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C' 6.26200apHoCMbIO NOCBAULAEMCA Y UUMENIO
Basenmuny Dedoposuny Typuuny

BBenenue

B 1975 roxy aBTopy JaHHOI pabOTBI, TOTJ/IA CTYIAEHTY, MOCYACTIUBUIOCH ObITH BOBJIE-
YeHHBIM B pabory HedopmabHoii MocKOBCKO# pedas-rpynibl U MO3HAKOMUTBLCA C PYKO-
BOJIUTEJIEM T'PYIIIBI, 3aMeYaTeIbHBIM yaeHbIM 1 desioBekoM B.D.Typunnabim. Pedas-rpymima
3aHUMAaJIACh Pa3pabOTKOIl TeOpUM MeTaBBIUUCIECHUN U MTPAKTUYECKON peasu3aliueil cpejacTs
MeTaBbIYuCeHu 115 3bika Pedast. C Tex mop Teopust n NpaKTUKaA METaBbIMUCICHUN cTan
IJIABHBIMUA HAYYHBIMU WHTEPECAMHU aBTOpa, deMy OH Bcerja Oyjer obsazan B.D.Typuuny un
BCEM y4YacTHHKaM pedaJi-IpyIIbl.

B pmamnnoit pabore paccMOTpPEHbI PA3JIMIHbIE PE3Y/ILTATDI, TOJIYYeHHbIE B TEOPUH U TTPAK-
THKE METaBbIUNC/IEHN. DTO He O3HATAET, 9TO 37eCh COOpaHbI 6ce pe3yabTrarhl. Jarxke, Ha00O0-
pot, camasi 6oJiblias (caMast HHTepecHas, HO U caMasl CJIOXKHAs ) 9aCTh—TeOpUs CyIIePKOMITU-
JISAIIU—OCTAJIACh 38 PAMKAaMU PAacCMOTPeHUs. 3JIeCh IVIABHOE BHUMAHME OBLIO YIEJIEHO OC-
HOBHBIM, 0OULUM ONA PA3AUYHBLT MEMANDPOLPAMM, NOHAMUAM, TTOCTPOCHUIO IPOCTEHIINX Me-
TaIporpaMM M JEMOHCTPAIUU TOTO, Yero MOXKHO JIOCTUYb TPUMEHEHUEM JIazKe dTUX TPUBU-
AJILHBIX METAIIPOrPaMM B TEOPETUYECKOM W IIPAKTUIECKOM ITPOrPAMMUPOBAHUM.

Bouto 661 01ubKoi cauTaTh, 9TO MPEICTABICHBI TOJILKO PE3Y/IHTATHI, IOy YeHHBIE CAMUM
aBTopoM. Hekoropwie pesymbrarhl npunajexar B.D.Typunny, HeKoTOpble—ydacTHUKAM
pedali-rpymibl, HEKOTOPble—aBTOPY JaHHOW PabOThI, & OCTAJbHBIC OBLIH MOJIYYeHbI B JTUC-
Kyccusx Ha pedals-ceMHHapax, TO €CTh B YCJIOBHUAX, KOIJIa YCTAHOBUTH KOHKDETHOE aBTOD-
CTBO JIOCTATOYHO TszKeso. TeM He Memee, B qONOMHATELHBIX MaTepuanax [FTPI[Yx mammoit
paboTe cpeiu MPOUEro MPUBOJIUTCS CIMCOK CCHLIOK HA aBTOPOB WJICH U PE3yJIbTaTOB, BKJIIO-
YEHHBIX B JIAHHYIO KHUTY.

B nociennuu rosipl uccsiegosaresin 3a pydoezKoM, KOTOPbIe 3aHUMAJIUCh B OJU3KUX 00-
JacTsIX (HAIPUMED, CMEIaHHBIMI BBIUYUCJICHUSIMUA ), IPOSIBJISIIOT OOJIBIION HHTEPEC K TEOPUH
merapbraucienuii Typunnaa. OTpajHO BUIETh, UTO U HA POJUHE Teopuu (JjaXke B HbIHEIIIHee
BpeMsi) MHTepeC K Heil coxpaHuscs. Bosee Toro, K JaHHOW paboTe MPUCOeINHSIIOTCS HOBbBIE
Haydnble cuibl. Ocobenno npuaTHo, 9To B MHCTHTYTe TporpaMmMubix cucrem PAH ckiajibr-
BaeTCs KOJIJIEKTUB UCCIIeJ0BaTe e, aKTUBHO 3aHUMAIOININXCA TeOPHUeil U MPaKTUKOW MeTa-
BBIYUCJIEHUI, U 4TO 3Ta PadOTa BBINOJHAETCA B TeCHOM coTpyaandectse ¢ B.D. Typunnbim.
X041y BBIpa3UTh CBOIO OJ1aroapHocTh HCTUTYTY 3a TO, YTO OH BCErJla MPU3HABAJ BAXKHOCTH
JIAHHBIX paboT W ToJiep:KuBajl ux. Tak m ¢ 9Toit KHUroit—o0e3 noyiep:KkKu MucTuryTa oHa
OBl HE COCTOSATIACD.

OcHoBHOe cogepxkaHne padoThI

B jannoit pabore paccMaTpuBalOTCA BOIPOCHI TEOPUHT MEMABLIHUCAEHUT U TIPUMEDDBI UC-
MIOJIb30BaHUs METOJIOB MeTaBbIYKUCIeHI. MeTaBbIInuc/IeHusA—3TO pa3ies TCOPUH U IIPAKTUKU
IPOrpaMMUPOBaHUs, TOCBSIIEHHBIN pa3paboTKe METO/IOB aHa/M3a U Ipeodpa30BaHus HIPO-
IpaMM 3a CYeT peajn3aliui KOHCTPYKTUBHBIX MeTacucTeM (MeTalporpaMM) HaJi IporpamMMar-
Mu. B MeTaBbIunc/IeHNs B IEPBYIO OYepe/Ib BKJIFOUAIOT TEOPUIO CyNEPKOMITUIAIIIN U OJIU3KUE

L' O gomonanTenpubix MaTepuanax [FTP]—cM. B koHIle BBemennsl.
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merozbl u cpecrsa |11 4] [10] 14] 15 [35]. IIpucraska “mMera” ykaspiBaeT Ha TO, ITO IPOrPaMMa
B METABBIUUC/IEHUSIX PACCMATPUBAETCS KaK 006€KM aHAIM3a U /Ui TIpeobpa3oBaHUsl.

[TepBbie pabOTHI IO MeTaBbIYUCAECHUSIM ObLITH BhIOJHeHBI B.D. TypunnabiM, ipu ydacTun
JPYTUX 4JIeHOB MOCKOBCKOIT Paboueii rpymmbl 1o si3biky Pedast, B 1970-Twix rogax [1, Bl 4].
BazoBbiMu njiessiMu JaHHBIX PabOT SIBJISIUCE:

e IpUMEHEHNE TEOPUH METACUCTEM U MeTacucTeMHbIX repexomnos |2, 4l [19] 2];

® nPoUeCcC-0PUEHMUPOBAHHIT N00T00 K TIOCTPOCHUIO METOJIOB aHaJM3a U IIpeodpa3oBa-
HUs TTPOrpaMM—pa3paboTKa MeTalporpamMM, KOTOpble “HabJIIOManT” 3a npoueccamu
BBIYUC/ICHUS UCXOTHON POTPAMMBI U YIIPABJIAIOT UMHU;

e UCIOJIb30BaHue sA3bIKa nporpammuposanus Pedas [§] u ero pmanekros B Kauecrse
A3BIKA peaJIu3aliii MeTaIrporpaMM W IIPOTPaMM, HaJl KOTOPBIMU BBITIOJIHSIIOTCSI MeTa-
BLIYHUCICHU.

Paccmorpum mmogpobHee 0CHOBHBIE IPUHITUIIBI Pa3padaThIiBAEMbIX B JJAHHBIX paboTax Me-
TOJIOB.

s mpoBejieHnsT MeTaBbIYUCIEHU HaJ| HEKOTOPOil TPOrpaMMoOil p BBOJIUTCSA B PACCMOT-
peHue MeTtarporpaMmma M, 1yt KOTOPOil mporpaMMma p siBJseTcss OObeKTOM aHAJM3a, ITPeod-
pazoBanus u T.11. MeranporpamMmma M go/2kHa ObITH CIIOCOOHA aHAJIU3UPOBATDH ITPOIECCHI BbI-
[OJTHEHHsT [TPOTPAMMBI P HA KOHKPETHBIX JIAHHBIX d U Ha Kiaccax (MHOKecTBax) C JaHHBIX.
[To cyTu, meranporpamma M HaOJIIOIAET 38 MHOXKECTBOM HpoueCCOBﬂ BBITIOJTHEHUS TTPOTPaM-
MBI p ¥ yIpaBJseT JaHHBIMU IpolieccaMu. TakuMm obpaszoM, M gBjisieTcsd MeTacHCTeMON 10
OTHOIIIEHUIO K cucTeMe p. VIMEeHHO U3 pe3y/IbTaToB HAOIOACHUS 38 IPOIECCAMY BLITIOJTHEHUS
IpoOrpaMMbl p MeTallporpamMMa M ompesesdeT HaJUdre TeX WM WHBIX CBONCTB IPOrPaMMBbI
P, BBIBOJIUT BO3MOYKHOCTD IIPUMEHEHUs TOIO WJIM WHOT'O MPpeoOpa30BAHUS ITPOIPAMMBI.

JL1s1 moCTpOEHUS METOJIOB aHAJIN3a, IIPOTIECCOB BBITIOJTHEHUST TPOIPAMM HEOOXOMMO OITpe-
JIEJINTD U 3apUKCUPOBATH HEKOTOPBIN sA3bIK IMPOrpaMMUPOBannsd R—s3bIK peasusanuu. Bee
[POrPaMMBbI P, K KOTOPBIM MOYKHO HPUMEHSTH MeTarporpammy M, J0JKHBI ObITh HAIIMCAHBI
Ha a3bike R. Ecim cama mertarporpamma M Oy/er HalcaHa Ha si3blKe R, TO OyJieT BO3MOXKHO
IPUMEHHUTDb K Hejl ee caMoi0 (CAaMOIPUMEHEHNe) WK JPyThHe MeTalporpaMMbl. DTO OTKDPbI-
BaeT BO3MOYKHOCTH aBTOMATHIECKOTO BBITTOJTHEHNS HECKOIBKIUX METACUCTEMHBIX TEPEXOJIOB.
Ha mpaxkTuke 5T0 03HavaeT BO3MOXKHOCTH aBTOMATHUYECKUX Kap/IUHAJIBHBIX IIPeodpa3oBa-
HU TporpaMM—KaK 9KBUBAJIEHTHBIX IIpe0Opa30BaHuil, TaK U IMOCTPOECHHE HOBBIX ITPOIPAMM,
GYHKIMN KOTOPBIX CJIOKHBIM 00Pa30M OIPEIAEIIOTCA depe3 (DYHKIINNA HCXOIHBIX ITPOIPAMM.

['maBHBIE yenanst OOJIBITMHCTBA PAOOT 110 METaBBIYUCIEHUAM OBLIN HallpaBJIeHbl Ha pa3-
paborky cynepxomnusamopa |3, [7]. dru yeunus okazannch mI0JOTBOPHBIMA—B TIOCTIE/HEe
BpeMs TIOSIBIJINCH TIepBble peasin3anuu cyrnepkomnuisitopa |5, 21, 22], nemoncrpupyioniue na
IpaKTUKe HETPUBUAJbHBIE TTPUMEPHI METaBBIYUC/ICHUN, TPUHIUIINAIbHAS OCYIIECTBUMOCTD
KOTOPBIX ObLjIa IOKa3aHa €Ile B IIePBbIX padOTax M0 METaBbIUNCICHUSIM.

CrpemieHne K CKOpeHIeMy 3aBepIieHrio paboT 0 CO3TaHII0 TEOPUH CYIIEPKOMITHIATIAN
7 MPAKTHYIECKON pean3alui CyNepKOMIIUISITOPa MPUBEJIO K TOMY, UTO HEKOTOPBIE METO-
JIbI METaBBIYUC/IEHNN U HEKOTOPbIE BOIIPOCHI ITPUMEHEHNUS METaBbIYUC/IEHUN B ITPAKTUIECKOM
IPOIPAMMUPOBAHNN OBLIM HEIOCTATOTHO UCCICIOBAHBI. JKeaaHue Toms 0bt 4acmuyiHo 3a-
Kpoimo dannbill npobea u npuseso K noABAECHUIO Mot pabomoL.

2 [Ipoyecc-opuenmuposannocms—oaHa U3 IPUHIUIHAILHBIX OTIHIATEILHBIX depT moaxoaa B.®. Typun-
Ha.
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Jlannas paboTa HOCBsIIIEHa CJIEIYIOIIUM BOIIPOCAM:
1. BazoBble moHATHS MeTaBBIYNCICHUIA.

2. Pazpaborka m ucciiejoBanue 0KpecmHOCH020 GHAAU3G—OTHON W3 pPa3HOBHUIHOCTEH
MeTaBbIYNCJIEeHUN.

3. IlpumeHneHne OKpeCcTHOCTHOI'O aHa/M3a B TeCTUpoBaHUH IIporpamm. Ilocrpoenune u mc-
cJIeIOBaHNE CBOIMCTB HOBOTO METO/Ia TECTUPOBAHUS IIPOTPAMM—O0KPECTIHOCMHO20 Me-
CMUPOBAHUA .

4. Uzydenune unsepmuposarus TPOrpaMM, OCHOBAHHOI'O Ha HCIOJb30BAHUU OJIHOTO W3
CPEJICTB METaBBIYUCTICHUN—YHUBEPCAALHO20 pewaroue2o arzopumma, Y PA. Beenenne
HMOHATUIN UHBEPCHOT CEMAHMUKY U UHBEPCHO20 NPODAMMUPOELHUS.

5. UccnenoBanue MOHATUS HECNAHIAPMHAA CEMAHMUKA A3DIKG NPOZDAMMUPOSEHUSA. AHA-
JIN3 OKPECTHOCTHOI'O TECTUPOBAHUS U MHBEPCHOI'O IMPOIPAMMHPOBAHUS KaK JIBYX IPHU-
MEpOB HEeCTaHIapTHBIX ceMaHTHuK. VcciegoBanne BO3MOXKHOCTH aBTOMATHIECKOTO T10-
JIydeHUsT TIPU TOMOIINA MeTaBbIIUCICHUN 3(DPEKTUBHBIX pean3aluil HecTaHIapTHBIX
CEMaHTUK.

Takum 06pa30M, BOIPOCH TEOPUH U MIPAKTUKY CYTIEPKOMITUJISINA (U3 KOTOPBIX U HAYAJIA
bopMuUpOBaTHCS TEOPUA METABBIYUC/ICHUS) OCTAHYTCS 338 PAMKAMU PACCMOTPEHUS JIAHHOM
paboThl. 3aMHTEPECOBAHHBIM JIAHHBIME BOIIPOCAMU MOYKHO HOPEKOMEHI0BATh 00PATUTHCA K
COOTBETCTBYIONIM paboTaM, onucbiBarouM 6azosble npuniwiel [3), 4, [7) 18], Texanveckne
Bopoch! peasmsanuu cyrnepkommuisitopa [9, 11 12] u npumepsr cynepkommmsiinm [5] 6, 22].

CTpyKTypa U3JI0XKEeHUS

Kak ckazano Bblle, Ipu pa3paboTKe METOI0B METaBbIYUCICHUT HEOOXOIUMO OIIPEIETUTh
ALK Peaudauuy B, J1yist KOTOPOro pa3pabaThIBAIOTCsl METABbIUUC/ICHUS.

B 6osbmmHCeTBe paboT MO METABBIYMCICHAAM B KA9eCTBE A3BIKA PeaJu3aliii HCIIOJIb30-
BaJicd A3bIK Pedast n ero puanekTol. B gannoit pabore B KauecTBe sI3bIKa peajn3amnuu Oyaer
HCIIOIb30BaH sA3bIK T'SG—IIpOCTOil 1 KOMIIAKTHBIN aJrOPUTMUIECKH ITOJTHBIN A3bIK, TUAJIEKT
s3pika, S-Graph, ucnonbzoBannoro B pabore [I8]. IIpocrora TSG u npemmernoit obiacTu
A3bIKa ITO3BOJIAET 3HAYUTE/IbHO YIIPDOCTUTH MU3JIOZKEHNE METO/I0B MeTaBbIYMCJIEHUNA JJIA TSG,
B TO 7K€ BpPeMs He YIIyCKas HU OJHOTO CYULECTNGEHH020 MOMEHTA.

CI)I/IKCELHI/IS{ fA3BbIKa peaJIn3alluu IIO3BOJIAET JaBaTh KOHKPETHBIC OIIMCaHUA aJITOPUTMOB Me-
TaBbIYUCJICHUN 1 JJOKa3bIBaTbh UX CBOﬁCTBa, 1 BOBCE HE O3HAYacT, YTO METaBbITUCJJICHUA MO-
I'yT OBITH ONPEIETCHBI TOJLKO JIJIA JAHHOTO A3BIKa. Bce TOCTPOeHHUs U PACCy KICHUS MOTYT
ObITH HOBTOPEHLI W JIJIst JTI0OOr0 JIPYroro sA3bIKa peaju3ali, eI OH YJIOBJIETBOPIET TeM
CBOICTBaM, KOTOPBIE CYIIECTBEHHO MCIIOIb30BANCH B AJITOPUTMAX METABLIUUCICHAN U B J0-
Ka3aTe/IbCTBAaX CBONCTB STHX aJrOpUTMOH}

B ranase [1]6yyT nanbl onucanue cunrakcuca s3bika TSG, HHTEPIPETAIMOHHOE OIpe/Ie-
nenne cemanTuku TSG, BBeJIEHBI TaKNE MOHATHS KAK: COCNOAHUE BHIYUCICHNS] IPOIPAMMBIL P

3 B namnoit paboTe BO BeeX TOCTPOEHHAX U JIOKA3ATEILCTBAX UCTIOIB3YIOTCS TOJIBKO CIIELYIONIIe CBOICTBA
a3pika TSG: anzopummueckas noAHOMG A3b1KQ U ONPEJEJIEHUE IIPEJMETHON 00JIaCTH A3BIKA [IPU HOMOIIU
KOHEYHOTO HADOPa dfcecmKuxr KOHCTPYKTOPOB HaJl KOHEIHBIM aJi(haBUTOM aTOMOB. TakmMm 0Opa3oM, Bce pe-
3YJIBTATHI JJAHHOM PAbOTHI CIIPABE/JIUBBI U JIJIs1 JIIOOOTO JIPYTOTO sI3bIKA PeaIM3alii C TAKUME YKe CBOUCTBaMHU.
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HaJ[ JAHHBIMU d, NPOUECC BHIYUCICHHS IPOrPAMMbBI P HaJ| JAHHBIMU d—II0CJIE0BATEILHOCTD
[IEePEXO/I0B OT OJHOIO COCTOAHUS BBIYUCJIEHHS IIPOTPAMMBI P K JIPYTOMY,—MPAccd 6biuucAe-
HUA TIPOrPAMMBbI p HaJl JaHHBIMHA d.

[Ipu BbIIOJHEHNM METaBLIYMCJICHUH MMEIOT [eJI0 HEe TOJILKO ¢ OJUHOYHBIMU JIAHHBIMU
(3HAYEHUSIME) TIPOIPAMMBI, ¢ KOHKPETHBIMU (OJMHOYHBIMU) COCTOSHUSIMU BBIYUC/ICHUS W
T.II., HO TAKXKE U C MHOHCECNEAMU JTAHHDBIX, MHOHCECTNEAMY COCTOAHNNA BLIYUCJICHUAN U T.JI.
ODTH MHOXKECTBa, JOJZKHBI OBITH HMPEICTABICHBI KOHCTPYKTUBHO—B BHJIE BBIPAXKEHUIT HEKO-
TOPOro aA3blKa. TakuM 00pa3oM, MPEeJACTOUT pa3pabomamsb KOHCTPYKTUBHBLIE Memodb, nped-
CMaGAeHUA TAKUX MHOXKeCTB. [Ipu 3TOM HaZ0 yUUTHIBATE CJIELYIONIEe 00CTOATEHLCTBO: IIPH
JII0O0M BBLIOOpE CII0c06a KOHCTPYKTUBHOIO IPEICTABACHUA MHOMKECTB HAfilyTCs MHOXKECTBA
JIAHHBIX, HeIpeIcTaBUMble JanabM criocoboM| CrreoBaTebHo, AT KasKI0ro IPHIOsKEeHHs,
B KOTOPOM HEOOXOAMMO IPEJICTABIATHL MHOXKECTBA, JaHHBIX B BUJE KOHCTPYKTUBHBIX O0D-
eKTOB, HEOOXOIMMO 6bi0Upams CpeJICTBa IIPEICTABICHNs MHOXKECTB JJAHHBIX TaK, YTOOLI BCE
uHmepecywue Hac B JAHHOM IIPUJIOKEHUN MHOYXKECTBA ObLIM Obl IIPEJICTABUMBI JAHHLIME
CpeJCTBAMU.

B rnase [2| 6ynyT onpenenensl Takue cpeicTsa MpeJcTaB/IeHus MHOKCCTB JAHHBIX B BH-
Jle BBIPArKeHUI—TaK Ha3bIBACMBIX KAGCCOS, 9TO BCE MHOXKECTBA JIAHHBIX, BOZHHUKAIONIUE B
IIPOIIECCE METABBIUNCICHNN, OKAXKyTCs IIPEICTABUMBIMU B BUJE KJIACCOB. 3JI€CH Ke IIPEIb-
AIBJICEHBI I OOOCHOBAHBI AJIFOPUTMbI BBIIOJTHEHU OlePaIlil Ha | KJIACCAMMU, OIPEIE/IeHbI CPEe/I-
CTBa NPEJCTABJICHUI U JIPYTUX MHOXKECTB, HEOOXOIUMBIX JIJIsI METABLIYUC/ICHUI, HALIPUMED,
IpeJICTABICHIE MHOXKECTB COCTOSIHUN BBLIYMCJICHUI B BUJIE TaK HA3LIBAEMBIX KoHpu2ypayul.

J11 GOIBITMHCTBA aJITOPUTMOB METaBbIYUCICHUI 6Q30BBIM IIOHATHEM SBJISCTCS IOHATHE
depesa npoueccos 1 Ha30BLIM aJIrOPUTMOM—aJIOPUTM HOCTPOCHUS JIEPEBa IPOIECCOB.

B ruiase [3|6yner 1ano Tounoe onpeieaeHne 1epesa MpoleccOB BEIMACICHUA TPOrPAMMBI
p Ha KJjacce JaHHBIX, IPUBEJIEH U 0OOCHOBAH ajJrOPUTM HOCTPOEHHs STOrO JIEPeBa.

Oxpecmmocmmvili aHaAU3—OINH U3 METOI0B METaBLIYUC/IEHUI—ABJIAETCA UHCTPYMEHTOM
dopMaIM3auy UHTYUTUBHOIO BOIIPOCA

Kaxas ungopmayus o mexcme d 6ulAG UCNOAD306AHA, U KAKAA UHPOPMAUUA 0 d
HE OBLAG UCTLOND30BAHA 8 HEKOMOPOM npouecce 0bpabomxy, mexcma d?

3/1ech paccMaTpPUBAIOTCS KOHCMPYKMUGHbBLE TTPOIECCHl 00PADOTKN TEKCTa, PEATN30BAHHBIE
HEKOTOPOH IporpaMMoil p Ha gA3bIKe R.

OxpecTHOCTHBIN anau3 Brepsbie ObL1 paspaboran B.D.Typunnbivm, npu yaactun npy-
IUX 9JIEHOB MOCKOBCKOI Pabodeil rpynmbl 1o a3biky Pedait, B 1970-bIX 10/1aX B KOHTEKCTE
pabor HaJ| cynepkoMIiIsiTopoM st sisbika Pedast [7, 9. [TepBonauaabHO OKpeCcTHOCTHBbII
aHaJIM3 PaCCMATPHUBAJICH KaK CNeuuaAbHbll METOJT, IPpeHA3HAYEHHbBIN JIJIsi TOCTPOEHUS aJl-
TOPUTMUYECKUX “TPUOJIMKEHHBIX PEIIeHni HePA3PEIuMOil IpodIeMbl OCTAHOBA U C TEX TIOP
OH HCIIOJIb30BAJICS TOJIBKO JIJisd 9TuX 1ejeil. Kak pesybrar, ObLin pa3zpaboTaHbl TOJBKO Te
TEOPETHYECKUE BOIPOCHI OKPECTHOCTHOTO aHAJIM3a, KOTOPhIe UMM OTHOIIEHNE K JTAHHOMY
I PUJIOYKEHUIO.

[To cBoeil npupose OKPECTHOCTHDBIN AHAJN3 SIBJIAETCS METOJIOM ODIIEro MPUMEHEHUs, a
HE CPEJICTBOM JIJIsl PEIleHus OHON YacTHOi 3a1a4qu. [losTomy mpejcraBiisieTcss HHTEPECHBIM
MOCTPOUTH U M3YYUTH TOYHBIN OKPECTHOCTHBIN aHAJIN3 UMEHHO KaK OOIuii MeTos1, Oe3 mpu-
BA3KH K KAKOMY-TO ITPUMEHEHHUIO.

4 910 BEITEKACT U3 CPABHEHUA MOMIHOCTEH MHOYKECTBA PA3JIMYHBIX MHOYKECTB JTAHHBIX 20— 1 MOIIHOCTH
Pa3IUYIHBIX TIpeacTaBIeHuii—He bosee Ng.
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B rnase (4| 6yier 1aHo TOJIHOE ONKMCaHUe OKPECTHOCTHOTO aHajmn3a, Ha 0ase aJroput-
Ma, TIOCTPOEHU JIEPeBa IIPOIECCOB, OY/IET MOCTPOEH U 0OOCHOBAH AJITOPUTM OKPECTHOCTHOT'O
aHaJIM3aTopa nan, olpeJieJleHbl HEKOTOPBIE OIepaIui HaJl OKPECTHOCTSIMHU WM HUCCIIEOBAHBI
UX CBOWMCTBA, JAHbI TPUMEDPHI BBIYHCIEHUs] OKPECTHOCTEN.

Bymy«u o cBoeit mpupo/ie MeTo0M 00ITero Ha3HaYeH!s, OKPECTHOCTHBIN aHAJIN3 MOXKET
OBITH IPUMEHEH B PA3JIMIHBIX 00JIACTAX TEOPUU U IIPAKTUKY ITPOrpaMMupoBanus. B nanHoi
paboTe PaccCMOTPEHO UCIIOIB30BaHNE OKPECTHOCTHOI'O aHAJIN3A B MECMUPOSAHUU NPOLPAMM.

B raase [5|6yaer chopmynuposan HedOpMaIbHBIN TOIX0 IOCTPOCHUA “TIPEJIeIHLHO Ha~
Jie’KHOro” MeTosa TectupoBanusg. OKPECTHOCTHOCTHBIM aHAJN3 TO3BOJIAT BBITIOJIHUTH (HOpP-
MaJIM3aIUIo JJAHHOIO M0JIX0Aa. ByeT mpejiyioykeH HOBBINT MeTOJ TECTUPOBAHUS ITPOTPaAMM-—
oxkpecmmnocmmoe mecmuposarue. B 91oit ke riase OyIyT HCC/I€IOBAHBI CBONCTBA 1 BO3MOXK-
HOCTU OKPECTHOCTHOI'O T€CTUPOBAHUS.

B nmannoit pabore OyaeT paccMoTpeHa ere ojHa MOANMUKAIIAA aJrOPUTMa ITOCTPOECHUS
JiepeBa POTECCOB—YHUBEPCAAHBIT Pewarouyul arzopumm (Y PA ), aastomuiicst cpeIcTBOM
BBIYUC/IEHUS 3HAYeHNI PYHKINi, 0OpaTHBIX K (PYHKIINN 33JJAHHON ITPOrPAMMBI—CPEJICTBOM
UHBEPCHO20 BLIYUCAEHUSA TTPOIPAMM.

B ruase [6] Gyer onmcan yHuBepcasbHBI pernaonuii aaroput™ ura jyis si3sika TSG n
UCCJIEJIOBAHBI €r0 CBOMCTBA.

Peanuzyst nuaBepcHoe Beramcsienne mporpamm, ¥ PA mo3Bosisier paccMaTpuBaTh B JIOTOJI-
HeHMEe K CTAHJAPTHOMY BBIUUCJEHUIO TIPOrPAMM Ha si3bIKe R (CTaHIapTHOI ceMaHTHKe) WH-
BEPCHOE BBIUUC/IEHHE [IPOrpaMM (MHBEPCHYIO CEMAHTUKY si3bIKa R).

Ucnonbzoanue Y PA 1mo3BoJisieT mucaTh MPOrpaMMbl B CTUJIE UHBEPCHO20 NPO2PAMMUPO-
sanus. To ecTb co3ziaBaTh IporpamMmy He ¢ Tpedyemoit dpyukimeit £, a ¢ Takoit pyHkiuei p,
KOTOpasi TPU MHBEPCHOM BBIYUCJIEHUN COBIagaeT ¢ f.

B runase [7] GyzieT BBesIeHO IOHSITHE HHBEPCHON CEMAHTUKU ¥ WHBEPCHOI'O IPOIPAMMEPO-
BaHUud, Oy/eT MCCae0BaHa CBA3b MEXK/Iy WHBEPCHBIM U JIOTUYECKUM IIPOIPAMMUPOBAHUEM,
Oy/IeT MpeJIJIOZKEH CIIOCO0 MePeHOca NHBEPCHOI CeMaHTUKU C si3bIKa R Ha 11000 A3bIK L.

B okpecTHOCTHOM TeCTHPOBAHUU U B MHBEPCHOM ITPOI'PDAMMUPOBAHUN UCIOJIb3YIOTCH T10-
XOKHE CXeMbl METABBIYUC/ICHUN C JIByMs YPOBHAME uHTeprperanun. Obe 3TH cXeMbl Me-
TaBBIYUCICHUH SIBIAIOTCA IACTHBIMU CJIYYIAdAME OOIEil CXeMBI Pean3alu Hecmardapmmot
CEeMaHTUKH, TOJYy9aeMOil P MOMOIIU HEKOTOporo modugukxamopa cemanmury mdf. [lpn
sToM, Mopudukarop mdf Mo3BOJIgET peasm30BaTh HECTAHJIAPTHYIO CEMAHTHUKY JJIs JIIOOOTrO
a3bika L. OiHaKko, 9Ta n3Havda/bHasl CXeMa peajin3allui OKa3blBaeTcs BechbMa Hed(hdeKTuB-
HOI M3-3a JABYX BJIOKCHHBIX YPOBHENH MHTEPIIPEeTaIU.

B rsnase [8|0y1yT BBeieHBI TOHATHST MOJUPUKAMOP CEMAHTUKI, HECMAHIAPMHAA CEMAH-
THKa. By/ier moka3aHo, 9TO MPH MOMOIIN MeTaBbIINCIEHII—a UMEHHO, ITPU ITOMOIIU CNevuad-
Au3ayuu,—TI0 3aJaHnHoMy Moudukaropy mdf €R n mHTepnperaTopy intLER IPON3BOILHOTO
sI3bIKa L BO3MOZKHO aBTOMATUIECKOE TIOCTPOCHUE HHTEPIIPETUPYIONIEH (C OHUM YPOBHEM HMH-
TepIpeTalni) U KOMIUJIUPYIOIIEil peajn3aiu HeCTaHIapTHON CeMaHTHKH A3bIKa L, TIOPOK-
JienHoi MojindukaropoM mdf. YHUBEpCAJIBHBIN peNIaionuii aJropuT™ ura 1 OKPECTHOCTHBIH
aHaJIM3aToOp nan OYIYT pacCMOTPEHBI KaK YacTHBIE TPUMEPHI MOIMMUKATOPOB CEMaHTHUK.

FTP-npusnoxenue

Texuudeckue jgeTajyn U3j1aracMoro MaTepuaJsa—IoapoOHbIe JTOKA3aTe/ILCTBA YTBEPXKIC-
HUIi, pa3BepHYTbIE TPUMEPHI U T.II.,—BbIHECEHBI U3 JaHHOi KHUTH. OHM 0pOpMIIEHBI B BU/IE
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daiisios, ;LOCTyHHblx[ﬂ 3aMHTEPECOBAHHOMY YHTATEJIO 110 aHoHuMHOMY FTP:
ftp://ftp.botik.ru/pub/local/Sergei.Abramov/book.appndx/

Besjie Huke cebliKa Ha JIaHHbIE MaTepHa/Ibl OYIeT 0003HAYATHCA CJICIYIOMIIM 00pa30M:
[FTP].

Ucrnonb3yembie 0003HaYEHUS

B namHOI KHUTE HCIIOIB3YIOTCsS 0003HAUEHNUsI, OOIIEIPUHITHIE B paboTaxX 110 MaTeMaTHKe
U IIpOrpaMMupoBanuio. /st 3amnmucn aJiropuTMOB METAIIPOTPaAMM UCIIOJIB30BaH BXOTHOM S3BIK
cucrembl Gofer, sBistrornuiicss nuasekTom s3bika Haskell [3§].

Bce npuBoguMbie B paboTe TEKCTHI MeTaIporpaMM siBISIOTCsT pparMmeHTaMu padboTraroreit
Gofer-miporpamMMbl, a Bce IMPUBOIUMBbIE ITPUMEPHI METABBIUYNCIEHIIT—pPe3yIbTaTaMu peabHO-
r'0 BBIIOJIHEHHST 3TOH 1mporpaMMbl. [[o/IHBII TEKCT IporpaMMbl U IIPUMEPOB MOYKHO HAWTH B
[FTP].

Cucremy Gofer u JJOKyMEHTAIMIO 110 HEll 3AMHTEPECOBAHHBIN IUTATE/Ih MOXKET IOy IUTh
o anoHnMHOMY FTP:

ftp://ftp.cs.nott.ac.uk/haskell/gofer/, nm
ftp://ftp.dcs.glasgow.ac.uk/pub/haskell/gofer/, nm
ftp://ftp.botik.ru/pub/lang/gofer/

Creyer MOSICHUTD, 9TO MPUBEJIEHHBIE OMUCAHUS METAIIPOIPAMM SBJISIOTCS CKOPEe UC-
NOAHAEMBIMU CREUUPUKAUUAMY, & HE TTPOMBIILIEHHON peasm3alueil MetaBbrancsennii. [Ipu
UX CO3JaHUHU ABTODP CTPEMUJICA JOCTUYIb FCHOCTA M KOMIAKTHOCTH OIUCAHUS AJITOPUTMOB,
JacTo B ymiepd 3hdeKTUBHOCTH.

5 B ciydae 3aTpyIHEHHIt ¢ HOJy<IeHHeM ITAHHLIX MaTepHaloB Ipochba 0bpamaThcs K aBTOPY JAMHOL
paboTHI IO AJEKTPOHHOMY ajpecy: “abram@botik.ru’.


ftp://ftp.botik.ru/pub/local/Sergei.Abramov/book.appndx/
ftp://ftp.cs.nott.ac.uk/haskell/gofer/
ftp://ftp.dcs.glasgow.ac.uk/pub/haskell/gofer/
ftp://ftp.botik.ru/pub/lang/gofer/
abram@botik.ru

I'maBa 1

A3bIK peajmzanyn

B mannom paszzaene Oyzer omnpejesner 36K T'SG, HCIOIB3yeMblil B KA9eCTBE si3bIKa pea-
JTU3AIIAY TIPH OIMMCAHUN METaBBIMUCICHH B nocaeayomux pasaenax. sspik TSA asnserca
momudukanueit s3bika S-Graph [I8], KoTopblii, B CBOIO 0Yepejib, TECHO CBSI3aH C IIOHSTHEM
“Pecbas-rpad” u3 paborsr [9].

Kak u S-Graph, g3k TSG gBjsieTcst aJropuTMUIEeCKH TOJIHBIM, (DYHKITHOHAIBHBIM SI3bI-
KOM IIEPBOT'O IOPsIIKa, OPUEHTHPOBAHHBIM Ha 00pabOTKY CHMBOJILHOI MHMOpPMAIIUH.

1.1 Jlanublie B a3bike TSG

Onpenenenne 1
B TSG B kauecTBe JaHHBIX PACCMATPUBAIOTCS:

® ATOMbI—U3 HEKOTOPOI'O (bI/IKCI/IpOBaHHOFO KOHe1YHO020 MHOZKeCTBa aTOMOB AtOIIlS;

e S-BbIparkeHUs, IIOCTPOEHHbIE U3 aTOMOB IIPU ITOMOIIU KOHCTPYKTOpa CONS—HEeNuK/u-
JeCKHe CIUCKU, M3BECTHLIE U3 sI3bIKa Lisp.

CuHTakcuc JaHHbIX (3HAUYEHUIT) IPUBEJIEH Ha PUCYHKE . Bynem ncronib3oBaTh cieaytonme
TEePMUHBI U 00O3HAYECHUS:

® (-3HaMeHuA—3HadeHHus, uMerole Bua a-val, To ectb (ATOM atom);

® c-3HaMeHUA—3HAYEHNUsI, IMEIOIINe BIJI e-val—a-3HaueHns] W IPOU3BOJIbLHBIE S-BhIpa-
KEHUS;

e AVal—MHOXKECTBO BCEX a-3HAYECHUIL;

e EVal—MHOXKECTBO BCeX e-3HAYCHU;

1.2 Cunrakcuc g3bika TSG

Ha pucynke [1.1] npuseneno onmncanune cuarakcuca TSG-mporpamm.
By/ieM uCrosib30BaTh CJIe/IyOIHe COKPAICHNUSI:

L “TSG” or anrmmiickoro “Typed S-Graph”—Tunusuposanublii BapuanT a3bika S-Graph.

13
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a-val ::= (ATOM atom )
e-val ::= a-val | (CONS e-val e-val )
prog ::= [ defy,...,def, ] --n>1
def ::= (DEFINE fname
[parmy,...,parm,] term ) --n>0

term := (ALT cond term; term, )

| (CALL fname [ argi,...,arg, 1 ) --n>0

| e-exp
cond ::= (EQA’ a-exp a-ezp )

| (CONS’ e-exp e-var e-var a-var )

a-exp ::= a-val | a-var

e-exp ::= a-val | a-var | e-var | (CONS e-exp e-exp)
parm ::= a-var | e-var

arg ::= a-exp | e-exp

a-var ::= (PVA name )

e-var ::= (PVE name )

Puc. 1.1: Cunrakcuc gaHHbIX U Tporpamm B s3bike TSG

e ’atom—cokpalleHHas 3alnch a-3Hadenuss (ATOM atom);

® a.name, €.name—COKpalllecHHbIe 3alliCH JIJId a- U e-IIepEMEHHBIX.

Ha pucynke IpUBEJIEH IPUMEDP IIPOCTOI IIPOrpaMMbl IIPOBEPKHU BXOXK/I€HU ITOJCTPOKH B
CTPOKY, 3allMCAHHOI C UCIOJIb30BAHUEM JIAaHHBIX COKPAIEHU.

1.2.1 Tuns! ‘a-’ n ‘e-’ B a3bike TSG
Aspik TSG onpenesnen TakuMm 0O6pa3oM, 9ITO
® 3HA4YEHUEM a—HepeMeHHOﬁ nJin a—Bpra}KeHI/IH MOZKET 6BITb TOJIBKO a-3HAQYEHHUE:

(ATOM atom);

® 3HaYeHMEM e-TIePEMEHHON WM e-BhIPaykKeHNs MOYKeT OBITH IMPOU3BOJILHOE e-3HAYEHHe:
S-Boipaxkenue uian (ATOM atom).
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prog :: Prog
prog = [
(DEFINE "Match"[e.substr,e.string]
(CALL "CheckPos"[e.substr,e.string,e.substr,e.string])
),

(DEFINE "CheckPos'"[e.subs,e.str,e.substring,e.string]
(ALT (CONS’ e.subs e.subs-head e.subs-tail a._)
(ALT (CONS’ e.subs-head e._ e._ a.subs-head)

"FAILURE
(ALT (CONS’ e.str e.str-head e.str-tail a._)
(ALT (CONS’ e.str-head e._ e._ a.str-head)
’FAILURE
(ALT (EQA’ a.subs-head a.str-head)
(CALL "CheckPos"[e.subs-tail,e.str-tail,
e.substring,e.string])
(CALL "NextPos"[e.substring,e.string])
)
)
’FAILURE

)
’SUCCESS
)
),
(DEFINE "NextPos"[e.substring,e.string]
(ALT (CONS’ e.string e._ e.string-tail a._)
(CALL "Match"[e.substring,e.string-taill)
’FATILURE

)]

Puc. 1.2: [Iporpamma mpoBepKu BXOXKJIEHUS TOJCTPOKN B CTPOKY

Tuner popMasIbHBIX U (DaAKTUUIECKUX TapaMeTpoB GpyHKIN B sa3bike 1'SG 00si3aHbI OBITD
COIJIACOBAHHBIMU. DTO O3HAYaeT, UYTO B Bbr3oBe yukiun (CALL fname [arg,...,arg, 1)
JUIMHA, CIUCKa (PaKTUIeCKUX MapaMeTpOB JIOJIKHA PABHATHCS JJIUNHE CIUCKA MapaMeTpOB
B omucannu dpyakiuu fname: (DEFINE fname [parm;,...,parm,] term), u, eciiu parm;
UMeeT THIl ‘a-’, TO PaKTUIeCKuil mapamMerp arg; o0s3aH ObITH a-BbIpayKEHUEM, & €CJIM parm;
UMeeT THUII ‘e-’, TO arg; MOXKeT OBbITh KaK a-, TaK M e-BbIPa’KEeHUEM.

B sa3wike TSG nepBast pyHKIM IPOrpaMMbl canTaeTcst BXoaHoi. [loaTomy BXOHbBIE JaH-
HbIE€ TIPOTPAMMbI JOJIKHBI YIOBIETBOPATH TPeOOBaHUAM, IIPUBEIEHHBIM BbIIIE. A HMMEHHO,
JIJIST IPOIPAMMBI

p = [ (DEFINE f [parm,...,parm,] term),... ]
B Ka4eCTBe BXOJHBIX JAHHBIX JIOIYCTUM CIIICOK a- W e-3HAaIeHMUIA

[datay,...,data,] € [EVall
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JUIIHA KOTOPOTO paBHSIETCS JJINHE CIIMCKa ITapaMeTpOB B ONMCAHUU IepBoil dyHKImu f u3
POrpaMMBbI P W, €CJIN Parm; uMeeT TUll ‘a-’, To data; SIB/IIeTCS a-3HAYEHUEM, a €CJIM Parm;
nmMmeeT TUIl ‘e-’, To data; MOXKeT OBbITH KaK a-, TaK U e-3Ha9eHUeM.

Takum ob6paszoM, MHOXKECTBO CIHCKOB e-3HadeHnit D = [EVal] gBjsteTcst MHOXKECTBOM
BO3MOXKHBIX 3HAUYEHMI BXOIHBIX JAHHBIX JJIsI pa3INIHBIX IporpaMm Ha s3bike TSG, To ecTh
peMeTHON obtacThio si3bika T'SG.

1.2.2 VYcioBud BerBJieHnil B ga3bike TSG

B ycnoBabix koHCTpyKInsax (ALT cond term; termsy) s3bika T'SG B KadecTBe yCJIOBHSA
BEeTBJIEHUSI— CONAd—MOTYT OBITh UCIIOJIb30BAHBI CJIEIYIOIINE KOHCTPYKITUM:

o (EQA’ z y)
[TpoBepka paBeHCTBA ABYX a-3HAYEHU (ATOMOB)—€C/IM 3HAYCHUST a-BbIPAXKEHUI T U y—

CYTb OJIMH M TOT YK€ ATOM, TO IIPOBEPKA CUMTAETCsI YCIEIIHOMN (yCIOBHE BBIIOJIHEHO), B
IPOTUBHOM CJIydae MPOBEPKa CIMTACTCs HEYCIENTHON (yCJIOBUE He BBITIOJHEHO);

e (CONS’ z evh evt av)

Anasms BHJla €-BHaYCHUA:

1. ecnn 3nadenue zval e-Boipaxkenust x umeer Buja (CONS a b), TO e-llepeMeHHbBIE
evh, evt ceaszviearomes (MIPUHUMAIOT 3HAYECHUSI) COOTBETCTBEHHO C €-3HAYEHUSIMU
a, b 1 mpoBepKa CUUTACTCS yCIIEITHOI;

2. ecsin zval nmeer Buj (ATOM a), TO a-TiepeMeHHast av CBA3BIBAETCS C a-3HAYUECHUEM
xval v IpOBEPKa CYUTAECTCA HEYCIIEITHOMN.

Bamerum, uto jeiictBue nmpoepku (CONS’ z evh evt av) BKJIOYAET B cebsi OIpejie/IeHNe
3HAYEHUN JIJIsT TIePEMEHHBIX evh U evt WId TIepeMEeHHON av, B 3aBUCUMOCTU OT YyCIleXa, WJIN
Heycrexa 1mpoBepku. To ecThb, B JAHHOI IIPOBEPKE 0Npedeasiiomcs Ho6vle TEePEMEHHbIe, 1 B
ycaoBHoit koncerpykiun (ALT (CONS’ z evh evt av) term; terms) JIONYCTUMO KCIIOJIb-
30BaTh IepeMeHHbIe evh U evt B TepMme termy, a IepeMeHHYI0 av—B TepMe terms.

1.3 Cemantuka ga3bika TSG

Omnpenenenne s3bika T'SG MBI 3aBepIinM, IPeTbsiBUB AJITOPUTM WHTEPIpPeTaropa int
g "Hero. I[IpeasapurenbHo BBeJIeM HECKOJIBKO MTOHATHIH.

Onpenesienune 2
Bynem nazwbBaTh cpedoti crmcok u3 ceA3eli—yHOpsI09eHHbIX Tap Bujga var := value,
CBAS3BIBAIOIIUX ITPOrpaMMHbBIE IIEpEMEHHbIC—var—C UX 3Ha‘IeHI/IHMI/I*’UCLlU€, IIpu 3TOM:

e 3HAUYEHUEM a-IIePEeMEHHOI MOKET OBITH TOJIBKO a-3HAUECHIE:
(ATOM atom);

® 3HaYEHNEM e-IIePeMEHHOI MOXKeT ObIThH IIpon3BOJIbHOe e-3HadeHune: (ATOM atom) mim
S-BbIparkeHue.
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Yuopsiiouennyio mapy (term, env), rie term—uporpaMMHBII TEpM, env—Cpeia, CBI3bI-
BaloIag MPOrpaMMHbIE TIEPEMEHHbIE U3 term, ¢ UX 3HAYEHUSIME, OYJIeM HA3BIBATD COCNOAHUEM
BVIYUCAEHUA .

Tounoe ornpesenenne cMHTaAKCUCA CPEIbl, COCTOTHUS U CBA3M JAHO Ha PUCYHKe [1.3|

state = (term, env)
env ::= [ binding,,...,binding, 1 -- n>0
binding = a-var := a-val

| e-var := e-val

Puc. 1.3: Cunrakcuc cpesbt B sg3bike TSG

B omnpenenenun ajaropurMa MHTEPIpETATOPa int MbI OyJeM HCIOJIb30BaTh CJICIYIOINIHE
dbyHuKIMM U onepaTopkl (OMUCaHie BCIOMOTATEIbHBIX (DYHKIUI U OIepaTopOB MPUBEJIEHO HA

PUCYHKE :

et /. env
3aMeHa B KOHCTPYKIIMH t BXOXKJICHHI I€pEMEHHBIX Ha WX 3HAYCHUS W3 CPEJIbl env.
Harmpumep, B pesysbrare oneparyu:

(CONS (CONS a.x e.z) a.y)/.[a.x:=’A,a.y:="B,e.z:="C]
[TOJTy YAEM:
(CONS (CONS ’A °C) ’B)

e env +.env’
OOHOBJIEHHE CPEJIbl env CpeJIoil env’—pe3ybTaToM SABJISIETCS CPeJia, CBA3bIBAIONIAS
IIEPEMEHHYIO var CO 3HAYEHUEM value B TOM, U TOJBKO B TOM CJIydae, eCJIu:

— var CBA3aHO CO 3HaYeHUeM value B cpejie env’, WIN

— var CBA3aHO CO 3HAUYEHUEM value B CpeJie env u IpU 9TOM var He CBA3AHO HU C
KaKUM 3HaYCHUEM B Cpejie env’.

Hanmpumep, pe3yibraTom oneparuu:
[a.x:=’A,a.y:="B,e.z:="C]+.[e.z:=(CONS ’D ’E),e.u:="F]
SIBJISIETCSI
[e.z:=(CONS ’D ’E),e.u:=’F,a.x:=’A,a.y:="B]

B onpesiesienun oreparopa (+.) UCHOJB3YIOTCA: BCTPOEHHBIN onepaTrop (++) KOHKaTe-
HAIMU CIIUCKOB; BCTPOEHHAst (DYHKIMA nub yJIAJeHUsT U3 CIIUCKA TIOBTOPHBIX (B CMBIC-
e oTHOIIeHUsT (==)) 3JIeMEeHTOB; OTHOIIeHne (==) JJIs CBsA3eid—/Be CBSI3U CUUTAIOTCS
“paBHBIMU”, €CJIN OHU CBA3BIBAIOT OJHY M TY K€ IPOTPAMMHYIO TIEPEMEHHYIO.
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class APPLY a b where (/.) :: a ->b -> a
instance APPLY Exp Env where
(ATOM a) /. env = ATOM a
(CONS h t) /. env = CONS (h/.env) (t/.env)
var /. env = head [ x | (v:=x) <-env, v==var ]

instance Eq Bind where

(varl:=_) == (var2:=_) = (varl==var2)
class UPDATE a where (+.) :: a -> a -> a
instance UPDATE Env where

binds +. binds’ = nub (binds’++binds)
mkEnv :: [Var] -> [EVal] -> Env
mkEnv = zipWith (\var val -> (var:=val))
getDef :: Fname -> ProgR -> FDef

getDef fn p = head [ fd | fd@(DEFINE f _ _)<-p, f==fn ]

Puc. 1.4: Benomorarenbabie pyHKIMN HHTEpIpeTaTopa sizbika TSG

e mkEnv vars vals
IIOCTPOEHHE CPeJIbI 110 CIIMCKY IIePeMeHHBIX Vars 1 CIUCKY 3HadeHuit vals. Hanpumep,
Pe3yJIbTaTOM BBIYUCJICHUA:

mkEnv [a.x, a.y, e.z, e.u] [’A, ’B, (CONS ’D ’E), ’F ]
SIBJISIETCSL CPeJia
[ a.x:="A, a.y:=’B, e.z:=(CONS ’D ’E), e.u:="F ]

o getDef fname prog
B TEKCTe IIPOIPaMMBbl Prog HaXOJUT U BO3BPalllaeT B Ka4eCcTBe CBOEr0 pe3ysbTara Olpe-
Jesienne GYHKIUM ¢ nMeHeM fname.

Ha pucynke IpUBEJEH aJropuT™M mHTepuperaTopa int sspika TSG. Ilo mporpamme
P ¥ BXOJHBIM JIAHHBIM d B PYHKIIUU int CTPOUTCS HAYAJILHOE COCTOSIHUE BhIYHCJIEHUs p d—
so = (tg,e0), a3areM (cM. QPYHKIMIO eval) BBIIOJHSIIOTCS IEPEXOBI OT OJIHOIO COCTOSIHIUSI

K JIpyIrOMY:

Sp = 81 = ...,
rie s;=(t;, e;), t;—repm, e;—cpena, 1 = 0,1,....

[Tepexompl OT COCTOSIHUS K COCTOSTHUIO (PEKYPCUBHBIE BHI30BBI (DYHKIINE eval) MPOr3BOIATCS
JIO TeX II0P, MOKa He OyIeT MOJIyUIeHO NaccusHoe cocTosiuue s, = (t,,e,), rie t, nmeer BU
e-BhIpasKeHus. B 9ToM cirydae—cM. moc/ie/iHee Ipe jIoyKeHne B OIIpe ie/IeHnn eval—3Hadenne
res = t,/.e, BbIJIAETCA B Ka4ecTBe Pe3y/IbTaTa BbIUNCIeHUs p d.



1.3. Cemanrtuka g3pika TSG 19

int :: ProgR -> [EVal] -> EVal
int pd =-eval s p
where (DEFINE f prms _) : p’ =p
e = mkEnv prms d
s = ((CALL f prms), e)

eval :: State -> ProgR -> EVal
eval sQ@((CALL f args), e) p = eval s’ p
where DEFINE _ prms t’ = getDef f p
e’ = mkEnv prms (args/.e)
s’ (t2,e?)

eval s@((ALT c tl1 t2), e) p = case cond c e of

TRUE ue -> eval (tl,et+.ue) p
FALSE ue -> eval (t2,et+.ue) p
eval s@(exp,e) p = exp/.e

data CondRes = TRUE Env | FALSE Env

cond :: Cond -> Env -> CondRes
cond (EQA’ x y) e = let x’ =x/.e; y’ =y/.e in
case (x’, y’) of
(ATOM a, ATOM b) | a==b -> TRUE [ ]
(ATOM a, ATOM b) -> FALSE[ ]
cond (CONS’ x vh vt va) e = let x’ = x/.e in
case x’ of
CONS h t ->TRUE [vh:=h,vt:=t]
ATOM a ->FALSE[va:=x"]

Puc. 1.5: Narepuperarop sa3bika TSG

Onpeneienne 3
[Iporiecc BbIUMCIEHUS TPOrPAMMBL P HAJI BXOJIHBIM JaHHBbIM dED Oyaem 0603HaYaATH CJre-
JIYIOIIUM 00Pa30M:

pd*:res

re res€D—pe3y/IbTaT BHIYNUC/ICHUA.
[TocieioBaTeIbHOCTD (BO3MOYKHO GECKOHEUHYIO) COCTOSIHUI BBIYUCIEHHSI P HAJ| JIAHHBIMU
d obo3HaUUM:

process(p,d) = s) = 81 = ...

PaccMoTpriM BO3MOKHO GECKOHEUHBII CIIICOK (ITOC/IeI0BATEIBHOCTE) pe3yabTaTroB—TRUE
wiin FALSE,—I0JIy9€HHBIX [IPH BBINOJHEHUN TPOBEpoK (cM. dyHKiumio cond) ycaosuit EQA’



20 I'naBa 1. f3pik peaymzarmm

n CONS’, mpou3BOJIMMBIX B Ipoliecce Bhluucaenus p waJ d. Jlanubiit crimcok Mbl Oyjaem Ha-
3bIBATh Mpaccoli BeraucaeHusd p Haj d u obosnadars tr (p,d). HaganbHblil oTpe3ok crmcka
tr(p,d), COOTBETCTBYIONIMIT IEPBBIM ¢ ITaraM BBIYHCIeHUd p HaJ d, obozHadnM tr; (p,d).
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IlpencraBieHne MHOXKeCTB

B MeraBbUuc/ieHUSIX UMEIOT JICJI0 He TOJBKO € OJMHOYHBIME JAHHBIMU (3HAYCHUSIMH),
OJMHOYHBIMU COCTOAHUAMMN BbIYUCJICHUA U T.II., HO TaK>Ke U C MHOHCECTNEBAMU JAHHBIX, MHO-
2HCECMBAMU COCTOSTHUN BBIMHCICHUN W T.JI. DTH MHOXKECTBA JIOJ?KHBI OBITH IIPEICTABICHBI
KOHCTPYKTHBHO—B BHJIe BbIDAXKEHUIT HEKOTOPOro s3bika. s stux neseii, kak u B |7, 18|,
OY/IyT UCIOJIB30BATLCS GUIPAACENUA CO CE0D0OHIMYU NePeMEHHbIMY (C TAK HA3BLIBACMDBIME
KOHPUYPAUUOHHDLMU TIEPEMEHHBIMU WU C-NEPEMEHHHLMU ).

Hpe,ZLCTaB.HeHI/Ie MHO2KECTB IIPpU IIOMOIITH Bpra}KeHI/Iﬁ CO CBO60,ZLHBIMI/I IIepeMCHHbIMU (Ha—
paMeTpaMI/I) IIPpUHATO B MaTEMaTHUKe. TaK, JOBOJIBHO YaCTO MHOXKECTBO HEYETHBIX YMCEJI
[IPEJICTABIISIOT IPU TTOMOIIN BBIpaykeHus 2n + 1 co cBOOOTHON IeT0UNCIeHHON TepeMeHHON
n, a BeipaxkenueM (5cos ¢, 5 sin @) co cBOGOIHON BEIECTBEHHON TIEPEMEHHOl ¢ PeICTaBIIsi-
10T MHOXKECTBO TOY€EK Ha 11ockoctu 0zy—okpyzxuocThb ¢ rerrpoM (0,0) u paguycom 5. [lpu
3TOM, KakK IIPAaBUJIO, IIOAPA3yMEBAIOT TOT WJIM WHOW THUIl Y UCHOJL3YyEeMbIX IIapaMeTpPOB, TO
€CTb IPUIINCBIBAIOT UM TO UJIM MHOEC MHO2KECTBO JOIIyCTHUMBbIX 3HaUYEeHUN—3HaYeHUEeM N MOXKeT
OBITH ITPOU3BOJILHOE II€JI0€ YUCJIO, 3HAYECHUEM ¢ MOYKET OBITh IPOU3BOJILHOE BEIIECTBEHHOE
qucJio u T.01. Ecin m300pasuTesibHbIX CPEJICTB BhIPAYKEHU CO CBOOOHBIME IIEPEMEHHBIMU He
XBaTaeT JJId PeICTaBIeHIs HEKOTOPOT'O MHOXKECTBa, TO YaCTO IPUOETraioT K NCIIOIb30BaHUIO
JOITOJIHUTEJIbHBIX OFpaHI/I‘{eHI/IfI Ha CBO60,ZLHbIe IIEpeMEHHbIEC!

e 2n+ 1, rme n > 0—MHOXKECTBO HATypPaJIbHBIX HEYETHBIX UUCEJI;
3 us
e (5cos¢,5sing), tae 0 < ¢ < 5 —IETBEPTH OKPYZKHOCTH.

