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Y/IEJIeTCS HAKOILJICHUIO 3HAHUI B 00JIACTH MPOrPAMMHUPOBAHUS.

B wmacrosimieit paboTe OCHOBHOE BHUMAHWE YIEIEHO BBIYUCJIEHUSAM C OOBHEKTAMW, yAEIbHBIA BEC W POJIb
KOTOPBIX B JIAaHHOHN obsiacTu BCe OoJsiee BO3PACTAET, IPEBPAMIAACH B JJOMUHUPYIONLYIO TEH/IEHIIUIO.

Karouesvie caosa: komOuHATOPHAS JIOTMKA, KOMIBIOTHHI, AINILUIMKATUBHAA CPEIa, [OIPY2KEHHbIE BbIYUCJIIH-

TEJbHbBIE CUCTEMBI.

BBenenune

L1 KOMIBIOTUHTA [EHTPAJbHBIM BOIPOCOM SBJISETCA YCTAHOBJEHUE TOTO, 9TO U KAK MOYKET
ObITh 3(MMEKTUBHO ABTOMATUBUPOBAHO. IDTO HEPEJIKO CBS3BIBAIOT B IMPUMEHEHUEM KOMIIBIOTEPOB,
OCYIIECTBJISIONINX T€ WA WHBIE BHIYUC/ICHUS. 1epMUH «BBIYUC/ICHUEY ITPEII0IAraeT, YTO Pedb I0ii-
JieT 00 WCIOIb30BAHUN YUCEs, 0O OEepUPOBAHUN YUC/IAMHE, IOy YEeHUN YUCIOBBIX PE3YJIBTATOB.

B cnaydae xe anmiMKaTUBHBIX CUCTEM MPUMEHUM TEPMUH «KOMIBIOTHUHI», IIOCKOJIBKY B HUX Cpe-
AN MCXOJHBIX IIOHSATUN Hem YuceJl. Z[.HH HUX CaMoe€ 06Luee TOJIKOBaHUE KOMIIbIOTUHT'A, ITO-BUANMOMY,
Bce erre paboTaeT, XOTsd B 3TOM U HeT abCO/TIOTHOI yBepeHHOoCTH. Bhiparkasich 60jiee TOUHO, C HOSBJIE-
HUEM allllJIMKaTUBHBIX CHUCTEM BOIIDOC O I'DaHUIAX HIPEJCTABJICHNA O KOMIIBIOTUHIC Tpe6yeT HOBOTI'O
n3y4deHud. KaK OKa3bIBACTCAd, IPUINH TOMY MMEETCA HECKOJIbKO.

ECJII/I BCE 2Ke CorvialraeMCd rOBOPUTH O BBIYUC/ICHUYAX, TO HY?KHO OT/IaBaThb Ce6e oT49eT B TOM, 4YTO
AIJIMKATUBHOE BBIYKCJ/IEHUE HE MTOX0XKe Ha 00brdHoe. OHO BBINOJIHAETCH HA IEePeIlIETeHUN IeM0YeK
BOBMOXKHBIX ITyTeil BEIYUCAEHU, KOTOPbIE TIPEICTABILAIOT CO0OM CBA3M KOHBEPTUPYEMOCTH, OTPAKA-
forue Tpancdopmaluu 00beKToB. [Ipu 3ToM OHE 06BEKTHI MOT'YT PEYIIUPOBATHCA K APYTUM, JTUOO0
[IO/IBEPraThCA IKCIIAHCUU 10 APYTHUX 0ObHEKTOB.

PaccmaTrpuBaembie 06bEKTHI HE MOXOXKU HA T€ CYIIHOCTH, KOTOPBIMU OIEPUPYIOT B O0BEKTHO-
opuenTuposansoM nogxoze (cm. [4]). B npouecce konpepcun yuacrByer napa 06sekmos, nepBblii
U3 KOTOPBIX UI'PAET POJib pedekca, a BTOpoit — konwmparma. LIporecc KoHBepcUU sB/ISETCs IBYHA-
[PABJIEHHBIM, TIPEJICTaB/Isist COOON pedyKyuto B OJHOM HAIPABIEHUN U IKCNAHCUI0 B JpyroM. Takum
obpazoM, mapa 00bEeKTOB ‘pPeaeKC-KOHTPAKT yUIaCTBYeT B IIPOIECcCe ‘pemyKIMH-3KCIaHCHu , obecre-
YUBAIOMIEM B3aMMHBIE ITEPEXOAbl MEXK/1y peJeKCaMMU U COOTBETCTBYIOIIMMU MM KOHTPAKTaAMMU. KOM—
[JIEKCUPOBAHNE PEIEKC-KOHTPAKT MTOIUYUHAETCS 3aKOHAM AlIJTUKATUBHBIX BBIYUC/IEHUIA.

O0beKTHI, yI4aCTBYIOIINE B BEIYUCIEHUN, HE 005132 TE/IbHO HAXOASATCA B HOpMaJsibHOM dopme. Onu
MOTYT HMEThb BHU/J[ PEJEKCA, KOTOPbBI MOYXKET ObITh 3aMEHEH Ha COOTBETCTBYIOIINI KOHTPAKT, T.e€.
y4aCTBOBAThH B IPOIECCe peayKimu. B To ke BpeMs KaxKbIii KOHTPAKT MOXKET ObITh 3aMEHEH Ha
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€ro pejeKc, y9acTByd B mporecce dxcunancuu. [Ipeacrasienuem st 5Tux 00bEKTOB MOXKET ObITH cam
JIBYHAIIPABJIEHHBIN TMPOIECC PEAYKITMU-IKCIIAHCHH, MPUYEM PABHOBECHE HTOTO IMPOIECCa IpU Heob-
XOJIUMOCTH MOYKET OBITH CMEIIEHO B Ty W/u WHYIO CTOpOHY. Takmm o0pazom, [jisi 9TuX 00bEKTOB,
y9aCTBYIOIIUX B MPOIECCE KOHBEPCHUM, UMEIOTC IIPEJICTAB/IEHNs CYIIIHOCTSIMEI 00-CUCTEM, & OCJIE/I-
Hue 006/1a7a10T HeOOXOIUMBIMUA MaTEMATUYECKUM CBOMCTBAMU.

[Tar «BbIYUCAEHUST» COCTOUT B CJIETYIOIIEM.

Bruibupaercsa mapa 06beKTOB, OMH U3 KOTOPBIX OMPE/IE/IseTCs KaK COOTBETCTBYIONINI BUPTYaJIb-
HOI (DYHKIIUU, TIOPOXK/IEHHOI ITPOIECCOM KOHBEPCHUM, & BTOPOIl — KaK COOTBETCTBYIONINN BUPTYaJIb-
HOMY apryMEHTY, KOTOPBIl TaK:Ke MOPOXKJIEH KOHBEPTUPOBAHMEM. 3aTeM MEPBbIil 00bEKT ATITIUIIH-
pyerTcsi, Wjin MpUMeHsIeTCsd K JIpyroMy. Pe3ysibrar anmuiupoBaHus pacCMaTPUBAETCH KaK IIPEJICTaB-
JIAIONINI 3HAYEHNe, [MOJIyYeHHOe Ha, Ilare BbIYUC/IeHus. B pe3yjbrare 3TOro mporecca BO3HUKAIOT
napbl OObEKTOB, MEPBBIM B KOTOPBIX SIBJISETC ‘AIIJIUKAIWS , & BTOPBIM — ‘Pe3y/IbTaT alllIAIIPO-
BaHUs , TO €CTb 9TO MAPBI ANNAUKAYUA—O3HAYUBALHUE.

Lemoukn KOHBepCHUii, B KOTOPBIX YYACTBYIOT KOMIIOHEHTHbBIE 00HEKTHI, CILIeTaloTCd. Boraucienns,
B 0DIIeM Cjiydae, MOT'yT OKa3aThCd ODECKOHEYHBIMU U HUKOT/A He 3aBepIIaThcsd. B 9ToM ciydyae oTBeT
Ha, BOIIPOC O IOJIyYEHUU 3HAYEHUS OKA3bIBAETCS HEIPOCTHIM.

B »sroit obmieit curyaruu JiydimmM TEPMUHOJIOIMYECKUM perrenueM Oyaer roBopuTh 00 ‘ar-
[JINIUPOBAHUN’ BMECTO ‘BBIYHC/IEHUs’, & KOIJIa Pedb 3aXOJUT O pe3yJibTaTe AllLIUIUPOBAHUS, TO
€CThb O ‘3HAaYEHUU BBIYUC/IEHUS , TO 3/IeCh MOXKHO BOCIIOJIb30BAThCA TepMUHOM ‘o3HaduBanue’. Ilapa
‘AU POBAHNE—03HAUNBAHNE TOYHEE OTPAYXKAET CYTh IIPOIECCOB, MPOUCXOAAINIMX B ANILIAKATAB-
HBIX CHCTEMaX.

