAeT MpOou3BeAeHa MOMbITKa €ro BhIBoJAa. BwIBoJ Tuma
BO3BpAI[a€MOI'0 3HAYEHUSI OCHOBBIBACTCSI HA THUIIE JIeJieTaTa, JIEXkKAIIEro B OCHOBE
MO /1a-BBIPAXKEHUSI, @ TAK)KE HETTOCPEACTBEHHO Ha TEJIE 3TOT0 JIAMO 1a-BhIPA’KECHHUS.

CnpaBa ot nsmM0Oaa-oneparopa —> TOMEIIAETCS TEJIO JISIMO1a-BhIpaskeHHUs,
KOTOpO€ MOXKET COCTOSATh M3 OJHOI0 ollepaTopa uiu Oyioka omeparopoB. B
NOCJIEIHEM Cy4dae OJIOK OIEepaTOpOB 3aKJIIOYAeTCs B ONEpaTOpHbIE CKOOKHU
begin. . .end, MOJOOHO TOMY, KaK 3TO JIeJIA€TCA B cllydyae OOBIYHBIX MOJAMPOTrpaMM
Pascal ABC.NET.

B PascalABC.NET Mo0XHO BBIICIWTH [ABa THIIA JIIMOJa-BbIpasKEeHHUI:
nsMOna-pyHkus u JnsmoOaa-npouenypa. B mepBom ciydae, i TOrO YTOOBI
KOMITUJIITOP CMOT KOPPEKTHO BBIBECTH THUIT BO3BPAIIAEMOTO 3HAYCHHs JIsIMOna-
BBIDAKEHHSI (€CIM OH SIBHO HE YKa3aH), B TeJl€ 3TOro JsMOAa-BbIpaKEHUS
HGO6XOHHLK)HCHOHBBOB&FBOHepaTopLIBHﬂaresult := <BHpPaxeHUue>.

Hwxe npuBeieM HECKOJIBKO MPUMEPOB UCIIONB30BaHUS JIIMO1a-BhIPKCHHIM

(mpumepst 9, 10).

begin
var a: Func<integer, integer>:=function (x: integer) -> x * x;
writeln(a(5));
end.
[Tpumep 9.
function SquaredFunction (f: Func<real, real>; x: real): real;
begin
result := f(x) * f£(x);
end;
begin
writeln (SquaredFunction(x -> sin(x) * cos(x) + tan(x), 45));
end.

[Tpumep 10.
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I'naBa 4. CemanTHUYeCKUil AHAJIN3 JIAMO1a-BbIPAKEHU

B nanHol ri1aBe OyAyT ONMcaHbl AITOPUTMBI 00paOOTKH JIsIMO1a-BbIpAKEHUN
Ha OJTame ceMaHTH4Yeckoro aHamm3a kommmistopa PascalABC.NET. M
pacCMOTpPUM  H3MEHEHMs  aJIrOpUTMa BBIBOJA [ApaMETPOB  THUIIOB  IIPH
MHCTAHLIIMPOBAHUM JHKEHEPUK-TIOANIPOrpaMM IpU IMepefadye B HUX B KauecTBE
(baKkTHYeCKUX MapaMeTpoB JIAMOJa-BRIPAKEHUH, CPE/ICTBA aHAIN3a MEPEMEHHBIX,
3aXBaThIBAEMbIX B JISIMOJIa-BBIPAKEHUSIX W3 BHEUIHETO IO OTHOIIEHUIO K HUM
KOHTCKCTA, a TAKKC aJITOPUTMBbI, IPCAHAZSHAYCHHBIC JIsI OCYHICCTBJICHUS 3aXBaTa

9THUX IICPCMCHHBIX.

4.1 Kmacce WalkingVisitor

[Ipexnae ueM nepelTH K 00CYKIEHUIO alIrOPUTMOB, NIEPEUNCIICHHBIX BBIIIE,
PaccMOTPHUM KJIACC, SBJSIOUINICS 0a30BbIM /JI1 MHOTMX OOXOAYMKOB (BU3UTOPOB)
CUHTAaKCUYECKUX JEPEBBEB, KOTOPBIM JIET B OCHOBY MHOTMX KJIACCOB, YYaCTBYIOIIHNX
B peaM3alliy aJIrTOPUTMOB.

Knacc walkingVisitor sBAsieTCS IMMOTOMKOM Kjlacca AbstractVisitor,
KOTOpbIM, B CBOIO OYE€peNb, SIBISETCS peain3anuedl mHtepdeiica Ivisitor. B
uHTepdeice I1Visitor NPEACTaBICHBI METOMIBI CO CIEAYIOIIEH CUTHATYPOI:

void visit (<Tun y3sJjila CHMHTaKCUUECKOTI'O mepeBa>).

Ha xaxapiii Thnm y3na CHHTaKCHMYECKOTO JIepeBa IMPEACTABIECH OTIEIbHBIN
METOJ visit.

B xmacce AbstractVisitor MNpPEACTAaBI€HA peaau3alus METOJIOB
uHTepdeiica IVisitor. Bce MeToabl B 3TOM Kitacce 0ObABIECHBI BUPTYalbHBIMU U
MMEIOT ITyCTOE TEJIO.

B knacce walkingVisitor 3TH METOABI IEPEOIPENECIEHBI, U 31ECh YXKE
npeiacTaBieHa TMojiHas Oa3oBasg peanu3als o0XoJa BCeX THUIIOB  Y3JIOB
CUHTAaKCUYECKOTO AepeBa. /[ BceX METONOB MPOJOIHKAET COXPAHATHCS LIETIOYKA

BUPTYAJIbBHOCTH, IIO9TOMY B CJIydac H606XOI[I/IMOCTI/I npun CO3AaHHHN HOBOI'O
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BHU3HUTOPA MOKHO JIMIIb IICPCOMPCACIINTD croco0 06x0na HYXXHBIX Yy3JIOB, OCTaBUB
peanm3aiio 00Xoaa OCTANBHBIX Y3JIOB M3 WalkingVisitor. IMEHHO Ha TakoM
nmoaxoac OCHOBAHbBI MHOT'MC KJIACChI, UCITOJIb3YCMBIC ITPU pCaJIM3aliu aJITOPUTMOB,
MNCPCUYNUCIICHHBIX B HA4YaJIC TIJIABBI. O6XOI[ B BHU3HUTOPC HAYMHACTCA B MCTOIC
ProcessNode.

CtouT OTMETHUTH caic OJHY BaXHYIO IIOJC3HYIO ACTAJIb KJIacCa
WalkingVisitor . B HeMm mMmeeTrcsd nBa pgenerara OnEnter M OnLeave, KOTOpBIC
BBI3BIBAKOTCSI HCIIOCPEACTBCHHO COOTBCTCTBCHHO IICPCA 06XOI[0M KOHKPCTHOTO
y31la H HCIIOCPCACTBCHHO IIOCIJIC HETO. 910 IMO3BOJIKICT  IIPOU3BOIUTH
JOINIOJIHUTCIIBHBIC HeﬁCTBHH, KOTOPBIC HYXHO BBIIIOJIHUTH B MOMCHTBI 10 U IIOCJIC
aHalin3a y3Jia. I[aHHaH BO3MOJKXHOCTDB TAaKXC HIMPOKO MCII0JIb30BaJIaCb aBTOPOM IIpH
BBIITOJIHEHU N ,Z[aHHOﬁ pa6OTI>I.

Ha puc. 3 m300pakeHa quarpaMma KiIaccoB, OMUCAHHBIX B JaHHOM pasJerie.

<<interfaces>
Wisitor

visit(syntax_tree_node): void
visit{jexpression): void

visiticlosure_substituting_node): void

L

AbstractVisitor

+visitisyntax_tree_node): void
+visit(expression): void

+visiticlosure_substituting_node): void

L

WalkingVisitor

- OnEnter: VisitorDelegate
- OnLeave: VisitorDelegate

+visitisyntax_tree_node): void
+visitiexpression): void

+visiticlosure_substituting_node): void
+ProcessMNode(syntax_tree_node): void

Puc. 3. Jluarpamma Kj1acCOB BUBUTOPOB.
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4.2 Ctaaguy KOMIWISIUH JsIMO1a-BbIPaKeHU I

B nporecce cemanTuyeckoro aHanu3sa JsMOa-BbIpakKEHUs MPOXOAT YEpe3

pAaAn CTaIlI/Iﬁ KOMITUJIAITHUH. MoxHO BBIACIIUTD YCTHIPC OCHOBHBIC (1)331)13

CTaaus BbIBOJIA TUIOB. Ha 3TOM 3Tamne mpoucxoAauT BOCCTAaHOBICHUE
(WM, THBIMY CJIOBAMH, aBTOMAaTHYECKHI BBIBOJT) TUTIOB (DOPMaITbHBIX
napaMeTpoB M THUIIA BO3BPAIllaeMOr0 3HAYCHUS JIAMO1a-BhIPAKCHUH.
[Tocne Toro kak maHHas (aza yCHenrHo 3aBeplieHa, CHHTaKCUYeCKUe
Y3761, TIPEICTABIISIONINE COOOW TUIIBI TTAPaMETPOB U BO3BPAIIAEMOTO
3HaYCHUS, coiepkaT B cebe  KOPPEKTHOE  OMpeJICIICHHE
CEMAaHTUYECKUX TUIIOB, KaK MIPOCTHIX, TAK M MHCTAHIIUHN JIKEHEPUKOB.
JlaHHasi cTaavsl BBIMOJIHAETCS MEPBOM, TAK KAK ISl MOCIEIYIOIIEH
00paboTkK HeOoOX0AMMa UCUepIbIBAOIIas HHGOPMALIHS O THUITAX.
cTaaus 00pabOTKU 3aXBayeHHBIX IMEPEeMEHHBIX. B X0/1e BBIMOIHEHUS
3TON (a3pl MNPOUCXOAUT AaHAIU3 TIEPEMEHHBIX, 3aXBaThIBAEMbIX
JsiMO/1a-BBIPAXKEHUSIMHU, UX TUIIOB, KOHTEKCTa, B KOTOPOM OHU OBLIH
ONMCAHbI; TEHEPUPYIOTCS  BCIIOMOTATENIBHBIE  CHUHTAKCUYECKHUE
CTPYKTYPBHI, TOUCK BCEX OOpaIlleHUI K 3aXBauyCHHBIM IEPEMECHHBIM U
T.1. bonee monpo6HO 3TH Mportecchl OyIyT paccMaTpyUBaThCS Jajee.
CTaIHUsl CEMAHTHUYECKOTO aHaliu3a CTPYKTYp, CTCHEPUPOBAHHBIX Ha
ctagud  00pabOTKM  3aXBa4Y€HHBIX IEpeMEHHBIX. CTPYKTYpHI,
MOJIyYEeHHBIC Ha TpeAbIayIieit ¢ase, SBISIIOTCS CHHTAKCHYCCKUMH
y3iamu, npezctapisomue kinaccel B PascalABC.NET. MmenHo stu
KJIACChI M aHAJIM3UPYIOTCS HA TAHHOM dTarle.

dbunanpHas cragusa. K 3ToMy MOMEHTY YK€ TPOM3BEIICHBI BCE
HEO0OXOIUMBIE JIEHCTBUS 110 BHIBOY THUIIOB U 3aXBaTy MEPEMEHHBIX, U
Ha JIaHHOM JTarle MPOUCXOTUT 00XOJ OCHOBHOTO aHAIM3UPYEMOTO
0JIoKa TIporpaMMbl ¢ Y4ETOM BCEX HM3MEHECHHH, IMPOU3BEICHHBIX Ha
IpEeABIIYIIUX dTanax: BUSUTOPOM OOXOMASATCS BCE CTCHEPUPOBAHHBIC

MCTO/IbI, COOTBCTCTBYIOIIUC J'ISIM6I[a-BI)Ipa)KeHI/I$IM, HC 3aXBaTHMBIIUM
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HU OJHOM IEPEMEHHOM M3 BHEIIHErO0 KOHTEKCTa, W I03TOMYy HE
MOJMAAIONINE MMOA KpUTEpHUH 00pabOTKH Ha dTamax 2 u 3; Takke
00XOJATCSL BCE Y3JIbl, COOTBETCTBYIOIIME 3aME€HaM OOpallleHUid K

3aXBA4YCHHBIM IICPCMCHHBIM, U T.I.

Cragun 00paOOTKM JSAMOIBI-BBIPAKEHUN MPEACTABICHBI IEPEUHCICHUEM,
IPUBEICHHBIM Ha pHUC. 4. DJIEMEHTH MEPEUYUCIICHUS TPEJCTaBICHBI B TOM K€
NOpsAIKE, B KAKOM HJIyT B OMHCAHHUM BHIIIE. JTall None COOTBETCTBYET TOMY, YTO
OCHOBHOM LIMKJ 00pabOTKU CepUU 3TANOB 00pabOTKH JIAMO/1a-BBIPAXKEHHM €11le He

Ha4ar.

public enum LambdaProcessingState

{
None,
TypelInferencePhase,
ClosuresProcessingPhase,
ClosuresProcessingVisitGeneratedClassesPhase,
FinishPhase

Puc. 4. Craguu KOMITUIALHIY JIIMOAa-BBIPAKCHUH.

VYKazaHHBIN UK 3TarioB 00pabOTKU JIMOAa-BhIPAKEHUN TMPOUCXOIUT TIPU
CEMAaHTHYECKOM AHAIM3€ CHUHTAKCHYECKOrO0 y3Ja SyntaxTree.block. /laHHBIN
CUHTAKCHYECKHH y3€I MOXKET MPEACTABIATh KAk OCHOBHOW OJIOK TIPOTPAMMBI, TaK
omox moanporpamm. [Ipu cemaHTHUECKOM aHAIM3€E ITOTO y3/1a CHaYaIa MPOUCXOIUT
ero 00xo/1 ¢ 1eJIbI0 00pabOTKH MO 1a-BBIPAYKEHUH, TO €CTh JJIS HETO 3aITyCKaeTCs
BBITIOJTHEHNE CTaAuM 1-3 13 BhIlIEyKa3aHHOW NTOCIEN0BATENBHOCTH CTA/IUN, U 3aTEM

OKOHYATEJIbHBIN €r0 O6XOI[ Ha CTaanuu 4,
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4.3 BbiBOA mapamMeTpoB THIOB NPH MHCTAHIUPOBAHUM IMIAGJOHHBIX
NOANPOrpPaMM NPH peaTu3ainum JsiMo1a-BbIpaKeHU

B 2008 roxy B cucreme mporpammupoBanus PascalABC.NET Orlia BBeeHa
nojaJiepkka madioHoB (yHKIMI. B 4uMcio ceMaHTHYECKHMX CpPEACTB aHalIu3a
mabJ0OHOB  (PYHKIIMH BXOIWUT QJITOPUTM BBIBEJICHHUS WHCTAHIMHM IA0JI0OHA
MOANPOTPAMMBI IO CIHCKY (PaKTHUUECKHUX MapaMeTpoB. BriBegeHNE MO3BOISIET HE
YKa3bIBaTh SBHO, KAKYI0 MHCTAHITUIO IIA0JIOHHOM MOATPOrPaMMEBI CJICTyEeT BHI3BATh
— pelIeHre O BRIOOPE MHCTAHIIMH MTPUMET KOMITUIISITOP.

B cBs3u ¢ BBegenuem B Pascal ABC.NET im0 na-BeipaskeHnii HEOOXOAMMO
ObIII0 MOTU(DHUIMPOBATH AJTOPUTM BBIBEACHHS WHCTAHIIUW IIAa0JIOHA, PACIIUPHB
BO3MOYKHOCTH aHAJIM3a TUM aJITOPUTMOM BBIBOJMMBIX [TAPAMETPOB TUIIOB C YYETOM
TUTIOB (pOpMaJBHBIX IMapaMETPOB W THUIIA BO3BPAIMIAEMOTO 3HAYCHHS JIsIMOa-
BEIPOKCHHIA, KOTOPHIE, B CBOIO OYEpE/Ib, ABIAIOTCS (PaKTUUECKUMH ITapaMeTpaMH,
MOJICTABJISIEMBIMU B JIAaHHBIHN 1a0JIOH.

