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I'maBa 1

BBenenue

1.1 O6JacTh uccjae10BaHUS

Jlanaast paboTa OTHOCUTCSI K TEOPHUH U IIPAKTUKE MEeMaAGuUUCACHUT. MeTaBbIaucaeHusI—
9TO paz/ie/l TPOrPaAMMUPOBAHUS, TIOCBAIIEHHBII pa3paboTKe METO/IOB aHAJIM3a U IIPeodpas3o-
BaHUsI TIPOIPAMM 32 CYET Peasn3aliil KOHCTPYKTUBHBIX METACHCTeM (MeTarmporpaMm) Hal
nporpamMmamMu. B MeTaBbIYHC/IEHHS B MEPBYIO OYepe/b BKJIIOYAIOT TEOPHUIO CYIIEPKOMITHIIS-
mun u Gauskue Meronbl u cpejcrsa [0, O, [14) 17, 18, 4, B]. [TpucraBka “mera” ykasbiBaer
Ha TO, 9TO MPOrPAMMa B METABBIYHCIEHUAX PACCMATPUBAETCS KaK 006eKmM aHAJIN3a U/Ujn
IpeoOpa3oBaHUSI.

[IepBble pabOTHI 110 MeTaBbIYUCIeHUAM ObLIN BhIOTHEHBI B.D. TypunnbiM, 1pu ygacTumn
JIPYTUX WIEHOB MOCKOBCKOI Paboueit rpymmsl o s3biky Pedast, B 1970-Teix rogax [6, 8, 9].
BazoBbiMu njiesimMu JaHHBIX PabOT SABJISIUCE:

e [pUMEHeHWe TeOPUN MeTAaCUCTeM U MeracucTeMHbIx rnepexomnos |7, 9l 20] [7];

®  NPOUECC-OPUEHMUPOBAHHDIT N0JT00 K TIOCTPOEHUIO METOOB aHaIn3a 1 IIpeodbpa3oBa-
HUs TIPOrpaMM—pas3paboTKa MeTalporpaMM, KOTOpbIe “HabIIOMAI0T 3a NPOUECCaM
BBIYHC/IEHUS UCXOIHON ITPOrpaMMbl U yIPABIAIOT UMU;

® UCHOJIb30BaHKE A3bIKa HporpaMmmuposanusi Pedast [13] u ero auanekros B KauecTse
fA3bIKa peaJu3allii MeTalporpaMM U IIPOrpaMM, Ha/l KOTOPbIMU BBIIIOJHAIOTCI MeTa-
BBIYMCJIEHUS.

PaccmoTpum nojipobHee 0CHOBHBIE TPUHITUIIBI pa3pabaThIBaeMbIX B JAHHBIX paboTax Me-
TOJIOB.

Jl1st TpoBejieHNs MeTaBbIUNCIEHUN HaJlT HEKOTOPO TPOrpaMMOiil p BBOJHUTCA B PACCMOT-
penune MeTtarporpaMma M, 1yt KOTOpOil mporpamMMa p sBJIeTCsl OObEKTOM aHAJM3a, IPeod-
pasoBanus u T.11. Meramporpamma M j10/1:KHa OBITH CIIOCOOHA aHAJIM3UPOBATD IIPOIECCHI BbI-
[IOJIHEHUsI TPOTPAMMbI p HA KOHKPETHBIX JaHHBIX d U Ha Kjaccax (MHOKecTBax) C JIAHHBIX.
[To cyTu, meranporpamma M HAOJIIOIAET 38 MHOXKECTBOM HpoueCCO]ﬂ BBITIOJTHEHUS TTPOTPaM-
MBI p W yOpaBjsgeT JaHHBIMHU IpolieccaMu. Taxkmm obpaszoM, M gBiseTCS MeTacHCTeMON IO
OTHOIIIEHNIO K cucTeMe p. VIMeHHO 13 pe3yIbTaToB HAOIIOAEHNS 38 TPOIECCAMY BBITIOJTHEHUS

! IIpouecc-opuenmuposarmocmy—onHa U3 TPHHINIHAILHLIX OTIHIATEILHLIX YepT nogxona B.®. Typun-
Ha.
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pOrpaMMBbl p MeTarporpaMma M orpejie/isieT HaJudue TeX WU UHBIX CBOWCTB MPOTPaMMBbI
P, BBIBOJIUT BOBMOXKHOCTDH IIPUMEHEHHUsI TOTO MJIM WHOTO ITPeo0Pa30BaHms TPOTPAMMBI.

JI71s1 TOCTpOEHUST METOI0B aHAJIN3a IIPOIECCOB BBIIOJIHEHHUST IIPOIPAMM HEOOXOIUMO OIIpe-
JIeJINTH U 3a(pUKCHPOBATH HEKOTOPBIN sI3bIK IIPOrpaMMUPOBaHNSA R—sI3bIK peau3anuu. Bee
MIPOTPAMMBI P, K KOTOPBIM MOYKHO IMPUMEHSITH MeTarnporpammy M, TOJKHBI OBbITh HAIINCAHBI
Ha s3bike R. Ecin cama metamporpamma M OyjieT HalmcaHa Ha si3blke R, TO OyJIeT BOZMOXKHO
IPUMEHHUTDH K Heli ee caMoio (CaMONPUMEHEHNE) WM JPyTUe MEeTalporpaMMbl. DTO OTKPbI-
BaeT BO3MOXKHOCTb aBTOMATHYIECKOI'O BBIIIOJTHEHUsT HECKOJBKUX METACHCTEMHBIX IT€PEXOJI0B.
Ha mpakTuke 5710 03HavaeT BO3MOXKHOCTH aBTOMATHUIECKUX KapIUHAJIBHBIX IIPeoOpa3oBa-
HII TpOrpaMM—KaK 9KBHBAJIEHTHBIX ITPe0Opa30BaHMii, TaK 1 IOCTPOEHIE HOBBIX IIPOI'PAMM,
GYHKIUN KOTOPBIX CJIOKHBIM 00Pa30M OIPEIEIIIOTCA depe3 (DYHKIIUA HCXOIHBIX TPOIPAMM.

['nmaBHBIE yenust OOJIBITMHCTBA PAOOT 110 METaBBIYUCIEHUAM OBLIN HallpaBJIE€Hbl Ha pa3-
pabotky cynepkomnuazmopa [8, 12]. Dru ycnnams okasaauch MI0JI0TBOPHBIMA—B TOCTET-
Hee BpeMsl MOSIBIJINCH IepBble peasmsanuu cynepkommmisgropa |11, 21, 22, nemoncrpupy-
IoIle Ha IMPAKTUKE HETPUBHAJIbHBIC IPUMEPHI METaBbITUCACHUN, TPUHIAIIHAIbHAA OCYIIe-
CTBUMOCTH KOTOPBIX ObLiIa IOKa3aHa eIle B IePBbIX padoTax 10 METaBbITUCICHUSIM.

CrpemyieHne K cKopefiiemMy 3aBepIIeHnuIo PadOT M0 CO3/IaHUI0 TEOPUHU CyIEPKOMITUIAIIAN
U IPaKTHIECKON peau3aliil CyHepPKOMIIUISITOpa IMPUBEJIO K TOMY, YTO HEKOTOPhIE METO-
JIbI METABBIYNC/IEHNI 1 HEKOTOPhIE BOIIPOCHI IPUMEHEHNT METABBIUNC/IEHNN B IPAKTHICCKOM
IPOrPAMMUPOBAHNN OBLIN HEJOCTATOYHO MCCJIEIOBAHBI.

Bo MHOroM ykasaHHbIH 1pobest ObL1 3akphIT paboToii [3], koropast Gblia OCBsIIEHA Clle-
JIYIOIIIMM BOIIPOCAM:

1. Ba3oBbie TOHATHA MeTaBLIYUCICHUN.

2. Paspaborka u mcciiegoBaHue 0OKpecmHOCmH020 GHAAU3G—OTHON W3 pa3HOBUIHOCTEH
MeTaBbIYUCJIEHUN.

3. Ilpumenenne OKpeCTHOCTHOIO aHa/M3a B TecTupoBaHuu mnporpamm. [locrpoenne u nc-
cJIeJIOBAHUE CBOWCTB HOBOI'O METOJIa TECTUPOBAHUS IIPOrPAMM—O0KDECTHOCMHO020 Mme-
CMUPOBAHUA.

4. Nzydenue uneepmuposaHus MPOrPaAMM, OCHOBAHHOTO Ha, MCIIOJb30BAHUM OJIHOTO U3
CPEJICTB METABBITUCIEHU—YHUBEPCANLHO20 Pewarow,ezo arzopumma, Y PA. Benenne
MOHSATHUN UHBEPCHOT CEMAHMUKU T UHBEPCHO20 NPOZPAMMUPOBAHUA .

5. UccnenoBanue MOHITUST HECTAHIAPMHAA CEMAHMUKG A3DIKG NPOPAMMUPOSAHUS. AHA-
JIN3 OKPECTHOCTHOI'O TECTUPOBaHUS U MHBEPCHOI'O NPOI'PAMMUPOBAHUS KakK JIBYX IIPHU-
MEpOB HECTaHJIaPTHBIX ceMaHTHUK. VcciiemoBanne BO3MOXKHOCTH aBTOMATHYECKOTO T10-
JIYIeHUS TIPUA MOMOIIM MeTaBbIIuCIAeHUN 3(PHEKTUBHBIX pean3aliuii HeCTaHIapTHBIX
CEMAHTUK.

Taxkum obpasom, B pabore [3| nan cucremarndeckoe onucanue 6a30BbIX IOHATHI MeTa-
BBIYUCJICHUN W TTOKA3aHO, YTO JlayKe MPOCTEUIne MeTarporpaMMbl CIIOCOOHBI PEAIM30BaThH
HETPUBHUAJbHBIE METO/BI aHAJM3a U IpeodpaszoBanus mporpaMmm. OTHAKO, 60NPOCH. MEOPUL
u npaxmuky cynepromnuasyuy (13 KOTOpBIX U Hadaa (GOpMUPOBATHCS TEOPUsST METABbIUNC-
JIEHVs1) 0CMAAUCH 30 PAMKAMU PACCMOMPERUSL 0aHHOT pabombL.
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Llenp u 3aaum ncciiegoBanusi. [U1aBHOII 1e/IbIO JJaHHON pabOTHI ABJIAIOCH pa3padOTKa
JonosiHenust K 3], koropoe GbI OCHOBBIBasICh Ha CTHJIE, CHCTeMe ODO3HAYeHUiT M GA30BBIX
noHsITHsIX U3 [3| ObLIO GBI MOCBSAIIEHO BOIPOCAM TEOPHU CYTNEPKOMITHJISIIIN U TIPHMEPaM
HCIIOJIb30BAHUS CYyITEPKOMITUISITOPA.

Jlannag 1esb mojipa3yMeBaeT pelreHune CJaeIyIonmx 3a/1ad:

1. PazpaboTky, peasjmsamuio, onucanue u 0OOCHOBAHUE CYIEPKOMITMIATOPA JIJId SA3bIKa
TSG (ucnosp3syromero 6a3oBbie monaTns MeraBbranciaennii nag TSG u3 paborst [3)]),
9TO BKJIIOYIAET:

KOB U C UCHOJIb30BaHUEM aJropuTMoB u3 [3]) cobeTBeHHO ajropuTMa CynepKoM-
HUAIATOPA.

2. IlpoBejieane n onmcanne peaabHbIX IPUMEPOB CYHEPKOMITAJISIIINH, IIPU3BAHHBIX TTPOJIe-
MOHCTPUPOBATH CIOCOOHOCTD BBITIOJTHEHNS CYEPKOMITHIATOPOM HETPUBUAJIBHDBIX TJIY-
O0KUX IIpeodpa30BaHmil IPOrPAMM.

1.2 Cucrema 0003HaUYeHU U ITOHATUMN

Kak u B [3] B mannoit pabore B KadecTBe sA3bIKa peaau3anuu (Jjisi KOTOPOTO CTPOUT-
Csl CYTIEPKOMITUJISITOP) UCHOJIb3yeTcs si3blK TSG—IpocToil 1 KOMIAKTHBIH aJlrOPUTMUYECKH
noHbli 236K, IIpocrora TSG 1 npeaMeTHoil 06/1aCTH S3bIKA TO3BOJIAET 3HAYUTEILHO YIIPO-
CTUTH U3JI0KEHUEe METOJIOB cymnepkoMmimisaiun g TSG, B To Ke Bpems He yIIycKasl HU
OJIHOTO CYULECTNEEHH020 MOMEHTA.

BamMeTuM, 4TO BCE IMOCTPOCHUS M PACCYZKJICHHS MOIYT ObITh IIOBTOPEHBI U JIJIsS 0000
JIPYTOro A3BIKA, Pean3alliil, eCJIM OH YJIOBJIETBOPAET TE€M CBOMCTBAM, KOTOPBIE CYIIECTBEHHO
UCIIOJIL30BAJIMCH B AJIOPUTMAX METABLIMUCICHUI U B JOKA3aTEILCTBAX CBOMCTB 9TUX AJIIO-
pI/ITMOEE|.

B nmannoit pabore mMuporo UCIoab3yITCs TEPMUHOJIOTNAS, IIOHATUS, aJITOPUTMbI U YTBEP-
xKienns u3 [3]. B HekoTropom cMmbicie, JaHHAs paboTa ABISETCS Npodosstcenuem (6mopot
wacmoro) kauru [3]. Tem cambiM, mpejnonaraercst riryboKoe 3HAHUHE YUTATEIEM MaTepuasa
pa6orsr [3].

1.3 CrpyKTypa m302KeHus
B ruiaBe [2| onican asgroputym (0MH U3 BO3MOXKHBIX BAPUAHTOB) Wh, peaau3yonuii obHa-

py?KeHre BO3MOXKHOTO 3alUKJIMBAHUS CyIEPKOMITNISTOPA—TO €CTh, OOHAPY2KEeHNE CUTYaINN
noxootcell Ha TOCTPOEHNE CYNEPKOMITMIATOPOM B rpade KoHnduryparmii 6eCKOHeTHO! BETBH.

2 B nanHoit paboTe BO BCEX MOCTPOEHUSX UCIOMB3YIOTCS TOJIBKO Clle/Iytonue cBoiicTsa a3bika TSG: anzo-
PUMMUYECKAA NOAHOMA A3bIKG W ONPEEJCHIe TPEIMETHON 00IaCTH S3bIKA IIPHU ITOMOIIY KOHEIHOTO HAbOpa
JtcecmKUT KOHCTPYKTOPOB HAJ[ KOHEYHBIM aJI(DABUTOM aTOMOB.
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B mamem mpoekre peanm3oBan ajaroputm (dyHKius whConf ), OCHOBAHHBIN HA YNpPouLa-
rwem cpashenuu (>) deyr wongueypayui. Ecam Ha HEKOTOPON BeTBH (HaYMHAOIIEHCS B
KopHe) rpada KoHbuUrypanuii 06HapyKUBAIOTCsI JBe BEPIIMHBI ¢ KOHUryparmsvu cUp u
cDn (cUp—upesiok cDn) Ttakue, 9To:

(cDn > cUp) == True

TO cumTaroT, 9To KoHdburypanus cDn u cUp onacrio noxoosrcu (onacro bausxu dpye x Opy-
2y), U ciiejiyer O0bABUTH CUTYAIHIO 803MOMNCHO 3AUUKAUBGHUE CYTIEDKOMITMIATOPA B CJIydae
MIPOJIOJIZKEHUS TTOCTPOEHUsI JTaHHON BETBH.

B raase |3| paccMoTpen ajaroputMm oboOIneHus aByX KoHduryparmii Gener. [lokaszamo,
4T0 0000IIeHne JIBYX KOH(MUrypaluii peajmnsyercs B jaBe das3bl: 0bodbuierue ba3 KoHUrypa-
nuit U 0bobulenue pecmpuryul KOHMUTYpaIuii.

[IepBas daza peanmzoBaHa IpU MOMOIIKM U3BECTHOI'O aJrOpuTMa least common generati-
0N, 3alpOIPAMMUPOBAHHOIO C YI€TOM KOHCTPYKIIMH KOHpUTYypalnii g si3bika TSG.

st peanuzaiiuu BTopoit ¢rasbl pazpaboTan 1 000CHOBAH aJIrOPUTM 00OOIEHIST PECTPUK-
1uit, uCrob3yeMbix st 1SG.

B pesysibraTe mnosyden aaroputm o6001enus, 001a a0 il CJIe Iy IOIIM CBOMCTBOM: €CAU
svinoaneno clUp = cDn, mo 6 pesysvmame obobwenus 6ydem nocmpoena KoHPU2YPaAUUA
cGen, cosnadarowan ¢ cUp ¢ mouHocmvbro 00 NEPEUMEHOBAHUA C-NEPEMEHHDBIT .

JlanHOE CBOMCTBO peaM30BAHHOIO AJTOPUTMa ODOOIIEHMS:

e JlemoHCTpPHUpYET, YTO OH CTPOUT MecHvble 0000IIeHNsT KOHMUTY PAITHIi.

e [lo3Bossier Jierko peajm3oBaTh MPOBEPKY ycioBusg cUp >~ cDn 3a cueT aHajm3a pe-
3yJIbTaTOB paboThl ajropurma o6obmenust (dyuxiws isEqCUpCGen).

Tem cambiM, B JAHHOM IIPOEKTE TTPOBEPKa ycjaoBus cUp >~ cDn ObLIa OTHECEHA K MOJTYJIIO
0000ITIEHNsI, ITO TO3BOJIMIO YIPOCTUTH CTPYKTYPY CYNEPKOMITMIATOPA.

B rnaBse BBe,ZLeH CUHTAKCHUC MpejicTaBienus rpada kondurypaimii (S-rpada) mia TSG,
paccMOTpeHa Olepals CBeJIeHNs ABYX KOH(Urypamuii B S-rpade, ompeie/eHbl BCIIOMOTa-
TeJIbHbIE CHHTAKCUYIECKIEe KOHCTPYKINNA U (DYHKIUH JIJIA CYIIEPKOMITIIATOPA.

BarewM, ompejiesieH n 00CYZKJIeH COOCTBEHHO CYIIEPKOMITIIATOD J/Is si3biKa 1'SG, ocHOBaH-
HBIIl Ha HJiee BBITIOJTHEHHsT 00001IeHIsT KOHMUTYpAIil B HUKHe KoHbUrypanuu (B CHTyaIumn
603MO2ICHOE 3aUUKAUSAHUE). [IaHHBIH CYyEPKOMITMIATOD UCIIOIb3yeT aIropuT™bl Wh 1 Gener
(onpesieniennble B TiaBax (2| u |3) u aaropurmbl, DyHKIMU U oneparyn u3 [3].

B sasepiienun riasbl [4] paccMOTpeHbl BerioMoraresbHble (DYHKIUU, IPeIHA3HAYCHHbIE
TSl BBIBOJIA Pe3yJ/IbTaTa, cylepKoMnumsiiuu (rpada korndurypaimii) B anrabesbHOM Br/IE (B
sugsie T'SG-miporpamMe).

B raage [5] pacemoTpensr n mpoaHaM3npOBaHBL JIBe TPYIIIBI TPUMEPOB CYTIEPKOMITIIISI-
un TSG-mporpaMy pa3pabOTaHHBIM CyTEPKOMITUISITOPOM:

1. IIpumeps! cynepKOMIMJIAIINE aJropuTMa pmatch Ha Kjaccax BUJIA
(([string, £.1), [ 1),

rjie string —HeKoTopas KOHCTaHTHas CTPOKA.

Paccmorpennbie puMephl MMO3BOJISIIOT CJeJIaTh CJIEIYIONNN BBbIBO/: peaJM30BaHHbIM
10 TIPOEKTY CYIEPKOMITHIATOP CIIOCOOEH BBIOJIHATH HETPUBHAJIBHYIO CIICITHAJIT3AIIAIO
IIPOTPaMM.
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B JaCTHOCTHU, IIpOI'paMMa HAKWBHOT'O aJI'OPUTMa IIPOBEPKHN BXOKACHUA ITOACTPOKH B
CTPOKY IPU CHENUAJIA3AINA 110 IEePBOI IMOACTPOKE CYIIEPKOMIAIATOPOM YCIIENTHO IIpe-
obpasyercs B ajroputm Knryra-Mopucca-IIparTa.

2. Ilpumepbl KOMIMIATIANA C S3bIKA KOHEYHBIX aBTOMAaToB B 3blK TSG. Ilo 3aanabiM
KOHEYHBIM aBTOMaTaM U MHTEPIPETATOPY sI3bIKA KOHEYHBIX aBTOMATOB IIOJIYYeHbI IIPO-
rpamMMbl, PYHKITMOHAJIHHO SKBUBAJEHTHBIC 3a/JAHHBIM KOHEIHBIM aBTOMATaM, Ha sI3bI-
ke TSG. To ecTb, 1MoJiydeHHbIE IPOIPAMMBI €CTh PE3Y/IbTaT KOMIIMIAIIMH IIPOTPAMM C
sI3bIKa KOHEIHBIX aBTOMATOB B s13bIK T'SG.

PaccMoTpentbie ipuMepsbl MO3BOJIAIOT CJI€JIATH CJIEJ YOI BEIBOJL: PEAJIM30BAHHbII 110
MPOEKTY CYHEPKOMITUJISITOD CIOCOOEH BBIMOJHATH HETPUBUAIBHYIO IEPBYIO MTPOEKITUIO
Oyramypbl-Typunna. I TeM cambIM, 110 3aJJAHHOMY MHTEPIIPETATOPY int HEKOTOPOro
SI3bIKa L CyIMepKOMITMIATOD CHOCOOEH BBIIOHUTH KOMNUAAUUI JTIOOON TPOTPAMMBI P
¢ s3pika L B 361k TSG.

1.4 FTP-upuniaoxkenue

B nannoii pabore (kak u B KHure [3|) mcmnosb3yiorces 0ob03HaUEHNUs, OOIIEPUHATHIE B
paboTax 10 MaTeMaTHKe U IporpaMMUpoBaHuio. /[jisg 3ammcn ajaropuTMOB MeTalporpamMMm
HCIOJIb30BAH BXOJHON 3bIK cucTeMbl Gofer, sipysionuiicst auaiektom si3bika Haskell [23].