§ 1. OcyuiecTBjieHNe aNMJIMKATUBHOIO KOMIIBIOTUHIA

Ob6cyk/1eHne OCyIIecTBIeHNS KOMIIBIOTHHIA MOYXKHO BECTH JIBOSKUX 06pa3oMm. Bo-1miepBbix, MOKHO
UCXOIUTH OT OOBIYHOTO KOMIIBIOTEPA, OCHOBAHHOI'O HA apudPMeTHKe, a TOra OTIPABHBIM IIyHKTOM
ABJIdeTCd CUCTeMa BbIYMCJIEeHUH, B KOTOPO MOXKHO Peaju30BaTlhb IOI'DYyKeHUe alllIMKATUBHOHN BbI-
YUC/IUTEIbHON cucTeMbl. BO-BTODBIX, pacrosiaras CUCTEMON AlJIUKATUBHOIO KOMIIBIOTUHTA, B HEM
MO2KHO C(hOPMUPOBATH MOTPYKEHHYIO, U BCTPOEHHYO YUCIOBYIO CUCTEMY, CKaXKeM, apupMeTnKy,
JIJIsE KOTOPOW HAIPAMYIO U IOJXOJAT TEPMUH ‘BbIYUC/ICHUE .

1.1. OObIuHBIE CUCTEMbI BBIYMCJICHU

Muorue u3 3TUX CHCTEM BBIYHUCJIEHUI y2K€ OCYIIECTBJIEHBI, a MX BO3MOXKHOCTH B OOJIbINEH w/in
MEHBIIEIl CTeIeHN OCBOEHBI Ha, IIPAKTHUKE, IPYyIHe HAXOMITC B cTaaun pa3pabdborku. [l HuX Xxapak-
TEPHO TO, YTO OHM HAXOIATCH B IMPOIECCE ITOCTOSHHBIX J0PAbOTOK U yCOBEPIIIEHCTBOBAHMUI, B IIOTOHE
3a JOMOJHUTEILHBIMIA BO3MOXKHOCTSIME. B psame cumcreMm BO3HHKAET HIepem30BITOK BO3MOXKHOCTEI,
OCBOWTH KOTODBIE HA MPAKTUKE 33 PA3yMHBIN [IEPHUO] BPEMEHH HE [IPE/ICTAB/IAETCH BO3MOXKHBIM.

B pesyabrare oObIYHBIE CHCTEMBI BBITHCICHUI W COOTBETCTBYIOIINE MM SI3LIKH IIPOIPAMMUPOBa-
HUSI TOCTOSTHHO Pa3pacTaloTcst B 00beMe, HO UX BhIPA3UTEIbHBIE BO3MOXKHOCTH TIPU 3TOM HE M3MEHSI-
foTca. B ux ocHOBe j1e:KaT MOJEIN He TOJIBKO JajeKnue OT COBEPIIeHCTBA, HO COMePXKAIe N3bsIHbI, a
MOTBITKY WX TPEOJI0/ICHNUS Tal0T HArPOMOXKIEHUE JeTajiel, yCI0KHsIst BOCIPUATUE BHIYUCIUTETbHBIX
njeli, 3aTPYAHAd peaTn3auo u cHmkag ee adpdekruBaocTh. Hanbosiee pacnpocTpaHeHHbIi CTHIb
BBIYUCJICHUI COCTOUT B 0OpabOTKE OJHOIO CJOBA B JAHHBIN MOMEHT, PA3BOPAYMBAHUE ITOC/IEI0BA-
TeJIbHOCTH MOMEHTOB IIPHBOIUT K IIOCJIEIOBATE/NIbHOI 00paboTKe «CJI0BO 3a ciaoBoMy». CeMaHTHKA
TaKWX BBIYUCJAEHUN OMMPAETCS Ha MEPEXObl COCTOSTHUWI, UTO MPUBOANT K PA3IEIEHUI0 BBITUCIISIE-
MBIX KOHCTDPYKIIUI Ha J[Ba KJIACCA: BWPAHCEHUA U KOMAHIVL, WK OTEPATOPhl. DTO caMo 1Mo cebe He
JTaeT BO3MOYKHOCTH PA3BUBATH MOIIHLBIE IIPHEMbl KOMOMHUPOBAHNSA MMEIOIIIXCS «BBITUCINTEIbHBIX
Os10K0B» st bOpMUPOBaHUS U3 HUX DOJiee KPYHHBIX HOBbIX 0/i0k0B. Kpome Toro, oObItuHbIE CHCTE-
Mbl BBIYUCJIEHUII OCHOBBIBAIOTCA HAa JOCTATOYHO CJIOXKHOW M 3allyTaHHOU MaTEMaTU4eCKOIl OCHOBE,
KOTOPOii He TOJIbKO He J0CTaer KOHIENTyaJbHOW sicHoctu (cM. [1]), HO u oTHOCHTENBHO KOTOPOI
HUKAK HE BO3HUKAET COIVIACHS B CPEe CIENUAINCTOB. VX pasHorjacus BBIPAKAIOTCA B MHOTOUNC-
JIHHBIX ITyO/JIMKAIWAX B BHUJE CTaTell, HAIMCAHHBIX CIEIUAJIbHBIM S3BbIKOM, JOCTYITHBIM HEMHOTUM
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ITOCBSIIEHHBIM, & 9TO CO CTOPOHBI TOJIB30BATEEH HE M00aBJISET J0BEPHUsl K MPEIIaraeMbiM HOBBIM
cepusaM MaTeMATHIeCKUX W TEXHUIECKUX yXUIIPEeHU.

1.2. Cucrembl anJIMKaTUBHOIO KOMIIbLIOTUHIA

Hekoropble u3 anminkaTUBHBIX CUCTEM OCYIIECTBJ/IEHBI, HO He B 1mojHOM obbeme. llpu ux pas-
pa.6OTKe " MIPpUMECHEHUUN HAKOILJIEH W3BECTHBIN OIIBIT, HO OH ABHO HEAOCTATOYCH, & IIPUHIUIINAJIbHBIC
JIJTS AIJINKATUBHBIX BBIYUCJIEHUN MEXaHU3Mbl TaK U HE y/IaJ0Ch PEAJN30BaTh B IOJIHONE Mepe u 6e3
ype3aHuil U U3JIMIIHUX yIPOIIAIOMUX OrPaHuYeHU.

AHHJ’[I/IK&TI/IBH])II.;I KOMIIBIOTUHI IIpeJIrojiaraer KOM6I/IHa.I_[I/IOHHOG IIOCTPOCHME BbIYUCJICHNUA KaK OT-
HOCHTEJIHHO CAaMOCTOATETLHOTO ‘OJI0Ka’, TI0Ib3YACh y2Ke uMermuMucsd ‘0iokamu’ Beraucienuii. Tpa-
JIMIIMOHHO B COCTAB AlllJIMKATUBHBIX BBIYUC/IUTEIbHBIX CHCTeM, ujin, cokpaitenno, ABC, Bkiroua-
IOT CUCTEMBI UCYUCIEHU 00beKTOB, OCHOBAHHBIE HA KOMOUHATOPHON JIOTUKe U J1aMb1a-UCIUC/IEHUN.
EnunaCcTBEHHOE, 9TO CYIIECTBEHHO Pa3pabaThiBAETCsl B 9TUX CUCTEMAaX — 3TO HpejcTaBjienue 00 00s-
exme. B KOMOMHATOPHOII JIOTUKE eIMHCTBEHHBIN METAONepaTop — GnnAuKGUyUs, UIH, 0 WHON Tep-
MUHOJIOTUH, NPUAOIAHCEHUE OTHOTO 00bEeKTa K JApyromy. B jlambna-ucaucienun asa Meraomneparopa —
annaukayus 1 QyHKITMOHATBHAA 4OCPAKYUA, TTO3BOJISIONIANA CBA3BIBATH OJHY [IEPEMEHHYIO B OJTHOM
obbekTe.

Boznukatorue B 31ux cucreMax 06beKThI By T cebst KaK (DYyHKITMOHAIBHBIE CYIITHOCTH, HMEIOIITIe
CJIe Iy IoIre 0CODeHHOCTH:

® YKCJIO APIYMEHTHBIX MECT, UJI aDHOCTH 00bEeKTa, 3apanee He (DPUKCUPYETCs, HO IIPOsIBIIET Ce0st
MTOCTEIIEHHO, BO B3ANMOEHCTBUAX C APYTUMHA OOBHEKTAMIA;

® 1IPU KOHCTPYUPOBAHUU COCTABHOI'O OO'bEKTA OJINH M3 UCXOIHBIX 00bEKTOB — (PYHKIUS, — MPU-
MEHSIETCs K JAPYyroMy 00beKTy — apryMeHTy, — IPUYeM B JIPYTUX KOHTEKCTAX OHU MOLYT IIOME-
HATHCHA POJIIME, TO €CTh (PYHKIIUUA U APTyMEHTHI PACCMATPUBAIOTCH KaK OObEKThI Ha PABHBIX
IIpaBax;

® pa3peIraeTcd CaAMOIPUMEHUMOCTDb (DYHKIINI, TO eCTh 00bEKT MOXKET MPUMEHSIThCH caM K cebe.

Borauciauresbupie cucrembl ¢ TakuM HanboJiee OOIUMMY U HAWMEHEE OIPAHUYUTE/TIHHBIMU CBO-
CTBaMU OKa3bIBAIOTCS B IIEHTPE BHUMAHUs COBPEMEHHOI'O coobirecTBa computer science. lmento oxu
B HACTOsIIee BpeMs 00eCreunBaloT HEOOXOMMMbIE METATEOPETUIECKHNE CPEICTBA, TO3BOJIsIsE NCCAE0-
BaTh CBOMCTBa Ile/I€BbIX IPUKJIAJIHBIX TEOPHUil, JAIOT OCHOBY IIOCTPOEHUSI CEMaHTUYECKUX CPeJCTB
SI3bIKOB [IPOI'PAMMUPOBAHUs ¥ 0DECIIEUNBAIOT CPEJICTBA [OCTPOEHMsI MOl JaHHBIX /MeTa[aHHBIX
B nHGMOPMAIMOHHBIX CUCTEMAX.