MeTopl, aHAJIOTUIHBIE PACCMOTPEHHBIM BBIIIE, W OY/yT MCIIOJIb30BaHbI KaK M300pa3u-
TeJIbHBIE CPEJICTBA JIJIST TIPEJICTaBIEHNsT MHOYKECTB.

2.1 C-mepeMeHHBbIe, C-BbIpa>KeHUsI

Onpenenenue 4
J11st mocTpoeHns MeTaBbIUUCIeHU Ha L sa3bIKoM T'SG BBelieM JIBa TUIIA KOHPULYPAUUOH-
HOLT MEPEMEHHBIL — C-NEPEMEHHDIL

® Ca-NEPEMEHHDIE—IOIIYCTUMbBIMU SHAYCHUAMU KOTOPDLIX ABJIAIOTCA a-3HaYCHUA]
® Ce-NEPEMEHHHLE—TOITYCTUMBIMU 3HAYCHUAMU KOTOPBIX ABJIAIOTCA €-3HAYCHUA.

CuHTaKCHC C-TIEPEMEHHBIX IIpeJICTaB/IeH Ha pucyHke [2.1

21
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ca-var ::= (CVA c-var-name)
ce-var ::= (CVE c-var-name)
c-var-name = integer
ca-expr 1= a-val

| ca-var
ce-expr (1= ca-expr

| ce-var

| (CONS ce-expr, ce-exprs)

Puc. 2.1: Cunrakcuc c-riepeMeHHbIX U C-BBIPAXKEHUI

B mpornecce meraBbrauciiennit mHOrIa OYIeT HEOOXOIUMO CTPOUTD YHUKAAbHBIE C-TIePe-
MeHHbIe—3aBeJOMO He COBITa IAloNINe ¢ paHee NCIOIb30BaHHBIME c-TlepeMeHHbIMu. [locTpoe-
HU€ TaKUX YHUKAJbHBIX C-TIEPEMEHHBIX 00eCIIeIUBACTCS CJIETY FOIIIIM:

e B kauecTBe nMeH (I/IH,ZLGKCOB) C-IIepEeMEHHbIX HMCIIOJIb3YIOTCA HaTypaJibHble YUCJIA.

e B anropurmax mMeTaBBIYUCIEHUH TOIIEPKUBAETCA CIIeINa/IbHasI [IeJIOUIUCIeHHAs Iepe-
MeHHast i::FreeIndx (cBOGOIHBI HHJIEKC C-TIEPEMEHHBIX ), 3HAUEHNE KOTOPOi GOJIbIIIe,
JeM MHJIEKC JII000 U3 y2Ke IMOCTPOEHHBIX C-TiepeMeHHbIX. [Ipu mocTpoennn odyepeHoi
YHUKAJIbHOH C-IIepEMEHHOI B KayeCcTBe ee MHAEKCA HCIIOJb3YeTCd 3HAYeHUe 1, 3aTeM
3Ha4YeHUe 1 yBeanumBaeTcd Ha 1.

Byziem ucrnosib3oBaTh CeIyIONIue COKPAICHUS:
o A.inder—cokpalleHHas 3aluch ca-iepeMentoii (CVA index);

e &.inder—coKpallleHHas 3anuch ce-niepementoit (CVE indezx);

Onpenenenune 5

C-svipasiceruamu (Ca-8uPaNceruimu, ce-6bparcenuamu) Oy1eM Ha3bIBaTh BbIDAXKEHUS,
MIOCTPOEHHBIE U3 aTOMOB, C-TIEPEMEHHBIX U KOHCTPYKTOPOB CONS B COOTBETCTBUU C IPABUJIA-
MH, IIpUBeJIeHbIME Ha pucyHke [2.1]

2.2 (C-cBa3m, c-cpeabl U C-COCTOSHUS

*
[Ipomecc p d = res BBINOJTHEHNUS TPOTPAMMBbI P HaJI JIAHHBIMU d OIHUCAH B pa3jelie
KaK I10CJIeJIOBATEILHOCTE TIEPEXOJIOB OT OJTHOTO COCMOAHUSA 8DIMUCAEHUA K JIPYTOMY:

Sp = 81 = ...,
e s;=(t;, €;), t;—BbIUHUCIAEMBbIil TepM, a e;,—cpea, ¢ = 0,1,.. ..
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Cocrosinue Borancyienus s=(t,e) OMUCHIBAET, KAKOI TePM t BBIMHUC/ISIETCS B JIAHHBIIT MOMEHT
7 KaKHE KOHKpemHble 3HaYeHUA IMCIOT IIPOrPAMMHBIC IIEPEMEHHBIC, BXOAAIIUE B TePM t:

e = [ vary:=valy,...,var,:=val,, ]

B meraBbrducieHnAaX UMEIOT JIeJI0 ¢ PACCMOTPEHUEM BBIYUC/ICHUsS] MTPOTPAMMbI HE HAaT
KOHKPETHBIMU JAHHBIMU, & HaJ MHOXKECTBOM JAHHBIX, IPEICTABJIEHHBIM BBIPAyKEHUEM C C-
nepemenabiMU. [loaTOMYy cocTosiHre Takoro oOOOIEHHOIO BBIUUC/IEHUS HAJO0 IPEICTABIATH
CUHTAKCUIECKOW KOHCTPYKIIHEH, BO BCEM aHAJIOTUIHON OOBITHOMY COCTOSHUIO BBIYUCICHUS,
HO cojiepzKalleil BbIpayKeHusi ¢ C-IIepEeMEHHBIMU—C-BBIPAYKEHUSI—6 MeT MeCcmax, 2de 6 co-
CMOAHUY 00BIYHO020 BVIMUCAEHUA HATOOAMCA KOHKpEMMHble darmvie, oOpabaTbiBaeMble MPO-
rpammoii. To ecTb, cocTosiHEE 0OOOIIEHHONO BBIUYUC/IEHHS HOJIXKHO OBITH IIPEJICTABIEHO CJIe-
JIYIOIIUM 00pa30M (371eCh MOAUEPKHYTHI 00pabaThiBaeMble ITPOrPAMMOIl JaHHbIe):

COCTOSTHIE: (t, [vary:=val; ,...,varj:=val, 1)
obobmmennoe cocrosiame: (t, [var;:=cexpi,...,var;:=cexp,])
c-state = (term, c-env)
c-env = [ c-binding,...,c-binding, 1] -- n>0
c-binding ::= a-var := ca-exTpr
| e-var := ce-expr

Puc. 2.2: Cunrakcuc c-cOCTOSHUSA, C-CPEJIbl U C-CBSI3H

Onpenesienue 6

Bynem nHazwbBaTh c-cpedoti cUUCOK c-c8A3€l—yHOPIIOUeHHBIX TIap BUJA VAT :=CeTp,
CBA3BIBaAIOIIUX IIPOI'PaMMHbIE II€epEMEHHBbICe—var—C C-BbIpazK€HUAMM CeETp, IIPpU ITOM a-
IepeMeHHble MOT'yT 6BITb CB4A3aHbl TOJIBKO C Ca-BbIpazK€HUAMU, €-II€pEMEHHbIE MOI'YT 6BITL
CBSI3aHBI C JIIOOBIMU C C-BBIPAYKEHUSIMHE.

Bynem nasbiBaTh c-cocmosanuem yrnopsiodeHHyio mapy (term,cenv), rje term — mpo-
IPaAMMHBII T€PM, Cenv — C-Cpejia, CBA3bIBAIOIIas POrpaMMHbIE IIe€pEeMEHHbIe U3 term ¢ c-
BbIpa2KCHUAMU.

TouHoe ompeie/ieHne CUHTAKCHCA C-COCTOSTHUSI, C-CPEJIbI U C-CBSA3U JAHO Ha PUCYHKeE [2.2

2.3 PecTpukiiuu c-riepeMeHHbIX

ITo YMOJI9aHUIO JOIIYCTUMBIMU SHAYCHUAMU Ca-IICPEMEHHDBIX U CE-IICPEMEHHDBIX ABJIAIOTC,
COOTBETCTBEHHO, IIPOU3BOJIbHbLIE a-3Ha4Y€HUd W IIPOU3BOJIbHBIEC €-3HaY€HUA (aTOMbI u S-
Bpra}KeHI/IH). Pecmpu%uuu IIO3BOJIAIOT HaJIOZKUTDH JJOIIOJIHUTEJ/IbHBIC OI'DaAHUYCHUA Ha 3Ha9€-
HuA C-IIepeMEeHHbIX. Crocobnl 3a/laHNA OFpaHI/I‘IeHI/IfI—HSBIK peCTpI/IKHI/Iﬁ—KaK 1 OCTaJIbHBIC
IIOHATHA, CBA3aHHbIC C ITpeACTaBJICHUEM MHO2KECTB, BBI6I/IpaIOTCH B COOTBETCTBHUU C BbI6paH-
HBIM A3bIKOM peaJiu3allliu.
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Onpenenenne 7

Hna TSG pecTpukimn 3aal0TCA B BUJIe CHCTEMbBI HEPABEHCTB MEXKIY Ca-IePEMEHHBIMI
u aroMamu. B obrieM ciiydae cucremMa HEpaBEHCTB N300parKaeTcs B BHUJIE CIIUCKA TTap OJIHOTO
U3 CJIEJIYIONINX BUJIOB:

A.index,:#: A. index,, A.index:#:’atom,
Yatom:#:A. indezx, Yatom :#:’ atom.

To ecTb, 1eBagd u 1paBasi 4YacCTU HEPABEHCTBa—Ca-BbIPaXKEeHNe: aTOM UJIU ca-llepeMenHasd. Pe-
CTPUKITUU “JIOMYCKAIOT TaKue 3HAYEHUS Ca-TIePEMEHHBIX, KOTOPbIE HE TPOTUBOpEYaT JaHHON
CcUCTEeMe HEePaBEHCTB—IIOC/IE MTOJCTAHOBKY 3HAYEHUI B PECTPUKIIUIO HE BO3HUKAECT ITPOTHBO-
peunii. TakuM 00paszoM, PeCTPUKITUN TO3BOJISIOT 3alIPETUTD JIJIsT HEKOTOPBIX Ca-TIePeMeEHBIX
IPUHUMATH 3HAYEHUs, COBIIQJAIONINE C HEKOTOPBIMH aTOMaMH WJIN 3allPETUTh JIBYM Ca-
MeEPEMEHHBIM TPUHUMATH PABHbIE 3HAUEHUS.

s HeCOBMeCTHblxﬂ PECTPUKIINI TIPETYCMOTPEHO 0c000€e TIPEeJICTABIICHHE:

INCONSISTENT.

Tounoe onmcanue CUHTAKCUCA PECTPUKINN MPUBEICHO HA PUCYHKE Jlng KoHCTpyKTOpA
(:#:) OyaeM JIOIMyCKaTh ajbTepHaTUBHOE M300paxKkenue (:=/=:).

restr = INCONSISTENT
| RESTR [ 'éneql,...,'éneqnj --n>0
ineq 1:=  ca-expr:#:ca-exrpr
Puc. 2.3: Pecrpuknun c-nepeMeHHBIX
IIpumep 1
Pectpukius RESTR [A.1:#:°A, A.2:#:°C, A.1:#:A.2] “3anpemiaer”

c-nepemennbiM A.1, A.2 u A.3 npuHuMarh Takue 3HaYEHHs, NPU KOTOPbIX A.1=’A nim
A.2=Cum A.1=A4.2.

Onpenesienne 8
Bynem ucrnonb3oBaTh ciieyoie TepMUHbL:

® MaA6MOA02UA—HEPABEHCTBO, BBIIIOJHIEMOE IIPU JIIOOBIX B3HAUEHUSX C-II€PEMEHHBIX:
>atom :#:’atomy, rae ’atom, ’ atomy—/Ba PA3JIMIHBIX aTOMA;

® NPOMUBOPEYUEC—HEPABEHCTBO, HEBBIIOJHUMOE HUA IPU KaKUX 3HAUYEHUAX C-TIIEPpEeMeH-
HBIX—HEPABEHCTBO, B KOTOPOM JIeBasl W TpaBasd YaCTH COBIAIAIOT: ’atom:#:’atom
uwm A. indez :#: A. indez.

! PasyMeeTcs, peCTPHKITHS MOKeT OLITh HeCOBMECTHOR —3alpeIlaTh To0ble 3HATeHI /IS Ca-TlepeMeHHbIX.
Hanpumep, Takoe BO3MOXKHO, €CJIM PECTPUKIIUS CONEP:KUT HEpaBeHCTBO-1poTuBopeune “A.1:#: A4.17.
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Huxe onmcanbl dynkiun isContradiction n isTautology, mpoBepsromiue, sBIISETCS
JII HEPaABEHCTBO IIPOTUBOPEYNEM WJIM TaBTOJIOIUE:

isContradiction, isTautology :: InEq -> Bool
isContradiction  (left  :=/=: right) = (left == right)
isTautology (ATOM a :=/=: ATOM b) = (a /= b)
isTautology (left :=/=: right) = False

it HepaBeHcTB orepaTop (/=) olpenaesanM Tak, 9TOObI yUINTHIBAJIOCH, YTO HEPABEHCTBO
[0 CBOEMY CMBICJIY SBJIAETCSA HEYHOPSAI0UEeHHON Tapoii:

instance Eq InEq where
A1:=/=:r1) == (12:=/=:r2) | (11==12) && (r1==r2) = True
| (11==r2) && (r1==12) True
| otherwise False

Tak KaK pecTPUKIMA—CUCTEMa HEPABEHCTB, TO CJICIYIONINE TPeoOpa30BaAHUA ABJIAIOTCS
SKBHUBAJICHTHBIMU TTPEOOPA30BAHUSIMHE, YIIPOIIAIONIMMI PECTPUKITUIO: ITPUBEJICHIE PECTPUK-
nuu K Bujty INCONSISTENT, eciiu B peCTpUKIIUU UMEETCdA XOTh OAHO IIPOTUBOPEYNE; YAAJICHUE
OBTOPHBIX HepaBeHCTEE]; yranenne Taprojornii. Huxke onpenenena ¢ynkius cleanRestr,
BBIIIOJIHSAOIIASA JJAHHBIE YIPOIIEHUS PECTPUKIIAN:

cleanRestr :: Restr -> Restr

cleanRestr INCONSISTENT = INCONSISTENT

cleanRestr (RESTR ineqs) = INCONSISTENT, if any isContradiction inegs
cleanRestr (RESTR ineqs) = RESTR (nub(filter (not.isTautology) ineqs))

YT1BepxKaeHue 1

[Iycts rs—pecrpuknus. Toryia cleanRestr rs—pecTpukimus.
Jloka3aTeabCTBO

Crenyer u3 oupenenenus Gynkimn cleanRestr u u3 onpesesrenus [7]

Hwmxke npuBomutes onucanue oneparopa (+.), oObeauHsdionero ase pectpukiuu. [lpn
9TOM PECTPHUKIINN PACCMATPUBAIOTCS KaK CHCTEMbI HEPABEHCTB—EC/IN XOTsI ObI OJTHA PECTPUK-
1] HECOBMECTHA, TO ¥ BMECTE OHU HECOBMECTHBI. B MPOTUBHOM cJjlyvae CuCTeMbl 00be IIHSI-
FOTCsI, TIOCJIe Yero yoOnparoTcs IOBTOPHBIE HEPpABEHCTBA IIPHU ITOMOIIN (YHKIMU cleanRestr:

instance UPDATE Restr where
INCONSISTENT +. _
_ +. INCONSISTENT
(RESTR r1) +. (RESTR r2)

INCONSISTENT
INCONSISTENT
cleanRestr (RESTR(ri++r2))

2 Jlng sroro GymeT HCIONL30BAaHA CTAHIAPTHAS (YHKIUS nub, YIAJISIONAs MOBTOPHLIEC 3JIEMEHTHI U3
criucka. B cuty onpenenenust oneparopa (==) 11 HepaBeHCTB, (pyHKINs nub Oy1eT CpaBHUBATH HEPABEHCTBA
KaK HEYTOPsIOY€HHBIE TIaPhI.



26 I'naBa 2. Ilpencrapjienne MHOXKeCTB

2.4 C-KOHCTPYKIIUHA

Beirre omnpejiesieHbl HECKOJIBKO CHHTAKCHIECKUX KOHCTPYKIIHIA, B KOTODPBIE MOT'YT BXO-
JUTH C-lIepEMEHHbIe—C-KOHCMpPYyKyuy. B TaHHOM pasjiesie: OIpeesioTcs JIONOJTHITEIbHbIE
TepPMUHBI JUIs C-KOHCTPYKIHIL; aeTcst 0630p CUHTaKcHca ¢-KOHCTpyKuuit (em. pucyHok [2.4));
BBOJATCA TIoHATHs SR-6a3a u SR-cvipasicerud’)

Ompenenenune 9

Bynem wucrniosib3oBarh obmuit TepMuH  c-konempyrkyus’ JJis C-BbIPAYKEHU, CIIUCKOB C-
BBIDAYKEHUI, C-CPEJI, C-COCTOSIHUIT, HepaBeHCTB, pectpukiuit u SR-Boipaxkenus. Huxke tme-
peUnC/IeHbl BCe TPaBUIa MOCTPOEHUsI C-KOHCTPYKIIUIT W OIpeJiesieHbl TepMUHbl SR-6a3a n
SR-svipastcerue:

1. C-ewipasicernus: arombl, c-iepemertbie u (CONS ce; cey), Iyie cep, Ce€y—C-BbIPAYKEHUS.

2. SR-6asw:

(b) cuucku c-Boipaxkenuii [ceq, . ..,ce,];

)

)
(c) c-cBsa3m pvar:=ce;
(d)

)

d) c-cpenwr [cbindy,...,cbind,];

(e) c-cocrosinust (term,cenv);
rje ce, ceyp,...,ce,—C-BblpaxKenus, n > (0, pvar—uporpaMMHas lepeMeHHasi, term—
nporpammusbiit tepm TSG, cbindy,. .. ,cbind,—c-cBsi3u, cenv—c-cpea;

3. Hepasencmea cay:#:cag, TJie Cay, Cag—Ca-BbIPAXKEHUS;
4. Pecmpuxuyuu: INCONSISTENT u RESTR inegs, rJie ineqs—CIUCOK HEPABEHCTB;
5. SR-ewpaoscenun: (cx,rs), rae cx—SR-6a3a, rs—pecTpukims.

JL1s1 110001t C-KOHCTPYKIIUN CX CITUCOK C-TIEPEMEHHBIX, BXOJIAIINX B CX, MbI Oy/ileM 0003Ha-
qaTh CVars cxﬂ HermnocpeacrBenno u3 onpejeneHust cunrakcuca SR-0a3 ciepyer, 9To ecu B
SR-6a3e HeT HU OJHOI C-TIEPEMEHHOI, TO OHA SIBJIAETCSA COOTBETCTBYIOMINM OOBEKTOM SI3BIKA,

TSG.

YrBepxKaeHue 2
[Tycts cx—SR-6a3a u cvars cx=[]. Torma:

1. eciim cx—ca-BbIpakeHue, TO CX—a-3HadeHue: > atom;

2. ecu cx—ce-BbIpakKeHHUe, TO CX—e-3HAUYeHUE;

3. ecyin CX—CIIUCOK C-BBIPAYKEHUH, TO CX—CIIUCOK e-3HAYEHUII;
4. ecam cxX—C-CBs3b, TO CX—CB3b;

5. €CJIM CX—C-Cpejia, TO CX—CPeJa;

6. ecim CX—C-COCTOdHHNE, TO CX—COCTOAHUE.

3 TIpeduxc “SR-" or anrmmiickoro “set representation”.
4 ®opmaspHOe onpemesenue DYHKIHN Cvars IpuBeaeHo B [FTP].
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Yatom
C-BHLPAACEHUE
cvar co
(CONS ce; cej)
CNUCOK
[cep,...,ce,] c-8viparcenut
ces
SR-basza
var:—ce C-C6A3b cx
pvat: cbind
: : c-cpeda
[cbind,,...,cbind,]
cenv
c-cocmoarue
(term,cenv)
cst
HEPAGEHCTNEO
cej:#:cey p'
ineq
CNUCOK
[ineq, . ..,ineq,] HePaseHCms
ineqs
RESTR inegs DPECMPUKUUA
INCONSISTENT rs
(cx,rs) ‘ SR-evipastceriue

Puc. 2.4: C-xouncrpyKimun

2.5 IloacranoBknu

B maremaruke, Jijisd IIOJYUIEHUs SJEMEHTOB MHOMKECTBA, [PEJICTABJICHHOIO B BHUJIE Bbl-
pazKeHHsl ¢ [apaMeTPaMH, BMECTO IapaMeTpPOB MOJCTABISIOT MX HEKOTOPBIE JOIYCTHMbIE
3HaveHust. Hampumep, mycTh MHOKECTBO HEUYETHBIX YHCEN MPEJCTABIEHO MPH TOMOIIH BbI-
pazkeHnst 2n + 1 ¢ IeI0INCIeHHBIM TapaMeTpoM n. Torya, moJcTaBuB BMECTO 1 JIOIYCTHMOE
3HAYEHHUE, HAIIPUMED, N = 7, MBI [IOJIyYUM SJIEMEHT U3 [PEJICTABIISEMOrO BbIPAsKEHUEM MHO-
xkectBa: (2n+1) /. [n — 7] = 15. Kpome TOro, 9acTo HCIOIB3YIOT OJCTAHOBKY BMECTO
[apaMeTpoB He KOHKPETHBIX 3HAUEHU, a BHIPAYKEHNUII ¢ HOBBIME ITapameTpaMu. B sToM ciry-
Yae MOJIy9aroT He 9JeMEeHThl H300pazkaeMoro MHOKECTBa, a ero mojMHoxkecTBa. Hampuwmep,
JIBE MOJICTAHOBKY [n — 2k] u [n — 2k + 1] mO3BOMIAIOT HOCTPOUTH J[Ba TOMHOXKECTBa (pas-
OreHne) NCXOHOTO MHOYKECTBA:
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e 2n+1) /. [n — 2k| =4k +1;
e 2n+1) /. [n — 2k+1] =4k + 3;

Awnajiornanyto poJib (IIOCTPOEHUE 3JIEMEHTOB MHOYKECTB U MOCTPOEHHE IOJMHOYKECTB )
Oy/IyT HWI'pPaTh IOJICTAHOBKA U B METOJAaX IIPEJCTaBICHUI MHOXKECTB NPU IIOMOIIU C-

KOHCTPYKIIHIA.

Onpenesenue 10
ITodcmanosrkoti Oynem Ha3bIBATH KOHEUHBIH (BO3SMOXKHO IIYCTOM) CIIMCOK Iap BUJIA

subst = [ cvar,; :-> cexpri,...,cvar, :-> cexpr, ]

KaxKJdad ITapa B KOTOPOM CBA3BIBa€T HEKOTOPYIO C-IIEPDEMEHHYIO cvar; C €€ 3HaYCHUEM Cexrpr;
1 BECb CIIMCOK YJOBJIETBOPLAET CJICAYIOIIUM OI'DaHUYICHUAM:

® cuHTakKcHC Subst COOTBETCTBYeT IIPUBEIEHHOMY Ha PHUCYHKe [2.D| ommmcanuro;

® B JICBBIX YaCTdX IIap II€pPCYUCJICHbI pa3AuvHbie C-IICPEMCHHDBIE.

[ c-sbindy,...,c-sbind, ] -- n>0

subst

ca-var :-> ca-expr
| ce-var :-> ce-expr

c-sbind

Puc. 2.5: Ilogcranoska

By,ZLeM HCII0JIL30BAaThL 0bo3Havyenue dom subst JJId CITNCKa BCEX C-IIEPEMEHHBIX, KOTOPbIM
JaHHad IIOJCTaHOBKa CTaBUT B COOTBETCTBHUEC HEKOTOPOE 3HAYECHUEC!

dom :: Subst -> [CExp]
dom subst = [ cvar | (cvar :-> _ ) <- subst ]

HO,ILCT&HOBKI/I HCIIOJIB3YIOT IJIdA 3aMEHbL BXO}K,ILGHI/Iﬁ C-IIEpEMEHHLIX B C-KOHCTPYKIIMM Ha
X 3Ha4YCHHA U3 IIOJCTaHOBKH. O6o3HaYNM qgepes3 (/ ) orepaTop NpuMeHeHnd IIOACTaHOBKU
K C-KOHCTPYKIIHH. ZL.HH ClIy4dad IIpUMEHEHUA ITOACTaHOBKHU K C-BbIPpazKCHUIO, OIIpEIdE/IUM €I'o

CJIEJIYIONIUM 00pa30M:

instance APPLY CExp Subst where

(ATOM a) /.s = ATOM a

(CONS h t)/.s = CONS (h/.s) (t/.s)

cvar /.s = cvar, if cvar ‘notElem‘ dom s

cvar /.s = head[ cexp | (cv:->cexp) <- s, cv==cvar ]

To ecth, IpuMeHEHNE TTOJCTAHOBKU SUbSt K C-BBIDAyKEHUIO C€ COCTOUT B CJIEIYIONIEM:

e B ce KOHCTPYKTOpPBI CONS, aToOMBI, a TaKKe C-IIepeMeHHbIe, He BXoAdIue B dom subst,
OCTAIOTCsI HEM3MEHEHHBIMU (CM. TIepBble TPU ITIPEJJIOZKEHHsI OIIPeJIe/IeH s OePaTopa

(/.));
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® BCe c-IIepeMeHHbIE B ce, BXojIdIue B dom subst, 3aMeHSIOTCA Ha UX 3HAYCHUs U3 subst
(eM. mocstesiHee TpejIozKeHne orpeiesierns omeparopa (/.)).

EcrecTBennbiM 06pa3zoM pacuimpum orpejesienne orneparopa (/.) Ha ciaydad MpUMEHEHUs
IIOJICTAHOBKM K HEPABEHCTBY, C-CBSI3H, CIIMCKY C-KOHCTPYKIINI, Iape C-KOHCTPYKIWA 1 K pe-
CTPUKIINAN:

instance APPLY InEq Subst where
(1:=/=:r) /. subst = (1/.subst) :=/=: (r/.subst)

instance APPLY CBind Subst where
(pvar := cexpr) /. subst = pvar := (cexpr/.subst)

instance APPLY a subst => APPLY [a] subst where
cxs /. subst = map (/.subst) cxs

instance (APPLY a subst, APPLY b subst) => APPLY (a,b) subst where
(ax,bx) /. subst = ( (ax/.subst) , (bx/.subst) )

instance APPLY Restr Subst where
INCONSISTENT /. subst= INCONSISTENT
(RESTR ineqs) /. subst= cleanRestr (RESTR(ineqs/.subst))

Nrak, Bo Bcex cirydasx IMPUMEHEHHE MTOJCTAHOBKHU Subst K C-KOHCTPYKITUAM CBOJUTCI K
IIOMCKY B C-KOHCTPYKIIMAX T€X C-IIePEMEHHBIX, KOTOpble BXOAAT B dom subst, u 3aMeHe ux
Ha UX 3HAYEHUe U3 MOJACTAHOBKH. [[pr 3TOM KOHCTPYKTOPBI, aTOMBI, & TaKKe C-TlepeMeHHbIE,
He BXojgmue B dom subst, ocraiorca Hem3MeHeHHbIMU. [[ocsie mpuMeneHus 10JICTAHOBKUA K
PECTPUKIINN, Pe3y/IbTaT yIIpoIaeTcs npu rmoMomn pyHkiun cleanRestr.

ITpumep 2
PaccmoTpuM mpuMeHeHUs MOJACTAHOBOK K pecTpuKIwu. [lycTs:

ineqs = [ A.2:#: 4.1, A.2:#:°C, A.3:#:°A]
rs = RESTR ineqgs

subst; = [ A.1:->’A, A.2:->A4.3 ]
substy = [ A.1:->’B, A.3:->’B ]
subst; = [ A.2:->A4.1, A.3:->’A ]

TOI",ZLa, 6y,[L€,‘M UMETDH CJIeAYIOINEe PE3Y/IbTaThl HPUMEHECHNA ITIOACTaHOBOK!

ings /. subst; = [A.3:#:°A, A.3:#:°C, A.3:#:’A]
rs /. subst; = RESTR [A.3:#:°4A, A.3:#:°C]

ings /. substy = [A.2:#:°B, A.2:#:°C, ’B:#:’A]
rs /. substy = RESTR [A.2:#:°B, A.2:#:°C]

ings /. substy = [A.1:#: 4.1, A.1:#:°C, ’A:#:°A]
rs /. substs; = INCONSISTENT
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2.5.1 CsBoiicTBa II0ACTaAHOBOK

N3 omnpenenenust oneparopa (/.) m u3 omupeeaeHuii [b| u CJIeJyeT CIpPaBeJIMBOCTD
CJIEJIYIOIIEro yTBEPIKICHUS.

YrBepxkKaeHue 3

1. Ilyctb ce—c-BhIpaxkenue, subst—rojcranoBka. Torja ce/ . subst—c-BbIpaKeHue.

2. Ilycth ce—ca-Boipaxkenue, subst—iojcranoBka. Torga ce/ . subst—ca-BbIpazkeHue.

U3 onpesnesienus oneparopa (/.), omnpejeienus yTBepzKaeHuii |1 u [3| ciienyet crpa-
BEJJINBOCTD CJIEJIYIONIETO YTBEPZKJICHUS:

YTBepxkaeHne 4

[IycTh s—1mo/icTaHOBKA, CX—C-KOHCTPYKIUS OJIHOTO U3 CJIEJYIONIUX BUJIOB: Ca-BbIPa-
JKEHUe, Ce-BbIPayKeHWe, CIUCOK C-BbIPAXKEHUl JJIMHBI N, C-CBS3b, C-CPejia, C-COCTOSHUE,
HEPABEHCTBO, MIPOTUBOPEYHE, TABTOJIOIUs, CIINCOK HEPABEHCTB JJIMHBI 7, pecTpukims, SR-
BbIpaxkenue. Torma, cx/.s gBIIETCS C-KOHCTPYKIHEH moz0 orce 6uda.

Cremyrornee CBOMCTBO MOJICTAHOBOK CJIE/IyeT U3 ‘ZKECTKOCTH KOHCTPYKTOPOB, IIPH MTOMO-
I KOTOPBIX U3 ATOMOB U C-TIEPEMEHHBIX KOHCTPYyupytoTcs SR-6a3b1. 31ech 101 2KeCTKOCTHIO
N-MECTHOI'O KOHCTPYKTOPa € IIOHUMAaETCd CJIeLyIoliee CBORCTBO:

(cx1 ... x)==(C y1 ... V) <= /\(Xi==yi)
i=1

YTBepxKaeHue 5
Ecim cx—SR-6a3a, s, s;—110/IcCTAHOBKH, TO CX/.S1==CX/ .Sy TOIJIa U TOJBKO TOTJA, KO-
raa Jijisd Ji00oi c-IIlepeMeHHOIl CV U3 CX BBIINOJIHEHO CV/ .81==CV/ . Ss:

(cx/.s1==cx/.8;3) <+— /\ (cv/.s1==cv/.83)

cvecvars cx

JlokazarebCcTBO yTBEp:K ienusd [b| mpusejieno B [FTP].

2.6 OToXKZIecTBJIeHNE C-BbIpaXkKeHUii

Kak mokazano B yTBep:KJIeHUN €CJIN CHHUCOK C-BBIPDAXKCHUIT ces2 ABAACTCA PE3yib-
TATOM TPUMEHEHUS HEKOTOPOW NMOJACTAHOBKM K CIHCKY C-BbIDaKeHUH cesl, TO CyIEeCTBYET
eIMHCTBEHHBIN HAOOP 3HAYEHU C-IIepeMEHHbBIX U3 cesl TaKoil, 9TO P IO/ICTAHOBKE B cesl
BMECTO C-IIEPEMEHHBIX UX 3HAUEHUI MbI OJIyduM ces2. B jjanHoM pasjese Oyaer 1nperbsib-
JICH IIPOCTOH aJIrOPUTM OTOXKJICCTBJICHUA unify, KOTOPBINA 110 JIBYM CIIMCKaM C-BbIpazKeHUi
cesl n ces2 CTPOUT CIIEAYIOINNI PE3yIbTAT:

1. (False, [])—ecau He cyIiecTByeT MOJICTAHOBKH S TaKOM, YTO
cesl/.s=ces2.

2. (True, s)—ec/u CymecTBYeT Takasd oJIcTaHOBKa. [Ipu 9TOM, s—I10/IcTAHOBKA, TaKasd,
qT0 cesl/.s=ces2 u dom s=cvars cesl.



2.6. Oroxnecriienne C-BbIpasKeHUIH 31

Hwmxke onmcan Tun pesynbrata ajroputma unify m BBesiena koncranta fail—ja pe3ysbTa-
Ta, COOTBETCTBYIOIIEI'O IIEPBOMY CJIy4alo.

type UnifRes = (Bool, Subst)
fail :: UnifRes
fail = (False, [])

BsejieMm HOBBIE CHHTAKCHYECKHIE KOHCTPYKIIMH: K.A9W—IIapa C-BbIpayKeHUl cey :=:cCey; CU-
cmema Karwet—cuucok kiareit. Ko Oygem paccmarpuBarh KakK ypaBHEHHE, a CIHCOK
KJIdIIEH—KaK CUCTEeMY ypaBHEHMII Ha C-TlepeMeHHble U3 JIEBhIX dacTeil Kjaireit. Tpedbyercs
o/Io06paTh, €CJAU 3TO BOZMOXKHO, TaKUE 3HAYEHUS C-TIEPEMEHHBIX, YTOOBI IIPH ITOJCTAHOBKE
WX B JIEBbIE YaCTH KJIIIIEH JIeBble YaCTH COBIAJM C IPABbIMU. PereHueM cucTeMbl KJISIei
ABJAETCA MOACTAHOBKA, CBA3BIBAIONIASA C-TIEPEMEHHbBIE ¢ YKA3aHHBIMU 3HAYCHUSAMU.

Asroput™m unify 3aMeHnsieT 3a/1ady MOMCKA [TOJICTAHOBKY S, TaKOii, 9T0 cesl/.s=ces2 Ha
SKBHUBAJCHTHYIO 3314y PEIIeHUs] CUCTEeMbI KJIAIIIeH U Jiajiee, SKBUBAJECHTHBIMU IIPEoOPa3o-
BaHUSMU YIPOIIAET CUCTEMY, IIOKa He OyJieT HailJIeHO pelleHue, Wi He OyJIeT oOHapyKeHa
HECOBMECTHOCTH crucTeMbl. TekcT anroputma unify npusejieH Ha PUCYHKE .

B dysknum unify HavaabHBIE apryMeHTHI:

cesl
ces?2

[cel;,...,cel;]
[ce2;,...,ce2;]

[POBEPSIIOTCsT Ha COBIAJIeHne WX JTMH—ecan i1 # 42, 1o (B cuity yrBepxKuenus [{)) Hu npu
KaKOil T0JICTAaHOBKE S 3HAYCHMII C-IIepEMEHHBIX B cesl pe3yabrar cesl/.s He COBIQJIET C
ces2. B srom ciryuae dyuknus unify Bozspamaer fail B KauecTBe pe3yJibTaTa.

Ecnun nmunaer cesl u ces2 coBnaaloT—cM. BTOpoe mpejjioxkenne (yHkiun unify,—ro
BBI3bIBaeTCA (PyHKIN unify’ co cieayronmmm apryMeHTaMu:

unify’ rchsg chsg
rchsyg = [ ]
chsg = [(cel;:=:ce2y),...,(cel;:=:ce2;1)]

BaMeTuM, UTO IPHU 9TOM CHCTEMa KJIIIIei
rchsp++chsg = [(cel;:=:ce2;),...,(cel;;:=:ce2;1)]

SKBUBaJIEHTHA NCXOJIHOM 3a/1ade. B mape B3anmMHO peKypcruBHBIX MyHKIHI unify’ u moveCl
cucrembl rchs;++chs; nmpeobpa3yrorcs

rchsy chsy = rchs; chsy = 1rchsy chsy, =
TAaKUM 0OPa30M, UTO BBINOJHEHBI CJIEJIYIONIME YTBEPKIeHNs] (MHBAPUAHT IUKJIA):

1. 49mcsI0 3HAKOB B 3aIlMCH CUCTEMbBI Chsy CTPOro yObIBaeT, YTO 00eCIednBaeT TePMUHUPY-
€MOCTh aJI'OPUTMA;

2. cucreMa rchsy,++chsy, 1 9KBUBajIeHTHa cucteme rchsy++chsy;

3. B cucTeMe KJdIell rchsy MPUCYTCTBYIOT TOJBKO paspeuertvie KIISIINA: CVar :=:Cexp,
rJe cvar—c-liepeMeHHble M3 cesl, cexp—C-BbIpakeHHe, IIpUYeM, €CIU cvar—ca-
IlepeMeHHasd, TO CeXp—Ca-BblpazKeHNUE;
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unify :: CExps -> CExps -> UnifRes
unify cesl ces2
| (length cesl) /= (length ces2) = fail
| otherwise = unify’ [ ] chs
where chs = zipWith(\a b->(a:=:b))cesl ces2

unify’ :: Clashes -> Clashes -> UnifRes
unify’ rchs [] = (True, subst)
where subst = (map (\(a:=:b)->(a:->b)) rchs)

unify’ rchs chs@(ch:chs’)
case ch of

ATOM a =:ATOM b | a==b -> unify’ rchs chs’

ATOM a 1=:cex -> fail

cvar@(CVA _):=:caex@(ATOM _) -> moveCl rchs chs
cvar@(CVA _):=:caex@(CVA _) -> moveCl rchs chs
cvar@(CVA _):=:cex -> fail

cvar@(CVE _):=:cex -> moveCl rchs chs

CONS al bl :=:CONS a2 b2 -> unify’ rchs (p++chs?’)

where p=[al:=:a2,bl:=:b2]

CONS al b1 =:cex -> fail

moveCl:: Clashes -> Clashes -> UnifRes
moveCl rchs chs@(ch@(cvar:=:cexp):chs’) =
case [ y | (x:=:y)<-rchs, x==cvar ] of
[] -> unify’ (ch:rchs) chs’
[yl | y==cexp -> unify’ rchs chs’
[y] | otherwise -> fail

Puc. 2.6: Airoput™ OTOXKIECTBJIEHUsT CIIMCKOB C-BBIPAYKEHUI

4. B cucteMe KJdIIeil rchsy Bce JieBble YacTH PA3TMIHBI.

CupaBeInBOCTh MHBAPUAHTA OUYEBUIHA U3 TEKCTa aJropuTMa unif.

AnropuTMm 3aBepimaercsi, Korjga OOHapy:KeHa HEeCOBMECTHOCTb CHCTeMbl rchsp++chsy
WA KOIJIa CUCTeMa KJIIIeil chsj CTAHOBHUTCH IIyCTONH—CM. IepBOe INpe/ioyKeHne (hyHKIUN
unify’. B sTom ciydae cucrema rchsy SKBUBaJIEHTHA UCXOJHON 3ajade, W JJIs JTAHHON CH-
CcTeMbl UCKOMasl II0JICTAHOBKA Subs OIpee/sieTcss OUeBUTHBIM 00Pa30M:

rchs; = [var;:=:cexy,...,var,:=:cex,]
subs = [var;:->cexy,...,var,:->cex,] , TO ecTb
subs = map (\(a:=:b)->(a:->b)) rchsy

B cuy cupapenjimBOCTH MHBapHaHTa, SubsS—IpaBU/bHas IOJCTAHOBKa—/I€Bble YacTh 06e3
IIOBTOPOB, Ca-IIePEeMEHHBIE CBA3AHbBI C Ca-BbIPAXKEHUSIMI.

Takum 06pa3oM, UMeeT MeCTO CJIejiyiolnee yTeepK ienne (6osee opobHOe JOKA3ATE b
cTBO puBeeHo B [FTP]):
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YT1BepKaeHue 6
Asroput™ unify mo JoObIM JIByM CIIMCKaM C-BbIpaxKeHuil cesl u ces2, 3a KOHEUHOE
YUCJIO IIaroB CTPOUT CJELYIONUI pe3yabTar:

1. (False, [])—eciu He cymiecTByeT MOJCTAHOBKHU S TAKOMH, 4TO
cesl/.s=ces2.

2. (True, s)—ecju CyIIECTBYeT Takas IojicTaHOBKA. 1Ipn 9TOM, S—I10/IcCTAHOBKA, TaKasd,
qyro cesl/.s=ces2 u dom s=cvars cesl.

2.7 IlpencraBigemMoe MHO>KECTBO

Onpenenenne 11
[ocTanoBKy s OyjieM HA3BIBATD NOAHOU NOJCMAH06K0T 0AA C-KOHCTPYKIINU CX, €CJIU OHA
CBS3BIBACT:

® gce c-TlepeMeHHble U3 cx: cvars cxCdom s;

® C a-,e-3HAYEHUAMU, TO €CTh JIId JIIOOOH c-TIepeMeHHO CV U3 CX, CV/.S He COJEPKUT
C-TIepEMEHHBIX:

Veve(cvars cx) (val=cv /. s) = val€EVal

[lycts cx=(cb,rs)—SR-Boipaxkenne. Torja mogcTanoBKy s Oy/JieM HA3bIBATH JONYCMU-
MOTL MOdCcmano6Kol O0AfA CX, €CTM NPUMEHEHHE S K TS He NPUBOJUT K IIPOTUBOPEUUSIM:
(rs/.s) /= INCONSISTENT.

YTBepxKaeHue 7
[Iyctb cx, cy—SR-6a3b1, s—moHas mojcTaHoBKa g cx. Torma

1. ecm (cvars cy)C(cvars cx), TO s—IIOJTHAs MOJICTAHOBKA JIJIsl CY;

2. ecym Cy—IIOAKOHCTPYKIUA CX, TO €CTh CX UMeeT BUJ ...Cy. .., TO S—IIOJIHasd IIOJICTa~
HOBKa IJId CY.

JlokazaTebCcTBO
Hemnocpeacrsenno cienyer us onpepesnenus [11| n onpeaenennst GyHKIIN cvars. m

YrBepxkKaeHue 8
[Iycth cx—SR-6a3a, s—rmostHas mojicTaHoBKa i cx. Torma:

1. ecaum cx—ca-BbIpazkeHne, TO cx/.s—a-3HavdeHue: ’atom;
2. ecjm cX—ce-BbIpakKeHue, To cx/.s—e-3HavueHune;

3. ecsim CX—CITMCOK C-BbIPaKeHU, TO ¢X/.S—CIHUCOK e-3HAaYEHUIl, TOW »Ke JIJIMHBI, 9TO U
CIIUCOK CX;

4. ecau CX—C-CBA3b, TO CX/.S—CBs3b;

5. ecau cx—c-cpejia, To ¢x/ . s—cpea;
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6. ecim cX—C-COCTOSIHUE, TO CX/ .S—COCTOSHHE.

JlokazaTeabCcTBO
Cremyer u3 TOro, 9T0 €x/.S HE COJEPKUT C-llepeMeHHBbIX (110 onpesenennio [11) u u3
yTBepKternii 2| u [4] .m

[Tycrs (cx,rs)—SR-Boipaxkenue. PaccMoTpuM MOJTHYIO TO/ICTAHOBKY s Jid (Cx,rs).
[Ipumenum s xk (cx,rs):

(cx,rs)/.s = ( (cx/.s), (rs/.s8) ) = (x, rs?)

BameruM, 9T0 X=CcX/.8 U rs’=rs/.s He cojepKaT c-lIlepeMeHHbIX. B cuy yTBepxKaeHus
X SIBJISIETCSI CUHTAKCUIeCKUM 00bekToM si3bika T'SG. B pecrpukium rs’ HeT c-TIepeMEHHBIX,
TO €CTh He MOXKeT ObITh HEPaBEHCTB C C-IIepeMEHHBIMHU. HepaBeHCTBa, He copeprKaliue C-
riepeMeHHble (CM. OIpe/ie/IeH e , MOTYT OBITH TOJIBKO MPOTUBOPEUUSIMUI U TABTOJIOTUSIMU.
Takum obpaszom,

e 6o rs/.s = INCONSISTENT u s mejomycrumas jiisg (Cx,rs);

e b0 rs/.s = RESTR [] u s jomycrtumas jiuist (cx,rs), a Bce HEPABEHCTBA U3 I'S IIPH
[PUMEHEHUHU S CTAJId TABTOJIOTUSIMU.

Jlokazano cieyroriee yTBEPKICHUE.

YTBepKaeHue 9
[Tycts (cx, rs) — SR-BeIpakeHnwme, s — IOJIHAs TOJCTAHOBKA i (CX,rs) u

(cx,rs)/.s=(cx/.s, rs/.s)=(x, rs’).
Torna:

1. s—nonycrumas st (CX,rs) TOTAA U TOJIBKO TOT/IA, KOTJIA
rs’=RESTR [];

2. s—HegonycruMasa 1ig (Cx,rs), TOrJa U TOJBKO TOIA, KOIIa
rs’=INCONSISTENT;

3. x=cx/.s sBIgeTCs CHHTaKcHmIecKoit koncrpyknueit TSG, coorBercTBytoreit Buay SR-
BbIpazKeHns cx (CM. yTBepzKuenue [§).

Omnpenenenne 12

[Tycts se=(cx,rs)—SR-Boipaxkenne. MHOXKeCTBO MMOJHBIX JIOIMYCTUMBIX JIJIs S€ IOCTa-
HOBOK obozHaunM uepe3 FVS(se)=FVS(cx,rs).

Bynem ncrob3oBarh se s PeICTaBIeHUs] MHOYKECTBA CUHTAKCUIECKIX OO'bEKTOB A3bI-
ka TSG. D10 MHOXKecTBO OyaeM obo3HAYaATh <se> u <cx,rs>. OupeaennM 5TO MHOKECTBO
CJIEJIYIOIIUM 0OPa30M:

<se> = <cx,rs> = { cx/.s | s€FVS(cx,rs) }
CMBIC/T IAHHOTO Olpe/iesieHus B cieayomeM: (Cx,rs) IpeJcTaB/IsgeT MHOKECTBO

<cxX, rs>,
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a UMEHHO CX—HUI'Dac€T POJIb BbIpazK€eHUA C IlapaMeTpaMHK, a r'S—/AO0IOJHUTEJIbHBIX OI'DaHN-
YeHWI Ha 3HAYEHUsI TapamMeTpoB. Bce syeMeHThl MHOXKeCTBa <CX,rs> (M TOJBKO OHU) MO-
ryT OBITH MOJIyYEHBI IyTEeM 3aMCHBI C-IIEPEMEHHBIX (ITapaMeTpoB) B CX Ha e-3HadeHns. Ipu
STOM 3HAYEHUS C-TIEPEMEHHBIX JIOJIKHBI COOTBeTCTBOBATH TuliaM (“a-” u “e-”) c-riepeMeHHbIX
U OrPAHMYCHUAM I'S—IPH IOJCTAHOBKE 3HAYCHUN B OIDAHWYCHH BCE OHU JOJKHBI OBITH
BBINOJIHEHBI (miepeiitu B TaBTojorun). HemocpecrBeHHO U3 yTBEPXKICHUS |§I cjaeayeT crupa-
BE/IMBOCTD CJIEJLYIOIIErO yTBEP K IeH s, 00eCIIeUNBAIONIEr0 KOPPEKTHOCTD olpe iesenus [12]

YrBepxkaeHue 10
[Iycts (cx,rs)—SR-Boipaxkenue. Torna <cx,rs> dBjsercs:

1. mHoxkecTBOM a-3HadeHmit <cx,rs>CAVal, ecim cX—ca-BbIpaKeHHUE;
2. MHOXKECTBOM e-3HadeHuil <cx,rs>CEVal, eciin cx—ce-BhIpasKeHue;

3. MHOKECTBOM CITHCKOB (JIJIUHBI 1) e-3Hadennii <cx,rs>C [EVall, ecim cx—CIIHCOK JIJTH-
HBI 71 C-BBIPAKCHU;

4. MHOXKECTBOM CBs3€li, €C/IN CX—C-CBS3b;
5. MHOXKECTBOM CPe€JI, €CJIN CX—C-CPEJIa;

6. MHOXKECTBOM COCTOHHHﬁ, €CJIN CX—C-COCTOAHUE.

2.7.1 IlpencraBjieHnsi MHOXKECTB e-3HaUYEeHUII

B cuny yreepxaenns [L0] maorxkectsa e-3madenui’] MOryT GBITH MpeICTABICHDI IIPH TIOMO-
i SR-Beiparkenus: (ce,rs), riae ce—c-BbIparkKeHUe.

IIpumep 3
PacemorpuMm nipumepsl mpecTaB/IeHns MHOYKECTB e-3HaIeHMIA:

1. (£.1, RESTR[]) mpemacrapisier MHO)KecTBO EVal Bcex e-3HaYECHMII.
2. (A.1, RESTR[]) mpeacraBisier MHOXKeCcTBO AVal Bcex a-sHadeHuii—’atom.
3. <(CONS ’A £.1), RESTR[])>—MHOXKECTBO BCeX e-3HAUEHUI, NMEIOINX BIU/I
(CONS A e),
rJe e;—IIPOU3BOJILHOE e-3HATEHHE.

4. <(CONS A.1 £.2), RESTR [A.1:#:’A]> MHOXKeCTBO BCeX e-3HAYEHUI, MMEIOIIINX
Bua (CONS a; es), riie a;—IIPOU3BOJILHBIN aTOM, OTJIMYHBIN OT ’ A, a €9—IIPOU3BOJILHOE
e-3HaYEHUE.

5. Ilycts e€EVal. Torma, <e,RESTR []>—0/1H03/IeMEHTHOE MHOYKECTBO:
<e, RESTR []1> = {e}.

6. Ilycrb ce—moboe c-Bhipazkenue. Torma, <ce, INCONSISTENT>=().

5 @ 9 % » o~
Hamomuaunwm, aro “e-3Havenne” u “S-BbIpaykeHne —CHUHOHUMBI, 1 EVal—MHOXKECTBO BCEX S-BBIPAXKEHMUIA.
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2.7.2 Kuaaccer n L-kaaccer

Ompenenenne 13

[Iycts cx—SR-6a3a. Bymem HasbiBaTh cX AuHeUHOU, €CIM B CX HET Ce-TIEPEMEHHBIX,
UMEIOIIX IIOBTOPHBIE BXOXKJIEHUA B CX. JIWHeitHbIe c-BblpakeHus OyjeM Ha3bIBaTb Lc-
BHPAHCENUAMU, JIMTHEWHDBIE CIUCKHU C-BbIpaKeHWil Oy/ileM Ha3bIBaTh L-cnuckamu c-6vipadice-
HU.

W3 oupenenenust HETIOCPEJICTBEHHO CJIEJIYET YTBEPIKJIEHIE

YrBepxkaeHue 11
[Tycrs cx, cy—SR-6a3b1, cx—uHeliHasd U Cy—IIOJIKOHCTPYKIINAS CX, TO €CTh CX MMeeT BU/I:
cx=...cy.... Torma cy—nuneitnas.

Onpegenenne 14

[TycTh ces—cmmcok c-Bbipaxkennii, rs—pectpukius. Torma SR-eeipakerune C=(ces,rs)
OyeM Ha3bIBaTH kaaccom. Ecam ces—L-crmcok c-Beiparkenwnii, To kiacc C=(ces,rs) Oyaem
Ha3bIBaTh L-KAaCCOM.

U3 yreepxkaenns (10| m ompenesennus [14] cienyer yTBep:KaeHne

YrTBepxkjeHne 12
[Tycrs C=(ces,rs) —kiacc, length ces=n. Torja Kaxk/plit s/1eMeHT MHOXKeCTBa <C> sB-
JIeTC CIUCKOM u3 1 e-3Hadenuit u <C>C [EVall].

Bemomunm, aro [EVal] —mpeamvernas obacts s3bika T'SG. Takum o6pa3oM, Kracchkl MO-
I'YT UCHOJIb30BATHCS JIJIsT M300PaYKeH!sT MHOXKECTB BXOJIHBIX JAHHBIX mporpamMm u3 TSG.

IIpumep 4
Paccemorpum kitacc:

C=(C [A.1, (coNS £.2 A.3) 1, RESTR[A.1:#:.4.3] )
TOI‘,ZLa C Hpe,HCTaBJIHeT MHO2KECTBO BCeX ITaHHbIX, UMCIOIINUX BT
[a1 5 (CONS D) ag)],

rJe eo—IIPOU3BOJIbHOE €-3Ha4YCHHEe, a; U az—/JdBa HECOBIIQJaIOIINX a-SHAYCHUA.

Onpenesienue 15
[Tycts deD=[EVal] — cmucok e-saadenuii. Torna L-kiace (d, RESTR[]) obosnaumm de-
pe3 sngl(d).

YT1BepxKaeHue 13

[Iycrs deD=[EVal]. Torga <sngl(d)>={d}.
JlokazaTeabCcTBO

Tak xak cvars(sngl d)=[], To B cuny yTBep:KIeHusd | n onpenenenus oneparopa (/.)
JUTst JII00O# TTOJICTAHOBKHU S BBITIOJTHEHO:

sngl(d)/.s=(d,RESTR[])/.s=(d,RESTR[])/. [1=(d,RESTR[])

CurienoBarenbHO, o onpeaenennio [12] <sngl(d)>={d}. m
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2.7.3 Kounduryparuu

Onpenesenne 16
Bynem naswiBarh Konpueypayuet SR-Boipazkerue conf, mMeroriee BU/I:

conf=((t, cenv), rs),
rae (t, cenv)—c-COCTOAHHUE, T'S—PECTPUKIIUS, t—IIPOrpaMMHBIN T€PM, Cenv—Cc-cpe/ia.

DopmasibHOE JTOKA3ATEBCTBO  CJIELYIONEro (J0CTATOYHO OYEBUIHOIO) YTBEPKICHHS
MOkHO Hatitu B [FTP].

YT1BepxKaeHue 14
[Iycts conf=((t,cenv), rs)—kouduryparus. Torma <conf>=<(t,cenv), rs>—MHO-
JKeCTBO COCTOsTHUI Bbranciaenuit u <conf>={ (t, env) | envE<cenv, rs> } .

Takum 06paszoM, OIpeIeIeHbl CPEJICTBA JJIsl IPEJICTABJICHNS] MHOKECTB cpe/l (C-Cpejibl) I
MHOYKECTB COCTOSIHUI BbIuuc/IeHuil (kouduryparwn) st a3eika TSG. Koneuno, He Besikoe
MHOXKECTBO COCTOSIHUI BBIYUCJIEHUS MOXKHO IPEJICTABUTHL B BHjie KoHurypamnun. OmHAKO,
HIUKe OyJIeT BUJIHO, YTO BBEJICHHBIX CPEJICTB JIOCTATOTHO JIJIsl IIPEJICTABIEHUSA BCEX MHOXKECTB,
KOTOPBIC BO3HMAKAIOT IIPA METABBIYUCICHAAX.

2.8 Cymnepno3uiiis II0JCTaHOBOK

Omnpenenenne 17
[Iycth sa, sb—moacranoBku. Obo3HadnM depe3 sa .*. sb CIHCOK Iap BUIA

c-var -> c-expr,

[IOJTy YaeMbIil CJIeIy oMM 00pa30M: €C/Ii Cvar ABJsieTcs djieMeHToM dom sa uin dom sb, TO B
CIIMCOK sa.*.sb BxoauT mapa cvar:->((cvar/.sa)/.sb). Tounoe omnpemenerue oneparopa
.%. IIPUBEJICHO HUKE.

(.%.) :: Subst -> Subst -> Subst
sa .*. sb = [ cvar:->((cvar/.sa)/.sb) | cvar<-dom_sa_sb ]
where
dom_sa_sb= nub ((dom sa)++(dom sb))
-- obbenuHeHne 6e3 noBTOpoB dom sa u dom sb

YT1BepKaeHue 15
[Iycth sa, sb—mojcranosku. Torjma s=sa.*.sb—I07CcTaHOBKA.

JlokazarenbcTBO (Hec/I0zKHasT IPOBEpPKa Beex TpeboBanuii onpesenenns (10) yrBepzk e-
uus [15| npuseneno B [FTP].

YrBepxkaeHue 16
[Iycth sa, sb, s=sa.*.sb—mojcranoBku. Torja s MPOU3BOJILHON C-KOHCTPYKIIUNA CX
BBIIIOJIHEHO: cx/.s=(cv/.sa)/.sb.

HokazaresbeTBO (HCIOB3YIOIIEe WHILYKITIIO 10 CTPYKTYPe CX) yTBepxKIeHus (16| mpuse-
neno B [FTP].

Onpenenenne 18
[Iycth sa, sb—moscranoBku. Tora MmojgcTaHOBKY s=sa.*.sb Oy/eM Ha3bIBaTh CyIepIIo-
3UIMEN MOJCTAHOBOK sa | sb.
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2.9 CyxXenus u pa3dneHns MHO>KECTB

[Iycte cx—SR-Boipazkenune. B ganHOoM pasiese OyIyT BBEIEHBI CJIEIYIOIIHE ITOHSITHS:
cystcenus, TO3BOJILONINE TT0JIYIaTh IIPEJICTABICHUsT CX’ TOJMHOXKECTB <CX>, U pa3bueHus,
HO3BOJIAIONINE TIOJYYaTh MPEJCTABICHUA HEIEPECEKAIONNXCA ITOAMHOXKECTB—CX’ M CX''—
MHOXKeCTBa <CX>, 00beInHeHne KOTOPHIX COBIIAIAET ¢ UCXOIHBIM MHOYKECTBOM.

B paznene YIIOMHAHAJIOCh, YTO IIOJACTAHOBKA BMECTO C-IIEPEMEHHBIX C-BbIPAXKEHUN 1103-
BOJISIET I10JIyYaTh IOJMHOXKECTBa MCXOJIHOIO MHOXKeCTBa. BTOpoii 0ueBUIHBIN CI10COD CyzKe-
HUS—YCHUJIEHE PeCTPUKIINi, J100aB/ieHrne HOBBIX OorpaHuveHnii. B MeTaBbrauc/ieHusIx Oy1yT
HCIOJIBL30BaHbI 004 3THX cIocoba.