Bce mpuBoinmMbie B paboTe TEKCTHI METAIIPOTPAMM SIBJISIOTCS (hparMeHTamMmu pabomarouiet
Gofer-mporpaMmbl, a Bce TPUBOUMbBIE IPUMEPHI CYIIEPKOMITHIATINA—PE3Y/IbTaTaMI Peaib-
HOT'O BBIIIOJTHEHUA 3TOU IIPOTPAMMBIL.

[TosHBII TEKCT IporpaMMbl U IIPUMEPOB, MOJIHBII TEKCT JaHHON paboThl B BUIE dailaoB
JIOCTYIIHBI 3aMHTEPECOBAHHOMY YUTaTE 0 110 aHoHuMHOMY F'TP:

ftp://ftp.botik.ru/pub/local/Sergei.Abramov/Scp-proj/

Cucremy Gofer u JJOKyMEHTAIUIO 110 HEll 3aMHTEPECOBAHHBII YUTATE T MOXKET IOy IUTh
o anouumuomy FTP:

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

Crestyer MOSICHUTD, 9TO MPUBEJ/IEHHDBIE OMUCAHUS METAIIPOIPAMM SBJISIOTCS CKOpee Uc-
NONHAEMBMY CNEYUUPUKAYUAMY, 8 HE TTPOMBIIIIEHHON peajm3anueil MetaBbrancaeruii. [Ipn
UX CO3/IAHUU ABTOPbI CTPEMUJIACH JIOCTHYb ICHOCTUA U KOMIIAKTHOCTH OIMCAHUS AJITOPUTMOB,
JacTo B ymiepo 3hdeKTUBHOCTH.


ftp://ftp.botik.ru/pub/local/Sergei.Abramov/Scp-proj/
ftp://ftp.cs.nott.ac.uk/haskell/gofer/
ftp://ftp.dcs.glasgow.ac.uk/pub/haskell/gofer/
ftp://ftp.botik.ru/pub/lang/gofer/
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I'maBa 2

Wh—aiuroputm obHapyKeHusd
BO3MOXKHOI'O 3aIlKJINBAHUS

ens anropurma Wh—He JAOMyCcTUTh MOCTpOeHUs B rpade Kondurypalmii 6eCKOHEUHbIX
BeTBell U, TEM CaMbIM—HE JIOIYCTUTH OECKOHEYHO JI0JITOI PAOOTHI CYIIEPKOMIUIATOPA. Takum
obpaszoM, HAWJIydIIasl peajiu3anus aaropurMa Wh cBg3aHa ¢ TOUYHBIM PACIIO3HAHUEM CUTYa-
AU “NPOZPAMMA HE OCTNAHABAUBAEMCA (3AUUKAUBAEMCA) HA 3A0GHHUT BTOOHBT JaHHHIT .
B cuity Toro, 4o npobiieMa pacrio3HaHus 3aluKJINBAHNS TPOrpaMMbl (IIpobJieMa, OCTaHOBA)
AJITOPUTMUIECKH HEPA3PeIMa, Mbl He MOYKEM Peasn30BaTh (3alporpaMMIPOBATE) TOT Ca-
MBIl CUJIBHBINM BAPUAHT aJrOPUTMa OOHAPYKEeHUsI BO3MOXKHOI'O 3aruKanBanusd. [losromy, Ha
JIIOOOM dTale Pa3BUTUsS TEXHOJIOIMU CYIEPKOMITHIAIME HaM IIPHUJIETCH JIOBOJIHLCTBOBATHCS
AJITOPUTMAMU OOHAPYKEHUST 603MOHCHO20 3AIUKIIMBAHUS.

Astropurm Wh mipu J1i0060i#1 peausarun aeficTByeT cieayonuM obpaszoMm. OH BBIIOIHIETCS
1IoCJ/Ie OYEPEJIHOTO Iara pa3sBUTHA BEeTBU I'pada KOHMUryparuit u

e OO BBIJACT CUT'HAJ O 603M09fCH0ME] 3aIUKJIMBAHUU IIPOIecca MMOCTPOEHNUs JIAHHOM
BETBU;

e b0 He BbIJJa€T TaKOI'O CUI'HaJla.

Ot Jiroboit peasmzarnuu ajgropurma Wh Tpedyercs: BBIIIOJIHEHUS CJIEIYIONIErO CBOMCTBA:

YTBepxkjeHue 1

OcHoBHOe cBoiicTBO Wh. B j1r060M 6eckoHedHOM JiepeBe KoHMUryparuii Ha J1iro6oit 6ec-
KOHEYHOI BETBU, HAYMHAIOIIEHCS OT KOPHH JiepeBa, 00g43aTe/IbHO HAWLyTCA JIBe KOH(MUrypa-
nuu cUp 1 cDn, Takue 4To:

e cUp pacro/ioKeHHO Ha IyTH 0T KOpHs rpada 10 cDn (cUp—upenok st cDn);

e BommoaHeHo (Wh cDn cUp)==True.

HeBozMmokHoCTh peamu3anun mourozo aJroputMa Wh TpUBOJUT K CJIEIYIONTUM TTOCTIE]T-
CTBUSAM:

! TIpu sTOM, B CHITy YHOMSHYTOH paHee aaropITMIIECKON HEePa3PEITHMOCTH, HAM ITPUXOIUTCS JOMYCKATE
U MCTUHHBIE CUIHAJBLL (IPOLECC IIOCTPOEHUE BETBH JEHCTBUTEIHHO OECKOHEYHBIH), U JIOKHbIE CHIHAJIBI O
3alUKJINBaHAHN.

13
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® CYIIECTBOBAHUIO MHOI'MX BAPUAHTOB PA3JIMYHBLIX peajmnsanuii Wh;

® BO3MOXKHOCTHU UX CPaBHEHUsI: KAKOW U3 JIBYX aJrOpuTMOB Wh “‘cuibHee”, TO €CTh Bbl-
JaeT MEeHbIIEe JIO2KHBIX CUTHAJIOB.

® CYIIECTBEHHO 6€3FpaHI/I‘{HbIM BO3MOKHOCTAM YJIYIIICHU A ,HaHHOfI KOMITOHEHTHI CYIIEP-
KOMIINJIATODA.

2.1 VYmupoinaiomniee OTHOIIIEHHIE

O61ue njien Becex N3BECTHBIX CETOJHS PA3/INIHbIX peain3aruit Wh ocHOBaHbI Ha HCIIOJIb-
30BAHUU PA3JIMYHBIX (POPMAIU3AIMI HHTYUTUBHOIO MOHATUS /B KOHMUIYpaIuu OIacHo
HIOXOXKH .

B namenm npoexre peaansosan aaroput™ WhP ocHOBaHHBIH Ha TaK HA3HIBAGMOM YIIPOITIA-
foreM cpaBHenun jiByX Tepmos |1 2.

AstroputMm Wh pacriosHaeT CUTyaIuo “BO3MOXKHO 3allUK/INBaHUE , €CU B JepeBe KOHbU-
rypaiyii BCTpeTuIach KOH(MUTrypalusd, “ormacHo 1moxoxKasa ¢ KaKOH-I1ub0 MOCTPOEHHON paHee
kondpuryparueit. Konduryparun “onacto moxoxku B HaIIEM CIydae O3HAYaeT, 9TO OJIHY U3
HUX MOYKHO IIPUBECTH K JIPYTOil C MOMOIIBIO CTUPaHus (PPArMEeHTOB B IIPABBIX YACTAX C-CPEJI,
npudeM uMeHa (MHJIEKChI) C-IEPEMEHHBIX [IPU CDABHEHUH B PACCMOTPEHUE He GepyTes.

B cuny teopemsr [2, Tree Theorem (Kruskal), p.273-274| B mmobom GecKoHETHOM JIepeBe
KOHUryparuii Ha 1000l 0ecKOHEeUHOI BeTBM, HAUMHAIOIIEHCS OT KOPH JepeBa, 00s13aTe /b
HO HaiiyTcsa ase KoHdurypanun cUp u cDn, Taknue 4ITO:

e cUp pacro/iozkeHo Ha IyTu oT KopHs rpada 10 cDn (cUp—mpe oK st cDn);
e BomosHeHo (whConf cDn cUp)==True.

To €CTb, JJId JaHHOI'O BapuaHTa peaJn3alinu Wh BBIIOJIHEHO OCHOBHOE CBOMCTBO aJIrOpUT-
Ma PpacCIIO3HaHUAd BOSMOXKHOI'O 3allUKJINBaHUA—BbIIIO/THEHO YTBEDP2KJICHUE m

2.2 PeaJII/IBaI_[I/IH AJI'OPpUTMa O6Hap}7)KeHI/IH BO3MO2KHOI'O
3allUKJINBAHNA

B nauase onucanus peanuzanuu ajaroputma Wh paccMoTpuM (pyHKIIAIO Wh yIIPOIIAIOIIEro
CpaBHEHUs JIByX C-BbIpazKeHUIl.

2.2.1 @PyHKIUA wh—yIIponiaolnee CpaBHEHNE ABYyX C-BbIPpaXKeHUit

Aprymentsl dbyHKIMH wh — JBa C-BbIPAKEHUsI X Y, KOTOPbIE OHA CPABHUBACT MEXKIY
coboit, pesybrar — True mim False, B 3aBUCUMOCTH OT TOT'O, CBS3aHbI JIK OHU YIIPOIIAIOITIM
OTHOIIIEHHEM X < .

QyHKIINA Wh BBIIOJIHSIET YIIPOIIAIOIee CpaBHEHUE CJIEIYIOMIM 00Pa30M:

e Fcim y u x—/Ba aroMa, u UX 3HAYEHUs PABHBI, TO TO 3HavYeHne GyHKIn True.

2 Besjie masiee GyjieM paccMaTPUBAThL TOIBKO 3Ty peaim3anmio Wh.
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wh: :CExp->CExp->Bool

wh (ATOM y) (ATOM x) = (x == y)

wh (CONS y1 y2) x@(CONS x1 x2) = (wh y1 x1)&&(wh y2 x2) ||
(wh y1 x) N
(wh y2 %)

wh (CONS y1 y2) x = (wh y1 x) [l (wh y2 x)

wh (CVE y) (CVE x) = True

wh (CVA y) (CVA x) = True

wh ¥y X = False

Puc. 2.1: @ynknusa wh—ymupornaroriee cpaBHEHHE JIBYX C-BbIPasKeHU

e FEciu aprymentsr umeror By = (CONS y1 y2),x = (CONS x1 x2), rue yi, y2, x1,
X2—C-BbIpaKE€HUd, TO:

1. nubo cpaBHUBAIOTCS MEXKIy coboit y1 u x1, y2 n x2;

2. mbo cpaBHUBAIOTCS y1 M BeCh BTOPOil apryMeHT x (B y “ctupaem” dpparMeHThI
(CONS u y2));

3. mbo CpaBHUBAIOTCS Y2 U BECh BTOPOil apryMeHT x (B y “ctupaem”’ dbparMeHThI
(CONS y1m)).

e [Lcim nepBoe BoIpazkenne nMeetT By = CONS yl1 y2, a BTOpoe c-BbIpayKeHHUE X TMeeT
BT oTsinaHbIil oT (CONS x1 x2), To dyHKIUS:

1. 6o cpaBHUBaeT yl W Bech BTOPOil aprymenT x (B y “crupaem”’ dbparmMeHTh
(CONS u y2));

2. mbO cpaBHUBaeT y2 U BeCh BTOPOH aprymeHT x (B y “crupaem”’ dparMeHTbl
(CONS y1wm)).

e Ecimu BXojHbIe BbhIpazkeHust 00a ca-miepeMeHHble i 00a ce-llepeMeHHbIe, TO 3HAUeHUe
dyukun True.

e Bo Bcex ocTa/jbHBIX caydasdx 3Hadenune ¢pyHkimn wh—False.

2.2.2 AjaropuT™M numprog mepeHyMepalun TepPMOB WCXOJHOI IIpo-
rpaMMbl

YT00BI BBIIOJIHUTE YIPOIIAIOIIEe CPpaBHEHUE JABYX KOHMUTYPAIINii, HYZKHO:

1. mpoBepuTh PABEHCTBO B 9THX KOH(MUIYPAIUAX IPOrPAMMHBIX TEPMOB U JIEBBIX YacTeil
c-cpeg,

2. BBITIOJIHUTH YIPOIAIOIIee CPaBHEHNE C-BbIPAXKEHWI U3 MPaBBIX YacTell c-Cpej.

YT0o0BI cjie/laTh TEPBYIO MPOBEPKY IpOIle, Oy/IeM KCIO0JIH30BaTh HyMepalio TePMOB B
HUCXOJTHON Iporpamme.
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Oynaknusa numterm. Hywmepamuio mporpaMMHBIX TEPMOB MTPOU3BOIUT (PYHKIUA numterm.
Ha Bxosie dbynknum Tepm t u 11e10e 9ucio i—cBoOOJIHBIN HOMED JIJIs HyMepalluid TEPMOB.
Omna paccmarpuBaeT TepMbl JBYX BuoB: ALT u CALL.

numterm :: Term -> Int -> (Term, Int)
numterm t@(ALT c t1 t2) i = ((ALT’ c t1’ t2’ i), i’?)
where

(t1’, i’) = numterm t1 (i+1)
(t2’, i’’) = numterm t2 i’

numterm t@(CALL fn args) i = ((CALL’ fn args i), i+1)

numterm t i = (t, i)

Puc. 2.2: Oynknusg numterm

Korga (cm. mepBoe npejjioxkenue (DyHKIUU numterm Ha pPHUC. Ha BXOJIe TEPM BHUJIA
(ALT c t1 t2), rime c—ycioBue, t1 t2—TepMbl, IPOUCXOIUT HyMepalud TepMoOB t1 u t2,
Bcero Tepma (ALT ¢ tl1 t2). B pesyibrare nomydaem tepm (ALT’ ¢ t1’ t2° i) um HOBOE
3HaYeHre CBOOOITHOrO HOMepa, 1.

Korza (cMm. Bropoe mpejyioxenne dbyHKIuM numterm Ha puc. [2.2) Ha BXoje TepM Buja
(CALL fn args) u i, To BO3Bpamaercs mnponymepoBanubiit Tepm (CALL’ fn args i), a
CYETYUK 1 yBeJIMIMBAETCA HA €IUHUILY.

[Ipu TepMax JIpyroro BHja 3HAYEHUE CUCTINKA HE M3MEHSETCS, TEPM HE HyMEpPYeTCs.

numdefs :: [FDef] -> Int -> ([FDef], Int)
numdefs [ ] 1 = ([ ], 1)
numdefs ((DEFINE fn prms t):fds) i = ((DEFINE fn prms t’):fds’, i’?)
where
(t’, 1’) = numterm t i
(fds’, i’’) = numdefs fds i’

Puc. 2.3: Oynknusa numdefs

®Oyuknusa numdefs. C nomoripio dyskiun numdefs nepeHyMepOBBIBAEM OIPEICICHIS
dyHKIHUI B IporpaMme:

e Fcyim va BXOjIe 1ycTOl CIIUCOK OmpeiesieHnit (hyHKIINN, TO PE3yIbTAT—IIyCTOH CIIUCOK.
e Kor/a BXOJHO# CIIICOK HE IIYCT, TO €ro IEPBBII JeMEHT UMeeT BUI:
(DEFINE fn prms t).

Cravajia ipu oMoIu (GpyHKIINNA numterm BBIMOJIHIETCS HyMepalus TepMa t (I/I €ro
o repmMoB). [osryaennblit TepM t? 3ammuchbBaccs B KATYECTBE TeJIa OPeIesIeHIs (DY HK-
run fn (mepBblil se1eMeHT crincka-pesysibrata numdefs):
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(DEFINE fn prms t’)

npoyoskenne fds’ crucka ompejesiennit (pyHKIui hopMUPyeTCs B PE3YIbTATE pe-
KypcuBHOTO Bbr30Ba pyuKmn numdefs. O6muit pesysabrar paboTsl pyHKIMN numdef s
B paccMaTpUBAEMOM CJIydae:

((DEFINE fn prms t’):fds’, i)

e i’’—HoBoe 3HadYeHue CBOOOIHOIO HOMEpPA JIJI TEPMOB.

numprog :: Prog -> Prog
numprog p = p’ where (p’,_) = numdefs p 1

Puc. 2.4: Oynkiusa numprog

Oyuknyda numprog. QDyHKINS NUMPTrog BBIIOIHIET INIO0AJIBHYIO IIEPEHYMEPAINo TEPMOB
B MCXOJIHOM miporpamme. OyHKIMA NUMProg MojydaeT Ha BXOJE MPOIPaAMMy P, & pe3y/bTa-
TOM ee pabOTHI SIBJIETCS MporpaMma p’, rie p’—pe3yabTarT padorel dyHKun numdefs c
aprymenramMu p 1.

2.2.3 ®Pyuskuuga theSameTerm

Oyukinusg theSameTerm sBsieTcs BcroMoraTeabHo iyt pyuknun whConf, cpaBHUBATO-
meii (yrporaoree cpasaenue) jase Kondurypanuu. Oynkius theSameTerm cpaBHUBAET J[Ba
IPOrPaMMHBIX T€pMa Ha paBEeHCTBO. Bce TepMbl B IIporpamMe 3aHyMepoBaHbl. TakuMm oOpa-
30M, OHHM PaBHbBI, €CJIM COBIAJIAIOT uX HoMepa. PyHKIUS pacCMaTpUBACT JIBa BUJIA TEPMOB:
aJbTepHATHBA U BbI3OB (DYHKITUN.

theSameTerm :: Term -> Term -> Bool

theSameTerm (ALT’ _ _ _ i) (ALT’> _ _ _ j) = (i==j)
theSameTerm (CALL’> _ _ i) (CALL’ _ _ j) = (i==j)
theSameTerm = False

Puc. 2.5: Oynuknusa theSameTerm

3aMeTuM, UTO eC/id B JIBYX HEKOTOPBIX KOHMUTYPAIUIX

((tUp, cenvUp), rUp),
((tDn, cenvDn), rDn)

cUp
cDn

nepeHyMeposaHuble TepMbl tDn u tUp paBHbI,
theSameTerm tUp tDn == True,

TO 9TO ODeCIIeYrBaeT PABEHCTBO JIJIMH CIIMCKOB c-cBaA3ell cenvUp u cenvDn u morapHoe pa-
BEHCTBO BCEX JIEBBIX YacTeil B c-cBA3gaxX 3 cenvDn u cenvUp. To ecth, B 3TOM citydae KOH-
durypanun nMeoT BUI;
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tDn = tUp = t,

cUp = ((t, cenvUp), rUp),

cDn = ((t, cenvDn), rDn),

(length cenvUp) == (length cenvDn),

cenvUp = [(var; := cexpUpi),..., (var, := cexpUp,)],
cenvDn = [(var; := cexpDn;),..., (var, := cexpDn,)].

2.2.4 ®yukuusga whConf

Oyukrus whConf mMmeeT B KadecTBe apryMeHTOB jBe KoHdwurypamuu cDn u cUp. Ona
cpaBHEBaeT (yIpoliamolnee CpaBHEHNE) UX MeXKJy co0oii, pe3ynbrar ee paboThl—True Win
False. 9Tu KoH(MUTYypAIUU UMEIOT CJIeIYIONUH BUIL:

((tDn, cenvDn), rDn)
((tUp, cenvUp), rUp)

cDn
cUp

rje tDn, tUp—repMbl, cenvDn, cenvUp—cuucku c-csas3eil, rDn, rUp—pecTpuxIuu.

whConf:: Conf -> Conf -> Bool
whConf ((tDn, cenvDn), _) ((tUp, cenvUp), _) =
(theSameTerm tDn tUp) &&
and (zipWith
(\ (varUp:=cexpUp) (varDn:=cexpDn)->(wh cexpDn cexpUp))
cenvDn cenvUp)

Puc. 2.6: Oynkmnusa whConf

g cpaBHeHus TEPMOB HCHOJIb3yeTcd (yHkiusa theSameTerm. Eciau tepmbr tDn, tUp
paBHbI, TO 5T0 obecreunBaeT (cM. pasje [2.2.3)) monapHoe PaBeHCTBO BCEX JICBBIX YacTeil B
crcKax c-csseil cenvDn u cenvUp. A mmenno, ecyin

theSameTerm tUp tDn == True,
tUp = thn = ¢t

TO KOH(UTYPAIMH UMEIOT CJIEIYIONUI BU/T:

cUp = ((t, cenvUp), rUp),

cDn = ((t, cenvDn), rDn),

(length cenvUp) == (length cenvDn),
cenvUp = [(var; := cexpUpy),..., (var,
cenvDn = [(var; := cexpDn;),..., (var,

cexpUp,)],
cexpDn,,)].

Taxkum obpaszom, rocsie nposepku theSameTerm tDn tUp ocraercs yOeuTCs, YTO BCE IIPABbIe
JacTu cexpDn; m cexpUp; M3 COOTBETCTBYIOIINX C-CBA3€H IIOIIAPHO CBA3AHBI YIIPOIIAIOIIUM
OTHOIICHUECM:

cexpDn; > cexpUp;.
JlanHas nmpoBepka obecrednBaeTCs BBIIIOTHEHIEM ITPOBEPOK
wh cexpDn; cexpUp;

andg Bcex ¢ =1, ..., n.
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2.3 BriBoabl

B ruage |2 onucan ajgroput™ (OJMH U3 BO3MOYKHBIX BApHaHTOB) Wh, peasusyommuii obHa-
pyzKeHne BO3MOXKHOT'O 3aIUKJINBAHUA CYIIEPKOMITIIATOPAa—TO €CTh, OOHAPYKEHUE CUTYAIUN
noxoscetl Ha MOCTPOCHHE CYIIEPKOMITIISITOPOM B I'pade KoHduryparmit 6ecKoHeIHOI BETBH.