1.3. AunimkaruBHBIE CUCTEMBI IIPOrPAMMHUPOBAHUSA

[IpencraBienne 06 ANMIMKATUBHON BBIYUC/IUTEHHON CHCTEME MO/IEPKUBAETCS AIILIUKATUBHBI-
MU CUCTEMAMU IIPOrPAMMUPOBaHUS, KOTOPbIe 00pa3yioT ajiredpsl nporpamm. B Hux nepementbie 3a-
MEITAIOTCS ‘TIPOrpaMMaMu’, & OMepaI KOMOUHUDYIOT OJJHU IPOIPaMMBI ¢ Apyrumu. B aToit aarebpe
PELIAIOTCA ypaBHEHUA, B KOTOPBIX HEM3BECTHBIMU ABJIAIOTCA IPOrPaMMBbl, & CaM IHIPOLECC PelleHud
KOHCTPYKTUBHO BeJIeT K ‘cuHTe3y TpeOyeMoii mporpaMMbl KakK BBIYUCJAEHUS C 3aaHHBIMU CBOIi-
crBamMu — ‘KOMOMHATOPHBIMU xapakTepuctukamu’ . Kombunaropubie, nin koMOuHaIMOHHBIE (DOPMBI
OKa3bIBAIOTCA IIPOCTBIMHU 110 cBOe€it CTPYKTYyp€E U BMECTE C TeM O6JIa.,Z[aIOT BBICOKMMM BBIPDA3UTE/IbHBI-
MU BO3MOYXKHOCTsIMU. Teopema 0 KOMOMHATODHO IOJIHOTE U HEKOTOpbIE Jpyrue (byHIaMeHTAJIbHbIE
TEOPEMbl, XaPaKTePU3YyIOIIUe 3aKOHbI AIIJIUKATUBHBIX BBIYUC/ICHUN, 33Jal0T JeTau [NOBEJCHUS U
yCJIOBUSI BBITIO/IHEHUS U 3aBEPIIEHUS [Tl [eJIbIX KJ1acCoB mporpaMmM. CeMaHTHKA alIlINKATHBHBIX
BBIYUCJICHUI C1a00 CBA3aHA C COCTOAHUSMU, HA, OTHOCUTEIBHO OO/IBIION 00beM BBIYUCIEHUN TPUX0-
JIATCsT HEOOJIBITIOE YHMCJIO0 ‘U3MEHEHU COCTOSIHUI | YTO XapaKTePU3yeT ux Kak we hon Hetmannoscrue
BHLYUCACHUA.
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§ 2. O6-cucrembl

B xose npou3BouMOro BBIYUCIEHUS «ANIIHKATUBHBIA BBIYUCIUTETbY OINEPUPYETCS MEMOYKaAMU
BO3MOYKHBIX KOHBEDCHUIl, MEHsIsi MECTaMU JIEMEHTAPHBIE «JIACTUIIBI» BbIaucjeHuit — 06bl. ObObI Cy-
IIECTBYIOT HE caMu 10 cebe, HO HAaJIeJIEHbI CIIEIUAJILHON CTPYKTYPOii, 00pa3ys uHdyKmuehvitl Kiacc.
Taxum obpa3om, 066l UMEIOT Pa3HYIO CJI0XKHOCTH. IlocTpoeHne uX MHIYKTUBHOTO KJ1ACCA HAYUHAET-
Cd C HUXKHErO YpPOBHsI, Ha KOTOPOM HAaXO/STCS dJIeMEHTAPHBIE, WA GMOoMapHbe 00bI — KOHCTAHTHI
n nepemennbie. VI3 HUX MOCPEACTBOM MPUMEHEHUS NPAGUA 00pa3068aHUA CTPOATCS GOIee CIOKHBIE
arperaryy, KOTOpble TOXKe SBJSI0TCS 00aMu, HO He 3jeMEeHTaPHBIMU.

2.1. BecTunosbie BbIYMCJ/ICHUS

Brraucimrenpaas cpena kombunaTtoproil oruku (cM. [10|) sBaseTcs BHICOKO CHMMETPHYIHON B
TOM CMBICJIE, YTO eCJik B34Th JiBa 00a M u N , TO MOXKHO TOBOPUTH O PE3yJ/ILTATE BBIYUC/IEHUS, KO-
rqa M npumensiercd, win anmaunupyercs K N, 9To 3amuceiBaercsa nocpenctsom (M N) . B sroit
sarmcu M urpaer posib jieBoro obbekra, a N — npasoro. Takoit 06 (MN) Gunapen 1o cBoeit
[IPUPO/IE, TI0 IIOCTPOEHUIO, & UHIYKTUBHbBIE K/IACChl 000B MOTYT OBITH TOIOJOIUYECKH [IPEJICTABIEHbI
OuHapHBIMU JiepeBbaMu. B 3TOM BbIuucienuu mnepsbiit 00 M cuwmraerca dyHkIimelr, Koropas npu-
MeHsieTcsd K N Kak K apryMeHTy u, IPUMEHUTEIbHO K 00pa3aM OOBIYHON MaTeMaTUKU, PEYb UJET O
dopmupoBanuu 3uavenus M «B Touke» N . Ho ecyiu B Kjtaccudeckoil MaTeMaTuKe IIOMEHITh MeCTa-
vu M u N | 1o koucrpykius ‘ N or M’ B nounmanuu 3uadenne N B rouke M ' jmmiiena cMbiciia.
B amnmukaruBHOI YKe CHCTeMe TaKOe BBIUUC/IEHUE HEe TOJIHKO He 3AIPEIAeTcs, HO W MMEET BIIOJIHE
OHpe,Z[eJ'[eHHbII.;I CMBICJI, TIOCKOJIbKY C BBIYUCJIUTE/IbHON TOYKU 3peHnud 06])1 a6COJIIOTHO OJUHAKOBBI.

Ha puc. 1 npejcraBieHbl BBIYACIUTEIHHBIE XapAKTEPUCTUKE KoMbuuHaropoB S u K . Ecan nx
3alrCaTb 9KBaUOHAJIBHO, C IPUMEHEHUEM DaBEHCTBaA, TO IIOJIyIUTCHA

Sabc=uac(bc),
Kab=a.

Puc. 1. Xapakrepucruku kombunaropos S u K

Ha puc. 2 mokazan mporecc «BBIPAIIBAHUIY JTepeBa BRIYUCIEHUN I OTepaTopa KOMITO3UITHN.
Kommosunust jiByx yHKIUi a u b onpejessercss paBeHCTBOM

aob(c)=a(b(c),
4YTO B alIlJIMKATUBHON 3allUCU npeBpaaeTCd B KOHBEPCUIO
a(b(c))=a(bec)=Babe.

B ucxommoit 06-cucreme Her kombunaropa B ¢ takummu cBoiicrBamu. Ho, Kak oKa3bpIBaeTCs, TaKOit
KOMOMHATOP MOXKHO 1mojtyanThb. [Iporece remepaiuun COCTOUT B CJIELYIOIIEM.

[Tocrpoum siepeBo BBIYUC/ICHUIT, aCCONUUPOBaHHOE ¢ KoMmosurnueii (gepeso 1). Pesyaprupyroree
JIEPEBO BBIYUC/IEHUN MOKA3aHO B mo3unuu 7. Kciaum O6bI OHO CyIIEeCTBOBAJIO B 00-cuCTeMe, TO mepe-
XOJI K HEMY MOYKHO BBIIIOJIHUTH IPOTHB 4acoBoil crpesiku. [locmorpum, MoxkuO Jjin cpopMupoBarh
BUPTYaJIbHYIO KOMIIO3UINIO, YKa3aB COOTBETCTBYIOIIECE J1IEPEBO BbI‘II/ICJIQHI/IfI, KOTOpPO€ CTPOUTCA KOM-
OUHUPOBAHUEM YK€ M3BECTHBIX JIEPEBHEB BBIYUC/IEHWII. DTO JEPEBO MOXKHO BBIPDACTUTH ITO3TAITHO,
mepexojisi 0T JiepeBa K JiepeBy 1o dacoBoit crpeske. [lepexox 1-2 npejcrasisier coboit mpocro npu-
MeHeHme omnpefeseHns Komnosunuu. [lepexon 2-3 cooTBeTCTBYeT KOHBEpCHH

a(bec)=Kac(be),
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Puc. 2. Xapakrepucruka kombunaropa koMmno3unuu B u BeIpanimBaHue AepeBa BBIYUCIEHUN qda B | mosmb3yach
nepesbamu s KomOuaaTopos S m K . (Ioacnenue. Ilepexom or kommosummu a o b (mepeso 1) k
npeacTaBagomeMy Kombuaaropy B (mepeBo 7) mosywaercs mpm 00X01€ MPOTHB 9acOBOM cTpesku. s 3Toro
norpebyercs mWeCTh Waros, eC/u UMEIOTC TOJIBKO JepeBbs BoraucaeHuil aua S u K )

OH OCYIIIECTBAM B COOTBETCTBUU C BBIYUC/IUTE/IHHON, WM KOMOMHATOPHON XapaKTEPUCTUKON KOMOU-
unaropa K . Ilepexon 3-4 coorBeTcTByeT KOHBepCUU

Kac(be)=5S(Ka)bc.
Amnamornano, mepexoasl 4-5 n 5-6 COOTBETCTBYIOT KOHBEPCUSAM
S(Ka)be=KSa(Ka)be, KSa(Ka)bc=S(KS)Kabc.