2.9.1 CyxeHnugd

Onpenesnenne 19
[Iycts s—mnojcranoBka, r—pectpukius. Torna cyorcenuem contr OyieM Ha3bIBATH CJie-
nytorue KoHeTpykimn: (S s) u (R r). Onucanme CUHTaKCHCa CYXKEHUsSI TTPUBEJIEHO HA PU-

cyHke [2.7]

contr ::= S subst
| R restr

Puc. 2.7: Cunrakcuc cyxenus s ga3bika TSG

[Ipumenenne cyKenust contr K (cx,rs) 3aK/II0YAETCS B:
e npuMeHeHun K (Cx,rs) IOJCTAHOBKHU S, €CJIU contr nmMmeer BUJ S S;
e 100aB/IEHNN K PECTPUKIIUIM r'S PECTPUKINH I, €CcJu contr mMmeeT BUI R r.

Hwuxe npuBesieno Tounoe omnpejienenue oneparopa (/.) Jjis BIYUCICHUS PE3yJIbTAaTa IIPH-
MEHEHHs CyzKeHusi contr K (cx,rs).

instance APPLY c Subst => APPLY (c,Restr) Contr where
(cx,rs) /. (S subst) = (cx/.subst, rs/.subst)
(cx,rs) /. (R restr) (cx, rs+.restr)

YT1BepxKaeHue 17

[Tycts (cx,rs)—SR-BbIpakenne, c—CyKeHHE.

Torma, <cx’,rs’>C<cx,rs>, rjue (cx’,rs’)=(cx,rs)/.c.
oka3zaTeabcTBO

BamernM, uTo ecam rs’=INCONSISTENT, To <cx’,rs’>=() u yTBep:KIeHHE BBIIOIHEHO:
<cx’,rs’>=(C<cx,rs>.

Kpome Toro, ecim rs=INCONSISTENT, to rs’=INCONSISTENT, He3aBUCHMO OT TOrO,
ABJIETCS Cy2KeHUe IOJICTAHOBKON WJn peCTpHKHHeﬁH U yTBepKJeHue OyJeT BBIITOJHEHO:
<cx?,rs’>=(C<cx,rs>=(.

6 B cuuty ompenesnenns omeparopos (/.) u (+.) 1JIsT HECOBMECTHBIX PECTPUKILHIA.
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[TosTomy, HuzKe OyJIeT pacCMATPUBATHCS CJIyUail, KOT/Ia PECTPUKITUHN 'S’ U 'S UMEIOT BU]
RESTR inegs.

Pacemorpum npomsBosibHBI x€<cx’,rs’>. [lo onpenenenuto (12}, cymecTtByer mosHas
norycruMmas jiist (cx?,rs’) MOJACTaHOBKa S, Takas, uTo x=cx’/.surs’/.s=RESTR []. [dxsa
3aBepINeHNsT JJOKA3aTeIbCTBA YTBEPK IEHIT HeOOXOIMMO JT0Ka3aTh, YTO XELCX,rS>, TO €CTh,
NPE/IbABUTH MOJHYIO JIOIMYCTUMYIO TOJICTAaHOBKY s’ Jiisd (CX,rs), Takylo, 9To X=cx/.s’.
PacemorpuMm JiBa BOBMOXKHBIX ciiydas JJIsd CYZKEHUs C:

A. ¢ = S sc. PaccMoTpum cynieprio3uniuio moJ/icCTaHOBOK s’=sc.*.s. BoinosgHeHo ciey-
Io1nee:

e cx/.s’ = (cx/.sc)/.s = cx’/.s = X,
YTO B YACTHOCTH O3HAYAET, UYTO S’—IOJHAs IIOJCTAHOBKA JJIS CX, & 3HAYUT M JIJIsI
(cx,rs). JeiicTBuTeIbHO, B pe3yabTare cx/.s’=X IPUMEHEHUs MOJCTAHOBKH S’ K CX
HET C-IIEPEMEHHDbIX. SHAYUT, BCE C-IIEPEMEHHBIEC U3 CX CBA3aHbI IIOJCTAHOBKOI 8’ ¢ e-
SHaAYCHUAMU.

e rs/.s’ = (rs/.sc)/.s = rs’/.s = RESTR [],
TO €CTb, s’ jornyctuMas Jjisd (cxX,rs).

Takum 0Opa3oM, 10JICTAHOBKA S’ sIBJIAETCH ITOJIHOM jTonycTumMoit st (cx, rs) m XxE<cx,rs>.
B. ¢ = R r. B stom ciiyuae cx’=cx, rs’=rs+.r—COJIepKHUT BCE HEPABEHCTBA M3 IS.
[ToxcranoBka s siBisiercs mosHoi it (cx,rs), TaK Kak oHa mojHas s (cx’,rs’). Ilpn
[IPUMEHEHNN TOJICTAHOBKHY S K JIIOOOMY HEPABEHCTBY U3 rs’ mojydaercs Taprosorus. Cirero-
BaTEJILHO, IIPU IIPUMEHEHHUH S K JII0OOMY HEPABEHCTBY U3 'S, PE3Y/IbTATOM OY/IET TaBTOJIOTUS.
Buagut, nodcmanoska S aasemca noanot donycmumot das (cxz,rs). U, Tak Kax
x=cx’/.s=cx/s, TO XEXCX,rs>.
Yreep:xkaenne [17 qokazaHo. m

Onpenenenne 20
[Iycts cx, cx’—SR-Boipaxkenus. Byem ncrnosib3oBaTh 0003HaUYeHNsT CX’ =CX U CX~CX’,
€CJIN CYIIECTBYIOT TaKHe Cy»KEHUsl Cq, . ..,Cy, N > 0, 9T0 cx’=cx/.Cc1/.Co.../.Cp.

W3 onpenenenust CJIEJIyeT CIPaBeUINBOCTD yTBep K IeHns [18]

YrBepxkKaeHue 18
Ornormerne = gBJsIeTCS PEMIEKCUBHBIM U TPAH3UTHBHBIM OTHOIIIEHUEM Ha MHOXKECTBE
SR-BBIpaskeHwmii.

3 onpenenenns 20| n yreepxk aenns [17] cipaBeyinBocTs yTBepx aennst [19)

YrBepxkKaeHue 19
Ecmu cx?<cx, 1o <cx’>C<cx>, e cx u cx’—SR-BeipazkeHus.

YrBepxkaeHue 20

Jlarroe dED npuHAIJIEKUT MHOXKECTBY <C>, mpejcTaBaeHHOMY KjaaccoM C Toraa, U TOIb-
KO TOry1a, Korya sngl (d) <C.
lokazaTeabcTBO

1. Eciim de<C>, o (ompeeserne CYIIECTBYET IOJICTAHOBKA S, TaKasl, 9YTO
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C/.s=(d, RESTRI[]).

To ectb, C/. (S s)=sngl(d) u sngl(d)=C.
2. Eciim sngl(d) = C, 1o (B cuiy yrBepxkaenus |19)) Boinossaeno {d}=<sngl(d)>=<C> u
de<C>. m

Onpenesenne 21
Benewm crienmasibibie obosnavenusd—idC, emptC i CIEIyIONINX JIBYX CYKEHHI:

idC,emptC :: Contr
idc =8 []
emptC = R INCONSISTENT

Henocpencreenno us onpejenenns oneparopa (/.) u us oupenenennii [19 u [21] ciexyer
CIIPaBeINBOCTD CJIC/IyIOIEro YTBep K IeHH.

YrBepxkaeHue 21

[Iycts (cx,rs)—SR-Boipaxkenue. Toria, BbIIOJTHEHO:
(cx,rs)/.idC = (cx,rs), <(cx,rs)/.idC> = <cx,rs>;
(cx,rs)/.emptC = (cx, INCONSISTENT), <(cx,rs)/.emptC> = {).

YTBepxKjeHne 22

Ecmn x n x’—SR-BbIpaxkenusi, T0 x’ =X, TOTJia ¥ TOJbKO TOIJa, KOl CYIIECTBYIOT JIBa
cyxenus: c1=(S s) u c2=(R r), Takue, 4ro x’=x/.cl/.c2.
oka3zaTesabcTBO

ITo onpegenenuto 20 x?<x Torja u TOJABKO TOI/a, KOIJa CYIIECTBYIOT TAKUE CyZKEeHUs
Cl,-..5,Cpn, n >0, 9T0

x> =x/.cy/.co.../.c, = x/.(S [1)/.c1/.¢ca.../.c,/.(R RESTR[])

Cynepnosunuio cyzxxeuunii: /. (S [1)/.c1/.¢co.../.c,/. (R RESTR[]) Bcerma MOXKHO HpeoO-
pazoBarb K dopme: /. (S s)/.(R r) npu mOMOIIHN CJIETYIONIAX TTPABUIIL:

SS — S: /.(S s1)/.(S s2)
RR — R: /.(R r1)/.(R r2)
RS — SR: /.(Rr)/.(S s)

/. (S sl1.%.82);
/. (R rl.+.r2);
/. (8 s)/.(R (x/.s)).

2.9.2 Kanonnveckasi (popMa KJacca

Kiacenl gBIsioTCS CpeicTBOM IIPEACTaBICHUST MHOXKECTB JAHHBIX. DTO IPEJICTaBICHHE
HEOIHO3HATHO 10 pa3HbIM npuanHaM. OmgHa U3 TPUIHH HEOJHOZHATHOCTH CBS3aHA CO CJIe-
JTYTOTITAM:

1. c-miepeMeHHBIE, BXOJIAIINE B KJIACC, ABJISIOTCS C60000HDMU NAPAMEMPAMU, TO €CTh CO-
IJIaCOBAHHOE IIepenMeHOBaHIe BCeX C-IIePEeMEHHBIX 110 CyTH He U3MEeHsIeT KJIacca,;

2. PECTPUKIMSA KJIaCCa—CHUCTEMa HEPAaBCHCTB, a KazKJ10€ HCPAaBECHCTBO—HEYIIOPAAO0OICHHAI
napa “saeeas “ams:#:npasas wacms’, TO €CTh IEPECTAHOBKA JIEBOW M IPABOil dacTh
HEPABEHCTBA W IEPEYIOPsIOUNBAHIE HEPABEHCTB B PECTPUKIINN KJIACCa 10 CYyTH HE
U3MEHSIET KJIacca;
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3. B PECTPUKIIMU HEPABEHCTBA MOTYT BXOJUTH MHOTOKPATHO—IIPEOOPA30BaHUs PECTPUK-
Ui, BIIOJIHAEMbIe (DyHKIMelr cleanRestr, 110 CyTH, He U3MEHSAET KJIaCCA.

[Toceiree 06CTOATETHCTBO JIETKO UCITPABIMO—I0CTATOTHO BMECTO Kjacca C ¢ IOBTOPHBI-
MU HEPABEHCTBAMU U /UJIM TABTOJOTUSIMHU /IPOTHBOPEUNAMHI B PECTPUKIINAX PACCMATPUBATD
kJstacc C/ . [1—mosHoCThIO 9KBUBaIeHTHBIH ncxogHoMy—<C /. [1>=<C>,—H0 He cojepKaluii
IIOBTOPHBIX HEPABEHCTB, TaABTOJIOIUI U MpOTUBOpednii B pecTpukimu. [losTroMmy Besme HuKe
[IPEJIIIOIATaeTCsI, 9TO B PECTPUKIMUSIX KJIACCOB OTCYTCTBYIOT IOBTOPHBIE HEPABEHCTBA, TaB-
TOJIOTHHU W IIPOTHBOPEUNSI.

DopmaIbHOE JT0KA3aTEIbCTBO CJIEAYIOINIEro OYeBUIHOIO YTBEPIKIEHUS MOYKHO HAWTH B
[FTP].

YrBepxkaeHue 23
ITycts Cy=(ces;,r;) u C,—kiaccel. Kiacc C, nostyden u3 C; npu 1momoInu:

1. nepeynopadowusarus pecmpuryud: Cy=(cesy,r’;), TJe r’y HOJIYYEHO U3 Iy LIPH II0-
MOIIIA HEKOTOPOU TTepPeCTAaHOBKH JIEBBIX U MIPABBIX YacTell HEPABEHCTB U MEPEYIIOPSIO-
YUBaHUA CAMUX HEPABEHCTB B PECTPUKIINU T

2. NepeuMeno8aHUA C-nePeMEHHIT —TO €CThb, IpUMeHeHnsd 1101cTaHOBKU s—Cy=C]/.s—
takoit, uro: (dom s)=(cvars C;);
n000it ca-tiepeMenHoii vae (cvars C;) us kiacca C; 110JICTAHOBKA S CTABUT B COOTBET-
CTBHE Ca-TlepeMeHHyIo va/ . s=va’;
mo0oit ce-mepemenHoit va€ (cvars () u3 kiacca C; HOJCTAHOBKA S CTABUT B COOTBET-
CTBHE ce-lIlepeMeHHyIo va/.s=va’;
pa3HBIM C-lIlepeMeHHBbIM U3 cvars C; IOJCTaHOBKA S CTaBUT B COOTBETCTBHUE Da3HbIE
c-IIepeMEHHBIeE.

Torma <C,>=<C,>.

Onpenenenune 22
Ormpenesum oTHOIIeHNEe (<) Ha MHOXKECTBE C-BbIPAYKEHUI B COOTBETCTBHUY C PUCYHKOM
Hepagsencra OyjieM cpaBHUBATH 110 JIEKCUKOIPAMDUIECCKOMY ITOPAJIKY:
((xy:#:y1)<(x2:#:72)) AL (xi<x0) 11 ( (x1==%2) && (y1<y2) ).
Knace C* Oymem HasbIBaTh kamnonuueckol gopmoti Kinacca C, ecu:

1. C* moxet ObITh TOJTyYeH u3 Kjaacca C myTeM IepenMeHOBaHUs C-IIEPEMEHHBIX U Tepe-
YIOPsIJIOYNBAHNST HEPABEHCTB B PECTPUKIINK (B COOTBETCTBUY C YCJIOBUSIMU Y TBEPIKIe-

HUS ;

2. cvars C* umeer Bua: [vty; 1, vty 2,...,vt, nl,
rjae vt;€{CVA,CVE}—koncrpykTop c-tiepemennoii. To ectb, mis c-iepemenHbix B C*
UCIIOJIB3YIOTCS B KaveCTBE WHJIEKCOB BCe UHC/Ia OT 1 710 n, Ijle n—9uC/I0 Pa3/ImIHBIX
c-iepeMeHHBIX. Ul eciin mmepBoe BXOXK IeHME C-TIepeMeHHO v BcTpedaercss B C* paHbIie
(JIeBee) TIEPBOrO BXOXKJIEHUS C-TIEPEMEHHOMN vV’ TO JIOJIZKHO BBITOJTHITHCS V<V’ .

3. s moboro HepaBeHcTBa X :#:y B C* BBINOJTHEHO X<y U BCe HEPABEHCTBA B PECTPUKITUI
OTCOPTHUPOBAHBI 110 OTHOIIEHUIO (<).
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Bun x Bung y Onpenenenne orHoreHus: (<)
(ATOM a)  (ATOM b) (x<y) <L (a<b)
(ATOM a) (Cva ) y<x
(ATOM a) (CVE j) y<x
(ATOM a) (CONS p @) x<y
(CVA 1) (ATOM Db) x<y
(CVA i) (CVA ) (x<y) <L (<))
(CVA i) (CVE j) (x<y) <L (<)
(Cva i) (CONS p q) x<y
(CVE 1) (ATOM b) x<y
(CVE i) (CVA ) (x<y) <L (<))
(CVE 1) (CVE #) (x<y) <L (1<)
(CVE 1) (CONS p q) x<y
(CONS r s) (ATOM b) y<x
(CONS r s) (CVA j) y<x
(CONS r s) (CVE j) y<x
(CONS r s) (CONS p q) (x<y) <L

(r<p) || ((r==p)&&(s<q))

Puc. 2.8: Oupenenenne orHoennst < Ha MHOYKECTBE C-BbIparKeHUit

YT1BepxKaeHue 24

1. Ecim C* sBsiercst kKanonudeckoit popmoit C, To <C*>=<C>.

2. CymiecTByeT aJropuTM canon, KOTOPBIH s Joboro Kiacca C 3a KOHETHOE HUHCIIO
maroB crpout kjacc (canon C*), sBisioniuiics KaHOHIIECKoi popmoit C.

JlokazaTejabCcTBO

[lepBblit IyHKT yTBEPIKICHUA CIIeyeT U3 yTBepzK aenus [23| n onpenenenns 221 Onucanne
OJIHOT'O M3 BO3MOXKHBIX CIIOCODOOB peasn3alui aJropuTMa canonE] MOKHO Haiitu B [FTP]. m

2.9.3 Iloakiyaccel 1 HaJIKJIACCHI

Onpenenenne 23
IIycrs C,, C,—knaccel. Torna,

e xyacc C, OyaeMm HaszwlBaTh nodkaaccom Kiacca C;, a kiacc C; OyaeM Ha3bIBATh HA0-
kaaccom Kiacca Cy, ecm Cy=Cy;

e kiacc C, OyzmeM Ha3bIBaTh cobcmeentbim nodkaaccom Kiacca Cy, a xKinacc C; OyaeMm Ha-
3BIBATH COOCMEEHHM HadKAaccom Kinacca Cy, 1 Oysem oboznadaTh Cy<C;, ecom C,=C;
1 KaHoHI4YecKne dhopMbl 11 Kiaaccos C; u C, He coBmagaroT: canon C, /= canon C.

7 Jlns nasbHeIero u3I05KeHns TEKCT alrOPUTMa canon He HoTpebyeTcs.
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Ecian kmace Cy=(cesy,ry) gBisercs nojkaaccoM Kiaacca Cy=(ces;,r;), 10 (yTBEpXK/Ie-
Hue 22) CymecTBYIOT HOJICTAHOBKAa S U pecTpukims r takue, uro Co=C;/.(S s)/.(R r).
To ectb, cesy = cesy/.s. VI3 aToro u usz onpejenennii 22 u (10| u ciaexyer cupaBeyInBOCTh
CJIEJTYIOIIEr0 YTBEPIKICHUS.

YTBepxKaeHue 25
ITycts Cy=(ces;,r1), Cy=(ces;,ry) —Kiaccel, L(ces) —4HCIO aTOMOB, C-IIEDEMEHHBIX U
KoHCTPYKTOpOoB CONS B crmcke c-BbipazkeHuii ces. Torma:

1. Eciu C,=Cy, To L(cesy) >L(cesy).
2. Ecm Cy=canon Cj1, To L(ces’y)=L(ces).
Bazxnefimmm ciie/IcTBUEM U3 YTBEPIKIECHUS 25| IBIISI€TCS CJIeAyIONIee yTBEPXKICHNE.,

Teopema 26
MHo>kecTBO KaHOHUYIECKNX (opM HaIKIaccoB Kiacca C

{ canon C* | C=C* }

KOHEYHO JJIs1 Jiioboro Kjiacca C.
JlokazaTeabCcTBO

[Tycts C=(cesq,r(), Lo=L(cesy), rme L ompesesieHO Tak e, KaK U B YTBEPKICHUN
Torna, B cuiy yrBepzKenus [25], MoxkeM 3anmcars:

{ canon C* | C=C* }C
{ (ces’,r’) | C*=(ces,r), L(ces)< Ly, (ces’,r’)=canon C* }

[Toceinee MHOZKECTBO KOHEYHO, TaK KaK JIJIsd €ro 3JieMeHTOB (ces’,r’) BepHO CJie/Iylolee:

e /lnmHa ces’ orpaHMYeHa UUCJIOM Lo, CeS’ MOMKET COJEPXKATL MOAbKO aTOMBI (M3 KO-
HeYHOro ajihaBuTa aTOMOB), KOHCTPYKTOpbI CONS 1 c-riepementbie (CVA 1) u (CVE j),
i=1,...,Lo,7=1,...,Lo (“andaBur’ u3 2 XLy c-niepemennbix ). Takux ces’ KoHEUHOE
TUCJIO.

e JIubo r’=INCONSISTENT, mmbo r’=RESTR ineqs, rje ineqs—cHucok map x:#:y 0e3
[IOBTOPOB, Vi€ X M y—aTOMbl (M3 KOHEYHOro ajipaBUTa aTOMOB) U Ca-lePEMEHHbIE
(CVA i), i = 1,..., Ly, (koneunsbrii aindasur u3 Ly ca-niepemennbix). Takux r’ Ko-
HEYHOE YHC/JIO.

W3 npepiymux AByX IMyHKTOB CJIEJIYET, UTO pas3udHbix (ces’,r’) —KOHEYHOE YHCJIO. W

2.9.4 Pasouenuda

Onpepenenune 24

[Iycrs (cx,rs)—SR-Boipaxkenue. Torma napy cyxkennit sp=(cy,Ccy) HA30BeM padbuenuem
oas (cx,rs), a caMu Cy>KEHUsI C; U Co HA30BEM IAEMEHMAPHIMU CYKeHuamu jiid (cx,rs),
ecan napa (cq,co) miam napa (cy,Cq) UMEeT OJUH U3 CJIEAYIONUX BUIOB:

1. ( idcC , emptC );

2. (S [£.i:->(CONS &.m £.n)], S [E£.i:—>A.p] );

3. (S [A.j:->A.k] , R RESTR[A.j:#:4.k] );
4. (S [A.j:->’atom] , R RESTR[A.j:#:’atom] ).
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e £.1, A.j, A.k—1epeMeHnbie U3 CX, TO €CThb OHU BXOAAT B cvars cx; £.m, £.n, A.p—
HOBBIE C-NepeMerHble A CT, TO €CTh UHJEKCHI I, N, P HE UCIOJIB3YIOTCS B KAUECTBE NHJIEKCOB
C-TIEPEMEHHBIX B CX; ’ atom—HEKOTOPBIA aTOM.

Henocpencrsenno u3 onpezenenns oneparopa (/.) n onpenenennii [13] [24] cieayer cupa-
BEJJINBOCTH yTBEPK ieHus [27]

YT1BepxKaeHue 27
[Tycts sp=(cl, c2)—pasbuenue misg SR-Beipakenus (cx,rs) c jguneitnoit SR-6a30it u

(cx1,rs1)=(cx,rs)/.cl, (cx2,rs2)=(cx,rs)/.c2.

Torma, SR-6a3b1 cx1 n cx2—IUHEHHBIE.

CaencrBue 28
[Iycts sp=(cl, c2)—pasduenue s L-xkmacca C. Torma, C;=C/.cl u C=C/.cl—L-
KJIACCBHL.

OcHoBHOE CBOHICTBO pa3dbUeHNit COCTOUT B TOM, YTO B Pe3yJIbTaTe MPUMEHEHUsT Pa3OueHusT
K HEKOTOpOMY SR-BBIparkeHuIo, PeJICTABIAIONIEMY HEKOTOPOE MHOXKECTBO M, MO/IyvIaioT 1Ba
SR-BbIpazkeHusi, MpeJCTaB/ISIONINX J[Ba HEIEePECEKAIOIIXCs TOJIMHOYKECTBA MHOXKeCTBa M,
o0beinHenrne KOTOPBIX PABHO MCXoJHOMY MHOXKecTBY M. To ecTb, mMeeT MecTo ciie/iyiomas
TeopeMa (J10Ka3aTeIbCTBO TEOPEMbI upusejieHo B [FTP]).

Teopema 29

[Tycts sp=(cl, c2)—pasbuenue s SR-Beparkeruns x, x1=x/.cl, x2=x/.c2.

Torma <x1> n <x2>—pazbueHne MHOXKeCTBa <x>: <x1>C<x>, <x2>C<x>, <x1>U<x2>=<x>,
<x1>N<x2>=(.



I'1aBa 3

JlepeBo npolieccoB

B pasznene JIAHO OIIpeJIeJICHIE MPOIIECCa BBIYUCICHUS IPOrPaMMbI PER Hal JaHHLIMI
deD, Kak mocae10BaTeJIbHOCTH (BOSMO)KHO 6eCK0HeqHOI71) EPEXOJ0B OT OJHOI'O COCTOAHUSA
BBIYNCJICHUAA K JIPYTOMY:

process(p,d) = sp) — S — ... — S,
s; = (ti, e)

B rnaBe [2| Ob1n onpejiesieHbl CpeJICTBa IPEJICTABICHIST MHOXKECTB COCTOSHUN BbIYUCICHI—
Kongueypayuy. Js mpegacTaBaenust MHOACECME NPOYUECCOE BHIMUCICHUS IIPOTPAMMBI P UC-
HOJIL3YIOT OPHUEHTUPOBAHHBIE 2padivt Korpuaypayui.

[Touemy BazKHO yMeTh IIPEJICTABI/IATH MHOYKECTBA IIPOIECCOB B BHJle Ipada KoHuUrypa-
1uit? Y To0B OTBETUTDH HA 9TOT BOIIPOC, PACCMOTPUM MHOYKECTBO IIPOIIECCOB BHIUUCJIEHHS I1PO-
rpaMMbl P Ha JIAHHBIX U3 HekoToporo kiacca C: P(p,C) = { process(p,d) | de<C> } .
DTO MHOZXKECTBO MOJTHOCTBIO OIPEJIEIAET BBIYUCIUTEIbHOE OBEJIeHNe (CEMaHTUKY ) TIPOrpaM-
MBI p Ha Beex JaHubix u3 <C>. JlomycTuM, moctpoen rpad Konduryparuii, npecTap/isiionunii
P (p,C). dror rpad sBisiercs HeKoTopoii hopmoii 3amicu porpavmb [4L [1T] 12] 18], a nmen-
HO, CIIEIMAJIN3UPOBAHHON BEPCHH IPOIPAMMBI P, PACCUUTAHOM Ha CJIydail BXOJIHDBIX JAHHBIX
u3 kiacca C. PazpaboTka MeTo/I0B IIOCTPOEHUST ONTUMAJIbHBIX IpadoB KOHMUTYpaluii (a 3Ha-
YUT U ONTUMAJIBHBIX CHEIHAIU3UPOBAHHBIX IPOIPAMM) U €CTh OCHOBHOE COJIEPyKAHUE TEOPUH
CYTIEPKOMITUJIATINT. BOIpockl Teopun CynepKOMITHIISIITIN JIEZKAT 38 PaMKaMU JAHHON pabo-
T, [losTOMY OrpaHmInMCsT pacCMOTPEHHEM MOCTPOEHHs aJIFOPUTMAa JIepeBa KOHMUTYpaIlnii,
npejicras;stioniero P (p,C).

3.1 JlepeBo KoHuryparimii
Onpenesienue 25

Hepesom koudurypaiuii tree 6yjem Ha3bIBATH OPUEHTHPOBAHHOE (BO3MOKHO GECKOHEY-
HOE) JIepeBo,

® KaXKJIOMY y3JIy N KOTOPOT'O MPUITHCAHa HEKOTOpasg KOHMUryparmus c;

® KaykJ0oMy pebpy a, BBIXOSAIIEMY U3 HEKOTOPOTO y37a N ¢ KOH(MUTYypaIyeil ¢ TPUIHUCAHO
CcyzKeHue cnt;

45
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e IpuUYUeM, ecJid U3 y3ja n ¢ Kouduryparueit ¢ Beixoaut k > 1 pebep ai,...,a, ¢ cyxKe-
HUSAMU cnty,...,cnty, TO MHOXKeCTBa <c/.cnt;> MonapHo He IMEePeceKaloTcd, a uX 00b-
eJIMHEHNEe COBIIaIaeT ¢ <c>, 1 =1,...,k.

epeBo Konduryparuit OyieM IpeIcTaB/IAsTh CHHTAKCHYECKUMI KOHCTPYKIIUAMU B COOT-
BETCTBHHU C pucyHkoM [3.1]

tree = (LEAF conf)
| (NODE conf [branchy,...,branch,]) -- n>0
branch = (contr, tree)

Puc. 3.1: Cunrakcuc mpejcraB/ieHnst gepeBa KOHMUTYparimii

PaccMoTprM HEKOTODBIH (BO3MOXKHO GECKOHEUHBII ) IIyTh W B JiepeBe KOHUrypaimii tree
1 HEKOTOPYIO MOCJIEI0BATEIHHOCTE P (BO3MOKHO GECKOHEUHYIO) MEPEX0JIOB OT OJHOIO COCTO-
sHUS BbIUNC/IeHus B sa3bike TSG K ipyromy:

cnty cnty
— —

W =Cq C1 .Cp...
P=sy — s1 — ...8,...

Bysiem roBoputh, 4T0 P OTOXKI€CTB/ISETCS C IIyTEM W JepeBa tree (I/IJII/I, W IIpeJicraBiader P),
€CJIN BBIIIOJIHEHDBI CJCAYIOIUE YCJIOBUA: P U W MMEIOT OJIMHAKOBLIC JJIUHBLI U JJIA KazKJI0rO
COCTOSTHUSI S; BBIIIOJIHEHO: S;E€<C;>, U ecJu S; He IocjejiHee B P, To s;,€<c;/.cnt;>.

Ompenenenne 26

[Iycts C=(ces,r)—kJjacc, pER—mporpamma, omnmcanue NepBOil (PYHKIUU B P UMeEET
Buyi: (DEFINE f [parmi,...,parm,] term). Torma wiacc C Oyiaem Ha3bIBaThH 0000wieH-
HoLm daHHviM (C-0anmbim) 0as npoepammor PE R, €CIIM BBIOJIHEHO CJICIYIONIEe: PECTPHKITHST
r=RESTR ineqs He COAEPKUAT NPOTUBOPEUNIA, CIIMCOK C-BBIPAKECHUN MMeET CJAEyIONNI BU
ces=[cey,...,ce,] u, ecu parm; mMeeT TUM ‘a-’, TO Ce; ABJSIETCS Ca-BbIPAYKEHUIEM.

Sameuanue. YcioBus B onpejienennn [26( rapaHTupyior (M. yTBepK/IeHe , 4TO BCE
nanabie dEC OyayT yaoBIeTBOPATH TpeboBauusiM (cM. pasjed (1.2.1) Ha BXO/HBIE JAHHBIE
Jutst iporpammel p: d=[dy, ... ,d,], d;€EVal u eciu parm; umeer Tun ‘a-’, To d;EAVal.

Onpegenenune 27

[Tycrs, peR—muporpamma, C—obobmmennoe mannoe i p. epeBo koudurypaiuit tree
Oy/1leM HA3BIBATH 0ePesoM NPoueccos npozpammv, pER na xaacce C, ecau Jjis Jr00Or0 JTaH-
Horo de€C cyIecTByeT IIyTh W3 KOPHEBOIl BEPIIUHBLI JepeBa, IIPeICTaBJIAIONINN IPOIece
process(p,d) Bbruyucaenus p Hasu d.

3.2 IlocTpoenue aepeBa IIpoIeccoB

B jannom pasjese GyjeT IperbaBieH (CM. PUCYHKH u [3.3) u obocHoBaH ajropuTM
ptr, HO3BOJIIONHIL 110 33 JaHHLIM IporpaMMe p U Kiaaccy C—obo0IeHHOMY JaHHOMY JJId P,
CTPOUTDH JIePeBO tree MpOIeccoB MPOrpaMMbl p Ha Kiacce C.
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ptr :: ProgR -> Class -> Tree
ptr p cl@(ces, r) = evalT c p i
where
(DEFINE f prms _) : p’> =p
ce = mkEnv prms ces
((CALL f prms, ce), 1)
freeindx 0 cl

evalT ::Conf->ProgR->Freelndx -> Tree
evalT c@(( CALL f args , ce), r) p i =
NODE c [ (idC, evalT c’ p i) ]

where
DEFINE _ prms t’ = getDef f p
ce’ = mkEnv prms (args/.ce)
c> = ((t?,ce’),r)

evalT c@(( ALT cnd t1 t2 , ce), r) pi =
NODE c [(cntl,evalT cl1’ p i’),(cnt2,evalT c2’ p i’)]
where
((cntl,cnt2), ucel, uce2, i’) = ccond cnd ce i
((_,cel),r1) = c/.cntl
cl’ = ((t1, cel+.ucel), rl)
((_,ce2),r2) = c/.cnt2
c2’ = ((t2, ce2+.uce2), r2)

evalT c@((exp,ce),r) p i = LEAF ¢

Puc. 3.2: Ayropurm noctpoenus jiepeBa mporieccoB. Oyukmnun ptr u evalT

3.2.1 BcrnomorareabHble (PYHKIUN B aJropurMe ptr

Oyurnyn mkCAVar n mkCEVar ncnoJib3yoTcs B aJlTOPUTMe ptr JId TOCTPOEHUS YHUKAND-
HOT C-TlepeMeHHOIl (ca-epeMeHHON U ce-TIepeMEeHHON, COOTBETCTBEHHO), OTIMIHON OT BCEX
C-TIePEeMEHHBIX, YK€ UCIIOJIb3YEeMbIX B TeKyIei Kondurypanun. /s 5Toro mojiepkuBaercs

CBOOOJTHBIN MHJIEKC C-TIepeMeHHbIX: 1: :Freelndx.
mkCAVar, mkCEVar :: FreeIndx -> (CVar, Freelndx)
mkCEVar i = ((CVE i), i+1 )
mkCAVar i = ((CVA i), i+1 )

Oyurnyn splitA u splitE crpodT pasbuenus:

splitA :: CVar -> CExp -> Split
splitA cv@(CVA _) caexp = (S[cv:->caexp]l, R (RESTR[cv:=/=:caexp]l))

splitE :: CVar -> FreeIndx -> (Split,FreelIndx)



48 I'naBa 3. /lepeso mporeccos
ccond :: Cond->CEnv->FreeIndx -> (Split,CEnv,CEnv,FreeIndx)
ccond (EQA’ x y) ce i =
let x’ = x/.ce; y> = y/.ce in

case (x°, y’

(a, ) la==b->((idC ,emptC), [1,[],1)
(ATOM a,ATOM b) ->((emptC, idC), [1,[1,1)
(CVA _, a ) ->( splitA x’ a , [1,[],1)
(a, VA _ ) ->( splitA y’> a , [1,[1,1)

ccond (CONS’ x vh vt va) ce i =

) of

let x> = x/.ce in
case x’ of
CONS h t ->((idC,emptC), [vh:=h,vt:=t], 1, i)
ATOM a  ->((emptC,idC), [], [va:=x’], i)
CVA _ ->((emptC,idC), []1, [va:=x’], i)
CVE _ ->( split, [vh:=ch,vt:=ct], [va:=cal, i’)
where
(split,i’) = splitE x’ i
(S[_:->(CONS ch ct)], S[_:->cal) = split
Puc. 3.3: Asnropur™m mocrpoenus jiepesa mporeccoB. Oyukimst ccond
splitE cv@(CVE _) i = ((S[cv:->(CONS cvh cvt)],
S[cv:->cval), i?)
where (cvh,il)=mkCEVar i
(cvt,i2)=mkCEVar il
(cva,i’)=mkCAVar i2
3.2.2 (OO6ocHoBaHMEe aJropuT™Ma ptr
Aprymentamu BxojHOW (dyHKIMK ptr ajroputma spBisiorcs: p — 1TSG-mporpamma,

cl=(ces,r)—kjacc C, i—HadajbHOE 3HAYUEHUE CBOOOIHOIO MHJEKCA C-TIEPEMEHHBIX, I1eJI0e
qucII0, OOsIbINIee MHJEKCA JII000M c-TiepeMeHnoit u3 cl.

TexcT anropur™a ptr BO MHOTOM COBIIRJIA€T C TEKCTOM MHTepIIpeTaTropa int sspika TSG
(cp. pucyHOK Ha crpanuie (19| ¢ pucyHKaMn Ha crpanure (47| u na crpanute [48)),
a BcrioMoraTesbHble (DYHKIUU U orlepaTopbl—mKEnv, /., +.—IPOCTO ABJIAIOTCS OOIIUMU JIJIsk
ptr u int. [raenan udesa anrzopumma ptr COCTOUT B ciejyionieM. B ptr BoiosnsgeTcs 0600-
WeHHOE BLIMUCAEHUE TIPOTPAMMBI P HaJT 0000IEHHBIME JTaHHBIME C, NOYWmMu MmouHo mak sce,
KaK 9TO IPOMCXO/IUT 1PN OOBIYHBIX BBIYHCIEHUSX, BBIIIOIHAEMBIX ajroputMoM int. Pazmm-

qugd OTHOCATCA K CJAeAYIONIMM MOMEHTaM:

1. O6obIIEeHHBIE JaHHbBIE COAEPXKAT C-IIePEMEHHbIE U IPEJICTABIAIOT MHOXKECTBO JIAHHBIX.

2. Cocrosinre 0OODOIEHHOTO BBIYHUCIEHNsT TIPEICTaBIeHO KOH(MUTrypaIrmeil, 3HadeHnsT Ipo-
IPAMMHBIX TT€PEMEHHBIX—C-CPEON.
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Breimosserne Kazkmoro mara 000OIEHHOTO BBIYUCICHUsT HaJ KOH(MUIypaImeil ¢ COCTOUT
B CJICJIYIOIEM:

1. Ecam BbIYuc/sieMblii TepM B C gBJISETCH BBIPAYKEHUEM, TO C—IACCUBHAA KOH(UTYpa-
s, <C> COJEPKUT TOJILKO IMACCUBHBIE COCTOsiHMA. B 3TOM citydae ptr cTpouT Tepmu-
HaJIbHYIO (JCTOBYIO) Bepruhy Jepesa: (LEAF c).

2. Jlig HemacCUBHBIX KOH(UTYPAIUil BBITIOJTHAETC IIar 0OOOIEHHOTO BBIYUC/ICHUS, TEM
’Ke 00pasoM, Kak 9To jenaeTcd B int. [Ipn 9ToM BO3MOXKHBI JBa Cydas:

e JIubo Haymume KOHQUIYPAIMOHHBIX IIEPEMEHHHBIX B OOOOIIEHHOM COCTOSIHIHI
(koHUryparmn) ¢ He MeIaeT OJHO3HAYHO MOCTPOUTH CJIejlytoriee 0000IeHHOe
COCTOAHUE C’—TO €CThb, JJId BCEX COCTOAHUN M3 C OUYEPEIHOI IIar BBIIIOJIHACTCH
OJIHIM U TeM 2Ke CII0cob0M. B 9TOM ciiyvuae BBIIOIHSIETCS IIOCTPOEHNE U3 BEPIITUHBI
¢ KoHUrypariumeir ¢ ogHoro pebpa:

NODE ¢ [ (idC, subtree) ]
rie subtree—ImoepeBo KOHMUrypaluii, TOCTPOEHHOE JIJIsT KOH(DUTYPAITHHT C°.

e JIubo Hasmmume KOHMUIYPAIMOHHBIX [IEPEMEHHBIX B 0000IIEHHOM COCTOSTHUN (KOH-
dburypanum) ¢ Meraer OJHO3HATHO MOCTPOUTH CJIEyFoIee 000OIIEHHOe COCTOs-
HUEe—IIPU PA3HBIX 3HAYCHUAX KOH(MUTYPAIIMOHHBIX ITEPEMEHHBIX TOJIYYaloTCsa CO-
CTOsIHUSI, BBIOMPAIOIIE Pa3Hble CIIOCOOBI TPOJIOJIZKEHNS BhIYncaeHuit. B srom ciy-
yae ydaemcs NOCTPOUTH Takoe pazbuenue sp=(cntl,cnt2), 4ro jyisa Kaxoil us3
nojkouduryparuit cl=c/.cntl u c2=c/.cnt2 yxke MOXKHO OJHO3HAYTHO BbIIIOJI-
HUTD IIIar BBIYUC/IEHUI U TepeiiTu K KoHduryparu cl’—B pe3y/brare BBITIOTHE-
HUd mara Jijisi Konpurypaiun cl, u K KoHpurypanun c2’—8B pe3y/bTaTe BbIIOJI-
HeHUd Trmara Jjs KoHdurypanmun c2. B 3ToMm cirydae BBITOTHSETCS ITOCTPOEHME
Pa3BUJIKU—IBYX pedep U3 BepIInHbI ¢ KOHpUTyparyeii c:

NODE ¢ [ (cntl, subtreel), (cnt2, subtree2) ]
re subtreel—rmoaepeBo KoHMUrypalyii, mocTpoeHHoe Jjid Konduryparmuu cl’,

subtree2—1mo/iiepeBo KOHMUTYpaIuii, IOCTPOEHHOE sl KOHUrypamun c2°.

Paccmorpum nojipobuee asroputm ptr. [lo cBoum aprymenTtam p, cl=(ces,r), OyHKIHA
ptr dopMupyer HadAILHYIO KOHUrypanuio 0bo0ienHoro serancienus ¢ = ((t,ce), r),
rje:

e t = (CALL f prms) —TepM™, KOTOPbIif HEOOXOIUMO BBIYUC/IUTD, f—TiepBas QPyHKIU U3
[POTPaMMBbI P, Prms—CIIMCOK €€ TapaMeTpOB;

e ce = mkEnv prms ces-—Ha4daJlbHad CPpela O606LLL€HHOI"O BbIYMCJICHUA]

3aMeTuM, U4TO t U Ce—OIPEJEJISIOTCs 10 TeM Ke MPaBUJIAM, 110 KOTOPBIM B OOBIYHBIX
BBIUUCJIEHUSIX (CM. aJIFOPUTM int HA PUCYHKE omnpezessgercd HadalbHoe COCTOAHNE Bbl-
qucjaenuda s = (t,e).

layee BoI3biBacTca pynkims evalT ¢ p i, KOToOpad Ha KaxKJIOM IIare CTPOUT:

e 60 BEpIIUHY ¢ OJHUM pebpoM (mepBoe mpe/iokenne evalT):

NODE c¢ [ (idC, subtree) 1;
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e 60 BepIINHY ¢ 1ByMs pebpamu (BTopoe mpejyioxkenue evalT):
NODE ¢ [ (cntl, subtreel), (cnt2, subtree2) 1;

e 1100 TEPMUHAJILHYIO BEpIIUHY (Tperbe mnpejjioxkenue evalT):
LEAF c;

rje subtree, subtreel, subtree2—jiepeBbs, IOCTPOEHHBIE PEKYPCUBHBIMU BbI30BaAMU (DYHK-
nuu evalT iyt HOBBIX KoHndwuryparmii, (cntl, cnt2) —pasduenue KOHMUTYPAIUN C, OTIPeIe-
JiieMoe (pyHkImeit ccond.

B nepBom mnipepsioxkenun by evalT paccMaTpuBaeTcsd Cydail KOH(MUTY AT,
y KOTOPOIT BBIYUC/ISIEMbIl TEPM sBJIsIeTCS BbI30BOM (DyHKIMH. B 3TOM cityuae 0600IeHHbIe
BbIUUC/IEHUsT (TIEPEX0/I K HOBO# KOH(MUIYpAIK C’) BBIIOJHSIIOTCA OJHO3HAUHO, [0 TEM Ke
[paBUJIaM, KaK 9TO JeJaeTcsi B OOBIIHBIX BBIUUCJICHUAX (Cp. IepBoe mpejjioxkeHune GyHK-
muu eval w3 ajropuTMma int u nepsoe mpejyioxkenue dyHkinun evalT u3 agroputma ptr).
['enepupyercsa BepimHa jepesa, ¢ OJIHOI BETBBIO:

NODE c¢ [ (idC, subtree) ]

rje subtree—epeBo, IOCTPOEHHOE PEKYPCUBHBIM BbI30BOM (DYHKIIUN Ha HOBOI KOoH(MUTrypa-
muu: evalT ¢’ p 1i.

Bo BTOopom nipesgioxkenuu evalT paccmorpena Korduryparus c=((t,ce) ,r), BbIIuc-
JIZEMBIl TeEPM t KOTOPO# mMmeeT BHJI ycaoBHOM KoHCTpyKmmu: t = (ALT cnd tl t2).

B srom ciyuae BbI3biBaeTcs pyHKIusg ccond cnd ce i, KoTopas ABJIsieTCsi 00OOIIEHHOM
Bepcueit pynkiun cond u3 ajaropurma int. IIpu momormu dyHkimun ccond cTpouTcs pa3dou-
enne (cntl,cnt2) g kouduryparuu ¢, maxoe, ITo:

1. B mMHOXKecTBO <c/.cntl> momajgaioT Te U TOJBKO Te COCTOSIHHSI SE<C>, JJIA KOTO-
PBIX Ha JIAHHOM IIfare OOBIYHOI'O BBIYHUC/ICHUSI PE3YJIbTAT IPOBEPKHU ycaoBus cnd Oyer
rosioxkuTeIbHbIM—TRUE;

2. B MHOXKeCTBO <c/.cnt2> momnajamT Te U TOJbKO T€ COCTOSHUS SE<C>, JUId KOTO-
PBIX Ha JIAHHOM I1are 0OBIYHOI'O BBIYUC/IEHUS Pe3y/IbTaT IIPOBEPKHU ycjioBus cnd Oyaer
orpunareibHbIM—FALSE.

Vkazannoe cBoiicTBo pazbuenusi (cnt’,cnt’’) ciemyer u3 onpejencHus QyHKIUU ccond,
TeopeMbl 29 1 yTBepKIeHUs [0, B KOTOPOM IIOKa3aHO, YTO PA3/INIHbIC 3HAUCHUS C-IIepeMeH-
HBIX COOTBETCTBYIOT PA3/JMIHBIM dJI€MEHTaM MHOMKECTBa <C>.

[Tomumo ykazauHOTO pasdueHus GpyHKIMA ccond OIpPeIessdeT JIBa U3MEHEHUSA C-CPeTbl—
ucel 1 uce2,—KOTOpbIE ABJIAIOTCSA U3MEHEHUSIMH C-CPEJIbI JIJI CJTyYaeB, €CJIN Pe3Y/IbTaT ITPO-
BepKu ycjoBusd cnd paBeH, coorBeTcTBeHHO, TRUE n FALSE.

ITo cytu, dynkius ccond siBjsieTcst TabnIeil, B KOTOPOil pa300paHbl pa3/IMIHbIe CJIyYan
BBIUUCJIEHNS YCIOBHU:A C Ha C-CpeJie—CM. PUCYHOK [3.3]

[To pesyabraTy BbraucaeHUS (DYHKIIUKA ccond:

((cntl,cnt2), ucel, uce2, i’) = ccond cnd ce i
BBITIOJIHAIOT CJIEJTYIOIIee:

1. Crposar npe momkoHMUryparun KOH(GUTYPAIUA €, JI/IsT KOTOPBIX MOYKHO OJIHO3ZHATHO
BBITIOJIHUTH TEKYIIHil 1rar 0000IEeHHOI0 BhIYUCIEHUS:
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cl
c2

((t,cel), rl)
((t,ce2), r2)

c/.cntl
c/.cnt?2

2. BeIosHAIOT mar BBIYUCIEHUNH I KOH(MUIYpalnn cl, KoTopas 10 IMOCTPOEHUI0 CO-
JEP2KUT BCE COCTOSHUA, JIJIT KOTOPBIX IPOBePKa yCjIoBUd cnd ITPUBOJUT K PE3YIbTaTy
TRUE—ompe/ie/IgioT HOBoe 000DIIEHHOEe COCTOsIHIE B IIOJTHOM COOTBETCTBUM C IIPaBUJIa-
MM BBITIOJIHEHUS OOBIYHBIX BhIMHUCICHUN 11 pe3ynabrata TRUE mpoBepku ycjioBus cnd:

cl’> = ((t1, cel+.ucel), rl)

3. BBIIOJHSIOT IMar BBIYUCICHUN JIJId KOH(MUTYpaIMU C2, KOTOpas IO IOCTPOEHUIO CO-
JEePXKUT BCE COCTOSIHUS, JIJIsI KOTOPBIX IIPOBEPKA yCJIOBUA cnd IPUBOJIUT K Pe3yabTaTy
FALSE—ompeie/igaioT HOBOe 0DOOIIEHHOE COCTOsIHUE B IIOJIJHOM COOTBETCTBHUU C IIPABU-
JIAMU BBITIOJTHEHUsT OOBITHBIX BBIYUCICHUN i1 pe3ysibrata FALSE MpOBEPKH YCJIOBHS
cnd:

c2’ = ((t2, ce2+.uce2), r2)
4. QopMHUPYIOT BEPINUHY JepeBa ¢ Pa3BUJIKOIL:
NODE c¢ [(cntl, subtreel), (cnt2, subtree2)]

rjie 1oJiepeBbs subtreel u subtree2 cTpoATCS PEKYPCUBHBIMU BbIZOBAMU (DYHKITUU
evalT mia KoHdurypamnuii c1’ u ¢2’, cOOTBETCTBEHHO:

subtreel
subtree?2

evalT cl1’ p i’
evalT c2’ p i’

B Tperbem mpemsioxkennn dbyukimu evalT paccMaTpuBaeTcs raccuBHas KOHMUrypa-
IUsl C, y KOTOPOil BBIYUC/IIEMBIN TEPM sIBJIsIeTCS BhIpakeHueM. B sTom ciydae obobieHHoe
BBIUNCJICHUE 3aBeplIaecTCA—TeHEPUPYEeTCd TepMUHAIbHAas BepinHa faepesa: LEAF c.

BouJtee niojipobubIit pazdop ajaropurMa ptr U JI0Ka3aTe/IbCTBO TeopeMbl [30| MOXKHO HaiiTh
B [FTP].

Teopema 30

[Tycts peR—1uporpamma, cl=(ces, r) —00600IIEHHOE JTAHHOE JIJI P, 1—I1€/10€ TUCI0, 6OJTh-
mee uHJIeKca JI000i c-niepemennoit u3 cl. Torma ompepensgemoe aaropuTMoM ptr JIepeBo
tree = ptr p cl i gBideTrcd JepeBOM IIPOIECCOB MPOrpaMMBbl p Ha KJjacce cl.

3.2.3 VYaydnieHHbIl aJroOpuTM MOCTPOEHUS
JepeBa IIPOIECCOB

PaccemorpumM siepeBo tree, nmosiydyaemoe B pe3y/ibTare Bhluucjienud ptr p cl i. B zmepese
tree MOTyT ObITH ‘“JIMIIHEE’ BETBU, a UMEHHO BeTBH b (6yJeM Ha3bIBATH UX CYTUE 6EMEU),
BeJIyIIKE OT HEKOTOPOI BEPIIMHBI ¢ KOH(UTypalueil c1 K BepIINHe ¢ IyCTO KOH(UTyparueit
c:

c1
b = (cnt, NODE c bs), ¢ = ((t,ce), INCONSISTENT)
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Kak ciemyer u3 tekcra dpyukiun evalT, eci OT BEPIIMHBI ¢ HEKOTOPO KOHMUTYypanueii ¢l
nMeeTcst pedpo ¢ pecTpUKIMeil cnt, BeyIiee K BePIINHE C:

cnt
cl — ¢
TO JiBe KOoHurypamnuu cl/.cnt u ¢ UMEIOT TEKCTYAJILHO OJIHY U Ty YKe PEeCTPUKINIO. Takum
00pa3oM I CyXOil BeTBU b BBIIIOJIHEHO:

cnt
cl — ¢

b = (cnt, NODE ¢ bs), ¢ = ((t,ce), INCONSISTENT),
cl/.cnt = ((t’,ce’), INCONSISTENT),
<c> = (), <c1/.cnt> = ()

B cuiy stux coorHomenuil u 1o onpezenenusim 25 u 27, umeer mecto ciemyromee yTBep-
KJEHUE:

xptr :: ProgR -> Class -> Tree
xptr p cl = NODE c (cutT brs)
where
tree = ptr p cl
NODE c brs = tree

cutT :: [Branch] -> [Branch]
cutT [ ] =[]
cutT (b@(cnt, tree) : bs) =
case tree of
LEAF (_, INCONSISTENT) -> cutT bs
NODE (_, INCONSISTENT) _ -> cutT bs
LEAF c -> (b :cutT bs)
NODE ¢ bs’ -> (b’:cutT bs)
where tree’ = NODE c¢ (cutT bs’)
b’ (cnt, tree?)

Puc. 3.4: ViydieHHbIi aJropuT™ IMOCTPOEHUs JIEPEBA ITPOIIECCOB

YrBepxkaeHue 31

[Iycts pER—1porpamma, cl—obobiieHHOe JaHHOE JJId P, 1—Ie0€e Yucso, OoJibinee WH-
Jlekca Jiio0oit c-riepeMeHHol u3 cl, tree’—aepeBo, MOJIYyUYEeHHOE U3 JIepeBa tree yaajieHueM
CyXHUX BeTBei (BMeCTe C BEpUIMHON M IIOAJAEePEeBOM, K KOTOPOMY BeJeT CyXasd BeTBb), rae
tree = ptr p cl i. Torma tree’—jepeBo MPoIECCOB MPOrpaMMbI p Ha JIAHHBIX KJiacca cl.

Bo3MOXKHOCTD HOSIBJIEHUST CyXUX BETBEl B JilepeBe tree 0COOEHHO OYeBU/HA JIJIS TEX CIIy-
yaes, Korja ccond Bo3Bpamaer B KadecTBe pasduenus (idC,emptC) wm (emptC,idC). B
pabore [I8| obcykmaTcs MeHee TPUBHAJILHBIC BOSMOYKHOCTH TOSIBICHUS CYXUX BETBeil B
JiepeBe 1porieccoB. B ety yrBepxKienusd [31| MOKHO yyrydIuTh aJirOpUT™M ptr, COXpAHUB IIPH
TOM BCe CBOWCTBA Pe3yJILTUPYIOIIErO JepeBa: MO0 BHECTH TaKHe HCIPaBJIeHUs B (QyHK-
o evalT, 9ToOBI CyXue BETBU He IMOPOXKIAJNCH, TNOO BCIIOMOTATEIbHONM (DyHKIIMEH 0Tcedh
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CyXue BeTBU B IOCTPOEHHOM JiepeBe. OCTAaHOBUMCS HA BTOPOM BapHaHTeﬂ Ha pucynke
NPUBEJIEH YJIYUIIEHHBIH aJrOPUTM XPtr IMOCTPOEHUs JiepeBa MpoIeccoB. JJaHHbIil ajaroputm
BBIUHCJISIET JIEPEBO tree=ptr p cl i m ymasser nmpu moMory MyHKIN cutT B 9TOM JiepeBe
cyxue BeTBH. llo ompejiesiennio ajnroputma xptr, B CHJIy TeOpeEMBbI @ U YTBEPXKJIEHUS
UMeET MECTO CJIETYIONIas TeopeMa.

Teopema 32

[Iycts peR—1porpamma, cl=(ces,r) —0000IIEHHOE JTAHHOE IS P, 1—T1eJI0e TUCTI0, OO0JIb-
mee uHJEKca Jiioboit c-miepemennoit u3 cl. Torya tree = xptr p cl i—saBjgercd JepeBOM
IIPOTIECCOB MPOTI'PAMMBbI P Ha JIAHHBIX Kjacca cl.

! Bropoif BapuanT mo 3¢pHEeKTHBHOCTH He OTJIHYACTCS OT HEePBOrO: B CHJIY JICHHBON CEMAHTHKH S3BIKA
Gofer—cyxast BETBb OYZIeT OTCEKATHCsI PAHBIIE, YeM OyIeT TOCTPOEHO IOIEPEBO, K KOTOPOMY BEJIET JAHHAS
BETBb.
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I'maBa 4

OKpecTHOCTHBIIT aHAJIN3

B manoii rnase jist a3beika TSG OyJier mocTpoena u ucc/ie0BaHa aJrOpUTMUYCCKAs pe-
aJIN3aIsl TOYHOTO OKPECTHOCTHOIO aHasm3a. 1Ipn aTom okpecTHOCTHBIN aHaIn3 Oy/IeT pac-
CMaTpHUBATLCA KaK OOIuii MeToI, 6€3 MPUBA3KU K KAaKOMY-HUOY/Ib PUMEHEHUIO.

4.1 OcHOBHBIE IIOHIATUA

OerCTHOCTHbIﬁ aHaJIn3 ABJIACTCA MHCTPYMEHTOM CI)OpMaJ'II/ISaHI/II/I NHTYUTHUBHOI'O BOIIPO-
ca:

Kaxaa ungopmayusn o mexcme d 6viaa ucnoasv3o6ana, U Kaxkas urndopmayus o d
HE OBLAG UCTLOAB30BANHG 8 HEKOMOPOM npouecce p obpabomku mexcma d?

3/1ech paccMaTPUBAIOTCA TOJBKO KOHCMPYKMUGHbLE TIPOIECCHl 00PADOTKH TEKCTa, Peasn3o-
BaHHBIC IPOIPAMMaMU p Ha A3BIKE R.

[Iycte pER—1porpamma, peausyionias HEKOTOPbIE POIecchl 00paboTKu TeKCToB. [l
3a;1aHHOr0 TekcTa dED 6y/ieM UMeTh KOHKPeTHEI mporecc p d = res ero obpaboTKu, riie
res—pe3yJbTaT BbIUMUCJIEeHUs p Ha d.

Kakoif cMBICII IMeeT MHTYHTHBHAs (paza “B mporecce p d => res HCIOIb30BAIACH HE
Best mHpopMatns o Tekcre d”? O4UeBnIHO, 3TO O3HATAET, ITO TeKCT d MOXKeT ObITh U3MEHEH—
TO €CTh 3aMeHeH Ha HEKOTOPBIH JIpyroit TekcT d’—TaK, 9To Iporece 00pabOTKH U3MEHEHHOT'O
Tekcrap d’ = res GyjeT TOUHO TAKMM Ke, Kak 1 nporecc p d = res. IIpu sToM, ecim Her
BAPHAHTOB M3MEHEHMsI TeKcTa d, COXPAHSIONNX Ipoliece p d => res HEM3MEHHBIM, TO G6CA
ungopmayusa o Texcre d OblIa UCIOIB30BAaHA B IIporecce p d = res; ec/l eCTh BAPUAHTHI
I3MCHEHUA TEKCTa d, COXPaHAIONNUX Ipolece p d < res HEM3MCHHBIM, TO YACMb UHGOPMA-
yuu o TexcTe d ObLIa HCIOIb30BaHa B Iporecce p d => res, a yacThb—HeT. MHOKecTBO Beex
BO3MOXKHBIX MOAudUKaIuii Tekcta d—3aMeH Tekcta d Ha Jpyroit Teker d’—CoXpaHsommuX
mponecc p d = res HEU3MEHHBIM:

* o
npouecc p d’ = Tes mouro maxol gce, Kax (4.1)

o(p,d) = (d’ X
npouecc p d = res

ompeesseT, Kakasg nHdopmalnsg o Tekcre d OblIa HCIOJb30BaHa, U Kakasd UHMOPMAIAA O
Tekcre d He ObliIa UCIOIBb30BaHA B Iporecce p d = res.