AJNTOPUTM BBIBEICHUSI MHCTAHIIMM 1IA0JIOHOB, MPEJACTABICHHBIA METOAaMU
DeduceFunction M DeduceInstanceTypes, omnucad B [3]. Hike npuBeacHbI
MoAu(UKAIINK, BHECEHHBIE aBTOPOM JaHHOU pabOThI B ATOT anroputm. M3menenus

B QJITOPUTME BBIJICICHBI MCUPHBIM KYPCUBOM HA cepom ¢hone (cM. puc. 5 u 6).

function node DeduceFunction (function node func,
expressions list fact,
List<SyntaxTree.expression>
syntax nodes parameters = null)
1. lambda syntax nodes :=
BrsibparedaxruueckuellapamMerps-JlamMbns: (syntax nodes parameters)
lambda in parameters := lambda_ syntax nodes.KomnnuecTso > 0
2. saved lambdas states :=
CoxpaunreCocrosuusallambn (lambda syntax nodes)
3. Ecmm fact count < formal count To
Ecim formal[fact count].3nauenuelloymosuanuio = null u
He formal[fact count].fBnsgercaParamsllapaMeToM TO
BepHyTb null;

Puc. 5. Mogudukarnum metona DeduceFunction.

Munaue Ecmm fact count > formal count To
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Ecim formal[formal count-1] .ABnaercaParamsllapamMeToM TO
Onkxy or i:=formal count-1 mo fact count-1 nmenare
Ecnin He DeducelnstanceTypes (
formal [formal count-1].Tunllapamerpa.TnUndjJeMeHTOB,
fact[i] .Tunllapamerpa, deduced, nils) To
BEPHYTBL JIOXb ;

count params to see := formal count - 1;
NHaue
BEepPHYTbL null;
need params work := count params to see > 0 u

formal [count params to see].fdBngercaParamsllapameTpom;
Ecim need params work To
count params to see--;
contine trying to _infer types = true
formal delegates = null;
Iloxa continue trying to infer types gpenars
previous deduce state :=
CoxpaunrellpensinyimeeCocrosuneBsiBenernusixllapaMe TooBTHIIOB

Ouxkn or i:=0 mo count params to _see-1 genars
Ecnn He DeduceInstanceTypes (
formal [i] . TunllapameTpa,
fact[i] . TunllapamMerpa, deduced, nils) To
BoccranosureCocrosauusallaMbn (lambda syntax nodes,
saved lambdas states)
BEPHYTE JIOXE,
Ecnu lambda in parameters To
Ecan formal delegates == null To
formal delegates :=
BrigennTeH3$opManeHixllapaMeTpoBCooTBeTCTBYyIOIMe/ITMEnaM
Ans kxaxgoro formal delegate m3 formal delegates gpenars
lambda syntax node :=
lambda syntax nodes[formal delegate./Ma]

Ecnn He TryToDeduceTypesInLambda (lambda syntax node,
formal delegate.$opmanvusniflenerar,
deduced, nils,
out on_lambda body compile exception) To

BoccranosureCocrosauusallamMbn (lambda syntax nodes,
saved lambdas states)
Ecan on_lambda body compile exception != null To
BpocurelcKkiodyeHue
FailedWhileTryingToCompile
LambdaBodyWithGiven
ParametersException
(on_lambda body compile exception)
BEPHYTE JIOXE,

Puc. 5. Moaudukanuu MeTosia DeduceFunction (MPOIOJDKEHHE).

current deduce state :=
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CoxpaunreTexyueeCocrosHneBrBeneHHsIx[lapaMeTpoBTHIIOB
continue trying to infer types := CocCTOSHMAPa3nuyanTCs
(previous_deduce state,
current deduce_state)
8. BoccranoeureCocrosnuallambn (lambda syntax nodes,
saved_lambdas_ states)
9. Ecim need params work To
tmp deduced := deduced.CoszpmarsKonmo;
tmp nils := nils.CosmareKonuwo;
Ecim He DeducelnstanceTypes (
formal [count params_ to see].Tunllapamerpa,
fact[count params to see].Tunllapamerpa,
deduced, nils) ToO
deduced := tmp deduced;
nils := tmp nils;
Ecim ve Ecim He DeducelnstanceTypes (

formal [count params to see].Tunllapamerpa.TundjeMeHTOB,

fact[count params to see].Tunllapamerpa,
deduced, nils) To
BEPHYTB JIOXb,
10. Huxn or 1:=0 mo func generic parameters count-1 menarts
Eciau deduced[i] = null To
BEPHYTBE JIOXb,
11. HOuka or i1i:=0 mo nils.UmcrnodjgeMeHTOB-1 mejaThb
Eciau He TunCoemecTmMmMCNil (deduced[nils[i]]) To
BEPHYTB JIOXb,
12. BepnyTb func.CozmarvlMucTaHumo (deduced) ;

Puc. 5. Mogudukanun Mmetoa DeduceFunction (OKOHYaHHUE).

bool DeducelnstanceTypes (type node formal type, type node
fact type, type node[] deduced, List<int> nils)
1. Eciu formal type = fact type
BEPHYTb MCTUHY;
2. Ecim TunmHesenollpmeonmmMe (fact type, formal type)
BEPHYTb MCTUHY;

3. Eciu formal type.fABnaercsallabnoHHemMIlapamMeTpoMIIOONPOIPaMMELl TO

3.1. Ecimmu fact type = VzsenlnaTunaNIL To
nils.JlobaButsk (formal type.HomepllabnoHnHorollapamMeTpa) ;
BEPHYTb MCTUHY;

3.2. Ecimu deduced[formal type.Homepllabmonnorollapamerpal]=null To
deduced[fact type.HomepllabnoHHorollapameTpa] :=fact type;

BEPHYTbL MCTUHY;

Puc. 6. Moaudukanuu MeTona DeduceInstanceTypes.
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3.3. Ecimu deduced[formal type.HomepllabnonHorollapamerpal] #
fact type ToO
BEPHYTb JIOXb;
3.4. BepHYTb MCTUHY;

5. Ecam formal type.fBnaercsllereraroM TO
Ecnn fact type.fBnaercsllaMbraBsipaxeHueM TO
BriBecrullapamMerpsTunosi3BrBenernsix TunoellapaMe rpoBJlaM6 5!
Ecan BrsiBecTnYnajock TO
BEPHYTE HUCTHUHY,
BEPHYTE JIOXE,

Puc. 6. Moaudukainuu MeTosia DeduceInstanceTypes (OKOHUAHHUE).

OnumemM Tenepp W3MEHEHHWS ajTrOpUTMa, TPUBEJACHHBIC BHINIC HA
IICEBAOKO/E, OoJiee MogpOoOHO.

ANTOPUTM BBIBEACHHUS TapaMETPOB THUIOB IMIA0JIOHA TMPH HCIOJIb30BAHUH
JIIMOIa-BBIPAKCHUH SBIISICTCSI UTEPAITMIOHHBIM M OCHOBAaH Ha CPAaBHEHHUH COCTOSTHAN
O BBIBEJICHHBIX TUIIAX Ha MPEIbIAYIICH U TeKyIleH nTeparusx.

Meron DeduceFunction Ha BXOJ NPHHUMAET CIHUCOK CHHTAaKCHYECKUX
y3JI0B, TPEICTABIAIONIME COO0OH (DaKTHYECKHE TIapaMeTphl, IepeaaBacMble B
mabJIOHHYI0 TOANPOTrpaMMy. DTOT CIUCOK HEOOXOAMM ISl TOrO, YTOOBI TOYHO
maddepeniupoBath  (pakTHUYECKHE — MapaMeTpPhI-IAMOJbI  OT  OCTaJbHBIX
dakTrdeckux napameTpoB. CIUCOK MapaMeTpOB-ISIMOMT COXPAHIETCS OAWH pa3 B
Hayaje BBIIOJHEHUS QIrOpUTMa B IIEPEMEHHOM lambda syntax nodes H
UCITIOJIB3YETCSI J1ajiee TIPU MOMBITKE BBIBEJCHUS IIA0JOHHBIX TAPaMETPOB THUIIOB.

B nepemMeHHOIl saved lambda states COXpaHseTcs MH(OpMaIUs O TUIIAX
(GbOopMaJTbHBIX MMApaMETPOB M THIIE BO3BPAINIAEMOTO 3HAYCHUS JIIMOa-BhIPAKESHUH
70 BBIBEJEHUS IIAOJIOHHBIX MapaMeTpoB THUIIOB. JTO HEOOXOAUMO B Ciyyae
HECKOJIbKHX MePErpyKEHHBIX BEPCUil MIa0JIOHHON MOAIPOrpaMmbl. J[eo B Tom, 4To

IIpHU IIOIIBITKE BBIBECACHUSA 1a0JIOHHBIX mapaMcTpOB THUIIOB IIOAINPOIpaMMbI B
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dbopmalibHbIE TapaMeTphl JIIMO1a-BhIPAKEHUN MOACTABISIOTCS TUIIbI, BbIBEICHHbBIE
Ha JIaHHBIM MOMEHT. OTH TOJCTABJICHHBbIC THUIBI HCIOJB3YIOTCS Janee JJis
BBIYKCIICHUSI PEAIbHOTO THIIA BO3BpPALIa€MOT0 3HAYE€HHs JaHHOro JsMOjaa-
BbIpakeHUs. Eciam uMMeeTcsi HECKOJIbKO MeperpyKeHHbIX BEpPCHil I1a0J0OHHOM
MOJIPOTPAMMBI, TO MPH BHIBEJICHUU ITAPAMETPOB TUIIOB U3 OUEPEAHON BEPCUU 3TOU
MOANPOTrpaMMBl HY>)KHO PYKOBOJCTBOBATbCA HCKJIIOUUTEIBHO [E€PBOHAYAIBHOU
uHpopMaIMer O TUIMax [apaMeTpPoB  JISIMOJA-BBIPAKCHUH,  SBIISIOIIMXCS
(baKkTHYeCKUMHU TIapaMeTpaMH JTaHHOW ITaOJOHHOW moAmporpaMmbl. Jlms stmx
1esaeil ¥ MPOU3BOJAUTCS COXPAHEHUE COCTOSHUSI THIOB MapaMeTpoB (PaKTUUECKUX
napameTpoB-JIsIMO/.

Ha marax 6 u 7 anroputma mpouUCXOJUT OCHOBHasi paboTa MO BBIBEJICHUIO
napamMeTpoB THIIOB IIAOJOHHOW MOANPOrpaMMbl. 3JECh 3aIyCKAETCs IUKIL,
3aBUCALIMM  OT IEPEMEHHOM continue trying to infer types. OTa
NepeMEHHasi TOBOPUT O TOM, HYXKHO JIM JAJIbIIE MBITATHCA BBIBOJAUTH THUIIBI, JIMOO
y)K€ JIOCTUTHYTO COCTOSIHME, B KOTOPOM THIIbI BBIBEICHBI, JHUOO MOXKHO C
TOYHOCTBIO CKa3aTh, YTO THUIIbI BELIBECTH HEBO3MOKHO.

BpinonHeHns LMKIIA HAYUHAETCS C TOTO, YTO ONPEAEISAECTCS COCTOSIHHE O
BBIBEJICHHBIX Ha JaHHBIA MOMEHT Tumnax. CocTOsHuE NPENCTaBIseTCS OOBIYHBIM
MAacCUBOM, XPAHALIMM HHIEKCHI AJIEMEHTOB MacCuBa deduced, B KOTOPBIX, B CBOIO
O4epeib, XPAHATCS y>KE BHIBECHHbBIC TUIIHI.

Ha cnenyromem starne npou3BOAMTCS IMOINBITKA BBIBEACHUS I1apaMeETPOB
TUIIOB IIA0JIOHA B METOJIC DeduceInstanceTypes Ha OCHOBAHUU HMeEIoIIeHCS
uHopmaruu o Tunax. Ha atom mare (cm. puc. 6) aHaTU3UPYIOTCS YK€ U3BECTHHIE
TUMBl  MAPAMETPOB  JIAMOJA-BBIPAKEHUM UM COMOCTABJISIOTCS  IIAOJIOHHBIM
napameTpam TUnoB. Eciiu Takoe BeIBeIeHHE HE BO3MOKHO JTUOO MPOTUBOPEUUBO, TO
M3 METOJAa BO3BpallaeTcs JI0Kb. MHaue BO3BpalaeTcss MCTUHA, U BBIIIOJIHEHUE
DeduceFunction OpOAOIKACTCA.

Jlanee MpOM3BOAUTCS MOMNBITKA MOJICTAHOBKH BBIBEJICHHBIX THIIOB B THUIIbI

(bOpMaJIBHBIX mapamMCTpoOB C LCIBIO BBIYMCICHUS THIIA BO3BPAIACMOI'0 3HAYCHHA
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JAHHOTO  JIIMOJa-BbIp@XEHUSA. ITH  JICUCTBUS IPOMU3BOJATCS B METOJIE
TryToDeduceTypesInLambda. B 3TOM MeToje moOcCi€ IIOJCTAHOBKM THIIOB B
CUHTAaKCUYECKHA  y3€Jl, COOTBETCTBYIOIIUN JaHHOMY JISMO/a-BhIpaKCHHUIO,
MPOU3BOJIUTCS OOXOJ TeJla A3TOro JsAMOJa-BBIPAXKEHUSI M BBIYMCISICTCS THII
BO3BpAIIIAEMOI'0 3HAYCHMS. 3/1€Ch CTOUT OTMETUTh, YTO €CJIM H3HAYAIBHO
CYIIIECTBYET HECKOJIBKO MEPETPYKEHHBIX BEPCHA MA0JOHHON OAMIPOTpaMMBbI 1 HA
ATOM JTare BbIOpaHa HEBEpHash Bepcusi, TO B Mpoliecce ob0xonaa Tena JsMOa-
BBIPKCHUSI BBUAY TIOJICTAHOBKH HEBEPHBIX THUIIOB (DOPMAIIBHBIX ITApaMETPOB 3TOTO
AAMO/1a-BBIPAKEHUSI MOTYT BO3HUKHYTH OIIMOKM KoMOWISIMU. Eciu Takas
CUTyallds BO3HHKJA, TO JK3EMIUIAP HCKIOUYEHHS KOHKPETHOM OIMOKH Oyner
BO3BpamieH M3 MCTOAa TryToDeduceTypesInLambda. HpI/I 9TOM METOJ
MpOaHaIU3UPYET, CICAYET JIU BIOPACKIBATh 3TO UCKIIOUEHHUE HAa BEPXHUN YPOBEHD
U B clydae HEOOXOJUMOCTH JiejlaeT 3To. Ha BHeNIHEM ypoBHE 3TO HCKIIOUCHHUE
COXpaHsIeTCsl, TEeKylllas TNeperpykKeHHas BepcUs MIa0JOHHON MOAIPOrpaMMBbI
MPU3HAETCS HEBEPHOW, U AHAJIU3UPYIOTCS OCTAJIbHBIE BEPCUU. B KOHEUHOM HTOTE
BO3MOJKHBI JIBE€ CUTYyaIluu: JIMOO HaiieHa HyKHasi BEPCHS MOIIPOTPaMMBbI (B 3TOM
CJIydae CO3/1aeTCsl €€ MHCTaHIMsA ), JIMOO HU OJIHA BEPCHS HE SIBJIIETCS KOPPEKTHOM C
TOYKH 3pEHHUS CIHcKa (aKTHYSCKHX IapaMeTpoB. B 3ToM ciydae mocieaHee
COXpaHEHHOE MCKIIIOUCHHE OYyIeT MpeoOpa3oBaHO B JUATHOCTUICCKOE COOOIICHUE,
KOTOPOE BIOCJIEACTBUU OyA€T MOKA3aHO MOJIb30BATEIIO.