Ho 06 S (K S)K abc, pacioyoXKeHHbIN MOCIEHAM B IENOYKE U3 BUPTYaJIbHbIX 000B, COOTBET-
CTBYET JIEPEBY BBIUUCJIEHUI C «KAHOHUYECKUM» I0CJIeI0BATE/IbHBIM PACIOIOKeHneM 0608 a, b u ¢
BJI0JIb BeTBeil (MoKa3aHbl HA PUCYHKE OJuMHAPHOI smauit). Bmecre ¢ Tem Bupryasnbubiii 06 S (K S) K
OKa3aJICs B «BEPIINHE» KPOHBI JIePeBa BBIYUCICHUI, (GOPMUDYS €ro «CTBOJI» (MOKa3aH HA PUCYHKE
JBOIHOM sinuumit). JIpyrumu c10BaMu, 9TOT BUPTYaJIbHBIA 00 MMEET B TOUHOCTH T€ BHIYUC/IUTEIbHBIE
XapaKTePUCTUKH, KOTOpbIe Tpedyercs oT 0ba B, mpeICcTaB/Isionero KOMIo3umuo (1epeso 7). D9T1o
3aBepiaer 00x0/ KOHTYpa KOHBepcuil mo 4acoBoii crpeske: myTh or oba a(bc) x o6y S (K S)K
Ha/IeH.

TaxuM METOJIOM MOYKHO CTPOUTDH JI€PEBbsl BBIYUC/ICHUI U JI/Isi MHOTUX JIPYIHX MaTeMaTHIeCKUX
00'bEKTOB, IIPEIbsIB/IsAs JIJIsi HUX MOAXOJSAIINE BUPTYaJibHbIe 00bl U COOTBETCTBYIOIINE UX CBOWCTBAM
JTePEBbsI BBIYUCICHUI.

2.2. TumoBbple BbIYNCJICHUA

Ho B annjimkaTuBHBIX CHCTEMAaX C TUIIAMY BCE HE TaK IIPOCTO: CBONUCTBA 000B OIUCHIBAIOTC (PYHK-
el TPUIUCHIBAHUST THUIIA, KOTOPasl OIPEJIEsieT UX BO3MOXKHOCTH KaK NPOUECCO8 NPEOOPA308aHUM.
OrmeruM, 9TO 0OBI ABJISIOTCH YUCTBIMU IIPOIECCAMU IIPE0Opa30BaHus, Jjig KOTOPBIX HE CTABUTCS
BOIIPOC O CYIIECTBOBaHWM O0JIACTU ONPEe/eHusT U 00JaCTh 3Ha9eHusl. DT 00/IaCTH MOTYT OBITH
[yCTBIME, TOIVIA WHIWBUIBI B HUX «He oburarory. Co BpeMeHeM WHIMBHUJ] MOYKET Had9aTh CBOE Cy-
[IECTBOBAHME B OJIHOM w3 00JacTeil, HAXOAUTCA TaM B TEUYEHUE OIPEEJEHHOTIO MEPUOJa BPEMEHH,
a MOTOM HCYe3HyTb, IPEKPATUB CBOe cyinecTBoBanmne. Ho 310 me Bosiee, ueMm ymobHas C/IOBeCHas
HMHTEPIPeTalyst, MOMBITKA, IIPUBHECTH CMBIC/ B BBICOKO abCTpakTHble Bbluucjenus. C mo3ummii ke
AIJIMKATUBHON BbIYMCJIUTE/ILHON CUCTEMbI pedb ujeT IrpoCcTo O IPUMEHEHUAX OJJHUX O6OB K APpYIruM,
a eCJIn Tak IPOIIE JIyMaTh, TO 00/IACTU OIpeJe/IeHns U 3HAYEHN MOYKHO TaKXKe UIEHTU(UITIPOBATH
obamm.

Bce sro B TOuHOCTHM M O3HAUAaET, 4YTO OObI ABJAOTCA oburarenamMu (OYHKIMOHAJIBHBIX IIPO-
CTPAHCTB, 00PA30BAHHBIX CHUCTEMAaMU BBICIIUX HOPsakoB. Hampumep, manbosiee BEPOSTHO, 9TO HA
posib (YHKINKA B AIJLUIMIUPOBAHUEM OJHOTO 00a K jJApyromy Oyaer B3gT 00 u3 60jiee «BBICOKOIO
GYHKIIMOHAJIBLHOTO IPOCTPAHCTBA, YeM 00, MPEeTeH/IyIONnii Ha, POJIb aPryMEeHTa.



AmMKaTUBHBIA KOMIIBIOTHHT 123

KOMITBKOTEPHBIE HAYKU 2009. Bpu. 2

[Tapa 060B xapaKTepu3yeTcs METaolepaTopoOM arlLIuKanuu (-, ) , KOTOPBIi ¢ 94uCTO abCTPAKTHBIX
CUHTAKCUYECKUX MO3UIMUI 3Ty mapy oboB mpeobpa3yer B HOBbIi 00. Torma, ecim jBa oba MEHHAIOT-
Cd MeCTaMu, TO Pe3yJIbTUPYIONmit 00 MHTEPIPETUPYEeTCd WHAYE, TENEPb POJIb (DYHKIMU OTBOAUTCS
BTOPOMY 00y — TOMY, KOTOPbBIil B HadaJje UrPAJ POJIb aPryMEHTa, — & POJib apryMEHTa OTBOIUTCS
mepBoMy 00y — TOMY, KOTODPBIil B Havdaje urpaj posib pyakinun. PakTUIecKn, Ipu 3TOM BCE XapaK-
TepUCTUKE 000B B 00-CHCTEME OCTAIOTCS MPEXKHUMH, €Cjii 00bl PACCMATPUBATH 10 0MIEAbHOCTIU.
OpHako mocje MmepecTaHOBKU OHU C APYyruMu obamu OyayT B3auMoieiicTBoBarh muade. Ormernm,
YTO 9TO HOBOE BBa.I/IMO,Z[efICTBI/Ie IpoABUT Ce69{ KaK BCTPO€HHAas1, WJIN NOI'PYy2KEHHAA CUCTEMa TUIIOB.

[Tapbr 060B UMEIOT TOT CMBICJI, YTO HEPBbBI UTPAET POJIb PYHKIUHU, & BTOPOIl BLICTYIIAET B POJIU
aprymenTa. HTepriperupyemas mapa UMEET CMbIC/I, €CJIU BBIYUC/IUTE/b CMOXKET YCTAHOBUTH €€ 3Ha-
genue, Oy/Ib TO JefCTBUTEILHOE, BOBMOXKHOE WM BUPTyasibHOe. st nHTEpIpeTrupyeMocT BazKHO,
9T00BI TIEPBBIN 00 MMes Do/iee BHICOKUIT TTOTEHITNAIBHBIN THIT, YeM BTOPOil. I3MeHeHne moTeHIna I b-
HOT'O THUIIA OJIHOTO U3 0DOB MOXKET IPUBECTU K HAPYIIEHUI0 WHTEPIPETUPYEMOCTUA U BBIBOJUMOMY
HECOOTBETCTBUIO JIOTUIECKUM 3aKOHAM.

CoryracHO MMEIONIUMCS Ha CErOJHsI TeOpUsi TUIIOB He Bce 00bl THIU3UpyeMbl. B ammpokcumary-
OHHBIX PEIeTKAX, JAMOMUX BBIUUCIUTETLHYIO0 MOJIEIb ODECTHIIOBOTO JaM0b/qa-ucaucaenus |7], ects u
APpyrad BO3MO2KHOCTb: paCCMaTPpUBATh 6eCKOHe‘{HbIe TUIIBI. HpI/I 9TOM CIIPaBEI/JIMBBIM OKa3bIBaCTCA
u30MOpPPU3M MEKJTY CIEIUATHHO TOCTPOSHHBIM MIPEJCTAB/IEHUEM TUIA U OTOOpaKeHUeM STOr0 TUIIA
B camoro cebst. Tora ¢ BIYUCJUTEIBHOW TOYKU 3PEHUsT OMPABIBIBALTCA CAMONPUMEHUMOCTIL: 00b-
€KT MOZKHO aIlIlJIMIIUPOBATHL K CaMOMY CeGe, Y9TO C TOYKH 3pEHUA O6bI“IHOI>'I MaTEMATUKW HEAOIIYyCTUMO
u JiaiieHo cMbicia. CaMm mMeTos; paboTaeT B TOMOJIOIMYECKUX IIPOCTPAHCTBAX U IMIO3BOJISIET OTHICKU-
BaTh HENOOBUNCHBIE MOYKYU OTOOPAXKEHUl, 4TO JAeT NMPAKTUYECKH PEATU3YEMYI0 U IIPUEMJIEMYO
cpeidy /i OpraHW3aluu MUK/JINYeCKuX Bbraucjienuii. OObl B aNMIMKATUBHON BBIYUCJIUTETHHON CH-
CTeMe PaCCMATPUBAIOTCS KaK 0TODPAYKEHUsT U, KaK OKA3bIBAETCsI, JJisi BCIKOTO 00a MOXKHO OTBICKATh
HEIO/[BUXKHYIO TOYKY: [IJIs 3TOr0 €CTh cucTeMarudeckuii crocob. OH JOCTATOYHO MPOCT, CBOIUTCSH
K YIAKOBBIBAHUIO B APy NapajiokcaibHoro kombunaropa Y (cm. [9, 10]) u oba, a pesyiabrar ra-
KOl yIIAKOBKHU U PACCMaTPUBAETCA KaK aDCTPAKTHOE MPEJCTAB/IEHNE HEIIOIBUKHON TOUYKU 3TOro 004,
KOTOPBIl MHTEPIPETUPYETCsT KAK 0TODparKeHue.