Ompenenenne (4.1]) Bce ere HedopmabHOE, TaK KaK HESICHO, 9TO O3HATAET YCIOBUE Npo-
uece p d’ = res mouno maxot oice, xax npouecc p d = res’. UTOOBI €ro TOUHO OIpe-
JIeJIUTD, UCHONb3yeM nousTue mpaccu: tr(p,d) (em. pasgen [1.3)). IIpu pasiutHbIX BXOJHBIX
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JaHHbIX d mporecc p d = res MOXKET HMETh pas3anviHble IIyTH (I/ICTopI/H/I) CBOEI'0 pPa3BU-
tus. B raBe |3 BBeieHo MoHsATHE JiepeBa mporecca. Pasimdrbie myTn 3Toro jepesa (B obiem
cirydae—0eCKOHETHOTO) MIPEJICTABIISIOT Pa3/IMIHble HCTOPUU Pa3BUTH mporecca p d = res
Py Pa3/IMIHBbIX JaHHBIX dED. Pa3Buiakm 3Toro jiepeBa COOTBETCTBYIOT BapuaHTaM BeTBJIe-
uuit B mporpamme p. Kaxkmoe konkpernoe jgannoe d BIOUpaeT B JAHHOM JiepEBE OJIUH Iy Th,
COOTBETCTBYIOIIUI KOHKPETHOI MUCTOPUM pa3BUTUA Lpoliecca p d = res. Tpacca mporec-
ca B pazjerne [1.3] onpenenena st TSG Kak crmcok pesysnbraroB—True uian False—Bcex
IIPOBEPOK, BBIMOJHEHHBIX B IIporiecce BbramcyeHns p d. Takmm oOpasom, Tpacca COIEPKUT
nH(MOPMAIIIIO, KOTOpasd U3 BCEX BO3MOXKHBIX ITyTell pa3BUTHs BBIUNCIEHUS P MO3BOJIAIa ObI
BBIOPATH TOT CAMBIil IIyTh, 9YTO OBLI BHIOPAH JAHHLIMA d.

Taxum obpaszom, B HedopmaabaoM ompesestennn (4.1]) muoxectsa o (p,d) yeaoBue “npo-
uecc p a’ = res MouHo Maxoll dice, KK NPoOUECC p d = res’ MOKHO (POPMAIH30BATD,
HCIIOJIL3YS IIOHATHE TPACCHL:

tr(p,d) = tr(p,d’) & pd=p &’

[Tocse wero muOXKecTBO 0 (p,d), onuckhIBaOIIee, Kakas nHMOPMaIysS 0 TeKcTe d ObLIa NCIOb-
*

30BaHa, a Kakasg—HeT, B rporecce p d = res oOpaboTKu TekcTa d, nmoaydaer popMabHOe

orrpeeIeHue:

o(p,d) = { d’ | tr(p,d) = tr(p,d’), pd=p d’ } (4.2)

YT00bI TPEILABIATL MHOXKECTBO 0 (p,d) J/1d JAJIBHERIIIETO NCIOTb30BAHUS, OHO JIOJTXKHO
OBITH IPEJICTAB/ICHO B BUJIE KOHCTPYKTUBHOTO 00beKTa. B ri1ase [2| BBIOpaHbI CpeJIcTBa, IIPeI-
CTaBJICHUA MHOXKECTB JIAHHBIX B BHUJIEe KJaccoB. [Ipw 3TOM OBLIO M3BECTHO, UTO HaillyTCs
MHOYKECTBA JIAHHBIX, HEIPEJICTABUMBbIE JIAHHBIM c1iocoboM—cM. cHocky [4] va crpanure [10] To
€CTb, IPEJICTOUT YOeIUTHCsI, UTO JiJisd JII0DOH MporpaMMbl p U JIaHHBIX d MHOXKecTBO 0 (p,d)
npedcmagumo B BuJie Kiacca. 1o Oyaer cuenano B pasjese [4.3] re nperbsasieH aaropurm
nan—OKpEeCTHOCTHBII aHaJm3aTop,—Bbraucsionmii L-kimacc O, mnpeacTaBsionuii MHOMKe-
ctBO 0(p,d).

[ToMuMO OKPECTHOCTHOI'O aHaIu3aTopa B MHCTPYMEHTApPUil OKPECTHOCTHOTO aHaJIU3a
BXO/IUT HAOOP omeparuii HaJi OKPECTHOCTAMU —IIEpecedeHne OKPECTHOCTEN, JTEeKOMITO3UIINS
okpectnoctu u T.11. [losromy B pasziesne Oy/yT KOHCTPYKTHBHO (B BHJe AJTOPUTMOB)
orpesiesIeHbl U 00CY2KJIEHBI pa3InIHbIe Olepallni HaJl KJIaCCaMU U OKPECTHOCTSIMU.

4.2 OkpecTHOCTHU

Ompenenenne 28
[Tycts O=(ces,rs)—L-xacc, de<O>C [EVal]. Torua 6yaem HazbBaTh () OKPECTHOCTHIO
d.

Takum obpaszom, L-kiacc O dgBigercd OKpPeCTHOCTBIO i JiioOoro sjneMenta u3 <O>.
Bce cpoiicTBa L-KitaccoB cupaBeyInBbI 1 JjIs OKPeCTHOCTEH. EIMHCTBEHHOE OT/INYIHe MEK Ly
L-xyraccamMu m OKpPECTHOCTSIME: HAJUYIUE BBIJICJICHHOIO dJeMeHTa d—uenmpa OKPECTHOCTH.
Korna sTo 6yaer ymobHBIM, OyaeM 3aluchbiBaTh IIEHTP OKPECTHOCTH d B IO3UIMNA BEPXHETO
HHIeKca y obosHaderns okpecrroctn: O, Tlo ompeesennio, OKpeCTHOCTD He MOYKET GBITD
nycroit: de<O9>.
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OxkpecTHOCTH 0% nanmbix d OyJLyT WCIIOJIb30BaThCs JIJII IIPEJICTABJICHUST MHOXKECTB
o(p,d)—<0%=0(p,d), KOTOpBIE B CBOIO OUYEPEb OIPEIEIAIOT, Kakas HH(MOPMAIII O
JaHHBIX d ObLIa MCIOJIb30BaHa B Ipollecce 0OpadOTKM MaHHBIX d mporpaMmmoit p. Muoxe-
cTBO 0(p,d), IO ompejieleHnIo He IycTo, Tak Kak d€o(p,d). Ecim d—eauncrBennbii s1e-
MeHTEI <o(p,d)>, To Bca mHMOpMalus o JaHHbIX d ObLIa KCIOJIb30BaHa B Iporecce p d—
HEBO3MOXKHO 3aMEHNTL d Ha Apyrue JaHuble d’, COXpaHuB IIPA 9TOM HEM3MEHHLIMHU TPAaCCy
U pe3yJbTar mporecca 00pabOTKH.

Ecm <O%>=0(p,d) moMuMo d COJEP:KHUT U APYIHe 3JEMEHTHl, TO He Bcsd MHBOPMAIS
0 JMaHHBIX d ObLIa MCIIOIB30BaHa B Iporiecce p d—MOXKHO JaHHble d 3aMEHUTH Ha JpyTue
JaHHble d’, COXpaHUB IIPU TOM HEU3MEHHBIMU TPACCy M PE3yJabTaT Ipolecca 00pabOTKH.
Yen 6osible BAPHAHTOB TAKHX 3aMeH—deM Impe MHozxkectBo <O%>=0(p,d) —TeMm MeHbIe
nHdopMaImu 0 JaHHBIX d ObLJIO MCIOJIB30BAHO B IIPOIECCE P dE]

IIycrs umerorea ase okpecrnoctn O, O nannbix d, <O$>=o0(p;,d), <O>=0(p,,d) u
BBIIIOJIHEHO <(9?>C<(’)§1>, TOT/Ta MOYKHO CKa3aTh, UTO B IIporiecce pa d 0OpabOTKM JTaHHBIX d
UCIIOJIB30BaHO boavwe uHdopmaruu o d, yeM B mporecce p; d.

Onpenenenune 29
[ycrs O, O$—oxpectroctn mannbix d. Torma

o 0% Gynem nasbiBaTh nodokpecmmocmuio oxpecrnoctu OF, a OF Gynem nazeiBaTh Ha-
doxpecmmocmuio O3, ecn O$=0¢.

e 0% Gynem nasweBaTh cobemeennoti nodokpecmmocmuto okpectaoct OF, a O Gynem
HA3BIBATL cobemeentotl nadoxpecmmocmuio O3, ecrm O$<O¢.

YuuTeiBas yTBEPXK/ICHAE , ornomenns O3 =<0% u OI<O¢ moxno TpakTOBaTH CIIC/LY-
romuM o6pazom: 6 oxpecmuocmu OF onpedenero Goavwe ungopmavyuu o d (menvue neonpe-
deaennocmeti, menvue 603mogicrnocmeti daa capuanudi), wem 6 O,

B cuy onpenesnenust 28| u yreepxk ienust [20] Bbiosineno ciesyiomiee: L-kaace O asasemces
oxpecmHnocmvIo dannvix d mozda u moavko moezda, xozda O asasemcs nadkiaccom L-kracca
sngl(d). C y4eToM JaHHOrO OOCTOATENbCTBA, CJEIYIONas Teopema SABJIACTCH TTPAMBIM
cJIeZIcTBAEM TeopeMbl [26]

Teopema 33

st moboro ranHoro d€D MHOXKECTBO KAHOHHYECKUX (DOPM OKpecTHOCTell d KOHEYHO H
He cymectsyer Geckoneunoi nocaeposarensaoctn O%=-03- 0%~ . . . oxpecTHOCTEI HAHHBIX
d.

Teopema |33| corstacyercsd ¢ nH(GOPMAIIMOHHON UHTEpIPeTaIeii OKpecTHOCTeH JTaHHbIX d.
Ecmm Og>0,§ +1, TO (’)li1 orpesieieT HEeKOTOPYIo nHMOPMAIHIO 0 d, a Og 11 onpeJiesisieT bolee
nosayto (yrounennyio) uadopmarmio o d. HeBo3aMoKHO 6eCKOHETHO yTOIHATH NH(MOPMAITIIO
0 JaHHBIX d: Kaxcdas KOHEeUHaA cmPYKmypa darnvx codeporcum “6 cebe” Koneuwnoe “kosumne-
cmeo” ungopmayuu. 3a KOHEUHOE JUCI0 YTOUYHEHHI OyIeT cKa3aHO BCe O JaHHBIX d—oue-
peJiHasg OKPECTHOCTDL B HOCJICI0BATEILHOCTH yTOYHenmid coxmMerca B Touky: O%=sngl(d),

<09%>={d}.

L' B srom clIyJdae (CM. yTBep2KJieHne , o(p,d) npesicraBuMo L-kitaccom sngl (d), KOTOpBIi SABJISIETCS
OJIHODJIEMEHTHON—CaMoil y3Kofi—oKpecTHOCThIO d: <sngl(d)>={d}.

2 D10 MOIHOCTDHIO COTJIACYETCsl C KJIACCHIECKUM OIpeieleHneM NH(MOPMAINH, KAK MEPbI HEOIIPEIeJIEHHO-
CTH, MePBbI JOILyCTUMbBIX Bapualuii.
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mkCExps :: Parms -> FreeIndx -> (CExps, FreelIndx)

mkCExps [ ] i= M, 1)
mkCExps (parm:parms) i = ( (cvar:ces),i’’)
where

(cvar,i’ ) = case parm of
PVE _ -> mkCEVar i
PVA _ -> mkCAVar i
(ces, i’’) = mkCExps parms i’

Puc. 4.1: Benomorarenbaasa dyakius mkCExps

4.3 OKpeCcTHOCTHBIII aHAJN3aTOP

B nannom pazjernie OyeTr MmokasaHo, 4TO Jijid JI00O mporpaMMbl pER u jganabix d€D
MHOXKeCTBO 0 (p,d) IpencTaBUMO B BUJE OKPECTHOCTU o4 JaHHBIX d: <09 = o(p,d). Ha
pucytke [1.2| IpuBeJIeH 0KpecmHoCmHvLl GHAAU3GMOP Nan—aJIlOPUTM IIOCTPOEHUST PE3y/IbTa-
Ta BLIUHCICHns p d = res u ykasammoit okpecraocts 0% nan d p — (res, O9).

4.3.1 BcrmiomorareabHble PYHKIIUN AJTOPUTMA nan

Kak omnpegneneno B pasgeste (1.2.1) ecsim cimcok napaMeTpoB IepBOil (PYHKIUU B IIPO-
rpaMMe p mmeer Buj: [parmi,...,parm,], TO BXOJIHbIE JAHHBIEC JjIsd IIPOTPAMMBI P JIOJIK-
HbI OBITH CIIUCKOM a- U e-3Hadvenuii [dy,...,d,]€[EVall, npuuem d;€AVal, ecin parm;,—a-
nepemennas. Takum obpazom, MHO2KeCTBO Dom(p) 6cex 6803MOAHCHBIT BLOOHBL OGHHDIT TIPO-
rPaMMbI P UMeeT CJIeJIyIoIIee peJCTaBIeHHe:

O, = (cesy, RESTR[]), cesy = (cvary,...,cvar,),

rje cvary, ...,Cvar,—pa3judHble C-IEPEMEeHHbIe U Cvar;—ca-llepeMeHHas, eCJIN parm;—a-
HepeMeHHasi, Cvar;—ce-llepeMeHHast, eCJIn parm;,—e-lepeMeHHas.

JI1s1 oCTpOeHusT CIIUCKA C-TIEPEMEHHBIX CeSg II0 CIIMCKY ITapaMeTpPOB MEpPBOH (pYHKITHI
IPOrpaMMbl B OKPECTHOCTHOM aHAJIM3aTOPE Nan MCIojib3yercs: hbyHKinus mkCExps (cM. pu-
CYHOK .

Hampumep, ecim crnmcok mapamMeTpoB 1epBoit (DYHKIMU B IIpOrpaMMe p HMeeT BUJT
[a.x,a.y,e.z], TOo ¢ moMombio hyHKIMN MKCEXpsS Oy/eT MOCTPOEHO ClleyIolee TpeICcTaB-
JleHue Jiis MHOzKecTBa Dom(p):

cesg = [A.1,A4.2,£.3],
Dom(p)=<0,>=<cesy,RESTR[]>.

Kpome dynkmmn mkCExps B aJiropuTMe nan UCHOJIb3YIOTCA BCE BCIIOMOTATETbHBIC (DYHK-
UK ¥ OTIePaTOPbl U3 AJITOPUTMOB int u nan: onepatop (/.) NpUMEHEHUs CYy>KEHUM, TOJICTa-
HOBOK M cpeJl, orteparop (+.) moronnenus cpel, pyuknun mkCAVar u mkCEVar rnoctpoenust
YHUKAALHOT C-TIEPEMEHHON (Ca-TIePEMEHHON U Ce-IIepeMEHHOl, COOTBETCTBEHHO), (DYHKIIUSI
mkEnv 1mocTpoeHus cpejibl u c-cpefbl, pyuknus cond npoBepku yciaobuss ALT-koncrpykimm
U [TOCTPOEHMUS MOMOJHEHUST CPeJibl B OOBIYHOM (9TAJIOHHOM) BBIYHCJICHUH U ee 00OOIIeHHAsT
Bepcus—dyHKkIudg ccond, GyHKINA unify 0TOXKIECTBIEHUS C-BhIPAYKEHUIT—CM. pI/IcyHOK

Ha cTpaHure [32]
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4.3.2 (O6ocHOBaHNE OKPECTHOCTHOT'O aHAJMU3ATOPA

W nest asropuT™a nan COCTOUT B CJIEYIONEM. B OKPECTHOCTHOM aHAIN3aTOPE BBITIOTHIET-
cst obpraHOe BhIUNCIeHne p d => res, KOTOpOe Oy/IeM Ha3bIBAThL STAJOHHLIM BBHIUHCICHHICM.
DTAJIOHHOE BBIYUCICHNE BBIMIOJHIETCI 6 MOYHOCMU Mak, KAk MO0 0AAEMCA 6 UHMeEPnpe-
mamope int—cM. pazzue [1.3]

O/1HOBpEMEHHO U CHHXPOHHO C 3TAJIOHHBIM BBIUYNCIEHUEM BBITIOIHIETCS 0000WeHH0e Gbi-
YucAeHue TIPOIPAMMBI P HaJL C-JIaHHBIME—HaT oKpecTHOCTBIO O nanmbix d. B Hauase 0606-
IIEHHBIX BBIYUCICHUN B KA9eCTBE OKPECTHOCTH JAHHBIX d BBIOMPAECTCS MAKCHMAJIBHO BO3-
MOKHasi OKPECTHOCTb, TIPEJICTABIISIONAas MHOKeCTBO Dom(p) Bcex BO3MOKHBIX JAHHBIX JIJIs
nporpaMMbl p. O6001TIeHHOE BLIYUCICHIE BBIIOIHAETCS 68 MOYHOCTU MAK, KK 9M0 0eAGemcs
6 aA2OpUMME NOCMPOEHUA 0ePesa NPoyeccos ptr—cM. paszel [3.2]

B Tex ciyuasx, Korja JaHHbIE U3 MHOKECTBa, mpejcrasiennoro O me Bce oaHO3HaM-
HO BBIOMPAIOT TOT BAPUAHT IPOJIOJIKEHUs] BBIYUC/IECHUSA, UTO U B ITAJOHHOM BBIYUCICHUM,
nan npooanT cyzxenmne O, oT6packBast PosHO Mme JaHHble U3 TPEICTABISEMOTO OKPECTHO-
CTbIO MHO2KECTBa, KOTOPbIE BbI6paJH/I nHOE IIPOJO0JIZKEHNE NCTOPUU BBIYHCJICHUA. TO €CTb, B
O606HleHHOM BBIYNCJICHUU, BBIIOJHACMOM B nNan, OTCJIC2KUBaCTCA Ta CaMasd BETBb B JI€pPEBeE
MIPOTIECCOB, KOTOpasi COOTBETCTBYET ITAJOHHOMY BBIUMCJIEHNIO. /[pyrue BeTBH OTCEKAIOTCS.
Tekcr Tex dbparMeHTOB aJrOpUTMa nan, KOTopble OTHOCATCS K OOOOIEHHOMY BBIMUCICHHIO,
abCOJIFOTHO COBIAJIAET C COOTBETCTBYIONUME (hparMeHTaMI TEKCTa ptrﬂ.

Takum obpaszoMm obecriednBaeTCs MOCTPOEHUE MPEJICTAB/IEHUST MHOXKECTBA T€X JTAHHBIX,
KOTOpbI€C UMEIOT TY 2K€ TpaCCy BBIYUCJ/ICHUA, YTO U JaHHbIC dﬁ

PaccmoTrpum mosipobHee ajroputs nan.

OyuKIHs nan 1o 3a/IaHHO MPOrpaMMe p U BXOJIHBIM JAaHHBIM ds (opMUpYyeT apryMeHTbI
dyukIUn eval’:

e ty = (CALL f prms) —TepM, KOTOPBIII HEOOXOINMO BBIYUCIUTD, e f—TepBasd GyHK-
U U3 IPOTPAMMBI P, PrmS—CIIMCOK €€ TapaMeTpOB.

° (’)8l = (cesy, rp) HAYATBHYIO OKPECTHOCTD d, IIPEJICTABJISIONLYI0 MHOXKECTBO GCEX 603~
MOHCHBLT 8TOOHVLT JaHHHLT TIPOTPAMMBI P, TJe CeS( OIPeJe/IeH PABEHCTBOM

(cesp, ip) = mkCExps prms 1,
a HavaJbHOE 3HAUYeHMe pecTpukiun ro = RESTR[];
e ¢) = mkEnv prms ds—HaYaJbHYIO CPEJY STAJOHHOI'O BHIMUCJIEHUSI;
e ceyp = mkEnv prms cesg—HAYAJbHYIO CPEIy OOOOIEHHOTO BBIYUC/ICHNUST;

® ij,—HadYaJbHOE 3HAYEHHE CBODOOHOTO MHJIEKCA C-TIePEMEHHBIX.

3 Mo2KHO GBIJIO OIPENESIUTh Nan CJELYVIOMNM SKBUBAJICHTHBLIM 00DA30M: CTPOHTCS IIEPEBO IIPOIECCOB
tree = ptr p Od, BBIIIOJIHSIETCS ITAJIOHHOE BBIYHMCJIEHUE U OCYIIECTBJISIETCS BBIOOD M3 JiepeBa tree Toii
BETBU, KOTOpasl OTBEYAET TAJOHHOMY BbluncjieHuto. O HaKo, BHIOpAHHOE 3/1eCh OIIPE/Ie/IEHUE Nan I1peJICTaB-
Jisiercsi GoJiee yI00HBIM JIIsi OOOCHOBAHUSI AJITOPUTMA.

4 3aMernM, UTO B Hadase PA3BUTUS OKPECTHOCTHOIO aHAJIN3a [l OKPECTHOCTE! NCIOIb30BAJICS TEPMUH
“KJIacC KOHBEHHAJTHHOCTH , ITO MOIIEPKUBAJIO UX CMBIC—MHOXKECTBO TaHHBIX, BHIOMPATOIINX OIUH W TOT K
IIyTh B JIEPEBE IIPOIIECCOB.
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nan :: ProgR -> [EVal] -> (EVal, Class)
nan p d = eval’ (CALL f prms) e ce (RESTR[]) ces p i
where (DEFINE f prms _) : p’ =p

(ces, i) = mkCExps prms 1
e = mkEnv prms d
ce = mkEnv prms ces
eval’ ::Term->Env->CEnv->Restr->CExps->ProgR->Freelndx ->

(EVal, Class)

eval’ (CALL f args) e cer ces p i =
eval’ t e’ ce’ rcespi

where
DEFINE _ prms t=getDef f p
e’ = mkEnv prms (args/.e)
ce’ = mkEnv prms (args/.ce)

eval’ (ALT c t1 t2) ecer ces pi =
case cond c e of
TRUE ue -> eval’ tl (et+.ue) cel’ rl cesl p i’
FALSE ue -> eval’ t2 (e+.ue) ce2’ r2 ces2 p i’
where
((cntl,cnt2), ucel, uce2, i’) = ccond c ce i
((cel,cesl),rl) =((ce,ces),r)/.cntl
cel’ =cel+.ucel
((ce2,ces2),r2) =((ce,ces),r)/.cnt2
ce2’ =ce2+.uce2
eval’ exp e cer ces p i =
(res, (ces, r)/.subst)
where
res =exp/.e
(True,subst)=unify [exp/.ce] [res]

Puc. 4.2: OxpectHOoCTHBIN anaau3aTop i sa3bika 1SG

3aMeTuM, 4TO BCe, OTHOCAIIEECH K 9TaJOHHOMY BBIYUCIECHUIO—ty U €9—OIPEJIEIIIOTCA 8
MoOYHOCU, TaK »Ke, KaK OHU OIIpeJeJIsJINCh B MHTeplpeTaTope int p d, a c-cpejla cep u ee
PECTPUKITUS OIpesiesieHa 6 MOYHOCMY TaK Ke, KaK OHHM OIPEJIe/IS/INCh Obl B BBIYUCJIEHUN
ptr p 0% i,.

Jlajiee peKypCUBHO BBITIOJIHAETCA (DYHKIUA eval’:

eval’ tg egp ceg rg cesg p ig =
eval’ t; e; ce; ry ces; p i1 =

eval’ t, e, ce, r, ces, p i,
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[IOKA BBIMUC/IIEMBIIl T€PM t,, He OyJ/IeT TacCCUBHBIM.

Tem caMbIM BBITIOJTHAIOTCS AT STAJTOHHOTO 1 00OOIIEHHOTO BBIUNCIEHUS—IIEPEXOIbI OT
OJIHOTO COCTOSTHIST STAJIOHHOTO U 0000IIEHHOT0 BhlaucieHus (s,=(t, ,e,), c¢,=((t,,ce,) ,1,)
K JIPYrOMy—H IIepexojnsl oT ofHoil okpectroctu O%=(ces, ,r,) manmbix d K apyroi. IIpo-
CTBIM CpPaBHEHHEM TEKCTOB IIPOTrpaMM int U nan JIerKO 3aMETHTb, YTO BCe IPeodpa3soBaHUs
COCTOSIHUS Sj; B 00EMX IIPOrpaMMAaX OIPEJIeICHbI a0COTIOTHO OJUHAKOBO. DTAJTOHHOE BBITHC-
JIEHUE B nan MoJIHOCTBIO COBIAJIAET C OOBIMHBIM BhIYUCICHUEM int p d, k-Tblif peKypCUBHDI
BBI30B (DYHKITHH eval’ COOTBETCTBYET k-TOMY PEKYPCHBHOMY BBI3OBY (DYHKITHE eval, TO eCThb
COTBETCTBYET COCTOSHHIO “BBINOJIHEHO k maros Boraucienus p d7, riae k = 0,1,2.... Ana-
JIOTUYHOE COBIAJIEHNE MOYKHO 3aMETHTh U CPABHUB TEKCT nan ¢ ptr: Bce mpeoOpa3oBaHUs
00ODIIEHHOTO COCTOSIHUS Cp B 00EUX IIPOrpAMMAaX OIIPE/IE/IEHBI aDCOTIOTHO OJIMHAKOBO. DTO
obecrieunBaeT CJejIyolnee CBOCTBO: <(9§1>={ d’ | tr;(p,d’)=tr;(p,d) }.

BeimmotHeHIE OKPECTHOCTHOTO aHaM3aTOpa 3aBEPIIAeTCs, KOraa OYepeTHON BBIMHC/Is-
eMBblif TepM t, TACCUBHBIH—UMEET BUJI BBIPAXKEHUA—CM. TPEThe MpeJIoKeHne (QyHKINN
eval’, t,=exp, Ile n——YUCJIO MIATOB B STAJOHHOM BhuucjaeHnn p d => res. IIpu 9ToM BEI-
IIOJTHEHO:

<(92>=<cesn,rn>={ d’ | tr(p,d’)=tr(p,d) }, d€<(’)g>, e, €<ce, ,T,>.
Jl1s1 3aBepIIeHns OKPECTHOCTHOIO aHAJIN3a, BBITOJIHIIOTCS CJICIyIONIUe AeHCTBUS:

1. Bprancisiercss pe3yabraT res 3TAJOHHOI'O BBIYMC/IEHUS, TOYHO TaK Ke, KaK 3TO Jesa-
eTcs B UHTepIpeTaTope int: res = exp/.e,.

2. Boranciasiercs C-BbIPa2KC€HUEC CresS—3Ha9C€HUEe eXp Ha C-CPEE Cey,—pPe3yjbTaT O606HL€H-
HOI'O BBIYMCJICHUA: Cres = exp/. ce,.

3. Borumciagercs noicTanoBKa su, KOTOpas Ha3HAYAeT C-IIepeMEHHBIM U3 CTes TaKue 3Ha-
JeHus, 4To res=cres/.su (cMm. pazzein [2.6):
(True, su) = unify [cres] [res].

4. Bomommserca cyzxenne O mpu mOMOIIM T0JICTAHOBKI SU:
0% = 03/ .su = (ces,,r,)/.su.

5. B kadecTBe pe3ysbraTa OKPECTHOCTHOTO aHasIm3a Bblgaercs mapa: (res,0d).
[To mocTpoennto, res = p d. Kpome Toro,
04=04/ . su=03, <04>Cc<O%>={ a’ | tr(p,d’)=tr(p,d) }
[l st 3aBepiieHnsi 0OOCHOBAHUS AJTOPUTMA Nan OCTAJIOCH TTOKA3aTh, UTO:
<09> = o(p,d) = { d’ | tr(p,d)=tr(p,d’), pd =p d’ }
3amMeTuM, 4TO:

o(p,d) =

d’ | tr(p,d)=tr(p,d’), pd =p d’ }

d’ | 4°€<0%>, res = p d’ } o
d’ | s=FVS(0%), d’=ces,/.s, t./.(ce,/.s)=res } (**)
ces,/.s | s=FVS(0O%Y), (t./.ce,)/.s=res }

ces,/.s | s=FVS(O%), cres/.s=res }

Il
B N N T
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A. PaccmorpuM nmpomn3BoJIbHBIE JIaHHBbIE d’ €0 (p,d).
Torma (cMm. (**)) cymecTByeT mojcTaHOBKA S, Takasi, ITO

s=FVS(0%),
’=ces,/.s,
r,/.s=RESTR[], cres/.s=res.

PaccmoTpum 1mofcTaHOBKY s’=su.*.s. 3aMETUM, 9TO BBIIIOJTHEHO:
cres/.s’ = cres/.(su.*x.s) = (cres/.su)/.s = res/.s = res = cres/.s

[Ipearociieiiee paBeHCTBO BBIMIOJIHEHO B CUJIY TOTO, UTO res He COJIEPKUT C-TIepeMeHHbIX. B
cuity yrBepKiennst b u3 paBeHcTBa cres/.s’=cres/.s ciejyer, uto v/ .s’=v/ . s jis ja060ii
c-miepeMennoit ve (cvars cres). Pacemorpum o0yio c-miepemennyio vé (cvars cres). B
cuny yreepxkaenns reft:unify, (cvars cres)=(dom su). [TosTomy

v/.s’ = v/.(su.*x.s8) = (v/.su)/.s = v/.s
Urak, das 100600 c-iepeMeHHOl v BBITIOIHEHO: v/ .8 = v/.s. CiemoBarenbHO

(d’, RESTR[]) = (ces,,r,)/.s = O%/.s = 03/.s> = 0%/.(su.*.5) =
(0¢/.su)/.s = 0%/ .s

Taxk kax O9/.s=(d’, RESTR[]), 1o s€FVS(OY) u mauuble d’ SBJISIIOTCS SJIEMEHTOM
<0%>: d2€<0%.

B. PaccmoTpuM mpousBoJibHbIE gaHHbIe d’c<0%>=<0%/ . su>.

CymecrByer s€FVS(O%) rtakas, ato O%/.s=(d’, RESTR[]). Paccmorpum s’=su.*.s.
Tora:

(ces,,r,)/.8” = 0%/.57 = O3/ . (su.x.s) = (0%/.su)/.s = 0O%/.s =
(d’, RESTRI[])

ces,/.s’> = 4’

r,/.s’ = RESTR[]

To ectb, s’ €FVS(0%). Kpowme Toro,
cres/.s’ = cres/.(su.*x.s8) = (cres/.su)/.s = res/.s = res

[TocsieHee paBEHCTBO BBITIOJTHEHO B CHJIY TOTO, 9TO res He COIEP:KUT C-TIepeMeHHbIX. TakuMm
obpazoM,

’=ces,/.s’, S’GFVS(OS‘) u cres/.s’=res.

Crenosaresibio (cM. coornomenust (**)), mamubre d’ siBisirorcst djeMeHTOM 0(p,d):
d’co(p,d).

Brime, B nyakrax A u B nokazano, uro <O%>=0(p,d). Tem caMbIM 3aBepIIeHO J0Ka3a-
TEJLCTBO KOPPEKTHOCTU AJrOPUTMA Nan:

Teopema 34

[Iycts p — mpomssBosbHas mnporpamva Ha TSG, d — TPOU3BOJIBLHBIE BXOJHBIC JTAHHBIC
JUIA P, TIPOIIECC BBIYKC/ICHUS p Ha d 3aBepIlaeTcs 3a KOHEYHOE YHCJIO 7. IAros. Torma ajiro-
pPUTM nan Ha JIAHHBIX p d 3aBepinaercd (3a n BBIIOJIHEHU GyHKIMN eval’) co CJIe/ Iy oM
PE3YyABTATOM:
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nan p d = (res, 09)
*
rje res—pe3yabraT BbluyuciaeHud p Ha d: p d = res, Od—OerCTHOCTb d Takad, 4To:

<0% = o(p,d) = { d | tr(p,d)=tr(p,d’), pd =p d’ }

Pacemorpum dy n do—JaHHbBIE JIJTS TPOTPAMMBI P TAKUE, 9TO:
tr(p,d;) = tr(p,ds) up d; = p dy = res.
PaccMoTpuM BBIYHC/TEHUST:
nan p d; = (res, Odl), nan p d; = (res, Od2)
B cuy Teopembr [34] umeem mBa mpejicTaBiIeHus OJTHOTO M TOTO YK€ MHOXKECTBA:
<O%1> = { d’ | tr(p,dp)=tr(p,d’),

p di
{ d’ | tr(p,ds)=tr(p,d’), p do
<O%2>

Il |
o lso]
Q. Q.
N e

Ha camowm jiesie mmeer Mecto 60siee CHIbHOE YTBEPXKIEHUE, & UMEHHO, YTBEPKICHUE O Mek-
emyanviom cosnadenuu okpectroctei: O1=0% 1o yeranaBIMBaeTCs TPOCTHIM AHAIIZ0M
TEKCTa AJTOPUTMa nan, u3 KOTOPOTO BUJIHO, UTO: OKPECTHOCMb, CMPOUMAA AA2OPUMMOM
nan, NOAHOCMBIO ONPEIEAAECMCA NPOZPAMMOT, MPACCOl U PE3YALMAMOM IMAAOHHO20 Gbi-
wucaerus. Takum 06pa3oM, CIIpaBeIMBO CIeLyIOIee YTBepK IeHHe.

YT1BepxKaeHue 35

[Iycts p€R, d—1pons3BoOJIbHBIE BXOJHbIE JAHHBIE JIJIS P, IPOIPAMMa P 3aBepIIaeTcs Ha
manHbIx d, nan p d = (res, O%) u d’e<O0%>.

Torna mporpamma p 3aBepIiaeTcs Ha JaHHBIX d’ ¢ TEeMH YKe Pe3yJIbTaTOM U TPACCOi, 9To
v Ha qanabix d, nan p d = (res, O%) uoxpecrrocrn O u O rekcryanbHO COBIAIAIOT:

04=07".

4.3.3 MWuTyuTtuBHBII cMbICJ OKpecTHOcTeli. IIpumepsnl

B paznene MHO2KeCTBO 0 (p,d) BBelleHO KaK (POPMAJIbHBII OTBET Ha BOIPOC: “Kakas
urdopmayus 0 0aHHBLT d ObIAG UCTLOALIOBANA, U KAKAA UHPOPMAUUA 0 d He ObLAG UCTOABIO-
sana 6 npouecce p d = res obpabomxu d?”. Ilpu nomomu nan MuOzKecTBO 0 (p,d) Beer/a
MOZKeT GBITH IpejcraBieno B Buge okpecrHocTn O, Takmm 06pasoM, 9Ta OKPECTHOCTD I
SIBJISICTCs TIPEJICTABICHIEM TOrO, Kakas WHMOpMaIus o JaHHbIX d Oblia UCIOJIh30BaHa B
nporecce p d = res. HacKo/IbKO JIaHHOE IIPeJICTAB/ICHIE YI00HO JII BOCIPUATHS UeI0Be-
koM? Ha mamHBIN BOIPOC MOMBITAEMCS OTBETUTH HA PEAJIHLHBIX ITPUMEPAX.

PaccmorpuM niporpaMmy prog mpoBEPKH BXOXKJIEHH IIOJICTPOKU B CTPOKY, IIPUBEIEHHYIO
Ha PUCYHKE (em. crpanny [15)).

Bameuanwue. [Iporpamma prog paccuurana Ha cJeLyoliee pecTaBieHne CTPOK: CTPO-
ka n3 4 atomoB (’A ’B ’C) mpejcTaBiIseTCsl e-3HATeHUEM:

(CONS ’A (CONS ’B (CONS ’C eol)))
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rjie eol—1pous3BobHBIN aToM. OOBIYHO B KavuecTBe €0l ucto/b3yor *NIL, oJHAKO B IIPOrpaM-
Ma prog He 3aHMMAETCs AHAJN30M TTOCJIEHEr0 (TEPMUHUPYIONIEr0) ATOMa B IIPE/ICTABIEHISIX
CTPOK U B KauecTBe €0l MOXKET ObITh UCIIOJIb30BaH MPOU3BOJIbHBIN aToM. Takum obpaszom, cy-
IECTBYET HECKOJIBKO (9KBUBAJIEHTHBIX C TOUYKHU 3PEHMsI JIOTUKHU TIPOrPAMMBI) TIPEJICTABJIEHII
Jutst ctpoku (A °B ’C).

PaCCMOTpI/IM pa3/n4dHbI€ JaHHbIE I IPOrPaMMBbl prog:

d1 [CONS A °NIL, CONS ’A °NIL]
d2 = [CONS ’A °NIL, CONS ’B °NIL]

d3 = [CONS ’X ’NIL, CONS ’Y °NIL]

d4 = [s4,str]

d5 = [sb,str]

s4 = (CONS °A (CONS ’B ’NIL))

s5 = (CONS ’Z (CONS ’A °NIL))

str = (CONS ’X (CONS ’Y (CONS ’Z (CONS ’A (CONS ’B ’NIL)))))

BBITOTHIB OKPECTHOCTHBINM aHAJM3 IPOrPaMMbl prog HaJl JaHHbIME d1, d2, d3, d4, d5,
TIOJIyYUM CJIETYIOIIE pesyﬂbTaTbﬂ

nan prog d1 = (’SUCCESS, 0O%1)
04t = ([coNS A.14 A.17, CONS A.14 £.10], RESTRI[])

nan prog d2 = (’FAILURE, 0%2)
092 = ([cONS A.8 £.4, CONS A.14 A.17]1, RESTR[A.8:#:4.14])

nan prog d3 = (’FAILURE, 093)
043 = ([coNS A.8 £.4, CONS A.14 A.17]1, RESTR[A.8:#:4.14])

nan prog d4 = (’SUCCESS, 0%)
0% = ([CONS A.32 (CONS A.44 A.47),
CONS A.14 (CONS .A4.20 (CONS A.26
(CONS 4.32 (CONS A.44 £.40))))
], RESTR[A.32:#:.4.14,A.32:#: A4.20,A4.32:#: A4.26])

nan prog d5 = (’SUCCESS, 0%5)

04 = ([CONS A4.26 (CONS .A4.38 A.41),
CONS A.14 (CONS A.20 (CONS .A.26 (CONS .4.38 £.34)))
1, RESTR[A.26:#:A4.14,A4.26:#:4.20]))

Bameuanne. Oxpecroctn O u O rekcryaabHO COBIAIAIOT B IIOJHOM COOTBET-
CTBUU C YTBEPXKJICHUEM —TaK Kak dac(093.

Pacemorpum stu pesysbraTsl nojipobuee. [Iig mannbix d1 mocTpoeHa OKPeCTHOCTD:

5 TlpuBomATca pe3yILbTATLI PEaJbHOro cdeTa B CHCTeMbl Gofer, 3ammcaHHBIC C HCIONL30BAHHIEM paHee
OIIpeeICeHHBIX COKPAIIICHUNA.



4.3. OKpeCcTHOCTHBIH aHAJIM3aTOP 65

d1 [CONS  ’A °NIL, CONS  ’A °NIL]
O = ([coNS A.14 A.17, CONS A.14 £.10], RESTR[])

O aza0H0 OTHCHIBACT BCE BO3MOMKHBIE Bapualyu JaHHBIX d1, coOXpaHsoIue IPOIece
BbIUMC/IeHUd prog di = ’SUCCESS HEeH3MEHHBIM: MOJKHO 06a BXOZKJICHHUsT aToMa ’A 3aMe-
HUTH Ha IIPOU3BOJILHBINA aTOM aj4, IepBblil aroM ’NIL 3aMeHUTH Ha IIPOU3BOJIbLHBIA aTOM aj7,
a mocsrenuuit arom NIL 3aMeHNTH Ha IPOM3BOJIBHOE e-3HAadYeHHe (aTOM MM S-BbIpayKeHHe)
e19. Brrancienne p HaJl TaK M3MEHEHHBIMH JIAHHBIMU ITPOMIET TOYHO TaK Ke, Kak 1 Jjisd di
u J1acT TOT Ke pe3ysbrar. Kakas nndopmarus o d1 ObLia UCIOJIH30BaHA B IIPOIECCE BHITUC-
nennsd prog Haj d17 Bpumm ucnosb30Banbl cie/yonume cBoiicTBa JaHubiX dl: dI Aeasemcs
CNUCKOM U3 08YT e-3navenull, nepsoe u3 komopwvix umeem eud: CONS ayy ai7, a 6mopoe—
CONS a1y eig, 20€ G4, Q17 —QMOMDL, €19 —E-3HAUEHUE.

MoKHO 3HAYUTEHHO MOBBICUTH HAIVISITHOCTH U KOMITAKTHOCTH ITPEJICTABIEHNsT OKPECT-
HOCTH, 110/I00paB ya00HyI0 (hopMy 00O3HAUYEHUS C-II€PEMEHHBIX.

Onpenenenne 30

[To3zBosiuM m300pakaTh ca-lePEeMEHHYI0 B BHJIE ITPOU3BOJIBLHOTO HaAJYepPKHYmMOo20 aToMa,
HaJ KOTOPBIM HAJIIIICAH WHIEKC 9TO mepemMerHoit. [To3BonM n306pazkaTh ce-llepeMeHHYo B
BHJIe TIPOU3BOJIBHOTO 06a2cObl HadUePKHYMOo20 e-3HadIeHnsI, Ha/lT KOTOPBIM HA IIIUCAH UHIIEKC
3TON ITepEMEHHONA.

B crncke c-Beipazkenuii ces okpecrnocrn (O3=(ces,r) Bce c-IlepeMeHHBIE 3alAIEM B
dopme, yKazaHHOI B IpeblayiieM ad3ale, UCIoIb3ysd B KadecTBe Haduepkusaemoz20 3Hade-
HIS TIpU n300parkeHnn C-IIepeMeHHOI v ee 3HadeHue v/ .s, MoJiydaeMoe IPU OTOXKIECTBJIe-
Hun ces ¢ d: (True,s) = unify ces d. Tak ompenenennyo ¢opmy 3ammcu OKpecTHOCTH
O nannbx d 6yIeM HA3BIBATH IKCRAUUUPOSAHHOT HopMOT 3aIicH OKpecTHOCTH. 11po Ha-
qepKHyTble (bparMenTsl JaHubiX d B SKCIUHImpoBamtoi 3amucn O GyzeM roBopuThb, 9TO
OHE NOKPHUMbL C-IIepeMeHHBIME B oKpecTHOCTH (O,

Bammmem O B skemmumposanuoit dopme:

di = [CONS °A °NIL, CONS ’A ’NIL]
14 17 14 10
o4 = ([CONS ’A °NIL, CONS ’A °NIL], RESTRI[])

[Ipu ucrosb30BaHNK SKCILIUITUPOBAHHON (DOPMBI 3aIIUCH OKPECTHOCTH HET HEOOXOIMMO-
CTH yKa3bIBaTh JAHHBIE, HaJl KOTOPBIMU OKPECTHOCTH HOCTpoeHa (1eHTp okpectHOCTH). [To
OIIPEJIE/IEHUIO SKCILIUIIUPOBAHHON (POPMBI 3AITICH, IOCTATOYHO YOPATh HATIEPKUBAHUS U MH-
JIEKCBI, 9TOOBI BOCCTAHOBUTH IEHTP OKPEeCTHOCTH. Kpome Toro, takas ¢popMa B sIBHOM BHJIE
yKa3bIBaeT (hparMeHThl B JJAHHBIX, KOTOPbIE MOXKHO BAPbUPOBATh—UHMOPMAIINT O KOTOPBIX
HE MTOJTHOCTBIO UCIIOJIB30BaHa B IIporecce 00paboTKu JaHHbIX. Huke MpUBEICHBI SKCILTUITHI-
poBarHbie hopmbl okpectHOCcTeli 092, 093 O 5.

8 4 14 17

092 = ([CONS "A °NIL, CONS °B °NIL], RESTR[A.8:#:.4.14])
8 4 14 17

©93 = ([CONS °X ’NIL, CONS °Y °NIL], RESTR[A.8:#:.4.14])
32 44 47

094 = ([coNS ®A (CONS ’B °NIL),
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14 20 26 32 44 _40
CONS *X (CONS Y (CONS *Z (CONS *A (CONS °B ’NIL))))

1, RESTR[A.32:#:4.14,A4.32:#:4.20,A4.32:#: 4.26])
26 38 41

©d95 = ([CONS *Z (CONS ’A °NIL),
14 20 26 38 3
CONS *X (CONS Y (CONS “Z (CONS A (CONS ’B °NIL))))

1, RESTR[A.26:#: A.14,A4.26:#:4.20]))

13 paccMOTPEHHOIO MOXKHO CJEIaTh CJIEYIOIINe BHIBOIBL:
e Oxpecrnocts 09, osyuennas B pesy/braTe OKPECTHOCTHOIO aHAJII3A
*
nan p d = (res,0%),

B HAIVISIIHOM (bopMe olpeiesideT, Kakad nHMOpMaId O JJaHHbIX d ObLIa UCIIOJIb30BaHa
*
B polecce p d = res, a Kakagd—HeT.

e C-mepemennsie B 094 COOTBETCTBYIOT (pparMeHTaM JIaHHbIX d, KOTOPbIE MOYKHO Ba-
PLIPOBATH, COXpaHAd HEMm3MEHHLIM Hporecc p d => res W ero pesynbrar. Twmsr c-
IIepEMEHHBIX 1 PECTPHKIME B OKpecTHOCTH (O HAK/IAIBIBAIOT [OIOIHATEILHBIE Orpa-
HUYEHHUS Ha JOIYCTUMbIE BapUAIMK JTaHHBIX (pparMeHTOB.

4.4 Omnepanuu HaJ KJIacCaMHI
n OKPECTHOCTAMMN
B sTom paszzene OymyT oOCYKIEHBI Olepalluyd HaJl KJIACCAMHU U OKPECTHOCTAMU, KOTO-

pble BMeCTe ¢ OKPECTHOCTHBIM aHAJIM3aTOPOM Nan COCTaBAT 3aKOHUYEHHBINT HAOOP MEeTO/IOB,
MO3BOJIAIONINIT PACCMATPUBATH OKPECTHOCTHBIN aHaIN3 KaK CPeJICTBO OOIIEro Ha3HAUCHU.

4.4.1 KoHeuyHOe 00beAMHEeHNEe KJIaCCOB

Kiracesr ucrob3ytorest Jjist pe/icTaBaeHnst MHOXKecTB D’ nanubix s3bika 15G, D?CD. B
JasTbHeieM HeoOxo Mo OyaeT paboTarsh ¢ MHOKecTBamMu D’ CD, KOTOpBIE HENPeJcmasuMmvl
B BHJIe KJIacca, HO npedcmasumovl 6 sude obsedunenus xaaccos Cq,. .. ,Cp:

D’ = <C;>U...U<C,>

B stom citydae yao0HO UCIIOIB30BaTh CJIEIYIONNE 0003HATCHUS:

Onpenenenune 31
[Iycto Cy,. .. ,C,—Kiacchl. Byjem ncroib3oBaTh ciejyionme 0003HaYeHUs:

e [Ci+...+C,]—nnsa cuucka xiaaccoB [Cq,...,C,];

o <Ci+...+C,>—nna muoxkecTBa <Ci>U. . .ULC,>.
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4.4.2 lIlepecedyeHue u pa3HOCTb KJIACCOB

B [FTP] npuenen ajgroput™ unifC, MO3BOIAONININ O 33 IaHHBIM IBYM KjaaccaM— C%—
L-kiacc, C'—Ipou3BosIbHbIN KJlace,—II0CTPOUTh (cM. pucyHOK [4.3)): 1pejicrapienne B Buje
KJlacca 1 MHOzKecTBa <C'>N<C®> n npescTaBIeHne B BUJIEe KOHEYHOTO O0LEIMHEHI KIIac-
COB JIJId MHOXKECTBa <Cb>\<Ca>. Tam ke joKa3aHbI OCHOBHBIE CBOHCTBa aJrOPUTMa, (Teope—

Ma U CJIJICTBUE .

Cb

C(l

Puc. 4.3: Ilepecedenne n pa3HOCTb KJIACCOB

Teopema 36
I[Tycts C*—L-kmnace, C’—pon3BosIBbHBIN KTacc. Bes orpanmdenns obIHOCTH GyIeM Ipe/-
[oJIaraTh, UTO C-IIEpEeMeHHbIe, HCIoJb3yeMble B L-kjacce C%, He HCHOJIB3YIOTCA B KJacce
C’—ecimm 9TO He TaK, TO BCErJla MOYKHO BBIIOJHHUTHL M3MEHeHHe MHIEKCOB (IeperMeHoBa-
HEE) C-TIEPEMEHBIX B OJ[HOM U3 STHUX KJIACCOB, 4TOOBI MOJIyYUTH JaHHOe cBoiicTBo. Ilycrhb
i—CcBOGOIHBII MHIEKC: IeJI0e YHCII0, GOoJIblee HHIeKca JII00oi c-epemenHoit n3 C* u CP.
Torma, 3a KoHeUIHOE YHMCJIO MIAroB ajaropuTM unifC:

wnifC C* C* i = (su, [CY,CP,...,C°0,i")

[O3BOJISIET TIOCTPOUTD (CM. PUCYHOK : Su—I0/cTatHoBKy st C?, C;-’—nom{ﬂaccm CP,
C;’ij, j=0,...,n,n>1, i’ —aucio, 6obllee UHIEKCA 10001 c-niepemenHnoit u3 C%, CP,

cher,

n’

bs—c?byb bs.
1. <C*>=<Cy+Ci+. . .+C)>;

TaKue, 4To:

2. <CH>N<CP>=h, re 0 < j < k < m;
3. <CU>N<Cr>=<Ch>;
4. <CP>\<C¥>=<Cb+...+C">;

5. (a) ecrm <C'>N<C*>=(), To C=C’/.emptC, C’=C’/.idC=C’, C{ umeer Bu
(cesg, INCONSISTENT), <CP>N<Ca>=0=<C{>, <CP>\<C*>=<C>=<Cb> u su=[];
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(b) B npoTuBHOM citydae BoinosHeno CY=C¢, npudem bces’=aces/ . su, a Kaxjioe
HEPaBEHCTBO U3 ar/.su BXOJAUT B br’, rie:

e bces’ U acesCIUCKU Ce-BbIPAKCHUI;
e br’ U ar—pPeCTpUKIINY;
u3 kiaaccos C u C8, cOOTBETCTBEHHO.
TaxuMm 00pa3oM, B ciIydae HemycToro mepecedenus <C> n <C%>, mHoxkecTBo <CP>N<C?>

IpeaACcTaBJICHO KJIaCCOM Cg, KOTOprfI ABJIACETCA ITOAKJIaCCOM KaK Cb, Tak u C%.

CaencrBue 37
[Tycts C%, C*—L-Kiacchl; c-lepeMeHHbIe, HCIob3yeMble B Kiracce C?, He HCIOIb3YIOTCS B

kracce C°, i—unciio, 6obinee uniekca moboit c-niepementoit uz C* u C’. Torna, C3,CY,. .. .Co—
L-xstaccer, Te
unifC C* C* i = (su, [Cb,Ci’, - ,Cf;] ,17)

Onpenesienue 32
I[Iycrs C%—L-xnace, CP—kiacc u

unifC C* C* i = (su, [Cb,...,C,’ZL]).
Tora 6yieM UCcroabp30BaTh obozHaudenusd: CO*Co— s Cg , CONC*—nia [Co+. . .+CP].
[IpssMbIM citecTBHEM YTBEPKIACHU 37| ABJISIETCA CJIeAYIONIee:

YrBepxkgenue 38

OObequnenne, mepecedeHne M PasHOCTh MHOXKECTB, IPEICTABICHHBIX KOHEIHBIM O0b-
cINHEHNEM L—KJIaCCOB, MOryT 6bITI) IpeacTaBJICHbI IIPU IIOMOIIIN KOHEYHBIX O6’be,ZLI/IHeHI/H71
L-xnaccos. Koneunoe nepecevuenne MHOXKECTB, ITPEJICTABICHHBIX L-KJjlaccaMu, MOYXKET ObITh
npeacTaBieHo L-kiaccom.

4.4.3 IlepeceueHue okKpecTHOCTEe

YT1BepKaeHue 39

[ycrs O u O3 nse oxpecrnocru d. Torma: OIxO%—okpecrnocTs d.
Joka3aTeabcTBO

Iepeceuenne <OYxO$>—I-knace (B cumy craeacrus . B cury onpenenenus (28]
de<0%>, i = 1,2. Crenosarensno, de<O*O3> nu 04=0%xO¢ apnserca okpecTHOCTHIO d.

PaccmorpuM Be mporpaMmsl p; U py Ha g3bike T'SG u manHoe d st 9TUX Iporpam,
nan p; d = (res;, 03, i=1,2. Kaxnasa uz oxkpecrnocreii O apigerca npeacrasieHiem
MHOKecTBa 0(p;,d), ¢ = 1,2 u aBisgercs olucaHneM TOro, Kakas MHMOpPMAIys O JaHHBIX d
OblLIa HCIO/Ib30Bata B Ipoliecce p; d = res;.

Paccmorpum okpecrrocts O%=0%+0S. Torna;

<09 = <09>N<O$> = o(p;,d)No(p;,d) =

{d | tr(p;,a’)=tr(p;,d), p; d> = p; d’, i =12 }
CaenoBaTesbHO, Od=(9f*(’)g MIpeICTABIAET MHOYKECTBO TeX U TOJBLKO TeX Bapuanumii d’ j1aH-
HBIX d, KOTOpBIE COXPAaHAIOT HEM3MEHHBLIME 0ba Ipollecca BbIUHCIeHHi—p; d = res; u
p2 d = res, u ux pe3yabTaThl.

Takum obpazom oxpecmmuocms O=0¢*O$ onpedensem, waxas ungopmayua o darnvir

d 6vL.AG UCTOAD306ANA 6 COBOKYNHOCMU 6 06YT npoyeccar—p, d => Tes; u py d => Tes;—
obpabomxu darHolr d.
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4.4.4 IlpoBepka NMPUHAIJIEKHOCTU JTAHHBIX KJACCY

YrBepxkaeHue 40

st roboro mannoro deD=[EVal] u kiacca C=(ces, r) HPUBEJICHHBIN HUXKE aJTOPUTM
isElem 3a KOHEYHOE YMCJIO IArOB OIpEJIeJIdeT, siBjsgeTcs jau d 9/1eMeHTOM MHOxKecTBa <C>
NJIN HET.

isElem:: [EVal]->Class -> Bool

isElem d (ces, r) = case (b, r’) of
(True, RESTR[]) -> True
(_ , _ ) -> False
where (b,s) = unify ces d
r’ =r/.s
JlokazaTebCcTBO

Cupageymsoctsb yreepxenust [40] ciepyer us yreepx aennii [5] [6l u onpenenenns [12] m

4.4.5 JlekoMmo3unus OKpPeCTHOCTU

o dq Clo C, dy++dy @dit+de

Puc. 4.4: [lekoMno3unus OKpeCcTHOCTH

[Iycte mammble d€[EVal] wmmeror Buj KOHKaTeHAIMU JBYX dparmenToB: d=d;++ds,
Li=length d;, Ly=length dy, u 1mycThb Od1++d2—0erCTHOCTb d;++dy, CM. PUCYHOK .

PaccMoTrpuM JBa CIIMCKA U3 PA3JIMYHBIX YHUKAJIBHBIX (HEe BCTPEUAIOTCS B Od1++d2) ce-1e-
PEMEHHBIX ces;, ¢ = 1,2 Takux, 4ro length ces; = L;. L-kmaccer C;=(ces;++dy,RESTR[])
u Cy=(d;++cesy,RESTR[]) mpescTaBIfioT MHOXKECTBA:

<Cy>
<Cy>

{ d>++d, | d’c[EVall, length d’=L; },
{ dy++d’> | d’€[EVall, length d’=L, }.

CrenoBaresnbho, A L-Kimaccos:
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decompose 012 d1 d2 = (ol, 02)
where

i = freeindx 0 o012

mkCEVs cvs (n+1) i

decompose: :Class->[EVal] ->[EVal] -> (Class,Class)

11 = length d1; 12 = length d2

(ces1,il) = mkCEVs [ ] 11 i
(ces2,i2) = mkCEVs [ ] 12 i1

cl = (cesl++d2, RESTR[])

c2 = (dil++ces2, RESTR[])

(_,((ces’1,r1):_)) = unifC c1 ol2 -- clx012
(_,((ces?’2,r2):_)) = unifC c2 o012 -- c2%012

ol = ( (take 11 ces’1), rl1 ) -- B3sanu nepshie L1

02 = ( (drop 11 ces’2), r2 ) -- oTkuHynu mnepsBhe L1

-- TeHepaTop CHHCKAa YHUKAJBLHHX Ce-IIepEeMEeHHHX 3aNaHHON I[IJIMHE
mkCEVs: :CVars->Int->FreeIndx -> (CVars,FreelIndx)

mkCEVs cvs O i = (cvs,i)

mkCEVs (cv:cvs) n i’

where (cv,i’) = mkCEVar i

Puc. 4.5: Anroput™ JeKOMITO3UIAA OKPECTHOCTH

1

cO = croh*da O = cxohitd

BBITIOJIHEHO
<C1O> = { d’++dy | d2++dpe<Qtrd2> L
<C9> = { di++d’ | dy++d’e<QBtrdas )

d1++d2€<610> " d1++d2€<020>.

Tak kak L-kmaccer Cl(9 I CQO ABIAIOTCA TTofKIaccamu L-xmaccoB C; u Cy, COOTBETCTBEHHO,
TO OHM UMeIOT BHJ (cM. yTBepxaeHns [22] u [37)):

CIO=(ceS’1++d2,r1), CQO=(d1++C€S’2,l“2).

Paccmorpum L-knaccbr:

O%i=(ces?y,r1), O%2=(ces’,,r,).

ITo IIOCTPOECHUIO JIJIgd HUX BBIIIOJTHEHO:

<O%> = { @7 | d>++dpe<CO>
<0%> = { @ | d++d’e<CP>
d;e<O%> u dye<O%2>,

}
}

{ & | @2++dye<cOB*rd2> )
{ d | dy++d’e<cQDtrdzs

Taxum o6pasonm, O —okpecrrocrs d; 1 O%2—okpecTHOCTD da.