B namewm npoekte peasuzoBad agroputm (dbyskims whConf), OCHOBAHHBIH Ha Ynpowsa-
rowem cpasrenuu (>) deyr kongueypayud. Ecaum Ha HEKOTOpOW BeTBH (HAaUMHAOIIEHCT B
KopHe) rpada Koudurypanuii 06HapyKUBAIOTCsI JBe BEPIIMHBI ¢ KOHUryparusvu cUp u
cDn (cUp—upeiok cDn) Takue, 9ro:

(cDn > cUp) == True

TO cumTaior, 9ro KoHdurypamnusa cDn u cUp onacro noxoscu (onacro Gausxu dpye x py-
2y), U cyiejiyer OObsIBUTH CUTYAIUIO 603MONCHO 3AUUKAUSAHUE CYTIEPKOMITUISTOPA B CIIydae
POJIOJIZKEHUSI IOCTPOCHNS JTAHHON BETBU.

B cuy teopemsbrt [2, Tree Theorem (Kruskal), p.273-274| B jmo6om GeckoHEUHOM JiepeBe
kKordurypanuii Ha 1060 6eCKOHEYHOI BeTBY, HAYMHAIOIIECsS OT KOPHS JIepeBa, 00sa3aTe b
HO HaiijyTcsa jBe Kouduryparun cUp u cDn, Takue 9To:

e cUp pacrosiokeHo Ha IyTu oT KopHs rpada 1o cDn (cUp—ipeok s cDn);
e BooaHeHO (cDn > cUp)==True.

To ecTb, 11 JaHHOTO BapuaHTa peaim3aiiii Wh BBIIIOJIHEHO OCHOBHOE CBOMCTBO aJITOPUT-
Ma PacCIlO3HaHUsA BOSMO2KHOI'O 3allUKJIMBAHNUA—BBIIIOJIHEHO YTBEP2KJICHUE m
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I'taBa 3

Gener—aJropuTM IOCTPOEHUS TECHOIi
o0111eil HaAKOH(Urypaiumn

3.1 IlocranoBKa 3aja4n

Ausropurm Gener npegHasHAYEH JIJIs IOCTPOEHUsT TECHOIN 001Ieit HaIKOHMUTYPAITTT IS

JIBYX 3aJIaHHBIX KOHMUTYpaIuii.

[Tycrs nmetores ase Kouduryparun cUp, cDn ¢ OHIM U T€M ¥Ke TePMOM M3 TIEePEHyMepO-
BaHHO}T TporpaMmbl. To ectb, /s JaHHbIX KoHMUryparwmit (M. paszes [2.2.3) BBIIOJIHEHO:

cUp = ((tUp, cenvUp), rUp),

cDn ((tDn, cenvDn), rDn),

theSameTerm tUp tDn True,

tUp = tDn = t,

(length cenvUp) = (length cenvDn) = n,
cenvUp = [(var; cexpUpy), ..., (var, :
cenvDn = [(var; cexpbnj), ..., (var, :

Tpebyercs mocTpouTh Takyio KoHpuryparuio cGen

cGen = cUp,
cGen >~ cDn,

1 JaHHOEe 0000IIeHe HEOOXOANMO CAEIATE MECHbLM.

cexpUp,)1],
cexpDn,,)].

= ((t,cenvGen), rGen), uTO:

B cuny [3, yrBep:kaenue 22, crp. 40| ycnosusi cGen = cUp, cGen > cDn paBHOCHJILHBI
CJIEIYIONIEMY: CYIIeCcTBYIOT noacTaHoBKU sGenUp, sGenDn u pectpukiuu r’Up, r’Dn, Takue

qTO:

cGen /. sGenUp /. r’Up,
cGen /. sGenDn /. r’Dn.

cUp
cDn

HOCJIG,ZLHI/IG JABa paBE€HCTBa MO2KHO Hpeo6pa3013aTb K CJI€AYIOIIUM YyCJIOBUAM:

((t, cenvGen), rGen),

[(var; := cexpGen;),..., (var,
cexpGen; /. sGenUp == cexpUp;,
cexpGen; /. sGenDn == cexpDn;,
rGen /. sGenUp /. r’Up == rUp,
rGen /. sGenDn /. r’Dn == rDn.

cGen =
cenvGen =

21

:= cexpGen,)],
cexpGen; =~ cexpUp;,
cexpGen; =~ cexpDn,,
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Taxum obpazom, sy mocTpoenus 0606menus cGen mapbl Konduryparmii cUp u cDn nHeob-
XOJIUMO

1. mocTpouth mectoe obiree HajBbIpazkenue [cexpGeny, . .. ,cexpGen,] /g IPaBbIX Ya-
CTeR C-Ccpes;

[cexpUp;, ..., cexpUp,] u
[cexpDn;, ..., cexpDn,]

koudwuryparnuit cUp, cDn, u

2. BBIINOJIHUTb MecHoe 0DOOIEHNEe PEeCTPUKIMI—IIOCTPOUTh HanboJjiee CUIbHbIE OrpaHU-
Jenuns rGen, yJIOBJETBOPSIONINE YCJIOBHIO:

cymecTByloT r’Up u r’Dn Takue, 4TO:
rGen /. sGenUp /. r’Up == rUp,
rGen /. sGenDn /. r’Dn == rDn,

rje, sGenUp u sGenDn—noACTaHOBKY, OlIpe/ie/ideMble COOTHOIICHUSIMU:

cexpGen; /. sGenUp == cexpUp;,
cexpGen; /. sGenDn == cexpDn,.

[lepBblit 13 3TUX JABYX IAroB OyJieM Be3Jle HUXKE Ha3bIBATL 0000ujeHuem c-6a3, BTOPOH—
obobweruem pecmpuryu.

3.2 Oob6ob6mienue c-6a3 KoHdUrypammii

[l mocTpoeHwsT TeCHOTO OOIIETo HaIBBIPayKeHUs JJId paBbIX dacTeil c-cpeq n3 cUp n
cDn BOCIOJIb3yeMcsl U3BeCTHBIM ajroputmoM (least common generation, LCG), nossosisito-
IeM JIJIst JIBYX KeCTKux c-06a3 xUp u xDn MOCTPOUTh MUHUMGALHY OOIIyI0 Haa10a3y xGen.
To ecth, mocTpouTh XGen TaKylo, 4TO:

xGen >~ xUp,
xGen > xDn,
JUIA JII000TO X, Takoro, 4to x’ > xUp m x’ > xDn, BeimosiHeno x’ > xGen.

B namem ciaydae B KauecTBe KECTKHX C-KOHCTPYKIHI OYAyT BBICTYIATH IIpaBble YacTH
c-cpej;:

xUp = [cexpUpy,..., cexpUp,],
xDn = [cexpDn;,..., cexpDn,],
xGen = [cexpGeny,...,cexpGen,]).

3.2.1 BcrnomoraregbHble KOHCTPYKIUU W (PYHKITNNT

Tabauna o6o6ieHnii. (OCHOBHOI BCIIOMOTraTeIbHON KOHCTPYKIHEH JIsT aJITOpUTMa 0600-
meHnst ¢-6a3 ABYX KOH(MUTYpaIuil aBIsgeTcss madauya 0606u,eruti. DIeMeHThI 3TOM TaOIUIIbI
oTHOCATCA K Ty GTabEl. Kaxk iblit 9/1eMeHT—3TO 1apa, COCTOAIIast U3 C-IIEPEMEHHON U JIBYX
C-BbIPAZKEHU:
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(cvar, (cexpl, cexp2)).

Ecmn B Tabiune nmeercd snement (cvar, (cexpl, cexp2)), To 3TO O3HA4YAET, YTO paHee
B TIporiecce 0000IIenns c-6a3 Kondurypamuii 0610 TPUHATO pernrenne (gpparmMenT cexpl us
cDn u pparment cexp2 u3 cUp 0600muUThH c-iepemMerHoit cvar. To ectb, ganabie (pparMeHThbI
B cGen Ipe/iCTaBIEHBI C-TIEPDEMEHHON cvar.

Oyuknusa glookUp. Dynknna gLookUp mpoBepsieT, MOCTPOEHO JIn 00O0OIIEHNe I JIBYX
JIAHHBIX C-BblpakeHuil cexpl u cexp2. Ecin o60bienue i1 HUX y2Ke IMOCTPOEHO, TO €CTh,
ecJi B TabJmuiie 0000IMIEeHN TMEeeTCa 3JIEMEHT

(cvar, (cexpl, cexp2))

TO pe3y/bTaT padboThl (PYHKITMU—CIIMCOK U3 OJIHOM IepeMeHHoit [cvar], KoTopast u ABJIsIeTCs
0000ITIEHNEM STUX BBIPAXKEHUIA.

Eciiu obobienne njist cexpl u cexp2 ele He TOCTPOEHO, TO PE3YJIbTaTOM (OYHKIUU
gLookUp Oyzer mycroit crimcok [ ].

[Tonywast Ha BxOse Tabymiy tab u jBa c-BhIpakeHus cexpl m cexp2, pyHKIUS BbIOU-
paer Bce Takue c-llepeMeHHble cvar, 9To d1emMeHT (cvar, (cexpl,cexp2)) NpUHAIIEKUT
TabJimie tab.

gLookUp :: GTab -> CExp -> CExp -> [CVar]
gLookUp t cexpl cexp2 = [ cvar | (cvar,(a,b))<-t, a==cexpl,b==cexp2]
-- mubo [], mubo [cvar]

Puc. 3.1: Oyuknusa glookUp

Oyuknun isAExp u isAtom. Dysknmsa isAExp mpoBepsier, BIsSeTCd JU JaHHOE C-BbIpa-
KeHne ca-bipazkenneM. Ca-BbIpaXKeHHeM ABJIIOTCA JITOO aToM, JINOO ca-TiepeMeHHasl.
Oyukiusg isAtom MpoBepseT, ABJIAETC JIU JAHHOE C-BbIPayKeHUe aTOMOM.

isCAExp :: CExp -> Bool
isCAExp (ATOM _) = True
isCAExp (CVA _) = True
isCAExp _ = False

isAtom :: CExp -> Bool
isAtom (ATOM _) True
isAtom False

Puc. 3.2: @ynknun isAExp u isAtom
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3.2.2 (O6o6mieHne c-BbhIpakeHUid

Qynkmusa genCExp obo0maer nBa c-BblpazkeHnd. PyHKINa moTpebsgeT Ha BXOJe Tab-
Jiry o0oOIeHnit t, JiBa c-BbIpakKeHust, CBOOOIHBIN WHJEKC. PesyabraToM sBisgeTcs Tpoii-
Ka, COCTOsAIIAs W3 HOBOI Tab/MIbl 0000IIEHNI, C-BhIpaskKeHUsi, KOTOpoe 0000IaeT JTaHHbIe
C-BbIparkKeHusI, HOBOI'O 3HAYEeHHUsI CBOOOIHOIO MHJIEKCA.

DOyHKIMs peaausyeT u3BeCTHbIH aaroput™ (least common generation, LCG) moctpoeHust
HaMEHBIIIEro O0IIEero oOOOIIEH NI,

genCExp: :GTab -> CExp -> CExp -> FreeIndx -> (GTab,CExp,FreeIndx)
genCExp t a@(ATOM x) (ATOM y) i= (¢, a, 1), if (x==y)

genCExp t (CONS x1 x2) (CONS y1 y2) i= (t’’, (CONS zl z2), i’’)
where
(¢, z1, i’) = genCExp t x1 y1 i
(t’?, z2, i’’) = genCExp t’ x2 y2 i’

genCExp t x y i = case (gLookUp t x y) of
[z] > (, z, i)
L] > (2, v, 1)
where
(v, i’) = if ((isCAExp x)&&(isCAExp y))
then (mkCAVar i)
else (mkCEVar i)
t? = (v, (x, y)):t

Puc. 3.3: Oynkiua genCExp. Obobinenne c-BbIparKeHuit

O6ob1IEeHne TPONCXOUT CIIELYIOMNUM 00Pa30M:

1. Ecsm ma BXOne genCEXp aBa paBHBIX aTOMa, TO TaOIUIA t ocTaeTcs IpekHeil, cBOOOI-
HBII WHJIEKC TOT K€, a BhIpaskeHue, 0000IIAaoIee ST ATOMbBI, PABHO UM CAMUM.

2. Ecmm ma BxO#e genCExp Buga (CONS x1 x2) m (CONS y1 y2), To

(a) Crpourca obobmmenne z1 st x1 n yi:
(t’, z1, i’) = genCExp t x1 y1 i.
(b) Barem crpoutrcs obobienue z2 Jid X2 U y2:
(¢, z2, i) = genCExp t’ x2 y2 i’

(c) Tlocse wero dopmupyercst HOBoe 3HaueHue TabuIbl, 0000IIEHIe [T C-BbIpayKe-
uuit (CONS x1 x2) m (CONS y1 y2), HOBOe 3HaUYEHHE CBOOO/IHOIO MHJIEKCA:

(¢’, (CONS zl z2), i)

w

. Ilpn npyrux BHmaxX BXOJHBIX C-BBIPAyKeHMII X W § X 00OOIIEHNE 3aBUCHT OT pabOTHI
dyukun glookUp.
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(a) Ecsim pesyibrar 0600IIeHNs TAHHBIX BBIDAKCHUil yzKe 3almcaH B TabumIe, TO
€CTh, CYIIIECTBYET CIIICOK N3 OJTHOT'O JIEMEHTA, SBJISIONIErocs 0OO0IeHNeM X U :

(glookUp t x y) = [z],
TO pe3y/IbTaToM paboTsl genCEXp sABIIgeTCH HEM3MEHEHHAs Ta0INIIA, STOT JIEMEHT
Z, CBOOTHBIN WHJIEKC:
(t, z, i)
(b) Ecau B pesysnbrare paborbl gLookUp uMeeM IyCTOi CIUCOK:
(glookUp t x y) = [ 1],
TO X U y Oy/1yT 00OOIIEHBI HOBOM C-TIepEMEHHON V.

A uMeHHO, ec/i 9TU BBIPAYKEHUS SIBJIAIOTCSA Ca-BbIPAKEHUSIMN (qTo IpoBepd-
er dyskius isAExp), To ¢ momormpio dyHKImr mkCAVar 3aBojuM HOBYIO Ca-
epeMeHHyo v, Koropas u Oyjer o000IIaTh JaHHble BhIpaxkeHus. B mpoTuBHOM
ciydae (X WM y He sIBJISIETCs Ca-BbIPAsKeHUEM ), ¢ rmoMolnbio dyHakimn mkCEVar
3aBOJIUM Ce-TIEPEMEHHYIO V, 0OOOIAIONTYIO BHIDAYKEHHUS X U .

[Tocsie sTorO K Havasy TabJMIBL t MPUITKCHIBAEM HOBBIH d1eMeHT (v, (x,y)), u
pe3ysibTaToM paboThl genCEXp B 9TOM Cilydae dBJIAETC

(t>, v, 1),

rje t’—u3MeHeHHas Tab/IHUIA, V—IIepeMeHHast, obobmaroias X 1 y, i’—cBobojI-
HBIA UHJIEKC.

3.2.3 0O06ob6IIEHEe c-cpes,

Ob6o6menne c-cpes BuinonHsercs Gyukmueii genCEnv. Kax ckazano B paszeie 3.1}, 0606-
menne c-6a3 KoHduUrypamuit ¢ paBHbIMA T€PMaMH CBOJIUTCS K ODOOIIEHUIO ITPABBIX YacTeil
c-cpet u3 tux koudwuryparuit. Takum obpaszom, dyukiusa genCEnv sBjIsgeTcs: HECTO0XKHBIM
paciupenuem genCEXp Ha CIUCOK C-CBs3eil.

Oyukrusa genCEnv moJsydaer Ha BXOje TabJIHILy, JIBe C-CPeJbl, CBOOOJHBIN mHaeKc. Ha
BBIXO/Ie PYHKIMU—Tab g 00o0IeHuit, 0000IIeHHAs C-CPeia, CBOOOIHDBIN UHIEKC.

genCEnv :: GTab -> CEnv -> CEnv -> FreeIndx -> (GTab,CEnv,FreeIndx)
genCEnv t [] [1 1= (t, [1, 1)
genCEnv t ((al:=cexpl):tl) ((a2:=cexp2):t2) i =
(t?’, ((al:=cexp):cenv), i’?)
where
(t’, cexp, i’ ) = genCExp t cexpl cexp2 i
(t’’, cenv, i’’) = genCEnv t’ t1 t2 i’

Puc. 3.4: Oynkmnua genCEnv. Obobienue c-cpej

Borauciienne pesyiibrara genCEnv BBITIOJIHAETCH CJIETYIONIIM 00pa3oM:

e Ecju BXOJIHBIE C-CPEIBI—ITYCThIE CIIUCKU, TO 00OOIEHHA C-Cpe/ia—TaKKe IyCTOM CITu-
COK, & TabJIuIa U CBOOOIHBIN MHIEKC OCTAIOTCS HEM3MEHHbBIMU.
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e FEcimm Ha BXOJie c-CpeJibl CJIEIYIONIEro BUIA:

((al:=cexpl):tl)
((a2:=cexp2) :t2),

rje al, a2—mepeMeHHbIe, cexpl, cexp2—c-BbIpaxKeHusl, TO Pe3yabTaT paboThl (DyHK-
MU UMeeT BUJI:

(¢, ((al:=cexp):cenv), i)

3nech t’—m3MmenenHasi Tabsmia 0600menuit; ((al:=cexp) :cenv) —0000IIEHHAS C-
cpesa; 1”’—cBOOOJIHBIN MHJIEKC; C-BbIpaKeHue cexp, 00o0IaIee BeipaykeHns cexpl
u cexp2, Berunciagercs dyakmueil genCExp; c-cpejia cenv, obobmarormmast c-cpeasl tl
U t2, BBIYUC/IAETCH PEKYPCUBHBIM BbI30BOM genCEnv.

BaMeTuM, 9TO BO BXOJHBIX C-CpellaX IepeMeHHble al, a2 paBHBI, IO9TOMY B 0000-
IIEHHYIO CPejy B KadecTBe JIEBOW YacTH MOXKHO IIOMECTUTH JIIOOYI0O U3 ITHX JIBYX
IlepeMeHHbBIX, HallpuMep al.

3.3 @ynknuga genTabToSubsts. IlocTpoenne 1moscTaHOBOK
sGenUp m sGenDn

Paccmorpum siBe c-6a3bl (JBa c-BbIpayKeHUst WK JBe c-cpejibl) cxDn u cxUp. Bormosanm
nocrpoenue (npu oMoy dbyHkiuii genCExp mwin genCEnv) jjist HUX MUHUMAJIBHO# 06Iei
HaJ1-c-6a3bl cxGen:

(t, cxGen, i’) = genCExp [ ] cDn cUp i
U

(t, cxGen, i)

genCEnv [ ] cDn cUp i

Henocpe/icrBeHno n3 TeKCTOB ajropuTMoB obobrienns c-6a3 (cM. dynkiun genCExp n
genCEnv) BujHO, 4TO:

e Bce c-liepeMeHHble B 0000MaoIeii B c-6a3e cxGen (c-BblpakeHUH, c-cpejie) 1o Te (u
TOJILKO T€) C-TIEPEMEHHBIE V;, KOTOPbIE IPEJICTABJICHbI B [IEPBOIi TO3UIMN 3JIEMEHTOB
TabJIUITBI OOOOIIIEHTIA:

t =0 (Vl, (Xl, yl)), ey (Vn, (Xn, Yn)) 1.

® STH C-IIepeMeHHbIe V; CBsi3aHbl B TabJmmIile 0000IeHNT KaK pa3 ¢ TeMHu (pparMeHTaMu
U3 UCXOJHBIX C-0a3, KOTOpble U OBbLIN 000DIIEHbI 9TOI C-IIEPEMEHHO V;:
1. ¢ ¢dparmenToMm x; U3 1epBoit 0600IIAEMOI c-Oa3bl cxDn;
2. ¢ oparmenToM y; U3 BTOpOil 06001IaeMoit c-6a3bl cxUp.

Takum obpazom, 1ocse BBIIOJIHEHHs 0000IIeHnsT c-0a3 Tab/mia 0000IeHn t 1Mo cyTH
IIpeJICTaBIdgeT ABe noacTaHoBKA sGenDn u sGenUp:

t = I: (Vl: (Xl; yl)), ) (Vn, (Xn, YTL)) ]
sGenDn = [ (vi :-> x1), ..., (v, :-> x,) ]
sGenUp = [ (vqy :=> y1), ..., (v, :=> y,) ]
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TakKue, 4To:

cxDn
cxUp

cxGen /. sGenDn
cxGen /. sGenUp

Ha pucynxke npusejieHa GyHkiusg genTabToSubst, Koropas 110 Tab/uie 06006IIeHwi
t CTPOUT JiBe YHOMSHYTBIE BBIIIE MMOICTAaHOBKYN sGenDn n sGenUp.

genTabToSubsts :: GTab -> (Subst,Subst)
genTabToSubsts t = ([v:->x | (v,(x,y))<-t 1, [v:->yl (v,(x,y))<-t 1)

Puc. 3.5: ®ynknua genTabToSubsts. [locTpoenne nogcranoBok sGenUp u sGenDn 110 TabmIe
0060011IeHI t

3.4 O06o06HIeHEe pecTPUuKINIii

[Tycrn nmerorest ase kondurypanuu cUp, cDn ¢ OJHUM 1 TeM K€ TEPMOM U3 II€PEHyMepO-
BaHHO{T mporpaMmbl. To ecTb, [ JaHHbIX KoHMHUTyparwit (cM. paszes [2.2.3) BBITOIHEHO:

cUp = ((tUp, cenvUp), rUp),
cDn = ((tDn, cenvDn), rDn),
theSameTerm tUp tDn == True,
tUp = tDn = t.

Tpebyercs ocTpoutsh Takyio Kouduryparuio cGen = ((t,cenvGen), rGen), uro:

cGen = cUp,
cGen >~ cDn,

1 JlaHHOEe 0D0OIIeHne HeoOX0UMO CJIe/IaTh MECHbLM B HEKOTOPOM CMBIC/IE.
B paszene HOKa3aHO, YTO JJIsI HOCTpoeHus 06obmmenns cGen nmapbl KOHMUrypanuii
cUp u cDn HEOOXOIMMO:

1. evnoanums obobusernue c-6a3—TOCTPOUTDL MecHyo ODIILYI0 HaJl-C-Cpejly cenvGen Jiis
c-cpen, cenvDn u cenvUp:

cenvGen > cenvDn,
cenvGen = cenvUp.