B konie mrara 7 MeToja DeduceFunction CHOBA BBIYMCIISECTCA COCTOSHUE
BBIBEJICHHBIX THUIIOB M CPAaBHUBACTCA C MpEeabIaymuM. Eciim 3TO cocTosiHhE HE
OTJINYAETCS OT TOTO, YTO OBLIO TIEpe] BHIMOJHEHUEM TeJla IUKJIA I1ara 7, TO MOYKHO
CZIeJIaTh BBIBOJ O TOM, YTO Ha MOCJICAYIOIIUX UTEPALUIX CUTYyallUusl HE U3MEHUTCS,
Y IIPOJOJIKATh MONBITKH BBIBOJIA TUIIOB CIEAYET IPEKPATHUTD.

OtmMmeTumMm, 41O MIPUBEICHHBIN AJITOPUTM 3aBepIIacTcs BBUY
OTPAaHUYEHHOCTH NEPErPYKEHHBIX BEPCUM MTOANIPOrPaAMM U aHAJIM3a COCTOSTHUM.

4.4 Peanu3zaumsi 3aMbIKaHMd NEpeMEHHbIX M3 BHEIIHEr0 KOHTEKCTa B

JAMOA2-BbIPAKEHUAX
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B nannowm pazzerne OyAyT onucaHbl JeTall peaanu3aliy 3aXBaTa MepeMeHHbIX
W3 BHEITHETO KOHTEKCTa B JIAMOJa-BhIpaXeHUAX. BHauane OyJeT maHo omucaHue
CTaJMi CEMaHTUYECKOro aHaiu3a JIIMOJa-BhIpaKEHM B mpolecce 0o0paboTKH
3aMmblkaHuil. Jlanee KaxAbli M3 STAllOB aHaluM3a OYJIEeT paccMOTpeH OoJee
noapo6no. Hakorer, OyayT mpuBeIeHB! MPUMEPHI, HILTIOCTPUPYIOIINE Pa3THIHbIC
BUJIbI 3aMbIKaHMM (3aXBaT JIOKAJBHBIX TEPEMEHHBIX, 3aXBaT MapaMeTPOB

HOJIIPOrpaMM, 3aXBaT IEPEMEHHOM LIUKJIOB for U foreach, 3aXBaT MOJIEH Kilacca).

4.4.1 Craagum ceMaAaHTHYeCKOT0 aHAJIU3A JIAMO/1a-BbIpa:KeHUil B npoiecce 00padoTKn
3aMbIKaHU I

B mpouecce peanmsaruu 3ambikanuii B s3bike PascalABC.NET aBTopom
JJAaHHOW paboThl ObUT pa3paboTaH MEXaHW3M, BKJIOYAIONIUMN B ce€0sl HECKOJBKO
CTaauil CEeMaHTHYECKOr0 aHajIu3a JIIMOJa-BhIpakeHUN. Bcero MoKHO BBIJEIUTH
TPHU ATana, Ha KaKJIOM M3 KOTOPBIX MOJrOTaBIMBAIOTCS JAaHHbBIC ISl BHITIOJHEHUS
CJIEYIOIIETO ATana:

e cOop uHdoOpMalIUK O 3aXBaThIBAEMBIX MEPEMEHHBIX, OINpPEJCICHUE U
3allOMUHAHUE KOHTEKCTa, B KOTOPOM Ta WJIM WHas MepeMEHHas
omucaHa. 371eCh YYMTHIBAETCS CiIy4yaid, KOT/Ia B OJJHOM M TOM K€
nAMO1a-BBIPAXKEHUHM  3aXBaThIBACTCS  HECKOJIBKO  IIEPEMEHHBIX,
OMMUCAaHHBIX Ha Pa3JIMUHBIX YPOBHSX (TJIOOATBHBI  YPOBEHb,
JOKAJIbHBIA  ypOBEHb, MapamMerp nOpoueaypsl u T.A.). Takxe
YUUTBHIBAETCSI CUTyalldsl, KOrjga OJHA M Ta K€ TepeMeHHas
3aXBaThIBAETCSI B HECKOJBKHUX JIAMOJA-BBIPAKCHUSX, KaXKI0€ U3
KOTOPBIX MOXET OBITh HCIIOJB30BAaHO B PA3JIMYHBIX BIIOKCHHBIX
0J0KaX U CMEKHBIX OJIOKAX;

® aHaNMM3 TIOJYYEHHOW Ha TMpeaplAyleM »drtarne HWHGOpMalUuu O
3aXBAUYCHHBIX TMEPEMEHHBIX MW TEHEepaludss Ha OCHOBaHWMU JTOMH
uH(pOpMAIIMM CUHTAKCUYECKUX CTPYKTYp, MPEACTaBIISIIOIIAE COOOM

KJIaCChl 1 MCTOAbI, COOTBCTCTBYIOINNUC 3aXBAYCHHBIM IMCPCMCHHBIM U
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AIMOAa-BhIpAXKEHUSIM.  OTH  CTPYKTYPhl ~ MCHOJB3YIOTCS  JUIS
MOAACPIKAHUS «KU3HW 3aXBAUYCHHBIX MEPEMEHHBIX, UTO MPOSIBISACTCS
B KOPPEKTHON 00paboTKe M COXpaHEHMHM 3HAYCHUH 3aXxBayCHHBIX
NEPEMEHHBIX U CCHIJIOUHOM IEJIOCTHOCTH;
e 00X0J MOJIYYCHHBIX HA MPEBITYIIEM Talle CHHTAKCHUECKUX CTPYKTYP
U 3aMEHa BCEX CCBhUIOK Ha 3axXxBay€HHBbIC INEpPEeMEHHBbIE U JsIMOpa-
BBIPKEHUS HA 00OpallleHuUs K MOJISIM U METOJIaM 3TUX CTPYKTYP.
Ha puc. 7 npencrapiieHa cxeMa BBINOJHEHUS TAHHOTO IUKJIA cTaguid. CMBbICI

BCCX HCIIOJB30BAHHBIX B CXCMC KJIaCCOB 6y,Z[GT 0OBsICHCH B IIEUIBHGfIIHI/IX pas3aciiax.

isyntax_tree visitor

: CapturedY ariables Q Q Q

SubstitutionsManager : CapturedVaridbles : CapturedVariables : CaptutedVariables

new (statementList) [ | TreeBuilder | SubstitutionClassGenerator  Substitutor

new

P

BuildTree(statementList)

capturedVariablesinfo

new (c apturedvafiableslnm]
GenerateSubstitutions (statementList)

variableSubstitutionsInfo
e

new tcaptured\fariétrleslnm: variabIeSuhstiiutinnslnfn]
Substitute(statementList)

Y

Puc. 7. Ctaguu ceMaHTHYECKOTO aHan3a JIIMO/1a-BbIpaKEHUN TIPU

00paboTKe 3aMbIKaHU I

4.4.2 Anaau3 u onpeaejceHue 3aXBaTbIBA€MbIX ITEPEMEHHBIX
JIist KoppekTHOM 00pabOTKH 3aXBaThIBAEMBIX NEPEMEHHBIX HEOO0XO0JHUMa
cienyromas nHhopManus 0 HUX:
® UM IEPEMEHHOM;
® TUII IEPEMEHHOM;

® KOHTCKCT, B KOTOPOM IIECPEMCHHAs OIMMCaHa,
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e uHpopManusg O JAMOIA-BRIPAKECHHSIX, KOTOPHIE 3aXBaTHIBAIOT
MePEMEHHYIO.

B cucreme mnporpammupoBanus PascalABC.NET cymectByer kiacc
SymbolInfo, XpaHSIIUI JaHHBIE, IEPEYUCIICHHBIC B IEPBHIX TPEX MyHKTAX BHIIIIE.
OT0 KJacc, OTHOCAIIUNCS K CEMAaHTUYECKUM CpEACTBaM aHaiu3a. Tak Kak JisaMO/a-
BBIPKEHMUSI, HE SBIISSACH OTACIBHBIMU CYIIHOCTSMH B IMOJTY4YeHHOU cOopke Ha IL-
KOJIe, B KOHEYHOM HTOT€ TMEPEBOASATCS B Yy3€]1 CEMAaHTHYECKOro JIepeBa,
MPEACTABIAIONIMN TUOO MOANPOTpaMMYy Ha IIOOATBHOM YPOBHE, JUOO METO.
KJlacca, TO €IWHCTBEHHBIM CIOCOOOM XpaHeHus uHpopManuu o JiaMOaa-
BBIPOKEHUSIX, 3aXBaTHIBAIOIIMX Ty WM HHYIO IMEPEMEHHYIO, SIBIISIETCS CITMCOK
CUHTAaKCHYECKHX Y3JIOB, TPECTABIISIONIAE 3TH JIMOAa-BeIpakeHus. Kpome Toro,
HEO0OXOJMMO 3HATh CHHTAKCHYECKHH y3eJl, B KOTOPOM Ta WJIM MHas TIEPeMCHHAs
orucana. [lomobnas mabopmaliis Hy>KHa Ha 3Tare 3aMEeHbl CCHUIOK Ha 3aXBaY€HHbIC
TIepeMEHHBIE.

I'pammaruka si3bika PascalABC.NET TakoBa, uTo mpu CO3aHHM MTPOrpamMm
MO3BOJISIETCSL  ONPENENATh OJOKM ONepaTopoB, OTPAHUYEHHBIE OINEPATOPHBIMU
CKOOKaMHu begin...end, KOTOpbI€, B CBOIO OYe€peab, MOTYT COAEpPKaTh B cede
BJIO)KCHHBIE OJIOKH. B KakqoM u3 3THX OJOKOB MOHO OIMCHIBATH JIOKAJBHEIC
nepeMeHHble. OJTH TIEPEMEHHBIC BIOCIEICTBUA MOTYT 3aXBaThIBAThCS BHYTPH
JIIMOIa-BBIPAKEHUH, KOTOPHIE TaKXKE MOTYT OBITH ONMMCAHbI Ha Pa3HBIX YPOBHSIX-
OJI0Kax.

C yd4eTroM acneKkToB, YKa3aHHBIX BBIIIE, HEOOXOIMMO OBLIO pa3paboTarh
TaKyl0 CTPYKTYpPy, KOTOpas, BO-TIEPBBIX, XpaHWIa OBl BCIO HEOOXOIUMYIO
uH(OPMAIUIO O 3aXBaThIBAEMBIX IMEPEMEHHBIX, W, BO-BTOPBIX, 3Ta MH(OpMaIus
ObL1a OBl CTPYKTYpUpPOBaHA B COOTBETCTBUU C MEpapXUEH BIOKEHHOCTH OJIOKOB U
JIPYTUX MMPOCTPAHCTB UMEH, TAaKHMX, KaK MPOIEAYPhl, GYHKIIUN U KIACCHI.

B cBsi3u ¢ 3TUM aBTOpOM JaHHOW pabOTHI OblIa pa3paboTaHa APEBOBUIHAS
CTPYKTYDa, y3JaMu KOTOPOM SIBIISTIOTCS OOBEKTHI KJlacca

CapturedVariablesTreeNode. DTOT KJacC SBISETCA aOCTPaKTHBIM 0a30BbIM
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KJIACCOM JiJIsl Habopa JPYruX KJIacCOB, KaXKIbI U3 KOTOPBIX COOTBETCTBYET OJHOMY
U3 CIIEYIOIINX MPOCTPAHCTB UMEH:

e (JIOK OIepaToOpOB, OTPAHUYECHHBIX begin. . .end;

® KJacc;

e moanporpaMma (poreaypa ik QyHKIHs);

® 3aroJIOBOK LIMKJIA for;

® 3aroJIOBOK LIMKJIA foreach;

® J1iMOJa-BhIpAXKEHUE.

Kaxx11p1i1 y3e1 AepeBa XpaHUT CCBUIKY Ha POJUTEIBCKUM y3€I1, CHUCOK CCBUIOK
Ha JI0YEpHUE Y3JIbl, CIIUCOK OOBEKTOB TUIA CapturedSymbolInfo, COJEPKALINX
MHPOpPMAIIMI0O O MEPEMEHHBIX, ONMHUCAHHBIX B JIaHHOM IPOCTPAHCTBE MMEH; 3Ta
uH(popManus yAOBIETBOPSET TpeOOBaHUAM, IPUBEICHHBIM B Hayajle TIJaBbl,
CCBUIKY Ha  y3€Jl  CHUHTAaKCUYECKOIO0  JIepeBa  MCXOJHOW  IPOrpaMMBI,
COOTBETCTBYIOIIMM JTaHHOMY Y3Jy OIIMCHIBAEMOM IPEBOBUAHOW CTPYKTYpBI, H,
HAKOHEL, CIIUCOK JIIMOa-BhIpaXKEHUM, OMIMCAHHBIX B JAHHOM MPOCTPAHCTBE UMEH.
ABTOp BbBIOpan MOAXOJ CO3/JaHUS OTHENBHOIO Kjacca JUIsl KaXJIOro TUIla
IIPOCTPAHCTB MMEH IIOTOMY, YTO O3TO MO3BOJSET HA MOCIEAYIOIIMX CTaIusX
CEMaHTUYECKOTO aHanu3a AudQepeHurpoBaTh pas3idyHble CIy4yad 3axBara
NEPEMEHHBIX: SBJIAECTCS JIM TEpPEMEHHas JIOKaJbHOM, MO0 oHa — (popManbHBIN
rapaMeTp MOANPOrpaMMBbl UJIH TI0JIE Kiacca.

B nynkte 4.1 nmanHOil paboThl OBLT PacCMOTPEH Kiacc WalkingVisitor,
KOTOPBIA SIBISIETCS OOXOAYMKOM CHHTAKCHUECKHUX JiepeBbeB. [[1s1 mocTpoeHus
JIPEBOBUAHOW CTPYKTYphI, cojepkamed uHGOpPMAIMI0O O 3aXBaThIBAEMbIX
MEepPEeMEHHBIX, OBUI pealn30BaH BUBUTOP CapturedVariablesTreeBuilder,
SIBJISTFOIITUIICST HACTICTHUKOM WalkingVisitor. Panee ObUIO cka3aHO, 4TO B clydae
HEO0OXOJAMMOCTHU MPHU CO3IaHUH HOBOTO BU3UTOPA MOXHO MEPEOIPEACIUTh CIIOCO0
00X0Zla HYXKHBIX Y3JI0OB, OCTAaBUB peajM3alUIi0 00X0Ja OCTalbHBIX Y3JIOB W3

WalkingVisitor. IMEHHO TakoW MOAXOJ W OBUT MPUMEHEH MpH pear3aluu
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CapturedvVariablesTreeBuilder. Cmoco0 o00xoga B 3TOM BH3UTOpE OBLI
HU3MCHCH IJIA CIACAYIOIINX Y3JI0B CHHTAKCHUYICCKOI'O ACPCBA:

e assign;

e dot node;

e foreach stmt;

e for node;

e function lambda definition;

e ident;

® new _expr;

e statement list;

e var def statement.

Ha BXOJ BHU3UTOPY IoaacTCsAa Yy3¢i CHHTAaKCHUYCCKOT'O ACPCBa
statement list - CIOHCOK OIEpaTOPOB, B KOTOPOM HE0OX0AMMO 00padboTaTh
3aXBaT MEPEMEHHBIX JIMOAa-BeIpakeHUsAMU. B Hadanme o0xona co3naercs KOpeHb
,HpCBOBHIIHOﬁ CTPYKTYPBI, U 3aIlyCKacTC:ia 06XOI[ OJHOI'0 3a APYIruM Y3JIOB-
OTIEpPaTOPOB.