4.4. Onepamuu HaJ KJIaccaMd U OKPECTHOCTSIMU 71

Onpenenenne 33
HpeJie/IeHHbIE BBIIIE 110 OKPECTHOCTH 1 JaHHBIM di 1 dg JIBe OKPECTHOCTH u
O Odi++dz d,nd o4
0% Gynem HasbBaTh dexomnosuyued oxpecmmocmu QN2 no d; u dy 1 GyzeM 0603HAUATD:

decompose OU**d2 g, 4, = (0%, 0%)

Ha pucynke IPUBENEH TEKCT aJrOPATMA JEKOMIIO3UIIMKA OKPECTHOCTU, B TOYHOCTHU
BBIOJIHAIOMIAN ITOC/ICA0BATEIbHOCTD ACHCTBUIN, ONMMCAHHBIX BBIIIIE.

Kakoit cMbic nmeeT orepaliust JJeKOMIIO3UITUN 110 JJaHHBIM dq 1 dy OKPEeCTHOCTH o4
[Tycrs p—rporpamma na s3bike TSG, niepBas GyHKIMS KOTOPO# UMEET CIIMCOK TapaMeTpOB
JJHbL L1+Lo, a OKPEeCcTHOCTh Odr++dy oJIy4YeHa B pe3ybTaTe OKPECTHOCTHOI'O aHaJIN3a:

++da 9

nan p (d;++dy) = (res, Odit+dz)
<(9d1++d2> = o(p, [dl,dg]) =
{ d, | tr(p,d,)=tr(p:d1++d2)’ p d’ =p (d1++d2) }

Tt muozkectBa <O1> Bprmoseno:

<Od1> = { q’ ’ d’++d2€<0d1++d2]> } =
{ @ | tr(p,d’++d2)=tr(p,d;++dy), p(d’++dy)=p(d;++dy) }

Taxum o6pazon, okpectHocTh O3 SIBIISIETCS TIPEICTABIEHAEM MHOKECTBA BCEX BOSMOMKHBIX
Bapuanuit d’ gpaemerma dy 60 6TOOHVT JAHHLT dy ++dy, COXPAHSIIONINX HEM3MEHHBIM ITPO-
*

IIeCC U pe3y/IbTaT Berdanciaenus p(di++dy) = res. CiegoBarensno, oxpecmmocmos O onpe-
deasem, xaxas ungopmayus o pparmenre d; JaHHbIX di++dy 6LAG UCTLOABI0BANA 6 NPOUECCE
obpabomxu darnHvr di ++dy.

AmnasiormaHbeM 06pasoM, okpecmuocms O onpedensem, xaras ungopmanus o pparmen-

*

Te dy JanubIX di++dy Oviaa ucnoavdosana 6 npouecce p (dy++dy) = res 0bpabomxy daHHHLT

di ++dy.

4.4.6 IIpumepsn nepecedeHus
1 JeKOMIO3UIMNU OKPECTHOCTEM

B paznene IIpUBE/IEHBl IIPUMEPbl OKPECTHOCTHOI'O aHaJIN3a IIPOrpaMMbl prog Ha/l
JIAHHBIMU:

d4
d5

[s4,str]
[s5,str]

[Ipu oMoty OKPeCTHOCTHOTO aHaIN3a ObLIN TOJIYYeHbI CJIeIYIONIEe OKPECTHOCTH 0%
095 naHHBIX d4 n db (CM. CTPAHUILY . [TocJte BbITIOJTHEHNST PACCIOEHUS JIAHHBIX OKPECT-
HOCTEN:

((984 Ostr)
(055, O;str)

decompose 0% [s4] [str]
decompose 0% [s5] [str]

IIOJIy9YUM Cneﬂylomeeﬂ

6 TIpuBoAATCA SKCILIMIMPOBAHHbBIE KAHOHIYECKHe (DOPMBI PE3YJIBTATOB PeajIbHOro cuera B cucreme Gofer.
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Os% = ([cONS ’A (CONS B Tﬁlﬁ')],RESTR [

(OS® = ([CONS ’Z (CONS ’A ﬁ)],RESTR [

OStT = ([CONS 7ili(coNs TiZY(CUNS Tz%(CUNS A (CONS ’B TN%D)))L
RESTR [A.1:#:°A, A.2:#:°A, A.3:#:74])

OStT = ([CONS T1)’((001\13 T2?(001\13 ’Z(CONS ’A (CONS ;; NIL))MI,

RESTR [A.1:#:°Z,A.2:#:°Z])

Oxpectroctb O onpeenser, Kakasg HHGOPMAIHs 0 JAHHBIX StT OblTa HCIOIb30BAHA
B mporiecce p [s4,str] = ’SUCCESS.
Oxkpecrnoctb OS5 onpeenser, Kakas nHGOpMaIUs O JaHHBIX St GblIa UCIOJIL30BAHA
B ponecce p [s5,str] = ’SUCCESS.
Boranc/ins nepecedenne 3TUX OKPECTHOCTEl str, HOJIyduM:
Ols,gr — Olstr*ozstr —
1 9 42
= ([CONS "X (CONS “Y(CONS ’Z (CONS ’A(CONS °B °NIL))))],
RESTR [A.1:#:°A,A.1:#4:°Z, A.2:#:°A, A.2:#:°7Z])

OKpecTHOCTD Ofgr olpe/iesisieT, Kakasd MH(OpPMAaIs O JaHHBIX Str OblLIa MCIIOJIb30BaHA
B COBOKYITHOCTH B JIBYX IIpoIieccax oOpabOTKU JAHHBIX Str:

prog [(CONS ’A (CONS ’B °NIL)),str] = ’SUCCESS u

prog [(CONS >Z (CONS ’A °NIL)),str] = ’>SUCCESS.
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OKpecTHOCTHOE TeCTUpPOBaHUe HporpaMM

5.1 TectupoBanue. OcHOBHbBIE TOHATHI

5.1.1 IlIponecc TectTupoBaHUS TPOTPAMMBI

[Iycts L—a3bIk iporpaMMupoBanus, peL—muporpamma. [Iporpammva p ompeiensger HeKo-
TOPOE YaCTUIHOE PEKYPCUBHOE 0TOOpazKeHne—@yHKIMIO IIpOrpaMMbl: p :: D -> D, rye D—
npeomemuas 064acmsb A3bIKa L, TO €CTh MHOXKECTBO BXOJHBIX M BBIXOJIHBIX JaHHBIX. [Ipu
pazpaboTKe MPOrpaMMbl p TPOIPAMMUCT UMeeT DoJiee Wi MeHee (hOPMATM30BAHHOE 33/ IaHIE
Ha pas3paborKy—crenuduranuio. B obmem ciaydae crienudukamsa mporpaMMbl p OITUCHIBACT
Tpe6OBaHI/IH Ha JOIIYCTHUMBbIE BXOJHBIE JaHHBIE JIJIfd IIPOT'PaMMbl U 2KeJIa€Mble COOTHOIIECHU A
MEK/Iy BXOJHBIME JTAHHBIMU U PE3YILTATOM.

OO6bIvHO crienudUKAIIIO PS I TPOrPAMMBI P PACCMATPUBAIOT KaK Iapy IPeINKATOB
ps=(p,¥): ¢ :: D -> Bool,¢) :: D -> D -> Bool.

Onpenesnenne 34

[Iporpamma p wacmuywro KoppexmHa OTHOCUTEIHLHO MPEYCJIOBUS ¢ U MOCTYCJIOBHUS 1,
ecJIu Jijis JTI000T0 JJAHHOTO d, TAKOro, 4To ¢ d U BbruucjeHue p d = res 3aBeplIaeTCd 3a
KOHEYHOE YMCJIO IAroB,—BBIIIOJHEHO IIOCTyC/I0BHE ) d res.

[Iporpamma p koppexmta OTHOCUTEIHLHO TPEIYCJIOBUSA ¢ U IOCTYCJIOBUA 1), €CJIU JIJIsd
moboro JagHOoro d, Takoro, 4To ¢ d, CIpaBe/INBO CJeylolee: BblUncaeHue p d = res
3aBEPINACTCA 38 KOHEYHOE YMCJIO IaroB W BBIIIOJHEHO MOCTycjioBue ¢ d res

Takum obpaszom, mosHAsT KOPPEKTHOCTH BKJIIOYAET B ce0s J[Ba CBOICTBa MPOTPaMMBbI p—
YACTUIHYIO KOPDPEKTHOCTD M CBOTICTBO TEPMUHUPYEMOCTH IIPOrPAMMBI P (TOTAIBHOCTH (DyHK-
UM p) HA MHOYKECTBE MCTUHHOCTH HpeauKara ¢. Tak Kak mpobyiema 0CTaHOBa AJrOPUTMU-
YeCKU Hepa3perinMa, TO 6 MeoPul Mecmuposarus UMEIOT J1eJ10 (Kak IPABUIIO) ¢ YaCTHIHOM
KOPPEKTHOCTBIO IIPOTPaMM, a 6 Meopul 8epudurayul, IporpaMM paccMaTpuBaioT oba Io-
HATUS KOPPEKTHOCTH ITPOI'PAMM.

[Tocsie Toro Kak nporpamma paspadorana, BCerja BCTAeT BOIIPOC O ITPOBEPKE €€ TTPABUIIb-
HOCTU—KOPPEKTHOCTH. TO €ecTh, HEOOXOIUMO YOEIUTHCH, UTO JJIsd BCEX BXOJIHBIX JIAHHBIX
BBITIOJTHEHO:

VdeD((¢ d, p d = res) = (¢ d res)) (5.1)

B Tex ciydasx, Korja crnenuduKammi 3a1aibl (popMaaIbHO, UMEETCA NPUHUUNUAALHAA BO3-
MOXKHOCTBH J10Ka3aTh Kak opmaibayio Teopemy. OJIHAKO, OCYNIECTBUTH Ha ITPAKTUKE

73
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JIOKa3aTe/IbCTBO KOPPEKTHOCTU TIPOTPaMM ObIBaeT TPY/JIHO. B 3TOM ciryvae npuberaioT K Te-
CTHUPOBAHUIO ITPOIPAMMBI.

Onpenenenne 35

Tecmuposarue npo2pammsv, P—3ITO CepUs BBIOJIHEHUI MPOrPaMMBL (CEpUsl MECMOBHIT
NPO20HO8 NPOZPAMMDBL) HaJ, BXOJHBIMU JaHHBIME (mecmamu) d;ED, yIOBIETBOPSIONMMEI
IIpe;IycI0BHIIO. 11ocIe Kazk /100 BBINOIHEHIS MeCmo6020 Npo2ota IPOrpaMMEl p d; = res;
IIPOBEPLAIOT MPABUJIBHOCTb Pe3yJIbTaTa, TO €CTh IMPOBEPSAIOT UCTUHHOCTD ITOCTYCJIOBUSI.

Ecim nag TectoBoro mporoHa mporpaMMbl p ¢ TeCTOM d; HOCTYCJIOBHE BBIIIOJTHEHO, TO
rOBOPSAT, UTO mecm d; npotiden npo2pammoti p Ycnewno Wi, 910 d; —ycnewnvid mecm o0is
npoepammov, p. B IPOTUBHOM ciIydae roBOpsT, 910 mecm d; npotider npozpammots p Heycneu-
HO WIIH, ITO d; —HEYCNEUWMHbLT Mecm 0Ad NPopamMmvl p.

g nabopa tecro T,=[d;,...,d,] HCIOIBL3YIOT Ty K€ TEPMHUHOJIOI'UIO: €CJIU BCE Te-
cthl d;E€T,, YCHENHO MPOJIEHbI IIPOTPAMMOI P, TO TOBOPAT, UTO Habop mecmos T, npotiden
nPo2pammots p Yycnewno; B TPpOTUBHOM cIydae—Habop mecmos T, npotiden npoepammots p
HeYCnewHo.

Ecnu npes- m moctycioBue 3a/1aHbl B BUJE POrPAMM Ha HEKOTOPOM SI3BIKE, TO UX BbI-
IHCIeHNe MOYKET BBITIOJIHATHCA aBToMaTndecku. OIHaKO Ha MPAKTHKe JOCTATOTHO JACTO MC-
OJIB3YIOT “He(pOpMaJIbHOE BBIUUCIEHNE TIPE/I- U IIOCTYCIOBUA = TPYIIIE CIIEITHAJIICTOB TP/ Ib-
ABJIeTCs JaHHOe d U pe3yJIbTaT res BBhIYUC/ICHHUS IIPOrPaAMMBbl Ha 9TOM JAHHOM, U OHHU OIIpe-
JIeJISIIOT, cOOTBeTCTBYeT Jin rapa (d, res) WX HPEJICTABICHUSM O JOIMYCTUMOM JAHHOM U O
JKeJIAeMOM COOTHOIIEHUH MEK Ty BXOIHBIMU JIAHHBIM IIPOIPAMMBI P U €€ Pe3y/IbTaTOM.

OmHuM U3 BaKHBIX BOIIPOCOB B TEOPHUHM M IPAKTUKE TECTUPOBAHUS HMPOTPAMM SIBJISET-
cs BOIIPOC TOCTPOEHUST KPUMEPUA 8bl60pa mMecmos. DTOT KPUTEPU JIOJKEH OIIPEJIe/IsTh,
KOIJIa HEKOTOPBI KOoHeuHblii Habop (crmcok) rtecroB T, = [dy,...,d,] MOXKHO cuumamo
docmamoyHbiM JIJIsT TECTUPOBAHUSA JIAHHON IIPOIPAMMBI P.

O 13 KJIaCCUYeCKUX KPUTEPHUEB BBIOOPA TECTOB—Mecmuposarue komard: Habop Te-
¢ToB T,, 00bsIBISIETCS JOCTATOUHBIM JIJIsI TECTHPOBAHKS IIPOrPAMMbI, €CJIM B TECTOBBIX ITPOTO-
Hax p d; = res;, i = 1,...,n 0beCHEUNBACTCS BLIIOIHCHHAC KAZK/IOH KOMAHIBI IIPOIPAMMEI
p- [IpoBepka JaHHOrO KpUTEpUs OCYIIECTBJIAETC MyTEM aHaJIU3a TOJHKO Habopa TecToB T,
U IporpaMMBbI p. Takmm 00pasoM, JaHHBI KPUTEPHUil BBIOOPA TECTOB MOXKHO PacCMaTPUBATH
KakK mpejukar orT p u T,,. B nanrHoM pazjese moka orpaHuIuMCcsS PACCMOTPEHNEM KPUTEPUEB
Cr mMmeHHO Takoro kjacca: Cr :: P -> TS -> Bool, rme TS = [D]—wmHOKecTBO HabOOPOB
(CIMCKOB) TECTOB.

Ob6as cxeMa, Iporecca TeCTUPOBAHUSA IIPOrPaMMbl H300parkKeHa Ha pucyHke . 1)

5.1.2 CrTpyKTypHble KPUTEPUHN BHIOOpPA TECTOB

Cpeau KpuTepueB BHIOOPa TECTOB, UCIIOIb3YIONINX TOJIHKO HH(MOPMAIIIIO O HabOpe TeCTOB
U TeCTUPYyeMOil mporpamMMe, HanboJiee N3BECTHBIMU SIBJIAIOTCS TaK HA3bIBA€MbIE CTMPYKMYp-
nue kpumepuy [28)], onpenessieMbre HIKe.

Tecmuposarue xKomard. Habop TecToB cunTaercs: J0CTATOYHBIM JIJI TECTUPOBAHUSI IIPO-
IPaMMbl, €CJIM B IIPOIECCe TECTOBBIX MPOTOHOB Ha JIAHHOM HabOpe B COBOKYITHOCTH OBLIO
obecItedeHo MPOX0K IeHNe KaXKI0M JTOCTHKUMOM KOMAaH bl JTaHHON IIPOTPAMMBbI.

Tecmuposanue semeeti. Habop TecToB cuMTaeTcs JOCTATOYHBIM JIJI TECTUPOBAHUS TTPO-
rpaMMBbl, €CJIH B IIPOIECCe TECTOBBIX ITPOTOHOB Ha JAHHOM HabOpe B COBOKYITHOCTHU OBLIO
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q Bribop

qaJ10

atal OYEPETHOTO |-
TECTUPOBAHII

cCTHpoBa TecTa d,,

[Tposepka
[IPETy CJIOBUSI
¢ dy

True

Bruimonnenne

IPOTrPAMMBbI False
p dn = res,

poBepKa
ITOCTYCJIOBUSI

KpUTEpUd
Cr p T,

Omubdka
B IIpOrpamMMe.

OTJIAJIKA

TectupoBanue
3aBEPIINEHO

Puc. 5.1: IIpomecc TectupoBanus mporpaMMbI

obecIieveHo MPOXOXKIeHNe KaxKJI0r0 peau3yeMOoro BapuaHTa BETBJIEHHS I KayKJIOH KO-
MaH/JIbl BETBJIEHUSI B JAHHOU ITPOTI'paMMe.

Tecmuposanue nymeti. Habop TecToB cunTaeTcs JTOCTATOYHBIM JIJI TECTHPOBAHUS ITPO-
rpaMMBbl, €CJIH B IPOIECCE TECTOBBIX ITPOTOHOB Ha JAHHOM HAOOpe B COBOKYITHOCTHU OBLIO
00ecIeveHo MPOXOXKIEHNE KarKI0T0 Peam3yeMoro IIyTH B 2page ynpasasrou,eti cmpykmy-
PoL—020K-CcTEME—TAHHON ITPOTPAMMBbI, ¢ YKCJI0M ureparuii nukjaos 0, 1 u 2.

JlaHHBIE KPUTEPUU SABJISIOTCH, TOYXKAJIYH, CAMBIMU PACIPOCTPAHEHHBIMUA B ITPAKTUKE Te-
cruposanust nporpamm |28, 29, B0, [3T], a kpurepuit TecTupoBaHus BeTBel IPUHSIT BO MHOTUX
oprausanugx (nanpumep, B BBC CIITA [28]) B kauecTBe cranjapra npu ¢Jade mporpamm
3aKa34vuKy. B cmiy HepaspemmMocTu MpoOJeMbl PACIIO3HAHUS JOCTUXKUMOCTU KOMAHJIbI B
IIporpaMMe CTPYKTYPHbIE KPUTEPUN HEBLIYUCIUMBIL.

5.1.3 CsoiicTBa KpuTepmeB BbIOOpa TECTOB

B teopun TectupoBanus U3ydaroT CJeIyIONIne CBOWCTBA KPUTEPUEB BHIOOPA TECTOB.

Hoanoma. Kpurepnit Ha3bIBAIOT MOJHBIM, €CJIM B CIydae HAJMINS OIMUOKNA B IIPOTrpaM-
Me CYIIeCTByeT HabOp TECTOB, YJIOBJIETBOPSIONINN JAHHOMY KPUTEPHUIO W PACKDPBIBAIOIINAN
OIHOKY.
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Henpomusopewusocmsv (nadescnocms). Jliobbie 1Ba HaOOpa TECTOB, YIOBIETBOPSIOIINE
KPUTEPUIO, JIOJIZKHBI OBITH OJIHOBPEMEHHO YCIENTHBIMUA WJIM HEYCHEITHBIMU JIJIs JTAHHOW TPO-
I'DaAMMBI.

IIpocmoma mposepku—Kpurepuil JOJKeH ‘“JIETKO MPOBEPSTHCs, HAIIPUMED, OH JIOJIZKEH
OBITH BLIMUCAUMDLM.

Oj1Hako, JJaHHbIe CBOMICTBA HEJIOCTUXKUMbI Ha TIPAKTHKE. TaK, CTPYKTYyPHbIE KPUTEPHUH He
SIBJISIFOTCST HU HAJIE’KHBIMU, HU BRIYUCTUMBIME. Boitee Toro, uzsectro [28], aro ne cywecmsy-
€m TIOJIHOT'O HEIPOTUBOPEUMBOTO KPUTEPHS, 3aBUCAIIETO OT HAOOPa TECTOB U ITPOrPAMMBbI,
U He cyulecmsyem BBIYUCIIMOrO MOJTHOIO HEMPOTUBOPEYNBOTO KPUTEPHUS, 3aBUCAIIETO OT
HA0Opa TECTOB, MPOTPAMMBbI U crieluuKaIuii.

Takum obpazom, Ha TPAKTUKE IPUXOIUTCS 3aMEHATH JIAHHBIE CBOWCTBA UX ‘Pa3peninMbl-
My nipuO/zKenuamMu’ . [Ipn 9ToM necnob3yoTes cieIyIonme moIX0o bl

Hcceaedosanue noaromot u 1adestcnocmu Kpumepues na 02panudeniom KAacce npo2pamm
U/ UM 02DAHUNEHHOM KAacce owubok. Kak TpaBuiio, TakoOMy HCCJIEIOBAHUIO TIOJJIAIOTCSI
OYeHb y3KHe KJIACChl IIPOIPAMM ¥ /MU OIIMOOK, KOTOPbIE TPY/IHO [IPU3HATH MMEIOIIMU OT-
HOIIIEHUE K PeasIbHON MpakThKe mporpammupoBanus [28)].

Cmamucmuveckue uccaedosarus “pearvnot” noaHomo. u HAdEHCHOCMU KPUMepPues—s
MPOMBIIIJIEHHBIX CHUCTEMaX WM Ha BBLIOPAHHBIX U3 MPAKTHKHU PeaJbHBIX IPOrpaMMax C pe-
asbabIME ormmOKamu [30), B1].

Bsederue wucao60t aepucmuveckoti 0uerKy noAHOMbE MECTNUPOSAHUSA BMECTNO NPOBED-
Ku Hesviuucaumozo kpumepus |32 B3] 34]. Hanpumep, B cucremax TecTupoBaHus, OCHOBAH-
HBIX HA CTPYKTYPHBIX KPUTEPUAX, OTIEPATOPY MOYKET BBIJABATHCS YUCIOBOI KO3 puimenT—
“IPOIEHT MTPOBEPEHHON YacTU TPOrPAMMBI.

5.2 IloctamoBka mpoOJieMbI

5.2.1 AmHaJu3 CTPYKTYPHBIX KPUTEPUEB

W nes, nexkaiast B OCHOBE CTPYKTYPHBIX KPUTEPHUEB, HAIIOMUHAET U3y deHUe JTaOnpUHTA—
He0OX0/IMMO MTOOBIBATH BO BCEX KOMHATAX, IPONTH BCe BAPUAHTHI BETBJICHUI U BCE Iy TH, YTO-
OBI NOAYHUMD NOAHYI UHGOPMAYUI0 O CTPYKTYyPe abupunTta. [lycTh MBI pOBEN HECKOTIBKO
TECTOBBIX ITPOT'OHOB JIJIsI TECTUPYEMOIl TPOIPAMMBI, ¥ BO BCEX HUX HE TTPOXO/IMJICST HEKOTOPBIN
BapUaHT BETBJICHUs] HEKOTOPOW KOMAH/IbI BETBJIEHUA. DTO O3HATALT, ITO B JAHHBIX TECTOBBIX
HPOrOHAX UHPOPMAUUA O JAHHOM BETBJIEHHH B IIPOrpaMMe He OblAG UCNOAb3068aHG. TakuMm
00pa3oM, MOXKHO IPEJIIOJIOKUTH, UTO CTPYKTYPHbIE KDUTEPUH ABJIAIOTCH PA3JTHIHBIMUA (DOP-
MaJTI3AIUSIMU CJIEIYIONIETO HePhoPpMasbHO20 KPUTEPHUs BHIOOPA TECTOB:

Hegopmarvrnd cmpykmypruid kpumeputd evbopa mecmos: HADOP TECTOB
CUATAETCS JIOCTATOYHBIM JIJI TeCTUPOBAHMS IIPOI'PAMMBI, €CJId B IIpoliecce

TECTOBBIX IIPOTOHOB Ha JAHHOM HADOPE 6 COBOKYNHOCTU ObLAG UCTLONDI0BANHG (5.2)
6CA UHPOPMaAUUA 0 2pade YynpasasrouLet. cmpyKkmypvl—0oaok-creme—aoarnor
nPO2PAMMDL.

Pazyinanbie mogxonbl K opMausalun hpasbl— UCHOIb30BaHA B nHMOpPMAIUS O I'Da-
de. .. "—TIPUBOJAT K PA3JIMIHLIM CTPYKTYPHBIM KPUTEPUIM —TECTUPOBAHUIO KOMAaH/I, BETBEI,
Iy Tei.

SameTum, 9T0 Kputepuit ABHO OPHUEHTHUPOBAH Ha KJIACCHUYECCKUE UMIICPATUBHDIC SA3bI-
ku. OH HempuMeHUM, KOTJa JIJIsi UCIOJIb3YEMOro sA3blKa MPOrPAMMUPOBAHUA TPYIHO JATh
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function F(x: string): string;
type state = (q0, g¢i,... ); { mMHOXecTBO cocTosHmil aBTOMaTa }
const NewState: array[state, char] of state = (...constants...);
OutputChar: arrayl[state, char] of char = (...constants...);
var i: integer;
y: string; { pesymbrar }
q: state; { Tex.cocTosHuwe amBTOMaTa} -
begin |
q := q0; |
y = 27, \
for i:=1 to length(x) do begin !
y :=y + OutputChar[q,x[i]]; !
q := NewState[q,x[i]]; !
\
\
\
[
\
L

end;
F :=1y;
end;

Puc. 5.2: Koneuno-apromarHoe mpeobpa3oBaHnie CTPOKU

€CTEeCTBEHHOE OIPEJIeSIEHUE YNPasAAowet cmpykmypo. npozpamm. [Ipuznanme neobxommo-
CTHA OUPEIEJCHUA CNEUUAAbHOT AHAA0206 CTPYKTYPHBIX KPATEPUEB IS A3BIKOB HENPOIe-
JIyPHOT'O THUIIA JIETKO HANTH B JIMTEPATypPe MO METOJaM TeCTUPOBAHUS MPOrpamMm (CM., Ha-
npumep, |28, crp. 16]).

Tereps 0OpaTuM BHUMAaHUE Ha CJIEIyIOIIee: Te/Tb TECTUPOBAHUS—IIPOBEPKA (PyHKUUL NPO-
2pamMmb, Ha COBIIAJICHUE C 2KeJlaeMoil (DyHKIIMel, a IOJIHOTa ITPOBEPKU B CTPYKTYPHBIX KPUTE-
PUSAX OIPEJIE/IAETCH 10 TTOJIHOTE UCIOJIH30BAHIA UH(MOPMAIH 00 YnpasaAouLet cmpyxmype
nporpammbl. Ho pasBe pyHKIHSA IporpaMMbl TOJTHOCTBIO OIPEIEISAETCS TOJTBKO YIIPaBJIAIO-
meit cTpyKTypoit mporpaMmbl? KoHneuHno, 970 He Tak: €Cju B3ATh HEKOTOPYIO IIPOrpaMMy U
IIPOM3BOJIbHO IIOMEHSTH B Hell 3HaUeHNs pa3JInYHbIX KOHCTaHT, UMeHa IlepeMEeHHbBIX U T.JI., He
U3MEHAA IIPU STOM YIIPABJILIONLYIO CTPYKTYPY IIPOrPaMMBbI, TO (DYHKITHS ITPOTPAMMBI CKOpee
BCETO U3MEHUTCA U OYEHb CUJIBHO.

MoKHO OKMJIaTh, UTO CTPYKTYypPHbIE KPUTEPUU OYIYyT OCOOEHHO HEHAJEXKHBI JIJIsi TPO-
rpamMm, (PYHKIIHAS KOTOPBIX “B MaJIOil CTEIeHW OIPEIe/IdeTcs YIPABJISIONCH CTPYKTYPOit
nporpamMMmbl. Yoemaumcsa B 9ToM Ha npumepe. Ha pucymnke IPUBEJICHB! YIPABJIAIONIAA
CTPYKTypa—O0JI0K-cxeMa—Hu TeKCT Ha a3bike llackanb dyuknum F, peausyrorieit .1o0boe,
CKONL Y20OHO CAOHCHOE KOHETHO-aBTOMATHOE TpeobpasoBaHue CTPOK (KOHKPETHbIH BUJL ITpe-
06pa3oBaHus ONPEJIEIAETCA COJEPKUMBIM MacCuBOB KOoHCTaHT NewState u OutputChar).
st TaHHOl TporpaMMbl CTPYKTYPHbIE KPUTEPUHU OKA3bIBAIOTCS PE/ICIbHO HEHA IEXKHBIMMU:
HA TECTOBOM Habope m3 Tpex TectoB T = [*’,?A’ ,>AA’] Bce KOMAaH/IbI, BCE BAPUAHTHI BETB-
JIEHUSI ¥ BCe IIyTH, ¢ IUCIOM ureparuii muksia 0, 1 u 2, okasbiBatoTcst mpoiienabiMu. O 1HaKoO,
COBEPINIEHHO OYEBHIHO, YTO B CJIydae CJOKHOI'O aBTOMAaTHOI'O IMPeodOpPa3oBaHus U OININOKU B
IIporpaMme—B 3HaYeHUAX MacCUBOB KOHCTaHT NewState u OutputChar—pacxoxKienne Mex-
JIy 2KeJlaeMbIM IIpeoOpa3oBaHneM u (DyHKIMEH IporpaMMbl CKOpee Bcero He Oyzer obHapy-
2KEHO Ha TAKOM CKPOMHOM Ha0DOpe TECTOB.

Takum obpasoM, (1) anasus moavko ynpasastowets cmpyKkmypo. NpoPaMMoL OAfL OUEH-
KU NOAHOMBL MECNUPOBAHUA—0OHA U3 BO3MONCHBIT NPUUUH HEHADEHCHOCTIU CTNPYKMYPHOLT
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Kpumepues, (2) annesayus ¥ nOHAMUIO “Ynpasasowas cmpykmypa” OrpaHIInBACT 00JIACTh
IIpUMECHEHUA KpUTEpruen (TO.HbKO KJIaCCUYI€CKHUE NMIIepaTUuBHBLIC ﬂSbIKH).

5.2.2 HedopmasbHbIil TIpeaeabHbI KpUTEpuii

Yaxe B HeDOPMATBHON (hOPMYIUPOBKE (crpanrnna(76]) crpyKTypHBIX KpuTEpHEB Ipe-
orpesiesieHbl 00a, YIIOMAHYTHIX BBIIIE, HEJIOCTATKA CTPYKTYPHBIX KpuTepueB. Kak najio u3-
MEHHUTDb HeOPMaIbHBIH KPUTEPUil, UTOOBI MOXKHO OBLIO O2KUJIATH N30ABJIEHUS OT 3TUX HEJIO-
crarkoB? OTBeT OYEBUJICH—/IJIsI ONEHKH IOJTHOTHI TECTUPOBAHUS HAJI0 aHAJIU3UPOBATH MO,
MO TIOJIHOCTBIO U OJIHO3HAYHO OIpeJie/isieT (hYHKIIUIO MPOIPAMMBI—TO €CTh, MeKCMm Nnpo-
epammot yeaurxom! Takum oO6pazom, TPUXOIUM K CJIEIyIOIIell (hOPMYTHPOBKE:

Hegopmanrvrui npedeavruiis kpumeputd 6v60pa mecmos—HabOp TECTOB CUU-
TaeTCsd JIOCTATOYHBIM JIJIsi TECTHPOBAHUS IPOIPAMMBI, €CJIU B IPOIECCE Te-
CTOBBIX IIPOI'OHOB Ha JJAHHOM HabOpe 6 COBOKYNnHoCcmu bviao obecneueno uc-
NOAB306aHUE BCET UHPOPMAUUL O NOAHOM MeEKCme TaHHONW TPOrPAMMBI.

(5.3)

O6cyaumM JaHHBII KpUTEPHUil, OCTaBUB IIOKa B CTOPOHE BOIIPOC O CII0COOE ero hhopMasin3alun.

IIpedeavrovim kpurepnii[5.3| HaszBaH 10 TO HpHUKHE, 9TO B €10 GOPMYJIHPOBKE OTOOPAXKEH
TOJIBKO TOT (PaKT, YTO JIJIsT ONEHKHU TTOJTHOTHI TECTHPOBAHUS aHAJM3UPYETCs TEKCT IIPOrPaM-
MBI 1 HaOOp TecToB. TakuM 0O6pa3oM, Bce KPUTEPUU, OCHOBAHHBIE Ha aHAJIN3€ TOJBKO TEKCTa
IpOrpaMMbl U HAOOPa TECTOB, MOTYT PACCMATPUBATLCA KAK UACTHBIE CAYHAU (PA3AULHDLE
dopmasusayuu) TAHHOTO KPUTEPHsl, ¥ MOYKHO OXKHUJATh MOJIyYeHHe KPUTEPHs C “IIpeJIeib-
HOIT” HAJIEKHOCTHIO, B CJIydae npasuibHoti popMaaIn3alu JaHHOTO KPUTEPHS.

BaMeTrM, 9TO BCe CTPYKTYPHBIE KPUTEPUH ABJISIIOTCA 0CAGOACHUAMU. (HETOYHLLMU HOP-
MANUBAYUAMY ) KDUTEPHST , TaK KaK OHU OCHOBaHbI HA aHAJIN3e TOJIBKO TOW 4acmu TEeKCTa,
KOTOpasi OTHOCUTCS K MOHATHIO “yIIPABJISIONIas CTPYKTypa’.

B cBoeit nedopmasibHoit (hopMySTMPOBKE KPUTEPHit CcBOOOJIEH OT IIPE/IIOJIOKEHNI O
crrocobe 3aIiCH IPOrPaMMbBI—3TO MOXKET OBITH JIFOOOM SI3BIK IIPOTPAMMUPOBAHNS UK JII00AsT
JIpyras HOTAIMs JJIsi 3allUCh ITporpaMm. BaxKHo oHO: porpaMma J0KHa ObITh npedcmas-
AEHA 8 BUDE MEKCMA.

5.3 IlocTpoeHne OKPEeCTHOCTHOI'O
TeCTUPOBaHNS

Jist mocrpoernst hopmanusayuy Kpurepus 5.3 6y1eT HCIOIb30BaH 0KpECmHOCHbI GHa-
Au3. B pesysibraTe Oy/eT MOJIYIeH 0KpecmHocmuoill Kpumeputl 6u00pa mecmos U OCHOBAH-
HBI HAa HEM HOBBINM METOJ TECTUPOBAHUS ITPOIPAMM —0KPECTMHOCTIVHOE MECTNUPOSAHUE.

5.3.1 OO0I1ue npeanoa0>KeHns

[Iycts L—3bIK pOrpaMMUpOBaHMs, pEL—TporpamMmma, KOTOPYIO HaJI0 OyJIeT TeCTHpPO-
BaTh, R—s3bIK peasu3aruu. B mannoMm pasjese Oy/yT olpejieieHbl HEKOTOPbIE TPEIIT0I0Ke-
Hus 0 g3blkax L, R u o nmporpamme p. Ilociemyromee n3noxkenne JIaHHOM TJIaBbI TOCTPOEHO
MCXO/JIsl U3 TOrO, YTO R, L ¥ p y/JAOBJIETBOPSIOT 3TUM IPEIITOTOKEHUIM.

3ok peanusdayut, BR—HEKOTOPBIN sA3bIK IPOrPAMMHUPOBAHUS, JIJIsi KOTOPOTO pa3padoTaH
OKPECTHOCTHBIN aHaJ N3, BKIIOYAIONINI: METO/IbI ITPEJICTABIEHNS MHOYKECTB JIAHHBIX S3BIKA
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R—KJIACCHI U OKPECTHOCTH; aJITOPUTM OKPECTHOCTHOI'O aHAJIN3a Nan; olepalui Hal KJI1acCaMu
1 OKpecTHOCTAMHU. Besjie nasee He OyJIeT IPeInoaraTbes, YTo R 00s13aTeIbHO SABISETCS A3bI-
koM TSG. Omrako, moTpedyeM OT pear3aliuin OKPeCTHOCTHOTO aHaIn3a B R Tex ke CBOWCTB
(HasIM9IMe BCeX TOHSATHUIA, OlepaIiil ¥ BBINOJHEHNE YTBEPXKIEHHH ), 9T0 ObLIN ONUCAHBI DaHee
qts sizbika TSG.

L—npou3dsosvnuiti aszopummudeckuss A3vik. B oTimdaue or paboT, MOCBAMEHHBIX TECTHU-
POBaHUIO JIJISI aJTOPUTMUYECKN HEIOJIHBIX $3bIKOB MM PACCMATPHUBAIOIINX BO3MOKHOCTH
MIPOTPAMMHBIX OIMMOOK TOJIBKO HEKOTOPOTO BHJA, OyJeM JIOMYCKATh aJTOPUTMUIECKH IT0JI-
HbIE I3BIKI IPOTPAMMUPOBAHUS U JIOIYCKATh HAJIMIIE IPOU3BOJILHOMN OIMMOKU B IIPOTPaMME.
He nenaercs HUKaKUX IIPEIIIOI0KEHUI O THIIe A3bIKa L—UMIIepaTUBHBIA 1 OH WIn QYHK-
[UOHAJIBHBIA W T.II. EIMHCTBEHHOE IIPEJIITOIOKEeHIe—IIPOrpaMMbl B L SIBJISIFOTCST TEKCTAMU.
A Tounee, dannwvie u npoepammol A3viKa L npe&cmasﬂeubﬂ darHvimu A3vika R. DTO ecre-
CTBeHHOe TpeboBaHMe, TaK Kak Oy/1eT HeoOXOIMMO PacCMaTpPUBATH IPOIECC WHTEPIIPETAITNN
nporpaMM p€L: intL (p:d) :;> res rje intLeR.

IIpedmemmnas obracmv asvka L pexypcusho nepevucauma. To ecTb, CyIIecTByeT ajro-
PHUTM IIEPEUNC/IeHNs] BCEX JIAHHBIX S3bIKA L—aJIropur™ reHeparyu (BO3MOKHO GECKOHETHOTO)
crmcka [dy, da,...], CO CJIEIYIONUMU CBOMCTBAMU: 3JIEMEHTDI CIIMCKA SIBJISTFOTCS SJIeMEHTa-
MU IIpeJIMeTHON obsracTu L, KarK Iblil 3J1eMeHT IIpeIMeTHON 00/1acTh si3bIKa L IIpeicTaB/ieH B
STOM crucKe, peduKe 60 JJIUHBL N JJAHHOTO CIIUCKA CTPOUTCS 38 KOHEYHOe (3aBHUCHIIee
OT M) YUCJIO MIAroB AJrOPUTMA.

CriejicTBEEM JIAHHOTO TMPEIIOJIOKEHNUST SIBJISIETCS CIEYIOIee, M3BECTHOE M3 TEOPUH Pe-
kypcusnbix Gynkuuii [39)], yreepxkuenne 41| (1okazarenbcTBo yrBepkaenus (41| Takxke mpu-
Bejieno B [FTP]).

YrBepxkaeHue 41
st mroboit porpamMMbl p MHOXKeCTBO dom(p) JIAHHBIX, HA KOTOPBIX IIPOrpaMMa p Orpe-
aeﬂeﬁaﬂ, PEKYPCUBHO TIEPEINCINMO.

AsrropurMudeckast mepedncImMocTh MHOKecTBa dom (p), Ijie p—IIPOM3BOJIbHAS [TPOrPaM-
Ma Ha si3bIKe L Oy/ieT MCIoJIb30BaHa IPU U3yYEeHUN CBOMCTB OKPECTHOCTHOI'O TECTUPOBAHMUS.

Mmnootcecmseo donycmummz 8T0OHBIT AAHHLLT OAA NPOPAMMDYL D NPEICMABAEHO HEKOMO-
PoiM KAaccom D,. 311ech He IpeosaraeTcs, 9ro D, npeicrasiiser MHOKecTBO dom(p): <D,>
MozKeT OBITE mmpe, yeM dom(p) . 3agaBasd Kaacc Dy, TeM caMbIM OIPeIeIAI0T MHOKECTBO J1aH-
HBIX, KOTOPBIE B IPHUHIIAIIE MOI'YT OBITh HOJAHbI B KAYECTBE BXOJHBIX JAHHBLIX [POIPAMMBI
p. Hanpumep, MoKHO paccMaTpuBaTh MAaKCHMAaJIBHO IIUPOKUIL Kiacc: <D,>=D.

5.3.2 MertacucreMHble yPOBHU
B OKPECTHOCTHOM TE€CTHUPOBAHUU

Kaxk onmcano B paszere 5.1, mporecc TecTupoBanus IporpaMMbl pEL—3TO cepust BBITIOJI-
o *
HEHUH Mmecmoevis npozoros p d; 7> res; IPOrpaMMBbl HaJl BXOJIHBIMI JAHHBIMU —MECMaMU

1 HpI/I HeO6XO):H/H\’IOCTI/I, TakKoe IIpeJICTaBJIEHUE BCeEr/Ja MO2KeT 6bITb JAOCTUTHYTO IIPU IIOMOIIKX TOI'O MJIN
MHOTO KOJINDOBAHUSI.

2 To ectnb, dom (p)—MHOMkKeCTBO TakuX d, /jist KOTOPBIX MPOTECC BHIMUCICHUSA TTPOIPAMMBI P 3aBEPITAeTCsT
3a KOHeudHoe 4ucsio Imaros. He ciesyer nyrats MHOXKecTBO dom(p) 1 MHOXKecTBO Dom(p) 8CeT 803MOIHCHOIT
6xodnvix dannvir TSG-porpaMMbl p, BBEJIEHHOE B pas3jiesie
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d;€<D,> (cM. pucyHOK Ha CTPAHUIIE . [enwb ganHOrO pasjieia—TakuM 00pa30M OpPraHu-
30BaTh TECTUPOBAHNE TPOTPAMMBI P, 9TOOBI ObLIIA Oy YeHa POPMAAU3aUUA HEDOPMATHHOTO
IIPEJIEJIBHOTO KPUTEPHUs BHIOOpPA TECTOB (cTpanuia .

[lepBbiit MOMEHT, TOJIEXKAITUI (hOPMATM3AIUN B JTAHHOM KPUTEPUU, 3aK/IIOYEH B BO-
npoce: “Umo” ucnoavayem undopmayuto o mexcme npopammvl p 6 MPOUECCE MECTNOBHIL
npozoros? Kax opzanusosams mecmoswill npo2oH, 4mobv, 5mo “umo-mo” 6wi.ao A6H0 HabAI0-
daemvuim? Heobxommmo tmporiece p d; % res;, B KOTOPOM IpOrpaMMa p HI'DaeT aKTHUBHYIO
poJib (CyObeKT) a JlaHHbIe d;—ACCUBHYIO POJIb (0ObEKT) IIPeobpasoBaTh CJIeLyonuM obpa-
30M: 66ECTNAU 6 AGHOE PACCMOMPENUE cucmemy X, 6onosnaouyo evmucienue p d; = res;,
KOMopas 0vt UMEAG 8 KA4eCEe 006eKMOo6 MeKcm npo2pammo, p U darHvie d;.

Takum oOpa3om, HEOOXOUMO TEPENRTH OT M3HAYAIBLHON (POPMBI OPraHU3aIuil TECTOBOTO
nporona p d; % res;. K HOBOil dopMe ero opranmzaruu: X (p:d;) = res;.

DTO0 XOPOIIO U3BECTHOE B TEOPUHU IIPOTI'PAMMUPOBaHUs IIPEoOPa30BaHue—IIEPEX0/] OT HEIO-
CPEJICTBEHHOI'O UCIIOJIHEHNA K UHTEPIPETAINN,—U X —HUUTO WHOE, KAK UHTEPIPETATOP SI3bI-
ka L: intL. Ilocie mamuOro mpeobpasoBanus nmeeM 6Gosiee TOUHBI (6osiee hopMabMBbIii)
Kpurepuii: Habop mecmos di,. . .,d, cuumaemcs oCmamouHuM OAA MECTNUPOBAHUL NPO-
2PAMMDL D, €CAU 6 NPOUecce Mecmosur npozonos tntL (p:d;) = res; Ha 0AHHOM Habope
MECMO8 8 COBOKYNHOCTU ObLAO 06ECNeUeno UCNOAL306aARUE UHmepnpemamopom intL ecet
urgopmavyuy o p. Creayromuii mar hopMaan3aluu—TOYHOe OIPeJie/IeHne TOHATHS “UC-
nosb30oBaHa uHpopmanusa’. st Hero Tpedyercst BBEJIEHHE MeTacUCTEeMbl, HaOJIIOIAONIEN,
KaK MHTepIpeTaTop intL BHINOHSET BbIYUC/IeHHe p d; U KaK OH IIPU 3TOM NOMpebAsem
urdopmarmio o p. Meracucrema Takoro copra omucata B riase [4-sto okpecTHocTHBI ama-
Jm3arop. Takum oOpaszoM, TPUXOIUM K CJIEIYIONIEH cXeMe OPraHu3aIii MIPOIecca TeCTOBOIO
nporona nan intL (p:d;), rie intLER—unTepnperaTopa a3bika L: s 1000 TporpaMMbl
PEL u jaHHbIX d BBIIOJIHEHO

intL (p:d) :} res <= p d% res.

B rakoit cxeme—nan intl (p:d;) —opranusaiuu IMpoIecca TECTOBOI'O IIPOIOHA MMeeM
cJieJTyIoniee pacipe/ieieHue MeTaCUCTeMHBIX YPOBHEI:

1. (p:d)—o0b0beKThl, JaHHbIe JJIsd intL;
. *
2. intL—cucreMa, BBIIOJIHAET BbIUUCIeHNE p d; = res;;

3. nan—wmeracucreMa, HabJIIO/IaeT, Kak paboraer cucrema intl ma manubix (p:d), ompe-
JleJiger, Kakas wHdopMarms o JaHubix (p:d) mpu 3TOM HCHOJIB3YeTCsd CUCTeMOoi intL.

[Tomumo TOro, 9TO0 TaKOoe pacipejesieHrne MeTaypPOBHEH AGAAEMCA HEOOTOOUMBIM IS
dbopmanmsauu Kpurepus [5.3], OHO elle ABJISIETCS U €CTECTBEHHBIM: TECTHPOBAHKE IIPOIPaM-
MBI p—/IeATEILHOCTh Had MPOrPAMMOil P, B KOTOPO#l H3ydYarOTCs MPOIECCHI BBITOJTHEHUS
porpaMMbl p H& TECTOBBIX JaHHBLIX. [lo3TOMY ecTecTBEHHO p OTHECTH K 00BeKmMam B JAH-
HOI JeTeIbHOCTH. A IOCKOJIbKY HEOOXOIMMO M3ydaTh MPOUECCh, UCIOJTHEHUs TPOrPaMMBbl
P, TO €CTECTBEHHO BBIJEJUTH CUCMEMY, PEATUIYIONLYIO JaHHbIE MPOIECChl, U Memacucme-
MY—B KOTOPOil COOCTBEHHO M ITPOUCXOJUT U3YUEHHUE ITPOIECCOB UCIIOJHEHUS IIPOrPAMMBI P.
[IpuBeienHas BhIIIe cxeMa OPraHU3aIlud MIPOIEcca TECTUPOBAHUSA COOTBETCTBYET TOMY, UTO
TECTUPOBAHUE—ITO METIEATETHHOCTD HAJI, ITPOTrPAMMOI.
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5.3.3 IIlar okKpecTHOCTHOTO T€CTUPOBAHUS

Onpenesnenue 36
IIpouecc oxpecmmnocmroz2o mecmuposarus NIPOrpaMMbl p Ha TecTax dj,da, . .. dBJdgeTCH
HOC/IEIOBATEILHOCTBIO (7 = 1,2 ...) BBIYUC/ICHUIA:
nan intL (p:d;) = (resi,Oi(P:di))
Zdi .
decompose Oi(P ) [pl 4; = (OP,0%)
OP=0PxOPx .. *OP

CO CJIEJIYIONINMU pe3y/IbTaTaMU Ha KarKJIOM Iare 4:

e res;—pe3yabTar BeramcieHns intL (p:d;),
:di
o Oi(p )—OerCTHOCTb (p:d,),
OP 6137
e O; n O; —0OKpeCcTHOCTH P,
d;
e O, "—oKpecTHOCTD d;.

B cuity cBOiiCTB OKpECTHOCTHOIO aHam3aTopa nan (reopema|34)) u o onpesenennto intlL,
*
res; B/ACTCH PE3Y/IBTATOM BBIMHC/ICHHS IPOrPAMMBI p Ha TaHHbIX d;: p d; 7> res;.

B cuty cBoiicTB nan, CBOMCTB oneparuii JeKOMIIO3UIIMM U IIepeceveHrns OKPEeCTHOCTEN,
BBIIIOJTHEHBI CJIEJIYTOIINe YTBEPKIEHUS O MOJIYYeHHBIX OKPECTHOCTAX (Be3je OyeM Ipeno-
JIaraTh, YTO BCe KJIACCHI U OKPECTHOCTH TIPEJICTABJIEHbI B KAHOHMYECKOM BUJIE).

(p:dy)

OKpecTHOCTD in " ompenenser, Kakasd nabopMarmg o (p:d;) ObLIa MCHOJIH30BaHA
- . *

B IIPOIIECCE -TOTO TECTOBOI'O IPOrOHA MPOTPaMMbl p Ha JaHHBIX d;: intL (p:d;) * Tesi

OKpecTHOCTD (’)? OIIpe/iesisieT, Kakasd MH(OPMAIS O MporpaMMe p ObLIa HCHOJIH30BaHA B
[POIIeCCe -TOrO TECTOBOTO MPOTOHA MPOrpaMMbl p Ha JaHHbIX d;. OKpPecTHOCTH O? ¢ ompe-
,ZLeJIS{e'IEI, Kakasi nHpopMaIms o0 Tecte d; ObLIa UCIOJIB30BAHA B IIPOIECCE i-TOMO TECTOBOIO
[IPOTOHA TTPOTrpaMMBbI p Ha JaHHbIX d;. OKpecTHOCTD @f olpe/iesisgeT, Kakasd HHPOPMaIUs O
mporpamMMe p ObLIa HCIOJIB30BaHA 6 CO80KYNHOCMU B IIPOIECCaX TECTOBBIX ITPOTOHOB ITPO-
rpaMMBbl p Ha JIQHHBIX dq, . .. ,d;.

3aMeTuM, UTO 0 OIPEJIETEHUTO 55 BBIIIOJIHEHO:

O1=0F, 0p,=0pxO},,, k=1.2,...

B cuity Teopembr , BoimonHeno: OF =Oh ... =08 =OF IRl
B cuiy reopewmst [33] B ranmHO# 1mOC/I€40BATEIBHOCTH OKPECTHOCTEN He MOXKeT ObITh Oec-
KOHEYHOI'O 4UC/Ia Co0CMEeHHbiT nodokpecmuocmeti—0OeCKOHeIHOro Yuc/ia orHomennit (>).

5.4 OKpecTHOCTHBII KpuTepuii
BbIOOpa TECTOB

Onpenenenne 37
HasoBem 0KpecTHOCTh O 1enodeusichotl 0kpecmmocmbo IPOrPAMMBL P, €CIIM HE3ABUCH-
MO OT BBIGODA TecTa djyq BBIIOIHEHO: O 41 = or.

3 Ucnonbzobanne O?i OyzeT 0OCy2KIIEHO B pas3iese
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[IycTn @g—HeHOLLBI/DKHaﬂ OKPECTHOCTDH MporpaMmbl p. Uro 310 3naunt? Kak ckazano
BBIIIIE, @p orpeiesideT, Kakasg nH(opMaIsd O IporpaMMe p ObLIa UCIOJIb30BaHa 68 COBOKYN-
HOCTU B Hpoueccax TECTOBBIX IIPOI'OHOB TPOTPAMMBI P Ha TAaHHBIX d1,. . . ,dx. Beibepem 0001t
TecT dj. 1. Torma Ok 41 OlpeJie/isfeT, KaKad MH(OpMala o IporpaMMe p Oblia HCHOJIb30BaHa,
] coeonynnocmu B IIPOIIECCAX TECTOBBLIX IMPOIOHOB MPOrPAMMbBI P Ha JAHHDLIX di,. .. ,dg,dg11-
Pasencrso Ok Ok 41 O3HaYaeT, YTO 3TH JBe OKPECTHOCTH OIPEJEAIOT OJQHU U Te XKe CBOii-
cTBa mporpaMMbl p. To ecTb, jid 1000r0 diy; HUKaKas HOBasg WH(OPMAIUd O p HE MOYKET
OBITH MCIIOJIH30BaHA B IIPOTECcCe BBIUMCJIEHNN p Ha TecTe diip. Apyrumm cioBamu, eca un-
popmayus o p, Komopas HeobTroduMa 0rA NPOBEJEHUA BVIYUCAEHUA NPOLDAMMYL P HG AI0OBLT
dannvir, ObLIA UCIOJIHL30BAHA B TECTOBBIX IIPOrOHAX MPOrpaMMBbI p Ha TecTax dj,. .. ,dg.

CirieioBaTe/IbHO, HEIOBUKHOCTD @E O3HAYAET, UTO 6 MECMOBHT NPO2OHAT NPO2PAMMbL
p Ha mecmax dy, .. .,dg,dkr1 OVLAG UCTOADI0BAHA 6CA docmynHafﬁ urgopmayus o p. Tem
caMbIM 3aBepiieHa dpopmasmsalus HedOPMaJILHOTO TPEJIETLHOI0 KPUTEPHS BBIOOpA Te-
CTOB.

Onpenenenune 38
Oxpecmuocmuvti kKpumepud, mecmuposanus. Habop (KOHEUHBIN CIMCOK) TECTOB

Tk=[d1, .« .. ,dk]

bydem cuumamov docmamounvim OAA OAd MECMUPOBAHUA NPO2PAMMYL P, €CITH @E ABJIACTCS
HEIIOJABUKHOII OKPECTHOCTBIO P.

5.5 CBoiicTBa
OKPECTHOCTHOI'O TECTHUPOBAHUSI

Teopema 42

s 1000ii mporpaMMbl P CYIIECTBYET KOHEUHBIH HAaOOp TecToB T, YIOBIETBOPAIONIHI
OKPECTHOCTHOMY KPUTEPHUIO TECTUPOBAHUS.
okazaTeabcTBO

PaccmorpuM J1060it aJIrOpuT™ HepedncyieHnst (CM. yTBEpZKIeHUe MHO2KecTBa dom (p):
dom(p)=[d1,d2, ...]. Ecian BBIIOJHATH OKPECTHOCTHOE TECTUPOBAHUE Ha JIAHHBIX d;, 1 =
1,2,..., TO TOIYyYHM IOCIEIOBATEILHOCTL OKpecTHOCTe: O =Oh=. ... B sr10it mocie-
JIOBATE/IbHOCTH HE MOXKeT OBbITh OEeCKOHEYHOI'O YHCJIa OTHOIIEHU (>) —reopema [33] To
€CTh, CyIIECTBYEeT HOMEpP 7, TakKOi, dYTO: @p = @p i Bcex j > n. Takum obpasowm,

—HEIIO/IBUKHAs OKPECTHOCTb, a KOHEYHBIIl H recroB T=[d;,...,d, BJIETBODSI-
05 eI1o, asd OKPECTHOCTb, a KOHe abop TecroB T=[d d,] ynossrerBo
€T OKPECTHOCTHOMY KPUTEPHIO TeCTHPOBAHUS. W

Teopema 43

Oxpecmuocmuvit. Kpumeputs MeCMUPOSAHUA NPOZPAMM—NOAHDIG: B CIydae HAJTAIAI
omubKN B IpOrpaMMe p CYIIECTBYeT KOHEYHBIH HAOOP TecToB T’, PACKPBIBAIOIIUI OIMMIO-
KY ¥ yJAOBJIETBOPAIONNNA OKPECTHOCTHOMY KPUTEPHUIO.
JlokazaTeabCcTBO

[Tycrs cymiecTByer ommbOKa B Iporpamme p. DTO 3HAYUT, 9TO BBIYUCIEHUE TPOTDAMMBI
P HA HEKOTOPBLIX JIAHHBIX d IPUBOJUT K HEBepHOMY pesysbrary. Paccmorpum Joboit Ko-
HeYHBIH HAOOP TecToB T, YI0BJIETBOPSIONINIT OKPECTHOCTHOMY KPUTEPUIO TECTUPOBAHUS (CM.

4 To ecrb, Beg mHGOPMAIUA O P, KOTOPas B HPHHIIMIE MOMKET HCIOJIb30BATLCS MHTEPIPETATOPOM intL
[IPU BBIYUCJIEHUH [IPOTPAMMBI P HA JIIOOBIX JAHHBIX.
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treopemy {2)). Tobasum K sromy Habopy tect d: T’=[d]++T. Koneunbiit nabop tecro T’
[0 IIOCTPOEHUIO YIOBJIETBOPAET OKPECTHOCTHOMY KPUTEPUIO TECTUPOBAHMS M PACKPBLIBACT
omuOKYy B IIporpamMme. m

Kak usBectHo (cM. pasgen [5.1.3]), He cymecTByer MOJHOIO HaJE:KHOrO (HEIPOTHBOPE-
YMBOT0) KPUTEPUS, 3aBUCSINETO OT HAabOpa TeCTOB U mporpaMMbl. [losromy paccmorpenune
BOIIPOCA O HAJIE?KHOCTU OKPECTHOCTHOI'O KpHUTepusi OyJIeT OTJIOXKEHO JI0 pasjiesa [5.6.3, rie
Oy/eT MoKa3aHo, YTO KPUTepPUl OKPECTHOCTHOTO TECTUPOBAHUS MPOTPAMMBI P C 3aJIaHHON
crierupuKanueil ps He TOJBKO TOJIHBINA (TeopeMa , HO 1 HenpoTuBopedusblit. Cre0Ba-
TeJIbHO (CM. pasfien , Kpumeput 0KPECmMHOCMHO20 MEeCNMUPOSAHUA AA20DUMMUYECKU
Hepazpewum. To ecTb, HEBO3MOXKHO B o6meM cIydae peau30BaTh MPU MOMOIIH aJrOpUTMa
MIPOBEPKY HEIMOJIBUKHOCTH OKPECTHOCTH (9

Nrak, B 00I1IeM ciiydae OKPECTHOCTHBIM KPUTEPHUil TECTUPOBAHUA JOJ2KEH HPOBEPITHCS
9KCIIEPTHO. B HEKOTOPBLIX CJIy4dadX HEIIOABHU2KHOCTD @5 MOZKET 6bITb o4yeBuaHa. HaHpI/II\lep,
eci okpecrrocTs OF “cxanach B Touky”: Ob=sngl (p), <OL>={p}, To OF —3asenomo HEmO-
JIBUKHas OKpecTHOCTb. B paszjere 5.6.1| mpuBeieno ere oHO JIETKO IMPOBEPseMoe yCJIOBHE,
HaCTYIJIeHHe KOTOPOro rapantupyet, 4to OO, HeroIBuzKHasl.