2. BBIIOJIHUTB MecHoe 0DOOIEHNEe PEeCTPUKIINIT—IIOCTPOUTh HAMbOJIee CUJIbHbIE OrPAHU-
yeHus rGen, yJIOBJIETBOPLIONINE YCIOBUIO:

cymecTByloT r’Up u r’Dn Takue, 4TO:
rGen /. sGenUp /. r’Up == rUp,
rGen /. sGenDn /. r’Dn == rDn,

rje sGenDn u sGenUp—II10/ICTAHOBKY, OLIpeJe/IdeMble COOTHOIICHUAMM:
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cenvGen /. sGenDn == cenvDn,
cenvGen /. sGenUp == cenvUp.

B paznene(3.2|onncano pererne neppoii 3a1a4n—II0CTPOSHUST MUHUMANADHO20 ODOOIITEHMST
cenvGen i1 JIBYX c-cpefi cenvDn u cenvUp 3aJIaHHBIX KOH(MUTYPATHii:

(tab, cenvGen, i’) = genCEnv [ ] cenvDn cenvUp i
B paznene OIMCAHO MOCTPOEHNE NOACTaHOBOK sGenDn m sGenUp:
(sGenDn, sGenUp) = genTabToSubsts tab
Y/IOBJIETBOPSIOIINAX COOTHOIIEHHUSIM:

cenvGen /. sGenDn == cenvDn,
cenvGen /. sGenUp == cenvUp.

Takum obpazom, i 3aBEPIIeHIS TOCTPOCHUS TECHOTI0 00001eHs KOH(MUryparuii ocra-
JIOCH TIOCTPOUTDH 0DODINEHNE PECTPUKITUI: HeOOXOIUMO ITOCTPOUTH HamboJIee CUIbHbIE Orpa-
Hudenns r(Gen, yIOBJIETBOPSIONINE YCIOBUIO:

cymecTsyloT r’Up u r’Dn Takue, 4TO:
rGen /. sGenUp /. r’Up == rUp,
rGen /. sGenDn /. r’Dn == rDn.

to ycJjoBue pacliagacTCd Ha JBa HE3aBUCHUMbIX YCJIOBUA:

CymectByer r’Dn takoe, uro: (rGen /. sGenDn) +. r’Dn == rDn.
CymecrByer r’Up Takoe, uro: (rGen /. sGenUp) +. r’Up == rUp.

KazKJ10€ N3 KOTOPBIX MO2KHO YIPOCTHUTDH CJIEAYIOIIUM o6pa30M:

e Pecmpuruyus (rGen /. sGenDn) ne cuavree pecmpukyuu TDn: Bce HEpaBEHCTBA U3
(rGen /. sGenDn) BxXOIAT B rDn.

e Pecmpukuus (rGen /. sGenUp) ne cusvHee pecmpuruyuu rUp: Bce HEPABEHCTBA U3
(rGen /. sGenUp) Bxoadar B rUp.

CrenoBaresibHo, B rGen MOTYT BXOJIUTb MOAbKO Makue nepaserncmea (x:=/=:y), s
KOTOpPbIX BbiosiHeHo (Puc. 3.6)):

e Ilocne npumenenus nojicranoBku sGenDn HepaBencTBo (x:=/=:y) obparaercs b0
B TABTOJIOIUIO, JTUOO B HEPABEHCTBO u3 rDn.

e Ilocne npumenenus: nojcranoBku sGenUp HepaBeHcTBO (x:=/=:y) obparaercs 00
B TABTOJIOTUIO, JTUOO B HEPABEHCTBO n3 rUp.

C apyroit cToponbl, rGen JOKHO OBITh KaK MOXKHO 00Jiee CHJIBHBIM OIPAHHYCHUEM, TO
€CTh COoIeprKaTh KaK MOYXKHO OOJIbIIIe HEPABEHCTB.

Taxum 06pa3oM, MBI IIPUXOINM K TOMY, 9TO rGen JOJIKHO COIEPKATD MaAKUE U 6CE MAKUE
Hnepasencmea (x:=/=:y), 4To:

e [locne mpumenenns nojctanoBkr sGenDn HepaBeHCTBO (x:=/=:y) obparaercs OO0
B TABTOJIOIUIO, JTUOO B HEPABEHCTBO M3 rDn.
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rGen
[_ V (x:#:y) € rGen -]
/ .sGenDn / .sGenUp
rDn Tautologies rUp Tautologies

Puc. 3.6: Ycaosue na rGen

e [locne npumenenus nojicranoBku sGenUp HepaBeHcTBo (x:=/=:y) obpalaercs OO0
B TaBTOJIOTUIO, OO B HepaBeHCTBO u3 rUp.

[Iycrs r—omna u3 pecrpuknuiit rDn win rUp, S—COOTBETCTBYIOINIAs 10/ ICTaHOBKa sGenDn
uin sGenUp. OOo3HAYNM [Yepes:

mkRestr r s

PECTPUKIINIO, COJIEPIKAIIYIO MaKue, U 6ce maxue HepaBeHCTBA (X:=/=:y), UTO IMOCJE IpU-
MeHEeHUs TIOJICTAHOBKI S HepaBeHCTBO (x:=/=:y) obpalaercs Jud0O B TaBTOJIOTHIO, JTHOO B
HEPABEHCTBO U3 T.

Torma, mocrpoenne rGen CBOIUTCS K CJIEIYIOIIEMY:

e Ilocrpoenune pecrpuknuu (RESTR rGDn) = mkRestr rDn sGenDn.

e [loctpoenne pectpukiun (RESTR rGUp) = mkRestr rUp sGenUp.

e Brurouenune B rGen TexX M TOJBKO T€X HEPABEHCTB, KOTOPbIE BXOAAT U B rGDn u B rGUp
(mepecedenne MHOXKECTB HEPABEHCTB):

rGen = RESTR [ n | n<-rGDn, n ‘elem‘ rGUp ]

3.4.1 OO0mmas cxeMa BBIIOJHEHUs 000OIIEHsT PECTPUKIIIIA
Bhrimie 3a/1a1a moctpoenus: 0600IIeHrsT peCTPUKINii cBeieHa K cieytoniemy (Puc. :
1. Peaymzarnuu dyskinnn mkRestr nocrpoenusi (110 33/IaHHBIM T U S) PECTPUKIIN
(mkRestr r s),

cofiepzKaIeit makxue, u 6ce maxue HepaBeHCTBa (x:=/=:y), 4TO IOC/Ie MTPUMEHEHUS
IIOJICTAHOBKHU S HEpaBeHCTBO (X :=/=:y) obOpamaercs Jud0 B TABTOJOTUIO, INOO B HEPA-
BEHCTBO U3 T.

3sech, r — oana u3 pecrpuknuit rDn wim rUp, S — COOTBETCTBYIOINIAs MOJCTAHOBKA
sGenDn nim sGenUp.
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rGen

U :\J],: U

/.sGenDn~! || /.sGenDn ! /.sGenUp ! || /.sGenUp !

1 1 1 1

rDn Tautologies rUp Tautologies

Puc. 3.7: Uneqa anroputma BbraucieHus rGen

2. Ilpoctomy Bbramc/IeHUIO rGen IPU MOMOIIHU JAHHON (DYHKIIMKU ¥ BBIYUCICHUS IIepece-
YeHUA MHOXKECTB HEPABCHCTB:

rGen = RESTR [ n | n<-rGDn, n ‘elem‘ rGUp ]
where

(RESTR rGDn)
(RESTR rGUp)

mkRestr rDn sGenDn
mkRestr rUp sGenUp

3.4.2 ®ysKnuga mkRestr

[IycTh, r—oana n3 pectpuknuit rDn wian rUp, s—COOTBETCTBYIOIIA 10/IcTaHOBKa sGenDn
niu sGenUp.

Oyukimsa mkRestr npeHasHaveHa i TTIOCTPOEHUs (110 33JAHHBIM T U S) PECTPUKIINH
(rG = mkRestr r s), cozepzKalieii makue, u 6ce makue HepaBeHCTBa (X:=/=:y), 4TO HOCJIE
NpUMEHEHU TTOJICTAHOBKH S HEPABEHCTBO (x:=/=:y) obparmaercs JimOO B TABTOJIOTHIO, JTUOO
B HEPABEHCTBO U3 T.

Takum obpazom, pesyiabrar rG dynkiun mkRestr sapisgercd oObeIUHEHUEM JIBYX pe-
CTPUKITAN:

rG = (RESTR r1) +. (RESTR r2)
rie

e 1l CINCOK BCEX TAKNUX HEPABEHCTB (X:=/=:y), YTO MOCJe IPUMEHEHNs [10/ICTAHOBKH
s HepaBeHCTBO (x:=/=:y) obpallaercs B HEPABEHCTBO U3 T.

® T2 CINCOK BCEX TAKNUX HEPaBeHCTB (X :=/=:y), YTO MOCJ€e IPUMEHEHNUs [10/ICTAHOBKH
S HepaBeHCTBO (x:=/=:y) obpalraercs B TaBTOJIOTHIO.

ITocTtpoenme ril. Paccmorpum 1npousBoJibHOE HEpaBEHCTBO (X:=/=:y) Takoe, UTO IMOCJIE
IpUMeHeHUsI K HeMY IIOJICTAHOBKH S OHO oOpallaeTcss B HEKOTOpoe HepaBeHCTBO (a:=/=:b)
u3 r. B cuity onpejiesienus HEpaBeHCTB, X, ¥, &, b ABJIAIOTCS Ca-BbIPAXKEHUAMU, TO €CTh, JIHO0
aToMaMu, JIM0O ca-TIepeMEHHBIMI. YCIOBUE “NOCAE NPUMEHEHUA NOJCTMAHOBKY, S HEPABEHCNEO
(z:=/=:y) obpawaemcsa 6 (a:=/=:b)” MOXKHO pacnucaTh CIEIYIOIMUM 00PA3OM:
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x /.s = a,
y/.s=b

Takum obpazom, mjst onepannu (/.s8) ca-BbIparkeHue X ABJIAETCS IIPO0OPa30M a, ca-BbIpa-
JKEHUe § ABJIgeTcd Mpoodbpas3oM b.

To ecthb, B cimcok rl BXOJAT Te W TOJBKO Te HepaBeHCTBA (X:=/=:y) JJisi KOTOPBIX
BBITIOJTHEHO:

x € (invAImg a), y € (invAImg b)

rje (a:=/=:b) mHekoropoe HepaBeHCTBO U3 r, (invAImg c)—CIMCOK BCEX Ca-BbIPAXKEHUI
1Ipoobpa30B ca-BbIpazkeHus ¢ s oreparun (/.s).
Benomoraresbaas gyukimst (invAImg c) onpesessiercst pocto (M. puc. [3.8)):

1. Ecimm c—artoMm, TO B CIHMCOK BCeX ca-BbIpasKeHHil mpoobpa3oB ¢ s omneparun (/.s)
cJIeJlyeT BKJIIOYUTh C.

2. Kpome Toro B cImcOK Bcex ca-BbIpaxKeHuil mpoodbpa3oB ¢ i oreparuu (/.s) ciemyer
BKJIFOUHUTD BCE TaAKUE CA-NepemeHHble X, KOTOPbIe MOICTAHOBKOM S, 3aMEHSIIOTC Ha C—
TO €CTh, JjI KOTOPBIX B ITOJICTAHOBKE S mMeeTcs mapa (x:->c).

[IpuBeenHoe Bhilre 06CYyzKIeHIE 0O0CHOBBIBAET CJIELYIONIUI CII0COO IOCTPOEHUS CIIUCKA,
rl Bcex TakKuX HEpaBeHCTB (X:=/=:y), 4TO MOCJe NPUMEHEHNUs TTOJCTAHOBKU S HEPABEHCTBO
(x:=/=:y) obpaIraercsa B HEPABEHCTBO U3 I

rl = [ x:=/=:y | (a:=/=:b) <- r, x<-(invAImg a), y<-(invAImg b) ]

mkRestr :: Restr -> Subst -> Restr
mkRestr (RESTR r) s = (RESTR r1) +. (RESTR r2)
where
ri=[ x:=/=:y | (a:=/=:b) <- r, x<-(invAImg a),
y<-(invAImg b) 1]

invAImg ¢ = (if (isAtom c) then [c] else [ ]) ++
[ x | (x@(CVA _):->z)<-s, z==c ]

r2=[ x:=/=:y | (x@(CVA _):-> (ATOM a)) <- s,
(ye(CVA _):-> (ATOM b)) <- s, a /= b ]

Puc. 3.8: Oynknusa mkRestr

ITocTpoenmne r2. Paccmorpum Npom3BoJIbHOE HEPABEHCTBO (X:=/=:y) Takoe, YTO IOCJIE
IpUMeHEeHUsI K HeEMY TIOJICTAHOBKHU S OHO OOpalllaeTcss B HEKOTOPYIO TapTosioruio (a:=/=:b),
puvieM HepaBeHCTBO (X:=/=:y) caMO TaBTOJIOTHEH HE sIBJISETCS.

B cuny onpejieniennit HEpaBeHCTB M TaBTOJIOTH, X U § ABJIAIOTCS Ca-BBIPAXKEHUSME, TO
eCcTh, MO0 aToMaMu, JIHOO ca-liepeMeHHbIMH, a 1 b sBsgioTca pasiandabiMu (a /= b) aro-
MaMHU ¥ MOYKHO 3aIlicaTh, 9TO:
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genRestr: :Restr -> Restr -> Subst -> Subst -> Restr

genRestr rDn rUp sGenDn sGenUp = rGen
where
(RESTR rGDn) = mkRestr rDn sGenDn
(RESTR rGUp) = mkRestr rUp sGenUp
rGen = RESTR [ n | n<-rGDn, n ‘elem‘ rGUp ]
-- IepecedeHMEe CIHUCKOB HEPABEHCTB

Puc. 3.9: Oynkiua genRestr. O6obmienne pecTpukimit

x /.8 = a,
y/.s=D

Tak Kak cImcok r2 sBJIFETCS CIHUCKOM PECTPHUKIINI HaJl 00OOIIAIONINMHU Ca-TIePEeMEHHBIMEI
(ca-epeMeHHBIME 3 JIEBBIX YacTeil MOJCTAHOBKU S), TO MOXKHO OIPEJETUTh ITOT CIHCOK
CTIeTYTOMNM 00pa30M: B CITHCOK r2 BXOJIAT BCe TaKne HepaBeHCTBa (X:=/=:y) W TOJIBKO OHH,
JIJIT KOTOPBIX BBITIOJIHEHBI YCJIOBUS

1. Ca-BbIpakeHus X U y ABJISIOTCH Ca-lI€PEeMEHHbIMU;

2. B noacranoBke s nmeroTces napbl (x :-> a) u (y :-> b), npudem a u b gBISIOTCS
paznuaabiMEu (a2 /= b) aTomamu.

Brrunciienne crimcka r2 B COOTBETCTBUAH C JaHHBIMU YCJIOBUAMUA IIPUBEJICHO Ha PUCYHKE

3.8

dyuknusa mkRestr. Ilpusenennbie Bbie 06CYKICHIA MOCTPOCHUA CIIMCKOB HEPABEHCTB
rl u r2 3apepmaioT nocrperne GyHKuuun mkRestr: ee pe3yabTaT sBIgeTCs 00beIUHEHueM
9TUX JBYX HAGOPOB HepaBeHCTB (cM. puc. |3.8)):

mkRestr (RESTR r) s = (RESTR ri1) +. (RESTR r2)

Bamerum, 9To onpejesenne rl u r2 nNpuBeeHbl B HauboJee MpoCcTOM (JIJisd OHMMAHS )
BapuaHTe, Hed(MMEKTUBHOM € TOUKU 3PEHUsI CJ0KHOCTH BhraucjeHuii. Kpome toro, mannble
orrpejie/IeHUs] TPUBOJAAT K 3allUCHA B CHIUCKK Tl M r2 HECKOJILKUX JyOJIMKATOB OJIHOTO U TOT'O
ke HepapeHcTBa. OIHAKO 9TO HE CYIIECTBEHHO: UCIIOIb3yeMast JJIsi OKOHIATEIHHOr0 (hopMmu-
poBaHus pe3ysbTaTa oneparus (+.) BK/IIOYaeT B ceds yIaJeHHe MOBTOPHBIX IK3EMILISIPOB
OJTHOTO M TOT'O K€ HEPaABEHCTBA.

3.4.3 Pynkuusa genRestr. O6001IeHIE PECTPUKITNI
ITo 3amaHHBIM
e pecrpukiugaM rUp u rDn;
e 110/ cranoBkaM sGenUp u sGenDn,;

dbyukmusa genRestr (cm. puc. [3.9) BeIOMHAET HOCTpoeHME TecHOro 0606mmenus rGen pe-
CTPUKIIUI B IIOJTHOM COOTBETCTBUU C CXeMOil, IpuBeieHHoi B pasuede [3.4.1]
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rGen

rDn rUp Tautologies rDn Tautologies| rUp

Puc. 3.10: Ilonpaska 0. A. KiimmoBa: cxema moctpoennst 0000IIEeHNsT PECTPUKITUT

3.4.4 Ilonpaska FO. B. KiimmoBa K ajaroputmy o6001eHnsT KJ1acCOB

Becnoit 2001 roma FO.B. KimmmoB o0Hapy»Ku/1 CyIIeCTBEHHBIN HEJIOCTATOK AJITOPUTMA
0000ITEHNsT PECTPUKIIHIT: BBIYUCIAEMbIE B HEM PECTPUKITMU OKA3bIBAJINCH HEJIOCTATOUHO TEC-
HbIME. PaccMoTpum mpumep 0000ITeHNsT CASTYIONUX JIBYX KOH(MUTYPAITHii:

A.11), RESTR[A.1:#:°B]),
’Al), RESTR[ 1).

cUp = ((t,[x
cDn = ((t,[x

B mamom mpumepe Mol umeem cUp =< cDn u cieyeT oKujarh, 9To cGen coBnajer ¢ cUp ¢
TOYHOCTBIO JIO TIepeNMEHOBaHMsA C-TiepeMeHHbIX. OHako sroro Het. [leficTBuTesibHO, TIOCTE
obob1enst SR-6a3 MbI mostydaem:

cenvGen = ((t,[x := A.2]),
sGenUp = [A.2 :-> A.1],
sGenUp = [A.2 :-> ’A].

BrimostHerne 006001IeHIST pECTPUKIIAIL TaeT

mkRestr (RESTR[A.1:#:°Bl) [A.2 :-> A.1] = (RESTR[A.2:#:°Bl),
mkRestr (RESTR[ 1) [A.2 :-> ’A] = (RESTR[ 1),
rGen = (RESTR[ 1) BMecto oxkmmaemoro rGen = (RESTR[A.2:#:°B]).

[Ipuaunoit nepeoOOOITIEHNsT PECTPUKITNN SABJIETCSI TO OOCTOATENIHCTBO, YTO CIIMCOK ITPOoOpa-
30B TaBrosioruit (r2 B pyHKinu mkRestr) BHIYUCIISETCST HETOUHO, 110 IPUIHHE HEN3BECHOCTH
MHOXKECTBA, BCEX ATOMOB.

Eciin 661 MHOXKECTBO aTOMOB OBLIO OBbI 33JIaHO, HAIIPUMED IIPEJICTABIEHO CITMCKOM BCEX
aTOMOB atoms, TO CIIMCOK IIPOOOPA30B TABTOJIOTHI MOKHO OBLIO ObI BHIYUCIUTH TOTHO:

r2 = [ x:=/=:y | a <- atoms, a <- atoms, a /= b,
x <- invAImg a, y <- invAImg b]

U 9TO WCIPABUIO Obl CUTYAIIUI0 B PACCMOTPEHHOM BbIIe mipumMepe. OIHAKO, TAKYIO IIPaBKY
HEBO3MOXKHO CUUTATH YJAOBJIETBOPUTEJHHON MO ABYM IIPUINHAM:

e Kak mpaBujio MHOXKECTBO BCEX aTOMOB HE MCBECTHO, IPHU PEIIEHUN 3aJ1a9 CYITPOMITU-
JIATAN.

e JlanHas «ImompaBKay MPUBOIUT K JAPYTOMY HEYIOBIETBOPUTEIHLHOMY PE3YIBTATY, yIKe
HE ¢ TOYKU 3PEHusI 1epeoOODIIeHnsIM, a ¢ TOUKI 3PEeHNs HeJ00000IeHns PECTPUKITIIA.
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mkRestr’ :: Restr -> Restr -> Subst -> Subst -> Restr
mkRestr’ (RESTR r1) (RESTR r2) sl s2 = (RESTR r)
where r = [ x:=/=:y | (a:=/=:b) <- ril,
x <- invAImg a, y <- invAImg b,
let ineq = (x:=/=:y)/.s2,
(isTauto ineq) || (ineq‘elem‘r2) ]
invAImg ¢ = (if isAtom c then [c] else [ ]) ++
[ x | (x@(CVA _):->z)<-s1, z==c ]

genRestr :: Restr -> Restr -> Subst -> Subst -> Restr
genRestr rDn rUp sGenDn sGenUp = (mkRestr’ rDn rUp sGenDn sGenUp) +.
(mkRestr’ rUp rDn sGenUp sGenDn)

Puc. 3.11: TTonpaska 0. A. Kinumosa: ajroputm nmoctpoenns: 0600IIeHNsT peCTPUKITIH

[Tocnennnit Te3uc nmogcauM Ha rnpumepe. [lycTs:

atoms = [’A, °’B, ’C, ’D, ’E,... ’Z],
cUp = ((t,[x := ’Al), RESTR[ 1),
cDn = ((t,[x := ’Bl), RESTR[ 1).

Torma, npu yka3aHHOI IpaBKe BbIAuC/IeHNs r2 B (pyHKIMN mkRestr, BMECTO pa3yMHO-TECHO-
ro o6obmenust cGen = ((t,[x := A.1]), RESTR[ ]), mojmydmm dpe3MepHO-TeCHOEe 0000-
IeHHeE:

cGen
rGen

((t,[x := A.11), rGen),
RESTR[A.1:#:°C, A.1:#:°D, A.1:#:°E,... A.1:#:°Z].