371ech cleayeT OTMETUTD, UTO JIJIsl y00CTBA MOUCKA BCE Y3JIbI APEBOBUIHOM

CTPYKTYPBI 3aHOCSATCS B CJIOBAph
Dictionary<int, CapturedVariablesTreeNode>

__scopesCapturedVarsNodesDictionary;

Kirouom storo cmomaps sBisieTcss 1enoe 4uciao. CMBICH 3TOro 4mcia
cleayrmui. B npouecce CEMaHTUUECKOTO aHAIM3a KaXJ0€ IPOCTPAHCTBO UMEH B
PascalABC.NET cBs3bIBacTCsI C DOK3eMIUISIpOM Kjacca Scope, KOTOPBIH
UCIIOJIB3YeTCsl pU paboTe ¢ TabauLell CHMBOJIOB U KOTOPBIM COJIEPKUT JTaHHBIE O
IIEPEMEHHBIX, OIMCAHHBIX B 3TOM MPOCTPAHCTBE UMEH. KaXablii TaKOW IK3EMILISAP
MMEET YHHUKAJIBHBIN MOPAIKOBBIA HOMEp — Lejnoe 4ucio. MIMeHHO 3To 4uciio u
UCIIOJB3YETCSI B KAaueCTBE KIKOYa CIIOBApsA. 3HAYEHUEM DJIEMEHTOB CJIOBaps
SBJISIFOTCS Y3J1bI IPEBOBUIHON CTPYKTYPBHI.

B xone 06xoia CHHTaKCHYECKOTo MOAIepeBa statement 1ist MU aHAIIN3E

Y3JI0B THUIIA var def statement CO34a10TCA OK3CMILIAPBI KJ1acca
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CapturedSymbolInfo, B KOTOpble 3aHOCUTCA HWH(MOpMaIUs, OJHO3HAYHO
UACHTUGUIMPYIONIas IEPEMEHHbIE, ONIMCAHHBIE B 3TOM var def statement. JTa
uHpopMaIusl COACPKUT JaHHBbIE, MEPEUUCICHHBIE B Hayajle JaHHOIO pasena.
Jlanee BHOBB CO3/IaHHBIE K3EMIUIAPHI KiTacca CapturedSymbolInfo T00ABISIOTCS
B TEKyIUA CapturedVariablesTreeNode. Takum oOpa3om, cobupaercs
nH(popmaIus 000 BceX NMEPEMEHHBIX, OMMMCAHHBIX B JAHHOM TPOCTPAHCTBE WMEH,
npudeM d3Ta uH(OpMalus MpeAcTaBieHa B BUAE, YIOOHOM Ui JajbHEHIIeH
00paboTKH.
Crnenyer OTMETUTh, UTO IIPU 00XOJI€ 3arojJOBKOB LIMKJIOB for U foreach,
€CIM B HUX CO3JaEeTCs NMEpPEeMEHHas IMKJIAa, €€ TakKe HeoO0XOIUMO J00aBUThH B
CIIUCOK BCEX IEPEMEHHBIX, ONHUCAHHBIX B TEKYIIEM MOPOCTPAHCTBE HMMEH. ITO
JIeTIaeTCs B COOTBETCTBYIOIIUX METOIax 00xoAa.
OOpailieHre K MepeMEHHON x MOYKET IPOUCXOIUTh IBYMS CITOCOOAMHU:
® HEMOCPE/ICTBEHHOE OOpallleHue K JaHHOU EPEMEHHOM: x := 1;
e oOpaieHue K TIEPEMEHHOM uYepe3 pa3bIMEHOBAaHUE, €CJIM JTa
MEpEMEHHAsl UMEET THUII 3alUCU WK KJacca: x.a := 1.
B 06oux ciyqasix o0paiiieHust Ko BCeM IepeMeHHbIM (PUKCUPYIOTCS B CJIOBApe
Dictionary<SubstitutionKey, List<ident>> identsReferences.
ITosicauM cMbICcH THIIA SubstitutionKey. SubstitutionKey — 3TO KJIacc,
BBICTYIAIOIIMHI B KAUECTBE KJIK0YA B CIIOBape identsReferences. B 3TOM ciioBape
cobupaetcst nHGopmaIus 000 Bcex 0OpaIIeHUsIX KO BCEM MEPEMEHHBIM, KOTOPbHIE
MOTEHIIUAJIBHO BIIOCJIEACTBUU MOTYT IOJIBEPTHYTHCS 3aMeHaM Ha OOpalieHus K
CTPYKTypaM, TE€HEPUPYEMBIX Ha CIEAYIOLIEM JTalle aHajau3a 3aMbIKaHUM.
SubstitutionKey IpPEACTaBICH TPEMsI IOJISIMU:
e variableName: string - UM IIEPEMEHHOW, K KOTOPOW HJIET

oOpaireHue;
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® syntaxTreeNodeWhereVaribleIsDeclared:
syntax_tree node - CHHTAaKCUYECKHUH y3€l, B KOTOPOM OIKMCaHa
JTa IIEpEMEHHA;

® syntaxTreeUnderSubstitution: syntax tree node -
CUHTAaKCUYECKUHN Y3€Jl, COOTBETCTBYIOIIMN NPOCTPAHCTBY HMEH, B
KOTOPOM IIPOUCXOIUT OOpaIeHNEe K IEPEMEHHOM.

B wurore B cinoBape identsReferences OyAyT CIpyNIHpPOBaHbI BCE
oOpalieHusi KO BCEM IEPEMEHHBIM B COOTBETCTBUM C  IPU3HAKAMH,
MIEPEYUCIIEHHBIMU BBILIE.

Hanee, ecnu JaHHOE oOpallleHHE MPOMCXOAUT M3  MPOCTPAHCTBA MMEH
AIMOAa-BeIpaXKeHUs1, 3TOT (aKT (pUKCUpyeTcs A00aBIEHUEM TEKYIIEro JasMoOpaa-
BBIDQXKEHUA K  CHOUCKY  Referencinglambdas  JK3eMIUIApa  Kjacca
CapturedVarsSymbolInfo, COOTBETCTBYIOIIErO 3aXBaTbIBAEMOW NEepeMeHHOU. B
CBOIO OYEpEb B y3€i JIMOJa-BbIpaKEHUs 3alIMChIBAETCA HH(POPMALIUS O TOM, YTO
3TO JISIMO1a-BhIpAXKEHNE 3aXBAaTUIIO KOHKPETHYIO IEPEMEHHYIO.

B pe3ynbrate 00Xoaa cnucka onepaTopoB U3 y3ila statement list OyAeT
MOCTPOEHO JIEPEBO, COAEp Kallee MOTHYI0 MHPOpMALHIO 000 BCEX NMEPEMEHHBIX,
OOBSBJICHHBIX B MPEJENax 3TOr0 y3ia, KOHTEKCTE, B KOTOPOM OHHM OMNHCAHbI, BCEX
oOpallleHUsIX K 3TUM NEPEMEHHBIM, MECTaM B KOJE, U3 KOTOPBIX 3TH OOpalleHUs
npoucxondr. JlaHHas CTpykTypa MepenaeTcsi Ha CIEAYIOIUNA 3Tarn 00padoTKH,
KOTOpBI OyJeT OomHMcaH B CIEAYIOIIEM pasjene. 3/4ech IMPUBEIAEM IpUMEp
IIOCTPOECHUS JIPEBOBUAHON CTPYKTYpBI I IpocTOoW mporpammsel. Ha puc. 8
MpUBEJACH MCXOAHBIM TEKCT mporpamMmbl. Ha puc. 9. m3o0pakeHo nepeso,

IMOCTPOCHHOC B COOTBCTCTBHUHU C AJITOPUTMOM, ITPUBCACHHBLIM BBIIIIC.

procedure pr(a: integer);

begin
var b: integer := 2;
begin
var c: integer := 3;
begin

var d: integer := 4;
writeln (Seq(1l,2,3,4).Select(x -> x + a + b + d));
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*

d += 1;

a 2;

writeln
end;

end;

begin
writeln (Range(l, 10).Select(x -> x + a + b));
writeln(a);

(d);

end;
end;
begin
pr(5);
end.
Puc. 8. [Ipumep nporpamMmsl ¢ 3aMbIKaHUSIMU
“ CapturedVariablesTreeNodeProcedureScope
a: integer
e
H L 4 “u .
= CapturedVariablesTreeNodéBlockScope
/ brinteger
= CapturedVariables TreeNodeBlockScope = CapturedVariablesTreeNodeBlockScope
c: integer ¥ -> x + a + b

¥ :

= CapturedVariables TreeNodeBlockScope

d:integer x -> x + & + B + g

Puc.9. [lepeBo 3aXBau€HHBIX MEPEMEHHBIX

4.4.3 locTpoeHue BCIOMOIaTe/IbHbIX CHHTAKCHYECKHX CTPYKTYP Ha OCHOBE JaHHBIX,

MOJYYECHHBIX B pe3yJibTaTe aHa/Inu3a 3aXBaTbIBACMbIX NEPEMEHHBIX

JIpeBOBHIHAS CTPYKTypa, MOCTPOCHHAs HA MPEABIAYLIEM 3Tare, SBISIETCS
BXOAHBIMU JIAaHHBIMHM JUIA ciexyromero osrama. Llens Bropon craguu a”anusa

COCTOMT B TOM, YTOOBI MO y3J1aM 3TOrO JI€peBa Cr€HEpPUpPOBaTh HAOOpP KIIACCOB,
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MOJISIMU KOTOPBIX CTaHYT 3aXBaYC€HHbBIC paHee NIEpEeMEHHbIE B JIIMO1a-BbIpAXKCHUSIX,
a METO/IaMU — TeJla 3TUX JIIMO/1a-BbIPAKEHHI.

UToOBl Jyulie MOHATH CMBICH ATUX JEHCTBUN, PaCCMOTPUM CIIETYIONIYIO
cutyanuio. [Tycts nsimMO1a-BeIpakeHre OYIET 3aXBaThIBATh BHEITHIOIO IEPEMEHHYIO
TUTIA-3HAYCHHUSA, U BPEeMs >KU3HU 3TOTO JSIMOa-BhIpakeHHsI OyAeT MPEBOCXOAUTH
BpeMsl J)KM3HU MEPEMEHHBIX B CTEKE. DTOr0 MPOCTO JOOUTHCS IMMyTEM BO3BpAICHUS
JeneraTa, CChUIAIONIETOCsl Ha JsIMOJa-BhIpaXEHHE, JIMOO COXPAaHEHUS ATOTO

Jienierata B KauecTBe 1o kiacca. Paccmorpum npumep (cM. mpumep 11):

function CreateAction(): System.Action;
begin
var count := 0;
result := procedure () -> begin
count += 1;
writeln('Count = ', count);
end;
end;
begin
var action := CreateAction();
action () ;
action () ;
end.
[Tpumep 11.

PCSYJ'II::TaTBI BBITTIOJIHCHUA IIPOTrpaMMBI:

Count =1
Count = 2

MoskeT mokasarbcsi, 4TO MepeMEHHas count pPaclojaraercs B creke QyHKIuu
CreateAction, HO BBI30B JelieraTta OyJeT OCYIIECTBIATHCS TOCIE 3aBEPIICHHUS
BBITIOJIHEHUS DTOTO METOJa, M3 Yero CleAyeT, YTO count OYJIET YHUYTOXKEHA
paHbIlle, 4eM BBITIOJHUTCS penerar. Ha camom e nene B creke GyHKIHUA
CreateAction NEPEMEHHOM count HET. BMECTO 3TOro co3maeTcss aHOHUMHBIN
KJIACC C OTKPBITBIM IOJIEM U CO3AETCSA METO/I, TEJIO KOTOPOTrO COOTBETCTBYET TEILY

OOBSBIIEHHOTO MOJB30BaTENIEM JISIMO1a-BbIpaXKEHHS. DTO CIIOCOOCTBYET TOMY, UTO
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BHEIIIHE TeMNepb KaKETCs, YTO MEpPEMEHHasi count «KUBET» BHE CTeKa (yHKUIUU
CreateAction.

B paznene 1.3 npoBoausioch cpaBHEHHE peanu3aluil JIsiMO1a-BbIpaKEHUN U
3axBaTa TEPEMEHHBIX W3 BHEIIHETO KOHTEeKcTa B s3bikax C++ u C#. Ilpm
peanu3anuu JsMOga-Beipaxkenuii B s3bike PascalABC.NET Obu1 3auMcTBOBaH
noaxon sizbika C#, Tak Kak, M0 MHEHHIO aBTOPa JIaHHOM pabOThl, OH BRIMTPHIBAET I10
CpaBHEHUIO C s3bIkOM C++ 1o psgy npudwH. Bo-TiepBBIX, CHHTaKcHC JIIMOa-
BBIPOKEHUI BBIMISIAUT OoJiee TakoHWYHO B C# B cilyyae 3aMbIKaHUI — HE HYKHO
yKa3bIBaTh CITUCOK 3aXBaTa, Kak 3To jaenaercs B C++, KOMOWIATOP caM OIMpPEIeIuT
3axBaueHHbIe TiepeMeHHble. Bo-Bropeix, u C#, u PascalABC.NET ssusroTcs
kommuisitopamu  noj  twiargopmy  .NET, rme He  moanepkuBaroTcs
byHKIIHOHATBHBIE 00BEKTHI, TO00HBIE C++. [ToaTOMY TIpeACTaBISICTCS JIOTHIHBIM
npu peanusaiuu  JaMOaa-Beipakennin B PasCalABC.NET onwmpaTthes Ha
ocobennoctn miargopmel .NET, roe s nomnepxku nsMOAa-BbIpaXEHUH U
3aMBIKaHUH TEHEPUPYIOTCSI BCIOMOTATEIbHBIEC KJIACCH M METO/IBI.

PaccmoTpum Teneps Ko, KOTOPBIM Oy/leT TeHepupoBaThCS KOMIMISITOPOM
s ipumepa 11. Ko mpeacrasnen (M. mpumep 12) Ha si3pike C#, Tak Kak MOTy4eH
B pe3yibTaTre jauszacceMOiupoBaHus cOopku Ha |L-xome cmenuanbHBIM
UHCTPYMEHTOM.

B npumepax ganee ko, reHEPUPYEMBIN B pPE3yIbTaTe KOMITUJISAIIUNHN JIMO1a-
BBIPKEHMI, OYJIeT Takke mpuBezieH Ha si3bike C#. CriennanbHbIe cliydyand 3axBarta
MIEPEMEHHBIX, TAKUX KaK MIEPEMEHHBIC IMKJIA M TIOJIS Kjlacca OyAyT pacCMOTPEHBI B

pazgene «4.4.5 CneunanbHbIE Cly4au 3aXBaTa IEPEMEHHBIX).

public class <>local variables class 0
{
public int32 count;
public void <>lambdal ()
{
this.count = (this.count + 1);
PABCSystem.PABCSystem.writeln
("Count =", (int) (this.count));
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public class Program

{

public static Action CreateAction|()

{
<>local variables class 0
<>local variables class 01 =
new Programl32.<>local variables class 0();

<>local variables class Ol.count = 0;

return
new Action (<>local variables class 0l.<>lambdal) ;

public static void Main ()

{

Action actionl Program.CreateAction() ;

actionl.Invoke () ;
actionl.Invoke ()

[Tpumep 12.