Takum o6pa3om, 0ObI IPHU IEPECTAHOBKE MOTYT IIPUBECTU K HECOIVIACOBAHUIO HEKOTOPBIX U3 CH-
CTEM THUIIOB, HO 9TOr0 MOXKEeT U He npousoiitu. st Toro, 9robbl paccoriacoBaHme He POUCXO/IUIIO,
[PUMEHSIOT IpaBu/a 06pa30BaHus U MIPABUIA IPeodbpa3oBaHus 000B, K KOTOPBIX YIUTHIBAIOTCS CXe-
MBI TUIIOB. yﬂOBJ’IeTBOpI/ITeJIbeIMI/I C 9TON TOYKU 3peHud BbIYUCJIUTE/IbHBIMN CBOMicTBAMU 06J1a;[a—
0T AIMPOKCUMAIMOHHBIE perteTku. OObl B 3TUX TOMOJIOTMYECKUX CTPYKTYpaxX IPH WHTEPIIPETAIINN
MIPOABJIAIOT IIOJIE3HBIC JIOTUYECKUE CBOI.}'ICTBa.7 4YTO HEeMaJIOBAzKHO IJjIid CEMAaHTHUYECKUX HpI/IMeHeHI/Iﬁ.
B wactrocTu, pu 3ToM i 00-CHCTEMbBI CTPOUTCS MOJIE/Ib BBIYUCJIEHUN, 00/1aa0Iasl MOJTHOTON 1
HEIIPOTUBOPEYUBOCTBIO.

§ 3. OGB! B cucreme THUIIOB

[Taper 000B, ymakOBaHHBIE METAOIEPATOPOM ANILIAKAIIMHU, CYIIECTBYIOT B BUPTYaJbHOM MHUDPE
snavenuit pyukiuit. Ocobas poJib Mpu STOM OTBOJUTCI TOXKJIECTBEHHBIM MPe0OpPa30BAHUAM — €71~
HUYHbIM O6aM. ,Z[eﬂo B TOM, 9TO C BbIUUCJ/INTEIbHON TOYKU 3peHnud uX MO2KHO OTOXKIAECTBUTH C
peobpazyeMbiMu 0bamu. Torja 00bl MPOABISIOT 3a/I02KEHHYI0 B HUX BBIYUCIUTETBHYIO CIIOCODHOCTD
K KOMNO3UPOGAHUI0, TO €CTh K YIaCTUIO B METAOIePAIn KOMIO3UINH, UMEIOIIEH OObITHBII MaTeMa-
TUYECKUI CMBICII.

3.1. IIponeccop crmnckoB

B cucreme 0060B mMeroTCd CHEIUAIBHBIE KWCXOLHBIE OOBI-KOMOWHATOPBI, HOJIB3YACh KOTOPBIME
MOXKHO IIPOU3BOJIUTH HOBBIE 00BI, B TOM uucje u KombunaTopbl. Cpein KOMOMHATOPOB CYIIECTBYET
POU3BOIHBIN 00-KOMOMHATODP, HA3bIBaEMbIll KOMOWMHATOPOM mapbl. 1Ipu ymakoBbiBanum KOMOWHA-
TOpa Mapbl BMECTE C JAByMs 00aMU BO3HUKAET BUPTYabHBIA 00, IPOSBJISIONIUN MaTeMAaTHYECKUEe
CBOICTBA yIOPSAI0YEeHHON mapbl. B 910t cucreme Tak»Ke CyIIECTBYeT MPOU3BOIAHBIN 00-KOMOUHATOD,
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Ha3bIBaEeMbIit KOMITO3UTOPOM. HpI/I YIIaKOBBIBAHUN KOMIIO3UTOPaA BMeECTE C ABYMA O6a.MI/I BO3HUKAET
BUPTYaJbHBIH 00, TPOSB/IMIONINI MaTeMaTUIeCKIe CBOMCTBA KOMIIO3UIUU (DYHKITUH. YIIOPSAI0YeH-
Had MMapa — 9TO IIpuMep KOHEYHOM Ioc/jie10BaTe/IbHOCTHU JIJIMHBI /IBA. KOHe‘IHbIe Ioc/j1e10BaTe/IbHOCTHU
OoJibIedl JinHbl (POPMUPYIOTCH KOMIIO3UIIAENH YACTUIHON yIIAKOBAHHBIX YIIOPSJI0OYEHHBIX AP, KOT/Ia
KOMOWHATOP Mapbl yIAKOBAH TOJBKO C IEPBBIM 000M, a «II0JICTAHOBOYHOE MECTOY» JIji BTOPOI'o 002 —
CBODOJTHO ¥ OXKUJIAET IPUX0/A KAKOTO-TH00 002 1/Isi CBOErO 3aII0JIHEHUsI. DTU BUPTYAJIbHBIE 00bEKTHI,
[IPOSIBJIATONINE CBOMCTBA KOHEUHBIX ITOC/IE0BATETbHOCTEN, MOXKHO OCHACTUTH CEMEHCTBOM BUPTYAJIb-
HbIX O6OB7 IPOABJIAIOINX MaTEMaTHUYICCKNEe CBOICTBa HpOQKL[I/IfI Ha/l KOHEYHbIMU I10CJI€10BATE/IbHO-
cramu. Takoe KombuHUpOBaHE 000B MOPOK/IAeT BUPTYAIbHYIO BIUUCJIUTEIHHYIO CUCTEMY, KOTOpas
peasIbHO CYIIECTBYET B IPOrPAMMUPOBAHUN — ITO cucreMa 00paborku crimckoB List Processor, uu,
cokparrerno, Lisp. Dror mporeccop cmuckos 6bit peasm3osan [Ixx. Makkapru (J. McCarthy, [5])
B 1960 r., mcxomss m3 HECKOJBKO WHBIX MOCBLIOK U mpeacTtapiaennii. Ho BCKope BO3MOXKHOCTH 3TOTO
[IPOIIECCOpa CTAJIM OCO3HABATHLCI MMEHHO B CBS3U C IPHUPOON AIILJIMKATUBHBIX BbluucaeHuii. Bume-
CcTe C TeM Ha IIPAKTUKE IMOJJIHBIX BBIPDA3UTE/IbHBIX BO3MOKHOCTEe O6—CI/ICTeMbI IO Pa3HBIM IIPpUYUHAM
JIOCTUTHYTh TaK U He yJIajgoch. OJIHAKO MMEBIIAZACS CUCTEMa MpOrpaMMupoBaHus Lisp mosryumira
JlajIbHellee pa3BuTue U IPUOdpesia DOJIBIIYIO MOIMY/IsIPHOCTH B 00/IACTU MCKYCCTBEHHOI'O WHTEJLIEK-
Ta UMEHHO KaK «acceMO/iep 3HAHUiT».

O06-cucrema 10 OTHOIIEHUIO K ITOI YACTHOU, uHdu6udHol BEIYUCIUTE/IBHON cucTeMe BejeT cebs
KaK KOHIEIIT-CUuCTeMa, CHOCO6Ha.5[ IIOPOKI1aTh cemeiicTBa BUPTYaJIbHBIX BbIYUC/JIUTE/IbHBIX CUCTEM
C Pa3HBIMU BBIPA3UTETHHBIMU BO3MOXKHOCTsAMU. KoHEUHO, 00l BUPTYaAbHOM WHUBUJIHON CHCTEMBI
MOoryT BSaHMO,Z[efICTBOBaTb 110 3aKOHAM allIlJIMKAQTUBHBIX BbIYUCJIEHUI U C IPOU3BOJJIbHBIMU O6a.MI/I7
YTO IIPUIAET €l CBOMCTBO PACULUPAEMOCTTIU.