HenocraTku n panee copMyImpoBaHHOTO aropuTMa, U MOIPABKU K HEMY, CBSI3AHBI C TEM,
YTO UJes MOCTPOeHNs TPOo0OPa30B TABTOJIOTHI OKa3bIBATECS TPY/I0PeaTn3yeMoil, HeyTaqHO’.

Kpome Toro, nonsitue «pa3ymMHO TecHOe» 0000I1eHue, TpedyeT hopMam3aliuu, omnpe/ie-
JIEHU$I, KOTOPOEe MOXKHO OyJIeT MpoBepuTh (JI0Ka3aTh) Jisi HAIIErO aJropuT™Ma. B KadecTse
TaKOr0 KpUTEPUs MbI TOTPEOYEM BBITIOJTHEHUS CBOMCTBA!

Onpenenenne 1

Astroput™m 06001IeHAS OY/IeEM HA3BIBATH 6NOAHE MECHbIM, €CITU JIJIs BCeX KOH(MUTyparuit
cUp m cDn Ttakmx, 4Tro cUp =X cDn, BbIIOJHEHO: cGen coBmnagaeT ¢ cUp ¢ TOYHOCTBIO JI0
IepenMEHOBAHNUS C-TIePEMEHHBIX.

s peanm3anyuy BIOJIHE TECHOT'O aJITOPUTMA U IS IIPEOJIOJIEHNS CJIOKHOCTEN C TIOCTPO-
enuem 1poobpaszos Tasrosoruii, FO. B. Kimmmos B 2001 rojty mpeijiozKua UCIoIb30BaATh CJie-

aytoryto uiero (Puc. [3.10)):

e [lycrs HepaBeHCTBO X :#: y dBJsieTcs TPoOOPa30oM (II0 OTHOIIEHWIO K IIOJICTAHOBKE
sGenDn) HEKOTOPOIrO HepaBeHCTBA 13 rDn (To ecTb, (x :#: y)/.sGenDn BxoauT B rDn)
U IyCTh HepaBeHCTBO (x :#: y)/.sGenUp aBisgercda TaBTOJOrHedl mianm BXoauT B rUp.
Torma, HEpABEHCTBO X :#: ¥ MOXKeT OBITH jleMeHTOM rGen.
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o [lycrs HepaBeHCTBO X :#: y gBJsieTcs TPooOPa3oM (110 OTHOIIEHWIO K IIOJICTAHOBKE
sGenUp) HekoTOpOrO HepaseHcTBa U3 rUp (To ecThb, (x :#: y)/.sGenUp Bxoaut B rUp)
U IIyCTh HepaBeHCTBO (x :#: y)/.sGenDn aBjsercs TaBTOJIOrMedl Wan BXOAUT B rDn.
Torja, HEPABEHCTBO X :#: Y MOXKeT ObITH 3JIeMeHTOM rGen.

e Dynem BkimoyaTh B rGen Bce Te, U TOJIBLKO Te, HEPABECHCTBA, KOTOPBIE OIPE/IC/ICHBI B
IPEJIBIIINNIX JABYX IIyHKTaX.

Takoe ompesiesienne peanusyer ajgropurm (Puc. 3.11)) Bosise Tecnoro 06061ieHus, B KOTopoM
HeT IIOCTPOEHUS IPOOOPA30B TaBTOJIOTHIL.

3.5 ®yuknusa genConf. O600I1IEeHNE KOHDUTYpaluii

[TycTs umerores ase Koudurypamnuu cUp, cDn ¢ OIHUM U TEM YK€ TEPMOM U3 IIEPEHYMepPO-
BaHHO#1 porpaMMbl. To ecTb, Jisi JaHHBIX KOHMUrypaimit (eM. paszes [2.2.3) BbIIOJHEHO:

cUp = ((tUp, cenvUp), rUp),
cDn ((tDn, cenvDn), rDn),
theSameTerm tUp tDn == True,
tUp = thn = t.

Oyukrus genConf crpout TecHoe obobIeHue g 3aganubix cDn u cUp: koudwurypa-
o cGen = ((t,cenvGen), rGen) rtakyio, 4uro: cGen >~ cUp, cGen >~ cDn. [locTtpoenne
BBINIOJIHsAETCsE B JiBe basbl (eM. paszern [3)):

1. Obobwenue c-cped. Beraucisiercss obobIeHne cenvGen Jijisi c-cpeji, TabIuIa 00ooIe-
nuil tab u noxcranosku sGenUp, sGenDn:

(tab, cenvGen,

i’) = genCEnv [] cenvDn cenvUp i
(sGenDn, sGenUp) =

genTabToSubsts tab
2. Obobwenue pecmpuryudi. Boraucisiercs obobienne rGen st pectpukimii rDn, rUp:
rGen = genRestr rDn rUp sGenDn sGenUp

OkoHYaTebHBIN pe3yabTaT (DYHKIUN — yHOpsiI0YeHHas TPoiiKa: Tabuia o000IeHmit
tab, obobmatomast Kondurypaips cGen, cBOOOIHBIN UHJIEKC 1 C-TIepeMeHHbIX — (POPMHUPY-
eTCsl U3 PEe3yIbTaTOB JAHHBIX BBIUNC/ICHUIA:

(tab, ((t, cenvGen), rGen), i’).

3.6 ®ynkuusa isEqCUpCGen. IIpoBepka BjoxKeHUsT KOHDU-
rypanuii cUp = cDn

I[Tycrs nmeroresa ase kordurypamun cUp, cDn ¢ OHEM U T€M YK€ TePMOM K3 TIePEHyMEpO-
BaHHO{T mporpaMmbl. To ectb, /s JaHHBIX KOHMUrYparwit (M. paszesn [2.2.3) BBIIOJIHEHO:
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genConf: :Conf -> Conf -> FreeIndx -> (GTab, Conf, FreeIndx)

genConf ((tDn, cenvDn), rDn) ((tUp, cenvUp), rUp) i =
(tab, ((tDn, cenvGen), rGen), i’)
where
(tab, cenvGen, i’)
(sGenDn, sGenUp)
rGen

genCEnv [] cenvDn cenvUp i
genTabToSubsts tab
genRestr rDn rUp sGenDn sGenUp

Puc. 3.12: @ynkiuga genConf. O6001enne Konduryparmit

cUp = ((tUp, cenvUp), rUp),
cDn ((tDn, cenvDn), rDn),
theSameTerm tUp tDn == True,
tUp = tDn = t.

Asroputm 06001TIeHIST KOHGUTYpaIiiii TTO3BOJISET M0 JAaHHBIM KOH(buryparmsm cUp u
cDn BbIYKC/JIATH 0600maroNyo Kondurypanuio cGen=((t, cenvGen), rGen) u 10JICTAHOB-
Ku sGenUp u sGenDn

(tab, cGen, i’) = genConf cDn cUp i
(sGenDn, sGenUp) = genTabToSubsts tab

Takue, 4To:

cGen
cGen

cUp,

=
>~ cDn.

B cumy mocrpoenus mecrozo 06001eHNS NMeeTCsl BOSMOXKHOCTD ITPU IIOMOIIIN aHAJII3a, Pe-
3yIBTaTOB 0000meHNs cDn 1 cUp MPOBEpUTH BJIOXKEHHUsT KOH(MUTYPAIHil: IPOBEPUTH YCIIOBHE
cUp >~ cDn. A umenno, eci BbIoJIHeHo yciaosue cUp > cDn To B pesyJsibrare 0000IIeHIs
OyJieT ocrpoeHa Kouduryparus cGen copnajamomnas ¢ cUp, ¢ TOYHOCTHIO JI0 IePENMEHOBKN
IIePEMEHHBIX.

Takum obpazom, mpoBepka ycsioBust cUp >~ cDn MoO¥KeT OBITH CBEJIEHO K IIPOBEPKE YCJIO-
Bus “clUp cosnadaem c cGen ¢ mouHOCMBIO 00 NEPEUMEHOBKU NEPEMEHHLIT”) WA, ITO PaB-
HOCUJILHO CJICJYIOIIeMY yCJIOBUIO:

Cywecmeyem nodcmaroska-nepecmaroska s, Mmakas, 4mo 6vinoAHEHO
cenvGen /. s == cenvlUp u rGen /. s == rUp.
Bamernm, 9TO:
e [loacranoska sGenUp 110 MOCTPOEHUIO OIPeJie/IeHa 13 COOTHOIIEHUS:
cenvGen /. sGenUp == cenvUp.

e Tax kak, cGen > cUp, 1o pecrpuknus (rGen /. sGenUp) He cuIbHee PeCTPUKIAN
rUp, TO ecTb, KaxKjjoe HepaBeHCTBO 3 (rGen /. sGenUp) BxomuT B rUp.
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DTO 1103BOJIIET TPOBEPKY yesoBus cUp > cDn cBecTu K IPOBEPKE CJIEIYIONIUX JIBYX YCJIO-

Buit (cM. puc. [3.13):
1. IloxcranoBka
sGenUp = [ (vi:->%1), ..., (v,:->x,)]
ABJIAECTCA ITOJACTAHOBKON-IIEPECTAHOBKOM, TO €CTh
(a) Bce maper (v;:->%;) B sGenUp MMEIOT CJIEYIOMUN BUJI: V; U X;—C-TIEDEMEHHBIE C
odunakosvmu munamu (JH60 0be ca-TlepeMeHHble, JIHO0 06e ce-IepeMeHHbBIe);
(b) BCe c-epemenHble B crmcke X8 = [x1,...,X%,] pasaudHbl (Wi, APYTUMI CJIOBa-

MM, B XS HET IIOBTOPHLIX IIEPEMEHHDBIX: XS == nub XS).

2. Kaxnoe nepasenctBo u3 rUp BxoguT B (rGen /. sGenUp) (wim, IpyruMu CJIOBaMU,
cncok missed Bcex Tex HepaBeHCTB U3 rUp, KOTopble He Bonum B rGen /. sGenUp,
sIBJIAeTCs MycThIM: null missed).

Ha pucymxe [3.13] gamo ommcanne dbynkrun isEQCUpCGen, oCyIIeCTBIIAIONIEH TPOBEPKY
BJIOYKeHUs KoHpuryparnuii: cUp > cDn, wan, 4TO TO Ke caMoe, MPOBEPKY COBIAJICHUS C
TOYHOCTBIO JI0 TIEPEeNMeEHOBaHUsS C-IIepeMeHHbIX KoHdurypanuii cGen n cUp. OyHKIms pea-
JIM30BaHa B IIOJIHOM COOTBETCTBUU C IIPUBEJICHHBLIM BBIIIC aHAJIU30M.

isEqCUpCGen :: Conf -> Conf -> Subst ->  Bool
isEqCUpCGen cUp cGen sGenUp = isRenaming && (null missed)
where
isRenaming = (all (sametypes) sGenUp) &% (xs == nub xs)

sametypes ((CVA i) :-> (CVA j)) = True
sametypes ((CVE i) :-> (CVE j)) = True
sametypes ( _ > _ ) = False

xs = [ x | (v:i->x) <- sGenUp ]

(_, RESTR rGen) = cGen

(_, RESTR rUp) = cUp

r’ = rGen /. sGenUp

missed = [ x | x<-rUp, not (x ‘elem‘ r’) 1]

Puc. 3.13: ®yuknusa isEqCUpCGen. [Iposepka Biioxkenusi Konduryparuii: cUp > cDn

3.6.1 ®ysknusa mkSubstUpDn

B ¢dyukin mkSubstUpDn BbinoJHsieTcss octpoenne (st ciaydas cUp = cDn) mojcra-
noBku sUpDn, mpuBoisiieit kounduryparmio cUp K cDn
B tom ciyuae, korjga cUp >~ cDn, TO ecThb
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isEqCUpCGen cUp cGen sGenUp == True

B CylepKOMIUIgTOpe Oy/ieT HeoOXOIMMO 3HATh MOJCTAaHOBKY sUpDn, IPUBOJISIILYIO KOH(U-
rypamuio cUp K cDn. 3aMeTuM, 9TO 9Ta MOJACTAHOBKA MOXKET OBITH JIETKO TTOCTPOEHA M3 TIOJI-
cTaHOBOK sGenUp u sGenDn. /leiicTBUTE/NBHO:

o [loacranoBka sGenUp
sGenUp = [ (vi:->%1),...,(v,:->x,)]

MPUBOIUT KOHMUTYypaluio cGen K cUp U JaHHas MOJICTAHOBKA ABJIAETCA MTOJICTAHOBKOI
IICPENMEHOBKOH, cGen coBnagaeT ¢ cUp ¢ TOYHOCTLIO IO IepenMmenosannd sGenUp c-
nepemennbix. CienoBarenbHo, mpsiMas naBepcus: sUpGen nojcranoBku sGenUp:

sUpGen = (invSubst sGenUp) = [(x;:->vi),...,(x,:->v,)]

SIBJISIETCSI TIOJICTAHOBKON-TIEPENMEHOBKOW U nodcmanoska sUpGen npusodum kongdu-
eypayuto cUp x cGen.

e [lodcmanoska sGenDn npusodum xongueypayuto cGen ¥ cDn.

e I3 npeabyIyIux ABYX IIyHKTOB CJIeIyeT, 9To cyrepro3uiius sUpDn IByX IOJICTAHOBOK
sUpGen = (invSubst sGenUp) u sGenDn:

sUpDn = (invSubst sGenUp) .*.sGenDn
SABJIAETCH TOJICTAHOBKOMN, KOTOpasi MPUBOIUT KoHpuryparmio cUp K cDn.

Ha pucynke JaHo ormcanue dbyHkImit mkSubstUpDn 1 invSubst, ocyecTBaAONIX (115t
ciyuas cUp = cDn) nocrpoenus nojcranosku sUpDn, npusojsieil kondurypamuio cUp K
cDn. OyHKINUKM peau30BaHbl B IIOJJHOM COOTBETCTBUU C IPUBEJICHHBIM BbIIIIE aHAJIU30M.

mkSubstUpDn :: Subst -> Subst -> Subst
mkSubstUpDn sGenUp sGenDn = (invSubst sGenUp) .*.sGenDn

invSubst :: Subst -> Subst
invSubst sGenUp = [ x:->v | (v:->x)<-sGenUp ]

Puc. 3.14: Oynknusa mkSubstUpDn. [locrpoenne nojicranoBku sUpDn, npuBojismieil KOH(pU-
rypanuio cUp K cDn (st corydast cUp = cDn)

3.7 BpIBoabI

B ruase [3] paccmorpen asroputm Gener. Ilokazano, 4uro o6o0iieHne JIByX KOHMpUIypa-
nnit peanusyercs B JBe ¢asbl: 0bobuienue 6a3 KOHUTypaluii u 060bwerue pecmpuriyull
KOH(UTYpaIuii.

[lepBas daza peaym3oBaHa IMPH MTOMOIIU U3BECTHOTO ajroputMa least common generati-
on, 3aIPOrpaMMIPOBAHHOIO C YIeTOM KOHCTPYKIIMN KOHGUTrypanuii st a3bika TSG.
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st peammzariuy BTopoii (pa3bl pa3zpadboTraH u 000CHOBaH aJrOPUTM OOOOIIEHMST PECTPUK-
1uit, UCIob3yeMbix 1t 1SG.

B pesysibraTte mnosyden aaroputM 06001menus, 001a, a0l il CJIe/IyIOIIM CBOMCTBOM: €CAU
svinoaneno clUp > cDn, mo 8 peayavmame obobuwerus 6ydem nocmpoena KoHPUYPAUUA
cGen, cosnadarowas ¢ cUp ¢ MOYHOCMDBIO D0 NEPEUMEHOBAHUA C-NEPEMEHHDIT .

JlanHoe cBOMICTBO peaIM30BaHHOIO AJITOPUTMa OOOOIICHUST:

e JlemoHcTpHpyeT, 9TO OH CTPOUT MecHble 0DODIIECHUST KOH(MUTYPAIIHIA.

e [lo3Bossier Jierko peann3oBaTh MPOBEPKY ycsoBus cUp »~ cDn 3a cueT aHajmsa pe-
3yJILTATOB PAOOTHI aJropuTM™Ma 00OOIECHUSI.

Tem camMbIM, B JIaHHOM ITpOEKTE TpoBepKa ycaoBus cUp >~ cDn Oblja OTHECEHa K MOJLYJIIO
0000ITIEHNsI, ITO TO3BOJIMIO YIPOCTUTH CTPYKTYPY CYNEPKOMITMIATOPA.
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I'maBa 4

CynepkoMnmjsaTop aJjis si3bika 1TSG

4.1 CrpyKrypa rpada KoHdUrypamnii 1 OCHOBHbI€ TUIIbI
JaHHBIX

4.1.1 CBeaenme KoHduUrypamuii B S-rpade

I'pad xouburypanuii (S-rpad) sBiisteTcst pacimperneM MOHITHs “depeso Korduzypauul
[3]. Ormuns (S-rpad) or gepesa Koudwuryparmit B Tom, 9o B S-rpade BBeJeHa BO3ZMOXK-
HOCTb CBOJIUTHL OJHY KoHbwuryparmio (cX) K apyroii (cY).

[Iycts B S-rpade nmetorcs kouduryparun cX, cY, u BoimosaneHo cX = cY. Torma:

e koH(buUrypanusi cX siBJIsIeTCS YACTHBIM CIydaeM KoHduryparmu cY;

e (yHKIMH, OnpeeisieMble KOH(MDUTYPAIIUSIMU CBA3AHBI COOTHONIEHISMUA:

F.x(vars cX) = Fy(vars cY /. sgy — ¢x)

rie vars cX, vars cX—CIUCKH C-TIepEMEHHBIX, BXOJdAmux B cX u cY; S;y — ox)—
MOJICTAHOBKA, cBojdIad cY K cX.

Takum obpazom, MOKHO BepiinHy cX cBecTH K Bepiune cY, a dyaknnio F.x (vars.x) ompe-
JesinTh Ha s3bike T'SG crteryrommm obpasom:

(DEFINE F.x vars cX (CALL F.y ((vars cY) /. s;y — cx)))

Ha pucynke npuBe/ieHbl QyHKIMN mkArgs n mkParms, onpejesdionue s pacCMOT-
PEHHOI'O BBIIIE CJIYYast:

e apryMenThl byHKINK F., olpeiesieHHol KoHduUryparmei c:
mkArgs ¢ = vars c.
e mapamerpbl PyHKINK F.y, IpK CcBeJIeHUN K Helt pyHKIMN Fox:

mkParms cY s,y — .x = (mkArgs cY) /. sy — ox

41
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mkArgs :: Conf -> [CVar]
mkArgs ¢ = (cvars c)

mkParms :: Conf -> Subst -> [CExp]
mkParms ¢ s = (mkArgs c)/.s

Puc. 4.1: Benomoraresnbubrie hyHKIMN J1j1sT CBeJleHNs] KOHMUTYpaIun

4.1.2 CwuaTakcuc rpada KoHdUrypammii

['pad kondwuryparmmit nmMeer OJUH U3 CJIELYIONIX BHJIOB:
e [laccuBhas BepinHa
(PASSIVE k c cexp),
rje k—yHUKaJIbHBI HOMEP BEPIINHbBI; C—IIaCCUBHAs KOHMUTYpaIlus BUIA
c = ((exp, cenv), r);

exXp—BbIpazKeHUe; cenv—c-cpejia; cexp=exp/ .cenv—c-BbIpaxKenune, 00OOIIEHHBIN pe-
3yJIbTAT BBIYUCJIEHUS KOH(UTYypaIuU C.

e Bepmuna Buja
(WHISTLE kDn kUp sgraph),

rye kDn u kUp—yHukajbHble HOMepa BepinuH, sgraph—S-rpad. lannas Bepruna
BBeJleHA I OTJIAJKA U BU3YAJBHOI'O aHAJM3a PEe3Yy/IbTaTOB CylepKOMIuIAnnn. Ke
BCerjila MOXKHO 3aMeHHUTh Ha sgraph. Bepmmna mopoxkaaercs ecim BO BpeMsl CyIiep-
KOMITIJIATIANA aJropuTMoM Wh oOHapyrkKeHa CUTyalus kon@uypauusi ¢ nomepom kDn
“onacro noxoorca” Ha Kouduypayuro ¢ nomepom kUp.

e Bepmuna cBejieHns 0JIHON KOH(MUTYPAIMH K JIPYTOii:
CALLC string kX cX kY cexps sgraphs,

rje kX—HoMep BepIuHbl ¢ KoHduryparmeit cX, CBeJCHHONW CYIEPKOMITMIATOPOM K
BepIIHe ¢ HeKOTOPOoil Korduryparmeii (cY) u ¢ Homepom kY, cexp—apryMeHThI CBe-
JIEHUsI: CeXp = vars.y /. Sy — cx; Str—crpoka-komentapuii (yimbo "UP", 6o
"DN"), str BMecTe ¢ sgraphs ONmpeJIe/IsioT TUIl CBEJICHMUST:

1. nubo str = "Up", sgraphs = [ ] —cBenenne BepmmHbl kX K BepIIMHE-TIPEIKY
kY:
2. ymbo str = "Dn", sgraphs = [sgraph]—cBenenne Bepmmue kX K Bepinne kY,

KOTOpas gBJisieTcsd KopHeM rpada KoHdurypanmii sgraph.

e Drive-pepiuna
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(DRIVE k c sbranches),
sbranches = [(cnty, sgry),..., (cnt,, sgra)l,

rje k—HOMep BepIIUHbI ¢ KOHMUryparmueii ¢; sgr;—S-rpadbl ¢ HEKOTOPHIMU KOH-
durypanusimMu ¢; B KOPHEBOI BepIIUHE; cnt,—CyKeHusi, Takue, I9T0 KOH(MUTYPAITHS
c /. cnt; upu 0OOOIIEHHOM BBLIYUCJIEHUH IIEPEXO/IUT B KOH(MUTYPAITUIO C;.