B ocTa/ibHBIX c/Tydasix OCTaeTcs MoJIaraThCsd Ha TO, YTO IIpeIaraeMble SKCIepTaM OKpeCT-
HOCTHN @p NMEIT JOCTATOYHO HAlJIAJHYIO CbOpl\ly, YTO IIO3BOJIUT UM IIPOBEPATD, ABJIACTCA JIN
JlaHHas OKPECTHOCTDb HenoABuUzKHON nin HeT. B [FTP] paCCManI/IBaeTCH BO3MOXKHOCTH BBe€-
JIEHUS 9BPUCTUIECKON IHCIOBON OIEHKN OJIN30CTH OKPECTHOCTH (9 K HEITO/IBUZKHON OKPEeCT-
HOCTH.

VIoMsAHEM elie 0 HO CBOMCTBO OKPECTHOCTHOI'O TECTUPOBAHUA— /IS HEI'O HECYIIECTBEHHBI
TapaxKmepucmury A3oika L. DTOT A3bIK MOXKET OBITh UMIIEPATUBHBIM, 00bEKTHO-OPUEHTUPO-
BaHHBIM UJIH (PYHKIIMOHAJIBHBIM C allllJIMKATUBHON WJIN JIEHUBOM CeMaHTUKOM u T.11. B jrro60M
caydae, ecan intL 3ajaH, nan OyJ/eT cJie/IUTh 3a TeM, Kak intL norpebisger nradopMaiuio o
TekcTax p u d.

5.6 Perenne TpaaunimoHHBIX TpobJieM
TEOPUU TECTUPOBAHUSLA

B mamrOM passeste Oyer nccieoBaHa BOSMOXKHOCTD PEITIeHsT B paMKaX OKPECTHOCTHOTO
TECTUPOBAHUS CJIEYIONIX TPAIUIIMOHHBIX IPOOJIEM TEOPUU TECTUPOBAHUS.

Buwibop ouepedrozo mecma. IlpeanonoKumM, 9To y»Ke yCIEIIHO BBIIIOJIHEHO TeCTUPOBAHNE
nporpamMmmbl p i Habopa tecroB T,=[dy, . ..,d,], n Kpurepuii TecTUpPOBaAHUSA HE BBIITOTHEH
Ha Habope T,. Kak BoiOpars ciemytommit Tect d, 17 EcrecTBeHHO, BRIOpaTh €0 Tak, ITO-
OBl OBLTIO JIOCTUTHYTO MPOJIBUYKEHIE B CTOPOHY BBIITOJTHEHUS PACCMATPUBAEMOrO KPUTEpPUs
TecTupoBaHud. Tak, /i CTPYKTYPHBIX KPUTEPUEB CUCTEMa TECTUPOBAHUSA JOJZKHA OTCJIe-
JKUBATh MHOYKECTBO HEIPONJICHHBIX KOMaH][ (BeTBeil, IyTeil) U KAaK-TO MBITAThCS CTPOUTH
(mpobuteMa B 06ITIEM CITydae aaropuTMUIECKH HEPA3PEITMa) TECThI, PEATH3YIOIIIe TIPOXOXK-
JICHIE 9TUX KOMAHl (BeTBeil, myreit).

Tecmuposanue v omaadka. IIpeanonoxKum, 4To YCHEITHO BBIITOJIHEHO TECTUPOBAHUE TTPO-
rpaMmbl p Ha Habope tectoB T,, = [dy,...,d,], u Heycmnenrno—Ha tecre d,, . 1. B nporpamme
nMeeTCsT OIMuOKa, TeCTUPOBAHUE MPEKPAIAETCsI, HAdMHAeTCA OTIaKa. [locie BHeceHUsT mc-
IIpaBJIEHUS B TPOIPAMMY—II€PEXOJ] OT TPOTPAaMMBI p K IPOrPaMMe p’ —IPUCTYIIAIOT K TeCTH-
POBAHUIO HOBOU TporpaMmbl p’. B onmcanHoil cuTyarnuy BOZHUKAIOT CJI€LYIONINE BOIIPOCHI



84 I'maBa 5. OxkpecTHOCTHOE TECTHPOBaHHUE IIPOTPAMM

[28]:

1. Ilo3BossieT im paKT yCIIENTHOTO ITPOXOKIEHUS TECTOB T,, N HEYCIEITHOTO ITPOXOXK IEHN
Tecta d,yq JIOKAJU30BATh OMMUOKY (YMEHBIINTH 30HY MOUCKA B TEKCTE IIPOrPAMMBI
MecTa BHECEHUsI UCIPABJIeHNs)?

2. Tlocse BHeCeHMsT UCIIPABICHUS B IIPOrPAMMY HYKHO JI TECTUPOBAHUE ITPOTPAMMBI P’
HAYMHATH “‘C HyJId MK MOXKHO FapaHTHPOBATD, 9YTO HA YaCTH TecTOB u3 T, mporpamma
p’ Oyzaer ycuerrao paborars? Kak orobpars u3 T,, 9T TecTbI?

Hcenoavsosanue cneyudurayut npu mecmuposaruu, npozpamm. Fcimm 3amana popmasib-
Has crernuduKays mporpaMMbl (OIMCcaHUe perraeMoii 3a/adu), To BO3MOXKHO OCHOBBIBATH
BBIOOP TECTOB HE TOJILKO Ha aHaJIN3€e TEKCTa IIPOrPaMMbl, HO M Ha aHAJIM3e TEKCTa clriernuduKa-
nnii. B ciydae oKpecTHOCTHOTO aHAJIM3a XOTEJI0Ch ObI JIOCTUYh (DOPMAJTI3AIINN CJIETYOIIETr0
Kpurepusi: na nabope mecmos T, npu nposepru npedycaosuil, MECMOSHLL NPO2OHAL U NPO-
gepre NOCMYCA08UT DOAHCHA OBIMD UCTLOALIOBAHA BCA UHPOPMAUUA O MEKCME NPOPAMMDBL
u mexcme cneyuduraUUs.

5.6.1 BwniObop ovepeHOrO TECTA

d4
st BbIOGOpaA ouepeiHOrO TecTa d, 41 OYAYT ucHoab30Banbl okpecTHOCTH ()" HAJI TECTaMU
d; .
d;. Bamernm, 4To ecim B3ATh d,,41 u3 MHOKecTBa <O > i€[1..n], To MoOMYUNM (110 Ompejie-
JIEHUIO OIIE€PAINH JIEKOMITO3UITNH OKPECTHOCTH—Pa3/iel MH B CUJLy yTBepKjieHus [35)):

(p:dn+1)€(9i(p:di) =
tr(int, (p:d,41)) = tr(int,(p:d;)), p dus1 = p d; = res;,
05 = OF W, OF, = OF, 0%, - O

Takum obpazom, BbruuciaeHue p Ha d,y; NPOHJIET TOYHO Tak Ke, Kak u Ha d;, He OyIeT
UCIIOJTb30BaHO HUKAKOW HOBO# MHMOpMAaIuu o p.

BruiBoa. He ciemyer Boibupars odepeiHoit TecT d, 11 U3 MHOXKECTB <(9?i>, i=1,...,n.
Tect d,,11 Heobxodumo BHIOMPATH U3 CJIEIYIONIEIO MHOYKECTBA, IIPE/ICTABICHHOIO KOHEUHBIM
0O beIMHEHIEM KJIACCOB (CM. YTBEPKICHUE :

<Dp>\(<(’)f1>u_ . -U<OS">)=<Qn>, rie
Qn = D\LOT+. . .+O%] = [CP+. . .+C 1.

[TosToMy, B KadecTBe HOBBIX TECTOB, MOC/I€ BBIMTOJJHEHNsST TECTOBBIX IIPOTOHOB Ha HaboOpe Te-
croB T,=[d;,...,d,] pasymMHO B34Th k, HOBBIX TECTOB, II0 OJIHOMY U3 KarKJIOI'O K/jacca CZQ,
1=1,... k,.

YTBepxkKaeHue 44

Eciu <Q,>=0), 7o OF HeNoIBIKHAS OKPECTHOCTD.
JlokazaTeabCcTBO

Pacemorpum npouseoavroe dannoe dyiq€<D,> s nporpammsel p. Tak kak <Q,>=0), To
<D,> = < [O%+. . . +0%] > cymecrsyer i€[1..n] Takoe, 4To d, 1 €<O%> uro (kak moKaszaHo
Bbime) Bieder OF +1=O£. C1eI0BATEIEHO, OKPECTHOCTH O HENOIBIKHASL. W
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5.6.2 OKpecTHOCTHOe TEeCTHPOBaHUE
U OTJIaJKa OporpamMm

Jlokanmzanusa Mecta ommbku. [Ipeanosioxkum, 9To ycrento mpoiijien Habop TecToB
T, u Heycnemuo—recT d,1. [Iporpamma p comepkut omubdKy. e mpex e Bcero cjemyer
ee UCKaTh?

IIpednonoorcum, aro Tpaccol tr(int, (p:d;)), Tak ke KaK U Pe3YIbTATHI BBIYUCIEHUI
p d;=res;, i€[l..n| ABAAIOTCI NPABUALHHMU, 8 UMEHHO, Mbl TOMUM MAK NONPAGUMDH NPO-
2PAMMY, WMOObL He USMEHUAUCD HE TOALKO DESYALMAMbL, HO U MPACCH, YCNEWHDIT MECO-
8HLT NPO20H08 HA JaHHHT di,...,d,. B TakoM mpemoioyKeHnn nucpaBaeHHasT TPOrpaMMa
P’ JOJKHA YIOBJIETBODPATH Tpe6OBaHI/IIO p EOP DTO 03HAYAET, UTO HCIPABJICHUS JOJIZK-
Hbl BHOCHUTBHCS BO (PparMeHThl p, HpeJCTaBJIeHHbIE B OKPECTHOCTU Op C-TIepeMEeHHbIMUA—
HATYEPKHYThIE (hPArMEHThI B SKCILIUITUPOBAHHON 3aIUCH (95. C npyroit CTOPOHBI, PE3Y/ILTAT
p’ dpy1 JOJIKEH OTIIHIATHCS OT HEBEPHOTO pe3yibrata p dy,.q. TakuM obpasom, p’ €<OF 1>,
T.C. P €<(’)p>\<(’) 11> Iocnennee eme OoJible JIOKAJIN3yeT MecTa BO3MOXKHBIX HCIpPaBIIe-
uuii. Mtak, B ciydae NpuBeIeHHOTO BBIIIE MPE/IIIOIOKEHNsT (0 YKeJTaHUN COXPAHUTH TPACCHI ),
OKPECTHOCTHBIIl aHa/In3 sIBHO yKa3bIBaeT HaM, KaKue (hpazmernmo, p 00AHCHDL OCTMABAMBCA
HEUSMEHHBLMU, 0 KaKue dpazemernmor p 00A3aHbL ObIMb U3MEHEHb, TIPU UCIPABICHUN IIPO-
PAMMBI:

UCTPABAEHUSA DONHCHDL BHOCUMBCA 6 HAOYEPKHYMbLE hPa2MEHMDBL D, 68 IKCHAUYU-
POBAHHOT 3ANUCU (’)p\On Y1

B ciyuae, ecitm HEeT yBEPEHHOCTH B HEOOXOMMOCTH COXPAHEHUsT TPACC YCIIENTHBIX ITPOTOHOB
Ha Habope T,,, HaJI0 TaHHYIO PEKOMEH,IAINIO O MeCTaX BHeCEHUS UCIIPABJIEHUI pacCCMaTPUBATH
KaK 26pUCMuKYy, ¢ IPUBEJIEHHBIM BbIlle 0OOCHOBAHUEM, U HAYUHATDH MOUCK OIMMOKU UMEHHO
C 9TUX MECT.

IIponokeHne OKpPEeCTHOCTHOTO TECTUPOBAHUSI MOCJ€ MCHPABJIEHUS OMIMOKH.
[Ipenmonoxkmm, 9To ommOKa HaiifeHa, MporpaMMa p HCIpaBjeHa, p’—HOBBI TEKCT IIPO-
rpaMMbl. Hy2KHO T TOBTOPSTD BCe BBIMUCICHUSA P’ Ha 6cer Tectax di,...,d,7

Ecsm BbIIOSIHEHO yCIOBUE p’€<@f>, rje 1€[1..n], T0 HET HEOOXOIUMOCTH BbINOJIHSITh
BhIUHCIeHue p’ Ha tecte d;. leficrBurebno:

pre<OP> = (p’:d)e<OP > =
(P’:di)z(’).(p:di)

tr(intL, (p’:d;))=tr(intL, (p:d;)), p’d;=p d;=res;, O,
OP'=0P.

Takum o6paszoM, HEOOXOAUMO TOJIBKO IIEPECINTATH O? t

P70 po] g, = (OF, OF)

B Tex caydasx, Korjga nporpaMMa p JIOCTaTOYHO CJIOKHasl, yKa3aHHAas BBIIIE IIPOBEPKA
p’ E<Of’> u epecder O;" 3afiMeT 3HATUTETHLHO MEHBIIIEE BPEMSI, YeM BBIOTHEHIE BBIUUCIIE-

decompose O,

Hud p’ Ha Tecre d;.

5.6.3 N cnosgb3oBaHue B TECTUPOBAHUM
cnenuUKaIuy IIPOTrPaMMbI

[IycTh S—3BIK BHICOKOT'O YPOBHS JIJIsi HAIIMCAHUS CHEIUMUKAIIAN TTPOTPpaMM, (o—IIPEJLyc-
JIOBUE, U 1)—TIOCTYCJIOBUE JIJI TECTUPYEMOI MPOrpaMMbl pEL, ¢ ,1)ES—0THO U JIByXMECTHBII
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job ::= (JOB [ jvary,...,jvar, 1 jterm ) --n >0
jterm ::= (ExecS progS [ jexpi,...,jexp, ] jvar --n >0
Jterm) --progSEs
| (ExecL progL [ jexpi,...,jexp, 1 jvar --n >0
Jterm) --progL €L

| (IF jezp jterm; jterms)
| (EXIT e-ezp)

Juar ::= (Var name)
jexp ::= juar

| (Const d) --deb
gbind ::= (jvar:=d) --deD
jenv  ::= [ gbindy,...,Jbind, ] --n>0

Puc. 5.3: Cunrakcuc KoHCTpYyKIHil si3bika JobSL

npeaukaTsl Ha D:
(¢ [d])e{"True "False"}, (¢b [d,res])€{"True "False"}

rjae "True", "False"—Be pas/indible KOHCTAHTHI (3Hadenus) u3 D.

B nannom pazjesie OyaeT onmcana opranusalus OKPECTHOCTHOI'O TeCTUPOBAHUS TPOTPaM-
MBI p C UCIOJIB30BaHUEM 3aaHHOi cruerudukanuu ps=(p,1). [Ipeamnonoxum, 910 S—A3bIK
IIPOrpaMMUPOBaHNs U UMeeTCd intSER—uHTepperaTop A3bIKa S, HAIMCAHHBIN Ha A3bIKE R.

Torta, OOJIBIIUHCTBO IYHKTOB IIIara TECTUPOBAHUA, & UMEHHO BCe IIYHKTHI PUCYHKA [D.1
(cTpanura [75)), 0OBeileHHbIE B IIYHKTUPHYIO PAMKY, MOIYT BBIYUCIATHCsS. Takum oOpasoM,
MIPOIIECC TECTUPOBAHUS MPOTPAMMBI P C 33JIlaHHON crienudukarmeilr ps=(y,17) MOXKHO pac-
CMATPUBAThL KaK IPOIECC TECTUPOBAHUS COCTABHOW MporpaMmbl ¢ (@,p,1), COOTBETCTBYIO-
et ykazaHHoMy (DparMeHTy PHUCYHKa, ¢ oxkujaeMoil ¢gpyukiueit: "True" Ha Bceit obsacTu
D.

Byner ynobno paccMoTperhb JaHHYIO COCTaBHYIO Iporpammy c(p,p,1) ABHO, KaK IPO-
rpaMMy, HAIMMCAHHYIO HA HEKOTOPOM sI3bIKe JObSL, SIBJIAIOMEMCS HadcmpotKkotl, A3bKOM 30~
danuti Has a3bikamu S, L. Ha pucynke MPUBEJEH CUHTAKCHUC IIPOCTOro s3bika JobSL,
MPUTO/IHOTO T Hanmucanus ¢ (¢, p,1Y) . CemanTuka ga3bika JobSL ovyeBuIHA; (DOPMATLHO OHA
olIpe/iesieHa nHTeplrpeTaTopoM intJobSL, npuBeeHHbIM Ha PUCYHKaX u (mopobHbIit
pa30op Iporecca BBIMUCICHUS WHTEpIpeTaTropoM intJobSL mporpaMmbl job Ha JaHHLIX d
MoxkHO Haiiti B [FTP]). Ha pucynke npuBejieHa porpaMma c (p,p,1) Ha a3bike JobSL,
COOTBETCTBYIOIIAA ;Lef/’ICTBI/IHME] o oOpaboTKe TecTa d; TPU TECTHPOBAHUU IIPOIPAMMBI P C
3a1anHol crienudukarueii ps=(p,).

5 OM. oOBeIeHHBIH B IyHKTHPHYIO PAMKY (DPArMeHT PHCYHKA,
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corr:: (S,L,S) -> JobSL

corr (phi,p,psi)=
(JOB [ Var"d" ]

(ExecS phi [Var"d"] {-->-} (Var"phi d")
(IF (Var "phi 4")
-- THEN
(ExecL p [Var"d"] {-->-} (Var"res")
(ExecS psi [Var"d",Var"res"] {-->-} (Var"psi d res")
(IF (Var "psi d res")

-- THEN
(EXIT (Const "True"))
-- ELSE
(EXIT (Const "False")) -- Error!
)))
-- ELSE

(EXIT (Const "True"))
) )) -- End of JOB

Puc. 5.4: IIporpamma corr (¢,p,v) Ha a3bike JobSL

instance Eq JBind where
((Var n1):=_) == ((Var n2):=_) = (nl==n2)

mkJEnv :: [JVar] -> [D] -> JEnv
mkJEnv jvs ds = zipWith (\ jv d -> (jv:=d)) jvs ds

(+.) :: JEnv -> JEnv -> JEnv
jel +. je2 = nub (je2++jel)

calcJExp :: JExp -> JEnv -> D
calcJExp (Const d) je=d
calcJExp (Var name) je=head[ d | ((Var n):=d)<-je, n==name]

calcJExps :: [JExp] -> JEnv -> [D]
calcJExps jexs je = map (\ jex -> calcJExp jex je) jexs

Puc. 5.5: Beciomorarebuble hyHKIMN UHTEPIPeTaTOpa d3bika JobSL

Bameuanue. Koneuno, B coorsercTBun ¢ paszesnom [5.3.1 cuHTakcmueckue KOHCTPYK-
nuu si3biKa, JobSL JI0JKHBI ObITH IIpEJICTaBJIEHbI JJaHHBIMI U3 D, mHTeprperaTop intJobSL
JOJZKeH ObITh HamucaH (Mo 3ajaHHbIM HHTepiperaTopaM IntSER u IntLER) Ha s3bike R.
Tak kak B JaHHOW IJ1aBe He (DUKCUPOBAH fA3BIK PeAJTU3AINMN, TO /I KOHKPETHOCTH H3JI0-
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intJobSL :: JobSL->[D]->D
intJobSL job@(JOB jvs jt0) d =

eval]J :: JTerm -> JEnv -> D
evalJ (ExecS p jexs jv jt’) je
where args

res

je’

evalJ (ExecL p jexs jv jt’) je
where args

res

je’

evalJ (IF jex jtl jt2) je

if ((calcJExp jex je) =="True")

evalJ jtO jeO
where jeO =

then

else

evalJ (EXIT jex)

intL :: L->[D]->D
- . OIUCaHWe WHTepIpeTaTopa s3ska L
intS :: S->[D]->D

je = calcJExp jex je

. ONKCaHWe HHTEpIpeTaTopa A3HKa S

mkJEnv jvs d

evalJ jt’ je’
calcJExps jexs je
intS p args
je +. [jv := res]
evalJ jt’ je’
calcJExps jexs je
intL p args

je +. [jv := res]

evalJ jtl1 je
eval] jt2 je

Puc. 5.6: NnrepuperaTop s3bika JobSL

JKEeHUsI CUHTAKCHUC si3bIKa JobSL BhIIIE 0TOOpParKeH B MPEJIMETHYIO 00J1acTh A3biKa Gofer, u
TEeKCT UHTeplperaTopa intJobSL 3amnucan Ha g3bike Gofer. st KaKI0ro 9aCTHOI'O A3bIKA
peanu3alii TU OIUCAHUS HEOOXOANMO adeksammo omobpasdums ¢ a3bika Gofer B s3bIK R.m

PaccmoTpuM okpecTHOCTHOE TecTupoBanue c(¢,p,Y):

nan intJobSL (c(p,p,?):d;) = (resiADfC(w’p’w):dﬁ)

decompose O P [e(pp)] 4 & (OF PN of)

zjg(@,p,¢)=cjf(¢,p,w)*ng(w,p,w)*. xS PsY)

i=1,2,...

EHCTBEHHBIM JIOIMYCTHUMBIM PE3YJIbTATOM TECTOBBIX IPOI'OHOB B JIAHHOM CJIydae siB-
adercd 3nauyenue res;="True", TO eCTb HPOBEPKa IIPABUJILHOCTUA PE3yJIbTaTOB res; MOXKET
BBINIOJTHATHCA aBToMaTndecku. K TectupoBanuio mporpaMmmer ¢ (¢, p,1)) NPUMEHUMbBI BCE Pe-
3YJIBTATHI IPEJIBIIYIINX Pa3/Ie/IOB JaHHOM TJIaBbl. 3aMeTuM, 910 TeKeT ¢ (@, p,1) BKIOYaeT
B ceOd noJtHbIi TekeT p u ps=(p,1)), Berancienue c(p,p,®) d; B o0IeM cirydae BKIIOYa-
eT B ceOs MPOBEPKY MPELYCIOBHSA ¢ d;, BRIYHCIEHNE TPOrpaMMBbl p d; = res; U IPOBEPKY
noctycyioBus ¢ d; res;, unreprperarop IntJobSL jijis IpOBe/IeHUA BbIYUCICHUN B sA3bIKAX
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S u L obpamaerca K mnrepuperaropam IntS u IntL. [losTomy oKpecTHOCTHBIN KpuUTepuii
(1151 3aBepINeHNsT TECTUPOBAHUSI TIOTPEOYETCsT UCIOIB30BaHIE B COBOKYITHOCTH B IIPOIECCAX
Beranciaennit ¢(y,p,1) Ha Tectax d; Beeil muadopmanum o Tekcre nporpaMmer ¢ (p,p,1)) B
JIAHHOM CJIydae PaBHOCHUJIEH CJIeIYIOIIeMY:

Habop mecmos T,=[dy, ...,d,] 6ydem cuumamocsa docmamourvim s mecmu-
posarus p ¢ 3adannoll cneyupurayuet ps=(p,V), ecau Ha dannoir mecmax 6
COBOKYNHOCMU 8 NPOUECCAT:

—nposepox npedycrosut ¢ d;;

—BVMUCAEHUA NPOPAMMBL P d;;

—nposepox nocmycrosuti P d; res;;

ObLAG UCTLONDI0BANA, BCA QOCTNYNHAAL UNPOPMAUUL O MEKCTNE NPOZPAMMDBL U O MEK-
cme cneyupuKrauuL.

OkpecTHOCTHOE TeCcTUpOBaHUEe MpPorpaMMbl € (p,p,1)) HABIIETCA €CTECTBEHHBIM CIIOCO-
OOM HUCII0JIb30BaHUS TIPU TECTUPOBAHUE ITPOrPAMMBI p WH(MOPMAIIUU U O CAMOU IIpOTrpaMMe
n o dhopmayibHO 3ajanHol crienudukaru ps=(p,1). Takum obpa3oM, B paMKax OKpPeCT-
HOCTHOT'O TECTUPOBAaHUs €CTECTBEHHO peIlaeTCd JaHHasd TPaJUIMOHHAA ITPOOJIeMa Teopun
TECTUPOBaHUs (CM. Pas3jie . 9TO 0obecredeHo TeM, YTO B OKPECTHOCHOCTHOM TECTHPO-
BaHUM HE IPEJIIoJIaraeTcsi HIKaAKUX CBOWCTB O sI3bIKe, HA KOTOPOM HAIlMCaHa TeCTUPyeMasi
nporpamma (B JJaHHOM cirydae—iporpamma ¢ (¢,p,1) Ha “coctaBHoM” sizbike JobSL), Kpo-
Me CJIeJIYIOIINX: TeCTUpyeMasl porpaMMa sBJISeTCs TEKCTOM (KOTOTODBI B CBOIO OYepejib
[PEJICTABJIEH JIAHHBIMU $13bIKa R), & CEMaHTHKA sI3bIKA OIICAHA MHTEPIPETATOPOM, PEATH30-
BaHHBIM Ha A3bIKe R.

Teopema 45

Oxpecmuocmuoili Kpumeputis Mecmuposarus NPopamms, p ¢ 3a0aHHOT CNEeyUPUKaUU-
eti ps=(p,)asasemesa nadesicrvim. IlycTh BBIIOJHEHO OKPECTHOCTHOE TECTUPOBAHUE ITPO-
rpaMmbl ¢ (@,p,) Ha KOHEYHOM HaOope TecTOB T,, Pe3y/IbTAaThl BCEX TECTOBBIX ITPOTOHOB
res;="True", ¢ = 1,...,n U BBINOJIHEH KPUTEPUIl OKPECTHOCTHOTO TECTUPOBAHUS JjIs HAOO-
pa TectoB T,. Torjga, mporpamMmma p 4aCTUYHO KOPPEKTHA 110 OTHOIIEHUIO K IIPEJLyCJIOBUIO (0
U TIOCTYCJIOBHIO 1.
JlokazaTeabCcTBO

HeoOxommMo j1okazaTh, 9TO HEH JIJIs KaKWX JaHHBIX d He MOYXKeT OBITh BBITIOJIHE-
o c(p,p,®) d = "False". Ilo yciioBusiM TeopeMbl pe3YyJbTAThl BCEX TECTOBBIX IIPO-
ronoB res;="True", 1o ecrb dparment tekcra c(@,p,1), COOTBETCTBYIOIIUI j-TepMy
(EXIT (Const "False")) ne ucnoavsosasca B BblunciaeHuax c(yp,p,vy) Ha di,....d,. B

V)

. Ac(
cuity oupejiesienust IntJobSL ciejtyer, 4To B HENOABUAKHON okpectHOCTH O, 7P YKa3aH-
HBIIl (DparMeHT TeKCTa IEeTNKOM MOKPBIT C-TIePEMEHHOII.
ITo ompenenenuto [37] He 3aBucumMo or BeiGOpa TecTa dp, 41 BBIITOIHEHO

~AC (<P,P,’(/J) _7C (@’wa)
OnJrl _On :

*
To ectb, He3aBUCHMO OT BBIOOPA JAHHBIX d,11 B BerUucaeHun c(¢,p,¥) d,i1 = res, i
HUKOT/Ia He 1MoTpedyeTcsd BhIYuC/IsaTh 3HadeHne j-repma (EXIT (Const "False")). m

NTak, OKpeCTHOCTHBIII KPUTEPUil TECTUPOBAHUSA TPOTPAMMBI P IIPU 38 JIaHHON crierudu-
karun ps=(p,1)) He TOJBKO IMOJHBIHA (Teopema , HO W HaJIeXKHbIA. B cujy Toro, 4to He
CYIIECTBYET BBIYUCIMMOTrO TOJHOTO HEMTPOTUBOPEYMBOIO KPUTEPHs, 3aBUCAIIETO OT Habopa
TeCTOB, IporpaMMbl u crienudukanuii [28], BoinosiHeHo ciemytoree:
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CaeacrBue 46
Hepaspewumocmv oxpecmuocmuozo kpumepus mecmuposanus. He cymecrByer ajro-
pUTMa, KOTOPBIil OIpPeIesIseT, SIBISeTC I OKPECTHOCTh (’)E HEITOABUYKHOI.



I'1aBa 6

YHuBepcaJIbHbIA pelnalouii aJropuTMm

6.1 IlocramoBka IIPOGJIEMBI

[Iycts peR—mporpamma Ha s3bike TSG, XCD—MHOXKECTBO JAHHBIX JIJIsI IPOTPAMMBI P,

y€Eval—e-3nauenue. PaccMoTpuM MHOXKeCTBO

Xy = { x| x€X, px = y } = XN~ y),
TO €CTh, MHOYKECTBO BCeX pelleHnil X€X ypaBHeHHd p X = y. DyjeM Ha3bBaTh MpobieMy
IIOCTPOEHNUS IPEJICTABICHNS [T MHOXKECTBa X,,-1, ITPOOJIEMOIT UHEEPCHO20 6VINUCAEHUSA NPO-
epammovl. PaccMoTpuM crie/Iyorniye YacTHbIe CIydan JaHHOM POO/IeMBbI.

Buinoanenue uneepcozo ebuuUCAeHUA NPOPAMMDYL.

Ecym X=D, To )(10_1y=p_1 y—Pe3yJIbTaT BBIYHUCIeHNs PYHKIINNI 0OPAaTHON, K (PYHKIINU ITPO-
IPaMMBI p.

IHocmporue mHodcecmsa UCMUHHOCU NPOPAMMBL-NPEJUKAMA.

[Iycts X=D, y=true, rje true—KOHCTaHTA, IPUHATAs B KAUECTBE 3HAUYCHUS “UCTUHA IIPU
IIPOrpaMMUpPOBaHUN Ipeaukara p. B srom ciaydgae, X,-1,={ x | p x = true} —MHOXKeCTBO
UCTUHHOCTHU TIPETIKATa P.

Obpabomxa 3anpoca % base 3HaHul.

[Iycrb p—aByxmMecTHbI npejukar Ha Muoxectse { [x,y] | x,y€Eval}:

Vx,y€Eval: p [x,y] = {true, false}.

Paccmorpum Hekoropoe 3nadenne xg. Ilycrs X={ [xo,y] | y€D}. B srom ciayuae, naxox-
nenne X,-1, PABHOCUIBHO HAXOXKIEHHIO MHOYKECTBA Yo OTBETOB Ha 3allpoC “Npu KaKuT
y evnoaneno p [xy,yl" Yo = { y | p [x0,y] = true}, X,-14py=[x0,Yo]l. Paccmorpennsrii
ciydail JIerko pacrpocTpaHsiercss Ha Gojiee CI0KHBIE 3alpOoChl (HAIPUMED, “Npu KaKuT Yy
sunoanerno p [y,y]”) u Ha GOJBIIYIO apHOCTDH TpeauKara p. OOt corydaii:

X = { req[XO’y] ’ yeD}7 Xp—ltrue = req[XO;Y0]>
Yo={ v | p reqlxo,y] = true},
rJle Teq—3alpoc, HEKOTOPOEe BBIPDAYKEHUE HaJl Xo U Y, Xo—U3BECTHBIE XapaKTEPUCTUKHU 00b-
eKTa, y—UCKOMbBIE XapaKTEePUCTUKU.
Pewenue ypasrenudi.
PaccmorpuMm ypasuenne £ [a,x] = b, rie a, b—apaMeTpnl, X—HeUu3BeCTHbIC, f—QyHK-
1y, 3a/aHHasg mporpaMmoi} OUKCHpyeM HEKOTOpbLIe 3HAa¥eHHs TapamMeTpos a u b. Ilyers

! Hampumep, a—MaTpHIla PasMepHOCTH M X 1, b—BEKTOP PasMepHOCTH 7, X—BEKTOP HEH3BECTHOH pas-
MepHOCTH M, —IporpaMma nepeMHOXKEeHIs MaTPUIlbI HA BEKTOD.
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X={ [a,x] | x€D}. B srom ciiyyae mocrpoenne MHOMKECTBA X -1, PABHOCHIBLHO LOCTPOE-
HUIO MHOXKeCTBa X,p, PEIeHnil ypaBHEHHs IIPU 3aJaHHBIX 3HAYEHMSIX ITapaMeTpoB a u b:
Xep={ x | £ [a,x] = b }, X;-1,=[a,X,,]. Takum obpaszom, ecim OyayT paspaboranbl -
pexmuenvie crIocoObI perteHns: oOIeil MTPoOIeMbl MHBEPCHOTO BBIYUCJIEHHUS IIPOrPAMM, a
UMEHHO, €CJIN 9TH CIIOCOOBI OKaXKYyTCsI 3(PDEKTUBHBIMHI IS IIOCTPOEHUS IIPEICTABICHUS MHO-
sKecTBa Xp-15, TO He Oy/IeT IPUYMH 3aHUMATbCA Pa3pabOTKO CHeIUaJbHBIX aJlOPUTMOB pe-
IIeHNsT yPaBHEHW TAHHOTO BU/IA.

OO6rast MOCTAaHOBKA, U IIPUBEICHHBIE BBIIE YaCTHBIE CIyIan MPOOJIEMbI TTOKA3BIBAIOT aK-
TYaJIbHOCTh 3a/Ia49U JIjIi TEOPUU U MPAKTUKU IIporpaMMmupoBanus. JlonosiHurebHas MOTH-
BaIisl HHTEpeca K pobJieMe MHBEPCHU IporpaMM mpusejiera B pabdore [20].

B paziene[6.3]6yaer npe/ioxken aaropuT™ IOCTPOCHHS IIPEICTABIICHIs MHOXKECTBA X1,
A nepes sTuM OysIeT pacCMOTPEH BCIIOMOTaTeIbHBIH aJrOpUTM MPUBEIeHUsT (DYHKIUHI TPO-
rpaMMbl K TabJIMIHOI opme.

6.2 IIpuBenenue pyHKIIINI TPOTrPaMMbI
K TabJmvIHO dpopme

B nannom passesie OyieT mpe/iJIozKeH 1 0O0CHOBaH aJropuT™ tab, co ceyIoNuMu CBO-
cTBaMU (JI0KA3aTeIbCTBO TEOPEMBI 47| IPUBEICHO HUKE).

Teopema 47

[IycTs p—npousBosbHas nporpamma Ha a3bike TSG, x—Kiace, c-1anHoe Jid p, i—I1eioe
YUCJI0, DOJIbINIEee UHJEKCa JTI000# c-TlepeMEeHHON U3 KJIacca X, X—MHOXKECTBO, IIPE/ICTABIEHHOE
KJjlaccoM x: <x> = X. Torya ajaropur™m tab 10 3aJJaHHBIM P, X, 1 CTPOUT TEpPEYIUCIeHIe—TO
ecthb crncok L=[(x;,cexy), (x9,cexs),...], BO3BMOXKHO OECKOHEUHO JIJIMHBI:

tabpxiéL

rIe x;,—KJacc, CeX;—C-BbIpakKeHue HaJl IIepeMeHHBbIMUA U3 KJiacca X;. IIpu 3ToM BBIIOJIHEHO
CJIe Ty ToTIIee:

1. Kiaccer x;—TmonapHo HerepeceKaromecst OIKIaCChl KJracca X.
2. g jroboro ¢ u jiroboro de<x;>—mporpaMma p onpejiesena Ha d.

3. s moboro mamnoro dE<x> Ha KOTOPOM IIporpaMma p onpejesnena—p d => res—cy-
IIECTBYET ¢ TaKoil, 970 dE<X;>, U eCJIM II0JICTAaHOBKa S TaKas, 9To X;/ .s=(d,RESTR[]),
TO BBIIIOJIHEHO res=cex;/ .s. Kpome Toro, B 7anHOM cirydae, npeduKc JJIMHBI ¢ CIIUCKA
L OyJieT MOCTPOEH aJIrTOPUTMOM tab 3a KOHEYHOE YUCJIO MIATOB.

Takum obpasom, ajaroput™m tab crpourt:

1. Ilpencrapienue MHOKECTBA Xdom(p):

Xdom(p) def { d | deX, p onpejmesena va d }, Xgom(p) = <X1+Xa+...> TJe
x; <%, u <x;>N<x;> = (), ecom © # j.

2. Tabmmanayio dopmy p Ha X— 11 1106010 d€EX BBITOTHEHO:
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cex;/.s ecan dE<X;>, s—IIOJICTAHOBKA TaKasd,
yro x;/ .8 = (d,RESTR[])
HeonpeoeseHo
ecJIn He CYIIEeCTBYeT ¢ TaKoro, 4ro de<x;>

pd=

3ameuaHme. B HEKOTOPBIX CIydasdx aJropuT™ tab Mo3BOJISET MOCTPOUTH KOHEYHOE Tad-
JINYHOE TIPEeJICTaBJIeHre /It (DyHKIUU p HA MHOXKecTBe X: cmcOoK L MOKeT ObITh ITyCTbIM
WA UMETh KOHEYHYIO JJINHY, IPUYEeM BO BTOPOM CJiydae OH Oy/eT HOCTPOEH 3a KOHETHOEe
BpeMﬂH.l

PaccmorpuMm tree = xptr p x i—JaepeBo MpOIECCOB MPOTPpAMMBI P Ha JAHHBIX KJIACCa
x. Mg kaxmoro de<x> nporece process(p,d) IpeacTaB/eH HEKOTOPBIM IYTEM W U3 KOP-
HEBOI BepIIHbBI (CM. IyIaBy . Tax ke, Kak U B aJrOPUTMe nan, MpUIUIIEM KaxKJIOMy Y3JIy
JiepeBa HEKOTOPBIH MOJIK/IACC KJIacca X, 8 UMEHHO: KOPHEBOI BepIITHHE IIPUIIUIIEM KJIacC X; €C-
JI HEKOTOPOI BEPIITUHE N IPUIIUCAH TTOJIKJIACC X’ KJIacca X U U3 BEPIIUHBI N BBIXOIUT PEOPO ¢
Cy’KeHueM cnt, BeJylee K BEpIIUHe n°, TO BEPIINHE N’ MPUITHIIIEM TOJIKIace X’/ . cnt KJrac-
ca x. Kak y»xke 6bL10 TIOKa3aHO B 000OCHOBAHUU aJITOPUTMOB ptr U nan (CM. pasjiesbl m

4.3.2)), mveer MecTo crieyrornee yTBepXKICHIE

YrBepxKaeHue 48
[IycTh n—HekoTOpas BepIIMHA HA i-TOM YPOBHE JlepeBa tree, X’ —KJIacC, MPUITMCAHHBIII
Bepiune n, c=((t,ce) ,r) —KoHduUrypaius, NpUIUCaAHHAs BEPIITUHE N, W—IIyTh OT KOPHEBOI

BEPIIMHBI 10 BEPIIUHBL N, cnty, . . . ,Ccnt;—CyKeHus, IPUIICAHHbIE peOpaM B IIyTH W.
Torna:
1. x> = x/.cnty/..../.cnt; = (ces,r);

2. ¢c COIEePZKUT C-IiIepeMeHHbIe TOJIbKO U3 cvar X’;

3. X’ mpeJicTaBiisieT MHOXKECTBO TaKuX (M TOJBKO TaKWUX) JAHHBIX dE<X>, UTO IIPOIECC
process;(p,d) COOTBETCTBYET IIyTU W B JilepeBe tree;

4. ecsm dE<X’>, s moJICTaHOBKA, Takas, 4ro x’/.s=(d,RESTR[]), To, 115 i-TOr0 COCTOSsA-
HUS S; BeIUncaeHusd p d BeIOTHEHO: s;=(t,e), e=ce/.s.

Pacemorpum mannbie d, jij1g KOTOPBIX IporpamMa ompejeseHa. Ilporecc process(p,d)
nMeEeT KOHEIHYIO JIJIMHY U B IIOCJIEAHEM COCTOAHUU IIPOIEeCCa BBIYMCJISIEMBII TEPpM ABJIACTCA
MACCUBHBIM. TaKue MMporecchl IpeIcTaBIeHbl MyTIME JlepeBa tree, BeLyIIUMU K BEPIITITHAM
C MTaCCUBHBIMU KOH(MUT'YPAIUAMHI, TO €CTh K BEPIINHAM-JIUCThIM. J[J1s BepIIUH-TNCTHEB BbI-
[IOJIHEHO yTBepKJICHUE KOTOpOE 4BJIFAeTCA IIPOCTLIM CJICJICTBUEM YTBEPZKICHUSL (mo-
JPOOHOE JI0KA3aTeIhCTBO yTBep K Ienus (49| mpuseaeno B [FTP]).

YT1BepxKaeHue 49

[Iycrs {11, 1ls,...} BCex BepIIMH-INCTHEB JepeBa tree. Kaxkoit Beprimue 1; mpui-
caubl: ¢;=((exp;,ce;),r;) —naccushas Kouduryparusa u x;=(xces;,r;) —kiaacc. Oboznadnm
yepe3 cex; C-BbIpakenue exp;/ .ce;. Torma, BLIOJIHEHO CJleTyIolee:

1. x;=x u x;Nx;=0, ecom 7 # j.

2 OHAKO pACIO3ZHABAHIE BO3MOMKHOCTH HOCTPOCHHS TAKOTO KOHEUHOTO TaOIMTHOrO IIPEICTABICHIS JIJIs
dbyuknun p Ha MHOXKeCTBe X B ODIIEM C/Iydae siBJIAETCS aJTOPUTMUYECKH HEPASPEITUMOI TPOOIIEMOIA.
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[(Class,Tree)]
[(Class, CExp)]

type TLevel
type Tab

tab :: ProgR -> Class -> Tab
tab p x = tab’ [ (x,tree) ] [ ]
where tree = xptr p x

tab’ :: TLevel -> TLevel -> Tab
tab’ ((xi, LEAF c):1v1) 1v2

(xi,cex):(tab’ 1lvi 1v2)
where ((exp,ce),_) =c
cex = exp/.ce

tab’ ((xi, NODE _ bs):1lvl) 1v2 = tab’ 1lvl 1v2’

where 1v2’ = tabB xi bs 1v2
tab’ [ ] [1=1"[1

tab’ [ ] 1v2

tab’ 1v2 [ ]

tabB :: Class -> [Branch] -> TLevel -> TLevel
tabB xi ((cnt,tree):bs) 1lv = tabB xi bs ((xi/.cnt,tree):1v)
tabB xi [ ] lv = 1v

Puc. 6.1: Anropurm mocTpoenust TabIUIHON (opMBbI DYHKITHI

2. [nga moboro x; u jmroboro dE<x;>, mporpaMma p ornpe/iesiena Ha d.

*

3. s smoboro manHOro dE<x>, Ha KOTOPOM IIporpaMma, p ornpejeiena—p d = res—cy-
IIECTBYET X; TaKoii, 9T0 dE<X;>, U €CJIU IOJICTAaHOBKa S TaKas, 9To X;/ .s=(d,RESTR[]),
TO BBIIIOJIHEHO res=cex;/.s.

Yrepx aenne 49| 103BOISET MIOCTPOUTD AJITOPUTM tab Kak KOMITO3HUITHIO JIBYX MTPOIIECCOB.

1. Ilpouecc npunucwvisanus epuunam depesa tree COOMEEMCMEYIOWUL NOOKAACCOB
KAGCCO T KOPHEBON BepINHE JOJIKEH OBbITh NMPUINCAH KJIACC X, €CJU BEpIINHE N TPUIIU-
caH KJIacC X’ U M3 BEPINUHBI I K BEPINUHE N’ BeJeT pebpo ¢ CyKeHueMm cnt, TO BepIiuHe n’
JIOJIZKeH OBITh IPHUIINCAH KJjacc X’/ .cnt.

2. Ilpouecc npocmompa 6cex MEPMUHANDHBLT SEPUUH JePESA U NEPEUUCAEHUA BCET NAP
(xi, exp/.ce), rje xi—KJjacc, NpUIMCAHHBII TepMuHAJbHON Bepimue, ((exp,ce), _)—
KOHMUTYpAIHs, IPUIIUCAHHAS ITON 2Ke BEPIITIHE.

Ha pucynke IIPUBEJIEH TEKCT ajropuTMa tab, B KOTOPOM peaim30BaHbl 00a ONUCAH-
HBIX BBIIIE MPOIECCa B PaMKax OJIHOTO IIPOCMOTpa 6 wupuny jepeBa tree. O0Oxoj jiepeBa
B IIIPUHY 0OECIeINBaET CJIe/IYIONIee CBONCTRO: JI00asi TepMUHAIbHAS BEPITNHA OY/IeT MpPo-
CMOTpEHa 3a KOHedHoe BpeMs. U3 ganuoro ceoiictBa u n3 yrBepx enus (A9 memocpersemnno
cJIejTyeT CIpaBeJInBOCThb TeopeMbl [47]



6.3. AjmropurM HHBEPCHOT'O BBIYHCJIEHHUS IIPOrDAMM 95

6.3 AuJroputmM MHBEPCHOI'O
BBIYNCJIEHU [TPOTrpaMM

B nmannoM pazjere Oy1eT mpeiiozKeH u 000CHOBAH allOPUTM Ura, CO CJICIYIOIIME CBOIi-
CTBAMHU (JI0Ka3aTeILCTBO TeOpeMBI (50| IPUBEIEHO HIKE).

Teopema 50

[IycTs p—1pousBosibHas nporpamma Ha s3bike TSG, x—KJjace, c-jaHHoe i p, 1—T1eioe
YnCII0, OOJIbITIee MHIEKC A, JII000I c-TIepEMEHHON 13 KJIacca X, X—MHOXKECTBO, IIPe/ICTaBJIeHHOe
KJjaccoM x: <x> = X, y—e-3HadeHue, ycEval.

Torpa asropuTM ura’ 1o 3aJ@HHBIM P, X, 1 CTPOUT NEpeYNCI€eHNe—TO €CTh CIHCOK
L’=[x’1,X’9,...], BOBMOXKHO OECKOHEUHON JIJINHDL:

ura’ pxy i = Lo
IIpu 3TOM BBIIIOJIHEHO CIeyIolIee:
1. Kinaccel x;—1onapHo HellepeceKaloIecs IOJKIacChl KJlacca X.
2. Jlnsa moboro ¢ u jirodoro Jannoro deE<x’;>—mporpamma p onpejieiesanadup d = y;

3. Hus mroboro namuoro dE<x>, Ha KOTOPOM IIporpaMMa p ompejeseHa u p d = y, cy-
IECTBYET HOMEp ¢ TaKoil, uto dE<x’,;>. KpoMe Toro, B JIJaHHOM CjIydae, TpeUKC JJIMHBI
i crcKa OyJieT MOCTPOEH aJITOPUTMOM ura’ 3a KOHEYHOE YHCJIO ITaroB.

Taxum obpasom, ura’ cTpout npejcrasienue L’ muoxecrsa X,-1,: X,-1,=<L’>, 1 TeM ca-
MBIM perraeT Ipod/IeMy UHBEPCHOTO BBIYUC/ICHUS TIPOTPaMMbl. ByieM Ha3bIBaTh ura’ aJiro-
PUTMOM MHBEPCHOTO BBIYUCJIEHUS TPOTPAMM, W YHUSEPCAALHBIM PEULGHOULUM QA20PUMMOM

(VPA).

6.3.1 IlocTpoenue ajaroputma
WHBEPCHOT'O BBIYMCJIEHUS MPOTPaMM

Paccmorpum TabumdaHoe mipesicTaBiienne (pyHKIUN p HA MHOXKECTBE <x>:
L =tabpzxi-= [(x,cex;),(xs,cexy),...].
st siro6oro d€X BBITIOJTHEHO:

cex;/.s ecim de<x;>, s—I0/ICTAHOBKa TaKas,
qro x;/.s = (d,RESTR[])
HeonpedeneHo
€CJIM He CYIIEeCTBYET ¢ TaKoro, 9to de<x;>

Nnmeer MecTo clleyromiee yrBepzKJaeHuce.

YrBepxkaeHue 51
O6oznaunm X’; = { ces;/.s | s€FVS(x;), cex;/.s =y }

Torpa X,-1, = UX’Z'.
i

,Z[OK&B&TGJILCTBO



96 I'maBa 6. YHuBepcaJIbHBII peraronuil ajaropuTM

X,-1, = { d | d€X, p onpedesexa wa d, pd =y }

{daldeJx>, pd =y}

7

U{ d | dE<XZ'>, Pi d=y}

U{ ces;/.s | s€FVS(x;), cex;/.s =y } = UX’i n

MuoxkecTBo X’; MpEJICTABUMO B BUJIE MOJK/IACCA X’; KJIACCa X;. A UMEHHO, PACCMOTPUM
ures = unify [cex;] [y], Torma cupaBenBo ciemyomniee yTBEPXK IeHUE.

YTBepxKjieHne 52

1. Ecim ures=(False, [1), To X’;=()=<x’;>, rne x’;=x;/ .emptC.

2. Eciin ures=(True, s’), 1o X?;=<x7;>, 171e X’;=%;/.8’.
JlokazarejabcTBO

1. Ilycrs ures = (False, [1). Torma, B cuity yrBepKenus [6] He cymecrByer mojcra-
HOBKM S Takoii, uro cex;/.s = y. To ecth, X?;=()=<x’;>, rne x’; = x;/.emptC.

2. Ilyctb ures = (True, s’). Torma, B cuy yTBep:KieHUsI @ S’ —II0J/ICTAHOBKA TaKasdl,
4TO cex/.s’=y u dom subs=cvars cex. Paccmorpmm nogkiace x’;=x;/.s’. Jokaxkem, 9T0
X?,;=<x7,>.

2.a. Ilycrb deX?;. Torpa, o onpejenenuto X’;, CyIIECTBYeT IOJICTAHOBKA S TaKasl, 9TO
s€FVS(x;), d=ces;/.s, r;/.s=RESTR[], cex;/.s=y. PaccMmoTpuM HOJCTAHOBKY sa=s’.*.s.
3aMeTuM, UTO BBIIIOJIHEHO:

cex/.sa = cex/.(s’.x.s) = (cex/.s’)/.s =y/.s =y = cex/.s

[Ipesnocsennee paBeHCTBO BBIIOJHEHO B CHUJIYy TOTO, 9TO Yy HE COJEPIKUT C-TIEPEMEHHBIX.
U3 pasencrBa cex/.sa=cex/.s cieayer (yrBepxkaeHus |3, 4ro v/.sa=v/.s Jyis J000i c-
nepemenHoit ve (cvars cex). Pacemorpum jiobyio c-riepemennyio ve (cvars cex). Tak kak
(yTBepmgeHHe@ (cvars cex)=(dom s’), TO MOJIYyYUM:

v/.sa =v/.(s>.x.8) = (v/.s’)/.s = v/.s
Nrak, das 060t c-iepemenHoit v BeiosineHo: v/ .sa = v/.s. CienoBarenbHO

(d, RESTR[]) = (ces;,r;)/.s = x;/.8 = x;/.8a = x;/.(8” .%.8)
=x;/.8°/.8 = x’;/.8, TO ecTb dE<X’;>.

Jloxazaro, wmo ecau deX’;, mo de<z’;>.

2.b. Ilyctp de<x’;>.

CymecrByer sa€FVS(x?;) takasy, urox’;/.sa = (d,RESTR[]). Paccmorpum s=s’ . *.sa.
Torma:

x/.8 = x;/.(8”.*%.8a) = x;/.8’/.sa = x’;/.sa = (d,RESTR[]),
cex/.s = cex/.(s’.*.sa) = cex/.s’/.sa = y/.sa =y,
to ectb d = ces;/.s, r;/.s = RESTR[], s€FVS(x;), deX’;.

Jlokasano, wmo ecau dE<z’;> mo dEX’;. Paccmorpennbie ciydan (2.a u 2.b) 3aBepmaior
JI0Ka3aTe/IbCTBO. W



97

6.3. AjmropurM HHBEPCHOT'O BBIYHCJIEHHUS IIPOrDAMM

3alIpOC Ha MHBEPCHOE
BbIYHCJICHUE

L—

A

—- ppt —{ tree]—v tab’j L—» urac —o[ ans}
TabJINITHOE

repdeKkTHOe OTBEeT Ha 3aIpoC

IIpe/ICTaBJICHIE
JIepeBo UHBEPCHOTO

dyHKIIII

IIPOIECCOB BBIYHCICHUS
IPOrPaMMBbI

Puc. 6.2: Crpykrypa ajaropurma WHBEPCHOTO BBIUYUC/IEHUS IIPOIPAMM

ura’ :: ProgR -> Class -> EVal -> Classes
ura’ p x y = urac (tab p x) y

urac :: Tab -> EVal -> C(Classes
urac ((xi, cex):ptab’) y =
case (unify [cex] [y]) of
(False, _) -> tail
(True, s) -> case xi’ of
(_, INCONSISTENT) -> tail
_ -> xi’:tail

where xi’ = xi/.s
where tail = urac ptab’ y

urac [ ] y =11

Puc. 6.3: Ajroput™ HHBEPCHOTO BBIYUCICHUS TTPOIPAMM

Yreepxaeuns [51] v [52] ABAAIOTCS OCHOBAHUAMIE JJIsI CJIEIY Ol OPraHu3aui aaropuTMa
ura’ (TekcT ajropurT™a npusejieH Ha pucyHke [6.3). Ilycrs ptab—rabiandnoe npejcraBieHue
dbyukum p Ha MHOXKecTBe <x> (CcM. (DYHKIWMIO ura’):

ptab
ptab

tab p x 1
[(x1,cex;), (x2,cex9),...]

[IpocmaTpuBas crmcok ptab, 1o KaxKjaomy 3jieMeHTy (X;, ceX;) M3 ITOr0 CIUCKA BBITOJI-
HAIOT MOCTPOeHHe (Cp. MepBoe MpeJIoKeHNe Urac U yTBEep:KIeHUe ﬁﬂ} KJjlacca x’;, mpea-
CTaBJISIONIETO COOTBETCBYIONIEe MHOXKecTBO X’;. Ecim kitacc x’; He MycT, ero mOMeIaoT B
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ura :: ProgR -> Class -> EVal -> [(Subst,Restr)]
ura p x y = map altRepr (ura’ p x y)
where
altRepr:: Class -> (Subst,Restr)
altRepr xi = subClassCntr x xi

Puc. 6.4: AﬂbTepHaTI/IBHOG IIpeacCTaB/JICHUE PE3YJ/IBTaTOB MHBEPCHOI'O BBITUCJICHU A

crpouMoe tiepeuncierne L’ . Korjga BbIIOJIHEH TPOCMOTD BCEro cIucka ptab, To (cM. BTopoe
peJioyKeHre (DYHKIUU urac) ajropuTM 3aBepiiaer nepedncienue L’ kiaccoB x’;. Teope-
ma [A7], yrBepxacHns u 2| u paccMoTpennoe mocTpoeHne ajaropuTMa ura 00eCIeunBaoT
CIIpaBe/[InBOCTH TeopeMbl [50]

3ameuyanme. B HeKOTOPBIX ciiydasx ura’ MO3BOJIET MOCTPOUTH KOHETHOE IIPeIcTaB/Ie-
HIe MHOXkKeCTBa X,-1, (CM. 3aMevaHue U CHOCKY [2| Ha cTp. .l

6.3.2 AJbTrepHaTMBHOE MIpeJICTaBJIEHUE
Pe3yJIbTATOB MHBEPCHOI'O BBIYMCJIEHUS

PaccmoTpuM mHBEpCHOE BbIUNCIEHUE IIPOIPAMMBL P:
ura’ p x y 1.

B c-71aHHOM X CIIMCOK Ce-BBIPAYKEHNIT ces MPeJICTaBIsSIeT HETIOTHOCTHIO 33/ JaHHbIE apry MeHThI
JJIs1 P: HEKOTOPBIE (DPArMEHThI apTIyMEHTOB Olpe/ie/ieHbl (IPe/ICTaBIeHbl KOHCTPYKTOPAMU 1
ATOMAMH ), & HEKOTOPbIE OCTaBJIEHBI HEM3BECTHBIMU (IIPEJICTABJICHBI c-1iepeMenHbiME). O60-
3HAYNB Yepe3 a—CINCOK OIpPeaeIeHHbIX (PPArMeHTOB B X, X —CIIHCOK C-II€PEMEHHBIX, MOXKHO
3aImmcarh, 9rto x=reqla, X'], riue req[_, _]—cunrakcuveckass KOHCTPYKIus Ha[ a U X .

To ecThb, 3aKa3 Ha MHBEPCHOE BBIYNC/IEHHE MOXKHO PacCMaTpPUBATh KaK ypaBHEHHE HaT
nemspecTHbIME X: p req(a,X) = y u, B 9TOM Cilydae, XOTEJI0Ch ObI IPEJCTABIATE PE3yJlb-
TAT MHBEPCHOI'O BBIUUC/IEHUsI B BUJIE TIEPEUNC/ICHUsT TeX 3HAaYeHuii (TO eCTh, B BUJE TIOJICTa~
HOBOK Bujia X :-> walue ), KOTOPBIE sIBJISIIOTCS PEIIEHUsIMU 9TOT0 ypaBHeHust. Bosiee To1IHO,
pedb WIET O MOKMCKe CyKeHUii, TO eCcTh Tap: nojcTaHoBka (X' :-> wvalue) U OrpaHUYEHUS HA
X —KOTOpbIe ABJIAIOTCH PelleHnsMI B ypasHenus p req(a,X) = y.

Anropurm ura’, Kak OH M3JI0:KeH B pazjere [6.3.1], mepeuncisier moakiacchl x?; Kiaacca
X, Ha KOTOPBIX BBIIOJHEHO p <x’;> = {y}. Oanako, He CJI0KHO BMECTO HOJIK/IACCOB X; HIEpe-
YUC/IATD Cy2KeHusd, nepepojdiiue x=(ces,r) B x;=(ces;,r;). Tak KaKk x; =X, TO CyIIECTBYIOT
(cM. yTBepKIeHme [IOJICTAHOBKA S; U PECTPUKIMS T’; TaKue, 4To:

x=x/.(S s8;)/.(R r’;), ces/.s; = ces;, r; = (r/.s;)+.1r7;
Otkymaa mosryaaeM crocod BBIYUCTEHUS S; M T

(True,s) = unify ces ces;
r’; = [ ineq | ineq€r;, inegd(r/.s;) ]

YKazaHnHas MOJICTAHOBKA S; U PECTPUKIINA T’ ; ABJISIOTCA ONMUCAHUEM 3HaYCHUN HEU3BEeCT-
*
HBIX pparmMeHToB X B 000OINEHHOM JIAHHOM X, IIPH KOTOPLIX p reqla,X] = y.
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Ha pucynxke puBeJIeH MOJUUIIUPOBAHHDBINA aJI'OPUTM Ura WHBEPCHOI'O BHIYUCJICHUSI,
KOTOprfI, B IIOJIHOM COOTBETCTBUU C BbIHIeCKaSaHHbIM, B Ka4deCcTBe peSy.HbTaTa I/IHBepCHOFO
BBIUNCJIEHUsI TIePEeTnC/IsieT CIUCcoK Beex map (s;,r’;), Takux, 910 x°,;=x/.(S 8;)/.(R r’;).