3.2. KombunaTtopHasa apudmMernka

[TombiTKN CTPOUTH BUPTYaJIbHBIE CUCTEMBI MIPEMIPUHUMAJUCH U [0 STOTO, B TOM YHCJIE Jjisd aHa-
Jim3a MaremMarudeckux mousatuii. [lpumepom moxker caykuth KoMOuHATOPHAS apudMETHKA, U CUCTE-
Ma HymepasioB A.Yepua. JleiicTBuTensHo, B 06-cucTeMax — Oyab TO KOMOMHATOPHAS JIOTWKA TN
A -UCYHCJIEHNE — CPeJ [MEPBUYHBIX CYIIHOCTEH Hem qucei. DTO 3aMedareibHas 0CODEHHOCTH 00-
CUCTEM Cpa3y MpUBJIEKAeT BHUMAHUE, TIOCKOJIbKY B MAaTeMaTUKE UMEHHO YUCJI0 OTHOCUTCH K TepBUY-
HbIM (DYH/IAMEHTAIbHBIM IOHATUAM, & U3 apUMMETUKHU, [0 CyTH, CTPOUTCH BCA MATEMATUKA. YIAJI0Ch
YCTaHOBUTDH IPOU3BOIHBIE 00BI-KOMOMHATOPBI, KOTOPBIE BeAYT ceds Kak 1udpbl — IejIble IUCIa, HY-
MepaJibl. ITO BUPTYaIbHbIE O0bEKTHI, /I, KAK UX €Ile HA3bIBAIOT B (hOpMaM3Max, KOMOMHATOPHBIE
[peJicTaB/ieHns HyMepaJjoB. Pa3paboTanbl 1 ceMeiicTBa BUPTYaJbHBIX 00bEKTOB, IIPEICTAB/ISIONTIX
apudmerryeckue olneparTopbl Hajl HyMmepagamu (cM. anaius npobuaemaruku u 6ubs. B [10]). ccae-
JIOBaHME TIPEJICTAB/ISAIOCH U MIPEJICTABISAETCH B HACTOSIIEE BPEMS HACTOIBKO IIPUB/IEKATEIBHBIM, YTO
ObLI TTIOCTPOEH TIPOU3BOJIHBIN 00-KOMOUHATOD PEKYPCHUH U [ BUPTYaJIbHON CHCTEMbI PEKYPCHUBHBIX
BBIUMC/IEHUI TpOBepeHa cripaBeyinBocTh Teopembl C. Kymman 0 TOM, 4T0 BCsiKasi 9aCTUYHO PEKYyP-
cuBHast QYHKIMS MOXKeET ObITH (B CJTaBOM CMBIC/IE) MPEICTaBIeHa 000M-KOMOMHATOPOM.

Bupryanbhas cucrema 000B, MPEICTABISIONIAS PEKYPCUBHBIE BBIYUC/ICHUS CaMa 110 cebe MOXKeT
paccMaTpuBaThCH KaK KOHIENTya bHas OCHOBA IIPOIECCOPA CIUCKOB.

3.3. Jloruka BbICKa3bIBAaHUI

Cpesm MCXOIHBIX CYHIHOCTEH 00-CMCTEMbI HET HE TOJIBKO YMCET, HO Hem HU NPEJACTABJICHUS 00
UCTUHE WX JIZKU, HA YCJIOBHBIX KOHCTPYKIMI MM MHBIX JOIMYECKUX CBA30K. JIpyrumu cioBamu, 00-
CucreMa MOzKeT OKa3aThbCd HpI/IFO’Z[HOI.;I n JJjid IIOCTPpOEHUA BI/IpTyaJIbeIX cucreM, npeacTaBIAIONNX
JIOI'I/IKy. B ANIIJINKATUBHON BBIYUC/JAUTEIBHON CHUCTEME €CTh TOJIBKO 06]31 " UX IIPpUJIOKEeHud, IIO3BO-
JIAIOIME YIIAKOBLIBATH OJHM O0OBI BMECTE C JPYTUMHU B OXKHJIAHHUM, KOrga OyJdeT IIOPOXKIEH HyKHBIA
BBIYUCJ/INTEJIbHBIN KOHTEKCT U OHU IpOoABAT CBOM BbIYUCJIUTE/IbHBIC CBOIiCTBA. A 9TO 3HAYUT, 9TO
JIOTHYIECKIE PACCY2KICHIS MOXKHO CBECTH K IPIMOMY BBIYUCJICHUIO.

D10 cpa3dy ObLIO NPOBEPEHO JiIsi JOTMKU BbICKadbiBauuii (cum. [10, c. 169]) u oxuiaemble Bbuuc-
JINTEILHBIE CBOMCTBA MOATBEPAUIACH. DBLIM yCTAHOBJEHLI BUPTYaJIbHBIE 00BI, KOTOPBIE, COOTBET-
CTBCHHO ABJIAJIMCH IPEACTABJICHUAMMU UCTUHBI 1 JIZKHW B JIOTUKHA B])ICKE}B]:)IBa.HI/II‘/JI7 KOTODPbIE y’Z[aJ'IOCb
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COTJIACOBATH C IPEJCTABICHUSIMU JIjIsi YCJIOBHON KOHCTPYKIMU, OTPUIIAHUS U KOHbIOHKIuU. Bee atun
[peJicTaB/ieHns: 00/1a/1a il OTHOCUTETHLHO JIOTHKYM BHICKA3BIBAHUI TOYHO TAKUM K€ ITOBEJEHUEeM, KaK
U «ODBIYHBIE» CYIIHOCTH, KOTOPBIE OHM MPEJACTABSIN. DTO BHOBL 3aCTABIIIO 33yMAThCI O TPUPOJIE
UCTUHBI U JI2KU, 8 TAKYKE BBICKA3bIBAHUIN M PACCYKIeHUI B TepMuHax BbiCKasbiBauuii. JleiicrBuresinb-
HO, 00-CHCTEMbI TOJYUHSIOTCS 3aKOHAM AINTMJINKATUBHBIX BBIYUC/AEHUI, KOTOPbIe HA MEPBLII B3IV
HE MMEIOT HUYero OOIIero ¢ oObIYHO JIOTMKON wian apudmernkoit. Bmecre ¢ Tem, KomOuHupyst 0061
OIIpe/ie/IEHHBIM 00pa30M, y/IaeTCsd MOJYUUTh TAKUE YIIaKOBbIBAHUS 0D0B, COBMECTHOE IIOBEJ/IEHUE KO-
TOPBIX Y/IOBJIETBOPSET 3aKOHAM JIOTUKU WM apUPDPMETHKH.

Eciu B3ars kombunatop K ¢ xapakrepuctukoit K zy = x u kombunarop (K1) c xapakrepu-
crukoit K Ixy = y, TO OHM SABAAIOTCS NOAXOJANIMMU NPEJCTaBaeHusasMu s ucrudbl T (true) n
mxu F (false) coorBercrBento B cireyromenM CMBbICIIE.

Hcmurnnocmusie 3navuerHus u YCAOBHDBLE 8bLPAINHCEHUS

Camu 06bexkTl T u F paccMmarpuBaiorcss Kak MeTallepeMEHHBIE, TO eCTh X MOXKHO 3aMellaTh
MOIXOTATIAMA 3aMKHYTBHIMI BBIPAXKEHUSIMHI, KOHBEPTUPYEMBIMI cOOTBeTCTBeHHO K T n F'.
Eciu b — rmepm, npurumatoniuit 3aadenne true wian false, To ycaoBHOe BbIpazkeHUe

if b then m else n
nmMeer ror CMbIC.)'[7 qgTo

if true then m else n — m
if false then m else n — n

B srom ciyuae jijist 0603HaYEHNS OTHOIIEHUS PEIYKIIMYA UCIOJIH30BAH CUMBOJI < — .
Berimostsst morpy keHue yCoOBHON KOHCTPYKITUH B A -UCYUCICHUE UM KOMOWHATOPHYIO JIOTHKY,
[IOJTOXKIM

BMN,

rne B, M, N — COOTBETCTBEHHO LIpejCTaBaeHuss b, m, n.

Taxum obpazom,
TMN — M,

FMN — N,

a ec/i BOCIIO/Ib30BATbCA KOHCTPYKITHEH YIOpPsiI09eHHO Tapbl
[z,y] = Arrzy =Dy,
TO MPEAbIAYIINE BbIPAKEHUA TTEPEINCHIBAIOTCA KaK
[M,N]T = (DM N)T — M,
[M,N]JF = (DM N)F — N,
3.4. Jlornyeckue CBA3KU

[Ipu mocTpoenust yCJIOBHBIX KOHCTPYKIUI B IPOrPAMMHUPOBAHUU, KAK HU3BECTHO, PA3PENIaeTCs
[pUMEHEHHUE JIOTUYEeCKUX CBA30K, cpenu KoTopbix octanoBuMca Ha NOT, koropyio Oymem obo3na-
qarh yepe3 —, u AND, koropyio obo3naunm depes &. [TostokuM 110 OnpejieeHno:

= A Az Ay.by x,
& = Ab w Az yb(vey)y.

HermocpeicTBeHHBIMY BBIYUCEHUSMHE, TI0/Ib3YACh TPABUIAMU A -UCUUCIEHUS, MOXKHO yOEIUThHCH,
Y9TO MPEJCTABICHUS TADIUIl UCTUHHOCTHU [IJIsi 9TUX CBA30K KOPPEKTHHI:

-F — T,
-T — F,
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&FF — F,
&FT — F,
&TF - F,&TT — T.

MozkHO 3aMeTuTh, 4TO & Jaer «KOPOTKO3AMKHYTOE» BbIYMC/IEHHE B TOM CMBIC/IE, Y4TO
&Fa— F,

JlaxKke eci OObEKT @ He MMeeT HOPMAJIbHON (POPMBI.