4.1.3 Nodeinfo—mHdopmalug o BepIiunHe

Pazsurue rpada kouduryparuit u3 HEKOTOpPOil BEPITNHBI OJITHOZHATHO OIIPEIEIIETCS YIIO-
psI09eHHo TPoiiKoil ¢ Tunom Nodeinfo—ciemytorieit nndopmanueii 06 3Toil Bepiune:

ni = (k, ¢, h)
riae k—HOMep BepInHbl (HOMep KOHMUrypaiwn); c—KoH(MUIypalus B JAHHOW BepIITUHE;
h = [(ky, ¢1), ..., (ki, c1)]—wucropus BepHIMHLI—CIINCOK BCEX HOMEPOB k; n KOHQU-

rypanuii ¢;, NpeIecTBYIONIX PAcCMaTPUBAaeMOll BepinuHe (HOMepa U KOH(MUTYypalud U3
BEPIIUH-TIPEJIKOB ).

4.2 BcrniomoraresabHble (pyHKITAA

®Oyuknusa isPassive. @Oyuknug-npeaukar isPassive mpoBepsieT, sIBISETC JIM TEPM Ta-
CCHUBHBIM—TO €CTh, OTJIn4IaeTcst i OH 0T CALL- 1 ALT-Tepma (SIBJISIETCsI JIM OH BBIPAsKEHHUEM ).

isPassive :: Term -> Bool

isPassive (CALL’ f args _) = False
isPassive (ALT’> cnd t1 t2 _) = False
isPassive exp = True

isWh :: Conf -> History -> [(Int, Conf)] -- smbo [ ], smbo [(kUp, cUp)]
isWh _ [ ] =[]
isWh ¢ ((i, h):t) = if (whConf c h)

then [(i,h)]

else isWh c t

Puc. 4.2: Becnomoratenbabie OYyHKINNA CyTEPKOMITUISITOPA

Oyuknuga isWh. @ynknus isWh, npocmarpusas ncropuio h HEKOTOpPOit KOHUTYpalun
c, MpoBepsieT, HeT Jin B uctopuu h koudurypanuu ¢’ (¢ HomepoMm k) “omacHo 6su3koii” ¢
KoHuUryparmueii c.

Ecnu h Oyner naiijena takas KoHpUTrypalusd ¢’ ¢ HoMepoMm K’ 1o ¢gpyHKiusg isWh Bo3-
BpaTHT CHHUCOK ¢ 310l (oxuoit) mapoit [(k?, c’)].

Ecmu B h Takoit konduryparnuu me Oyjer Haitjieno, To pyHKIMS isWh BO3BpaTUT MycTOi
crimcoxk [ ].
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4.3 Bxoanble JaHHbIE CyII€ePKOMIOMJILATOPA,
HavaJibHasi BEepPHINHA

Ha Bxoj cynepkommuisitopy (pyHKIHs SCp, CM. PHCYHOK rnojaercd mIporpaMMa p u
kJjtacc cl1 = (ces, r)—o0bo0bIennoe JanHoe JjIsd TPOTPAMMBI P, TJIe C€S—CIIMCOK C-BbIparKe-
HUH, r—pecTpuxKIus.

Bce anropuTMbl CynepKOMIIIIATOPA PAcCIUTaHbI Ha paboOTy ¢ MPOrpaMMoil ¢ TIepeHyMe-
POBAHHBIMU T€PMaMU, TIO9TOMY, B HadaJje cBoeil paboThl, (DYHKINSA SCP BBIIOJIHAET MEPEHY-
Mepalnio IporpaMMBbl:

pn = numprog p.

3aTeM BBITIOTHSIETCS TOCTPOEHNE CTAPTOBOI KOH(MUTYPAIUN C U BBIYUC/ISIETCST CBOOOTHBIIH
MHJIEKC 1—TOYHO TaK »Ke, KAK 9TO BINOJIHSIOCh B JITOPUTME [IOCTPOEHHUST JEPEBA TIPOIIECCOB
U aJropuT™Me OKPEeCTHOCTHOrO aHasm3a [3]:

(DEFINE f prms _) : p’ = pn
ce = mkEnv prms ces

c = ((CALL’> f prms 0, ce), r)
i = freeindx 1 cl

U3 pesynbrara passutus (dyHKims evalG) B rpada KoHGUTYpaIiii HATaJIbHON BEPIITH-
el ni = (i,c,[]):

(gr, i) = evalG (i,c,[]) pn (i+1)

dyukius scp uzsiekaeT S-rpad gr, KOTOPBI U ABISIETCHA PE3YILTATOM CYyHNEePKOMITAJIAIINN
IPOrpaMMBbI p Ha ODOOIIEHBIX JIAHHBIX Cl.

scp :: ProgR -> Class -> SGraph
scp p cl@(ces, r) = gr
where
pn = numprog p
(DEFINE f prms _) : p’ = pn
ce = mkEnv prms ces
C ((CALL’> f prms O, ce), r)
i freeindx 1 cl
(gr, i’) = evalG (i,c,[]) pn (i+1)

Puc. 4.3: Cynepkommnuistop. Oyukius scp

4.4 Pa3BuTtue BepHIUHBI

4.4.1 ®PDysknuga evalG. Iloctpoenue naccuBHOII BEepHUINHBI

Oyukiusa evalG siBJIgeTCsT BXOJHON B TpyIe (OYHKIUH, OCYIIECTBIAIONINX Pa3BATHE
(mpeobpaszoBanue) urdopmanuu o BepiiuHe ni B rpad KoHGUryparmii.



4.4. Pa3zButue BepITHHDBI 45

evalG ::Nodeinfo->ProgR->FreeIndx -> (SGraph, FreeIndx)

evalG ni@(k, c@((t, ce),r), h) pi =
((PASSIVE k ¢ (t/.ce)),i) , if (isPassive t)

evalG ni@(k, c@((t, ce),r), h) pi =
procDR ni dbrs p i’
where
(dbrs, i’) = drive ni p i

Puc. 4.4: Cynepkommnungrop. Oyukius evalg

Oyukiuga evalG ananusupyer TepMm t B mHMOpMalun o BeprmHe ni=(k, c, h), 1je
k—momep BepiinHbl, h—ucropus Bepiunbl, c=((t, ce),r)—koHduryparus, t—repM, ce—
c-cpejia, r—PEeCTPUKITHS.

Eciin t—naccusnblii TepM, TO OPMEUPYETCs TACCUBHAs BEPIIMHA (TaK, KaK 3TO Olpejie-
neno B paszzese [4.1.2)).

Eciu t—neraccuBHBIM TEPM, TO BBITIOJIHAETCA NPO020HKa BEPITUHBI Ni TPU TOMOIIK (PyHK-
nun drive. [Toydennsiit ciimcok dbrs BapuaHTOB IIPOTOHKN BEPINMHBI AaHAJTHM3UPYETCA PYHK-
el procDR, KoTopasa n onpeaesideT JajJabHellee pa3BuTUEe HEllaCCUBHON BEPIIMHBI ni.

4.4.2 ®PDysknusa drive. IIporonka HeracCUBHOI BepIIWHbI HA OJUH
miar

Qyukusa drive BBINOTHAET MIPOTOHKY HemaccuBHOM BepmuHbI ni = (k, ¢, h) Ha onmuH
Imar, rje k—Homep BepIunbl, h—ucropus Bepiunbl, ¢ = ((t, ce),r)—koudurypammsd, t—
TepM, Ce—C-CpeJia, r—PEeCTPUKITUS.

Beinosinenne dbyHKIWN (CM. PUCYHOK OpraHu30BaHa TOYHO 10 TOI XKe CXeMe, 9TO U
B (bparMeHTax aJropuTMOB IIOCTPOEHUS JiepeBa KOHMUTYpaluii 1 OKPECTHOCTHOIO aHAJIN3a
[3], a dyuknus obobmenHoro BuruuCIeHUsT yCa0BHUsT B ALT-TepMax 3aMMCTBYETCSl U3 9THX
AJITOPUTMOB.

PesynbraTrom paborsr dpyHKINMN drive siBjsgeTcs ClncoK dbrs BapraHTOB IIPOTOHKH BepP-
IIMAHBI Ni:

dbrs = [(cnty, ¢1), ..., (cnte, c9)]

rje cnt;,—aJjbrepHaTHBHbIE CyKeHus (0ObeuHenne Bcex <c/.cnt;> coBmajaer ¢ <c>), c;—
KOH(UI'YypaIUU, IOyIYeHHbIE BBIIIOJTHEHUEM OJIHOTO Iara 0O0OIEHHOTO BhIUNC/IEHUsT KOH(U-
rypamuu c/.cnt;.

CymiectBennbiM oTyimareM (GYHKIUE drive OT COOTBETCTBYIONUX (hParMeHTOB YIIOMsi-
HYTBIX aJrOpUTMOB u3 [3]| sBsgeTcs HemelIeHHOe TPUMEHEHHs K CIHCKY dbrs onepauuu
ydaaenusa cyruxr eemeetl, peaan3oBannoit gpyukimeir delEmptyDBr.

QOyuakrusa delEmptyDBr nmpocMaTpuBaeT CIUCOK BApUAHTOB IPOI'OHKU BEPITUHBI ni

dbrs = [(cnty, c1), ..., (cnte, co9)]
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drive ::Nodeinfo->ProgR->FreeIndx -> ([DBranch], FreeIndx)
drive ni@(k, c@(( CALL’ f args _, ce), r), h) pi =
([(dac, c)]1 , 1)
where
DEFINE _ prms t’ = getDef f p
ce’ = mkEnv prms (args/.ce)
c’ ((t?,ce’),r)

drive ni@(k, c@(( ALT’> cnd t1 t2 _, ce), r), h) p i =

( (delEmptyDBr [(cntl,cl),(cnt2,c2)]), 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)

Puc. 4.5: Cynepkomnuisarop. Oyuknus drive

delEmptyDBr :: [DBranch] -> [DBranch]

delEmptyDBr [ ]
delEmptyDBr (dbr:dbrs) =
case dbr of
(_, (_,INCONSISTENT)) -> delEmptyDBr dbrs
-> dbr: (delEmptyDBr dbrs)

[]

Puc. 4.6: Oynknusa delEmptyDBr—yiajenne cyXuX BeTBell B CIUCKE BAPUAHTOB ITPOTOHKU
BEPUINHBI

u yjassier u3 Hero BerBu (cnt;, ¢;) ¢ 3aBegomo mycrbiMu (<c;> = ()) kouburyparmsamu,
y KOTOPBIX pecTpukimn HecoBMecTHbI (INCONSISTENT). Crmcok ocraBmmmxcs (Tocse y/iase-
HUsI CyXUX BeTBeil) BADUAHTOB MIPOrOHKM BEPIIUHBI N1 1 BO3BPAIAETCS KAK OKOHYATE ThHbII
BapuaHT dyHKIUN drive.

4.4.3 Dynknus procDR. AHaan3 pe3yJabTaTOB ITPOTOHKU

®yukius procDR Bb3biBaercs u3 dynkiun evalG (cm. pucyHok [4.4). Cpenn cBoux ap-
I'YMEHTOB, procDR nosy4aer

e menaccuBHyto Bepruuy ni = (k, c¢, h), rae k—mHomep BepIIUHbI, h—ucTOpHUsS Bep-
IIUHDBI, C—KOHMUTIYPAIIUA BEPIIHHBI;

e crucok dbrs ocraBumxcs (Moce yaajeHusl CyXUX BeTBeil) BADHAHTOB IPOrOHKH HA
OJIMH 1ar BepmuHbl ni (pesyiabrar GyHKimu drive, cM. pasjen s:SDrive):
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dbrs = [(cnty, ¢1), ..., (ent,, c,)]

rJie cnt,—aJIbTepHATHBHBIE CyzKeHus (0O beMHeHne Beex <c/ . cnt;> COBIAIAeT ¢ <c>),
c;,—KOH(UIYypAINH, [TOYIE€HHbIE BBIIIOJTHEHIEM OJIHOTO Itara 0OOOIIEHHOIO BBITHUC/IE-
Hus Koudurypamuu c/ . cnt;.

Dynknust procDR BBINOMHSAET aHaN3 (CM. PHCYHOK ) PE3y/JIbTATOB HPOTOHKH Ha OJMH
IIar BEpPIIMHBI N1 U CTPOUT €€ Pa3BUTHC.

procDR ::Nodeinfo->[DBranch]->ProgR->FreeIndx -> (SGraph, FreeIndx)

procDR ni@(k,c,h) dbrse[ ] p i ((CALLC "Z2" k c 0 [1 [1),1)

procDR ni@(k,c,h) dbrs@[(cn,c’)] p i = evalG (k,c’,h) p i
procDR ni@(k,c,h) dbrs p i =
case (isWh c h) of
[ ] -> mkDbr ni dbrs p i
[(xUp,cUp)] -> ((WHISTLE k kUp gr), i’)
where (gr, i’) = procWh ni kUp cUp p i

Puc. 4.7: Oyukius procDR. AHaau3 pe3yibTaToB IPOTOHKN

Bepinna 6e3 npojiosizkenus. Eciu y BepHIMHBI ni HeT BAPUAHTOB PA3BUTHSA
dbrs = [ ],

TO B 9TOM ciydae (PYHKIIIIO KOHMDUTYPAIUU C
F,, (vars,)

CJIEJIyeT IIOJIOZKUTh HUTJIEe He OIPE/IeJIEHHOII.
O6o3naunm 1vepes FO [ ] aurje ne onpejeieHHy0 (DYHKIIUIO C IIYCTBIM CIIUCKOM apry-
MeHTOB. Torya, MOYKHO JIaTh CJIejlyloliee olpe/iesenue s Fy,

(DEFINE F, (vars.,) (CALL FO [ 1))

B obo3nauenusx cuaTakcuca rpada KoHdurypamuit To ke camoe OIpeJiesIeHIe 3a/1aeTCs
BEPIINHON:

((CALLC "2"k c¢ 0 [1 [1),1)

Vmenno Takyio BeprimHy U cTpouT (yHKIUs procDR, ecim y ni HeT HU OJHOIO BapHaHTa
passuTust (CM. IepBoe IpeozKenne Ha pucynke [4.7).

3aMeuanre. HemocpeJCcTBEHHO U3 TEKCTOB aJrOPUTMOB HETPYIHO OOHAPYZKHUTb, 9TO CHU-
Tyamust sepwuna 6e3 npodosstcenus He peanusyema 1id TSG—iepBoe mpeaio:kenne B pyHK-
1un procDR HuKOrIa He OyAeT BBIMOMHATHCA. OTHAKO MBI YMBINIIEHHO OCTABUIIN JIJIs TIOJTHO-
ThI TEKCTa, 9TOOBI MOJIHO BBICBETUTH ODIILYI0 CTPYKTYPY CYNEpKOMIIIATOpa (6e3 mMpuBsI3Ku
K KOHKDETHOMY $I3BIKY DeaJIu3allin ).
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Tpansutubrii mar. Ecju y Bepruabl ni onun Bapuant pazsutugd—dbrs = [(cn, c?)],
TO B 9TOM CJIydae MPOMCXOMUT OECyCTIOBHBIN (TPaH3UTHBIN) Mepexol 0T KOHPUTYpaIii ¢ K
koHdwurypamnun ¢’. B peaqnzoBaHHOM B HAIIEM IIPOEKTE CYTNEPKOMITIISITOPaA (Kak 1 B 60JTb-
IITHCTBE CYHEPKOMIIMIATOPOB) TaKOil Mepexo/l BBIIOJIHSETCsI (CM. BTOPOE MPeJJIOZKEeHNe Ha
pUCYHKE [0 MPHUHIUIY “6e3 nposepku Ha 3auurxisusaHue, 6€3 noporcoeHus mpaH3um-
notl eepwuns, (update in place) u napawusanus ucmopuu”. To ecrb, pesyabrar pasBUTHS
BepmmHabl ni = (k, ¢, h) mosaraercs paBHbIM pasBuTuio Bepmmubl (k, ¢’, h). menno
TaKOIl BapHaHT W IpUBeJeH Ha pucyHke [4.7]

Beme/IHa C HECKOJIbBKNMMU ITPOJAOJI2KEHUAMMA. Ecim Y BEPIIUHBI ni HECKOJIBKO Bapu-
AHTOB pa3BUTHA:

dbrs = [(enty, ¢1), ..., (cnt,, c,)]

TO B 9TOM CJIyuae, Tpexkje Bcero B byHKimn procDR (M. BTOpoe IpeJIozKeHne Ha PUCYHKe
BBITIOJTHSIETCS [TPOBEPKA BO3MOXKHOI'O 3allUK/InBaHus—Bbraucjsgercsa (isWh ¢ h).

Ecyim B ucropun h BepimHbl ni He HAILIOCh KOH(MUTYpAIUil OacHO OJIM3KUX K KOH(U-
rypalyu c:

(isWh ¢ h) == [ 1,

TO, Tipu noMmornu dbyHKIMU mkDbr (cM. paszjen CTPOUTCsI BEPINUHA JjId Ni ¢ BETBAMUI
IPOJIOJIZKEHUSI, COOTBETCTBYIONMMHU CIHUCKY dbrs:

(DRIVE k c brs),
brs = [((cnty,gry), ..., (cnt,,gr,))]

rjie gr;—rpadbl KOHDUTYpaIuil, TOCTPOEHHBIE IS C;.
Ecsin B uctopun h Bepmuubsl ni nanurack kouduryparms cUp (¢ nomepom kUp) oracHo
O/im3Kast K KOHpuUrypaiuu c:

(isWh ¢ h) == [(kUp,cUp)],
TO TIOPOXKJIAIOT BEPIIMHY C OTJIaI0YHON mHMOpMalueil n “cBucTke”
(WHISTLE k kUp gr),

a cobcrBeHHO S-rpad gr JIsi BepIIMHBI ni ompejensercs GyHKnueir procWh (cMm. pasmen
4.4.9)):

procWh ni kUp cUp p i

3aMedyaHue 0 paJIMYHBIX CTPATErusX OOPAbOTKM TPAH3UTHBIX BEepPINUH. Boiiie ObI-
JIO CKA3aHO, YTO B HAIIEM MPOEKTE CYNePKOMITIISITOPa (KaK 1 B GOJIBITHHCTBE CYIEPKOMITH-
JIATOPOB) TPAH3UTHBIE BEPINUHBI 06pabaThIBAIOTCs (CM. BTOpOE MPEJJIOXKEHNe Ha PUCYHKe
“es mposepku na 3ayuKrAuBanUE, 03 NOPoHCIeHUs MPaH3uMHol eepwunss (update in
place) u napawusanus ucmopuu”.

B obrmiem citydae, cyrecTByeT Tpu OCMBICIEHHBIE CTpaTernn 00pabOTKN TPAH3UTHBIX BEP-
IIIUH, KOTOPbIE MOYKHO OIMUCATDL TPEMs PAJUIHBIMU COCTOTHUAMU JIBYX OYJIEBCKHUX ITepEMEH-
ubix (duaros) trIsSpecCase u trInPlace:
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1. Tpansummnvie sepuiunst He Hado NPOSEPAML HaA 3AUUKAUBIHUE, UL HE HAJ0 BKAIOUAMD 6
UCTNOPUIO PA3BUMUS BEPWUHDL (He CTNOUM, 8 QaADHETULEM UCKATD UUKAYL HA MPAHI UM
HOLE), a 3HaAMUM, OHU He HYNHCHBL 6 2pade Konduaypauuti—enoane donycmum “update
in place” (BapuaHT, IPUBEJIEHbIH HA PUCYHKE :

trIsSpecCase = True
trInPlace = True

2. Tpansummnsie sepruurvt e Hado NPOBEPAMD HA 3AUUKAUBAHUE, 00HAKO BO3MONCHDL UUK-
DL HG MPAH3UMHBIE EPUUHBL—UT HAD0 BKAOUAMH 6 UCTOPUI0 (G 3HA%UM U 6 2pad

Kongueypayui):

trIsSpecCase = True
trInPlace = False

3. He me&yem HUYeM omAau4ams aHaAU3 TMPAH3UTNHBLT nepe:z:odoe om arHaau3a MHo20-
6APUAGHMHBLL nepexodos:

trIsSpecCase = False

Bapunant dynkiun procDR, Mojiep:KuBaiouii Bce Tpu CTPATErNH IIPUBEJIEH HA PUCYHKE

4.8

-- VMeHWTe 3Tu OBe CTPOKHM, HIJld BeHbopa cTpaTeruu obpaboTku
-- TPaH3UTHHX BEpIUH:

True -- unu False
True -- unu False

trIsSpecCase
trInPlace

procDR ::Nodeinfo->[DBranch]->ProgR->FreeIndx -> (SGraph, FreelIndx)

((CALLC "Z" k c 0 [1 [1),1)

procDR ni@(k,c,h) dbrs@[ ] p i

procDR ni@(k,c,h) dbrs@[(cn,c’)] p i
| trIsSpecCase = if trInPlace
then (evalG (k,c’,h) p i)
else (mkDbr ni dbrs p i)

procDR ni@(k,c,h) dbrs p i =
case (isWh c h) of
[ ] -> mkDbr ni dbrs p i
[(kUp,cUp)] -> ((WHISTLE k kUp gr), i’)
where (gr, i’) = procWh ni kUp cUp p i

Puc. 4.8: Bapuant dynknun procDR, HOJJIepKUBAIONINI Pa3/JIMIHbIE CTPATETMH PadOTHI C
TPAH3UTHBIMIA BEPITHHAMUI
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4.4.4 ®dDysknusa mkDbr. IlocTpoeHue BeTBeil MPoOI0I2KEHUIT
[IycTn

1. ni = (k, c, h)—HemaccuBHas BepinHa, K—HOMEp 9TOI BepinHbI, h—ee ucropus,
c—KoHpuUryparmus;

2. st BEPIIMHBI Ni IPOrOHKOM ITOCTPOEHO HECKOJIBLKO BapUAHTOB Pa3BUTH
dbrs = [(cnty, ¢1), ..., (ecnt,, c,)]

rue cnt;,—ajJbTepHATUBHLBIC CY2KEHUSI (O6'be,ZLI/IHeHI/Ie Bcex <c/.cnt;> COBIAIAET C <c>)7
c;—KOH(MUIypaImu, oy IeHHble BbIIIOJTHEHIEM OIHOTO Iara 0000IEeHHOTO BIUNCIEHUST
KoH(uryparuu ¢/ .cnt;.

