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1 Bseaenue

Memod nenocpedcmeennoti unmezpayuu BliepBble IPEJJIOXKEH B cTaThe |1| B KadecTBe moxoma K
MHTErpaIuu pa3HOPOIHBIX A3BIKOBBIX M300pa3UTEIbHBIX CPEJCTB B OJTHOM IpOEKTEe. MeTomay Takxke
nocssiniens! pabotsr (2], (3], [4], [6] u [7].

B ocnHoBe MeTo1a HEMOCPEICTBEHHON WHTETPAIUHU JIEXKUT MOJEJTUPOBAHUE CPEJICTBAMHU Oa30BO-
ro sI3bIKa OJJHOBPEMEHHO BbIYUCJIUTEJIbHON MOJen (CeMAHTUKN) U M300Pa3UTEIbHBIX KOHCTPYKIUi
(cuMHTaKCHCA) AJILTEPHATUBHOTO sI3bIKA. [P 9TOM CHMHTAKCUC aJIbTEPHATUBHOIO A3bIKA MO/IE/IUPYyeT-
cst OJIMBKUMUY 110 BU3YAJIBHOMY BOCIPUSATHIO apUPMETHICCKUMU BIPAXKEHUSIMU, 3aITUCHIBAEMBIMY B
COOTBETCTBUM C TIPABUJIAMHU SI3bIKA DA30BOT0. DTO JTOCTUTAETCS BBEIEHUEM OOHEKTOB, COOTBETCTBY-
IOIINX TTOHSATUSIM aJLTEPHATUBHOIO SI3BIKA W TEPEOIpeIeeHneM CUMBOJIOB WH(MUKCHBIX OTepalnii
JlIsl TAKUX O0BEKTOB; $ICHO, YTO [IjIsi IPUMEHEHUsI MeTO/[a HeoOX0AMMO Hau4Yue B 0A30BOM S3bIKE
COOTBETCTBYIOIITUX BO3MOXKHOCTEIA.

Meron npakTudecku peasn3oBan B 6ubumorexe InteLib, koTopas npemoctaBiser HabOP KIaCCOB
s3pika C-++, peanmsyronmx S-BbIpaskeHus [8] Kak reTeporeHHble CTPYKTYPHI JaHHBIX. BBOIMMBbIi
JUTsl 9TUX KJIACCOB HADOP MHMUKCHBIX OMEPALnii TO3BOJISET 3allUChIBATh KOHCTPYKIIUHU, sIBJISFOIIN-
ecst ¢ ToUKM 3peHust KoMnuasaTopa C++ apudMerudecKuMu BhIPAYKEHUSIMHU, KOTOPbIE CHHTAKCUIe-
CKU OJIM3KHU TPAJUIMOHHBIM JJIs s13biKa, Lisp S-BoiparkenusiM. Bropoii cjioit 6ubanorekn 1mo3Boser
MPOU3BOIUTE GOIMUCAECHUA ITUX BBIPAYKEHUN, JOCTUTAsT, TAKUM 00pa30M, UX CEMaHTUIECKON IKBU-
BaJIEHTHOCTU COOTBETCTBYIOIIUM BbIpaxKeHusaM s3bika Lisp.

2 IIpobiaemsbl peasm3aliuu Mojem s3bika Scheme

Wcxomno BuIYUCTEHUST KOHCTPYKIHi st3bika, Lisp B 6ubinoreke InteLib 6b11u peann3oBanb! mpo-
CTERIMM )it TOHUMAHUS CIIOCOOOM, & UMEHHO, C UCII0JIb30BAHUEM PEKYPCUBHOI'O BHI30BA IIPOTPAM-
MBI BBIYUCJIEHUS BbIpakeHusi. Tak, HAIPUMED, TP BBITUCIECHUN

(+1 (x 2x) (*x3xx)

BBIUHCJIUTEh CHAYAJIA, BBIZBIBAJICS JIJIST BCETO BBIPAYKEHUS I[EeJUKOM. [IOCKOJIBKY st mepeaadn
yrpasjeHust (DYHKIUA «+» HEOOXOIMMO CHAYAJIa BHIYUCIUTD €€ ADHYMEHTHI, BEITUCIUTEb BhI3BIBAJ
PEKYPCHBHO caM cebsi Ji/Ist BBIYUCIeHUs (I009epéTHo) Beipazkennii 1, (¥ 2 x) u (* 3 x x). Byay-
91 BBI3BAHHBIM /I KOHCTAHTHI 1, OH HEME/[JIEHHO BO3BPAINAJ YIIPABJIEHUE, MOCKOJbKY JeiiCTBIE
10 BBIYUCJICHUIO KOHCTAHTHI ABJISETCA dJIEMEHTApHBIM. Byayun majee BbI3BaHHBIM jyid (¥ 2 x),
BBIUUCJIUTETh BHOBb PEKYPCUBHO BBI3BIBAJ CaM CeDsi y2Ke i BBIpAXKeHUit 2 W X; B MEPBOM CJIy-
4Jae ylpaBJieHue BO3BPALIA/IOCH HEME/JIEHHO, BO BTOPOM — AHAJIM3UPOBAJICH TEKYIIUHA JIEKCUYeCKuil
KOHTEKCT, ¥ BO3BPAINAJIOCH 3HAUEHUE, JIEKCUIECKN CBA3AHHOE C X (TO €CTh JIOKAJIBHOE), €CJIN TaKO-
BOE MPHUCYTCTBOBAJIO, B MPOTHBHOM CJIy4ae BO3BPAIAIOCH JIUHAMUYECKOE (r100abHOE) 3HAYEHUEe
x. lonyune Bce 3HaUYEHUs, HEOOXOAUMBIE JIJIsT BHI30BA (DYHKIMW <«*», BBIUUCIUTE/]b BHI3BIBAJ Te-
J10 BYHKINU, MPEeIBAPUTEILHO CHOPMUPOBAB BEKTOP n3 €€ (DAKTUIECKUX MAPAMETPOB, MOy Yl
3HAYEHNE, BO3BPAIIA/I YIIPaBJIeHUue, U T. 1.

B nepgoii (mpobuoii) Bepcun 6ubmmorexu InteLib, manucannoit 8 1999 romay, pesynbrar paboTh!
BBIUUCJIUTES BO3BPAIIAJICS KakK 3HadeHune pyHKImU. 1 onTuMu3anum ocTaTouHO! peKypcuu, a
TakKe /s peanusarnuu (popmbl SETF MexaHu3M BO3BpaTa 3HAUEHMIT OBLTT YCOBEPIIIEHCTBOBAH yKe BO
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BTOpOii Bepcuu: B (PYHKIINIO, BEIYUCSIONIYIO S-BbIpaKeHUe, CTajl MePeIaBaThCs JTOTOJTHUTETbHBII
mapaMeTp, MPEeICTABSIONHI c000it 00bEKT CeNnnaabHOTO KIACCa, KOTOPBI OTBeYas 3a mepeK,/iroye-
HUE JIEKCMYEeCKUX KOHTEKCTOB, BOCCTAHOBJIEHUE 3HAYEHUI JMHAMUYECKH CBA3bIBAEMbIX IIEPEMEHHbBIX
¥ XpaHeHue BO3BPAIIAEMOT0 3HAUEHNS, IPUYEM BO3BPAT PE3YIbTATA BHIYUCIEHUS CTAJIO BO3MOXKHO
POU3BOIUTEH B COOTBETCTBUU C OJHOM M3 TPEX MOJIe/eil: BEPHYTHh OOBITHOE 3HAYEHUE, BEPHYTH CCOl/A-
KY Ha MMEOIIYIOCS CTPYKTYDY JAHHBIX (HAPUMED, Ha JIEBYIO WU TPABYI0 9aCTh CyIIECTBYIOMIEi
TOYETHOI Taphl), THOO0 BEPHYThH BBIPAXKEHNE, KOTOPOE B CBOIO 0YEPEb MOJIEXKUT BBITUCICHI0. BTo-
pad U3 NepednCAeHHBIX MOJeIel c1enana BO3MOXKHON peann3anuio SETF, TpeTbd — ONTHMA3AIUIO
oCcTaTOYHOU pekypcuu. Tak wiu nHade, Jjisi BBIYUCIEHUS apryMeHTOB (DYHKIINN, a8 TaKXKe JJisd BbI30-
Ba Apyrux (yHKIW B DYHKIUAX BEICOKUX TOPSAKOB (Takux Kak MAPCAR win SORT) BBIUHC/IUTEND
TMPOMIOJIKAJ IeJIaTh PEKYPCUBHBIE BBI30BBI CAMOTO CeDsl.

s BeIYucuTeIbHON MOJien si3blKa Scheme Takas peaju3alius OKa3bIBAETCH HelpUeMJIeMa
M3-3a HAJNYWs B 9TOM sI3bIKE MeXaHu3Ma npodoadcenudi (continuations), peannzyemoro yHKIU-
eit CALL-WITH-CURRENT-CONTINUATION (mmm mpocto CALL/CC). C TeopeTHvecKoil TOUKHM 3pEeHus
npodoaicerue TIPeICTaBseT coboit nocaedosamenvrocms deticmeut, Komopuvie HeodbLoouMO Gbinoi-
HuUmMb Jo 3asepuenud evvucienut. Kaxmgoe seMeHTapHOe JAeficCTBUe, TAKOe KAK BBIYUC/IEHUE KOH-
CTQHTBHI WM TIpUMEHeHne (DYHKIMU K BBIYUCACHHBIM apryMeHTaM, PacCMaTpPUBAELTCA KaK neperod
OT OJTHOTO NPOJOANHCENUA K APYTOMY; MHOTJIA TAKZKE TOBOPAT, 9TO HOBOE (OUEPEHOE) POI0IZKEHNE
BO3HUKAET B TOT K€ MOMEHT, KOT/Ia HA9MHAETCS BBITIOJTHEHWE 0YEPETHOTO IJEMEHTAPHOTO BBIYUCIE-
HUS, 1 oolcudaem 3navenus. Tak, HATpUMED, TTPU BBIYMCICHUH

(+ (x a 15) (x b 25))

[EPBOE NPOJOAIICEHUE UMEET BUJI «BBIYUC/UTH BBIPAKEHUE EJUKOM»; OT HErO OCYIIECTBJIAETCS [1e-
PEXOM, K NPOoJoadicenuto «IOJIyIuTh 3Ha9eHne, 3areM BhraucauTh (¢ b 25) ) 3aremM K JBYM IOCJIE/I-
HUM 3HAYEHWsIM MPUMEHUTDH +». MOXKHO CKa3aTh, YTO 3TO BTOPOE Npodoasicenue BO3HUKAELT B TOT
JK€ MOMEHT, KOT/Ia HauYnHaeTCs Bhrauciaenune (* a 15), m 0xKujgaer ero pesy/abrara.