Kak BumHo w3 mpumepa 12, KOMIOWIATOp TEHEPUPYET  Kiacc
<>local variables class 0, Kyga »OOMEIIACT TIIOJIE count H METOL
<>lambda 1. MIMeHa CreHepMpOBaHHOIO Kjacca U METOJA UMEIT TaKOW BHJ JJIS
TOTO, 4TOOBI 00ECTIEUYUTh OTCYTCTBUE KOH(PIUKTOB UMEH, MMOCKOJIBKY MOJIb30BaTEIb
CaMOCTOATENILHO HE CMOXKET CO3/aTh KJIACC WM METOJ, UMEHAa KOTOPBhIX OyayT
coaepkaTb CUMBOJIBI "'<>". Takxke CTOUT OTMETUTD, YTO MEPEMEHHOM count B CTEKE
Tenepb HeT. BMecTo Hee co3maeTcst 00BEKT Kilacca <>local variables class 0
U UCTIOJIb3YETCS €T0 MoJie count. B pe3ynbrare nepeMeHHasi count 3HaUMMOTO TUIIA
pacrojaraeTcs He B CTeKe, a B YIIpaBJIIeMOU Kyue, U He OyAeT coOpaHa COOpPITUKOM
Mycopa J0 TeX Mop, Mmoka OyAyT OCTaBaThCS CCHUIKM Ha JeJierar, CO3/IaHHBIN
byHKUMEN CreateAction.

Tenepb, Korjga sICEH CMBICT TE€HEpallUM BCIIOMOTATEIbHBIX CTPYKTYP,

BEPHEMCS K pACCMOTPEHUIO BTOPOM CTaAuK 00pabOTKU 3aMbIKaHUH.
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JUis  reHepanMM  KJIACCOB M MHOXECTBA CHHTAKCHYECKUX  Y3JIOB,
NPECTaBISIIONINE COOOM 3aMEHbl 3aXBAaYCHHBIX MEPEMEHHBIX ObUT pa3paboTaH
KJIacCc CapturedVariablesSubstitutionClassGenerator. Ha Bxoxg emy
IIOJACTCA APEBOBUIHAA CTPYKTypa, IIOJy4E€HHass Ha I[EPBOM JTale aHaIW3a u
KoTopass Obula oOmucaHa B TIpeablAylleM pasgene. Jlagee B MeTone
VisitTreeAndBuildClassDefinitions OpPraHHM3yeTCs PEKYPCUBHBIH 00XOJ TIO
y3J1aM 3TOH JPEBOBUIHON CTPYKTYPBHI, B pe3yJIbTaTe KOTOPOT0o 00pabaThIBalOTCS BCe
IIEPEMEHHBIE, OIIMCAHHBIE B PACCMATPUBACMOM IPOCTPAHCTBE UMEH U 3aXBAYCHHBIE
X0Ts Obl OJHUM JsAMOAa-BelpakeHMeM. (OOpaboTKa KaXIOH 3aXBauyeHHOU
NEPEMEHHON BEJETCS B METOJIE VisitCapturedvar. Ha puc. 10 npuBenen oomuii

aNrOpuT™M 00paOOTKH 3aXBaYCHHBIX MTEPEMEHHBIX.

void VisitTreeAndBuildClassDefinitions
(CapturedVariablesTreeNode currentNode)

1. variablesFromThisScopeWhichWereCaptured :=
BribpaTbBce3axBaueHHEHenepeMeHHBEeN3 (currentNode)

2. Ecnu
variablesFromThisScopeWhichWereCaptured.KommuecTro > 0 TO

_capturedVarsClassDefs.CrenepupoBaTbKiacc
Onallpocrpancreallvenl IoBaBUTE
[lona3axpadeHHEelepeMeHHEE
(currentNode, variablesFromThisScopeWhichWereCaptured)

InaBcex capturedVar wus
variablesFromThisScopeWhichWereCaptured memnaThb

VisitCapturedVar (currentNode, capturedVar)

3. IOnaBcex childNode u3 currentNode.JlouepHMeY3JE IeJlaTh
VisitTreeAndBuildClassDefinitions (childNode)

Puc. 10. Anroputm 00paboTKH 3aXBaUCHHBIX EPEMEHHBIX

4. Ecam
variablesFromThisScopeWhichWereCaptured.KommuecTro > 0 TO
InaBcex var us3
variablesFromThisScopeWhichWereCaptured mesaThb
IOnsaBcex childNode m3 currentNode.JlouepHUEY3JH OeJlaThb
RewriteReferencesForNodesThatAreChildNodes
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ToThoseThatContainCapturedvVariable
(childNode, wvar.name,
var.SyntaxTreeNodeWithVarDeclaration)

Puc. 10. Anroputm 00paboTKH 3aXBa4CHHBIX MIEPEMEHHBIX (OKOHUYAHNE)

3nech capturedvVarsClassDefs —3TO KOJUIEKIHUS BCEX CTEHEPUPOBAHHBIX
CMHTAKCHMYCCKHUX Yy3JI0B KJIACCOB JJIs1 MPOCTPAHCTB MMECH.

Bce maru anroputma, kpome miara 4, He HYXKJAIOTCS B JOTOJHUTEIbHBIX
KoMMeHTapusx. CMbIci mara 4 6yeT oObsSICHEH MO3Ke.

[Ipexne yem nepexoIuTh K OMMCAHUIO AITOPUTMA, PEATM3YEMOTO B METO/JIE
VisitCapturedvar, KOTOpBIﬁ ABJEICTCA KIIIOYCBBIM Ha AJAHHOM JTallC aHaJInu3a
3daXBa4YCHHBIX IICPCMCHHBIX, IIPUBCACM HCKOTOPBIC BCIIOMOI'aTCIIbHBIC (I)aKTBI.

[Ipu 06xoxe APEBOBUAHON CTPYKTYpBI, O KOTOPOH TOBOPUIIOCH paHee, s
KaXXJ0Tr0 Yy3Jjilda, OTBCHAIOMICTO KOHKPCTHOMY IIPOCTPAHCTBY HWMCH, CTAaBUTCA B
COOTBCTCTBHEC DJK3CMILLIP KJacca ScopeClassDefinition. DTO 3HAYMUT, YTO
KOKJIOMY aHAIU3UPYEMOMY MPOCTPAHCTBY HMEH, Oyap TO OJIOK OIEepaTopoB,
MOAIIPOrpaMMa WM LUK, TCHEPUPYETCAI CUHTAKCUYECKHUM y3€Jl, PEICTaBIIOIINN
kiacc. Kaxaplil sk3eMIusip Kiacca ScopeClassDefinition XpaHUT CIEAYIOLIYIO

UH(pOpMaIHIO:

1. mone ClassDeclaration THUIIA type declaration. 910
TEHEPUPYEMBIN CUHTAKCUYECKHUM Y3€ENI-KIIacC;

2. 1ojJie CorrespondingSyntaxTreeNode THIA syntax tree node.
CooTBeTcTBYET CHUHTaKCUYECKOMY y31y, OIPEACIAIOIIEMY
IpOCTPAaHCTBO HMCH, C KOTOPBIM I[aHHI)If/'I OK3CMILIAAP KJiacCa
ScopeClassDefinition COMMOCTABIISICTCS;

3. moje GeneratedSubstitutingFieldName — HMS TI€PEMEHHOMH,
KOTOpas BIOCICACTBUU 6y21€T HCIIOJB30BATLCA JIA T CHCpalUu

CUHTaKCHYECKOTO y3JIa ONUCaHusI IepeMeHHo. Takum obpazom, Oyaer
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I'CHCPHUPOBATLCA Yy3¢i1 OIIKnCaHusAa HCpCMGHHOﬁ THUIIA
ClassDeclaration C UMEHEM GeneratedSubstitutingFieldName,

4. mojne GeneratedUpperClassFieldName — UMS HepeMeHHOﬁ-CCBIHKH
Ha OOBEKT IreHCpUupyecMoro Kiacca, CBA3AHHOIO C IMPOCTPAHCTBOM
HMCH, ABJHAIOMIMMCA HCIIOCPCACTBCHHBIM POAUTCICM TCKYIICTO
IMPOCTPpaHCTBA UMCH. 9T10 10JIE BaHGﬁCTBOBaHO B TOM CJIy4ac, Koraa B
OTHOM W TOM XK€ JISIMOIa-BBIPQKCHUHM 3aXBaThIBAETCS HECKOJIBKO
IICPCMCHHBIX, KaKIasd M3 KOTOPBIX OIIMCdHA B CBOCM IIPOCTPAHCTBC
uMmeH. Torma, 4toObl 00ECHeYuTh IEJIOCTHOCTh CCBUJIOK, KOTOpas
3aKJII0YaeTCsI B TOM, 4YTO JUJII OJHOM M TOM K€ 3axBauCHHOMU
HGpCMGHHOﬁ HE CO34a€TCA HECKOJIBKO HOHGﬁ, IMpUHAAJICKAIIUX
pa3HBIM CIrC€HCpPHUPOBAHHBIM KJjaccaM, M 4YTO Ha pPAa3HbIX YPOBHIX-
0JIOKax 3aMeHa O6paHl€HHﬁ K 3THM 3aXBAaYCHHBLIM IICPCMCHHBIM
MPOUCXOJIUT KOPPEKTHBIM 00pa3oM, C POJUTEIIbCKUX MPOCTPAHCTB
HMCH IIO MCIIOYKE TIICpCaAarOTCA CCbUIKHM Ha OOBEKTHI KJIACCOB
CIrCHCPHUPOBAHHBIX KJIACCOB HA JOYECPHHE,

5. mone GeneratedVarStatementForScope THIA var statement.
[IpencraBisier  coOoil  y3en  OMUCAHUS  MEPEMEHHOW  TUma
ClassDeclaration c NMCHEM
GeneratedSubstitutingFieldName, 0 KOTOPOU TOBOPUTCS B IIYHKTE
3;

6. moiue AssignNodeForUpperClassFieldInitialization TUIIA
assign. Mcnonp3yeTcs Iis mepeiayu CChUIOK, O KOTOPBIX TOBOPHUTCS

B ITYHKTE 4.

Ileperinem Teneppr K ONUCAHUIO AITOPUTMA, PEATU3YEMOTO B METOJE
VisitCapturedvar. @OpMaabHOE ONMUCAHUE AITOPUTMA NPUBEACHO Ha puc.ll.
HekoTopple acmekTsl anroputma, TpeOyrONue TOTOJHUTEIBHBIX OOBSICHEHUH,

OyIyT MIPOKOMMEHTUPOBAHbI HUXKE.
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void VisitCapturedVar (CapturedVariablesTreeNode scope,
CapturedvVariablesTreeNode.CapturedSymbolInfo symbolInfo)
varName := IonyuurslMallepemerHHoM (symbolInfo)
Ouxsn ot k := 0 mo symbolInfo
.Konmmuecrro3axBaTeBalMxllepeMeHHYIJIAMOO IejlaThb
referencingLambda :=
symbolInfo.3axBaTeBanmmellepeMenuyJlamMonr [ k]
Ecim scope != referencinglLambda.PoouresnbCckumny3ses TO
upperScopeStack := BoumcanrTbllyTeOTY3nallamboeloY3sa
(referencingLambda, scope)
upperScopeWhereVarsAreCaptured := scope
upperScopeWhereVarsAreCapturedClass :=
_capturedVarsClassDefs [upperScopeWhereVarsAreCaptured]
.ClassDeclaration
substKey := CozparpKiouyszna3aMeHH
(varName, symbolInfo, scope)
Ecium He substitutions.ComepxurKiou (substKey) To
_substitutions.Breunucanurello6aBuUTh
Y3en3ameHelnaKmoua (substKey)
[loka He upperScopeStack.llycT nenars
foundScopeWhereVarsWereCaptured := JIOXb
[loka He upperScopeStack.llycT m He
foundScopeWhereVarsWereCaptured mesnaThb
Ecnim upperScopeStack.Peek ()
.Comepxmnur3axpadyeHHuellepeMeHHEIEe OeJlaTh

foundScopeWhereVarsWereCaptured := mcTuHa
Nuaue
curScope := upperScopeStack.Pop ()
substKey := CozparpKiouyszma3aMeHH
(varName, symbolInfo, curScope)
Ecim upperScopeWhereVarsAreCaptured != scope To
dotnode :=

Bruncnmurey3en3aMeHECYUeTOoM

[lepenaunCcreIOKCBepxXxHETOYPOBHA

HaHwmxuue

(upperScopeWhereVarsAreCaptured, scope, varName)
Nuaue

dotnode :=

CosmaTby3es3aMeHH

(upperScopeWhereVarsAreCaptured, varName)

Puc. 11. Anroput™ VisitCapturedvar

Ecim He substitutions.ComepxurKiou (substKey) To
_substitutions.
IobaBuThY3en3amernu/lnaKmoua (substKey, dotnode)
Eciu foundScopeWhereVarsWereCaptured To
nextNodeWhereVarsAreCaptured := upperScopeStack.Pop()
Ecnum He capturedVarsClassDefs
.Comepxut
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Knacclnga (nextNodeWhereVarsAreCaptured) To
nextNodeWhereVarsAreCapturedClass :=
CozpmarvKnacclnsa (nextNodeWhereVarsAreCaptured)

_capturedVarsClassDefs

.JobaBuTth (nextNodeWhereVarsAreCapturedClass)
Ecim capturedVarsClassDefs
[nextNodeWhereVarsAreCaptured] .
AssignNodeForUpperClassFieldInitialization==null ToO

field :=

CospmarsllonelnaXpaHneHACCEIIKU

HaOfwvekTKinaccaBepxHerollpocTpaHcTBallMeH

(upperScopeWhereVarsAreCapturedClass,

nextNodeWhereVarsAreCaptured)
nextNodeWhereVarsAreCapturedClass.

IHDobaBurnwllose (field)

_capturedVarsClassDefs
[nextNodeWhereVarsAreCaptured] .
AssignNodeForUpperClassFieldInitialization =

CosparvysenllpucBanpaumnalnallonaXpaHeHUMACCEIIKM
HaObbwexTKinnaccaBepxHerollpocTpaHcTeallveH
(upperScopeWhereVarsAreCaptured,
nextNodeWhereVarsAreCaptured)
substKey := CozparbKiouyYszia3aMeHH
(varName, symbolInfo, nextNodeWhereVarsAreCaptured)
dot :=

BriumcamnTeyY3ey3aMeHBICYUueToM

[lepenaunCceIOKCBepxHEeTOYPOBHA

HaHwuxuue

(nextNodeWhereVarsAreCaptured, scope, varName)
Ecium He substitutions.ComepxurKiou (substKey) To

_substitutions.

IobaBuTerY3en3amernelnaKmoua (substKey, dot)
upperScopeWhereVarsAreCaptured :=

nextNodeWhereVarsAreCaptured
upperScopeWhereVarsAreCapturedClass :=

_capturedVarsClassDefs

[upperScopeWhereVarsAreCaptured]

dotnodel :=
CoopMmpoBaTeyY3en3aMeHnslnallpocTpalncTealiMeHIIaMOOE
(upperScopeWhereVarsAreCaptured, varName)

Puc. 11. Anroputm VisitCapturedvar (IpOdOKEHHE)

AddReferencesToldentInLambda
(referencinglLambda, varName, symbolInfo,dotnodel);
referencingLambda
.ScopeIndexOfClassWherelLambdaWillBeAddedAsMethod :=
BrruncamrbeuaekcKnaccaBKoTopemliambaaBynerlobaBjeHa
KaxMeron (upperScopeWhereVarsAreCaptured)



52

Nuaue
Ecium He capturedVarsClassDefs.ConepxurKnacclna
(scope) TO
cl := CospmatsKnacclng (scope)
_capturedVarsClassDefs.Jobasure (Ccl)
substKey := CozparbKiouyYszia3aMeHH
(varName, symbolInfo, scope)
Ecim He substitutions.ComepxurKimou (substKey) To
_substitutions.Breuncanurs/JoOaBUTE
Y3en3amenu/naKimoua (substKey)
referencingLambda
.ScopeIndexOfClassWhereLambdaWillBeAddedAsMethod :=
BoumcnurelunexkcKnaccaBKoropemilambonaBynerJobaBieHa
KaxMeTon (scope)
Ecam He
_lambdasToBeAddedAsMethods.Comepxut (referencingLambda) To
_lambdasToBeAddedAsMethods.Jo6asutrk (referencingLambda)

Puc. 11. Anroput™m VisitCapturedvar (OKOHUYAHUE)

PaCCMOTpHM HCKOTOPLBIC MOMCHTHEI aJiropuTMma. ITone
_capturedVarsClassDefs — OTO KOJUICKIHA BCE€X CICHCPUPOBAHHBIX
CUHTAaKCUYECKUX VY3JIOB KJIAcCOB JUIi MNPOCTPAHCTB HMEH. 3JIECh IO Mepe
HEOOXOJIMMOCTH COXPaHSIOTCS BCE BHOBb CIrCHEPUPOBAHHBIC KJIACChl IS
IIPOCTPAHCTB UMEH. B KOJUIEKIMKU _substitutions XpaHATCS BCE CHHTAKCUYECKUE
y3Jbl 3aME€Hbl AJIs1 3aXBAauCHHBIX MEPEMCHHBIX, pacHpeICICHHbIC II0 KJIIoYam
3amenbl. Kirou 3aMCHBbI, KaK TOBOPHJIOCH paHEC, NPCACTABJICH 00BEeKTaMHU KJ1acca
SubstitutionKey. llone lambdasToBeAddedAsMethods XpaHUT BCE Y3JIb
MO Aa-BBIPAKEHUHN, KOTOPBIE BIIOCIEICTBUN OyIyT 100aBIEHBI KAaK METOJ B OJIUH
U3 CTEHEPUPOBAHHBIX Ki1accoB. K kakoMy UMEHHO Kiiaccy OyAeT 100aBiIeHO TO UITU
WHOE JsIMOJIa-BhIpAXKEHUE, BBIUMCIACTCS OTACIbHO, U OOHOBJICHHOE 3HAYEHUE
3aIMCHIBAETCS B CBOMCTBO
ScopelIndexOfClassWherelLambdaWillBeAddedAsMethod.