6.3.3 Ilpumep MHBEPCHOTO BBIYUCJJIEHUS MPOTPaMM

B nmamHOM pazjese mpuBe/eH IPUMEDP WHBEPCHOI'O BBIYUCIIEHHUS IIPOrPaMMBI prog IIpo-
BEPKH BXOXKJIEHHsI [IOJICTPOKK B CTPOKY (CM. PUCYHOK Ha CTP. Fj

ITpumep 5
Brenewm citenytorniue obo3nadenusi:

str = CONS ’A (CONS ’B (CONS ’C °NIL)),
x = reqlstr,£.1] = ( [£.1,str], RESTR[]),
true = ’SUCCESS, i = 10.

Jannoe str saeisiercss npejcrasienueM (cm. 3amedanuwe Ha crp. [4.3.3) crpokm (’A
’B ’C). HMuBepcHoe Bbrumciienne ura’ prog X true i JIOJKHO MOCTPOUTH IIPEJICTABIIE-
HHUE MHOXKECTBA <X>po0-lyrue, TO €CTh IIPEJCTBJICHHE MHOMKECTBa BCeX JIaHHBIX d BHja:
d=1[E&.1, str ], rue £.1-T1pousBo/bHOE e-3HAYEHUE, Ha KOTOPBIX IPOIDAMMa Prog
olpejiesieHa W Pe3yJIbTATOM BbIYHC/IEHUS prog d siBisieTcd true. 3ajada 3akK/Ii0vaeTcs B
HaXOXKJICHUU TIPEJICTaBICHUS JIII MHOXKECTBA BCEX TOJICTPOK CTPOKM Str, TJie Olpejie/ieHne
npejukara “cmpoka £ .1 asasemca nodcmpokoti cmpoxu str’ 3a/laHO TPOrPAMMOIl Prog.

Breranciienne ura’ prog x true i IpUBOJIUT K CJEAYIONIEMY:

<X>prog—ltrue = Ura’ prog x true i =
<[ ([A.12,str], RESTRI[]),
([CONS ’A A.18,str], RESTRI[]),
([CcONS ’A (CONS ’B A.24),str], RESTR[]),
([CONS °B A.18,str], RESTR[1),
([CONS ’A (CONS ’B (CONS ’C .A4.30)),str], RESTR[]),
([coNs °B (conS °C A.24),str], RESTR[]),
([CONS ’C A.18,str], RESTR[]) 1>

AbTepHaTHBHOE IIPeICTaBIeHNEe PE3YIbTATOB NHBEPCHOTO BBIUMC/IEHHS JAHHOIO 3aIIPOCa
OYeHb HAIJIAIHO OTparKaeT HailJeHHble 3HAUeHUsT Hem3BeCcTHOoi £ . 1:

ura prog x true i =

[ ([E.1 :-> A.12],[D),

([£.1 :-> CONS ’A A.18],[1),

(LE.1 :-> CONS A (CONS °’B A.24)1,[1),

(.1 :-> coONS ’B A.18]1,1[1),

([E.1 :-> CONS ’A (CONS ’B (CONS ’C .4.30))1,[1),
([£.1 :-> CONS ’B (CONS ’C A.24)1,[1),

([£.1 :-> CONS °C A.18],[1) 1

3 PaccmaTpuBaeMblil B JAHHOM pasjelie IPUMeP SBJISETCH Pe3yJbTATOM PEAJbHOIO BBIIOJIHEHHH IPO-
rpaMM B cucreMme Gofer.
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Nrak, B pe3yabrare JJAHHOIO BBIYUCIECHHS IOJYYEHO KOHEYHOE IpeJICTaB/IeHNE MHOYKE-
CTBA <X>p0q-1trye B BHJIE 00bEIMHEHIA CEMU I0JIK/IACCOB Kilacca X. Pe3y/IbTaThl OIUChIBAIOT
ceMb MHOZKECTB MPeJICTaBIeHu (CM. 3aMedaHne 0 BO3MOKHOCTH UCIIOIb30BAHST TIPOM3BOJTh-
HOTO aTOMa B KayecTBe NPU3HAKA KOHIA CTPOKU) BCEX CEMHU MOJICTPOK CTPOKU Str:

O, CA), CCA ’B), (’B), ("A ’B ’C), (’B ’C), (°C)

B [FTP] npuBeseHbl Apyrue IpuMepbl HHBEPCHOTO Bbruucierus B TSG.

6.4 Pa3Butne yHuBepcaJbHOTO PEeHIaIoINero ajropurMa

B mannom paszese OynyT pacCcMOTPEHBI pa3/ndHble pACHIUpeHns UJiel, peaaTn30BaHHbIX
B asiropur™e Y PA. CrpyKkrypa n3/i0KeHus B JaHHOM pasjieie:

e B pasnesne[6.4.1] ommcan asropurym mgu Boraucenns nanbosee odIero ynuduxkaropa —
most general unifier,— nByx SR-6a3. Ha 6aze ajropurma mgu B pas/ee pazpabo-
TaH aJrOPUTM IepecedeHns IBYX Kaacco. [lo cyTu sTu pasjiesibl paciupsior cpeicTBa
¥ METOJIbI [IPEJICTAaBJIeHHsI MHOKeCTB (riaBa [2)).

e Paznen [6.4.3] mocBAIEH BBEIEHUIO CUMMEMPUYHOT BEPCUH YHUBEPCAJIBLHOT'O PEIIAo-
Iero aJl'OpuTMa sura.

e B pasjnerne [TOKA3aHO, KaK MOYKHO JIJIs CJIydasi HEIJIOCKUX sI3bIKOB YJIYUIIATh CKO-
pPOCTh PAbOTHI U CBOMCTBA TEPMUHUPYEMOCTH CUMMETPUYHOIO YHUBEPCAJILHOTO PEeIia-
IOIIEro aJrOPUTMA.

6.4.1 MGU: manbosiee obimueii yandnkaTop

Omnpenenenne 39

[Iyctb cs; u cso—npoussosibHbie SR-0a3b1. [logcranoBky s OymeM Ha3bIBATH YHUPUKA-
mopom JiJist JTAHHBIX CS1 U CSo, €CJIM BBIIOJIHEHO €S1/.8 == cSy/.s.

Tem cambiM, YyHE(MUKATOP S I 3aJIaHHBIX CS| U CSg SIBJIAETCS PENIeHHEM ypaBHEHUSI
(ksa1mIa) €81 :=: CSy. MOXKHO C PaBHBIM YCIIEXOM DPACCMATPUBATH YHUMUKATOPHI JIsl Hap
SR-6a3 (quis crimeka map SR-6a3) wiun fyist Kistieit (cucreM KJIoIm).

Ob6oznaunM depes unf (cs;, CSy) MHOXKECTBO BCEX YHU(PUKATOPOB CS| U CSa.

YrTBepxkKjaeHue 53
[Iycts cs; u csy—upousBosibabie SR-6a3br. O603HAYNM MHOXKECTBO IOJICTAHOBOK “€pe3
Subst. Torma:

Vs € unf (csy, csy),Vs’ € Subst: (s.*.8’) € unf(csy, cso) .

YrBep:kaenne [H3| caeayoT 3 ompeaIeHnst
Jastee MBI GyjieM HCTOJIB30BATH XOPOITO U3BecTHbI | yTBepsK tenne 54 n aaroputyv mgu
(Puc. |6.5)) Borauciaenust naubosee obwezo ynugduramopa.

4Omnucanme u CIUCOK JIMTEPATYPhI JOCTYIHBI 110 aapecy http://en.wikipedia.org/wiki/Unification.
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mgu :: Clashes -> Maybe Subst
mgu [] = Just []
mgu (eq:eqs) =

case eq of

cxl :=: cx2 | cxl==cx2 -> mgu eqs
vQ(CVE _):=:cx2 -> mgu’ [v:->cx2]

‘when‘ (v ‘notOccursIn® cx2)
cx1l:=:v@(CVE _) -> mgu’ [v:->cx1]

‘when® (v ‘notOccursIn‘ cx1)
(CONS cyl cy2):=:(CONS cxl cx2) -> mgu [cyl:=:cxl, cy2:=:cx2,]++eqgs

(CONS _ _):=:_ -> Nothing

_ =: (CONS _ ) -> Nothing

(ATOM_) :=: (ATOM_) -> Nothing

vQ(CVA _):=:cx2 -> mgu’ [v:->cx2]

cxl:=:vQ(CVA _) -> mgu’ [v:->cx1]
where

fmap (s.*.) (mgu (eqs/.s))
if p then x else Nothing
v ‘notElem‘ (cvars ce)

mgu’ s
x ‘when‘ p
v ‘notOccursIn‘ ce

Puc. 6.5: Airopurm mgu Bbrancsenus: nanboJsiee obiero yandukaTopa s 3a/[aHHoi cucTe-
MBI KJISIIEH

YT1BepxKaeHue 54
[TycTs cs; m cso—mpousBosibHBIe SR-0a3b1 1 ycTh MHOXKeTCBO unf (cs;, C€Sy) HE IyCTO.
Torma:

® Js,gu: Vscunf(csy, csy), ds’€Subst: s = (Spgy.%.587).
o Takoil s,,4, Ha3BIBAIOT Haubosee 00UUM YHUPUKAGMOPOM IJid CS1 U CSj.

o HanGosiee obmuit yHUMUKATOD Spng, €IMHCTBEHEH, ¢ TOYHOCTLIO JIO II€PEMMEHOBa-
HHUA [I€PEMEHHBIX B IIPABBIX YaCTAX Syg, U OIPAHUYCHUdA JIEBBIX dacTeil nabopom c-
IIEPEMEHHBIX U3 CS1 U CSa.

[IpuBetennbit Ha pUCyHKE (6.5 aaTOpUTM 1T JII000# CHCTEMBI KJISIIEH 38 KOHEYHOE YUCTIO
IITaroB BO3BPAIAET:

e b0 Nothing — ecim cucrema KJIdIIell He MMeeT PeIIeHHs B MHOXKECTBE KOHEYHBIX
C-BBIPAKEHU;

o 60 Just s,,4,, IJe Haubosee oOmuil yHUPUKATOD 1Jid JAHHON! CUCTEMBI KJISIIEi.

9

CioBa “cucrema KJT31MIeil He UMeeT PeIlieHrnsl B MHOXKECTBE KOHEUHBIX C-BBIPAXKEHUN MOsIC-
HUM Ha ceaytomem npumepe. Pacemorpum kmsmr £.1 = (CONS ’A £.1). OueBuiHO, JaH-
HBII KJISIT He NMeeT PeIleHns] B MHOYKECTBE KOHETHBIX C-BbIParKeHHil. DTO JIETKO MOHIThH U3
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coobpazkeHnit “mMarepraJbHOrO Hajanca’”: mycThb pemrenne st £ .1 nMeeTcss 1 B HEM N KOH-
crpykropoB CONS, Toria u3 KJdIia CJIe/IyeT, YTO BBIIOJHEHO N = n + 1, YTO He MOXKeT ObITh
HU JIJIsI KAKOI'O KOHEYHOT'O YHUCJIa 7.

C Jipyroit CTOPOHBI TOT KJISII UMeeT PellieHre B MHOYKECTBe OECKOHETHBIX C-BbIPAXKEHUIA:

[£.1 :-> (CONS ’A (CONS °A (CONS °A ...))N].

OueBpana MoguduUKanys aaropuTMa mgu JJId ciIydasd, KOIa JIOIyCKaloTcsa OeCKOHETHBIC
C-BbIPazKeHHUA: HAJI0 U3 aJrOPUTMa YAAJATh IPOBEPKHU Ha IOBTOPHOE BXOXKJICHHE IIepeMeH-
ubix: ‘when‘ (... ‘notOccursIn‘ ...)).

6.4.2 Ilepeceuenune KJjiaccoB

[Iycte C; = (cesy, rs;) uC, = (cesy, rss) JABa IPOU3BOJBHBIX KJIACCA U IIYCTh B HUX
HE UCIOJIB3YIOTCs O0IIIe C—HepeMeHHbleﬂ (cvars C;) N (cvars C;) = 0.
[Ipeobpasyem sxBUBaieHTHBIM 00pa3oMm yeiaoue d € <C;> N <Cy>:

d € <Ci> N <C> &
< d sq: cesy/.s; = d, rs;/.s; = RESTR[]
d s;: cesy/.s9 = d, rsy/.s, = RESTRI[]
3/eCh 8 = S1++8,
< ds: cesy/.s =d = cesy/.s, rs;/.s = RESTR[], rsy/.s = RESTRI[],
(rs;.+rsy)/.s = RESTRI[]
<  ds: s in unf(ces;, cesy) d = ces;/.s = cesy/.s,
(rsy.+rsy)/.s = RESTRI]
3l1€Cb S = Spgy -*. 8’
& ds’: d = cesy/.s’, rsg/.s’ = RESTR[]
& d e <Cy>

Takum obpazom: d € <Ci;> N <Cy> < d € <Cp> , 10 ecThb: <C1> N <Co> = <Cp> .

rIe

® 5,4, Hambosiee oOmuil yHNPUKATOP cCes; U cesg,
Just S;g, = mgu (zipWith (:=:) ces; cesy);

® cesg = cesi/.Smgu = C€82/ . Smgu;
e rsy = (rs;+.152)/ . Spgu.-
Tem cambIM, CIIpaBeJINBO CJIEAYIONIEE YTBEPIK ICHUE:

YT1BepxKaeHue 55
[Iycte C; = (cesy, rsy) uCy = (cesy, rss) JBa IPOU3BOJbHBIX KJIACCA U IIYCTh B HAX
He ucHoJb3yloTes obmue c-nepemennnlie: (cvars C;) N (cvars Cp) = (). Torna:

1. ecqm He cymecTByeT yHU(MDUKATOPa JIsT CeSy U cesy, To <C1> N <C;> = @,

2. unaue <C;> N <Cy> = <Cp>,

|4
°910 TpeboBaHMe BCErJa MOYKHO BBIIIOJHATH [IPU MOMOIIN TIEPEUMEHOBKHU C-TIEPEMEHHBIX.
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(.~.) :: Class -> Class -> [(Subst, Restr)]
(cesl, rs1) .~. (ces’, rs’) =
let (ces2, rs2) = rename (ces’, rs’) (cesl, rsl)
in case mgu (zipWith (:=:) cesl ces2) of
Nothing > [1]
Just s -> case (rsl.+rs2)/.s of
INCONSISTENT -> [ ]
-> (s, rs2/.s)

Puc. 6.6: Anropurm niepecevenusi AByX KJIacCOB

IJie, BO BTOPOM CJIydae:

® S, Hambosiee oOmuit yHnduKaTop ces; u cess,

Just sy, = mgu (zipWith (:=:) ces; cesy);

cesy = cesi/.Smgu = CeSa/ . Smgu;

o rs) = (rs1+.152)/ .Smgu = (rs1/.8mgu) +. (rsa/.Spmgu);

.CO

A

Ci,Co = Ci/.(S spmgu)/ . (R rsy’), e rsy’ rsy/ . Smgu;

[ CO < CQ, Co = Cg/ (S Smgu)/- (R I'Sl’), rae I'Sl’ = rsl/-smgu~

VTBep:KieHue | siBsgeTcss 000CHOBAHUEM KOPPEKTHOCTH ajiroputMa (.~ .) BBIYHCICHUS
nepeceveHust JIByX Kjaccos (cum. Puc. , BBIPDAXKEHHOU B CJIEIYIONIEM YTBEPKIEHNN:

YrBepxkgenue 56

[Iycts C; = (cesy, rsy) uCy = (cesy, rsy) JiBa MPOM3BOJIBHBIX Kjacca. Toraa 3a KOd-
HEYHOE YHCJIO MaroB Beraucenue orneparun (.~.) g C; u Cy 3aBEPIINTCA CO CJIETYFOITUM
Pe3YJILTATOM:

e JIubo [ 1, ecsiu <C;> N <C;> = 0.

e JIu6o [(s, rs)], ecim <C;> N <C;> # (), npum sToMm
<Ci> N <Cy> = <Cy>, tne Cy = C1/.(S 8)/.(R rs).

YioMmsiHyTast Ha PUCYHKE dyHKIUS rename, He MOKa3aHa 3/1€Ch, TaK KaK OHa JOCTa-
TouHO TpuBHabHa. OHa B Kiacce (ces’, rs’) BBINOJHSET IIePENMEHOBAHIE C-TIePEMEHHBIX,
TaKuM 00pa30M, 9TOObI TOJIYIUBIINNCS TI0C/Ie 9TOro Kjaacc (ces2, rs2):

(ces2, rs2) = rename (ces’, rs’) (cesl, rsi)

He umes Obl ¢ KiaccoM (cesl, rsl) oOmmux rnepeMeHHBIX.
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3alIpOC Ha MHBEPCHOE
BBIYHMCJICHHE

H Sy

Cin

} l
- ppt —{ treeJ—v tab’ L— urac —{ ans}

- OTBeT,
nepgeKxTHOe '
pd rpadux p na C*", nepeceuenne C n
JIEPEBO IepeyncIeHue rpabuka;
IPOIIECCOB (¢, ¢, ...1 [(s;, TS) ]
, e

Puc. 6.7: Crpykrypa ajaropurma sura

6.4.3 CVYPA, cumMmeTrpudyHasi Bepcusi YyHUBEPCAJIHHOTO PENIAIONIEro
aJropuTMa

Nmeercss HeKOTOpOe HECOOTBETBHE MEZK/Iy BIIOJTHE “CUMMETPUYHON MPUPOJION MOHATHA
dyrKyuA 1 HECUMMETPUIHOI OCTAHOBKOIT 3a/1ai Ha NHBEPCHOE BBIYHC/ICHUE.

JeitcrBurenbHO, 10 onpenenennto, ¢gyukmus f : A — B s1o orHomenue f C A X B,
To ectb MHOXKecTBO map f = {...(a,b)...}, tne a € A, b € B, obmnajaioiiee Cieryio-
muM cBoiictBoM ((x,y1) € f) A (z,y1) € f) = (y1 = y2). Obparnas bynkuus — a Tod-
Hee, 0OpaTHOEe OTHOIIEHUE, — OIIPEIEIACTCS TPUBUAJILHO U BIOJIHE CUMMETPUIHBIM 00pa30M:
fCY = {(b,a)|(a,b) € f}. Ilpu 5TOM B TMOCTAHOBKE 3329l Ha WHBEPCHOE BBITHUCIICHUE
MMeeTCsl fIBHAs aCHMMeTDUs: NI 3aJaHHON IporpaMMmoil dyHKIuu f, 3a/laHHOTO KJIACCOM
MHO)KeCTBa X U 33JJAHHOIO “2KeJIaeMOro” 3HAYEHUsl i HAJIO PEIIUTh (OTHOCUTEIBHO &) CHCTE-

MY:

flx) =y
rze X

TO €CTh MOCYUTATH IepecedeHre MHO)eTcBa [ (rpaduka QyHKINM), BOT ¢ TAKUM MHOMKE-
crBoM map “Bxoj-Bbixon” (io-map): X x {y}.

EcrecrBenHoe cuMmMeTrputdHOe 0000IeHIE JAHHON 3aa91 TaKoe: I 3aIlaHHOIi IIPOTrpaM-
moit dyuknuu f, 3amannoro io-kaaccom Muoxkecrsa Cy, = {...(x,y) ...} “xenaembix” 3Ha-
denuii (r,y) io-map HAJO PENIUTh CHCTEMY:

f(x) =y
(x,y) - OZ‘O

TO €CTh [OCUYUTATDH TepecedeHne MHOKeTcBa [ (rpaduka dyukimn), ¢ MaokecTBoM Cj, T1AD
“sxos-Bbixox” (io-map).

YMeHne perraTh 3a/ady B TAKOH IOCTAHOBKE TIO3BOJIUT 33 CUET 33 IaHUsT PA3TNIHBIX MHO-
xkectB (', IPOBOIUTE:
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sura :: ProgR -> I0Class -> [(Subst,Restr)]
sura p cio@((cxs, cy), rs) = concat (map f (tab p cin))
where cin = (cxs, rs)
f ((cxs’, rs?), cy’) = (cy:cxs, rs).”.(cy’:cxs’, rs’)

Puc. 6.8: Anropurma sura

e “kiaccudeckoe’ maBepcHoe Bbrancienue: Ci, = X x {y};
e nonck mHenojprzkHON Toukn f(z) = x: Cj = {(x,2) |z € X};
e crangaprHoe (mpsmoe) Bbranciaenue: C;, = {z} x Y.

Onpenenenne 40

[lycth cexps—CIHMCOK C-BbIpaXKEHUil, cexXp—C-BbIpazKeHue, rs—pecTpukims. Torja Ha-
30BeM i0-KiaccoM c-Koncrpykmumio: C° = ((cexps, cexp), rs). JlanHble c-KOHCTPYKIIUH
Oy/LyT MCIOJIB30BAThCsI JIJIsl OIIpPeJIeIeHre MHOXKeCTB 1o-nap (Bxou-Bbixoj) TSG-mporpamm.
Jna io-xmacca C* = ((cexps, cexp), rs) cooTercByiommii kiaacc C™ = (cexps, rs)
OIpeJIe/IsieT MHOXKETCBO BXOJI0B <Cj,>, KOTOPOE sABJIAETCA TPOEKIeit MHOKeTCBa <C;\>

Jnsa 3amgannoit TSG-niporpaMMbl p 1 3aaHHOro io-kjacca C'° 3aada CUMMETPUIHOTO
MHBEPCHOTO BBIYUC/IEHNS COCTOUT B HAXOXKJIEHUU IIPE/ICTABIEHUST MHOKECTBA:

{@ Il Wy e<C> pd=> vyl

KOTOPOE PaBHO IepecevdeHnio MHOKeTBa, <C'°> u rpaduka OyHKIUN TPOrPaMMBbI P JIJTsT BXOJI-
HBIX JAHHBIX U3 MHOXKeTcBa <C'™>:

Co>nNn{d ylde<rm, pd=> v}

[TocTpoenne rpacduka HyHKIUN IIPOrPAMMBL P /I BXOJHBIX JaHHBIX U3 MHOKeTcBa <C™> B
BUJIE TIEPEUUC/IEHUs 10-KIacCOB—3a/1aua, KOTopast paHee Obljla yzKe HaMU pelieHa (aJIropuTs
tab, pazjen . Tem cambiM, HaM OcTaeTCs MPOCTO BBIYUCIUTDH IlepecedeHne KazKoro io-
KJIacca W3 JAHHOTO IEePUUCICHUs ¢ io-KaaccoM <CP>.

D710 103BOJIIET HAM CHOPMYJIUPOBATH (CM. PUCYHKH u aJITOPUTM sura, co CJie-
AVIOUIMMU CBOMCTBaMU.

Teopema 57

[IycTh p—upousBosbHasg nporpaMma Ha aspike TSG, C° = ((cexps, cexp), rs)—io-
kiaacc, C™ = (cexps, rs)—c-JaHHoe JJIs P.

Torga anropuTm sura 1o 3aJaHHbiM p U C° CTPOUT IepedrcIeHHe—TO eCTh CIICOK
L’=[(sy, rsy), (83, rss),...], BOBMOKHO OECKOHEIHON JJINHBI:

> *
cura p C* = L’
[Ipu 5TOM BBIIIOJIHEHO CJIEIYIOIIEE:

1. Knaceor C° = C*/.(S s;)/.(R rs;)—TONapHO HENEPECEKAIOMINECS TTOIKIACCH KITac-
ca C®.
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2. lng mobGoro i u suoGoit mapur (d, y)€E<Ci°>—mporpamMma p ompejieieHa na d u
pd=y

3. st mo6oit mapnt (d, y)€<C> takoii uro, mporpamma p onpejenenanadup d = y,
CyIIecTByeT HOMep ¢ Takoii, uro (d, y)€<C!°>. Kpome Toro, B JaHHOM ciyd4ae, IIpe-
dUKC JIMHBL ¢ CIUCKa OYIeT IMOCTPOEH aJrOPUTMOM Sura 3a KOHEYHOE UHC/IO IIaroB.

6.4.4 XURA: pacimupeHHasg CUMMeETPUYHAasA BepCus YHUBEPCAJIbHO-
ro peniaoniero ajropuTMa JiJjid cJiydasi HeIlJIOCKUX S3bIKOB

Pasznen moka e namnmcam...

6.5 PazaumdHble IIOIXO0bI
K MHBEpCuU IIporpamMm

[TepBBle KCIIEPUMEHTBI 1T0 CO3/IAHUIO U MCCIe0Bannio ¢BoiicTB Y PA g sa3bika Pedas
nposegennl B.®. Typunnbim u C.A.Pomanenko B 1973 1.

B o1 ke rojipl Bhinuta craths |1, KoTopas, 1o cyTu, siBiiseTcst iepBoii paboToii, OIIChIBa-
IOITel TpUMeHeHre METO/I0B METAaBBITICIEHN I HHBEPCHH ITporpaMM. B Heit ncrnonb3yercs
WHOI MTOJIXO/ JI/Is MHBEPCUY IIPOI'PaMM, OCHOBAHHBIN Ha MocTpoeHnn rpada KoHduryparmii
(rpaca mpoIeccoB BBIUUCJICHNUSI) TPOrPAMMBI P HA MHOYKECTBE X U HA METOJ[aX MHTEPIIPeTa-
mu “B oOpaTHOM HalpaBjeHun” (MPOYTEHUsT CipaBa HajieBo) rpada koHdbwuryparmii. Peun
ueT GYKBATBHO O CUNMAKCUYECKOT (MeKcmyasvhoti) uneepcuy, HEKOTOPOI TpOrpaMMbl—
rpacda KoH(MUTrypaIun,—IOCTPOCHHON TIPU TIOMOIIN METABBIYUC/ICHUI HaJ| MCXOIHON TPO-
rpaMMoit. /{aHHBII MOX0/T TO3BOJIIET B HEKOTOPBIX CIydasX CTPOUTH OUeHb P DEKTUBHbIE
unBepcun nporpamm. OJiHaKO, MHOI/IA TAKOe MOCTPOEHUE OCJOKHEHO TeM, UTO He BCAKUI
rpad koudwuryparuii, Oyyuu 3anucaiibiM B 00PATHOM HAIIPABJICHUN, SIBJISETCS CHOBA KOP-
pekTHBIM Tpacdom Kouburyparmuii. [loceayionme nuccieoBannsd JaAHHOTO MOAX0Aa MOXKHO
naiitu B [14].

A.JO.Pomanenxko B paborax [10, [16], [I7] paspemiaer jis HEKOTOPBIX C/lydaeB yKa3aHHbIE
CJIOKHOCTH TEKCTYaJIbHOM MHBEPCUU TTPOTPAMM: B 3TUX padOTax IpejijlaracTcd JTuajieKT Pe-
dasta, B KOTOPOM TPOTPAMMBI JIONYCKAIOT KOPPEKTHOE MpAMOe U 00paTHOE BBIYUC/IEHUE U
UCCJIeTYIOTCs CBOMCTBA JTAHHOTO S3BIKA.

ABTOp MaHHON PAbOTHI MPUJIEPKUBAJICH U3JI0KEHHOIO 3JIeCh IOJX0J/a K MpobJieMe MH-
Bepcun mporpamm. B 1978 1. on nmosropuit skcrepumentsl B.D. Typunna u C.A.Pomanenko,
co3saB cBoro peasmsanuio ¥YPA s g3bika orpannvennbiii Pedan. Omgrako, kKak u B OoJtee
pannux skcrepuMenTax ¢ YPA, cucrema gBisach CKopee IMpOCTON MTPOrpaMMoOii, MO3BOJIs-
IOIT[eil XOPOIIIO TPOTECTUPOBATH OCHOBHBIE AJITOPUTMbI METABBIMHUC/IEHUN 1151 si3biKa Pedaut,
HEKeJIN CPEeJICTBOM I MCCJIeIoBaHns nHBepcun mporpamm. B 1986 r. aBTop ermie pa3 pea-
smzoBast YPA, Ha 9TOT pas jjig u3ydeHnusi cBOWCTB si3bika VuBepcHbIil Pedas, kak s3bika
JIOTUYIECKOT'O TIPOI'PAMMUPOBAHUs U CPABHEHUS €0 C JIPDYTUMU A3BIKAMU JIOTUYIECKOTO TPO-
rpammupoBanust [15].

[ToMuMO T10/1X0/TOB, UCIIOTB3YIONINX METABBIYUCICHUS JI/Is pEeleHus MPpobIeMbl HHBEPCHO-
IO BBIYUCJIEHUS TTPOTPAMM, CYIIECTBYIOT pabOThI 110 MHBEPCUU, HE CBA3AHHBIE C METaABBITUC-
nenusivi. Tak, B paborax [24] 25] onuceiBarorcss MeTojbl obparrenusi (byHKIHI TTPOrpaMM,
OCHOBAHHbBIE Ha TPAHCHOPMAIMOHHOM TIOJIXO/IE.
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Takum obpazoMm, MpeIozKEHHDbIN BIIE YHUBEPCAJILHBINA PEIIAIONINi aJrTOPUTM Ura Ko-
HETHO HE ABAALTNCA eOUHCMEEHHBLM (I caMbIM 3(D(MEKTHBHBIM) CIIOCOGOM HHBEPCHOTO BbI-
qucsternst nporpamm. [Toxasyii, oH sIBJsieTcsi caMbIM HPSIMBIM U 6e30TKa3HbIM (meopemu-
wecku Beerjia IPUMEHUMBIM) CIIOCOBOM, HO Ha MPAKTHKE, B KayKJIOM KOHKPETHOM CJIydae OH
BIIOJTHE MO2Cem YCTYIaTh 10 3(hOEKTUBHOCTH JPYTUM ITOIXO0JIAM.

Ornmcannbiit Beiie YPA 1oka3bIBaeT, YTO MHBEPCHOE BBIYUC/ICHHE ITPOIPAMM-—PeaJI3y-
eMo. A mipobiiema 5 HeKTUBHOM MPAKTHIECKON peaTn3aliini THBEPCHOI'O BEITUCICHUST IO CUX
IIOP OCTaeTCA IPEJIMETOM JUIS JTAJTbHENIITIX Hccne,QOBaHHﬁﬂ

6 OuH U3 MOIXO0I0B K HOBLIMEHNIO 3(D(MEKTHBHOCTH HHBEPCHBIX BHIYHCICHII IPOIPAMM, OCHOBAHHBI HAa,
UCIIOJIB30BAHUN CIIEIIAAJIM3AINH, Oy/IeT PACCMOTPEH B IJIABE
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I'maBa 7

VHBepcHOe nporpaMMuIpOBaHUIE

7.1 HuBepcHadg ceMaHTUKA
A3bIKa peaJin3aliun

[pu nammanm 3bheKTHBHBIX CPeCTB MHBEPTHPOBAHMA TporpaMML| At a3bKa R, mpo-
IPAMMHUCT BOJIEH BBIOMpPATh, KaK €My BBIIIOJHATH TO WM MHOE 3aJlaHue Ha IPOrPaMMUPO-
BaHME: BO3MOYKHO, B KaKHX-TO CJIydagX IIPOINE IPOrpPaMMUpPOBAThH He TpeOyeMmMyio B 3a/1a-
nun dyuknuio f, a Takyio GYHKIUIO p, KOTOPasd IPU WHBEPCHOM BBIYHCJIEHUU COBIIA/IAET
¢ dyuknueit £ (peanusyer dyukuuio f). Tak, nporpamMupoBanne OYHKIUN TEPETUCTECHUS
BCEX IOJCTPOK 3aJaHHON CTPOKH IPEJCTABIAECTCA 3ajadeil CymecTBEHHO 0oJiee CJI0XKHOM,
YeM IIPOrpaMMUPOBAHUE IpeIuKaTa p subs str, IPOBEpsIONIEro, YTO CTPOKA Subs sBJIs-
eTcsl MOJCTPOKOI cTpoku str. B pasmerne [PUBEJIEH PsiJT 337149, KOTOPhIE POIIEe IIPO-
rpaMMHUPOBaTh uHeepcHo. Hammpumep, MOXKHO OTKa3aTbCs OT IMPOrPAMMUPOBAHUS METO/IOB
perienns ypaBhenus:: £ [a,x] = b a BMecTo 3TOro HaIlMCATh MPOrpaMmy f BBIYHC/IEHUS
3HAYEHUsI JIEBOI YacTU ypaBHEHHUsI 110 3aJJaHHLIM 3HAYEHUAM a U X. A COOCTBEHHO peIleHne
ypaBHEHUS BO3JIOXKUThb HA CHCTEMY MHBEPCHOTO BBIUMC/IEHUSA STOH IporpaMmbl. BeposiTHO,
B OOJIBIIIMHCTBE CIydYaeB Takas mporpaMmma f OyaeT 3HAYUTEIBHO IMPOINE s HAIMCAHUI,
TECTUPOBaHUS U BepuUKAIMU, IeM IporpaMMa, peann3yolias TOT WA WHON aJropuTM
pemenns ypapuenus £ [a,x] = b.

[Ipu mcrosib30BaHUN CPEJICTB MHBEPCHOT'O BBIYUC/IEHHUS ITPOIPAMMUCT UMEET JIeJIO C SI3bI-
KOM R, CHaOXKEHHBIM JIByMsI CeMaHTUKaAMU—OOBIYHO (BBIYUC/ICHUSI TIPU TOMOIIM int) U UH-
BepCHOM (Bbrunc/ieHns pu nomontw ura) . CreoBaTesbHO, B 9TOM CIydae ¢ KayKIbIM TeK-
CTOM TIPOI'PAMMbBI P MOYKHO CBSI3aTh He OJIHY, & JBe (DYHKIIUU IIPOrPAMMBI:

e p :: D -> EVal—obObrunas (OyHKIWs IPOrpaMMbl (0OBITHAST CEMAHTHKA):

pd wf int p d;

o p™ D -> R—unBepcrasi GyHKIWs (MHBEPCHAS CEMAHTHUKA) TPOrPAMMBIL:
; def
p" req = ura p req;

ryie D—MHOXKeCTBO 3alpOCOB HA MHBEPCHOE BhIUUCjeHne, reqeD, R—MHOXKECTBO PE3yJIbTa-
TOB MHBEPCHOI'O BLIYUCJIEHUS —CIUCKOB nap Buja (subst , [ineq]).

! J1;1e1 KOHKpeTHOCTH M3JI0XKeHNs, Be3e Jajee 6yaeM IoIaraTh, ITO 3TO ura’ H/IN Ura, XOTS BMECTO HIX
MOXKeT OBbITh UCHOJIb30BaH JII000i MHOM (CM. pa3zen | AJICOPUTM MHBEPCHOI'O BLIYHUCJIEHUS IIPOrDaMM.
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Onpenenenne 41

BysieM Ha3bIBATH UNGEPCHBIM NPOZDAMMUPOBAHUEM TAKYIO JI€ATETHLHOCTD, IIPU KOTOPOI
IPOrPAMMHUCT BMECTO TOTO YTOOBI MPOTrPAMMHUPOBATH TpeOyeMyto B 3ajaHuu (BYHKIUIO T,
peajiu3yeTr MMporpaMMmy p, KOTOpasl IPU MHBEPCHOM BBIMUCJIEHUU COBIIaJaeT ¢ pyHKImeit £.

[Ipu nHBEpPCHOM ITPOrpaMMUPOBAHUN, HA dTAIE PeaJU3ali IPOrPAMMBI P ITPOTPAMMUCT
UMEET JIeJI0 ¢ OOBITHBIM S3bIKOM R M OOBIYHBIMU BBIMHCJIEHUSIMUA B 9TOM si3bike. Hampumep,
pu OT/IaJiKe (PParMeHTOB P WJIM BCEil IPOIPAMMBI P MOXKHO BBITIOJTHATEH OOBITHBIE BBITUCIC-
Hus Ha TecTaX. TOMBKO KOTJIa JIeI0 JI0fIeT /10 pealbHoro Bhluucienus dyHkmun £=p™’ on
MozkeT obparuThed K YPA: 3ajiaTh nu3BecTHbie (hbparMeHThI B MapaMeTpax p, OlMUCATh HEU3-
BeCTHBIE (PpArMEHTDI, YKeJIaeMblil pe3yJIbTaT U, BBITOJHUB UHBEPCHOE BBIMUCJ/IEHUE P, HANTU
3HAYEHUS HEM3BECTHBIX (hparMeHToB. [Ipu 3TOM eMy HET HUKAKOM HEOOXOIMMOCTH 3HATD, Ka-
KM 00pa30M OCYIIEeCTB/ISIeTCS MHBEPCHOE BBIYNCICHUE, TO €CTh, Kak ¥ PA ycTpoen “BryTpn’.

7.2 HuBepcHOe u JJormieckKoe
IIporpaMMUPOBaHNIE

B nannoMm paszesie Oyaer paccMaTpUBATHCA OIUH YaCTHBIN CJIydail ”HBEPCHOTO IIPOIPaM-
MUPOBAHWS, OCHOBAHHBII HA WHBEPCHOM BBIYUCICHUN NPO2PAMM-NPEIUKAMOG.

Baja1mMcst HEKOTOPO# KOHCTAHTO true€D, KOTOpYyIo OyJIeM HCIIOJIb30BAaTh B KAdeCTBe
UCTUHHOTO JIOTHIECKOTO 3HaYEHUs ITPU TPOrpaMMUPOBAHUH Ha R TporpaMM-1ipe inkaToB. by-
JIeM Ha3bIBaTh UHGEPCHbIM A3bikoM R 1 0603HadaThL R™ cieyIonuil 361K IPOrPaMMHIPOBa-
HUA:

® CuHrMmaxcuc npozpamm IOJTHOCTHIO COBIIaJacT C CHHTaKCHUCOM A3bIKa R;

e npedmemmnas 06AacMs: B KAIECTBE JJAHHBIX TPOTPAMM HUCIIOIB3YIOTCS KJIACCHI-3AIIPOCHI
(0bobIeHHbIe TaHHble TporpaMM) req[x,Y]1€D; B KauecTBe Pe3ysbTATOB BBIUHCIIE-
HUS TTPOrpaMM—IIepedncyienns 3Hadenuit c-mepemeranix [(YV:->yy,r1),...J€ER u3
KJIACCOB-3aIIPOCOB; COCTOSIHUSI BBIYUC/IEHUN W IPOMEKYTOUYHBbIE JTaHHBIe—IIPEICTaB-
JIEHBI KOH(MDUTYPAIUSIMU U C-CPETaMU.

® CEMANMUKG (6biMUCAECHUE) NPOZPAMM OTIPEIESISIeTCS TIPU TOMOIIN Ura:
p™ reqlx, V] < uraR p reqlx,)] true i =
' [V:->y1,r1),...1€ER
p"™ :: D -> R, reqlx,Y]eD.

B nannom pa3zjesne Oyaer moKa3aHO, 9TO YaCTHBIA CJIydail MUCIOJIb30BAHUS WHBEPCHO-
0 POTPAMMUPOBAHUS, a UMEHHO—WHBEPCHOE BBLIYUC/IEHUE TPOIPAMM-ITPETUKATOB—OYEeHD
OM30K K JIOTHYECKOMY IIPOIPAMMHUPOBAHHTIO, & A3BIK RI™ MOKHO PACCMaTPHBATh KaK A3BIK
JIOTUYECKOro IporpamMmMupoBannsd. JaHHbI Te31c 000CHOBBIBAETCS CJIEIYIONIUM 00pPa30M:

e Paccmarpusatorcs (passed [7.2.1) HeKOTOpPbIE XapakTepHbIE JIsl sI3bIKA JIOTUYECKOTO
nporpaMmupoBans IIposior csoiicTBa n 00HAPYKUBAIOTCS TAKIE JKE CBOHCTBA ¥ A3bIKA
Rinv‘
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e PaccmarpuBaercs (paszen KOHKPETHBIN a3bIK R—orpanndennnrit Pedasr; peatn-
30BAHHBI aBTOPOM I JIAHHOI'O A3bIKa YHUBEPCAJIbBHBII pelIaronuil ajJropuTM I103-
BOJISICT CPABHUTL MHBEPCHBIN K orpanmdeHHoMy Pedary a3k R ¢ A3bIKOM MUKPO-
IIpoJior, Ha puMepe OIHOM KOHKPETHON HPOrpaMMBbI.

7.2.1 CpaBHeHUe CBOICTB
VWHBEPCHBIX U JIOTUYECKNX A3bIKOB

[Tpu ommcanum cemanTuku IIpojiora 9acTo ONMPAIOTCS Ha IOHATHE O0EKAAPAMUGHO20
cmuvieaa npoepammos |37, 36]. Tax, B |36, crp. 43-45| ckazano:

JlexaapamueHuiil CMbICA KACAEMES TOALKO OMHOWEHUT, ONUCHIBAEMBLT NPO2PAM-
Mmoti. Taxum obpaszom, dexAapamuUSHvIT CMBICA ONPEJEAAEM, YIMO JOANHCHO OBIMD
PEZYALMATNOM PAOOMBL NPOZDAMMDL. . .

o [Ipoepammuposarue wa Ilponroze cocmoum 6 onpedeseHuy, OmHOWeHUT U 6
NOCMAHOBKE 80NPOCO8, KACAHOULUTCA IMUL OMHOUEHUT.

e Bonpocvl HaNOMUHAOM 3anpocvl Kk Hekomopol 6aze dannvir. Omeem cu-
CMEMbL Ha 80NPOC NPEICMABAAEM COO0T MHONHCECMBO 006EKMO8, KOMOPbLE
YyA0BAEMBOPAIOM 3ANPOCY.

[Tpu nporpammuposannu Ha [Iposiore mpejjaraercst onucarh OTHOIIEHWE (HEKUH TIpen-
kar p(X,Y)). Ilpu ucnonnenuu, no 3amnpocy p(x,Y), rjge x—KoHCTaHTa (KOHCTAHTHI), Y—
nepeMenHas (IlepeMEHHbIE), CHCTeMa TIePEIUCIsieT TaKue 3HAYEHUsl §, YTO UMEET MECTO OT-
Homenue p(x,y). Takum oOpasoMm, pe3ysbrarT BBIYHCICHHUS 3aIpOca (JIeK/IapaTUBHAS Ce-
MaHTHKA [POTPAMMBI) OIPEIEISAeTC KaK Pe3y/IbTaT PEIIeHnsT yPaBHEHHsT OTHOCHTEIHHO Y:
p(x,Y) = true.

JexnapaTuBHasl ceMaHTHKa f3bIKa R opejiejieHa TOYHO TaKUM »Ke 00pa3oM-—uepes
HOHATHE MHOHCECMBO PeUweHUll TAKOTO ¥Ke yPaBHEHUS.

Onucanue onepanuonHoii (Ipore/LypHoit) ceMaHTHKM sA3bIKa R™Y, TO ecTh onucanue BHyT-
peunux mporeayp Y PA, Tak:ke comep:KuT 4epThl, HAOIIOaeMble B OIIMCAHUSX POy PHBIX
CEMAHTHUK SI3bIKOB JIOTHYIECKOIro HporpaMmupoBanus [37]: omeparmn ¢ 0600IEHHBIMU JIaH-
HBIME (JIAHHBIMHE, COJEPKAIMME [IeDEMEeHHbBIE), B TOM JHCJIe UX cpaBHeHue (yHuduKarms);
epebop BapuaHTOB, B TOM YHUCJIE W JJIs PaspelleHus HEOJHO3HAYHOCTH BBIIOJIHEHHUS OIle-
panuit Ha 0600IIEHHBIME JAHHLIMUI; 00XO0/I AepeBa BapUAHTOB BLIUUC/ICHUS IPEJIUKATa Hal
JaHHBIMU C II€pEMEHHbIMMU.

Ecymm nposectu OoJiee 110/IpoOHOE CpaBHEHHE BCEX BHYTPEHHUX MEXAHU3MOB AJITOPUTMA
ura u mporieypHoil cemanTuku [Iposora, To MOXKHO TPUATH K CJICIYIONIEMY 3aKTI0UEHIIO—
nnrepriperatop [Ipomora—aactabrit ciaygait Y PA:

1. KOTOPBIII pacCcduTaH TOJILKO Ha IPOI'PaMMbI, BCE HKIIMN B KOTOPbLIX—IIpEeINKaThI,
) YHKIL s )

2. B KOTOPOM HE BEJIeTCs YUIeT PECTPUKITUI HA C-TIEPEMEeHHbIE;

3. B KOTOPOM 00XO/1 JIepeBa MPOIECCOB BBIIOJIHICTCS “B TUIyOUHY .

CrencrBueM TOro, 9TO 0OXOJ JAepeBa MmporeccoB B [Iposor-crucremax BBITTOTHSAETCS B TUTY-
OMHY, ABIAIOTCSA CJIEJIYIONINE JIBa OOCTOATETHCTBRA.
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1. Ucuesaror rapanTun HaXOXKJIEHUsI OTBETA—eC/N OTBET Ha 3aIlPOC COOTBETCTBYET Bep-
IIIMHe Ha MIPaBOil BETBU JIepeBa MPOIECCOB, a JIEBOE I0/I/IEPEBO—0OECKOHETHOE, TO OTBET CH-
cremoii I[Iposor me GyjeT HaiijleH—cucTeMa HaBCerja 3aiiMeTcs 00XOJI0M B IVIyOMHY JIEBOTO
noJiyiepeBa. dra cuTyarys onucbiBaercs Tak [36, crp. 83):

. . . NPOAO2-CUCTEMA MOHCEM, NBIMAMBCA PEWUMD 36044Y MAKUM CTOCODOM, NPU
KOmopom pewerue nukozda e bydem docmueHymo, roms ono cywecmeyem. Ta-
KaA CUMYAUUSL HEe ABAAECMCA PeOKOCTDLIO MPU npo2pammuposanuy, Ha Ilposoze.
... Ymo neficTBUTEJIbHO HeobbuHo npu cpasHenuy [Ipoaoza ¢ dpyeumu A3vika-
MU, MAK IMO MO, YMO JeKAAPAMUEBHAA CEMAHMUKA NPOAO2-NPOLDAMMDL MOAHCEM,
oMb NPABUNLHOT, HO 6 O JHCe CaMOe BDEMA e NPOUEIYPHAA CEMAHMUKI MO-
otcem bvimb 0UWUbOUHOT 8 MOM CMBLCAE, YMO € NOMOUDLIO MAKOT NPO2PAMMDYL
HEABL3A MOAYHUMD NPABUNLHBLT 0MEEM HA 60Npoc. B makxuxr cayywasxr cucmema
He cnocobHa JoCmUYDL UeAU NOMOMY, 4MO OHG Nvlmaemcsa dobpamuvces do omeema,
HO 6LIOUPAEM, NPU IMOM HEGEPHBITL NYMb.

WNuBepcHble A3bIKK JIUIIEHBI TAKON JeHCTBUTEILHO HEOOBITHON OCOOEHHOCTHU: B CHJIY Teope-
mbl [50] y HEX HpolLieypHas CeMaHTHKA B TOYHOCTBIO COBIAJIAET C JeKIaPaTUBHOIM.

2. Ilomwzosarens [Iposiora npuxoguTcs MOCBAIIATHL BO BHYTPEHHHE ITPOIE/IYPhl CUCTE-
MbI [Ipostor, npuxoguTcsd 00bACHATH MPUEMbI IPOIPAMMUPOBAHKSA, CIIOCOOCTBYIOIINE TOMY,
9TOOBI OTBETHI Ha 3aIlpOChl paclioJiarajnch Ha JIEBBIX BETBAX JepeBa Irepebopa, cHAOXKATh
HIPOIPAMMUCTa CPEJCTBAMU yIIpaBjeHus cucreMoit [Iposor—cpeacrBamu n3aMeHeHusT 00IIEro
Hopsijika 00Xo/1a JiepeBa, “HaCUJIbHOIO TOJITAJIKUBAHUS CHCTEMbI “Ha BEPHBIN ITyTh .

Ecii octaBuTh B cTOpoHe 31U pazindust (Mopsijiok 06X0/a JepeBa BAPUAHTOB), TO MOYKHO
CKa3aThb, UTO 08 A3biko6 [Iponoe u B™ dexaapamushmie t npouedyprvle ONUCGHUSA CEMAHMUK
oueHb bAUSKU.

I[Icuxomormaeckas yCTaHOBKA IIOJIB30BaTeIsd IPH paboTe ¢ A3bIKOM R TakzKe aHaJo-
IUYHA TOH, YTO U mpu paboTe ¢ A3BIKOM JOTHIECKOTO IporpaMmupoBanus. Lleab moab30-
BaTEJIsI—OIUCATh, 4MO €ro MHTepecyeT (TO eCTh ONUCATH IPEJUKAT p), HO HE OIHUCHIBATD,
Kax nocmpoums 1O JaHHoMy X Takoir ), uto p [x,)] = true. Uckomoe ) Oyier HalijieHo
AJITOPUTMOM Ura.

[Ipu pa3zpaboTke mpeauKaTa p MOJIH30BATEb MOKET HE OCO3HABATH CYIIIECTBOBAHUS JIBYX
A36IKOB R 1 R™. OH MOMKET co3/aBaTh CBOIO IIPOrPAMMY P, IIOJHOCTBIO HaXOJACh B Cpejie
HOHATUH ¥ CPeJICTB (KOMITUJISITOPBI, OTJIQIUKY 1 T.I1.) IPUBBIYHOIO eMy st3bika R. U1 Tosbko
mocJjie 3aBepIleHnsl pa3padOTKU MPOrpaMMbl P OH MOXKET OOPaTUThCA K HEKOI IporpamMe
ura, KoTopas

*
ura p reqlx,V] = [(YV:->y1,r1),...]
HEBEJIOMBIM JIJIsi HETO 00pa30M TI0 3aIIpoCcy HAXOJUT BCE TaKWe 3HAYEHUS ¥; HEU3BECTHDBIX ),

qro p reqlx,y;] = true.

7.2.2 CpaBHeHHUE ITPOJIOT-TTPOTPAMMBbI 1
nporpamMbl Ha VIHBepcanom Pedasie

B srom paszerne mpumem, uro R—orpanudenusiii Pedan [§], R"'—uuBepcHBIl K HEMY
s13bIK. Huzke IpUBOJISITCS peasibHble TEKCThI IPOrPaMM, KOTOpbIe ObLIM HAMCAHBI (1 yCIIell-



7.2. HMuBepcHOe W JlorudecKoe IporpaMMHUPOBaHHe 113

graph ::= (node-desc...node-desc,) |n>0

node-desc ::= (node)
| arcs-from-node

arcs-from-node ::= arci...arc, n>1
arc ::= (node; nodesy)
node ::= atom

I'pad Onucanwme rpada

( (’A’ 7BJ) (’A’ JC))

(7B) 7D7)
° e ()D) 7A)) (7D7 )C))

c?)

IIpumep myTu B rpade:
G a )A) ,BJ ?D) 7A7 )C)

Puc. 7.1: Cunrakcuc upejcranjienns rpados, IpuMep mpeacTaBIeHNs

HO BBITIOJIHSAJINCE) JIJIsl CHCTeMbI MUKPO-1Iposior u jijis cucTeMbl URAEI, peanmusyitormeit Vn-
BepcHbIil Pedas. Ha npumepe perienust omHoN 1 TOi 2Ke 3aja4n Ha sizbikax [Iposior u Na-
BepcHbiit Pedas Oyaer 3aBepiiieHO CpaBHEHHE SI3BIKOB JIOTUYECKOTO MPOTPAMMUDPOBAHUS U
MHBEPCHOT'O TTPOTPAMMUPOBAHUS TPEIUKATOB. TeM camMbIiM, OyJleT 3aKOHYEHO ODOCHOBaHUE
Te3uca u3 pasnesa 7.2 “uacmmuuill cAYHat UCNOAb306AHUA UHBEPCHOZ0 NPOZPAMMUDPOBAHUA,
a4 UMEHHO—UHBEPCHOE BBIYUCAEHUE NPOPAMM-NPEIUKAMOE—0YEHD OAU3OK K N02UYECKOMY
NPOPAMMUPOBAHUIO”.

PaccmarpuBaercs 3ajadya HAXOXKJEHUS IIyTH B opueHTHpoBaHHOM rpade. CuHTaKCHC
npe/icTaBieHnst rpadoB U IpUMep HpeJICTaB/IeHnsl IpuBeeHbl Ha pucyHke [7.1] s pere-
HIS TaKUX 3a/ad Ha a3bIKe R Hy»KHO ONHCATD Hpe;u/IKaTE]: <nyTps el (eZ)>, nmpuHNMA-
IOINI 3HAYEHKWE true TOorjia, W TOJbLKO TOoTrja, Korja el—myTh B rpade eZ. Byuer ymodHO
IPUHATH, UTO true—IrycTas cTpoka. Tak Kak KOHKaTeHalllsd CTPOK OyIeT IyCcToi Toria, u
TOJILKO TOT/Ia, KOIJIa BCe KOHKATEHUPYEMble CTPOKH IIyCThbIe, TO JAHHBIM BHIOOD 3HAYCHUS
true MO3BOJIAET JIETKO IIPOrPAMMUPOBATE JTI000 TTPeMKAT Q, PABHBIN KOHBIOHKITUH ITPETH-
Karos P1,P2,...,Pn:

Q eX = <P1 eX> <P2 eX>...<Pn eX>

Bynem B manmHoit 3a/1a9e onpenessiTh IPeaInKaThl TOJIBKO Ha MHOYKECTBE UX UCTHHHOCTU. JTO
y/100HO, TaK KaK B JIAHHON 3ajiade He BO3HUKAET HEOOXOIUMOCTHU IIPOrPAMMUPOBATH CBAZKHU

2 Peasn3oBana aBTOPOM JaHHON paGoTsl B 1986 romy. Ilogpobuee—cM. pasmesn
3 B Pedasie yriiosble CKOOKH 0003HAUAIOT BBI30BBI (DYHKITHIA.
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“ne” u “nin’. Huzke mpuBOigTCs OMUCAHUS TTPOTPAMM JIjIsl PEIIeHNs Halllel 3a/a9U1 Ha S3bIKe
R —uuBepcHbIil orpannyennblii Pedas—u mukpo-IIpostor.

IIporpamMma Ha A3bIKe IIporpamma Ha A3bIKe
Pedan mukpo-IIpoJsior
IyTh sX (eZ) = + ((myrs (X) Z)
<gepmmuua sX (eZ)> (Bepmmura X Z) )
sX sY el (eZ) = + ((myte (X YIY1) Z)
<pebpo sX sY (eZ)>+ (pebpo X Y Z)
<oyte sY el (eZ)> (myrs (YIY1) Z) )
BepmuHa sX ((sX eY) eZ) = ((Bepmmra X ((X|Y) 12)))
sX ((el) eZ) = + ((Bepumra X ( Y1 1Z))
<gepumra sX (eZ)> (Bepmmra X Z)))

pebpo sX sY ((sX sY) eZ)

((pebpo X Y (X Y) 12)))

sX sY ((el) eZ) =+ ((pebpo X Y (Y1 [|Z))
<pebpo sX sY (eZ)> (pebpo X Y Z))
rpapl = ( (PAB’) (PAC’)+ ((rpagpt ( (A B) (A C)
(’BD?) + (B D)
(’DA’) (°DC?)+ (A (DO
¢c”) + (©)
) ) ) )
nyTe-B-I'l  eX = + ((myTe-B-T1 X)
<oyt eX <rpadpl>> (rpadpl Z)

(myTs X Z))

Tpynno He 3aMeTUTH TEKCTYaJbHON OJM30CTU IporpamMMbl Ha MHKpo-IIposiore m mpo-
rpammbl Ha Pedame. Onnako, Pedan—He sa3bIK TOrnaeckoro mporpaMMUIPOBAHUs, a JTaHHAs
nporpamma Ha Pedasie—obbranas pedasi-iporpamMma, pean3yolias MpeJInKaT B IPeIIio-
JIOXKEHUU, YTO UCTUHHOE OyJIeBCKOe 3HaUeHne—IIycToe BhIpazkeHue. [Iporpamma nammcana B
00bIYHOM pedaIbCKOM CTUJIE U IIPeHA3HAYEHA JJIsi OOBIMHOTO BLIYUC/IEHUs B Cpejie pedasi-
cucreMm. [pyroe neno, aro B cucreme URA JaHHYO IpOrpaMmMy MOXKHO BBIYUC/ISTH HHBEPCHO,
TO €CTh paccMaTpUBaTh Kak IporpaMmy Ha g3bike MuBepcubiit Pecdast. 1Ipu rakom mcrosin-
30BaHNU JTAHHOT'O TEKCTa IPOTPAMMBI, pedas-mporpaMma obpemem 9epThl IPOrpaMMbl Ha
sA3bIKe JIOTUIECKOTO MporpaMMupoBanusd. Ho npu Hanucannm mporpamMMbl aBTOP Ha 9TO CIie-
IUAJILHO HE PACCUUTHIBAI.

[Tocste TOro, Kak onmucaHbl IPEIUKATH (3a/1aH0, “ITO” HAC MHTEPECYeT ), HEOOXOJAUMO Ol
caTb 3ampoc p req(x,Y). To ecTb, HEOOXO/IMMO yKa3aTh, KAKOHN MPEJIUKAT P CUUTACTCHA BXOJI-
HBIM, KaKasl 9aCTh aplyMeHTa 3TOro Ipejankara 3ajaHa (x), a kakas —uer (Y). B cucreme
URA 3ampoc ornpeiisijicss caeayomuM 00pasom:

e Bxoanoit npenukar nmeer nMms Job, ero onmcaHue JIOJZKHO COJIepXKaTh POBHO OJHO
peJIozKenne. 3anpoc umeer Bl Job req(x,)), rue req(x,))—jeBasg 9acTb 9TOTO
HIpeIIOKEeHNsI, V—CBODOIHbBIE IIepEeMEHHbIE B JIEBOI YaCTH;
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o Kaxkipiit pas, mojydast HOBoe onucanue npejankara Job, URA BwimosiHsieT nnBepcHoe
BBIUUC/IEHUE, TO €CTh ONpeJIesiseT 3HAUYEeHUsI IIEPEMEHHBIX, /IJIs KOTOPBIX 3HadYeHne Job
paBHO true (paBHO IyCTOI CTPOKeE).