Oyuknnsa CALL/CC mo3BOJIAET «3aKOHCEPBUPOBATLY TEKYIIEe NpodosiceHue, C TEM ITOOBI O3Ke
MOXKHO OBIJIO BBITTOJTHUTDH Te K€ JeHCTBUsI, HO HAYAIbHBIN PE3YIbTAT JATh JAPYTOii.

Ecnm paccMaTpuBaTh OMACAHHYIO BBIIIIE IPOCTYIO PEKYPCUBHYIO PEATIIAINATO BEITUCIATENS, OKa-
JKeTCs, ITO MH(POPMAIUS, COCTABJILIONAI NPOJoaicenue, PACCesiHa 10 JOKAJbHBIM TEPEMEHHBIM
MHOTHX OJJHOBPEMEHHO aKTHUBHBIX YK3EMILIAPOB (DYHKIIUU-BBIYUC/IUTENA, U, O0J/iIee TOrO, YaCTh WUH-
dopmaruu BoOOIE HE ABISIETCS sIBHO JOCTYIHON: AEHCTBUTENHHO, WHMOPMAIU O MPEICTOAIEH
TIOCTIETIOBATENLHOCTI JeHCTBUN OKA3bIBAETCS TTPECTaBIeHa COBOKYITHOCTHIO aJPECOB BO3BPATA, CO-
XPaHEHHBIX B CTEKE, KOTOPbIE B IBHOM BUJI€ IIPOI'PAMMUCTY HEJIOCTYITHBI, BO BCAKOM CJIydae, €CJINA I'0-
BOPHTH O IMTATHBIX MEPEHOCUMBIX CPEICTBAX. VI3BeCcTHA peann3anyst MEXaHN3Ma NPOoJosdcenut st
s3pika C, OCHOBaHHAsI Ha HEJOKYMEHTUPOBAHHBLIX ocobenHHOCTsiX yHKIuit setjmp() u longjmp ()
(cwm. [11]), ogHaKo rapaHTUPOBATH TIEPEHOCHMOCTH TAKOIO PEIeHNs] HEBO3MOXKHO.

3 Unes mpuMeHEHHOTO perleHus

Kak mMoxkHO 3ameTuTh, Ipu pabore ¢ npodosdiceruem Pedb UAET O JIBYX OCHOBHBIX CYI[HOCTSIX:
0 JIeHiCTBUSIX, KOTOPhIe HEOOXOIUMO BBIIIOJIHUTE, U O COXPAHEHHBIX 3HAYEHUSX, KOTOPBIE SIBJISIIOTCS
pe3yJ/braTaMy yzKe BbIIOJIHEHHBIX JICUCTBU.

Jlerko BUIETH TaK¥Ke, 9TO MPU BHITOJTHEHUN BBIYUCICHUH OOIBINX YPOBHEH BIOXKEHHOCTH OJHU
JIECTBUS TI0O Mepe WX BBITTOJTHEHWS MOTYT 3aMEHSIThCA JAPYTUMU JUOO MpeoOpPasOBhIBATHCS B T'O-
TOBBIE 3HAYEHWsI, TPUIEM YeM MO3JIHee ObLIO TOJIyUEeHO 3HAYEHUe, TeM PAHbBIIEe OHO MOHAI00UTCs
[IPU BBI30BE 0YepPeNHON (DYHKIINN; aHAJOTHIHO, YeM [MO3/JHee B CIUCOK HEBBITOJTHEHHBIX JTeHCTBUI
moTa/ia Ta WM WHasl OMepalidsl, TeM PAaHBIE HACTAHET MOMEHT, KOT/a €€ MPUIETCS BBITOIHUTS.

[Monygaercs, uTo npodossicerue MOXKHO TPEJCTABUTH B BUJE JBYX CTEKOB: B OJTHOM OyIeMm Co-
XpaHITh OMepallni, KOTOpble HEeOOXOINMO MPOM3BECTH, BO BTOPOM — 3HAUEHNS, KOTOPBIE MO3IHee
CTaHyT apryMeHTamu oreparuii. [yt npuMepa paccMOTPUM HMPOIECC BBIYUC/ICHUsT BhIpaykerus (+
(¥ a 15) (* b 25) 7) mpwm 3HAUYEHUWSAX MEPEMEHHBIX a 1 b, coorBercTBenHO, 10 m 100. ITocnemoBa-
TEJIBHOCTD MAros (Nnpodoastcenutl) Takoro BLIMUCIEHNs oKa3aHa B Tabir. 1.

[Ipu 3Tom MBI 0603HATaeM caoBoM EVAL omepariuio, COCTOSIIY 0 B BBIYUC/IEHNN 33/ JaHHOTO BhIPa-
JKeHus, a cjioBoM CALL — mpuMeHeHue 3aJaHHOM (DYHKINE K 33JaHHOMY KOJUIEeCTBY apryMeHTOB.
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Ne mara | Crek 3HaveHuit Crek oneparumii
1 0 EVAL (+ (x a 15) (* b 25) 7)
2 0 EVAL (x a 15)
EVAL (* b 25)
EVAL 7
CALL/3 +
3 0 EVAL a
EVAL 15
CALL/2 =
EVAL (* b 25)
EVAL 7
CALL/3 +
4 10 EVAL 15
CALL/2 =
EVAL (* b 25)
EVAL 7
CALL/3 +
5 15 CALL/2 =
10 EVAL (* b 25)
EVAL 7
CALL/3 +
6 150 EVAL (* b 25)
EVAL 7
CALL/3 +
7 150 EVAL b
EVAL 25
CALL/2
EVAL 7
CALL/3 +
8 100 EVAL 25
150 CALL/2
EVAL 7
CALL/3 +
9 25 CALL/2
100 EVAL 7
150 CALL/3 +
10 2500 EVAL 7
150 CALL/3 +
11 7 CALL/3 +
2500
150
12 2657 0

Tabauna 1: [pumep mocienoBaTeILHOCTH NPOAOAHCEHUT

[TepBas omepariis BLITIOJIHIETCS 32 OJUH IIar [/ KOHCTAHT U IIePEeMEeHHBIX, T.e. Oepalnnsd yonpaercs
u3 CTeKa JeficTBuil, a B CTEK Pe3y/abraroB gobasssiercs 3uadenue. JList BbizoBoB dyHKIMN onepa-
s EVAL BBITIOJTHSIETCS WHAYE: CaMa, OHA U3 CTEKa JeiicTBuil yOmpaercs, a BMECTO HEE 3aHOCUTCH
onepamua CALL 1jig COOTBETCTBYIOIIETO KOJIMYECTBA HapamMeTpoB u onepanuu EVAL jiia Beraucie-
HUS KaXKJO0TO apryMenTa (OYHKINN; CTEK Pe3y/IbTaTOB IIPU ITOM HEe MeHgeTcd. Hakomerr, omeparms
CALL wm3BjeKaeT m3 CTeKa pPe3yJbTaTOB COOTBETCTBYIOINEe KOJWIECTBO MapaMeTpPOB, IPUMEHSET K
HUM 33aHHYI0 (PYHKIUIO, & 3aT€M pe3yJIbTAT IPHUMEHEHHs IIOMEIIaeT CHOBA B CTEK PEe3y/IbTATOB.
Iaru, mepeunciennbie B TabJINIE, COOTBETCTBYIOT B TEOPETHUIECKON TEPMUHOJIOTHN ITOCIEI0BA~
TEILHOCTH Npodoadicenudi. BoIYucaIeHns CInTaioTCsd OKOHYEHHBIME, KOIJA CTeK JeHCTBUi MyCT, TO
eCThb npodossicenue C IMyCTBIM CTEKOM JEHCTBUI CUNTAETCA KOHEYHBIM. K 9TOMYy MOMEHTY B CTe-
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K€ pe3yJIbTaTOB JIO?KHO OCTaThCsI POBHO OJIHO 3HAUEHUE, KOTOPOE U 00bABJISIETCS OKOHUYATETHHBIM
Pe3yabTATOM BBIUUCJIEHUS.

SlcHo, uTO B COXpaHEHUN BCEX MPOMEKYTOUHBIX NPOJOANCEHUT HET HUKAKOTO MPAKTHIECKOTO
CMBICJIA, €CJIA TOJBLKO HE BBIIOJIHIIOTCI (DYHKIINN, «KOHCEPBUPYIOIEy TeKyIee npodoascenue. Ta-
KUM 00pa30M, JOCTATOYHO UMETh 00ut SK3EMILISIP CTEKOB U M3MEHATh WX, a MPU HEeO0OXOIUMOCTHU
JUTS TeJiell «KOHCEPBUPOBAHUS» CO3/IaBaTh KOIWM.

IIpu peanuzanuu B 00bEKTHO-OPUEHTUPOBAHHOM OKPYKEHUN €CTECTBEHHON BBITJISIUT WHKATICY-
Jsnus 000MX CTEKOB B KJIACC, KOTOPBIH 1 Ha3biBaeTCst Continuation (T.e. «IpojoszKenunes ), mpuaém
TaKO 00LEKT JT0JIZKEH UMETh METOIbI TI0 T00ABIEHUIO HOBBIX 33IaHUI, TI0 U3BJIEIEHUIO PE3YILTATOB,
a TaKKe METO/I, BBIIOJIHAIONINN 00Ut wae2 6vuucienud, N, HaYe TOBOPS, nepexrod K caedyrouemy
NPOJOAIHCERUIO.

O0beKT TAKOTO KJIACCa MOYXKET TIPU YKeJIAHUN PACCMATPUBATHCS U KaK CBOErO POJia BUPTya IbHAs
MaIlIHA, UCIOJIHAIONAs IPOrPAMMEI Ha si3bike Scheme. !

[TockoabKy 00BEKT, IPEICTAB/IIONINI npodosdicerue, HEN30eKHO JTOJIYKEeH CyIIeCTBOBATE U ObITh
JIOCTYITHBIM BO BCEM KOJIe, MMEOIIeM OTHOIIEHNe K BBIUYUCJICHUIO S-BbIPAKeHNUil (UCIIOTHEHWIO TTPO-
rpaMMbl Ha Scheme), Ha 3TOT O0OBEKT MOXKHO TaKyKe BO3JOKUTH HEKOTOPBIE BCIOMOTATETbHbLIE
dyHKIMHN, Takue Kak ylpaB/ieHue CBA3BIBAHMEM JIOKAJIbHBIX MEPEMEHHBbIX (MHAYe TOBOPsi, ylpaB-
JIEHUE «JIEKCMYECKMMU KOHTEKCTAMEY» ) U MOJJIEPKKY PA3JUYHBIX MOJEIell BO3BpaTa 3HAYeHUs n3

dbyHKINN.