Metog AddReferencesToIdentInLambda BBI3BIBACTCS I TOTO, YTOOBI
100aBUTh 3aMEHbI Ha OOpAIllCHHUSI K 3aXBaUYCHHBIM MEPEMEHHBIM B MPOCTPAHCTBE
MMEH JIIMOJa-BBIPAKECHUHM, TaK Kak BHUJ 3aME€H BHYTPH JISIMOAa-BbIpaKeHUMU

HCCKOJIBKO OTJIMYAacCTCA OT BHAA 3aMCH B POAUTCIIbCKHX IIO OTHOHICHHWIO K HHM
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MPOCTPAHCTBAX MMEH. JTOT METOJI PEKYPCUBHO BBI3bIBACTCS ISl BCEX NOYEPHHUX
MPOCTPAHCTB UMEH JIAMO1a-BhIPAKCHUI.

Bepuemcst k oObsicHenuto 1mara 4 anroputmMa Ha puc. 10. Meroa

RewriteReferencesForNodesThatAreChildNodesToThoseThatContainCapt
uredVariable BBI3BIBACTCI JId BCEX JOYCPHUX Y3JIOB IIPOCTPAHCTB HMMCH, B
KOTOPBIX ObUIM 3axXBadeHBI IICPCMCHHBIC. I[CJI&CTCSI 9TO IIOTOMY, 4YTO MOKCT

BO3HHUKHYTh CUTyallUs1, M300pakeHHas B mpumepe 13.

begin
var a := 1;
begin
a += 1;
writeln (a);
end;
Seqg(l,2,3).Select(x -> x + a).Print();
end.

[Ipumep 13.

3nech uMmeetcs OJIOK, B KOTOPOM OINKCaHA MEepeMEHHas a, U JOYEPHUU TI0
OTHOIIICHUIO K HEMYy OJIOK, B KOTOPOM MMEETCS CChUIKAa Ha MEPEeMEHHYI0 a. [Ipu
00paboTKe 3aXBaU€HHOW MEPEMEHHOM a B METOJE VisitCapturedVar OyayT
oOpaboTaHbl JHIIb OOpalleHHs] K TMEepPEeMEHHOW a, OTHOCSUIMECS K JTOMY
poauTenbckoMy 070Ky. OHAKO A7 TOMyYeHUsT KOPPEKTHOM MpOTpaMMbl TOJIKHBI
OBbITh 3aMEHEHBI 6Ce CCHUIKHM Ha MEPEMEHHYIO a, B TOM YHCJIE U B JOUepHEM OJIOKe.

DTOM 3amadeil u 3aHuMaeTca mar 4 anroputMma u3 puc. 10 mpu BeI30BE MeTOIa

RewriteReferencesForNodesThatAreChildNodesToThoseThatContainCapt

uredVariable.

4.4.4 TIpeodpa3oBaHusi y3J0B CHHTAKCHYECKOTO JiepeBa B pe3yJbTaTe 3aMbIKAHU I

3nech OyaeT omMcaH TPEeTUM W TOCJIEIHMM HSTal aHajlv3a 3aXxBauyCHHBIX

IICPCMCHHBEIX B J'IHM6I[3'BBIpa)KCHI/I$IX, a HMCHHO O6XOI[ CICHCPHUPOBAHHLBIX Ha
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npeaplAymeM O3TallC CHHTAKCHYCCKHX CTPYKTYp H 3aMCHA BCCX CCBLUIOK Ha

3aXBA4YCHHBIC IICPCMCHHBIC.

4.4.4.1 NodesGenerator u ero mogudukanuu B cBs3u ¢ BBenenumem B PascalABC.NET

3aMbIKaHUMI

[Mpu pa3zpabotke xommuistopa PascalABC.NET wucnonb3yercs Habop
YTUIUT, Kaxaas M3 KOTOPBIX NpHU3BaHA aBTOMATU3UPOBATh BBINOJIHEHHE
KOHKpeTHOU 3amauu. OaHou u3 Takux yruauT ssisiercss NodesGenerator.

NodesGenerator — mpuiokeHue ¢ rpaduyeckuM HHTEpdercoM, KOTOpoe
MO3BOJIAET CO3/1aBaTh HOBBIE WM U3MEHATH YXE CYIIECTBYIOLIUE OMNPEICIICHUs
y3JI0B CHHTaKCHUYECKOTO AepeBa. OmpenencHus y3JI0B MPeaCTaBIsaioT coboit Habop
NOJy3710B M METOJIOB TOTO WM HHOTO y3jJa. YTWINTAa MMEET BHEIIHUN BHI,

M300paKeHHbIN Ha puc. 12.
ol tree - SyNerator | B i)

®aiin  lMpaeka Ysne  Bwg  Hacrpoim  Komanger  Cnpaska

feHdEH & O

General

OusscTuTe PUnbTp

Tonkko BuAENeHHEE

Toneko npegku

Vansi: Copepxcvnios y3snoa:
[+ 2R & 48 Y Mpemetms Wma yzna |fund|nn_|amhda_dahmtlnn
exception_handler - Mepesarpysums Ea3oBulii knace: |axpresswon
exception_handler_list T e a—
exception_ident s DD @&
expression ident_list idenc_list: -
exPr999!°”_3_5_Sla‘emem type_definition return_type:
expressluq_llsl_ formal parameters formal parameters:
external_directive statement proc_body:
- - procedure efinition proc efinition; -
file_type ] [ dure_definiti _definiti
file_type_definition il = ’
for_node
foreach stmt CnpaBoyHan HHEROPMBLIKA
formal_parameters
format_expr

function_header
function_lambda_call
e Tern
gel_address Grucarmn
goto_statement
hex_constant

ident

ident_list
ident_with_templateparams
if_node
implementation_node

.............

lall - function lambda definition -> expression -> statement -> declaration -> syntax tree node

Puc.12. Yrunura NodesGenerator

B cBs3u ¢ BBenenuem B PascalABC.NET moiep:kku 3axBaTa epeMEHHBIX B
asimOa-Beipakenusx NodesGenerator mperepres HEKOTOpbIe HW3MEHCHHS. A
WMEHHO ObLT 100aBJIEH KOJI, KOTOPBIH /TSI KJIACCOB KAXKJOTO CHHTAKCUYECKOTO y3Jia

reHepUpYeT:
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® subnodes count: int —KOJHYECTBO BCEX MOAY3JIOB JAHHOIO Yy3JIa,

® UHJEKCaTop, MO3BOJIIOITU I 00paTUThCs 1o UHJIEKCY,
IPEICTaBIICHHOMY LI€JIBIM YKCIIOM, K JII00OMY MOAY3Jy IaHHOTO y3J1a.

CrnenyeT OTMETHUTBh, YTO €CJIM y3€Jl UMEET MOy3JIbl, TUIl KOTOPBIX — CIUCOK,

TO KaXIbIil 3JEMEHT TaKOro MOoAy3Jla CUMTAETCS Takke moay3ioM. CBOWCTBO

subnodes count M HHACKCATOP 3TO YUYHUTHIBAIOT.

B mpumepe 14 nmnpuBeneH CreHEepHpOBaHHBIM  Kjacc I y3Jia

expression list.

public class expression list : expression
{

protected List<expression> expressions =

new List<expression>();
public override Int32 subnodes count

{
get
{

return 1 +
(expressions == null ? 0 : expressions.Count);

}
public override object this[Int32 ind]
{
get
{
if (subnodes count == 0 || ind < O
| | ind > subnodes count-1)

throw new IndexOutOfRangeException();
switch (ind)
{
case O:
return expressions;

[Tpumep 14.

Int32 index counter=ind - 1;
if (expressions != null)
{
if (index counter < expressions.Count)

{

return expressions[index counter];
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return null;

if (subnodes count == 0 || ind < O

|| ind > subnodes count-1)

throw new IndexOutOfRangeException();
switch (ind)

{

case O0:
expressions = (List<expression>)value;
break;
}
Int32 index counter=ind - 1;
if (expressions != null)

{

if (index counter < expressions.Count)

{
expressions[index counter]=
(expression)value;
return;

[Ipumep 14 (oxkoHuyaHueE).

OTMeTuM, 4YTO CBOMCTBO subnodes count M MHIEKCATOP OOBSABIICHBI
BUPTyaJIbHBIMA B 0a30BOM [JIi BCEX CHHTAaKCHMUYECKHX V3JI0OB Kjacce U
MEPEONPEISISIFOTCS B KAXK/I0M CHHTaKCHUECKOM Y3IIe.

CBOMCTBO subnodes count W HUHAEKCATOP F€HEPUPYIOTCA ISl JOCTUKECHHUS
cienyromniei nenu. 3aMeHa oOpalieHuil K MepeMEeHHbIM, 3aXBaU€HHBIM B JISIMO/1a-
BBIPOKCHUSIX, TPOUCXOIUT Ha CHHTAKCUYECKOM YPOBHE, TO €CTh 3aMEHSIOTCS Y3JIbI
CHHTAaKCHYECKOro JepeBa. Ha camoM fene y3ibl TUIa ident 3aMEHSIIOTCS HA y3JIbI
Tuna dot node. Ilpum 3ameHe oOpailleHHid B JTaHHOM Yy3j€ HEOOXOIUM OOIIUi
JIOCTYT K MO y3J71aM 3TOro y3J1a. To ecTh He00X01UM crocod 00X0/1a BCEX MO 1y3JI0B
KaK KOJUICKITUH U B CIydae HEOOXOIMMOCTH TIOJICTABIIATh BMECTO y3Jia TUTA ident
y3e1 THHa dot node. CBOWMCTBO subnodes count MO3BOJISIET MOJYYUTh

KOJIMYECTBO 3JIEMEHTOB B ITOM KOJUICKOWH, 4 UHACKCATOP — 3allyCTUTh IHUKII, B
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KOTOPOM JIJIsl KaKJIOr0 MOJy3ja MPOBEPSIETCs,, UMEET JIM OH THUIl ident, a TaKKe
HY’KHO JIM IPOU3BOJUTH 3aMEHY ATOT0 MO Ty3Ja.

JlaHHBII TOIXO0]T ONpeAeIseT OOUIYIO JOTMKY 00X0/a MOAY3JI0B BCEX Y3JIOB,
YTO SBJISIETCS] OUYEHb YIOOHBIM, TaK KaK HE MPUXOAUTCS OMKUCHIBATH CIOCOO 00X0/1a

I KaKAO0I'o TUIIA y3J1a B OTACIIBHOCTH.

4442 CeMaHTHYeCKMii AaHAJIN3 CreHEPUPOBAHHBLIX CTPYKTYpP. 3amMeHa CCBUIOK Ha

3aXBaYCHHbIC MIEPEMECHHbIC

Teneps, korma coOpaHa Bcs HeoOXxoaumasi MH(OpMaIus O 3aXxBayeHHBIX
MEPEMEHHBIX U KOHTEKCTE HUX OIMHUCAHUS U CTeHEPUPOBAHBI COOTBETCTBYIOILIHE
CUHTAaKCUYECKHE CTPYKTYpHl, HAYMHACTCS BBHITIOJIHCHHWE IIOCJICIHETO JTarma
0o0pabOTKM  3aXBa4YC€HHBIX  IEPEMEHHbIX B  JISIMOJA-BBIPAXKEHUSX — —
HEIOCPEICTBEHHBI 00XO0J ATUX CHHTAKCHYECKUX CTPYKTYp M 3aMEHa CCHUIOK Ha
3aXBauCHHBIC TIEPEMECHHBIEC.

s 3TOrO aBTOPOM paboThI OBLIT pa3paboTaH KJIacc
CapturedVariablesSubstitutor, KOTOPBIM SBJISETCS HACIEIHUKOM Kiacca
WalkingVisitor, paCCMOTPEHHOTO paHee. Huke onmumeM OCHOBHBIE JEHCTBUS,

KOTOPBIC BBIINTOJHACT 3TOT KJIACC B IIPOLCCCC aHaIN3a.

06x00 6cex Y3108 U 3aMeHa CCbIIOK HA 3aX6AYEHHbIE NepeMeHHbIe.