B muxpo-IIposore sra mpobsiema peraercss Tak: Ha BXOJ, CHCTEME IMOJAETCS Tesb (T10-
MeUeHO 3HaKaMu “==>"), TO eCTb BBI30B HEKOTOPOTO MPEJNKATA, COMEPIKAIINI KOHCTAHTHI
U TepeMeHHble. B HEKOTOpBIX ciaydadx, B Hamleil 3ajade, B Mukpo-lIposore mpuxommioch
nepe/| Bbljadeit mesm (3ampoca) jg00aBisiTh B CUCTEMY OIUCAHKsI BCIOMOTATEbHbBIX TIPEJIU-
KaToB. JacTo 3T0 OBLIO CBA3aHO C TE€M, 4TO ObLIa HEOOXOIUMAa IedaTh HAIeHHBIX 3HAYEHUN
nepeMeHHbIX (BeTpoeHHbIil npeaukar PP). B npyrux ciaydasx (3ampocst 4 u 5) cKa3blBasCs
boJtee O6eubI, YeM B Pedasie, Habop cpe/icTB KOHCTPYUPOBaHU JIAHHBIX B MHKpo—HpOJIoreH

Hwuzke nmpuBesieHBbI TEKCTHI 3aIIPOCOB JJI HAIIIEN 3a/Iaqu.

1. Haittu nyTs B rpade “rpadpl”
Job  eX = <uyTtp-B-I'l eX> ((Jobl X) (myrn-B-T'l X)
(PP X) )

==> (Jobl X)

2. Haiitn nyTh n3 BepmmHbl ’A’ qiymHOi 5 B rpade “rpapl”

Job A’ s1 s2 s3 s4 sb =+ ==> (Jobl A X1 X2 X3 X4 X5)
<nyTs-B-I'1 +

A’ s1 s2 s3 s4 s5>

3. Haiitu nyts u3 ’A’ B ’C’ njmHoii 4 B rpade “rpapl”

Job A’ sl s2 s3 ’C’ = + ==> (Jobl A X1 X2 X3 C)
<nyTs-B-I1 +

A’ s1 82 83 ’C’>

4. HaiitTu myts u3 A’ B ’D’ B rpade “rpadpl”

Job A’ eX D’ = + ((Job2 X Y)
<nyTtb-B-I'l ’A’eX’D’> (first Z X)
(last Z Y)
(Jobl Z))

((first (X 1Y) X))

((last (X) X))

((Qast (Y 12) X)
(last Z X))

== (Job2 A D)

4 B mukpo-Ilponore (kak u B TSG)—omun korcTpykTop (cons), B Pedame—aBa KOHCTPYKTOpa: acCOIH-
aTHBHAS KOHKATCHAIUS W 3aKJIOYCHUE BBIPAXKCHUS B CKOOKH.
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5. Haiitu rpad, conepkammuii mytu ’ABCABDAE’ m ’BCDEA’
Job eX = + ((Job4d Z)
<myTs ’ABCABDAE’ (eX)>+ (myre (ABCABDAE) 2)
<nyTs ’BCDEA’ (eX)> (myts (B C D E A) Z)
(PP 2))
==> (Job4d Z)

CpaBHeHME TTPUBEJIEHHBIX BBIIE TEKCTOB IIPOrPAMM ¥ 3AIIPOCOB JIOTIOJTHUTE/IHHO 0O0CHO-
BBIBAIOT TE3UC, BLICKA3aHHBI B Havale pas/iesa 4 o cxoJcTBe sa3bika R™ (B Harem cirydae—
uHBepCHOro Pedasia) ¢ s3bIKOM JIOTHYeCKOro MPOrpaMMUPOBAHUSL.

OTO Ke CpaBHEHUE BBIABIISAET HEKOTOpble paszindns Mmexay Musepcubivm Pedasom u
Mukpo-IIposiorom: onuceiBas peukaTel Ha s3bike Pedyast, mosib3oBaresib, panee paboras-
it ¢ Pedasiom, HAXOMUTCS B IPUBBIMHON Cpejie M MOXKET UCIO0JIB30BaTh BCE CPEJICTBA 3HA-
KOMOT'O €My sI3bIKa. B 9acTHOCTH, B TeX CJIydasX, KOIjia B IIPOIECCe OIMUCAHUS MPEINKATA
p(x,y) emy Tpebyercs omucarh scnomozamesvhyro dbyskiuio (He npemukar!) f(z) — u,
eMy He 00sg3aTe/IbHO MPEICTABIATEL ee B Bujle npeaukaTta pf (z,u), onuceisatorniero rpaduk
dyuknuu £f. O moxkeT onucath GyHKIUIO £ B IPUBLIYHOIM /g Hero Manepe. B namem mpu-
Mepe, BCIoMoraTe/ibHas i npejukara nyTh-B-I'1l dyuknus-koncranta rpadl B Pedaiste
npejicraBieHa (yHKIeH, a B Mukpo-lIposore—mpemkaToM-akCnoMoii, HCTUHHBIM TOJIBKO
Ha OJTHOM 3HAYEHUN apryMEeHTA.

7.2.3 OcHoBHbBIE pe3yJbTaTbl CPABHEHUS
WHBEPCHOI'O U JIOTUYECKOIro IIporpaMMUPOBaHNUs

[To pe3synbraTam aHaan3a WHBEPCHOT'O ITPOTPAMMHUPOBAHUS IIPOIPAMM-IIPEINKATOB U JIO-
FAYECKOr0 MPOrPAMMUPOBAHNA MOXKHO CEJIaTh CJIE/IyIONIe BbIBOIBI.

Csoticmea un8epCH020 NPopamMMUpPoOs8aHUs TIPOTPAMM-TIPEINKATOB TO3BOJISIOT PACCMAT-
pPUBATL HHBEPCHBIH A3BIK R KaK S3BIK JIOMHYECKOTO TPOrPAMMUIPOBAHUA.

JlekapaTHBHAs ceMaHTHKA A3bIKa R™Y 1 HaIlMCaHHBIX Ha HeM Iporpamm p*’ ompejieis-
ercs B TOM »Ke CTUJIe, 9TO U JjIsl JIOIMYeCKUX s3bIKOB. IIpolerypHas ceMaHTHKa a3biKa R
1 HaIlMCAHHBIX Ha HEM IIporpamm p™’ mmeeT 4epThbl, BO MHOI'OM CXOKHE C TeM, YTO MOXKHO
HAWTHU B ONUCAHUAX MPOIEIYPHBIX CEMAHTUK JIOTMIECKUX dA3BIKOB. OJIHAKO, 6 0OMAUMUE OT
JIOTHYECKOTO IIPOrPaMMHUPOBAHUS, HPOIEIyPHas CeMaHTUKa aA3blKa R™ 1 HAIMCAHHBIX Ha
HeM IIporpaMm pm” BCerjla B TOYHOCTHU COBIAJAET C JIeKJIapaTUBHON ceMaHTukoit. [lo sroit
MpUYINHE, HeT HEOOXOIUMOCTH MOCBAIIATE ITOJIB30BATENS B JETAIN IIPOIEYyPHON CeMaHTUKN
u cHa0XKaTh €ro CPeJICTBAMU YIIPABJIEHUs U3 UWHBEPCHOMN ITPOTrPaMMBbI IIPOIECCOM MHBEPCHOT'O
BBIIIOJTHEHUS 3TOI ITPOI'PAMMBI.

Hneepcroe npoepammuposarue npoepamm-npeduramos npedocmasiiem 6 PACnOPAHCe-
HUE NPoPAMMUCTG DoAbULEe U30OPASUMENLHBIL CPEICNE, HENHCEAU MPAOUUUOHHDLE A3DIKU
N02UYECKO20 NPOPAMMUPOEAHUS.

[IporpaMMUCT, IPU OMMCAHUE IIPOrPaMMbI-IIPeIMKaTa Ha A3bIKe R™Y, He obg3aH BCIIO-
MOTaTeIbHbIE KOHCTPYKIIMK OIMCHIBATH TaK K€ KaK IPEeJMKATHI: OH CBOOOJIEH B HMCIIOJIB30-
BaHUU JTIOOBIX CpeJicTB A3biKa R. Takmm oOpa3oM, B3dB MPOM3BOILHBIN S3BbIK R M TTOCTPOUB
JUIA HErO aJI'OPUTM MHBEPCHOT'O BBLIYUCJIEHHS Ura, MOXKHO TOJIYUYUTb ‘A3BIK JIOTHYECKOIO
nporpamyupoBanus’ R™ ¢ o6bIM HaBOPOM M300Pa3UTEIBHBIX CPEJICTB (KaK KypPbe3HBIIl
[PUMEP—UMIIEPATUBHBIN SI3bIK JIOTMYECKOrO [POIPAMMUPOBAHIS ).
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Tpa;LI/ILLI/IOHHbIe CHUCTEMBI JIOTUYIECKOI'O IIPpOrpaMMHUPOBaHUA 06bI‘-IHO CBA3bIBaIOT IIOJIB30-
BaTeslsl B CpeJCTBaX, Ipejjiaras eMy u3JjaraTb CBOU MBICJN TOJHKO B TEPMUHAX OTHOIIEHMI
(IpeMKaTOB) M APYTHX CPEJCTB, HE IPOTHUBOpedamumx obmenpuasToil cxeme Kopasbeko-
ro [37].

Konuenuyus uneepenozo npozpammuposanus He UCHEPNBEACTC UHBEPCHbIM NPOZPAM-
MUPOBAHUEM TPOZPaMM-NPeduramos. Ee MOKHO MCIOIB30BaTh JIst GoJIee MUPOKOro KIacca

sanad (em. paszgen [6.1).

7.3 IlepeHoc mHBepCcHOII ceMaHTUKU

[Tycrb R—s3bik peanuszanuu (Hanpumep, TSG), mis KOToporo paspaboTaHbl METOJIbI Me-
TaBBIYHUC/ICHUH, BK/IIOUAsT CPEJICTBA HHBEPCHOTO BBIYHUC/ICHHUS IIPOTPAMM: CPEJICTBA IIPEICTaB-
JIEHUsT MHOYKECTB JIAHHBIX S3bIKa R—KJIACChl U ONEeparum HaJl KJIaCCaMM, aJI'OPUTM UHBEPC-
HOT'O BBIYHUCJIEHUS IIporpaMM ura u T.J1. Be3je majiee ne Oyjer npe/osararbes, 9To R 00d-
3aTesIbHO sIBJsieTcs si3bIkoM T'SG. OHako, moTpebyeM HaIUYus BCeX IMOHSITHM, Oleparuii n
BBIIIOJIHEHUS BCEX YTBEPKJEHUM, ITO ObLIN U3JI0XKEHBI B HPEJbLIYIINX TJIaBaxX JJId si3bIKa
TSG.

PaccemorpuM nmponsBosibHbIi 361K L. Kak peajn3oBaTh UHBEPCHBIE BHIYUCICHUS T/ 9TO-
ro s3eika? Konewno, Bcerja mmeercs “TpsMoii”’ CIOCOO—TIOBTOPUTE JIJIsT SI3bIKa L BCe I10-
CTPOEHUsI, 9TO ObLIN clenaHbl s s3bika R. Ho 310 moBosibHO-Takm Oosbiniass padora. A
HET JIM KaKOIr'o-TO IPOCTOro crocoba mepeHoca Ha si3blK L yrKe peaju30BaHHBIX HWHBEPCHBIX
BBIYHUCICHU i1 s13bIKa R? OTBeT oYeBHIeH—KOHEYHO, €CTh. I 94T00BI OCyIIeCTBUTH 3TOT
MEPEHOC, 3aMETHUM, UTO “MEMANnPOePaMMaA UTa PEAAUSYEM UHBEPCHOE BLIYUCAEHUE NPO2PAM-
Ml PER npu nomowu HabA00eHUA 30 PA3BUMUEM NPOUECCH OIYUCACHUA P HA MHOHCECTNEE
z...”. Takum 0OpazoM, IyTh K IMEPEHOCY WHBEPCHBIX BHIYUC/IEHN Ha S3BIK L JIEXKUT B npeod-
CMABAEHUL NPOUECCA BHIYUCAEHUA 6 A3bike L npozpammov, pEL 6 sude Hexomopozo npouecca
BLIUUCACHUA 6 A3bIKE R.

[IpescTaBiagaTh NMpoIEcChl BHIYKUCICHUS B L B BHJIE TPOIECCOB BBIYUC/IEHUA B R mpoiie
BCEro IPH MTOMOIIM UHTepIpeTaTopa intLER a3bika L, HanucanHoro Ha sg3bike R. [1og00HbIi
CII0CO0 JIIA TIepeHoCa OKPECTHOCTHOIO aHAJIM3a C sA3bIKa R Ha ITPOU3BOJILHBIN S3BIK L ObLI
ucnosib3oBan B miase b Hurke Gyjer ommcan aHaJOrnuHbIi CII0COO II€PEHOCA UHBEPCHBIX
BBIYUCJICHUN.

[IycThs L—TIpON3BOIBHBIN SI3BIK TPOrPAMMUPOBAHNs, p—IIpOrpaMmMa Ha sa3blke L, intL—
UHTEPIPETaToOp A3bIKa L, HAIMMCAHHBII Ha a3biKe R. By/ieM cauTaTh, 9T0 BBIIIOJTHEHBI ITPEJIITO-
noxKenns u3 pasjesnalb.3.1 o a3pike L, mporpamMmax pEL, IaHHBIX B A3bIKe L, HHTEpIPETaTOpPE
intL.

PacemorpuMm MHOXKecTBO X JIAHHBIX ITPOrPAMMBI P, IIpejcTaBIeHHOe KitaccoMm reqla, X]:
X = <reqla,X]>, X —c-nepemennnie n3 reqla,X]. PaccMmoTrpuM mpomsBoJibHOE 3HAYEHME
y€D. Brinosinenne MHBEPCHOTO BLIYUCIEHUS B s3bIKe L JI MPOrpaMMBbl p 3aKJIOYaeTCd B
IIOCTPOEHUN IPEJICTABJICHHS JIJIT MHOYKECTBA:

X,-1, = { d | de<reqla,X]1>, p d% y }

mwim, ApyruMm CJI0BaMH, B HaXO2KIEHUU BCEX TaKUX 3HAYEHU X JJIA X, IIpu KOTOPbLIX BbI-
noJiHeHo p reqla,x] % y (cMm. pasmen .

Pacemorpum muo)kecTBo p:X = { p:d | d€X}. JlanHoe MHOXKECTBO MPEJICTABIMO B BI-
ne kiacca (obo3HaunM JaHHbIH Kiaace p:reqla,X']), KOTOpBIii JIErKO MOCTPOUTH 1O KJIACCY
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reqla,X]. [Ipu srom BeIOHEHO, p: X = <p:reqla,X]>. dna asvika TSG ykazannbie mmo-
CTPOEHUS BBIOJIHIIOTCA U 0OOCHOBBIBAIOTCS CJIE/LYIOIIUM 00Pa30M:

reqlp,X] = (ces,r) = ([cey,...,ce,]l, 1).
Omupememm:

p:reqlp,X] = (p:ces,r) = ([p,cei,...,ce,], r).
Torma:

> | s€FVS(p:reqla,X]), d’=(p:ces)/.s},

> | s€FVS(reqla,X]1), d’=(p/.s):(ces/.s)},
> | s€FVS(reqla,X]), d’=p:(ces/.s)},

:d | s€FVS(reqla,X]), d=ces/.s},

:d | de<reqla,X]1> },

:d | deX } = p:X

<p:reqlp,X]1>

d
d
d
%
%
%

= {
= {
= {
= {
=1
= {

3/eCch UCIIOIB30BAHO, UTO P HE COMEPXKUT C-IIepeMEHHBIX, p/ . S=p.
Paccmorpum cirefryrolee HHBEPCHOE BBIMUCIIEHUE 6 A3biKe R:

ura intL (p:reqla,X]) y i = [ (X:->x;,r1),...]
Paccmorpum creyrormue moikiacesl px’; Kiacca p:reqla, X]:

px’; = (p:reqla,X])/.(S X:->x5)/.(R (RESTR r;)).
B cuy Teopembr [50] BbimtosiHeHo:

<[px’i+px’ot+...]1> = <p:reqlp,X1>,,,-1, = (P:X) 11,
={ d | d’€p:X, intL &’ ;‘{: y } = { p:d | d€X, intL (p:d) % v }
=p:{d|deX, pd2 vy }=p: X

C ,ZprI‘OfI CTOPOHBI, TaK KaK P HE COJAECP2KUT C-IIEPEMEHHbIX, TO BBIIIOJIHEHO CJIE/lyIoliee:

px’; = (p:reqla,X])/.(S X:->x;)/.(R (RESTR r;))
= p:( reqla,X])/. (S X:->x,)/.(R (RESTR r;)) ) = p:x’;.

IJle ToJIKJIace X’,; kinacca reqla, X’] ompenesren kak:
x’; = reqla,X1/.(S X:->x;,)/.(R (RESTR r;)).

Taxum obpazom, nmeem:
p:X,-1, = <[px’i+px’y+...]> = <pri> = U<pxi> = U<p:x’,~>
= Up:i<x?> = p:Jsx?> = pr<) <x?p> = pi<x)4x7ot. . 1>

CrieioBaTeIbHO, BBITIOJTHEHO:

X

p-ly = <[X’1+X’2+. . .]>.

[Tosyuen caesytonmuii pe3y/ibTar.

Teopema 58
O ceedenuu UnBEPCH020 GHHUCACHUA 6 A3biKe L K UHBEPCHOMY BbUUACHUIO 6 A3biKe R.
Pesynbrar BBIIOTHEHNST CJIEYIONIETO NMHBEPCHOTO BBIYHUC/IEHUS B SI3bIKE R:
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inv :: ProgR -> ProgL -> (Class,D) -> [(Subst,Restr)]
inv intL p (x,y) = ura intL (p.:.x) y
where
(.:.) :: ProgL->Class -> Class
p.:.(ces,r) = ((p:ces),r)

Puc. 7.2: AJII‘OpI/ITM MHBEPCHOI'O BBIYUCJICHUA B IIPOU3BOJIHOM fA3BIKE L

ura intL (p:reqla,X]) y i = [ (X:->x;,1r1),...]
ABAAECMCA PE3YALMAMOM UHBEPCHO20 BHIMUCNEHUA 6 A3biKe L, 8 NUMEHHO:
o [lepeuncienune
[(X:->%1,r1),...]

SABJIIETCSI TIepEeIUC/IeHIe BCeX 3HAYeHUN C-TIepeMeHHBbIX X', TP KOTOPhIX BBIYUC/ICHUE
B s3bIKe L mporpaMMbl p Ha JaHHBIX reql[a, X] 3aBepriaercd ¢ pe3yabTaToM y.

o [lepeuncienue
[X’1+X’2+. . ]

MOMTAPHOHEIIEPECEKAIOIINXC s TTOJIKJIACCOB X’ ; Kiacca reqla,X], aBigerca npejgcras-
JeHreM MHoxKecTBa X,-1,, 17l x°; = reqla,X]/.(S X:->x;)/.(R (RESTR r;))

Takum 06pazom, 4TOOBI BBHINOJIHATH WHBEPCHBIC BBIYUCJICHUS] B HECKOJBKUX S3bIKAX L;
JIOCTATOYHO: OJINH a3 PEeaJN30BaTh MHBEPCHbIE BBIYNCJICHNS (QJITOPUTM Ura) Jisd s3bIKa R
n 00eCIeunTDh [T KazKJIOro 3bIKa L; MHTEpIpeTaTop 3TOro dA3blKa intl;, HalMCaHHbIA Ha
a3bIKe R.

Ha pucymnke IPUBEJIECHO OIUCAHKE aJIrOpUTMa inv
inv intL p (reqla,X],y) = [ (X:->x1,11),...]

peasm3yomero (B MOJHOM COOTBETCTBUM ¢ TeopeMoii [58)) jyis siroboro si3bika L, WHBEpCHOE
BbIYMCJIEHUE IIpOrpaMMbl pEL.
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I'1aBa 8

HeCTaH,Z[apTHbIe CEMaHTUNKN

8.1 Momudukaropbl ceMaHTUK

OKpeCcTHOCTHBIH aHaJM3aTOp nan s3blka R, MO CyTH, ONPEJIEINI B sA3bIKE HOBYIO Ce-
MaHTHKY. [IoMEMO OOLIMHOTO int p d => Tres BLIMHCACHHA CTAJI0 BO3MOYKHLIM BBIIOIHATD
OKPECTHOCTHBII aHAIN3—HeCMAHIAPMHoe BEIYICICHHE B f3biKe R: nan p d = (res,09).
Creyromnast opraHusanus mara OKpeCTHOCTHOTO TECTHPOBAHUs IIPpOrpaMMbl pEL (cM. pas-

aen|5.3.3):
nbh intlL p d = (res,O(p’d))

o *
L03BOJIsIET BBIIOJIHUTE OKPECTHOCTHBIN aHAJIM3 NPOLECCa BhIUUC/IeHUs p d 7> res Julsd JIo-
60it mporpaMMBbl p U JIIOOOTO A3BIKA L, rie

nbh intL p d = nan intL (p:d)

[To cyTm, peub ujier o nepeHoce OKPECTHOCTHOTO aHAIN3a, M3HAYAIBLHO PEeATU30BAHHOIO JIJTs
Aa3blKa R HA MPOM3BOJIBHBIN A3BIK L.

AHaJIOrI9IHBII TEPEHOC MHBEPCHON CEMaHTUKU U3 A3bIKa R B MPOM3BOJILHBIA SI3bIK L pac-
CMOTpPEH B paszjiese : JUts JTI000TO si3bIKa, L, Ji000ii TporpaMmbl p U JII0OOTO 3arpoca
reqla, X], ciemyroree BoIIucIeHmne

inv intL p (reqla,X],y)

SIBJISIETCsl MHBEPCHBIM BBIYUC/IEHHEM B s3blke L mporpammbl p Ha 3ampoce (reqla,X],y).
PesynbraroMm Bblumc/ieHus gBJIAETCA Tepeducyenne cykenuit kiacca reqla,X'], coorer-
CTBYIOIINX BCEM PeIlleHusIM ypaBHeHus p reqla, X] % y.

CTaHOBUTCS BO3MOXKHBIM B JIIOOOM si3bIKe L ¢Bg3aTh ¢ JI000I mporpamMmoit pEL Kpome
cTaHIapTHOH (DYHKIUH IIPOrPaMMEL p erme ase dbyHkmua p™oh u pi:

a
o
@

P d intL p d , P :: D ->D
pth d ' nbh intL p d , p™h .. Db > iR
p™ (req,y) € inv intL p (req,y), p™ :: D™ > R

rae D"'=D, R""=(D,Class), D"=(Class,D) R"’=[(Subst, [InEq])].
Takum 06pa3oM, MOXKHO paccMaTpUBaTh MOMUMO MCXOTHOTO si3bIKa L ¢ ero CHHTaKCUCOM,
IpeJMEeTHOI 06/1acTbio D U CTaHIAPTHOI CeMaHTUKOM, HOBbIe a3bIKi L™ 1 L B KOTOPBIX

121
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CUHTAKCHUC 3aUMCTBYETCs Y S3bIKa L, & ceMaHTUKa SBJISIETCS HeCcmandapmmoli, MOIMUITIPO-
BaHHOI 1Ipu oMoy nbh u inv, coorBercTBeHHO. MOMUdUKaAINN TOABEPKEHA U ITPEIMETHAS
0071aCTh SI3bIKa—THUIBI BXOJIHBIX JAHHBIX W PE3YIbTATOB HECTAHIAPTHBIX BBIUUCIEHUI MTPO-
rpaMM MOI'YyT U3MEHUTBLCA.

Caenmyrtoree onpeesienne 0600IaeT pacCMOTPEHHBIE IIPUMEDHI.

Onpenenenne 42
[IycTb m MpOM3BOJILHBIA AJTOPUTM, PEAJTU3YIONUI (DYHKIIUIO CO CJIELYIOIIM THUIIOM:

m :: ProgRh ->D -> D™ -> R™

Bynewm nasbiBarh m moduduramopom ceMaHTUK S3BIKOB IIPOIDAMMIPOBAHUS.

[IycTh L—11pOn3BOJILHBIN I3bIK TPOTPAMMUPOBAHUS, J1JIsT KOTOPOT'O BBITIOJIHEHBI BCE ITPE]I-
HOJIOKEHNUST U3 pasjiena [b.3.1) B 9acTHOCTH, JJaHHBIE U IPOrPAMMBI sI3bIKa L IIpe/ICTaB/IeHb
JTaHHEbIMI a3bIKa R. IlycTh intL—unTepripeTaTop g3blka L, HaIMCAHHBIN Ha d3bIKe R.

Torma, ciemxyronuit a361k L™ HazoBeM MojuduKalueil sa3bika L, TOpOXKIeHHO# Mo iudu-
KaTOPOM

® CurMaAKcuc npozpamm IOJITHOCTHIO COBIIaJacT C CUHTaKCHUCOM A3bIKa L,

e npedmemnas 00Aacmsb: B KAIECTBE BXOIHBIX JAHHBIX IIPOIPAMM HCIIOIb3YIOTCS JaHHBIE
¢ tutioM D™ a pe3yJibTaThl BBIYUCJIEHUS ITPOTPAMM Ha 3TUX JIAHHBIX UMEIT Tuil R™;

® CeMaHMUKG: ¢ KaXKJION nmporpaMmMoit pED cBsizkeM QPyHKIUIO P, BBIYUCISIEMYIO CJICLy-
IOIIUIM 0Opa30M:

p™ d ' n intL pd
pm D™ -> R™

Tak omnpejie/leHHY0 CEeMaHTHUKY si3bIKa L™ OyjieM Ha3bIBATh HECTMAHIGPMHOT CeMAHMUKOT
A3vika L, nopootcdennoti modugduramopom m, NI M-HECTAHIAPTHON CEeMaHTUKOIM.

B coorBeTBHE C OlpejiesienneM paccMOTpeHHbIe Bolmie A3bKu L™P u L gpaaior-
¢ MOJIU(DUKAITMAMUI sI3bIKa L, & CEMAHTUKU 3TUX T3BIKOB—HECTAHIAPTHBIMU CEMAHTUKAMU,
MMOPOYKJIEHHBIMU MOJIM(PUKATOPAMK nbh ¥ inv, COOTBETCTBEHHO.

[To onpenenenwuio [42] 1000it aaropuT™ m ¢ “MOAXOAANIUM TUIIOM (DYHKITUU BIIPABE Pac-
CMATPUBATLCS KaK MOJIU(PUKATOP CeMAaHTHUK. JIpyroe sejo, 9To He Jijis BCIAKOTO TAKOI'O M
MOII(PUIIPOBAHHEIC A3LIKH L7 GyIyT OCMBICJICHHBIMHI, OYIyT UMETh HPAKTHICCKYIO IIeH-
HOCTDb. [IpejicTaBiisiercss TPyJIHBIM CYy3UTH OIpEJIe/IeHre TaK, 9TOObI B PACCMOTPEHUN OCTa-
BUTbH TOJBKO OCMBICJIEHHBIE MOJIUMUKATOPHI U OJHA U3 TPUIUH K TOMY —PACILIBIBYMBOCTD
U M3MEHYUBOCTH IMOHATUS “‘TPAKTUYECKas IEeHHOCTH . [loaToMy yraoBjieTBOpUMCH JaHHBIM
(mmmpokuM) ompeiesieareM MojduKaTopa, HO IpUBEjIeM HedOpMaJbHOE Onucanue 00Hol
U3 METOJIUK MOCTPOEHUST OCMBICJICHHBIX (IIPAKTUYIECKHU TEHHBIX) MOaudukaropos. s se-
MOHCTPAIIUKA JAHHONH METOJIMKHU MOCTPOUM Iapy MPOCTBIX OCMBICJCHHBIX MOJIU(PUKATOPOB.
[Ipumepsr Oy/IyT MOCTPOEHBI B MIPEJIIIOJIOXKEHNN, ITO B sA3bIKe R MO/ Iep:KaHbl He TOJBKO TeK-
croBble (Kak 310 6bwI0 Jyisi TSG), HO U YucsIOBbIe JaHHble U onepanun ¢ Humu. Onucanue
npuMepoB OyJieT HeOPMAIBHBIM, HO, Oy/IeM HaJIesThCs, JOCTATOTHO SCHDBIM.

Ouenxa pecypcos. Paccmorpum int :: ProgR->D->D—cranjgapTHblil nnreprperarop R.
BreceMm B ero TekcT ciemyloniue n3MeHeHns. 3aBeleM HeCKOJIbKO CUYETUYUKOB—II0 OJHOMY Ha



8.1. Moaucukaropbl ceMaHTHK 123

KasKJIblil THII (CJIOKEHNe, YMHOKEHUE 1 T.11) apudMeTHIecKoil oneparn. B #adate paboTer
MHTEPIIPeTaToOpa BCEM cUeTYrnKaM mpucBonM 3uadenue 0. Kaxkipril pas3, Korjia B uHTepIpeTa-
TOpPE BBITIOJTHAETCS apudMeTHIecKas ONepallisl 6 UHMepecaxr uHmepnpemupyemots npo2pam-
Mb, OyJIeM, TIOMUMO BBITIOJIHEHUS ONEPAIliN, YBEJIUINBATh HA 1 COOTBETCTBYIONMINN CUETIUK.
Korna unrepnperarius mporpaMMbl 3aBepiiiena, OyJ1IeM BO3BPAIIATH HE TIOCYUTAHHBINA PE3YJIb-
TaT, & CIUCOK 3Ha4YeHUl cyeTuynKoB. HazoBeM Tak m3MeHeHHbIN mHTeprpeTaTop rsrR. s
moboit mporpaMMbl pER m maHHBIM d nporpaMMa rsrR::ProgR->D->[Int] Beramciaser—
rsrR p d = [n,,n_,...] OINEHKY BBIYHCINTEILHBIX PECYPCOB: CKOIBKO MOTPEOyeTCs BhI-
MOJTHUTH apudMeTHIeCKUX ONepalnii TPy BBIYUCIEHUH p Ha d.
Omnpenenum rsr: :ProgR->D->D->[Int] cieaytomnmm obpaszom:

rsr intL p d = rsrR intL (p:d).

ITo onpeesiennio [A2 rsr siBisiercss MogudukaTopom ceManTuk. st m060ro si3bika L, 11060t
nporpaMmbl pE€L n JJaHHBIX d B pe3yibraTe cyera rsr intl p d nosy4daeM OIEHKY BBbIYKC-
JINTEJIbHBIX PECYPCOB s BbluncIeHns p Ha d. JJaHHBI mTpuMep JIerKo M3MEHUTH Ha CJIydail
OIEHKHU JIPYTUX PecypcoB (IaMsITH, JIUCKOBOTO IPOCTPAHCTBA W T.II.)

C mepBoro B3IJIsA 1A TPUMED KayKeTcs MapaJ0KCATbHBIM: /T OIEHKU TPeOyeMbIX PeCypPCoB
HEKOTOPOI'0 BBIYUCJICHNA, IPOBOJAAT 3T BBIUMUCICHUA U IOACYATBIBAIOT II0 XOAY Aeja 3aTpa-
YeHHBIE PECYPChI. Bojiee pa3yMHO CTPEMUTHCS TIOJIyIUTh ONEHKY PecypcoB J10 (To ecTb—6e3)
npoBejieans BblunciaeHus p Ha d. OkasbiBaercs, 9TO MeTOJ bl 3(hMEKTUBHON pean3aluu
HECTAHJIAPTHBIX CEMAHTHUK, KOTOPbIE OYIyT OOCYKIAThCs B pasese MIO3BOJIAIOT HaJle-
ATHCA HA BOBMOXKHOCTb aBTOMATUYIECKOI'O ITPEOOPA30BaHus MPUBEJIECHHOTO aJIrOPUTMa B aJl-
FOPUTM TIOJICUETa PECYPCOB 6e3 MpoBeieHus! (IIOJTHOTO) BbIYUCIEHHSI.

Hecmandapmmwvie svvucaenus. PaccMoTpuM cTaH apTHBINE HHTEPIIPETATOD

int: :ProgR->D->D

U [0 ero TEKCTy BHECEM CJjeaylolue m3MeHeHUus. J[omycTuM BO BXOMHBIX JAHHBIX WHTEP-
IIPETUPYEMBIX IIPOIPAMM, B TeX IO3UIUAX, [Jie OXKMJIAIOTCA YUCIa, YKa3blBaTh HE TOJIbKO
qncsia, Ho u uaTepsasbl. Ob6o3HaunM depe3 D’ cooTBeTcTBYIOIIEe pacimupenne D’ UexXo HOM
npejiMeTHoit obsactu D. B Tekcre mHTEpIIpeTaTopa, B TEX MECTaX, IJI€ BBIIOJHAIOTCI Olle-
panum HaJl 9UCJIAMU 6 UHMEPECAT UHMEPNPEMUPYEMOT NPO2PaAMMb,, BHECEM U3MEHCHUI: B
KadecTBe OTIePaH/I0B oreparyii Oy1eM TPUHIMATEH KaK JHcIa, TaK 1 MHTEPBAJIbI, & ONepalnn
Oy/leM BBIOJIHATH B CTUJIE MHTEPBAJILHBIX BhIuucaennii. COOTBETCTBEHHO, MPU 3aBEPIIEHNN
BBIUUCJIEHUs] B PE3YJbTAT (B Te MO3UIMHU, TJe JOJZKHBI ObITh YHCjIa) BO3MOYKHO IOMAJYT
nnrepBasbl. HazoBeM Ttak m3menennniit naTepiiperarop iarR. Ilo mocTpoenuio, BuITIOJIHEHO:
iarR: :ProgR->D’->D’.
Ompenenum iar: :ProgR->D->D’->D’ ciieytomuM 06pa3oMm:

iar intL p d’ = iarR intL (p:d’).

[To ompenenenuto [A2] iar spigercs momudukaropoM cemaHTuk. s Jiroboro si3bika L,
060 IporpaMMbl pEL 1 JII0OBIX BXOJHBIX (MHTEPBATBHbBIX) JaHHBIX d’ED’ BBIYUC/ICHUS
iar intl p d’ ABIAIOTCA MHTEPBAJLHBIMU BhIMUCIeHUIMU B si3biKe L. Takum obpazom, mo-
CTATOYHO OJMH Pa3 peam30BaTh MHTEPBaJIbHBbIE BBIYUCICHUs JIJIsi SI3bIKa R, 9TOOBI MMETh
BO3MOKHOCTD BBITIOJTHEHUS WHTEPBAJIbHBIX BBIYUCACHUN B JTIOOOM #A3bIKE L, 19 KOTOPOTO
nmeercs: (OObIUHBIN) mHTEpIIpeTaTop intLeER.

Ha 6a3e mannoro mpumepa Jierko chopMyIUPOBaThH KJIACC AaHAJTOTHIHBIX MOJIN(DUKATOPOB,
HOJIMEHSAIONIIX OOBIYHbIE BBIYUC/ICHNsT Ha UX (KAKUM-JIU60 06pa30M PACIIUPEHHbI ) BADUAHT.
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Kak mpumep, MOXKHO paccMaTPUBATDH AHAJTUTUICCKHIE BBIMUCJICHU, JIJIsT 9TOrO, BO3MOYXKHO,
noTpebyeTcst BBIMOJIHEHIE 00Jiee TPYAOEMKUX, €M 9TO OIMUCAHO BBIIIE, M3MEHEHUIl B NCXOI-
HOM TeKCTe MHTEepIpPeTaTopa 3bika R (HAIpUMep, TPH PACIIUPEHUN Peaju3alii Olepariuii
CPABHEHUsI YHUCet).

B mpuBeieHHBIX pUMeEpax MPOCMATPUBACTCS CJIELYIOIIast OOIIast JIJisi HUX METO/INKA, 110-
CcTpoeHusT MO/IU(DUKATOPOB:

1. Iloctpoenne mR :: ProgR->Dm->Rm—‘HeoObrdHOro uHTEpIipeTaTopa’ s s3blKa R,
CIIOCOBHOTO “HEOOBIMHO” UCIOJHSTD JII0Oble TPOrpaMMbl Ha s3biKe R (HE TOJIBKO WMH-
TEpPIPETATOPHI ).

2. Omupepnenenne aaroput™a m: : ProgR->D->D"->R™

m intL p d = mR intL p’d
where p’d = insert p d
insert :: D -> D™ -> D™
insert pd = .....

KOTODBIHl U3 CBOMX apryMEHTOB KOMIIAHYET apryMeHTBI /it mR TakuM 00pa3oM, YTOObI

(a) mostyunmch TpebyeMble apryMeHTHI JijIst mR: IporpaMMa Ha si3bike R—intL u naH-
Hble JId p’d Hee, OJIyUeHHbIE “BCTABKON p B HYKHYIO IMO3UINIO B d;

(b) B mporiecce “HenpUBLIYHOI WHTEPIPETAIINY TporpaMma intL mosrydasa cBou ap-
rymeHTHl B hopmare (p:d).

SameTum, 910 MOAUGMUKATOPHI inv U nbh MOCTPOEHBI IO TOYHO TAKOH 2Ke cXeme—OHHU OCHO-
BaHbl Ha “HEOOBIYHBIX” MHTEPIPeTaTopax (a ToYHee, MeTanHTEPIPeTATOPaX Ura U nan) Jjis
a3bika R. KommanoBka jganabix p’d = insert p d B mojudukaropax nbh, rsr u iar BbI-
MOJTHSJIACH TPUBUAJIBHO, IIPHU IIOMOIIU 00bIYHOIO KOHCTpyKTOpa (:). B Momudukarope inv
COOTBETCTBYIONUI (DparMeHT aJropuTMa He BBINVISIUT CTOIb TPUBHAJIBHO.

[IpuBesiennasa B onpejiesiennn d:m cxemMa m intL p d BBIIIOJTHEHUS] BHIYUC/IEHUS B A3bIKE
L™ mporpaMMbI p Ha JIAHHBIX d HE MOXKeT OBbITh TPU3HAHHON 3 deKkTuBHOIM. leiicTBUTEIHHO,
KaK MPaBUJIO, I ABJIAETCA “HEOOBIYHBIM WHTEPIpeTaTopoM g a3bika R. I B aToM ciydae,
paccMaTpuBaeMble BBIYUCICHNs UMEIOT JiBa YPOBHsI MHTEPIPETAIIN: M BBIIOJHAET (HEOObII-
HYIO) MHTepIpeTanuio intl, KOTOpbI WHTEPIPETUpyer p.

B paznene Oy/IeT MpeJJIoKEH METOJI, G8MOMAMUYECK020 TTOCTPoeHus (D OEKTUBHBIX
pea3alii HeCTAHJAPTHLIX CEMaHTHK, OCHOBAHHBII HA IMPUMEHEHWH OJIHOIO U3 MEeTOJIOB
MEeTaBBIYUCICHUN—CIEIUATU3AIINT TTPOTPAMM.

8.2 Crenuaan3anusi IporpaMm

[Tycts p [x,y]—1porpamma na R OT ABYX apryMeHTOB. 3aduKcupyeM OJMH apryMeHT,
CKayKeM X, TOJIOKUB ero paBHbIM A. [loydennyio pyHKINIO OJTHOTO apryMeHTa:

P,y [yl = p [A,y],

Oyem HazbiBaTh mpoeknueit p Ha (A, ). AHAJOITIHBIM 00PA30M OIIPEJIE/ISIETCS TPOEKITNST
JUIsl citydast (pUKcalii BTOporo aprymenTta gynkuuun—p(_ gy [x] = p [x,B],—u npoexnuu
110 HECKOJIbKMM apryMeHTaM IIPOrpaMMBbl ¢ ITPOU3BOILHON apHOCTHIO.
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Cneyuaauszamopom 0asa A3vika R HA3BIBAIOT MPOTPAMMY Spec, KOTOpas 10 TEKCTY IIPO-
rpaMMbl PER U [0 ONHUCAHUIO MPOEKINH (YTO BKJIIOYAET ONpeJeJIeHre HMO3UIUI B CIIHCKe
aApryMeHTOB P, TOJIeXKaInX (QUKCAINN, U 3aJaHie 3HaYeHUH (DUKCHPYEMBIX apryMeHTOB)
ctpout 3hHEKTUBHYIO TTPOrpaMMy p’, PEATU3YIOILYI0 COOTBETCTBYIOIIYIO ITPOEKINI0 (DyHK-
IUu p.

CymepKOMIMIAIA—O0/INH U3 METOI0B METABBITUC/IEHNI,—II03BOJISIET BBIIOJHATE CITEITN-
AJIM3AIIMAIO IIPOrPAMM U OJIyYaTh IPeaeabHO 3(hdEKTUBHbBIE ITPOrPaAMMbI, peaInu3yIoIue Ipo-
exknnn. Ho, ocTaBiisist BOIIPOCHI TEOPUHU CYIIEPKOMITAIAIIN 38 paMKaMU JTaHHON pabOThI, J/Is
JTAJILHEHTIIero U3JI102KEeHNsT BOCIOIb3yeMcs 0oJiee MPOCTBHIMY IMMOHATUAMUA U OO03HAYEHUSIMH,
MPUHSITBIMEA B pabOTax M0 CMEUAHHBIM SYUCAEHUAM.

MO}KHO paccMaTpuBaTb METO/bl U IMOHATHA CMEIIaHHBbIX BBIUUCJIEHU KakK IpeaeIibHO
YIIpOIICHHBIE METOAbI 1 ITOHATUA MeTaBbIYUCJIEHU 1, B 9aCTHOCTHU, T€OPUUN CYIICPKOMIINJIfA-
u. 3aMeTHM, 9TO Takoe (OCO3HAHOE) YIPOIINEHNe 3aadi U MEeTOJIOB [IPUBEJIO K TOMY, 4TO
UMEHHO B paboTax 1Mo CMeNIaHHBIM BBIUYUCIEHUAM ObLin Briepsble [27] peanmnsoBaHbl cepbes-
HbI€ TIPUMEPBI CIIeNNAIU3AIUN ITPOTPAMM.

B paborax [27, 26] ormceisaerca crermanusarop spec[p,m,x], rie:

® p—IporpaMMa Ha sA3bIKE Rorn ApryMeHToB, IIoJJIC2Kalllad CIICIUaJIN3allu;

® m—CIHCOK (MacKa) U3 CHMBOJIOB 7, KazK Bl U3 KOTOPLIX— S’ miu ’D’—oT aHrmiicKo-
ro: “static”, “dynamic”. CumBos1 >S’ B ¢-TOHl MO3UIME O3HATAET HEOOXOMMOCTH ITPOBO-
JIAThH CIENUAJN3AIIIO P [0 i-TOMY apryMeHTy (3HadeHue Jisi TOr0 apaMeTpa eCcTh B
CITUCKE X, TO eCTh 3a/1aH0 crarndecku ). CumBosr *D’ B -TOi MO3UIUK O3HAYAET, UTO HEe
HaJ0 IIPOBOJUTH CIICIUAJIN3AIAIO P 110 1-TOMY apryMeHTY.

® X CIIHCOK JIJINHBI K—3HA4YeHUsl TeX apryMeHTOB IIPOIPAMMBI P, [10 KOTOPBIM BBIIOJIHSI-
eTcs crerpagIn3alys (MM COOTBETCTBYIOT CUMBOJIBL S’ B ¢Tpoke M), k—dncyio cuMBo-
JIOB ’S’ B cTpoke M.

YKa3aHHBII CIIeNUaJIN3aTOP 110 CBOUM apryMeHTaM BBIIOJIHSIET ITIOCTPOEHNE TEKCTa IIPOIPaM-
MBI P, ABJISIONIEHCA pean3alueli COOTBETCTBYIONIEH MPOEKINN (DYHKITUU P UCXOTHON MTPO-
IpaMMBl.

To ectb, a4 J000# TporpamMMbl pER, ecitu:

spec[p,M,x] = p’
TO JJIs1 JIIOOBIX JAHHBIX y=[y1,...,¥,—k] BBIIOJIHEHO 0CHOBHOE CEOTCTMBO CNEUUGAUSANOPA:

(speclp,M,x]) y =p’ y =p z

rje CuucoK z=[zy, . . . ,Z,], COCTaBJIeH U3 3JIEMEHTOB CIIMCKOB X H ¥, PACIOJIaracMbIX B CIINCKE
Z B COOTBETCTBMHU C MacKoil m. Hampuwmep, ecim mporpamma p uMeeT JBa apryMeHTa, TO
BBITIOJIHEHO:

(speclp,’Ss’, [x,y]]) [] = plx,y]

(speclp,’SD’, [x1]) [yl = plx,yl]

(speclp,’DS’, [yl]l) [x] = plx,y]

(specl[p,’DD’, [11) [x,y] = plx,yl

PaccmarpuBaemblil crienuain3aTop spec MOCTPOeH 1o cieyiomieil cxeme [27, 26]:
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spec [p,m,x] = s (annotated_p:x)
where annotated_p = ann p m

IJle ann—aJI'OPUTM aHHOTAIUU IIPOTPAMMBI P, S—OCHOBHOI aJIl'OPUTM, BBIIIOJIHAIONINI CMe-
IIAHHbIE BBIYUC/ICHUS.
Hanee Gyaem ucnoib3osaTh obo3Hadenue: p™* = ann p ’mask’. Torma

spec[p,mask ,x]=s(p™*:x).

B stux obo3naueHmnsix, OCHOBHOE CBONCTBO CIEIUAJINU3ATOPA JJjIs IIPOIPAMMBI C JIBYMSI
apryMeHTaMu MOYKET OBITb 3aIIMCAHO CJIELYIONTUM 00pa30M:

(s[p5%,x,yD 0 = plx,yl, (sp*,x1) [yl = plx,y],
(s[p”,yD [x] = plx,yl, (s[p”)[x,y] = plx,y].

[Ipeamookum, 910 S 3amucaH Ha s3blKe R. DTO JaeT BO3MOXKHOCTH NPUMEHATHh S K
caMoMy cebe, ITO IMO3BOJIAET BBIMOTHATD IEMOYKY CIeIaIn3aliiii 1 aBTOMaTHIeCKN CTPOUTH
0 33JIAHHBIM IIPOI'PaMMaM HOBBIE, PeaJIn3yIolie BeCbMa HeTPUBHAIbHbIE (DYHKITUN.

Pacemorpum 3namenuntsrit npumep. llycts p—rporpamma Ha sa3bike L, d—1aHHbBIE U1 P,
p [d] % res, intL—unTepnperaTop ga3bika L, Hanucanublii Ha R. Vcrmob3ys HeckoJIbKo pas
OCHOBHOE CBOMCTBO CIIEIMAIN3ATOPA, TOJYIUM, 9TO JJIst JII0O0i pEL u /1100bIX d BBITIOJIHEHO:

res = intL [p,d]
= s[intL%,p] [d]
= s[s%,intL%"] [p] [d]
= s[s%,s%7] [intL%’]1[p] [d]

[TocTpoenbl Tpu HOBBIE TPOT'PAMMBI:

1. ITporpamma pR=s[intL%?,p] na a3bike R 06agaer TeM CBOWCTBOM, UTO Jyist JIEOOOIO
d Bemosineno pR [d] = intL [p,d] = p d. Takum obpaszom, pR—iuporpamma Ha R,
dyHKIIMOHAJIBHAJIBLHO SKBUBaJeHTHas mporpamme p Ha L. To ectb, pR—pesysvmam
KOMNUAAYUU TPODPAMMDYL P C A3bKG L na A3vk B.

2. IIporpamma compL=s[s%?,intL%’] o6mamaer Tem croiicTBOM, 9TO 11 I060H PEL BbI-
nosineHo compL [p]l=pR. To ecth, compL—Komnuasamop c asvika L Ha A3vik R.

3. IIporpamma gencomp=s[s%?,s%”] o6Gamaer Tem cBoiicTBoM, 9TO 15 110600 A3BIKA L,
JIJISE KOTOPOT'O TIPEJICTABJIEHO “ero onucanne’ B BUJIe UHTEPIIpeTaTopa intL, BBIITOJIHEHO
gencomp [intL*’]=compL. To ecTh, gencom ABIAETCA TEHEPATOPOM KOMIIUTIATOPOR.

Nrak, mpu noMomu crienuaan3aiuy 13 UMEOIIIXcd TporpaMM p, intL u s aBTOMATUYIECKU
(Ipu TIOMOITM BBIYKMCJIEHUIT) MTOTyYeHbl TPU HOBbIE TPOIPAMMBI ¢ BECbMa, HETPUBUAJbHBIMU
GYHKITUSAMUA.

Buimie nocTpoensr Tpu 3HamMeHuThIe Tpoekuu Pyramypsl-TypunHa, iepBble YIIOMUIHAHKS
0 KOTODBIX B myOsimKarusx orHocsTest K 70-biv rogam [23]. Takum o6paszom, yrke gaBHO Obl-
JIO U3BECTHO, UTO B CJIydae MPaKTUIECKON Peau3alliil MeTOJI0B CIeIlaIn3alllni IPpOrpaMM
OyJeT OTKpbITa BO3MOYKHOCTH aBTOMATUYECKOI'O IMOCTPOEHUs 110 UMEIOIIUMCS ITpOorpaMmMaM
HeTPUBUAJLHBIX HOBBIX ITporpaMM. llepBble ke BBITTOJITHEHHBIE Ha MPAKTUKE BLIYUCIEHUS 10
JAHHBIM TIpoeKImsaM oTHocsaTest K 1985 1. [27]. Cerojist M3BECTHO HECKOJIBKO CIEIUAIN3a~
TOPOB, CIIOCOOHBIX CTPOUTH 1O~ HACTOAIIEMY 3(MPEKTUBHBIE CIIEIUAIN3UPOBAHHbBIE TTPOTPAM-
MBI. A MMEHHO, KOMIIIJIATOPHI, IIOCTPOEHHBIE JAHHBIMU CIIEIIHAJII3aTOPAMHI IO ITPOEKITUSIM
OyTramypbl-TypunHa BBINIAIAT TaK, 9TO MOT'YT OBITH IPU3HAHBI KaK HAITMCAHHbIE KBAJTH(U-
[UPOBAHHBIM TTporpammuctom [26].
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8.3 DddekTuBHAS peaan3aInd
HEeCTaHIAPTHBIX SA3LIKOB

PaccmoTpuMm nipousBosibHBIN MojmduKaTop m cemManTuk. Jlomyctum, 9To m peasn3oBaH
na g3bike R. Torma, B cOOTBETCTBUM € OIpeeeHUEM JUIs JII000oro s3blka L 1 J11060it
nporpamMmMbl pEL, 00X JaHHbIX dED™ BBIOHEHO:

p”™ d = m [intL,p,d]

Kak 6b1710 orMedento B paszeie [8.1] soraucienns p™ d mo manmoif cxeMe BecbMa Hea(deK-
THUBHDBI U3-3a HaJIM9UA JIBYX ypOBHeﬁ nHTeplpeTanum.
Bocnonbsyemes cnenpamsanyeii 11 moBbimenus 3(pdeKTUBHOCTH BhIYuCIeHNs p™ d:

p” d = m [intL,p,d]

s[m%?,intL] [p,d]

s[s%”,m%”] [intL] [p,d]
s[s%,s%?] [m””] [intL] [p,d]

[TocTpoenbl Tpu HOBBIE TTPOT'PAMMBI:

e mil=s[m%?,intL], mus mo6oii mporpaMMbl PEL U JI0ObIX JaHHBIX dED™ BBIIOJIHEHO:

miL[p,d]=p™ d. Takum obpa3om, peanzoBaHa OJJHOYPOBHEBAas M-HECTAHIaPTHAS WH-
Teprperarys nTporpamMmbl p. HazoBem mil—m-HecTaH/IaPTHBIM HHTEPIIPETATOPOM S3BI-
Ka L.

e gmi=s[s%?,m%?"], nua moboro sasbika L, eciim intLER—uHTepupeTaTop L, TO BBIIOJIHE-
HO: gmi [intL]=miL. HazoBeM gmi remepaTopoM m-HeCTaHIAPTHBIX NHTEPIIPETATOPOB.

e ggnsi=s[s%?,s%], qa woboz0 moduduramopa m BLIIOJIHEHO CIIEyIONIEE:
gensi [m?]=gmi.
HasoseMm ggnsi—reHepaTopoM reHepaTopoB HeCTaHIapTHLIX HHTEPIPETaTOPOB.

THoayuenv, npoexuyuy, onucwearwue nocmpoerue cpedcms sddermusHot ( 00HOYPOBHE-
6011) Hecmandapmmot, UHMEPNPEMAYUL OAA NPOUZBOALHVLT MOOUPUKATIOPOE M U NPOU3EONL-
HHLT A3bIKOS L.

Ere pas npumMeHnM OCHOBHOE CBOMCTBO CIIEIAAIM3aTOPa K OIPEJIeICHUI0 HeCTaHIapTHO
CEMaHTUKH, HO OyJ/IeM IIPU 9TOM BBIIOJIHSITH (PUKCAIINIO apIyMEHTOB B MHOM IIOPSIJIKE:

p”™ d = m [intL,p,d]
= s[m%?,intL,p] [d]
= s[s%?,m%?,intL] [p] [d]
= s[5, 8% 0] [intL] [p] [d]
= s[5, 85 §59] [pS?] [intL] [p] [d]

HOCTpOGHbI 9eThbIp€ HOBLIE IIPOI'PaMMbI:

e mpR=s[m**?,intL,p], mpR—mnporpamma Ha #a3bIKe R, Jyst J106BIX dED™ BBIIOJHEHO:

mpR d = p™ d. Takum oOpazom, mpR—pe3y/ibTaT m-HECTAHIAPTHON KOMIWJISAIIUKA C
si3blKa, L B sI3bIK R, KOMIIMJISIIIAM, B IIPOIECCE KOTOPOW IIPOUCXOIUT JiBa IIpeodpaso-
BaHUA: IIpeoOpaszyercs PYHKIHUA TPOrPAMMBI B COOTBETCTBUU € MOJMMUKATOPOM M U
reHepupyeTcs TEKCT Ha s3biKe R, peasmsyionuilt byHKImo p™.
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e mcL=s[s%?,m%? intL], mna mobGoit pEL Bomosneno: mcl[p]l=mpR. Takum oGpaszom,

mcL—m-HeCTaHJaPTHBIA KOMIIMIATOP € 43blkKa L Ha A3bIK R.

e gmc=s[s%?,s%? m%?] | nna moboro a3bika L, eciim intLER—wunTepuperaTop L, TO BbI-

noJinero: gme [intL]=mcL. HazoBem gmc remeparopom m-HECTAHIAPTHBIX KOMITHIATO-
pOB.

o ggnsc=s[s%?,s%? s5P] g mobGoro momudukaTopa m BhinosHeno ggnsc [m*¥?]=gmc.

Takum 06pazoM, ggnsc—ezenepamop 2enepamopos HecmanOaPMMHHLL KOMNUAAMOPOS.

Hoayuenv, npoekyuy, oNUCHBAUUE NOCMPOEHUE OAA NPOUIBONOHHLT MOJUPUKAMOPOE m
cpedcme m-necmardapmmots KOMNUAAYUUY ¢ NPOU3BOALHO20 A3bIKA L 6 A3biK R.

[IpuBeiennbie BbIle (OPMYJIbI, TIPU UX MPAKTHICCKOM BOILIOIICHUU, JTOJXKHBI oDecIie-
IUTh 3PDOEKTUBHYIO PEATN3aINI0 HECTAHIAPTHBIX ceMaHTHK. [IporpaMmucT, nves Ha cBoeM
pabouem crosie 3pHeKTUBHBIE CPEJICTBA METABBIUUCIEHNH (MHBEPTOPBI, OKPECTHOCTHBIE aHA~
JIN3ATOPHI, CIEIUAIN3ATOPbI U MHOTUE JPYTHe, He HA3BaHHbIE 3/IeCh UJIU ellle He “OTKPBIThIE”
HCCIIeIOBATEIAMHE ), By/IeT crocobeH He MHCaTh, a BBIYUCIATH HOBBIE TPOrPAMMBI M3 CTAPBIX.
M umeHHO B 9TOT MOMEHT MOXKHO OyJ/IeT TOBOPUTDH O TOM, YTO MbI JIOCTUTJIA aBTOMATU3AIUN
IIPOrPaAMMUPOBAHUA.

[IpuBesienHble BBIIE ceMb ITPOEKIUI TIOKa eIle He ObLIN OCYIECTBJIEHbI Ha MPAKTHUKE.
1 xorg nocsieiare puMephl BBITIOJTHEHUS CIIETAIN3AINN ITPU TIOMOIIU CYTIEPKOMITHIATOPA
[21], 22] nemoHCTPEPYIOT BO3MOXKHOCTH yCTpAHEHHsI IBOWHBIX YPOBHEHl HHTEPIIPETAINHN, BCE
JKe MpaKTUYecKasl peasn3alusd JaHHbIX MPOEKIUil moTpedyeT OOJIBIIEro pa3BUTUS METOJIOB
MeTaBbIYUCJICHUN.

K cuacTbio, COBEpIIEHCTBOBATH METOJ/bI METAaBbIUUCIEHUH MOXKHO GecripeebHO (01HO
U3 CJIEJCTBUIl TEOpUH CYIIEPKOMIUJISIIIUK U 00Iieil Teopun peKypcuBHbIX (Gynkiuii). Tod-
HO TakK »Ke He BUJIHO OI'DAHUYEHMil B CO3J[aHUU BCE HOBBIX M HOBBIX METO/OB IPUMEHEHUS
METaBbIYHUCIEHNI B TPAKTUIECKOM ITPOTPAMMUPOBAHNN.

Taxum 06pasom, MeMABLIYUCAEHUA BCE200 OCMAHYMCA HENOBAHOIM U OAG200ATMHBIM
NOAEM ONS HOBBIT UCCAD0EaHUT.
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