4 Pabouas peajm3anugd

4.1 IlpenBapurejbHbIE 3aMEYaAHUSA
4.1.1 Crpykrypa 6ubsmoreku InteLib

Bubyimoreka InteLib cupoekTupoBana B HECKOJJIBKO CJIOEB, TPUYEM HUKHUI CJI0 IIPEJICTABIIIET
coboli S-BbIpaKeHus, BOCIPUHUMAEMbIE KAK MeT€POTeHHbIE CTPYKTYPhI IAHHBIX B OTPBIBE OT KAKUX-
JII00 BBIYUCINTEIBHBIX Mozeseii [6].

Bepx#auii ciioit 6ubsmoTexkn ComepKuUT MOACUCTEMbI, OTHOCAIINECS K BBIAUCIUTEIHBHBIM MOJIEIAM
Pa3INYHBIX sI3bIKOB. B HacTOsAIEe BpeMsa nucTpudyTuB 6ub/IMOTEKN COMEPKUT MOEIN sA3bIKOB Lisp,
Scheme n Refal, npuaém mocegsis ToKa HAXOAUTCS B CTAIUH SKCITEPUMEHTAILHOTO KOJa. Bexyrces
Takxke paboTel Haj MogenaMu s3blkoB Planner, Prolog, Datalog u Erlang. Heobxogumo ormeTuTs
ob1riee /17 BCEX STUX eA3BIKOB CBOWCTBO: BCE OHU UCIIOJIL3YIOT M€TEPOTeHHBIE CTPYKTYPhI JAHHBIX,
OCHOBaHHbBIE HA, OJHOCBA3HBIX CIIMCKAX, T.€. S-BBIPAYKEHUsI, XOTsI IPU OMUCAHUY STUX A3bIKOB TEPMUH
«S-BBIpAXKEHUE» TOUEMY-TO OOBITHO HE yIOTPeO IsIeTcs.

Kpowme Bepxmero m HuKHEr0 CaI0€B, OMOIMOTEKA WMEET TaKyKe MPOMEXKYTOUYHBIN CJI0#, B KO-
TOPOM peaJjIM30BaHbl HEKOTODbIE MHCTPYMEHTAJIbHBIE CPEJICTBA Jijid PAOOThI C S-BbIPAKEHUSIMU, B
YaCTHOCTH — CPEJICTBA PabOTHI C IMOTOKAMHU BBO/Ia-BBIBO/IA, CHHTAKCHYECKOTO aHAJM3a TEKCTOBOTO
MIPEJICTABIEHUS S-BbIpAXKeHuil u T.11. TakKe B 3TOT CJI0¥ BhIHECEHBI ODITUE [J1sT PA3IUIHBIX BHIUUC-
JINTETBbHBIX MOJIeJIell YacTh, UMEOIIUe OTHOIIEHUE K Gbi4UCACHUI0 S-BhIPAYKEHU.

Bubimoreka opuenTupoBana Ha pabOTy B «UUCTO KOMITHUIUPYEMOM» OKPYKEHWH W HWCIIOJIB30-
BaHue apudmernueckux BhipaykeHuit C-++, 3aMeHSIOMUX COOTBETCTBYIONINE KOHCTPYKIIUNA MOJIe-
JINPYEMBIX S3BIKOB. TeM He MeHee, B MyJ/IbTUNAPAIUIMAJILHOM OKPYKEHUHM MPAKTUYECKH BCErJa
BO3HUKAET HACTOWYMBAZA MOTPEOHOCTH B HANUCAHUU HEKOTOPBIX MOJIyJIell I1E/IUKOM B CHHTAKCUCE
OPHUTHHAJILHOTO (MMIOPTUPYEMOro) sa3bika. B auctpubytus 6ubmmoreku InteLib Bxomar Tpanciis-
TOPBI JIJIsT KAXKI0T0 U3 MOJIEIUPYEMbBIX sI3bIKOB ITPOTPDAMMUPOBAHUS, TTO3BOJISIONINE HA OCHOBAHUU
TEKCTA Ha TAKOM si3bIKE MOCTPOUTh MO/Y/ib Ha C+-+, cocrosdinuii u3 3arojioBouHoro daitia u daitia
peasmzaruu u ucnoab3ytomuit koucrpykimu 6ubanorexu Intelib. Kpome Toro, misa nesneit otiaaku
B OMOIMOTEKY BXOAAT W PACIIUPsSieMble MHTEPAKTUBHBIE WHTEPIPETATOPHI s3bIKOB Lisp u Scheme;
npu HeOOXOAUMOCTH STH WHTEPIPETATOPHI MOXKHO BKJIIOYATH W B MOIH30BATE/IHCKUE TTPUIOKEHUS B
Ka4eCTBe BCTPOEHHBIX.

!EcTecTBeHHO, 3m€Ch MMeETCS B BULY BHYTDEHHeE IIPeJCTABJICHNE IPOTPAMM, OCKOJIBKY 334N JIEKCIIeCKOTO U
CHHTAKCHYIECKOTO AHAIN3A KOJIa OTHOCATCS K COBEPIIEHHO WHOM MPOOIeMHON 001aCTH.
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4.1.2 Corgalrenuda 006 nMeHOBaAaHUAX KJaccos B oubsmmmoreke InteLib

Ormernm, uro B Oubamoreke Intelib S-BhipaskeHust pa3IMIHBIX THTIOB MPEICTABIISIIOTCS 00HEK-
TaMU KJIaCCOB, UMEIIIUX 0011ero abcTpakTHOro npeaka SExpression. Vmena Kj1accoB, mpejicTaBis-
IONIUX KOHKPETHBIE TUIIbI S-BhIPAXKEHUI U OTHOCAIINXCS K HU2KHEMY CJI010 OMOIMOTEKY, HAUMHAIOTCS
¢ mpedukca SExpression; Takoe ¥Ke COIJIAIIIEHIE UCIIOIB3YeTCs JJisl KJIACCOB MPOMEKYTOUHOTO (MH-
CTPYMEHTAIBHOTO) CJIOSI.

Kraccer S-BbIpazkeHuil, OTHOCAIIUXCSA K KOHKPETHBIM BBIYUCIUTEIbHBIM MojesisM (Lisp, Scheme,
Refal) umeror B HazBaunu npeduKce, YKa3bIBAOIINT HA COOTBETCTBYOILY IO BEIYUCIUTETBHYO MOJIED
(coorBercrBenHo mpedukces LExpression, SchExpression u RfExpression).

Pa6ora ¢ S-BhIpaskeHUSIMU CTPOUTCS Uepe3 CUCTEMY «yYMHBIX yKazaTeseil» U «BeIyIuX yKa-
sareneity (smart pointers m master pointers B TepmumHONOTHM KHUTH [12]). YMHBIE yKazaTeam —
910 00bEKTHI, Beaylue cedsi 1MOM00HO yKA3aTe M, HO BBIIOJHSIONINE KaKue-aub0 OTOJHUTE /b
wele yHKINY; B ciaydae bubimoreku InteLib manbosiee Baxkuas n3 Takux pyHKIUI — MOAIEPKKA
CUYETUYUKOB CCBIJIOK, TTO3BOJIAIONIAY aBTOMATUYIECCKN YHUYITOXKATH O6"beKTI)I S—Bblpa}KeHHfI, Ha KOTO-
pbie 6oJIbIlle HUKTO HE cChbLiaeTcsd. Kpome Toro, Ha yMHBIE yKa3aTe/In BO3Jaraercs psaj OyHKIHH,
cuernuUuUHbIX JJId S-BbIPAXKEHUH, TAKUX KAK KOMIIO3UIINS U JIEKOMIIO3UIUS CIIMCKOB, KOHBEPCUS
BO BCTpOEHHbIe TUIIBI U T.7i. Bce ymubie ykazarenu B 6ubsimoreke Intelib macienyiorcs ot kjac-
ca SReference, KOTOpBIil Mpe/CTaB/IsieT COOONl OCHOBHOW MEXaHU3M JOCTYIA K S-BhIPAYKEHUSIM.
Kiacesr ymHBIX yKazaTeseil, BBOAUMbBIE JJis 00CTYKUBAHUA CHEIU(MUIECKUX TUIOB S-BhIPAKEHUIA,
UMEI0T UMEHa, [IOJIyYCHHbIC U3 Ha3BaHUI COOTBETCTBYIOIINX KJIACCOB S—Bpra)KeHI/Iﬁ HyTéM yaaJie-
Hug cjioBa Expression um poGasienusi cydpdurca Ref: mampumep, xemr-rabsuisl B InteLib mpes-
craBadaTca Kjaaccom SExpressionHashTable, a COOTBeTCTBYIOIMHA MM KJacC yMHOI'O yKa3aTe-
st umeer ums SHashTableRef; aHa/lorMyHO, cumeoa si3blka Scheme npeicraBisieTcss KJacCoM
SchExpressionSymbol, a COOTBETCTBYIOIINI KJIACC YMHOTO yKa3aTesad Ha3biBaeTca SchSymbolRef.

BeﬂyH_LI/Ie YKa3aTe/Jn OTJINYIal0OTCA OT YMHBIX yKasaTeﬂeﬁ TeM, 9TO CaMUW aBTOMATUYIECKHN CO31a-
0T 00BEKT, HA KOTOPHI yka3wiBaioT. B 6ubmoreke Intelib kimaccer Bemymux ykazareseit Bcerma
HACJIEJIYIOTCsI OT COOTBETCTBYIONIUX YMHBIX yKa3aTejeil U UMEeT UMeHa, [0JIy9eHHble 0TOpachiBa-
uueMm cyddukca Ref; Tak, Begymue ykasaTeaun s xem-rad/ui Ha3piBaoTca SHashTable, a jijist
CHMBOJIOB s3bIKa Scheme — SchSymbol.

s 06paboTKM UCK/TIOUUTETBHBIX CUTYAIINN UCIIOIb3YeTCs KJ1acc, Ha3biBaeMblii IntelibX u ero
IIOTOMKH, HA3BAHUS KOTOPHIX (popMupyrorcs pobasienneM K mnpedukcy IntelibX cjoB, obo3HaUa-
IONUX KOHKPETHYIO OIMMUO0YHYIO CUTYAIWI0, IPUIEM STH CI0BA HAOMPAIOTCA B HUXKHEM PETUCTPE
Uepe3 CUMBOJ MOIUEPKUBAHNUST; HATTPUMED, apudmMerndeckne GYHKINY TPHU MO1a9€ UM HEIUCTIOBBIX
aprymMeHToB BbIOpachiBaioT uckiaovenne IntelibX_not_a_number.