Kak yxe roBopuiioch, Kiacc WalkingVisitor OINHUCBIBAET COOBITHE
OnLeave, KOTOPOE aKTUBH3UPYETCA B MOMEHT 3aBEpIICHHS] 00X0/1a KOHKPETHOTO
y37a. 3aMeHa Bcex OOpalleHHil K 3aXBaY€HHBIM MEPEMEHHBIM MPOUCXOIUT B 3TOT
MOMEHT. CTOUT OTMETHUTb, YTO ITOT MOMEHT BbIOpaH HE CIIy4ailHO: 3aMEHATh OJIHU
y37bl Ha JPYrMe HYXHO TOI/Ia, KOTJa BCE MOJYy3/bl KOHKPETHOIO y3ja YXke
IIPOAHAIM3UPOBAHbl U C YBEPEHHOCTBKO MOYKHO CKa3aTb, YTO 3aME€Ha IpoIllia
KOPPEKTHO TakKe B MOAy3Jax 3Toro ysna. B atom ciydae OyayT oOpaboransl gce
oOpalieHusi K 3aXBaYE€HHBIM IMEPEMEHHBIM, TaK YTO HU OJHO HU3 HUX HE OyHeT

IPOITYLIEHO.
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AJNTOpPUTM 3aMEHbl CCHUIOK Ha 3aXBAaY€HHBIE IEPEMEHHBIE OCHOBAaH Ha
CIEAYIONIMX MPEeANoiokKeHUsX. B mporecce 00xoma ToM 4acTH CHUHTAKCUYECKOTO
JiepeBa, B KOTOPOM IIPOM3BOAWTCS 3aMEHA, COXPAHACTCA Yy3€Jl TEKYLIEro
IpOCMaTpUBAEMOro 0J0Ka ONepaTopoB THMNA syntax tree node (HA30BEM €ro
currentBlockNode), a TaK)Ke y3eJI, B KOTOPOM ITPOUCXOIUT 3aMeHa (Ha30BEM €ro
nodeWhereSubstitute). Jlalee M3 nodeWhereSubstitute BBIOMPAIOTCS BCE
MOAY3JIbI TUIA ident — MOTEHIMAJbHBIE OOpAIlIEHUs K 3aXBaUYECHHBIM MEPEMEHHBIM.
DTOMYy CHOCOOCTBYET CBOMCTBO subnodes count M HHJEKCATOP y3Ja, KOTOpPbHIE
ObLIIM OMKCAaHBl B MpeabIAyIIeM paszzene. B CapturedvariablesSubstitutor B
KayeCTBE BXOJHBIX JTAHHBIX IPUXOAUT CIIMCOK identsReferences BCEX CCBUIOK
HAa BCe WICHTH(PUKATOPHI (MOTEHIMATHLHO 3aMEHAEMble Y3JIbl) B YacTH
CMHTAaKCUYECKOTO JIepeBa, IMEPENAaHHOM Ha aHalnh3, a TakXKe CJIOBAPb
_substitutionsInfo,  KIIOUYOM  KOTOPOTO  SBJISIETCS  OOBEKT  THIIA
SubstitutionKey, a 3HAUEHHEM — y3€JI THNA dot node, MIPEACTABIIAIONINI COOOM
3aMEHY, COOTBETCTBYIOIIYK) KOHKPETHOMY SubstitutionKey. llomy3nel Tuna
ident Yy3J1a nodeWhereSubstitute COIIOCTABJIANOTCI C Yy3JlaMHd M3 CIIHMCKa
_identsReferences, U A Ka&KIOr0 TaKOro MACHTU(UKATOpPA CTPOUTCS OOBEKT
TUMA SubstitutionKey. [Ipym mocTpoeHHM Takoro oOBEKTa Y4aCTBYIOT TaKKe
currentBlockNode. [locae TOro kak 3TOT 0OBEKT-KIHOY MOCTPOEH, MTPOUCXOIUT
MOUCK 3aMEHbI JJIsl IaHHOTO MJIEHTU(UKATOpa B _substitutionsInfo MO 3TOMY
kiouy. Ecnu st aToro uaeHTHUUKaTOpa CYIIECTBYET 3aMEHSIONIUN y3el, TO
IIPOUCXOIUT 3aMeHa y3i1a THUIIA ident Ha y3el THUIIA
closure substituting node, KOTOPbI XpaHUT B ceOe 3TOT 3aMEHSIOIIMNA y3ell
tuna dot node. [lpum ¢uHaIBHOM 00XOJ€ YaCTH CHHTAKCHYECKOIO JepeBa,
NepeTaHHON Ha aHAJIM3, ITOT y3€] 00XOIUTCS BMECTO IEPBOHAYAIBLHOTO ident.

Takum o00Opazom, mociie TOJHOTO 00X0/a ATOM YacTH CHHTAKCHYECKOTO

JiepeBa BCE CChUIKHM HA 3aXBaYCHHbIEC IEPEMEHHBIE Oy1yT KOPPEKTHO 3aMEHEHBI.



59

3amena y3108 1AMOOA-8bIPANHCEHULL.

Ha nanubIii 3Tan aHanu3a 3aXBaYC€HHBIX MEPEMEHHBIX B KAUYECTBE BXOJIHBIX
JTAHHBIX IPUXOIUT CIIMCOK y3JI0B AsIMO1a-BhIpAXKEHU N
_lambdasToBeAddedAsMethods, a TaKXEC CTPYKTypa
_generatedScopeClassesInfo C nHpopMarel 0 CreHepUpPOBaHHBIX KiIaccax, B
KOTOpbIE ATU JSIMOJa-BhIPaXKEHHUS JODKHBI ObITh JOOABJIEHBI KaK METOJbl. DTU
JAHHBIC TIEPEAIOTCS CO BTOPOH CTaarK 00paOOTKU 3aMBbIKaHUH.

Ha nanHoM sTare nporucxoauT conocTaBiieHre JIiMO/1a-BbIpasKeHU U KJ1acca,
B KOTOpBI OHO J100aBisieTcsl Kak MeToi. Takke HEeoO0XOIUMO YYecCTh, YTO W3
nporpaMmbel  oOpalieHue K = 3ToMy  MeToay — OyAeT  UMeTh  BUJ
nMsa_ oOBbeKTa Kjlacca.umsda JjaMmOna BepaxeHud, IMO3TOMY Ha JaHHOM DJTalle
TaKK€ TEHEPUPYETCS COOTBETCTBYIOIIAsh 3amMeHa JUIsl JisiMOJ1a-BhIpasKeHHUHH,
1o100Has TEM, YTO paCCMOTPEHBI B MyHKTE «DOX00 8cex V37108 U 3aMeHa CChlIOK Ha
3axea4eHHble nepemeHnbley, U 3alUChIBACTCA B II0JIC substituting node y3Jja
function lambda definition, KOTOpo€ ObUIO 100ABIIEHO CTIEUUATIBHO I STHUX

eJen.

CemanmuuecKkuil aHanu3 c2eHepupoB8aHHbIX KIACCOS.

31ech MPOUCXOTUT O0OXOJ CTeHEPUPOBAHHBIX CHUHTAKCHMYECKUX Y3JIOB-
KJIACCOB U3 generatedScopeClassesInfo C LENbIO MPEOOPAa30OBAHUS UX B Y3JIbl
CEMaHTHYECKOTIO JIepeBa.

IIpu 00xome MHTEHCHMBHO 3a/IeCTBOBAH KJAcC compilation context,
XpaHsauuid “HGOPMAIMIO O TEKYIeM KOHTeKcTe KoMmuisauuu. [loa koHTekcTOM
KOMITUJISIIIAY TIOHUMAIOTCS BCE IAHHBIE O CTeKe (DYHKIINIA, BCEX pa300paHHBIX TUITAX
u T.4. Jng Hac BaxHyl poJib HWIpaeT Takas HHPOpMAIUs, XpaHsascs B
compilation context, KaK CTEK IPOCTPAHCTB UMEH. [[€110 B TOM, YTO HA MOMEHT,
KOT/1a HEOOXOMMO 00OUTH CTEHEPUPOBAHHBIE KJIACCHI U TPEoOPa30BaTh UX B Y3JIbI
CEMAHTUYECKOTO JIepeBa, KOHTEKCT KOMIIISIIMN HAXOJUTCS B COCTOSHUU, KOTJa

TEKYUIUM MPOCTPAHCTBOM HMMEH SIBJISIETCS TOT OJIOK ONEpaTopoB, ISl KOTOPOTO
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IIPOU3BOAUTCA aHAJIN3 3aXBAYCHHBIX IICPCMCHHBIX. O,Z[HaKO I/IH(I)OpMaHI/ISI O THUIlax,
B TOM YHCJIE KJaccax, JOoJKHa ObITh J00aBIeHa Ha rI00anbHbIN ypoBeHb. [loaTomy
HYKHO UMCTb BO3MOXHOCTD IICPCXOOUTH B Compilation_context Ha II00aJILHBIN
YPOBCHBb, COXPAaHUB IIPHU 3TOM KOHTCKCT KOMIIMJIIUHA B TOM BHIC, B KOTOPOM OH
HaXOIUTCA Ha ,Z[aHHBIﬁ MOMCHT, IIPOU3BCCTU CEMaHTHUYECKUU dHaJIn3
CITCHCPHUPOBAHHBIX KJIACCOB, U BCPHYTH KOHTCKCT B IICPBOHAYAIBHOC COCTOSAHHUC.
9TO HOOCTUTracTcs C IIOMOIIBI0 METOHOB SaveContextAndUpToGloballevel U

RestoreCurrentContext KjlaCcCa compilation context.

3amena y3108 onucanus 3ax8a4eHHbIX NEPEMEHHBLX.

[Tocne Toro xak ObLIa MPOM3BEJCHA 3aMEHA 3aXBAaYCHHBIX MEPEMEHHBIX, B
CUHTAKCHYECKOM JIEpEBE IIPOTPaMMbl IOSBUJIUCH CCBUIKM Ha  OOBEKTHI
CrC€HEPUPOBAHHBIX KiaccoB. OJHAKO ATU MEPEMEHHbIE B MOAUMUIIMPOBAHHOM
JIepeBe eI11e He ObLTN OOBSBIICHBI.

OToil 3ajadeil 3aHMMaETCS JaHHBIA ATan aHaiu3a. B mporecce ero
BBITIOJTHEHUS MPOUCXOAUT TIOUCK BCEX Y3JI0B, B KOTOPHIX OBLIM OIHUCAHBI
3aXBadyCHHBIC MMEPEMEHHBIC, yaaIsIeTCss nHGOpMalus 00 UX ONMKMCAHUH, U HaKOHEII,
TEHEPUPYIOTCA y37bl THUNA var def statement, KOTOPBIE BCTAaBJISAIOTCA B
HEO0OXO0IMMOE MECTO B CHHTaKCHUUECKOM JiepeBe. Eciu 11 TeKyIiero npocTpaHcTBa
MMEH ObLI PEAYyCMOTPEH y3ell
AssignNodeForUpperClassFieldInitialization (cM. 4.4.3), TO OH TaKxe

IIOMEIAETC HA HYKHBIA YPOBEHb B CHHTAKCUUYECKOE JIEPEBO.

4.4.5 CrnenuajbHble c1y4a 3aMbIKAHHI

B nannom pasnene OyyT mpUBeAEeHbI IPUMEPHI Pa3IMUHbIX CIy4aeB 3aXBaTa
MIEPEMEHHBIX. JTO IO3BOJIUT, C OAHOW CTOPOHBI, MOJBITOKHUTH PACCMOTPEHUE
peanu3anuu 3axBaTa IEPEMEHHBIX, a C IPYrO — Ha MTPUMEpax MOKa3aTh pe3yJbTar
BBIIIOJIHEHHS CTaJAWil aHaiau3a, OIMCAaHHbIX Ha MPOTSHKEHHH HECKOJIbKHUX

MPEIBIAYIINX Pa3/IeIOB.
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Tak kak 3axBaT JOKaJbHBIX MEPEMEHHBIX OBLIT YK€ B TOW WM MHON Mepe
paccmoTpeH B pazzaene 4.4.3 (cm. npumep 12) u npencTaBisieT NO3TOMY MEHBIINN
WHTEPEC, B 3TOM pazjiesnie OyIyT OCBEIICHBI CIEAYIONINE BUIBI 3aXBaTa:

¢ 3aMbIKaHWE TTAPAMETPOB MOATPOTPAMM;
e 3aMbIKaHUE IEPEMEHHBIX IIUKIIOB,;

e 3aMbIKaHHUE IOJICH KJIaCCOB,

3aMbIKaHuUs U 1a0JIOHHBIE TTOPOTPAMMBI;

3aMBIKaHUE HECKOJIBLKHX BHUJIOB IICPCMCHHBIX.

4.4.5.1 3axBaT mnapaMeTpoOB MOANPOrpaMm

PaccmoTpum cutyanuio, Koraa JisiMOJa-BbIpaKEHUE HCIIONBb3YETCS BHYTPH
MOANPOTrpaMMbl U MPOUCXOAUT 3aXBaT MapaMeTpa 3TOW MOJANPOrPAMMBI BHYTPHU
3TOrO JNsIMOa-BhIpakeHus. B kone nmpumMepa 15 mpuBeneHa mpocTasi mporpamma,
WUTIOCTPUPYIOIIAs JAHHYIO CUTYaLHUIO.

3ameuanue: 3necb W jgainee B 4acTh () MpUMEpoB OYyJET MPUBOAUTHCS
MCXOJHBIM KO MporpaMMebl, a B 4acTH (0) — KoJi, FeHepUPYEMbIil KOMITMIISITOPOM

nocyie 00pabOTKK 3aMbIKAHHI U TIPEACTABIISIIONININ JEKOMITUIUPOBaHHbIN |L-Kko1 Ha

361Kk CH.
function IsPrime (x: integer): boolean;
begin
Result := Range (2,Round(sgrt(x))).All(i->x mod i <> 0)
end;
[Tpumep 15(a).
begin

writeln (IsPrime (4));

writeln (IsPrime(13));

writeln (IsPrime(17))
end.

.
4

[Tpumep 15(a, okoH4yaHHE).
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public class <>local variables class 0
{
public int32 x;
public void <>local variables class 0(int32 x)
{
this.x = x;

}
public bool <>lambdal (int32 i)
{

return (this.x % 1);

}

public class Program

{
public static bool IsPrime (int32 x)
{
<>local variables class 0 <>local variables class 01 =
<>local variables class 0 (x);
return Range (2, Round (sgrt (x))) .
All (new Func<int, bool>
(<>local variables class 0l.<>lambdal));
}
public static void Main ()
{
writeln (IsPrime(4));
writeln (IsPrime (13));
writeln (IsPrime(17))

[Mpumep 15(0).

B maHHOM mpuMepe nmokas3aHo, YTO MPHU 3aXBaTe MMapameTpa MoAIPOrpaMMbl
JUISL IPOCTPAHCTBA UMEH 3TOU MOAIIPOTrpaMMbl TEHEPUPYETCS KIIACC, U B OTOT KJ1ace
MIOMEIIAETCs T0JIE, COOTBETCTBYIOLIEE ITOM 3aXBay€HHOM mnepemMeHHOM. CTouT
OTMETUTH, YTO U1 WHULMAIW3ALUU DTOr0 IIOJI1 HA4YaJbHBIM 3HAYCHHUEM

TeHEPUPYETCSI KOHCTPYKTOP, BHI3BIBAEMBIN MIPU CO3AAHUHN 00BEKTa ATOTO Kilacca.

4.4.5.2 3axBaT nepeMeHHO# MK

B nanHOM paspene paccMaTpuBarOTCs OCOOCHHOCTH 3aXBaTa UTEPAIIMOHHBIX

IMECPEMCHHBIX: IICPEMCHHBIX IIUKJIA for M foreach.
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3axeam nepemeHHOU YuKia for.

ITpu 3axBate nTepannoOHHON nepeMenHoi nukia for B PascalABC.NET ona
TpaKTyeTCs Tak, Kak OyaTo Obl 0OBSIBICHA 3a MpeAeiaMH LIUKJIAa. JTO 3HAUYUT, YTO
Ha KaXJIOW WTepalliy 3aXBaThIBAETCS Ta XK€ camas nepeMmeHHas. [IpuBeneHHas B
npumepe 16 nporpamma BeiBeaeT 333 BMecTo 123.

JIsmOma-BeIpakeHHs, CO3/laBacMble Ha OTACJIBbHBIX HWTEpalusiX LHKIIA,
3aXBaTHIBAIOT Ty K€ CaMyl0 MEPEMEHHYIO i. DTO JEHUCTBUTEIHHO UMEET CMBICII,
€CJIM CUUTATh, UTO i SBIACTCS IEPEMEHHOM, 3HAUCHHUE KOTOPOI COXPAHICTCS MEXTY
uTepanusaMu nukia. Kak ciencrBue, KOTIa ejeraTsl BRI3BIBAIOTCS BITOCIICICTBHM,

Ka)KHBIﬁ JeJerat BUAWUT 3HaUCHWEe i Ha MOMCHT BbI3OBAa, T.C. 3.

begin
var actions := new List<System.Action>();
for var i := 1 to 3 do
actions.Add (procedure () -> write(i));

foreach var action in actions do
action () ;
end.

[Tpumep 16(a).

public class <>local variables class 0
{
public int32 1i;
public void <>lambdal ()
{

write(this.i);

[Tpumep 16(0).

public class Program
{
public static void Main ()
{
List<System.Action> actions =
new List<System.Action>();
<>local variables class 0 <>local variables class 01 =
new <>local variables class 0();
for (int 1 = 1; i <= 3; 1i++)

{
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<>local variables class 0l1.i = 1i;
actions.Add (
new Action (<>local variables class 0l.<>lambdal)) ;

}

foreach var action in actions do
action () ;

[Tpumep 16(0, okoHuanue).

3axeam nepemennou yukia foreach.