Oyukiusg mkDbr ¢TPOUT I ni BEPIIMHY € BETBAMU ITPOJIOJIZKEHUSI, COOTBETCTBYIOMTUMMU
cimcky dbrs:

(DRIVE k c brs),
brs = [((cnty,gry), ..., (ent,,gr,))]

rje gr;—rpadbl KOHGUIYpaIKii, TOCTPOEHHBIE JJIA C; P TOMOIIHU (QyHKIH evalG:
(gr;, _) = evalG (i, ¢;, h’) p i

raeni; = (i, c¢;, h’)—wundbopmarus o BepiinHe ¢ KOHPUTYpaleil ¢;; i—yHUKaJIbHBII HO-
Mep JIJIsI BEPIIUHBI ni;, onpeensgeMbiii B (pyHkmur mkDbr pa3IndHbIME 3HAUEHUAMEI CBOOOI-
HOT'O MHJEKCa C-IIEPEMEHHBIX; h’—HUCTOpUs BEPIINHLI Ni;.

O6paTuM BHHMaHNE, YTO BCE BEPIIMHBI Ni;—HEIOCPEICTBEHHBIE CBIHOBbS Ni, U UCTOPUS
h’ y HEX BcexX OJIMHAKOBAS—3TO UCTOPUs h caMoil BepIIMHBI ni, B KOTOPYIO J00aBIE€H HOMEpP
k 1 KOHUrypalus ¢ U3 ni:

h’> = (k,c):h

mkDbr ::Nodeinfo->[DBranch]->ProgR->FreeIndx -> (SGraph, FreelIndx)

mkDbr ni@(k,c,h) dbrs p i = ((DRIVE k ¢ brs), i’)

where
h’ = (k,c):h
(brs,i’) = mkBrs dbrs i
mkBrs :: [DBranch]->Freelndx -> (SBranches,Freelndx)
mkBrs [ ] i=(1,D
mkBrs ((cn,c’):dbrs) i = ((cn,gr):brs, i2)
where
(gr, i1) = evalG (i,c’,h’) p (i+1)
(brs,i2) = mkBrs dbrs il

Puc. 4.9: @ynkiua mkDbr. [TocTpoenne BeTBeil mpo o/ KeHTi
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4.4.5 @Pysknnsa procWh. O6padoTka BO3MOXKHOTO 3aIUKJINBAHUS
[IycTp

1. ni = (kDn, cDn, hDn)—HemaccuBHasi BepinuHa, KkDn—HoMep 3Toil BepmnHbl, hDn—ee
ucropus, cDn—KoHMUIypaIms;

2. B ucropuu hDn BepmuHbl ni Hanuiach Kouduryparws cUp (¢ Homepom kUp) omacHo
O/tm3Kast K KOHpUrypanun cDn:

(isWh cDn hDn) == [(kUp,cUp)].

Oy procWh ompenessier rpad gr KOHMUIYPAIWl /I BEPIINHBI Ni CJIeTyIOmNIM
obpaszom (cm. pucynok [4.10)):

1. Bemosnsiercsa 0606mmenue (euM. paszedn |3.5)) koudurypanuii cDn u cUp:

(gTab, cGen, il) = genConf cDn cUp i
(sGenDn, sGenUp) = genTabToSubsts gTab

2. Ilo pesymbrararam o6obimennst (cM. paszed (3.6) nposepsiercs ycaosue (cUp = cDn):

(isEqCUpCGen cUp cGen sGenUp)

(a) Ecsm yciosue (cUp > cDn) BBINOJIHEHO, TO BEPIIMHA Ni MOXKeT OBITh CBEJIEHA
K BeprmmHe-tipesky (kUp, cUp, _). B kadectBe rpada Jijis BepIimHbl ni B 3TOM
ciaydae crpoutcd BepimHa Up-cBejieHud:

gr = (CALLC "Up"kDn cDn kUp (mkParms cUp sUpDn) [ 1)

rie sUpDn = (mkSubstUpDn sGenUp sGenDn) —I0JCTAHOBKA TPUBOJLAIIAA KOH-
dburypaumio cUp k cDn (cuM. pazzen [3.6.1)).

(b) Ecau ycioue (cUp > cDn) He BBINOJHEHO, TO BEPIINHY Ni HEOOXOIMMO CBOUTD
K HOBOII Bepiuue (_, cGen, _), Tak KaK pa3BUTHE BEPIINHLI N1 CBA3aHO C OIaC-
HOCTRIO 3anukanBanus. Ceemenne ni Kk (_, cGen, _) Bcerjia BO3MOYXKHO, TaK KaK
1o roctpoennio (cGen >~ cDn).

B kadectBe rpada st BepmIMHBI ni B 9TOM cJydae CTPOUTCS BepinHa Dn-
CBEJICHHUSI:
gr = (CALLC "Dn"kDn cDn il (mkParms cGen sGenDn) [grGen])
rje
e grGen—rpad KoHUTypannii, /7 HOBOI BepINUHBI nGen:
nGen = (i1, cGen, hGen)
(grGen,i’) = evalG (il, cGen, hGen) p (i1+1)
e il—yHHMKAaJbHBIA HOMED BepiuHbl nGen (ONpejessieTcs Py IOMOIIU CBOOOI-
HOT'O MH/JIEKCA C-IIEPEMEHHBIX );

e hGen—wucTopua BepmnHBI nGen: 3Ta BEPIIUHA—HENOCPEICTBEHHBIN CBHIH Ni 1
ucropusi hGen—s1o ucropusi hDn camoit BepIIuHbI ni, B KOTOPYIO J100aBJIeH
Homep kDn u Kouduryparnusg cDn u3 ni:

hGen = ((kDn, cDn) :hDn)
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procWh ::Nodeinfo->Int->Conf->ProgR->FreeIndx -> (SGraph, FreeIndx)

procWh ni@(kDn,cDn,hDn) kUp cUp p i =

if  (isEqCUpCGen cUp cGen sGenUp) -- BKJIampBaeTca cDn B cUp 7
then ( (CALLC "Up" kDn cDn kUp (mkParms cUp sUpDn) [ D, i)
else ( (CALLC "Dn" kDn cDn il (mkParms cGen sGenDn) [grGen]), i’)
where

(gTab, cGen, il) = genConf cDn cUp i

(sGenDn, sGenUp) = genTabToSubsts gTab

sUpDn = mkSubstUpDn sGenUp sGenDn

hGen = ((kDn, cDn) :hDn)

(grGen,i’) = evalG (il, cGen, hGen) p (il+1)

Puc. 4.10: @yuxnus procWh. O6paboTKa BOZMOKHOTO 3AIMK/IMBAHMS

4.5 @PyYyHKHIUHN BbIBOJA pe3yJ/ibTaTa CylNepKOMIMJIAIAN

B mojyie scp.gs mpUCYTCTBYIOT OIMHUCAHUE JIBYX BCIIOMOTaTeIbHBIX (DYHKITHI, TpeiHa-
3HAYEHHBIX JIJIs peobpa3oBanus rpada konduryparuii B nporpaMmmy Ha a3bike TSG:

e Oynkiusa extrProg :: SGraph -> ProgR — mnpeobpasyer rpad kouduryparuii B
nporpammy Ha s3bike TSG.

[IpeobpazoBanne HaMCAHO IO MPUHITUITY: KaXKJad BEPIIUHA OIpeessdeT (PyHKIHIO.
[Tosromy, B mostygaemoii (pu momornu extrProg) mporpaMme 0YeHb MHOTO (DYHKITHI,
npudeM OOJIBIIUHCTBO U3 HUX BBIZBIBAIOTCHA I10 OJHOMY Pa3y B TEKCTE IIPOrDAMMBI
(dbysKIHH, cOOTBETCTBYOIIE HEOAZUCHBIM KOH(MUTYPAIHSIM ).

o Oymnkius optimize :: ProgR -> ProgR—mpocTroe mpeobpa3oBaHue MIPOrPaMMbL: €C-
Jit (PYHKITUS BBI3BIBAETCS B IIPOTPAMME OJIUMH Pa3, TO €€ MOXKHO yJIaJIUTh U3 ITPOrpaMbl,
[OJICTABUB BMECTO BBI30Ba 3TOi (byHKIMHU ee Tesio (¢ 3aMeHON apryMeHTOB Ha mapa-
MeTPhI BBI30BA).

PesynvraTom npumenenus gyukiun optimize xk TSG-nporpamme, mosmydaeMoil mpu
nomornu byHKIUN extrProg spiisieTcsd 1porpaMMa, B KOTOPO# Kazk iast (PYHKIIUs CO-
OTBETCTBYeT 0A3MCHON KOH(MUTYPAITIH.

Tak kKak 3Tu QYHKIIUKM HOCAT BCIIOMOTATEIbHBIN XapaKTep, UX ONMUCAHUE HEe aHaJIU3UPY-
eTcs B JIaHHOI paboTe.

Bce nmpumeps! cynepKOMIWIAINN, pacCMaTpUBaeMble B IVIaBe s:Samples IMOCYUTAHBI 110
CJICJIYIOIIEHA CcXeMe:

p’ = optimize (extrProg (scp p cl)))

rjle p—CyHepKOMIIMJInpyeMas IporpamMmma, cl—kJjace, o000IIeHHoe TaHHoe IS P, p’—O0CTa-
TOYHAs MPOTpaMMa, Pe3yJIbTaT CYHEPKOMIINISIINN.
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4.6 BrniBoabl

B raBe {4 BBesien cunTakcuc npejcrasienus rpada koudurypaimii (S-rpada) mias TSG,
PacCMOTpEHa Ollepallis CBeJIeHHs IBYX KOHUrypamuii B S-rpade, omnpejie/eHbl BCIIOMOra-
TeJIbHBIE CHHTAKCHIEeCKHEe KOHCTPYKIINU ¥ (DYHKIUH JJIsT CYTIEPKOMITUISITOPA.

BareMm, omnpeeseH U 00CYKIEH COOCTBEHHO CYIIEPKOMITIIATOP s s13biKa, T'SG, ocHOBaH-
HBIl Ha HJiee BBITIOJTHEH s 00001IeHIsT KOHMUTYpAIil B HUKHel KoHbUrypanuu (B CHTyaIinn
603MO2ICHOE 3aUUKAUSAHUE). [IaHHBIN CYyEePKOMIMIATOD UCIIOIb3yeT aIropuT™bl Wh 1 Gener
(onpesieniennblie B TiaBax [2{ u |3) u aaroputsmbl, hyHKIMU U oneparyu u3 [3].

B sasepiiennn riasbl [4] paccMOTpeHbl BerioMoraresbHble (DYHKIUN, TIPeIHa3HAYeHHbIE
JIUTs BBIBOJIA Pe3y/IbTrara cyrnepKoMuusmu (rpada Kondurypanuii) B aurabesbHOM BHIE (B
sujie TSG-tiporpammsbt).
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IIpumepsbl cynepKOMIMJIAINA

5.1 Crenuaamsanus OporpaMm

[Iycts p [x,y] —mporpamma Ha R oT ABYyX apryMeHTOB. 3adUKCUPYyeM OJUH apryMEHT,
HalpuMep X, HOJIOKUB ero paBHbIM A. Ilosryuennyio yHKIMIO P4, _] ONHOTO apryMeHTa:

Pla,_] [y] =P [A’y]a
Oy/ieM Ha3bIBATH Ipoekiueit p va [A, _].
AnanoruaabiM 06pa3oM onpeje/dercs IPOeKIu py_ g I Clydasd (bUKCAIUH BTOPOro
aprymerTa QyHKIUN:

p_.p [x] =p [x,B],

" IIPpOEKIUU 110 HECKOJIbKUM apryMmeHnTaM IIporpaMMBbl C HpOHSBOJIbHOfI APHOCTDBIO.

Ompenenenune 2
Cneyuaauszamopom 0as A3vika B HA3BIBAIOT MPOTPpAMMYy Spec, KOTOpas

1. mo TekcTy nporpaMmbl pER n
2. 10 HEKOTOPOMY OITMCAHUIO ITPOEKITNU—YTO BKJIIOUAET OIpeseieHre TO3UINI B CITUCKE
apryMeHTOB p, MOJJIeXKAIMNUX (DUKCAIIH, U 33/IaHNe 3HAUeHN (PUKCUPYEMBIX apTyMeH-

TOB;

BBITIOJTHSET CREYUAAU3AUUY TPOTPAMMBI p—CTPOUT 3P DEKTUBHYIO TpOorpamMmy p’, peasiu-
3YIOIIYIO COOTBETCTBYIOILYIO IIPOEKITUIO (DYHKITUH P.

CeI‘O,D;HH HECKOJIbKO TEXHOJIOIMI II03BOJISIIOT BBLIIIOJHSITH HAa IIpaKTUKE CIIelIaJIn3aluio
nporpamm. Cpean HUX HamboJIee YCIIENTHO CIPABJISIOTCA ¢ JaHHON 3a1adeii:

e “Scp’—CyHepKOMIIISINAS—OINH 13 METO/I0B MEeTaBbITUCACHUN 1

e “Pe’—wacrmumoe BbImoHeHHe (CMEIIAHHbIE BLIMHCICHNS).

25
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5.1.1 CynepKoMOmjadIsg KakK MeTOJ CHeIAJIA3AINN ITPOrpaMM

Cynepromnusauus—OoINH U3 Pa3ej0B MEeTaBbIYUCICHUN,—COBOKYITHOCTb TOHATHU, Me-
TOJOB U AJTOPUTMOB METABBIYUCICHUN, TTO3BOJIAIONINX BBIIOJIHITEL IIyOOKHE IMpeodbpa3oBa-
HIs IPOrPaMM Ha sI3bIKe peajn3arui R.

AprymeHTamMu CyrnepKOMIUISATOPA ABJISIOTCS: pER—IIporpaMMa Ha si3bIKE Pean3aiu u
cl—kJracc, 0600IIEHHBIE JIAHHDBIE TS P.

CynepKOMIIISITOP HOCTPOEH 110 CJIEAYIONIEH CXeMe:

1. BoinosiHsiercsi ocTpoerne 1mepdeKTHOro JiepeBa MPOIeCccOB tree HpPOrpaMMbl p Ha
Kyacce cl, Tak Kak 910 onucano [3;

2. Ilporecchr pasBuTusi 66CKOHEUHBIX BETBeil jiepeBa tree rapaHTUPOBAHHO NPUOCNAHAG-
AUBAIOMCA B HEKOTOPOI BepIIHE (TOYKa OOHADYKEHUST 603MONHCHO20 3AITNKIMBAHNUA ).

OTO BBIIOJIHIETCS TIPU ITOMOIIM TOH WM MHOHM peaJsim3aliun ajaropuTMa wh obHapyKe-
HUS 603MOHCH020 3AIUKJIMBAHUSA BBIYUC/IUTEILHOIO MIPOIEcca. paboThI.

[Ipm mprocTaHoBKe Iporiecca pa3BUTHA BETBU, &JTOPUTM Wh YKa3bIBaeT JIBE BEPITUHbI
Ha JJAHHOI BETBU:

® 1n,, HUXKHSS BEPIIUHA BETBU—TOYKA OOHAPYKEHUS 603MOIHCHO20 3AIUK/IMBAHUS;

e n,,OJHAa U3 BEPUIUH Ha TOW K€ BETBU, YTO U Ngy;

OTu JBe BEPIINHBI XapaKTEPU3YIOTCS TEM, UTO UX KOH(MHUIYDPAIUH Cyy, U Cgy OHACHO
MOXOKU ', ITO U ABJIAETCHA TPUUIUHON 603M021CH020 OECKOHEYHOI'O PA3BUTHSA JIAHHOIM
BETBH.

3. Brummomasgercs anaan3 “IpruOCTaHOBIEHHON BETBU JIEPEBA.

(a) Ecin cg,=cyp, TO BOCCTAHABIMBAETCS Cy7KEHHE, IPUBOJISIIEE Cyp K Cop '
Cup/ - (8 8)/.(R T)=Cgp

S o o
u oopmiageTca yuka—pedpo (Cgqp — Cyp) OT HUZKHEH BEPIIUHEBI N, K BepxXHeil
n,,, C IPUIUCAHHON JaHHOMY peOpy mozacranoskoit s. Ha sTom passutne mamHoit
BETBU 3aBeplIaeTCd.

(b) Ecisu ycioBue ¢4y, =cyy, He BBIIOIHEHO, TO BLIIOIHIETCS 0000wenue Konpuzypayud
Cdn 7 Cyp—IOCTPOEHHE IIPH IOMOIIN HEKOTOPOT'O aJrOPUTMa gener o0IIeil JJId Cqp,
U Cyp HAJIKOHPUIYPAIUHU Cgen’ Cdn=Cgen, Cup=Cgen-
[Tocie 9TOTO TPUMEHACTCA HUNCHAA NEPECMPOTUKA K GEPULUHE Ngy,: BETBH YIJIN-
HAeTCA Ha OJHO Pebpo ¥ OHy BepimuHy: (Cgp —> Cgen), IJle S—TIOJICTAHOBKA W3
CY?KEHHH, IPUBOJAIIETO Cgep, K Cep.
ITocie dero ¢ KOHMHUIYpPAIUH Cge,, BO30OHOBJIAETCA IPOIECC PA3BUTHSA JAHHOI
BeTBH (KOHETHO Ke, IOJl KOHTPOJIEM aJIrOpUTMa Wh).

B pesysibraTe onmcaHHbIX BbIIIE JAEHCTBUN CYIIEPKOMITMIATOD SCP “‘CBOpavYrBaeT IOTEH-
MUAJIHHO OecKOHEeYHOe TepMEKTHOE JIEPEBO MPOIECCOB B 2GPAHMUPOSaAHHO KOHEUHBIN rpad
KOH(UTYy paruii:

scp p cl = graph
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MIPEICTABJISIONINI BCe TIPOIECChl BBIYUCIEHU p Ha Kjacce cl:
P(p,C)C<graph>

Taxum obpasoM, rpad OnmMChIBACT BLIYUCIUTEILHOE TTOBEIeHNE p Ha <c1>.
Jlannbrit rpad KoHMUTYpaIuii SBITETC HpOI‘paMMOﬁE graph=p. ¢ napamerpamu

[vi,...,v,] = cvars cl = X
1 CO CJIIYIONIUM CBOWCTBOM:

Iycmov cl=(ces,r)=(e(X),r).
Pacemompum npouseosvroe darnoe de<cl>.

Iycmy s€FVS (cl)—nodcmaroska, maxas, wmo cl/.s=(d,RESTR[]). To ecmwv:

s=[v;:->d;, ..., vy :->d,]=(X :->d)EFVS(cl)
d=ces/.s=e(X)/. (X :->d)=e(d)

Toz0a 6vinosneno:
pa [di,...,d] =pd=p elld,... d,]) (5.1)
UAU, 8 HePOPMANOHOT BEKMOPHOT HOMAUUL:

pa d = p e(d) (5.2)

Takum 06pazoM, CYMEPKOMIUISATOD BBIYUCSIET IIPOTPAMMY P, KOTOPas ABJIAETCS Pe-
BYJBTATOM CNEYUAAU3AUUL P HA KAACC €L, TO €CTh CHeNUaIbHON Bepcueil mporpaMMbl p s
caydasi, KOTJa BXOJHBIE JTaHHbIe UMEIOT BU/I d=e (d) €<cl>. [Ipu 9TOM BBIIOHSIIOTCS TJIy0O-
Kue 1mpeodpa3soBaHus UCXOIHOM TPOrPaMMBI P.

BaMeTuM, 9TO Npu NOMOULU CYNEPKOMNUAAUUL MOHCHO GHINOAHUMD A00YI0 KAACCUYE-
ckyto (BBEJIEHHYIO ONpeJIeJIEHUEM [2)) Cneuuaiu3ayuo.

Hanpuwmep, nycts p [x,y]—mporpamma Ha si3bIKe R OT JIByX apryMeHTOB, KOTOPYIO HAJIO
CIeIUaIN3UPOBaTh: BBIYUC/ANTEL Ipoeknnio Ha [A,_], rme A€EEVal—HekoTopasi KOHCTAHTA.
Onpenenum kiace cl ciaemyomum obopaszom: c1=([A,£€.1i], RESTR[]) u BBIIOJIHUM CyIIep-
KOMIIMJIAIIAIO:

scp p cl = pg

B cuity ocHOBHOrO cBOMCTBa (CM. OTHOIIEHHUSI u [5.2)) cynmepkoMmmisitopa, st JTE00ro
x€EVal OyJieT BBIIIOJTHEHO:

pa [x] =p [A,x] = pia_) [x]

Takum 06pazom, IPU TOMOIIK CYyTIEPKOMIUJISIINN BBITIOJIHEHA KJIACCHYeCKasl CIeIMaIn3allns:
IIOCTPOEHA IPOIPaMMa Py, Pealusyionias QyHKIIIO P4, _].

Jlannbrit mpuMep Jierko obobimaercd Ha J1I000e ONMCaHNe 3aKa3a mask Ha KJIaCCHYECKYIO
CIICIINAJIN3AITUIO LITO6I)I BBIIIOJIHUTD IIPU ITIOMOIIY CYIIEPKOMIINJIATOPA IIPOECKIUIO ITPOT'PaMMbl
p [x1,...,%,] Ha

! Tounee—nexoropoit dopmoit samcu mporpammsr [9, 10, 15 [16], 19]. DTa samuch HaCTOMbKO GIH3Ka K
sizpikaM S-Graph [19] m TSG, uro graph serko moxker GbITh peoGpazoBan B mporpammy Ha TSG.
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mask=[mask;, . ..,mask,],
rie mask;—aubo0 KoHcTaHTa—mask;€EVal, ymbo “npodyepk’—mask;="_",

Ha/I0 BBIIOJIHUTDH CYNEPKOMIUIAINIO SCP P Clyask, 1€

cl,ask=(ces, RESTR[]),

ces=[cesy,...,ces,],

ces;=mask;, ecau mask;,—KoHcTaHnTa, mask;cEVal u

ces;—ce-llepeMeHHad, ecau mask;="_", npu4yeM, Bce ce-IIepeMeHHbIe B Ces—pas3-
JIMYHBIE.