Knaccer, HEe oTHOCSIHMECST K TPEM BBINIEONUCAHHBIM UEPAPXUIM, T.€. HE SBJISIONINECST HU S-
BBIPAYKEHMEM, HU yYMHBIM JIN0O BEJYIIMM yKa3aTejgeM S-BbIPA’KEHWUs, HU KJACCOM OMINOOK, hMe-
HYIOTCsl ¢ 00sI3aTeIbHBIM UCIO/Ib30BaaneM npedukca Intelib (g wukHero csiost 6ubamorexu),
smbo npedurcos Lisp, Scheme, Refal jjig cooTBeTCTBYIONUX ToACcHCcTEM. TaK, KIacC CHHTaAKCHYe-
CKOI'0 aHAIM3aTOPa TEKCTOBOI'O IPEJICTABIEHNs S-BbiparkeHuil HasbiBaeTcs IntelibReader, a ero
[IOTOMOK, J/IalITUPOBAHHBIN I10/I KOHKPETUKY Koja Ha Scheme, na3piBaercs SchemeReader.

B cooTBercTBUM C 3THMU COTJIAIIIEHUSIMI KJIACC, COOTBETCTBYIOMINI TOHSITUAIO NPOJONHCEHUS, T3~
HaYaJIHHO Ha3bIBaICH SchemeContinuation. Takoro HazBamus MbI U Oy/IeM MPUIAEPKUBATHCI B W3-
JIOYKEeHW.

4.2 OcHOBHbIE IPUHIUNBI peajim3anun KJjaacca SchemeContinuation

OcHoBoii peasmzanun kiacca SchemeContinuation siisitorcs crek aeiicrsuii (ToDo stack) u
crek pesynbraroB (result stack). Crek pe3ysbTaToB peajm30BaH B BUJE MACCUBA 3JIEMEHTOB THIIA
SReference, UTO TO3BOJSIET WCIOJIH30BATH (PPArMEHTHI 3TOTO CTEKa B KavYeCTBE BEKTOPOB Tapa-
MeTpOB Tpu BbI30Be (hyHKIH, m3berasi, TakuM 00pa30M, BHIAEICHUS IUHAMUIECKON MaMATH TPU
KaxK10M BbI3oBe Scheme-dyukmun. CaMm MaccuB cO3MaETCAI B JUHAMUYIECKON MAMSITH IIPU CO3MAHNUN
obbekTa SchemeContinuation u mpu HEOOGXOMMOCTH pacuIupseTcs (KaxKIblii pa3 Basoe). [IpakTuka
MOKa3aJj1a, 9To Takas HeOOXOMUMOCTh (P HAYAJILHOM pa3Mepe MacCuBa 256 3/1eMeHTOB) BOZHUKAET

peaKo.
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Crek neficTBUil Tak»Ke MPeICTaBIAET CODON MUHAMUYIECKHU PACIIUPSIEMbIi MACCUB, HO €r0 3Jjie-
MEHTBI UMeIOT 0oJiee CIOXKHYIO CTPYKTYPY. KasKIblit 97eMeHT COMep:KUT KO OTepaluu u3 HEKO-
TOPOI'0 IIPEJONPE/IeJEHHOIO0 MHOXKECTBA, OIIMOHAJBHBIN ITapamMeTp, a TaK:Ke I0Jie ISl XPAHEHUS
0T/1a049HON mHMOPMAIUU 0 CTeKe BbI30BOB Lisp-dopwm; mociiemsHee MOXKET ObITh MCKJIIOYEHO IIpH
KOMITUJIATNY OnOIMOTEeKN 33/ JaHNEeM COOTBETCTBYIOIIEH TUPEKTUBBI YCAOBHON KOMITAISIIUN.

Kpowme 31ux JBYX CTEKOB, B 00BEKTE XPAHUTCS TaKyKe YKa3aTeIb HA TeKYInii (AKTHBHBI) «JTeK-
criecKniit KoHTeKCT». Kjacc TakKe BBOAUT [IBA CTATUYECKUX TOJIA JJIs TOAIEPKKHA MEXAHU3MA
IpepbIBaHNUS BBIYUCICHUN.

4.3 OcHOBHBIE KOJbI OMeparimii

Pabora ¢ o6wexkTom SchemeContinuation oOBITHO HAYMHAETCS C TTOMEINEHNsT B CTEK IeCTBMIA
OTIepaIuu «IIPOCTO BBIYUCUTHY C IApaMETPOM, B Ka9eCTBE KOTOPOIO BBICTYIIAET IOIEXKAIIEee BbI-
quceHnio Beipaxkenne. CoOTBETCTBYIONIMIT KO/ onepanun — just_evaluate.

Bropas naubo/iee 4acro ynorpebiiseMas? omepaius — BbI30B (DYHKIIUM JIJIs 3a/IQHHOIO KOJIH-
gecTBa apryMeHToB. [ToCcKo/IbKY B sizbike Scheme cam 00bEKT BBI3BIBAEMOM (DYHKITUU MOYKET OBITH
PEe3yJIbTATOM BBIYUC/IEHUS, TPUIEM TaKO€ BBIYUCJIEHHE, BOOOIE TOBOPS, MPOUCXOIUT 0 BBITUCTIE-
HUS TTapaMeTpoB PYHKIMHU, COOTBETCTBYIOIIAA onepalnsa paboTaeT caeayoomum obpasom: eciau N —
3a/IAHHOE KOJIMYECTBO IMapaMeTPOB, TO OT BEPIIUHbBI CTEKA OTCUYUThIBaeTCd N mO3uIuil, U3 Moy deH-
HO¥ TIO3UIUN U3BJIEKAETCS 00bEKT (DYHKITUH, TIOCE Yero Jjisd 3TOT0 00HEKTA MPOU3BOIUTCI BBI30OB
BUPTYaJbHOTO METO/[d, OTBETCTBEHHOI'O 33 COOCTBEHHO MpuMeHeHne (QYHKIIMOHAJIHHOIO 00beKTa K
apryMeHTaMm, TpUYéM B KaUeCcTBE BEKTOPA apryMEHTOB TepenaéTcs ajpec MO3WINKU B CTEKe, CJie-
Jaytorieil 3a mo3uiueil, u3 KOTopoi u3pjedeH 00beKkT-DYHKIM. YKA3aTeIb CTEKA [IPEIBAPUTE/IHHO
orkarbiBaercs wHa N+41 mo3unmio, Tak 9TO PE3y/AbTaT BHINOJHEHUA (PyHKIWH OyJeT 3amucaH B 3Jje-
MEHT MaCCUBa (CTeKa), pamee cozepKaBImii 00beKT PYHKITUU U HE 33€iCTBOBAHHBIN [IsT XPAHEHUS
mapamMeTposB.

N3 coobpaxkennit 3¢pdHeKTUBHOCTH Onepalus «Bbi30B QyHKIUU s N apryMeHTOB» HE HCIIOJIb-
3yer ToJie TapaMerpa Jid xpaHenus ducia N. BmecTo 3Toro 3a Ko mMeHHO 9TOi omepaluu mpu-
HUMAETCH A1000€ HEOMPUUGMENDHOE “UCAO, BAITMCAHHOE B I0JI€ KOJa onepaluu, T.€. 4ucjio 0 co-
OTBETCTBYET BbI30BY (DyHKIUK 0€3 apryMeHTOB, 9unucCji0 1 — BbI30BY yHapHOU dyHKIMu u T.1. Bee
oCTaJ/IbHbIE OIIEPALIMK UMEIOT OTPHUIATEIbHbBIE KOJIbI, B YACTHOCTH, onepains just_evaluate umeer
Koz -1.

Kpowme Toro, myis ymobcTBa BBOAATCA CAETYIONINE KOMAH/THI:

e evaluate_prepared BeMUCAACT CBOH TapaMeTp; OTINYaeTCA OT just_evaluate npeamosoxe-
HIEM, 9TO BCE apPTyMEHTBI YK€ BhIIHUC/IeHbI. IIpuMenssercs 0ObIYHO IIpK BBEIYUCICHAN (DYHKITHI
BBICIITUX TTOPATKOB.

e evaluate_progn BHIYUC/ISET OCJIEI0BATEIHLHOCTH (DOPM, B KadeCTBE KOTOPOI pacCMaTpuBa-
eTCs TIApaMeTp; eCTECTBEHHO, TTapAMeTP JO/KeH TIPEICTABIATH CODOM CMMCOK. DTa OTMePAInst
BBeJIEHA JI/Id y/I00CTBA U MIPUMEHSIETCS, HATIPUMED, [IPU BBIMIOJTHEHUN OOBIYHBIX (DYHKITUH, Ha-
MUCAHHBIX Ha Scheme, a TakkKe U B APYIUX CIy4YagX, KOT/Ia A3bIK IPEJINOIATaeT BhITOTHEHUE
nocsieioBaTesbHOCTH (hopM (B mpeiokerusx (popmbl COND, B Teste LET u T.11.).

e quote_parameter mOMeEIAET CBOI mapaMmeTp B CTEK pe3yabTaToB. [IpuMensiercs npu BBIYUC-
JICHUU CIIETMAIBHBIX (POPM, KOTOPBIE B KOHIIE CBOEH PaOOTHIII (B X0/1€ KOTOPOil MOT'YT AKTHBHO
HCIIOTE30BATHCsI 00a CTeKa) JOJZKHBI BO3BPAIAThH 3apaHee M3BECTHBIN Pe3y/IbTarT.

e drop_result ybupaer u3 creka Pe3y/abTaTOB HAXOMAIIEECS HA ero BepiinHe 3Hadenue. [1pu-
MEHSETCA B C/IyYasiX, €CJIW PEe3Y/JbTAT BBIYUCICHUST 0YepeaHoil (hOPMBI T0KEH OBITH MPO-
WTHOPUPOBAaH; B YaCTHOCTH, 3TO JleJlaeTcd IS BCEX 3JIEMEHTOB CIIHUCKA, IIOJAHHOI'O KOMAaHJE
evaluate_progn, Kpome nocaegHero. Ilapamerp uraopupyercd.

e return_unspecified — momMemaer B CTEK Pe3yJbTaTOB 3HAYEHHUE, COOTBETCTBYIONIEE TTOHATUIO
unspecified; 5T0 3HaUEHWE, B KAIECTBE KOTOPOTO BBICTYTAET CHEIMATHLHO CO3MAHHBIN 00BHEKT

23anmeTuM, TIpuMep, TPUBEASHHELT B Tabure 1, ICIOMb3yeT TOMBKO STH JBE KOMAHIbI
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aTOMapHOTO S-BBIPAXKEHWsI, BO3BpAIAETCAd U3 BCeX (DYHKIHUI u (POpM, OTHOCUTETHBHO KOTO-
pbIX B crapgapte Scheme ykazaHo, UTO BO3BpallaeMoe 3HaUeHue He ompejesneHo. [lapaverp
UIHOPUPYETCH.