§ 4. HarypasnbHble ducsia

OTMeTnM, 9TO MPHU MOCTPOCHUH A -UCUUCICHUS CPEIN MCXOTHBIX 00bEKTOB YHCja u/uin apud-
METUYIeCKHe OIlepaluuu He 6bIJ'[I/I HNCIIOJIB30BAaHBI BOBCE. 9TO 03HAYa€T, 4YTO Cpean 3aMKHYTbBIX TE€PMOB
A -UCYHCJIEHUsT MOYKHO ITOIIBITATHCS OTHICKATE TAKKUE U3 HUX, KOTOPBIE SAB/ISIIOTCS TIOAXO/IATIIME TIPeJI-
CTaBJICHUAMU HATYPAJIBbHBIX YUCEJI.

4.1. HymepaJjibl B cucTeMe A -KOHBepCUu

g 06pa3oB HATYpAJIbHBIX YUCE]T BhIOEPEM 3aMKHYTBIE TEPMbl, HA3bIBAEMbIE HYyMepasamu dep-
ya:

Zy =\ z.x = | M. \z.fOz,
A =M x.fx = | A . flz,
Zo = A . f(fz) = | M.z f?x,

Zi | =M e f(f...(fx)...)| = )\f.);a.::fia:,

Jtst Toro, aT0bBI HyMepaJsbl Z; 00pa30Ba/iu HATYPAJILHBIN Psijl, TPeOyeTcs 100aBUThH OIEPAIUIO
‘crietoBanusd 3a’, WK NpubasseHus eQuHuybl, 0003HATAEMYIO Yepe3 o :

o= AnAf Az f(n fz).

HeitcTBUTEIBHO,
oZy | — | AN xe.f(Zofz) | — A v fx = | Zi,
oZy | — | M AXx.f(Zifz) | — | M e f(fz) | = | Zo,
TO €CTb 0Z; = Z;+1, u pyHKOUA 0 HA Hymepasiax depda ompejenser (pyHKIWIO mpubaBjieHust
€JTUHUIIBI.

4.2. HymepaJjibl B cucreMe KOMOMHaTOPOB

[Ipucrynum K onpeie/IeHUIO IPEICTaBICHUS YUC/Ia, CPEACTBAMMU KOMOuHATOPOB. [Ljis1 j100bIX TEpP-
MoB X , Y Oylem ucro/ib30BaTh COKpaIleHue

X(X(...(XY)..)) s no > 0;
——
XY = n
Xy =y g n = 0.
Onpenenenne 1 (mymepasnr). KaxmaoMmy HATypaabHOMY 9HCIY 7o MOCTaBHM B COOTBETCTBUE

TEPM

Zn = (S BYMK I).

OTU TEPMbI HA30BEM HYMEPIAGMU.
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IIpumep 1. Takum obpazom,

Zo | = K1,
Zi | = SB(KI),

Z, | = | SBSBIKD),
7o | = | SBUSB (KT,

NmeroTcsa u apyrue 1mocje 0BaTeIbHOCTH, KOTOPbIEe MOXKHO HCIIOJIb30BATH BMECTO 2, , HO IIPUHSITOE
olpeJie/IeHne UMEeeT TO TEXHUYECKOe TPEUMYIIECTBO, YTO

Z,F X - F"X
st mobeix ' u X (cpaBuute ¢ mymepagamu Hepua [10, c. 28]).

4.3. Tect Hynsa

Jtst paboThl C TOCTAEA0BATEIBHOCTHIO HY?KHO BBECTU PACIO3HAIONLYI0 (DYHKIIUIO, WU HPEIAKAT
1§Zero IPOBEPKN HyMepaJia Ha CBOHCTBO OBITH HY/IEM:

isZero = An. Az \y.n(Az.y)x.

eiicTBuTe/ibHO,
isZeroZy | — | Ax.\y.Zo(Az.y)x
— | Az \y.x =|T,
isZeroZiy1 | — | Ao y.Zip1(A\z.y)x

Ax.\yoZi(Az.y)x
Az Y. (Az2.9)(Zi(Az.y)x)
AT Y.y

L

Il
=

4.4. Ilocrpoenue apudpmMmernkun

[Top3ysich STUMU MIPEACTABICHUIMA U J00ABUB K HUM ONEPAMOp Henodeutchot moywky Y  meii-
CTBUTEJIbHO MOZKHO BBIPDA3UTDHL IIPOU3BOJIbHYIO BBIYUC/IMMYIO Ha HATYyPaJIbHBIX YUCJ/IAX CI)yHKLH/IIO.
OTn0XKUM 3TO [T MOCIEYIONIEr0 PACCMOTPEHMS, & BMECTO 3TOTO BBEIEM IIPEICTABICHUA I apud-
METUYIECKHUX OIEePATOPOB CAOHCEHUA D U YMHONCEHUA & :

® = dmnf A z.mf(n fx),
® = Am.nf.m(n f).

IIpumep 2. PaccMOTpUM BBIMIOJIHEHUE CJIOXKEHUsI JIBYX HYMEpAJIoOB Lo U 3 :

©ZyZ3 — Nf e Zof (Z3f ) — Mz Zof (f32)
— Mz f2(f3x)
— Az f2(f(f(fz)))
= M2z f(f(f(f(fz))))
= Mz fox
= Zs,

9TO COBIIadaeT C UHTYUTUBHO OZKHU/IA€MbIM DE3YJ/IbTATOM.
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IIpumep 3. PaccmorpuMm BBIIOSTHEHUE YMHOXKEHUS JIBYX HYMepPaJioB Zy u 3 :

®ZaZ3 — Nf.Z2(Z3f)
— Af\x.(Z3f)x
— M e Zsf(Zsfx)
= M. z.Zsf(f3x)
= Az f3(f3x)
= Az f2(f(f(fx)))
=Mz f(F(F(F(f(fz))))
= Afz.fOz
= Zg,

9TO COBIIaJaeT C HHTYUTUBHO OXKHJTA€MbIM DE3YJIbTaTOM.

Bompocsr addekruBHoCTH peanu3aliuu 310l apudMeTHKU HYXKIAETCHd B JOMOJHUTETHHOM H3Y-
gennu. Kpome TOro, Kak OKa3bIBAETCH, Pl IPEIACTABICHUN JIjis PACCMOTPEHHBIX CYIIHOCTEH MMEeT
cayvaifHble CBOMCTBA, KOTOPHIe He JAIOT 3aKOHOMepHOCTH. B gacTtHOCTH,

F.

A
Jpyroii npumep 1aeTcs BapHaHTOM IpPeJCTaBAeHUs g PYHKIUN TPUOaBICHA UHUIILL
o = nAf rnf(fx),

9TO IPUBOAUT OJId O " O'l K Pa3/JIMYHbIM DPe3yJ/ibTaTaM, KOr'/Zla 9THU (byHK]_[I/II/I IPUMEHAIOTCA K 0613-
eKTaM, He SBJISIONUMCH HyMepaJaMu.

OrmeruM, 94TO B 9TOM BapHaHTE MPOrPAMMUPOBAHUSI B A -UCUUCACHUH TPeOyeTcsi HOpMaJIbHO-
OpsiJTIKOBagd peaykius. B gacTHoCcTH, /i yCJIOBHBIX BhIpakenuit Tpebyercs, urobsr T ab pemyru-
POBAJIOCH K @, JlaxKe ecqu b He mMeeT HOpMaJibHON (opMmbl. KpoMe Toro, Kak 0KasajoCh, BbIpa-
JKeHIe HYXKHO PEeJyIUpOBaTh K HOpMaJjibHOU (hopMe, HO He 00si3aTe/IbHO K KAHOHMYECKOMY BULY,
9TOOBI YyCTAHOBUTH PE3YJILTUPYIONMI HyMepa/l MM UCTUHHOE 3HAYeHue (CM. IPUBEJIEHHBIE NPUMe-
PBI CJIOJKEHUsI U yMHOXKeHust). Bojiee Toro, mymepas 7 mMeer jpe HOpMajbHbIe (GOpMBL: A fAx.fx
u Af.f, KOTOpbIe CBA3aHBI OTHOIIEHUEM 1) -PELyKIUU:

Az fo = Af.(Ax.fz) =y Af.f,

HOCKOIBKY AZ.fx — f.
Takum 006pa30M, BBIYHUCJIEHUs] ¢ HyMepajaMu depdya OCHOBaHBI Ha (37)-PEIyKIUHU, TO €CTh Ha
BBIPAJKEHUSIX, KOTOPBIE He COMepKaT Hu (-, HU 1) -PEIeKCOB.

§ 5. Kommo3unnoHHble CTPYKTYpPbI 000B

KOMHOSI/IL[I/II/I O6OB 1 BO3ZHUKAIOIIUE IIPpU 9TOM CTPYKTYDPbBI BbISBIBAIOT IIOBBIIIEHHbINI mHrepec B
OJTHOI crenmaJibHON cucreme 060B. B aToit cucteme myist mpou3BobHOTO 006a A Tpebyercsa BBITON-
HEHUEM PABEHCTBA

A=AoA,

KOTOpOe xapakTepm3yer A Kak domen, a jjsg obos f, A, B — paBencrsa
f=BofoA,

KOTOpoe Xxapakrepusyer f Kak omobpaotcerue, pyHKIMOHAIBHYIO CYIIHOCTb.
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Janee norpebyercss pa3guTh JOCTATOYHO CrienuaabHoe npeacrapiaenne. Oynkmmuio h w3 A B T
sanucbiBaeM nocpejactsom h: A — B. PaccmorpuMm (yHKIUE «TpaHsakuuii» ¢, ¢ u pyHKIUI
«kJjionupoBanus» [, f', 18 KOTopbix

g T—=T, ¢:T7T =T

f:A—=B, f:B-—C.