M3mMeHuM HEMHOTO Iporpammy u3 npumepa 16, 3aMEeHHUB MEPBBIA LUK for
Ha HKBHUBAJICHTHBIH €My IUKJI foreach (cM. mpumep 17). Ha sToT pa3 BbIBOA,
KOTOPBIN MBI ITOJIYYHM B pe3yJIbTaTe BHIIIOJIHEHHS ITporpamMmbl, Oyaet He 333, a 123.

OOBsiCHSIETCA 3TO TEM, YTO Ha KaXKJIOH UTEpalu CO3AAETCS COOCTBEHHBIM
DK3EMIUISP KJIAcCa 3aMBIKAHMSI, KOTOPBIA COIAEPKUT Tmojie i. Takod mnoaxon
O00OCHOBBIBAETCSI TEM, YTO B OTIMYME OT MEPEMEHHOM LMKIA for, MEpEeMEHHas
LUKJIa foreach HAa KaXIOH UTEPALMM MOXKET PACCMATPUBATBCS KaK OTICIbHBIN
HE3aBUCUMBII 3JEMEHT MNepedupaeMoil KOJUIEKIMH, M IO3TOMY Ha KaXI0h

HUTCpalln JIOTHYHCC ObUI0 OBI 3aXBaThIBAaTh MMEHHO KOHKPCTHOC 3HAYCHHC ATOM

IIEPEMEHHOM.
begin
var actions := new List<System.Action>();
foreach var i in Seqg(l1l,2,3) do
actions.Add (procedure () -> write(i));
foreach var action in actions do
action () ;
end.

[Tpumep 17(a).

public class <>local variables class 0
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public int32 i;
public void <>lambdal ()
{

write(this.1i);

public class Program

{

public static void Main ()
{
List<System.Action> actions =
new List<System.Action>();
foreach (int i in Seqg(1,2,3))
{
<>local variables class 0
<>local variables class 01 =
new <>local variables class 0();
<>local variables class 01.1i = 1i;
actions.Add (
new Action (<>local variables class 0l.<>lambdal));
}
foreach var action in actions do
action () ;

[Tpumep 17(06).

4.4.5.3 3axBaT nmoJiei Kiacca

[Tpu 3axBaTe 1AMO/1a-BEIPAXKEHUEM TOJIBKO JIMIIH MO Kilacca 3TO JsMOa-
BBIPAKEHHE MPOCTO JOOABISAECTCA KaK METO/1 3TOTO KJlacca.

Haunbonee untepecen ciydail, Korjaa IpoUCXOAUT 3aXBaT MPUBATHOIO IMOJIS
KJlacca W JIOKAJIbHOW TmepeMeHHoil. B mpumepe 18 wmtoctpupyercss naHHas
CUTYyalLUsl.

Kax BumHO, 11 MpOCTpaHCTBA UMEH, COOTBETCTBYIONIETO OJIOKY, B KOTOPOM
OIMcaHa epeMeHHast t, Obl1 CreHEpPUPOBaH KJlacc <>local variables class 0.
Tak kKak BMecTe C TNEPEMEHHOM t 3axBaTbIBACTCA MOJIE a Kiacca cl, TO B

<>local variables class 0 AOJDKHA MMETBHCA CChIJIKA HA KJIAaCC IMPOCTPAHCTBA
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MMEH, COOTBETCTBYIOIIMM Kiaccy cl. OJTa CChUIKA MPEICTABICHA IOJEM
<>local variables class UPPER O.

[Tocne mnpeoOpa3oBaHUl CHHTAKCHMYECKOTO JIepeBa B CT€HEPUPOBAHHOM
MeTOoJIe <>lambdal MPOUCXOAUT OOpaIIeHHE K MOJIO a Kiacca cl. Tak kak mojie a
IPUBATHOE, TO 3TO MO MPABUIIAM SI3bIKa JOHKHO MPUBOIUTH K OLTHOKE KOMITIIIALINY,
TaK Kak K MPUBATHBIM IOJISIM OJIHOTO Kjlacca 3allpelieHo o0pamarbesi U3 Ipyroro
kinacca. YroObl OOOWTH JTaHHOE OrpaHHYEHUE, OBbLJIO MPHUHATO pelICHUE
TEHEPUPOBATH JIOMIOJIHUTEIbHBIE CBOMCTBA I KaKI0TO TAKOI0 IIPUBATHOIO TOJIS,
KOTOpOE MO3BOJISIET 00paIiaTbes K 3TUM IOJISIM Yepe3 HUX (B JaHHOM ciiydae, JJis
IOJIT a CTCHEPHUPOBAHO CBOMCTBO <>nonPublica0). MIMEHa IJIS TakuX CBOWCTB
TEHEPUPYIOTCA TEM K€ CHoco0OM, 4YTO W [JIsi HUMEH JsIMOJa-BhIpayKCHUM,
TE€HEPUPYEMBIX KJIAcCOB U T.A4. CIeIaHo 3TO JJi TapaHTUX OTCYTCTBUSA KOH(DIUKTOB

HNMCH.

type cl = class

private
a: integer;
public
constructor Create( a: integer);
begin
a = _a;
end;

[Tpumep 18(a).
function f(x: integer): System.Action;
begin

var t := 1;
a += x;
writeln (a);
result := procedure() ->
begin
a += t;
writeln (a);
end;
end;

end;
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begin
var ¢ := new cl(5);
var actions := new List<System.Action>();

actions.Add(c.f (1)) ;
actions.Add (c.f(3));

actions[0] () ;
actions[1l] ()
end.

[Tpumep 18(a, okoHyanwue).

public class <>local variables class 0
{

public cl <>local variables class UPPER O;
public int32 t;

public void <>lambdal ()
{
this.<>local variables class UPPER 0O.<>nonPublical =
this.<>local variables class UPPER 0.<>nonPublical +
this.t;
writeln(this.<>local variables class UPPER O.
<>nonPublical);

}

public class cl
{
private int32 a;
public int32 <>nonPublical
{
get { return this.a; }
set { this.a = value; }

[Tpumep 18(0).

public void cl (int32 a)
{

this.a = a;

}

public Action f(int32 x)
{

<>local variables class 0 <>local variables class 01 =
new <>local variables class 0();

<>local variables class 0O1.
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<>local variables class UPPER 0 = this;
<>local variables class 0l.t = 1;

<>local variables class O0Ol.
<>local variables class UPPER 0.a =
<>local variables class O1l.
<>local variables class UPPER 0.a + x;
writeln (<>local variables class O0l.
<>local variables class UPPER 0.a);

return
new Action (<>local variables class 0l.<>lambdal);

public class Program

{
cl ¢ = new cl(5);
List<System.Action> actions = new List<System.Action>();
actions.Add(c.f (1))
actions.Add(c.f(3));
actions[0] () ;
actions[1] ()

[Tpumep 18(0, oxkoHUaHME).

4.4.5.4 3axBaT nepeMeHHBIX W IA0JOHHbIE MOANPOrPaMMBbI

B cayuae, xorma msiMOaa-BhIpaKEHUST MCIOJIB3YIOTCS BHYTPH ITA0JO0HHBIX
MOAMPOTPAaMM HJIM KJIACCOB, TO METOMABI, TEHEPUPYEMBbIE I JTHX JIsIMOna-
BBIpAXXEHUM, TakXke OyayT maliaoHHBIMHU. IIpM 3TOM eciim B 3arojoBKaxX 3THX
MOAIPOrpaMM M KJIACCOB B CEKIIMU where OMHMCAHbI OTPAHUYCHHS Ha IMapaMeTpPhl
TUIIOB, TO OHHU JIOJDKHBI OBITh TaK)Ke MEPEHECEHBI B METObI, TCHEPUPYEMBIS IS
IIMOIa-BRIpaXKEHUH (B CTydyae 3axBaTa IEPEMEHHBIX — B 3aT0JIOBKH T€HEPHPYEMBIX
KJIACCOB).

Bce BhllieckazanHoe onuckiBaeT npumep 19.

function f£<T>(e: IEnumerable<T>; b: T): IEnumerable<T>;
where T: class;
begin
result := e.0OrderBy(x->x.GetHashCode () xor b.GetHashCode());
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end;
begin
writeln (f (Seg('aaa', 'daa', 'abc', 'bca'), 'abcde'));
end.
[Tpumep 19(a).
public class <>local variables class 0<T> where T : class

{

}

public T b;

public void <>local variables class 0(T Db)

{ this.b = b;

;ublic int32 <>lambdal (T x)

{ return x.GetHashCode () ~ this.b.GetHashCode();
}

public class Program

{

public static IEnumerable<T> f (IEnumerable<T> e, T Db)
where T : class
{
<>local variables class 0<T>
<>local variables class 0 =
new <>local variables class 0<T>(b);
return e.OrderBy (
new Func<T, int>
(<>local variables class 0.<>lambdal));

[Tpumep 19(0).

public static void Main ()
{
writeln (f (Seg("aaa", "daa", "abc", "bca"), "abcde"));

}

[Tpumep 19(0, okoHuaHwue).

4.4.5.5 3axBaT HeCKOJIBKHX BH0B IlepeMeHHBIX
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OTOT MyHKT 3aBepiiaet riaBy 4. Huske Oyner nmpuBeeH npuMep nIporpamMmbl
(cm. ipumep 20), B KOTOPOM MPOUCXOAUT 3aXBaT HECKOJIBKUX BUIOB MEPEMECHHBIX.
[Ipumep 1O3BONSET B MOJHOM Mepe NPOUJUIIOCTPUPOBATH pE3yJIbTaT pPabOTHhI
QITOPUTMOB, OMHUCAaHHbIX B TyaBe. CTOUT OOpaTUTh BHUMAHHWE Ha TO, Kak
IPOUCXOANT Tepeaada CChUIOK Ha OOBEKTHI ¢ OoJiee BHICOKMX YpOBHEH Ha Oolee

HU3KUC.

procedure pr(a: integer);
begin
var b: integer := 2;
begin
var c: integer := 3;
begin
var d: integer := 4;
foreach var t in Seqg(1,2,3,4) do
begin
writeln (Range(l, t).Select(x -> x + a + b + d + t));
writeln (t);
end;
d += 1;
a *= 2;
writeln (d) ;
writeln (a);
end;
end;
begin
writeln (Range (1, 10).Select(x -> x + a + Db));
writeln (a);
end;
end;

begin
pr(5);
end.

[Tpumep 20(a).

public class <>local variables class 0
{
public int32 a;
public void <>local variables class 0(int32 a)
{
this.a = a;

}
}

public class <>local variables class 1

{
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public <>local variables class 0
<>local variables class UPPER 0;
public int32 b;
public int32 <>lambda2 (int32 x)
{
return x + this.<>local variables class UPPER 0O.a +
this.b;

}

public class <>local variables class 2
{
public <>local variables class 1
<>local variables class UPPER 1;
public int32 d;

}

public class <>local variables class 3
{
public <>local variables class 2
<>local variables class UPPER 2;
internal int32 t;
public int32 <>lambdal (int32 x)
{
return x +
this.<>local variables class UPPER 2.
<>local variables class UPPER 1.
<>local variables class UPPER 0O.a +
this.<>local variables class UPPER 2.
<>local variables class UPPER 1.b +
this.<>local variables class UPPER 2.d +
this.t;

[Tpumep 20(0).

public class Program
{
public static void pr(int32 a)

{

<>local variables class 0 <>local variables class 01
new <>local variables class 0 (a);

<>local variables class 1 <>local variables class 11
new <>local variables class 1();

<>local variables class 11.

<>local variables class UPPER 0 =
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<>local variables class 01;
<>local variables class 1l1.b = 2
{
int ¢ = 3;
{
<>local variables class 2
<>local variables class 21 =
new <>local variables class 2();
<>local variables class 21.
<>local variables class UPPER 1 =
<>local variables class 11;
<>local variables class 21.d = 4;

foreach (int t in Seqg(1,2,3,4))
{
<>local variables class 3
<>local variables class 31 =
new <>local variables class 3();
<>local variables class 31.
<>local variables class UPPER 2 =
<>local variables class 21;

<>local variables class 31.t = t;
writeln (
Range (1,
<>local variables class 31.t).
Select (

new Func<int, int>(
<>local variables class 31.
<>lambdal)));

writeln (<>local variables class 31.t);

}

<>local variables class 21.d =
<>local variables class 21.d + 1;

[Tpumep 20(0, npoaosmkeHue).

<>local variables class 21.

<>local variables class UPPER 1.

<>local variables class UPPER 0.a =
<>local variables class 21.
<>local variables class UPPER 1.
<>local variables class UPPER 0O.a * 2;

writeln (<>local variables class 21.d);

writeln (<>local variables class 21.
<>local variables class UPPER 1.
<>local variables class UPPER 0.a);
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writeln (Range (1, 10).Select(

new Func<int, int>(

<>local variables class 1l.<>lambdaZ2));

writeln (<>local variables class 11.
<>local variables class UPPER 0.a);

}
}

public static void Main ()

{
pr(5);
}

[Tpumep 20(0, okoHUAHHE).

3aK/JII0YeHne
B nmucceprammonHoit pabote ObLIM ONMKMCaHbI CPEICTBA BBEACHUS 3aMbIKaHUI

B 1361k PascalABC.

B mnpomecce paboTel Hax peanuzanmed 3aMbIKaHW ObUTM  PEIICHBI

CJICTYIONTUE 3a1a4u:



74

1. peanuzoBanbl 3ambikadus B PasCaAlABC.NET ¢ moamep:kkoii ClieIyroImux
BUJIOB 3aXBaTa MEPEMEHHBIX:
® 3axBaT JIOKAJIbHBIX IEPEMEHHBIX;
® 3axBaT MapaMEeTPOB NPOUEAYp U QYHKIIUH;
® 3aXBaT MEPEMEHHBIX LUKIJIOB for U foreach,;
e 3axBaT IMoOJIEW Kiacca, BKJIIOYAas IO, HE  SBJISIONIMECS
MyOJIMYHBIMH;

2. obecrnieueHa TOMJEPKKA OJHOBPEMEHHOTO HCIOJIb30BAHUS HECKOJIBKUX
BUJIOB 3aXBaTa;

3. peamu3oBaHa TOJACpXKKa JSIMOIa-BRIPRKCHU BHYTpU IIaOJOHHBIX
MOJIITPOTPAMM;

4. MomudUIMPOBAaH  aJrOPUTM  BBIBOJAA MapaMeTpoOB  THUIIOB  IPHU
WHCTAHIIMPOBAHUH MIA0JIOHHBIX MOAMPOTPaMM IPH peau3alnu IamMo/1a-
BBIPAKCHUM.

[TomynsipHOCTH stMO1a-BRIPAKCHUIN B COBpPEMEHHBIX SI3BIKAX
IpPOrpaMMHUPOBAaHUSA  OOYCJIOBIIEHA YAOOHBIM CHHTAKCHCOM, IO3BOJISIOIIAM
OIKCHIBaTh MOANPOTpaMMy TaM, IJi€ €€ HCIOJb30BaHUE OTPAHUYMBACTCS OIHHUM
BBI30BOM, T.€. MPH €€ Iepeavye W BO3BPAIIEHWH B KayeCTBE BO3BPAIla€MOTO
3Ha4YeHUs oanporpaMM. Bo3MOKHOCTh HE yKa3bIBaTh SIBHO THUIIbI TapaMETPOB U
BO3BpAIlla€MOI'0 3HA4YEeHMs, a TaK)Ke€ BO3MOXXHOCTh 3axBaTa IEPEMEHHBIX U3
BHEITHETO KOHTEKCTa 3HAYUTEIFHO COKPAIIAIOT TPYA03aTpaThl MPOTrPaMMHUCTA.

[Mommepkka 3aMbIKaHU [MO3BOIMIA paciupuTh 536k Pascal ABC.NET,
OTKPBIB JIOCTYII K TAKMM MOILIHBIM cpenctBam miargopmel .NET, kak OubauoTeka
Ling.
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