4.4 Peanuzanusga yCJAOBHBIX KOHCTPYKITHIi

Pea.HI/IBaL[I/IH CIIenaJIbHBIX (1)OII)M7 OCYIIECTBJIAIOINUX BBIYUCJIEHUA B 3aBUCUMOCTHU OT DE3yJIbTa-
TOB TIPEJIBLAYIINX BbIYncIeHnii (Takux kak IF, COND, AND u OR) OKa3bIBaeTCs HETPUBUAILHOI 3a/1a-
qeil B CHJTy BBINIEYIIOMSHYTOM HEJOMYCTUMOCTH PEKYPCUBHOTO BBI30BA BHIUUCIUTEN. TaK, Tpu BhI-
qncaernn GpopMbl COND 1t KaxK0ro MpeIaIoyKeHns HeoOX0AMMO BBEIUNC/IUTD €r0 IEPBbIi 3JIEMEHT,
U €CJIN PE3YJILTATOM BBIYUCIeHUs Oyaer #F (Jlormaeckas J0XKb), TIEPEHTH K CJIEIYIONEMY MPe/IoKe-
HUIO, B IDOTUBHOM CJly4da€ IPOJAOJIZKUTHL BbIYUCJ/ICHUE CbOpM TEKYLIEro npeajIozKeHnd, a OCTa/IbHbIC
npejiokerust npomnyctuth. OpaHako u3 Koja Hanucauuoit Ha C-++ yHKIUU, OTBETCTBEHHOM 3a
Berancsienne popmbl COND, MBI He uMeeM NPABG NPOUIBECTNU BBIYUCAEHUE NEPEOT HOPMBL NPEdo-
olcenus, Kaxk u Jiroboit apyroit opmbl. Beé, 9T0 MOXKHO cHesaTh — 3TO MOMECTUTH T€ WU WHBIE
JAaHHbIE B CTEKN (KaK B CTEK JEHCTBUIA, TaK U, TPU HEOOXOINMOCTH, B CTEK peBy.}ILTaTOB) 1 BEPHYTDH
yIIpaBJIeHNE.

B mporiecce peanmzanuu oKazaaoch, YTO BBEIEHHBIX BBIIIE KOJIOB OMEPAIIdil HETIOCTATOUYHO; BO-
ob1rie, paccMaTpuBaeMasi peaansalnnsa 0a3npoBaaach Ha BBeJeHUN cpeacTB ad hoc, Mo Mepe BO3HUK-
HOBEHWS KOHKPETHBIX ITOTPeOHOCTE! .

4.4.1 ®opma COND

Jis  peammzarmun  ¢opmbl COND OnLIm BBemeHBI JBa Koja oreparuii, cond_clause u
end_of_clauses. Ilepas u3 Hux m3BJeKaET U3 CTEKA PE3YJIHTATOB 3HAYCHUE, HAXOISIIIEECT Ha BEP-
nmmHe creka (To ecTh mocseaHee Beraucaennoe). Ecim 3navenne npeacrasaser coboil JTOrMIecKyto
JIOXKb, onepanusd Ha 3TOM 3aKaHYMBAETCA; B IIPOTUBHOM CJIydae IapaMeTp OIepalud pPacCMaTpHh-
BAeTCs KaK CIHUCOK (hOpPM, MOJJIEKAINNUX BBIYUCICHUIO (TO €CTh B Ka4ecTBe MapaMeTpa 3a1aéTcs
ocratok COND-mpe/iozkenust). [Ipexk e ueM MpUCTYNIUTh K BBIYUCICHUIO (DOPM M3 CBOETO ITapaMeT-
pa, omepanuga cond_clause mM3bIMaeT U3 CTEKA JEHCTBUNA BCe MMEIOIIUECd TaM JAefCTBUA OJHO 3a
IPYTUM JIO TeX IOP, IOKAa He ODHAPYKHUT B OUEPEIHOM dJIEMEHTe cTeKa KoMaHay end_of _clauses
(Takum 00pa30M MbI M36€raeM BBIYUC/IEHUsS OCTABIINXCA npeiozkennii ¢hopmbr COND). ITocste sToro
B CTEK IIOMEHIal0TCAd KOMaH/IbI JIJId I10C/JI€10BaTC/IbHOTIO BBIYHUCJICHU A (bOpM TEKYIIETO NPEAJIO2KEHU A
(31eMEHTOB CHUCKa, 33JaHHOTO B IMAPAMETPEe ONEePAIUK), TPUYEM MOCIe KaxKI0r0, KPOME TOC/Ie -
Hero, momeraercss Komauga drop_result. Ciyuaii mycToro CmuckKa B mapaMerpe pacCMaTpUBAETCsI
KaK CIEeNUaJbHBINA; B 9TOI CUTyalluy BMECTO IIJITAHUPOBAHUS JAJbHENINNX BBIYUAC/ICHUN BBIIIOTHACT-
cd JeficTBUe CyIeCTBEHHO 0ojiee IpOCToe, a NMEHHO, 3HAYEHne, TOJbKO UTO M3BJICUEHHOE U3 CTEKA
PEe3yJIbTATOB, IOMEIAeTCsI 00paTHO. VIMEHHO OHO B 3TOM Ciaydae OyaeT KOHEUYHBIM Pe3yILTATOM BbI-
quceHus (POPMBI.

Kowmanma end_of_clause npejcrassser coboii «He-onepanuioy (no-op), To ecTh, Oyaydn u3BJe-
9E6HHON M3 CTeKa [efiCTBUil, He 1e/laeT POBHBIM CIéTOM Hudero. Vcmomp3yercs 0HA MCKIIOIUTETHHO
JlIsl TIOMETKHY [IO3UIUK B CTEKe JieficTBuil, cooTBeTcTByoNIeil Kouity ¢gpopmbl COND uiu apyroit ¢hop-
MBI.

Ucnosb3ys 9mu aBa Koja onepamuii, Mbl Mo2keM, umesi popmy COND, 3amianupoBaTh €€ BbIUKUC-
jenne ciaenyonmmm o6pazom. Cravasa momMecrum B crek aeiicrsuii komanay end_of _clauses (ona,
TaknM 00Pa30M, OKayKeTCs IIy0zke BCEro 0CTaJIbHOrO, MMEIOIIEro oTHoNeHne K nHameit gpopme). Jla-
Jee Ha Caydaii, ecim mHu onHO npegokenne COND He Gy/er BBITIOJHEHO (TO €CTh BCE YCJIOBUS MPH
BBIYUCJIEHUN JAJYyT 3HAYEHNE <<.}IO}KI)>>) IIOMECTUM B CTEK JIeUCTBUII KOMaHJAy quote_parameter ¢
napaMeTpoM #F.

Hasee mpocmorpum mpeiozkentst hpopmbl COND B 06paTHOM TOPsIKe (B MMEIONIEH S peain3aium
9TO JIEIAeTCst Ha 0OPATHOM X0/I€ PEKYPCUU) U /ISt KK I0T0 TIPEIJIOKEHN ST 3aIMIIEM B CTEK J1eHCTBui
CHavaJia KOMaH/ y cond_clause C «XBOCTOM» IPE/JIOYKEHNS B KaUeCTBE ITapaMeTpa, 3aTeM KOMaH/Ly
just_evaluate c rojioBoii peioKenns B kKadecTse napamerpa. [locse sroro moxxuo Oy/eT BEpHYTH
yIIpaBJIeHHE.

Wrak, manpHeiilree BBIMOJIHEHHE OyaeT MPOUCXOANTL CJAeAYyIoNmM obpasoMm. Bymer m3siedena
3 cTeka KOMaHja just_evaluate, mapamMeTpoM KOTODOil SIBJISIETCSl TIEPBBIN 3jeMeHT (T.e. yCJIo-
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Bue) mepBoro npesioxkenusi COND; mocsie eé BBIMOJIHEeHUs (KOTOPOe MOXKET, Pa3yMeeTcs, mMoTpebo-
BATh CKOJIb YTOJHO CJIOXKHBIX JEHCTBUIL, HO BCE OTH MAEHCTBUS 3aTPOHYT TOJBKO MMO3UINH 0DOUX
CTEKOB, HAXOAAINECA BBIIIEC paCCManI/IBaeMbIX) Ha BEPIIUHE CTEKaA PE3YJ/IbTAaTOB OKaZKETCs JIOTUYe-
CKOe 3Ha4eHMe, ITOKa3blBalollee, CJIeJlyeT JIA BBINOJIHATH TeKyllee npe/aoxkenne COND nim nepeiiru
K ciaenyromemy. Jlanee 3 creka geiictBuit Oyaer n3piedena KoManaa cond_clause, KOTopas 3TUM
3HAYEHUEM BOCIOJIB3YETCHA, W TaK st Kaxk1oro mpesroxkenns COND. Ecau ogmno m3 mpeamoxKeHmit
Oy/IeT BBIMOJHATHCA (TO €CTh €ro yCAOBHE JaCT 3HAYEHIE NCTUHBI), BEChb OCTATOK OIMEPAIlil, TOMe-
MEHHBIX B cTeK ¢opmoit COND, OyieT U3 CTeKa M3bAT, & 3aTeM Oy/IyT BEIYUCIEHBI (POPMBI TEKYIIETO
IPEeIIOKEHNS, TPUIEM B CTEKE PEe3Yy/IbTATOB OCTAHETCH TOJBKO Pe3yJIbTaT MOCHeTHell N3 HUX.

4.4.2 @®opwmsbr IF, AND u OR

Mexanu3m, 110/100HBIH BBITEOTTUCAHHOMY, ObLIT IPUMEHEH U I PEAJIU3AIUN IPYTUX YCAOBHBIX
dopwm.