IIx GymeM paccMaTpupaTh coBMeCTHO ¢ dynkmuamu h: A — T, h: B — T u h": C — T".
[ToBesenue sTux OTOOpAXKEHUIT TPEACTABAECHO HA PUC. 3.

T/r T// o h” o C

C

g g( >f' Ir

T T’Oh’o B
>

gT g< o

S h o A
Puc. 3. Ilpumep ¢, ¢ -TpansakTupoBanuoii, [, f’'-KJIOHHpOBaHHOI CTPYKTYpPHI 060B

OcobeHHOCTD 9TON KOMIIO3UIIMOHHONW CTPYKTYPhI MOXKHO TOSICHUTD CaeayonmM obpasom. Ilycts
B xapakrepusyer «HacTosImeey, Tormra A — 310 Bo3moxkHOe «Oymayiees, a C' — «mporioes. «Pas-
BOpauYMBaHUe» COOLITHIT HPOMCXOAUT BJOJb 3B0abBeHT [, f”. OOpalnaem BHUMaHMUE, Y4TO COObI-
Tust pazBopaunBaiorca umenno or C k B mwor B k A. Ilycts Takxke 06 T mom Bo3jeiicTBreM
«TpaH3akuuu» ¢ upespaiaerca B 06 T’ a o6 T’ nox sosgeiicreuem ¢ — B 06 T" . Ilpouwuioe
XapaKTepu3yercs 060M

”Oh”OC7

a BO3MO2KHOE Oy/1yIiee COOTBETCTBYET 00y
T"og ogoho f ofodA.

Taxum 06pas3oMm, 110, Bo3eficrsueM 3BoibBenT f, f u Tpamsaxmuit g, ¢ 06 h” u3 npouioro C
TpaHChOPMHUPYETCd B BUPTyaIbHbIi 06 ¢’ o goho f'o f u3 Gyaymero A . CxomHble mpecTaBIeHus
6bu pazsurel 1. Ckorrom (D. Scott, [8]) npumennTesbHO K DyHKTOPHBIM KOHCTPYKIMSIMU JIOMEHOB.

§ 6. CucremMmbl aNMJIMKATUBHOI'O IIPOrPAMMUPOBAHUS

K macrogmemy BpeMeHN aNllINKATABHbLIE BEIIUCIUTEIbHBIE CHCTEMBI HAUNHAIOT PACCMATPUBATH-
CA KaK OCHOBa JJId MPOEKTUPOBaAHNA KOMITBIOTEPOB, CUCTEM KBAaHTOBOI'O KOMIIBIOTHHT'd 1 KBAHTOBBIX
SI3BIKOB TporpaMMupoBanus (cM., manpumep, P. Selinger and B. Valiron, [6]). lo cux mop sToro ne
[IPOU3OIILIO W3-33 MACCOBOI'O PACIPOCTPaHEHUsT KOMITBIOTEPOB ¢ hon HeiimanHOBCKOM apXuTekTypoit
U CJIOYKUBITIENCS WHYCTpHUel MPOW3BOICTBA /sl HUX MPOTPAMMHOr0 0beCcTedeHns. ANMINKATHBHAT
cucreMa BbluucjaeHuil, B orauydue ot (por HeliMaHHOBCKOI, ABISETCS BHICOKO CUMMETPUYHON U KOH-
LENTYaJbHO $ICHO, MMeIOIell XOPOIIO0 0DOCHOBAHHOE MAaTEMATHUYECKOE I[IPEJICTAB/IEHIE.

Bwmecre ¢ Tem npensTcTBue i MX peasu3alireil Ha HBIHEITHEM MacCCOBO PACIPOCTPAHEHHOM M
BHEJAPEHHBIM B CO3HAHNE TEXHOJJIOTMYIECKOM YPOBHE HATAJIKUBACTCA Ha ABE TPYJHOCTU — B O6—CI/ICT8M8
HEeT «IIaMATH» U U3HAYAJIbHO OTCYTCTBYET UYBCTBUTEJBHOCTbL K «IIPEIBICTOPUU BLIYUCICHUN», — a
9TO KpaeyroJibHble KamHu HbiHemnrero ¢oun HelimanuoBCKOro kommpioruara. pyras nmpudunbna —
B OOJIBIIIMHCTBE ANIJIUKATUBHBIX CUCTEM HUCIIO/Ib3YIOTCs JiaMb/a-abCTpaKIing, alnInIupOBaAHIe KO-
TOPBIX K O0bEKTaM MPUBOJUT K HEOOXOIMMOCTHU HKCIIOJIb30BATh MPABUJIO IOJCTAHOBKU B HamboJiee
o0I1eM U HamMeHee OFPDAHUYEHHOM BUJe, KaK IIPUHIINAI HEeOZPAHUYERH020 CBepThiBannd. Takas MoIl-
Had BO3MOXKHOCTb BI)I‘II/IC.JI(3HI/II7I7 AAI0IMad HCOIPDAHUYCHHBIE BbIPDA3UTE/JIbHBIC BO3MO2KHOCTH, BCE CIIE
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He pean30BaHa U3-3a HbIHENTHEN KOHIENIINY KOMITbIOTEPa U KOMIIBIOTUHTA, & TaKyKe W3-33 MHEPIUU
MBIILIEHUS OOJIBIIMHCTBA CIEeITHAJINCTOB, IIPEKPACHO 00pA30BAHHBIX B 00/IACTH TPAIUITHOHHOIO KOM-
NbIOTHHIA, HO HE 00/IaJAI0IUX JAOJI2KHON MTOATrOTOBKON M Pa3sBUTON WHTYyHUIMEH B allLIMKATABHOM
KOMIIBIOTUHIE U BBIYUCJICHUSX B 00-CHCTEMaX.

[Ipu peanmuzanuu anIIMKATUBHON CUCTEMBI, IIPEXKJIE BCETO, MHITAIOTCA OCHACTUTD €€ MaMATbIo U
MOBBICUTE €€ 3(MHEKTUBHOCTE JJjIsT OpTraHu3aIny Bbraucaennit Ha ¢or HefiMaHHOBCKAX KOMITBIOTE-
pax. Bce 3T0 mpuBesio K HEMPEKPAIIAIONIUMCS TOMBITKAM PACCMATPUBAThH allLIUKATUBHYIO CUCTEMY
KaK ‘BCTPOEHHYIO CHUCTEMY , HO BCTPAWBAHUE, W/IU IIOTPYKEHUE BEIETCS B OOJIBIIYIO, 00bEMJIIONLYIO
cucremy (ou Heiimannosckoro tuma. [Ipumepom Takoro pojga MOryT CayKUTh peaju3aruu Lisp-
CUCTEM, B KOTOPbIE N3HAYAJIHHO 3AJI02KEHA, UJIes MMEHHO AIMJIMKATUBHBIX BBIYUC/IEHUI B 00-CcucTeme.
Opmaxo Lisp-cucrema 0OBIMHO paccMaTPUBALTCS KaK IOIMHOMKECTBO PACIINPEHHON CPEeIbl, KOTOpas
OCHAIIEHA BO3MOXKHOCTAMU B3aNMO/IEHCTBUS C BEITUCANTEIbHBIMI CUCTEMAMU — Oy/ib TO aIlaparHoe
nn mporpaMmuoe obecmevenne, — ¢don Helimana. B pe3yabrare BOZHHKAET CJIOXKHASA U TPOMO3IKAST
CHUCTEMA, YTPATHUBIIIAS CBOI0 MATEMATHYECKYIO JAKOHUYHOCTh U KOTOPYIO BECbMa CJIOXKHO OCMBIC/IUTH
pPa3paboTInKy KOMITBIOTEPOB HOBOI'O THIIA.
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Ilocrynuna B pegakmumio 03.03.09

V. E. Wolfengagen, L. Yu. Ismailova, S. V. Kosikov, A. D. Laptev, V. N. Nazarov,
V. V. Roslovtsev, I. S. Safarov, A. L. Stepanov
Applicative computing: attempts for knowing the nature of computations

This paper reflects the results obtained in working out the projects 93-01-00943-a (LAMBDA), 96-01-01923-
a (KOOAM), 05-01-00736-a, 06-07-99005-c, 05-07-90236-8, 07-07-00298-a, 07-07-00355-a, 07-07-12098-0bwu,
granted by the RFBR. If an the early stages programming was a kind of art when a programmer wrote the
program for solving the definite task and supplied it more or less detailed documentation, then nowadays
a powerful software industry is created with supplementary software engineering. The present days in the
research in programming or in an area of computer science, as a rule, those projects have being supported
which bring in a few improvement in solution of already well known problem. As a result, the actually
important and fundamental research, which leads to investigation of the novel concepts of computations, is
left out of a scope and insufficient attention is paid to the knowledge accumulation in an area of programming.
In this paper the main attention is paid to the computations with objects, the parity and role of which in
this domain is growing more and more, resulting in a dominant trend.
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