B wactuoctu, st popmbr IF OKazaioch JOCTATOYHO yKe BBEIEHHBIX KoMmaug. llpu e€ BbI-
YHCJIEHHN B CTEK IEiCTBHIl MOMeIaercd cHadaga KoMmanga end_of _clauses; xKak u g Gop-
Mbl COND, OoHa OKAa3bIBAETCS B CTEKe IIyOxkKe BCEX. 3aTeM B 3aBUCHMOCTH OT HAJIWYUS WJIA OT-
cyrcrBus B bopme Berku else (r.e. Tperbero aprymenta (hOpMbl) B CTeK JeficTBuii nmomemaercs
snbo komaH/Jia just_evaluate ¢ 9TUM TpeTbUM apryMeHTOM B KadecTBe apamerpa, Jubo Ko-
MaHJa quote_parameter ¢ mapaMeTpOM <«JIOXKb». 3aTeM B CTEK JIEWCTBUIl 3alMCHIBAETCS KOMAHIA
cond_clause ¢ mapamMeTpoMm, MPEACTABISIONINM CODOI0 CIUCOK M3 OJHOTO dJIeMeHTa — BeTKu then
(ro ectp BTOpOro mapamerpa ¢dopwmer IF). Hakomer, mocjiennuM B CTEK 3alUCBIBAETCS KOMAHIA
just_evaluate ¢ mapamMeTpoM, paBHBIM HepBOMY mapamerpy ¢opwmbl IF., mocje 4ero MoKHO BEp-
HYTH ympasjenne. HeTpynHo Bumerh, 9To majbHEHINNE BHIYUCAEHUS 0 CBOEHl CeMaHTUKe OyayT B
TOYHOCTHU COOTBETCTBOBATH MOPSIAKY MEHCTBUiL, peamosaraeMomy ¢popmoii IF.

®opma OR peanmdyercs TPOCTO KakK YacTHBIN ciay4ait popmbl COND co BceMU MpeIoKeHUsIMMA,
COCTOSIIIINMU TOJIBKO W3 TEPBOTO djieMenTa. VHade TOBOps, B CTEK AEHCTBUil CHAYAJIa MTOMEIAETC
koman a2 end_of _clauses, 3aTeM quote_parameter c napamerpoM #F, a 3aTeM B 00paTHOM MOPSAJIKE
JUTS KaXKI0r0 aprymenTa ¢popMbl — KoMaHa cond_clause € MyCThIM CIIUCKOM B KA4eCTBE MapaMer-
pa u KoMaHAa just_evaluate ¢ mapaMeTpoM, COOTBETCTBYIOIIAM pPAaCCMAaTPUBAEMOMY apryMeHTY
bopMbI.

Yyt cimoxuee obcroar gena ¢ dopmoit AND, mMOCKOIBKY 3/1€Ch CAeIyeT MPEeKPATUTDH JaIbHel-
Imue BBIYUC/IEHNs (M3bATh U3 CTeKa JeiicTBuil Bcé m10 Merku end_of_clauses) He [0 3HAYEHUIO
«HUCTUHAY, a, HA0DOPOT, IO 3HAYEHUIO «JI0XKb». llosTomy s peanusaiuu (opmbl AND mpuiinjioch
BBECTH €Il OJIHY Ollepalinio, KoTopasd Ha3BaHa bail_on_false. Ilo cBoeii ceManTuKe oHA aHAJIO-
rudHa (M B M3BECTHOM CMBIC/IE MPOTUBOMOJIOKHA) KOMaHe cond_clause: mpu eé BBIMOJTHEHUN U3
CTeKa Pe3yIbTATOB U3BJIEKAETCS 3HAUEHNE, U €C/IM OHO MCTUHHO, TO He JeIaeTCst DOJIbIle HIIero,
€CJIM 2Ke OHO JIOXKHO, TO U3 CTeKa JefCTBUA n3bIMalOTCd BCe KOMaH/ bl 10 MeTKu end_of _clauses, a
3aTeM B CTEK PE3y/bTaTOB 3aIMCHIBAETCH 3HAYEHUE «JI02Kb». Komanga bail_on_false e wucCmo/ib-
syer (uruopupyer) cBoii mapamerp. Takum o6pasom, jais Beraucaenns ¢hopmbl AND B cTex jeficTBuii
Heobxommo romectnTh end_of _clauses, 3arem just_evaluate ¢ mocjaegHuM aprymMmeHToM hopMbI
AND B KadecTBe mapaMeTpa, 3aTeM i BCEX apryMeHTOB (hOpMbI, KPOME IIOCEIHErO, B 0OpATHOM
nopsiike — bail_on_false u just_evaluate c paccMaTpuBaeMbIM apryMeHTOM (hOPMbI B KAUECTBE
rnapameTpa.

4.5 Peanunzanunsg NTeparimOHHBIX BbIYUCJICHUI

Oyukrmu 1 GopMbl, TPEOYIOITIEe UTEPAITMOHHOTO UCIIOJTHEHUS U BHIYUCAEHUH (DOPM HA KaXK/ 10
UTepaIuu, OKa3bIBAIOTCS €€ D0JIee HETPUBUAIBHBI B Pean3allud, KOTJIa MPsiMOil BbI30B BBIUUC/IU-
Tesig 3anperién. K sroit kareropun QyHKINN OTHOCATCS, HATpUMeEp, CTaHaapTHbIe (hyHKIusg MAP u
dopwma DO.

B paccvarpuBaemMoit peanmz3amnun st 3TOHW 1€V BBEIEHBI, BO-TIEPBHIX, ABE IOTIOJIHUTEIHHBIE
KOMaHJIBI generic_iteration m iteration_callback, u, BO-BTOPBIX, BCHOMOTATe/bHBIN a0CTPaKT-
HBII Ky1acc SExpressionGenericlteration, HaC/IeJHUKA KOTOPOTO PEAJU3YIOT KOHKPETHBIE UTepa-
IIMOHHBIE TPoTiecchl. Kitacec BBOIUT WeThIpe UWCTO BUPTYAJbHBIX MeToma: NeedAnotherIteration,
Schedulelteration, CollectResultOfIteration m ReturnFinalValue, KOTOpBIE HEOOXOINMO
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ornpeieinTh B Kjaacce-moromke. Meron NeedAnotherIteration Bo3BparmaeT OyJieBCKOe 3HAMEHUE,
TTOKA3LIBAIOIIEe, CJIEIYET JIM BBITTOJTHATH €IE OHy mTepanuio mukiaa. llpemmosaraercs, 9To 3TOT
METO/l HUYEero He MEHAET B O6'beKTe 1 HE ITPOU3BOAUT HUKAKNX aKTUBHBIX rZLeI../'ICTBI/IIt/'I7 a TOJIBKO BBbI-
YUCJIAeT Ha OCHOBAHUU TEX WMJIN WHBIX MMPU3HAKOB, 3aBEPIIEH JIN HTGpﬁ.L[HOHHbeI oporecc. Bag:gaqef/’l
Merona Schedulelteration sBJIsIeTCs pa3MeIleHre B CTeKe AeicTBUit Habopa KOMaHI, HeoOXoan-
MBIX JIJISI BBITIOJIHEHUS Oodepe Hoit ntepaium; Metojl CollectResultOfIteration BeI3bIBAETCS MOCTE
BBITIOJTHEHUS UTEPAIUK, YTOOBI JATh BO3MOXKHOCTb O0BEKTY W3BJI€Yb U3 CTEKA PE3y/IbTaTOB UTOIU
BBIIIOJTHEHNUS Ovuepenuoil mtepanun. Hakomer, meTron ReturnFinalValue BBI3BIBAeTCS TOCJIE TOTO,
kak NeedAnotherIteration BepHYJ JIOTUYECKYIO JIOXKb. DTOT METOJ JIOJIKEH TOMECTUTH B CTEK
pPe3yIbTATOB TO 3HAUEHUE, KOTOpPOe OYIEeT MCIO0/Ib30BAHO B KAUECTBE UTOTOBOIO PE3y/IbTaTa IHUK/IA;
OH TakzKe MOXKeT BMEeCTO TOTOBOTO pe3yJbTaTa MOMECTHUTh B CTeK JIefiCTBUII MHCTPYKIIUH IO €ro
BBIYNCJIEHUIO.

Kowmana generic_iteration BeinosHsieTCs Cie/ytommm oopasom. I3 napamerpa KoMaH bl 13-
BJEKaeTCs 00beKT Kjacca SExpressionGenericIteration m jjist 3TOTO 00bEKTA BHI3BIBAETCS Me-
To7 NeedAnotherIteration. Ecim MeTos BepHYI JI0XKDB, BBI3bIBaeTCs MeTOd ReturnFinalValue u
pabora Ha 3TOM 3akaHunMBaeTcd. Ecju ke Oblia BO3BpallleHa UCTUHA, TO B CTEK JEHCTBUil 3aHO-
CATCsI CHAUa1a KOMaH/a generic_iteration (4ToObl OMuCHIBaeMbIE JAEHCTBUSI OBLIN MTOBTOPEHBI TO-
cJie BBITIOJTHEHNUST OUepe/THO UTeparyn), 3aTeM KoOMaHa iteration_callback ¢ TeM Ke 00BLEKTOM
Genericlnteration B KauecTBe I1apamerpa, U, HAKOHEI, Bbl3blBaeTcda MeTol] Schedulelteration
It 1006aBJIeHUs B CTEK JIEMCTBUII MHCTPYKIUI, HEOOXOMMMBIX /IS BBIIIOJHEHUS OYePeIHO uTepa-
V.

Komanna iteration_callback BeIMOIHSAETCS MPOIIE: MPEIAIOIATAd, UTO €€ TaPaAMeTPOM ABJISIET-
cs 06bekT SExpressionGenericIteration, ona Bbi3biBaeT ero meTosr CollectResultOfIteration.

Takum o6pazoMm, Jjisi BBITOJHEHUS TTPOU3IBOJILHOIO MTEPAIMOHHOTO TPOIECCA JTOCTATOYHO OIHU-
caTh COOTBeTCTBYMOMuil Kiaace (moromMok SExpressionGenericIteration), CKOHCTPYMPOBATH €ro
00bEKT U IIOMECTUTb B CTEK JelcTBUI KOMaHJly generic_iteration ¢ sTuMm 00bEKTOM B KaueCIBe
mapamMeTpa.

4.6 Pabora c KOHTeKCTaMU U TTPUCBANBAHUAMU

YacTto BO3HUKAET MOTPEOHOCTH WM3MEHUTH COJAEPKUMOE OOJACTH MAMSTH, COJepKaleil S-
BbIpaykeHue (HapuMep, IPUCBOUTH 3HaUeHne Scheme-nepeMenHoit), TpuaéM HOBOE 3HAUEHUE, A WHO-
r1a 1 PaCloJIOZKeHue U3MEHSEMON IIaMATU ABJIAETCS peE3y/IbTaTOM B])I‘II/ICJIQHI/II‘/'I; TaKoe CJjly4daeTcd,
Hanpumep, npu BoinoaHennn ¢popmbl SET!.

Cremyer ormeTnTh, 4TO JI0O0E TpUCBaWBaHWE B TepMuHAX Scheme siBjsieTcst Ha camMoOM Jie-
Jie u3MeHeHneM 3HadeHus: obbekTa Kiacca SReference. [ljis BhINOIHEHUS TPUCBAMBAHWI BBOJUT-
cs ellé OJWH BCIIOMOIaTeJIbHBIM Kjacc, SExpressionLocation, KOTOpDBIM HHKAICYJIUPYET yKa3a-
Tesib Ha SReference. /I mprcBamBaHUS BBOJATCS IBe KOMAaH[bI, assign_to m assign_location.
O6e u3B/EKAIOT 3HAYEHWE U3 CTEKA PE3YJIbTATOB M 3aHOCAT €ro Mo aJpecy, 3aJaHHOMY O0b-
ekTom SExpressionLocation, rojibKO assign_to Oepér 3ror 0ObeKT U3 CBOErO IapaMerpa, a
assign_location — u3 creka pe3yJibTaToB, 103BOJIss, TAKUM 00pa30M, IPOU3BO/UTH IIPUCBANBAHNIE
B BBIYUCJ/ICHHYIO TTO3UIUIO.

Ormernm, uro 0o6bekT SExpressionlocation crmocobeH, KpoMe COOCTBEHHO yKasaTe/sl Ha, I0-
3UIUI0 B [MaMATH, XPAHUTH €II€ U «YMHYIO CCBLIKY» Ha CTPYKTYPY [IaHHBIX, COJEpaCaAuwyto STy
no3unmio. Hanpuwmep, eciu ykazaresib ykKa3blBaeT Ha car mwin cdr OT TOYEYHOU Maphbl, TO «yMHYIO
CCBLIKY» €CTh CMBIC/I YCTAHOBUTH HA, CAMY STy TOUEUHYIO TApPy. DTO TAPAHTUPYET, YTO COOTBETCTBY-
OIas TO3UIUsT He TlepecTaHeT ObITh BAJUIHON, TIOKA CYIIECTBYeT 00bekT SExpressionlocation,
YKa3blBaIOIIUA Ha JJAHHYIO 1I03ULUIO.

Borancnenne mekoropbix dopm (mampumep, dopm cemeiicrsa LET) mpeanosaraer MaHUILyJIsi-
W0 KOHTEKCTAMU: HAIPUMEDP, NPU BBINOJHEHUW O0bIdHON (opmbl LET BhIYKCIEHVWE 3HAYEHUI,
TTOAJIE?KAIIINX CBA3BIBAHUWIO C TIEPEMEHHBIMHW, TTPONU3BOANTCA BO BHENTHEM KOHTEKCTE, a IJId CBA3bI-
BaHUS CO3MAETCs emmé oauH (yKe BHYTDEHHWI) KOHTEKCT, B KOTOPOM U IIPOU3BOJIUTCS CBSI3bIBA-
HUe, a Tak)Ke U Bbluncjenue ¢opwm, obpasywoomux Tejso LET. KoHTeKkcT mpejcTaBisgercsa KJiaccoM
SchExpressionContext; cMeHa KOHTEKCTa MPOU3BOUTCS KOMAH/IOM Set_context, koropas 6epér
00bEKT KOHTEKCTa U3 TTapaMeTpa.
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OrmeruM onuH BaxKHBIN MOMEHT. OOBIYHO MOCIEe BBIUUC/IE€HUsT (POPMBI HEOOXOIMMO BOCCTAHOBJIE-
HIUEe KOHTEKCTa, OBIBITIEr0 aKTUBHBIM JI0 HAUA A €€ Beraucaenus. [loTroMy mpu miaHupoBaHUN BBIYUC-
Jiernst (pOPMBbI, BBOJIAIIIEH JIOKAJIbHBINT KOHTEKCT, B CTEK JAeHCTBUI 3aHOCUTCs Oonepalusd set_context
C IapaMe€TpPpOM, PaBHBIM TEKYHIEMY KOHTEKCTY. EC.HI/I HE IIPEeAINPUHATH ClIEIUAJIBHBIX MED, TaKasd TEeX-
HUKA, MOXKET IIPUBECTHU K PACXOIOBAHUIO CTEKA B CUTYAINH OCTATOYHON PEKYPCUU U, TAKUM 00PA30M,
cBectn Ha HET ddEKT 0T ONTUMUBAINU OCTATOYHON pekypcuu. B cBa3m ¢ 3tum dyHKIHUS, OTBEYa-
I0Iagd 33 3aHeCeHUe B CTEK JeUCTBUM, IIPU IIONBITKE 3aHECEHUs OYepeHOU KOMaHAbl set_context
[IPOBEpPsIeT, He HAXOJUTCS JIM Ha BEPIINHE CTeKa Jpyras KOMaH/Ja set_context, u ecjiu 3TO Tak,
He MPOU3BO/IUT 3aHECEHUsT HOBOM KOMAH/Ibl. DTO HE HAPYIIAET CEMAHTUKU BBIYUCIEHUN, TOCKOTBKY
3¢ dEKT 0T BBHITIOJIHEHUS JBYX KOMaH set_context mojpsisi 3aBeIOMO SKBUBAJIEHTEH 3(DPeKTy OT
BBITIOJTHEHUS TIOC/Ie/IHeH U3 HUX (TO eCTh HAXOJSIIelcsa TIyOxKe B CTEKe) W, CJIeJI0BATELHO, HOBAs
KOMaHJ[a [IPOCTO HE HYKHA.

4.7 Tlomnep>kxka mMojieJieii Bo3BpaTa

Bosepar 3mauennit m3 Scheme-dyukimii, Hanumcanabix Ha C+-+, MOXKeT, KaK yzxKe TOBOpHU-
JIOCh, OCYIIECTBJISTHCS IO OJHON W3 HECKOJbKUX Mojeseil. s mommgep:KKu 9Tux Mojeseil KJjacc
SchemeContinuation nMeeT clenuaJ bHbIe METOJIbI:

void RegularReturn(const SReference &ref);
void ReferenceReturn(SReference &ref, const SReference &superstruct);
void TailReturn(const SReference &ref);

IlepBniit 13 3Tux MerojoB, RegularReturn, npejHasHadveH /jisi OOBIYHOIO BO3BpATa 3HAYEHUS W,
KaK MPaBUJIO, MPUMEHSIETCS JIjI 3HAYEHUsI, KOTOPOE TOJIBKO 4TO mocTpoero. Paboraer meTos oueHsb
MIPOCTO: NePEeIaHHOe €My 3HAaUYeHUe OH IIOMEINAET B CTEK Pe3YyJ/IbTATOB.

Bropoit meron, ReferenceReturn, npejHasHadeH jjisg Bo3BpaTa u3 (DPYHKIIN, BBIOMPAIOITIX
OABBIpasKeHNe M3 HEKOero BhIpakeHms. TakoBbl, Hampumep, ¢ymkmumn CAR um CDR: oHE BO3-
BpAIllAIOT HE HOBOE BBIPAXKEHWE, a 4acmb Cyuwecmeylowezo eupaxcenus. lloBemeHne MeToma
ReferenceReturn saBucur or TEKyIIEro COAepKUMOrO CTeka JeiicrBuii. B ciydae, eciau Ha Bep-
HIMHE CTeKa HAaXOJMTCs onepaius assign_location (wim 3ra omepanust OTAEIE€HA OT BEPIIMHBI
creka omnepanumeii set_context, uro Toxe gomyctumo), metos ReferenceReturn dopmupyer 06b-
ekT SExpressionLocation u3 cBoux aprymeHToB. B nmpormBHOM ciiyuae meroj; paboTaer Kak JIjisi
IIPOCTOT'O BO3BpaTa, TO €CTh IOMEIAET CBOU IEPBBIN apI'yMeHT B CTeK pe3yabTraroB. Hammawme 3Toro
MeTOoJIa TI03BOJIIeT Peaan30Barh pyHKImI0, moa00uy0 dopme SETF uz Common Lisp.

Haxowner, mocieqanii u3 Tpéx MeTo 0B, TailReturn, mpe Ha3HAYEH JI/II ONTUMU3AIUNA OCTATOY-
HO PEKypCUU. DTOT METO TPUMEHSIETCS B CIy4dae, ec/in HeoOX0IMMO BEPHYTH B KQUECTBE 3HAUEHU ST
PE3YIBTAT 0YEPETHOTO BRIYUCICHNI. PaboTaeT MeTom 0UeHb MPOCTO: TIOMEIAET B CTEK JeHCTBUI KO-
MaH/Jy just_evaluate, a CBO#l apryMeHT llepe/laéT €l B KayecTBe llapaMerpa.

5 BzammoBausauue amajektoB InteLib Scheme u InteLib Lisp

[Tocsie 3aBepiienus nepsoit paboueit peasmmzaruu Intelib Scheme 6bL10 puHATO perenne mepe-
nucaTh peanusaiuio guajekta InteLib Lisp ¢ ucnonp3oBanreM HOBBIX MEXAHU3MOB. DTO MTO3BOJIMIO
JIOOUTHCST TIOBBINIIEHUST BpeMeHHOH 3ddexkTuBHOCTH paboThl LiSp-BRIYUCANTES B HECKOJIBKO Pas;
CKOp€e BCero, OCHOBHAsT SKOHOMUST JIOCTUTAETCS 38 CUET UCIOJB30BAHUS (DPATMEHTOB CTEKa PEe3yIb-
TATOB B Ka9eCTBE BEKTOPA I1apaMeTPOB IIPU BbI30BaxX (DyHKIIUIA.

[lepeaucanm ocHOBHBIE TPUHIMIUAIBHBIE padanansd Mexay suasiexktamu Intelib Lisp u InteLib
Scheme:

1. B Scheme Borancistiorcss Bce 97eMeHTBI (DOPMBI, €CJIN TOJBKO TIEPBHIl 3JIEMEHT He SBJISIETCS
CHUMBOJIOM, C KOTOPBIM CB$I3aHA CIIel[Ua/IbHAA CUHTAKCHYEeCKasd KOHCTPYKIH; B guajiekre Lisp
[EPBBI 3/1eMeHT (OPMBI HE BBIYUC/IAETCS U JO0JIZKEH MPEJCTABIATh cob0it inbo cuMmBoJi, 6O
JIIMO - CITICOK.

2. B Scheme cumBOJ mMeeT TOJBKO OJHO 3HadeHwue; (PYHKIINs, aCCOIUPOBAHHAS C CUMBOJIOM,
SIBJISIETCS 3HAUEHUEM CHUMBOJA. B auaiekte Lisp cCUMBOI MMeEET, HE3ABUCUMO JIPYT OT JPYTa,
3HAYEHNE W ACCOIMUPOBAHHYIO (DYHKITHIO.
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3. B mmamekTe Lisp nmerorcs quHAMUYECKN CBA3BIBAEMbIE CUMBOJIBI, BBOUMbBIE (popmoit DEFVAR;
B Scheme Takux Her.

4. B nmamekTte Lisp posm mycTOro CIMCKA M JOTHYECKOHN JIZKW COBMEIIEHBI W UCIOJTHAIOTCS CHM-
Bosiom NIL. B Scheme mycToii crincok u jiornveckas JioxKb 0003HAYAIOTCS CIENUATbHBIMUA 00b-
€KTaMU, PA3IUIAONINMUCI MEXKTy COOOil U He SBJISIONUMUCT CUMBOJIAMH.

EcrectBento, peanu3anuy BEIYUCIUTEIBHBIX MOJeiell a3b1koB Scheme u Lisp cyiecTBeHHO pas-
smaaiorcs. [Ipexjie Bcero aTo 0THOCUTCs K AJITOPUTMY BBIUUCIEHUS S-BbIpayKeHNs, a TaKXKe K 00-
paboTKe «JIEKCUIECKNX KOHTEKCTOB». 1eM He MeHee, CYIEeCTBEHHOE KOJIMIECTBO KOJIA OKA3hIBAETCS
JITST PeaTn3aliuy STUX MOojIeseil obImm.

IIpu peanmm3anum obias 9acTh Koja Kjaacca SchemeContinuation Oblia BbIIe/eHA B OTAETb-
HBINT aOCTpaKTHBIN 6a30BBIN Kjace, moayunBInmii Hazsanue IntelibContinuation. B sTom kiacce
OIHMCHIBAIOTCS JIBA BUPTYyaJbHbIX Meroja: JustEvaluate, npu3sBanHbIiil 3aaBaTh OOMMil aJropuT™M
BBIMUCJIEHUS] BbIPAKeHUst (YMCTO BUPTYyasbHbIN) 1 CustomCommand /st peau3aluu JOTOJTHUTE b
HBIX KOJIOB onepanuii (B 6a3oBoMm kJacce mycroit). Kpome Toro, B Kj1acce mpemyCcMOTPEHBl METOIbI
IJTsT PabOTHI C JIOTHUYECKUMU 3HAUEHUSIMU. DTO MO3BOJIMIO PEaTn30BaTh Psijl OMOIN0OTETHRBIX PYHK-
Ui B OJTHOM SK3eMILISpe /i oboux auaiekToB (Tak, dyukmusg STRING? mis Scheme u dymknus
STRINGP jyis nuajekta Lisp MMErOT OfHY U Ty K€ Peasn3aliuio).

Peanmzarusg Bcex ONUCAHHBIX — BBIIIE KOJOB  omeparuii Oblia BbIHECEHA B KJACC
IntelibContinuation. B wmoBoit Bepcum kmacca SchemeContinuation, HacmemyeMoit oOT
IntelibContinuation, BBOAUTCA OJHA IOIMOJHUTENbHAd KOMaHIa case_check g peanmsamun
dopmbr CASE. B kiacce LispContinuation, mpeana3HaueHHOM s Auajiekta Lisp, BBogaTcs npe
JIOIOJIHUTE/IbHBIE KOMaH/Ibl, 8 UMeHHO, take_result_as_form (Boruuciaser Gopmy, HAXOAAILYIOCS
HA BEPINHE CTEKA PE3yJIbTATOB; UCIIOIB3YETC S B peasm3anuu Makpocos) u duplicate_last_result
(u3BJIEKAET U3 CTEKA PE3YILTATOB OJJHO 3HAYEHNE U TIOMEIAET ero 0OPATHO JABAK/IbI; UCTIOIb3YETC S
B peammsanyun SETQ n SETF).

B o0611yro vacTs peannsainy BEIYUCIUTEIBHBIX Mojeseil Lisp u Scheme Oblyin BBIHECEHBI TAKKe
6a30BBIE KIACCHI, MTPEICTABJISIIONIIE TOHATHS (DYHKIMU 1 CIerndOpPMbI (CHENCUHTAKCUCA B TEPMUHAX
Scheme). Peanmuzanus MuoxkecTBa 61O6/IMOTEIHBIX (DYHKIHI OKA3a/IaCh HE 3aBUCSINEl OT JUATEKTa;
B KadecTBe IIpUMepa MOXKHO Ha3BaTh GyHKII0 COND.

C nmpyroii cTOpPOHBI, A/ HY2K /T uajiekTa Lisp Npuiijioch BBIIOJHATE PEAJIUBAINIO TUHAMUIECKO-
IO CBA3BIBAHNUS TIEPEMEHHBIX, PEATN30BaTh KOHIENII0 0006ménnoro npucsansanus (SETF), caemars
HepekypcuBHyto peasu3anuio dyakmun SORT, anajgoruvsoit omHonMménHoi dyukruu n3 Common
Lisp [10], koTopas mpejmoaraer mepeady B KaueCTBe TTapaMeTPOB, BO-TIEPBBIX, (DYHKITUH, 33110~
I1eil OTHOIIIEHUE IIOPAAKA U, BO-BTOPBIX, (byHKL[I/II/I—CeI[eKTOpa.g

ITocte peanm3anuu yKa3aHHBIX BO3MOXKHOCTEN Jjisi AuajekTa Lisp mOKa3aJ/ioch €CTECTBEHHBIM
BBECTH COOTBETCTBYIOIINE BO3MOXKHOCTH 1 B Scheme. Takum 06pazom, B HacTosiuit MoMenT Intelib
Scheme siBjisieTcst €IMHCTBEHHBIM JUAJIEKTOM #A3bIka Scheme, mojepxkuBatomum gopmy SETF; kpo-
Me Toro, nojjepxkuBaercd u (gyukiusg SORT, BO MHOIUX cjaydasx BecbMa yiaobuas. C apyroit cro-
poubl, B InteLib Lisp 6s1a BBemena moaaepxkka CALL/CC.

6 3akJjrouyeHUe

IlosyaenHsIil OOBIT MO3BOJIET CAEIATH HECKOIBKO HEOKUIAHHOE IIPEIIOIOKEHNe O TOM, UTO
BBIUUC/IUTETbHBIE MO/IEJIN, OCHOBAHHBIE HA PEKYPCHUH, CJIEIYET PEAIN30BbIBATH O€3 MCII0/IH30BAHUST
pekypcuu. Takoe mpe/mnooKenne Hy 2K, 1aeTcst, 6e3yCI0BHO, B TabHENIIEH IKCIepUMEHTAIbHON TPO-
BepKe U TEOPETUIECKOM 00OCHOBAHUM.

[Tonyuennsiit B xo7e paboThl AMAJEKT A3bIKa Scheme HE COOTBETCTBYET CyIIECTBYIOIIUM CTAH-
mapraMm 3Toro si3bika. C ONHOI CTOPOHBI, HEKOTOPhIE BO3MOXKHOCTHA B WMEIOIIEMCS JTUAJEKTEe He
ObLIM peasn30BaHbl 32 OTCYTCTBHEM JOCTATOYHOIO BPEMEHM (9TO KACAETCS IPEXKJIE BCEro MOJCHU-
crembl Makpocos). C apyroii CTOPOHBI, HEKOTOPbIE BO3MOXKHOCTH, IIPEJYCMOTPEHHBIE CTAHIAPTOM,
IJIOXO BITUCHIBAIOTCA B YHCTO KOMITMJINPYEMOE OKPYXKEHUE, OlpejeisieMoe UCoib3oBanuem C++.
B wactrOCTH, K 9TO#1 KaTeropum BO3MOKHOCTEH OTHOCUTCS MMOWCK CUMBOJIA 110 MMEHU U W3BJIEIEHUE

3UnTepecto 3ameTnTsh, UTO B mATOH Bepcuu cranmapra Scheme [9] dbysxmum SORT mpocto Her.
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UMEHU CUMBOJIA: JE€HCTBUTEILHO, UMEHA TIEPEeMEeHHbBIX, POJIb KOTOPHIX B Scheme urparoT CuMBOJIBI —
9TO CYITHOCTH, KOTOPAsi B YMCTO KOMITMIUPYEMOM KOJIE JTOJIZKHA, TIOJTHOCTBIO NCUE3aTh BO BPEMsT KOM-
nuisiiun (HanpuMep, pe3y/ibTUPYIONMi MCHOIHIeMbIH KO/l He JIOJKEH, 10 UJIee, U3MEHATbCA MPU
NEePEerMEHOBAHNY EPEMEHHBIX B UCXOHOM KOJIE).

B To ke Bpems, peasu3anus, BeIOTHEHHAA B pamkax mpoekTta InteLib, moxker 6b1Th mCIOIB30-
BAHA U J/Isi CHHTE33 BCTPOEHHBIX WHTEPIPETATOPOB, U B 3TOM C/Iy9ae CTAHIAPTHBIE BO3MOYKHOCTH,
00yCJIOB/IEHHBIE UHTEPIIPETUPYEMOil CYIITHOCTHIO Scheme, MOryT 0Ka3aThbCs I1OJIE3HbI.

CkazaHHOe TIPUBOJIUT HAC K UJI€€ CO3JIAHUS MEPAPXUU YPOSHET COBMECMUMOCTIU PEATTIYEMOTO
JMAJIeKTa CO CTAHIAPTAMU B 3aBUCUMOCTUA OT KOHKPETHOU cUTyaluu. Boijieenne Takux ypoBHei u
ompejiesienre HaboOpa BO3MOXKHOCTEMN, JOCTYIHBIX HA KaXK/IOM W3 HUX, TPEICTABIAETCS JIOTHIHBIM
HAPaB/IEHUEM JTAJbHENUIINX UCCIAETOBAHUN B 00/IACTH UHTETPAINY BHIYUCIUTEIBHON MOIEN sI3bIKA
Scheme B npoekrsr Ha C++.
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