Jpyrumu ciioBaMu, ces—3To mask, B KOTOPOil Bce “Tipouepkn’ 3aMeHEHbI Ha, pa3-
JINYHBIE Ce-TIepeMeHHbIe.

3aMeTuM, UTO CYNEPKOMIIMIATOD IO3BOJISET CTPOUTH CIEIHMa/IbHbIe BEPCUU IIPOIPAMM,
BBIXOJIAIINAE 33 PAMKHU KJIACCUYECKOTO OIpEJIe/IeHns CHeluan3anu. PaccMoTpuM camblit
npocroit mpumep. [lycts p  [x,y] —1porpamma Ha g3bIKe R 0T ABYyX apryMeHToB. PaccmMoTpum
kiaacc ¢c1=([€.1,£.1], RESTR[]), u BBINOTHUM CYIT€PKOMITHIATIAIO:

scp p cl = py

B cuy ocroBHOrO cBOiCTBa (CM. OTHOIIEHMUST u |5.2)) cymepkoMmmiisTopa, st J060ro
x€EVal Oy/eT BBIITOTHEHO:

pa [x] = p [x,x]

Takum 0b6pa3oM, IIPU MOMOIIHU CYIEPKOMITHIAIIY BBITIOJTHEHA HEKAACCUMECKASA “TUATOHAb-
Has CHEIUaIu3alllsd: MOCTPOeHa IMporpamMMa py, peanusyiomad dynknuo f [x] = plx,x].

Buinoansemasn CYNEPROMNUAATIOPOM CNLEUUAAUIAUUA TIPOSPAMMDBL P HA KAACC CL,
eeedennan 0np696/b6HU€JVL@ ABAACTCA NoHAMUEM boAee WUpPoOruUM, Yem KAACCU-
YeCKaa CNeyuanu3ayusl.

3ameuyanue CyIiecTBEHHO CJIeIyIOIIEe CBOMCTBO TEOPUHU CYIEPKOMITAJISIIAN: B HEil 9acTo
MPUXOIUTCS UMETH JIEIO C JITOPUTMIYECKN HePa3PEIMMBIMI 3a[adaMI 1 B 3TOM CJIydae JI0-
BOJILCTBOBATHCSA AJTOPUTMUIECKUMU “TIPUOINKEHHBIMEI® PENIeHUSIMI JaHHBIX 3a1ad. OauH
U3 MPUMEPOB TAKOH CUTYAIIMH—aJrOPUTM Wh PaCIO3HABAHUS 603MOHCH020 BAIUKIMBAHUS
BBIYUC/IUTE/ILHOTO TIporecca. [la u B 1mesiom, 1e/ib CynepKOMITMIAIINA—IIOCTPOeHne epdeKT-
Horo rpada Koudwuryparmmit—aaropurmMudecku HepaspenmMast npobsema [19]. ITosromy Ha
KasK/IOM dTale pa3BUTHA TEOPUHU CYIEPKOMITAISIIIAN UMEIOT JIEJIO ¢ TIPUOINKeHHBIM aJITOPUT-
MUYECKUM PeIIeHreM JTaHHOH MPOOJIeMbl—CYIIEPKOMITHIATOD BBIMOTHIET TOCTPOEHNE “TTIOUTH
nepderTHoro” rpada KoHdurypamnuit. A mporpecc B T€OpUN CYMEPKOMITHIATINA—ITO TOJTY-
qeHue Bce 60JIee TOUHBIX MPUOIMKeHnit K mepdeKTHoMy rpady.

CrencrBueM JAHHON CUTYAIUU SIBJISIETCS TO, UTO JAHHBIN Iporpece He nMeeT hopMaib-
HBIX OI'PAHUYCHUI.

Cosepuiencmsosamv memodvl CYnEPKOMNUAAUUY MOHCHO becnpedeavro. Cynep-
KOMNUAAUUA U MEMABHIYUCACHUA 8 UEAOM, KAK 00AACTND HAYUYHOLT UCCAL08aHU,
ABAAECMCA HEOZDAHUMEHOT 00AACTNDI0. M
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5.2 Cruenunann3anys Mpu IIOMOMNIN CyNIepKOMIITMIATOPA.
Ot pmatch k KMP-anaropurmy

M3BecTHO, 9TO CJI0KHOCTH AJrOPUTMa HAUBHOTO TIOUCKA TOJCTPOKU B cTpoke O(N X M),
riae N—mmnaa crpokn, M—mHa moactpokn, a cioxkuoctb KMP- anropurma—O(M). Ilo-
ITH BCE CYIIECTBYIOIINE CErO/IHsT CYNEPKOMITMISITOPBI MOTYT 3aMEHSTh HAUBHBIN TIOUCK I10/I-
crpoku B crpoke Ha KMP-anropurm. Pacemorpum npumepst nmocrpoenns: KMP-aiaropurma
CYHEPKOMITUJIITOPOM, TIPEJICTABIEHHBIM B 9TOH paboTe.

5.2.1 IIpumep 1. Ilouck noacrpokm “AAB” B mpon3BOJILHOI CTpPOKeE

[Iporpamma moncka mojgcrpokn “AB” B Tpon3Bo/IbHOI cTpOKe HammcaHa Ha s3bike TSG, ee
aprymeHToM spisgercs crpoka E1. [Iporpamma crpout jiBe bynkiun: "F2", KoTopasi HAXOIAT
aroM B cTpoke, n "F11" koropad HpOM3BOAUT CpaBHEHUE HANJIEHHOI'O aTOMa C HY2KHBIM
CUMBOJIOM TOJCTPOKMU.

dyaknuga "F2". B neppoii cTpoke (OYHKINN IIPOBEPSETCs, UMeeT Jin nepeMentas E1 But:

E1 = E3:E4,

e cciu HeT, To E1 = A5, u n1poBepka HeycClellHa, II0JICTPOKA He Hail/leHa;

e cCJM A, TO HNPOUCXOJUT MPOBEpKa, uMeeT Jau nepeMentada E3 sun E7:E8, n E1 npu-
uumaer Bug E1 = (E7:E8) :E4,

e ccau E3 = E7:E8, TOo 1oACTpOKa HE HaiijieHa.

e ¢C/Id 3Ta HPOBEpPKa HeyCIlellHa, TO 3TO o3HadaeT, 4yTo E1 mmeer sug E1 = A9:E4 u
POUCXOIUT BbI3oB by F11[A9, E4]:

(call "F11"[ A9, E4]).

DTO O3HAYAET, UTO HAlJIEH KAKOH-TO CUMBOJI, U HY?KHO IIPOBEPUTH, PABEH JIM OH TIeP-
BOMY CHMBOJTy MCKOMOM TOJCTPOKH. DTO JieJIaeT Cjieayomas (pyHKIns.

Oyaknua "F11" B Tor MoMeHT, Korjia HadnHaeT padbory dyHkiudg F11, m3BeCTHO, UTO
crpoka E1 nmmeer BuI;

E1 = A9:E4.

[IpoucxoauT npoBepKa, paBeH JiM HaliJIeHHBIH aToM A9 aTomy A.

e [Kciu mpoBepka He ycrenHa, TO ecTb A9 /= ’A; TO NHPOUCXOIUT BBHIZOB (DYHKIIUN
"F2"[ E4 ]. 9710 o3HadYaeT, 9YTO Terephb Oy/1eT MPOUCXOIUTH MOUCK mogcTpokn “AB”,
HaunHada ¢ E4.

e FEcim npoBepka okazajach ycuemHoit, A9 = ’A, TO CTAaHOBUTCA U3BECTHO, YTO

El = ’A:E4,



60 I'naBa 5. Ilpumepbl CynepKOMITHISITHA

(define "F2"[ E1]l=
(alt (cons? E1 E3 E4 A5)
-- E1 = E3:E4
(alt (cons? E3 E7 E8 A9)
-- E1 = (E7:E8):E4
’FAILURE
-- E1 = A9:E4
(call "F11"[ A9, E4])
)
-- E1 = A5
’FAILURE

Puc. 5.1: KMP nya crpoku "AB". Oynkiua "F2".

u HavYnHaeTcs pa3bop E4.

Oyukius nposepsieT, umeeT jiu E4 Buy: E4 = E13:E14 unu E4 = A15.

e Fciu E4

A15 to E1 = ’A:A15, Heycnex.

e FKEcmuE4 = E13:E14, u E1 umeer Bu: E1 = ’A:E13:E14, To npoucxoaut pazdop E13.
e FEcm E13 = E17:E18, u E1 = ’A:E17:E18:E14, T0O 10JCTPOKa He HaligeHA.

e Fcim nposepka He ycrenHa, To E1 umeer Bu: E1 = 2A:?A19:E14, u Hy»KHO IIPOBe-
puTh, paBeH Jm aToMm A19 atomy B.

e FEcmu A19 = ’B, To mOJCTPOKa HaiijeHa.

e FEciu A19 /= ’B, To npoucxoauT Bbi30B hyuknun F11 [ A19, E14 ]. 910 o3Hadaer,
9TO IporpaMma OyjeT uckaTh moAcTpoky “AB”) naunnas ¢ cumBosia A19.

5.2.2 IIpumep 2. Ilouck moxacrpoku “AABAAC” B nmpou3BoOJIbHOIA
CTpOKe

Pabory naunnaer pyukius "F2" [ E1 ]. Cravasia dbyHKIUs TPOBEPSIET, KAKON BU] NMEET
cTrpoka E1.

e Fciu E1 = A5, 1o mojicTpoKa He HaiijleHa.

e FKEcim E1 = E3:E4, TO NpouCXoauT IpoBepKa E3.
e FKciu E3 = E7:E8, To MojCTpOKa He HalijicHA.
e Fcium E3 = A9, u E1 = A9:E4, To npoBepseTcs, paBeH Jim aToM A9 aTtomy A.

e FKEcmu A9 /= ’A, mu E1 = A9:E4, 1o npoucxoaut Bbi30B dpyuKImu "F2"[ E4 ].
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(define "F11"[ A9, E4]=
-- E1 = A9:E4
(alt (eqa? A9 °A)
-- E1 = ’A:E4

(alt (cons? E4 E13 E14 A15)

-- E1 = ’A:E13:E14

(alt (cons? E13 E17 E18 A19)
-- E1 = ’A:(E17:E18) :E14

’FAILURE
-- E1 = ’A:A19:E14

(alt (eqa? A19 °’B)
-- E1 = ’A:’B:E14

>SUCCESS

-- E1 = ’A:A19:E14, A19 /= ’B
(call "F11"[ A19, E14])

) )
-- E1 = ’A:A15
’FAILURE
)
-- E1 = A9:E4, A9 /= A
(call "F2"[ E4])

Puc. 5.2: KMP gyis crpoku "AB", dyukius "F11"

e FEcimu A9

’A, To E1 = ’A:E4, u HaunHaercsa pa3dop E4.

e FEcm E4 = A15, To mojCTpOKa He HaiijgeHa.

e FKcm E4 = E13:E14, aEl =
e FEcmm E13 = E17:E18, a E1
e Fcm E13 =

"F21"[ A19, E14 ].

’A:E13:E14, To npoucxoaut paszdop E13.

= ’A:E17:E18:E14, TO NOACTPOKA HE HaliJeHA.

A19, To E1 = ’A:A19:E14, u npoUCXOUT BbI3OB (DYHKIIUN

Dyaknuga "F21" B momenT Hadasia paborsl dynknun "F21" uzsectHo, uro E1 nmeer BuI:

E1l = ’A:A19:E14.
[IposepsieTcs paBencTBo aroma A19
e FKcmm A19 /= A, uEl = ’A

e Fcym A19

')A, mEl = ’A:

e Fcmu E14

A25, To ecThb E1

aTomy A.
:A19:E14, to BbI3BIBacTCA dyukius "F2" [ E14 ].
’A:E14, To npoucxoauT paszbop E14.

= 7A:’A:A25, TO MOJACTPOKA He HaligeHa.
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(define "F2"[ E1]=
(alt (cons? E1 E3 E4 A5)
-- E1 = E3:E4
(alt (cons? E3 E7 E8 A9)
-- E1 = (E7:E8):E4
>FAILURE
-- E1 = A9:E4
(alt (egqa? A9 ’A)
-- E1 = "A:E4
(alt (cons? E4 E13 E14 A15)
-- E1 = ’A:(E13:E14)
(alt (cons? E13 E17 E18 A19)
-- E1 = ’A: ((E17:E18) :E14)
"FAILURE
-- E1 = ’A:(A19:E14)
(call "F21"[ A19, E14]) )
-- E1 = ’A:A15
’FAILURE )
-- E1 = A9:E4, A9 /= ’A
(call "F2"[ E41) ) )

-- E1 = A5
’FAILURE
) )
Puc. 5.3: KMP s crpokn "AABAAC". Oyukiug "F2"
e FKEciu E14 = E23:E24, E1 = ’A:’A:E23:E24, to pasbupaercs E23.
e FKEciu E23 = E27:E28, E1 = ’A:’A:E27:E28:E24, TO 1oJIcCTpOKa HE HaiijieHa.
e Fcym E23 = A29, 1o E1 = ’A:’A:A29:E24, u NPOUCXOIUT BbI30B (DYHKIIUN

"F31"[ A29, E24 ].

®ynkmua "F31" Korna Be3Bana gyukiug "F31", E1 umeeT c/ielyonumii BU/I;:
E1 = ?A: (°A: (A29:E24)).
[IpoucxoauT npoBepka, paeH i arom A29 aTtomy B.
e Fcmm A29 /= ’B, 1o BBI3BIBaecca (yukius "F21"[ A29, E24 ]:
(call "F21"[ A29, E24])
e FKciu A29 = ’B, u E1 npunumaer B

El1 = ’A: (CA: (°B:E24)),
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(define "F21"[ A19, E14]=
-- E1 = ’A:(A19:E14)
(alt (eqa? A19 ’A)
-- E1 = ’A:(’A:E14)
(alt (cons? E14 E23 E24 A25)
-— E1 = ’A: (CA: (E23:E24))
(alt (cons? E23 E27 E28 A29)
-- E1 = ’A: (CCA: ((E27:E28) :E24))
"FAILURE
-- E1 = ’A:(CA: (A29:E24))
(call "F31"[ A29, E24])
)
-- E1 = °A:(?A:A25)
»FAILURE
)
-- E1 = ’A:(A19:E14), A19 /= °A
(call "F2"[ E14])
) )

Puc. 5.4: KMP njis crpokn "AABAAC". @yuknusa "F21"

TO HauMHaeTca pasdop E24.

e FKcim E24 = A35, To E1 = ’A: (’A: (’B:A35)), 1 nojicTpoKa He HaiijieHa.

e FEcmm E24 = E33:E34,E1 = ’A: (CA: (°B:(E33:E34))), To npoucxoaur paszbop E33.

e Korma E33 = E37:E38, a E1 = *A: (CA: (’B: ((E37:E38) :E34))), TO IOJCTPOKa HE
HaJIeHA.

e Koryma E33 = A39, a E1 = *A: (A: (’B: (A39:E34)) ), NpOUCXOIUT IIPOBEPKA paBEH-

cTBa aToMoB A39 1 A.

e EcmA39 /= A, uEl = *A: (CA: (°B: (A39:E34))), TO NIPOUCXOTUT BHI30B (DYHKIINN

"F2"[ E34 ]:
(call "F2"[ E34]).
e FKEcim A39 = A E1 = A: (CA: (°B: (’A:E34))), To HaunHaercs pa3doop E34.

e FKEcmmE34 = A45, E1 = ’A: (CA: (°B: (°A:A45))), To mOACTPOKA He HaiiIeHa.

e FKEciu E34 = E43:E44, E1 = *A: (CA: (°B: (’A: (E43:E44)))), TO paccMaTpUBATECH

E43.

o EcmE43 = E47:E48, uE1l = ’A: (CA: (°B: (’A: ((E47:E48) :E44))) ), TO OACTPOKA

He HalilleHa.
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o FcmmE43 = A49, mE1l = *A: (CA: (°B: (’A: (A49:E44)))), TO IPOUCXOIUT TTPOBEPKA
paBeHCTBa aToMOB A49 m A.

e FEcmum A49 /= ’A, mw E1 = ?A: CA: (PB: (’A: (A49:E44)))), TO HIPOUCXOJUT BBI3OB
byuknun "F2" [ E44 ]:

(call "F2"[ E44]).
o Fcm A49 = PAJE1 = ?A: (CA: (°B: (’A: (’A:E44)))), To npoucxonut pazbdop E44.

e FEcmum E44 = AB5, E1 = ?A: (CCA: (CB: (°’A: (’A:A55)))), To HOACTPOKA HE HaiiaeHa.

e FEcmmE44 = E53:E54, mE1 = ’A: (CA: (°B: (CA: (’A: (E53:E54))))), To pa3bupaet-
ca EB3.
e FEcmmES3 = EB7:E58, uEl = *A: (CCA: (°B: (°A: (CA: ((E57:EB8) :E54))))), To 1oJ-

CTpPOKa He Haﬁ,ZLeHa.

e FEcmum E53 = A9, u E1="A: (CA: (°’B: (’A: (°’A: (A59:E54))))), To mpoBepsieTcss pa-
BEHCTBO aToMOB A59 m ’C.

e FEcmu A59 = °C,E1 = A: (CA: (°B: (CA: (°’A: (°C:E54))))), To IOACTPOKA HaiieHa.

e FEcmmA59 /= °C,uE1="A: (CA: (°B: (°A: (’A: (A59:E54))))), TO BbI3bIBAETCA (PYHK-
musg "F31"[ A59, E54 ]:

(call "F31"[ A59, EbB4])

DTO 03HAYAET, UTO Jlajiee OYIeT IMPOUCXOIUTH TOUCK TOJICTPOKH, HAYMHAS C CUMBOJIA
AB9.

5.2.3 BrpiBoabl

B paszneine [5.2] paccMoTpensl ipuMepb! CyepKOMITUIAINT aJlropuT™Ma pmatch Ha Kiaccax
Buga (([string, £.1), [ 1), rue string—HekoTOpas KOHCTaHTHasi CTPOKa. PaceMoTpen-
HBIE TIPUMEPBI TIO3BOJIAIOT CIEIATH CJICLYIONHI BHIBOJ: PEATU30BAHHBIA 110 IPOEKTY Cylep-
KOMITIJIATOD CIOCOOEH BBINOJHATH HETPUBUAILHYIO CIENUAIU3aIMIo IporpaMm. B gacTho-
CTH, IPOrpaMMa HAMBHOTO &JITOPUTMAa IIPOBEPKHU BXOXKJIEHUs TIOJICTPOKU B CTPOKY IIPH CIIe-
[UaTM3AIUH 110 TIePBOii MOJCTPOKE UM YCIIEIIHO IIpeobpasyercs B aaroputym Kuyra-Mopucca-
[IparTa.

5.3 Ilpoekiiun ®yramypsbl-TypunHa

5.3.1 Omnpenenenne npoekiuii ®yramypsoi-Typuanna

[IpemmoioKumM, 9To s 3aIncaH Ha si3bIKe R. DTo 1aeT BO3MOKHOCTH IPUMEHATDH S K CaMO-
My cebe, 9TO MO3BOJISIET BBIMOJHATD IEMOYUKY CIeIHaIn3aIiii (MeTaCHCTEMHBIX MEePeX0JI0B)
I aBTOMATHYECKN CTPOUTH MO 33JaHHBIM IIpOrpaMMaM HOBBIE, PeaJIM3YIONIe BeCbMa HEeTPU-
BHAJIbHbIE (DYHKIIAH.
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(define "F31"[ A29, E24]=
-- E1 = "A: (CA: (A29:E24))
(alt (eqa? A29 ’B)
-- E1 = "A: (CA: (’B:E24))
(alt (cons? E24 E33 E34 A35)
-—— E1 = °A:(PA:(°B:(E33:E34)))
(alt (cons? E33 E37 E38 A39)
’FAILURE
-- E1 = ’A: (CA: (°B: (A39:E34)))
(alt (eqa? A39 °’A)
-— E1 = "A:(CA:(°B: (’A:E34)))
(alt (cons? E34 E43 E44 A45)
-- E1 = A:(CA: (’B: (°A: (E43:E44))))
(alt (cons? E43 E4A7 E48 A49)
’FAILURE
-— E1 = PA: (CA: (’B: (’A: (A49:E44))))
(alt (ega? A49 °’A)
-- E1 = PA:CA: (B:(CA: (CA:E44))))
(alt (cons? E44 E53 E54 A55)
-— E1 = "A: (CA: (CB:(CA: (CA: (E53:E54)))))
(alt (cons? Eb3 E57 EbB8 A59)
’FAILURE
-— E1 = PA: CA: CB: (CCA: (CA: (AB9:E54)))))
(alt (eqa? AB9 °C)
-—— E1 = "A: CA: OB: (CA: (CCA: (°C:E54)))))

> SUCCESS
-— E1 = "A:(CA:(CB: (CA: (°A: (AB9:E54))))),
-- A59 /= °C
(call "F31"[ A59, E54]) ) )
"FAILURE )

-— E1 = 2A: (CCA: (’B: (°A: (A49:E44)))), A49 /= °A
(call "F2"[ E44]) ) )
"FAILURE )
-- E1 = ?A: (°A: (’B: (A39:E34))), A39 /= A
(call "F2"[ E34]) ) )
’FAILURE )
-- E1 = "A: (PA: (A29:E24)), A29 /= ’B
(call "F21"[ A29, E24])
) )

Puc. 5.5: KMP nyist crpokn "AABAAC". @yukmusa "F31"

PaccmoTrpum 3HaMeHUTHIN TTpUMEp [5] [Iycts p—uporpamma Ha g3bike L, d—1aHHbIe 1719

* . .2
p, p [d] i res, intL—unTepnperaTop A3biKa L, Hanmucanubii Ha R. Vcmoib3ys HECKOJIBKO
pa3 OCHOBHOE CBOMCTBO CIIENUAIN3ATOPA, TOJIYIUM, 9TO JJId JI000i pEL 1 JTI00bIX d BBITOJI-
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HEHO:

res = intL [p,d]
= s[intL%,p] [d]
= s[s%,intL%"] [p] [d]
= s[s%,s%"] [intL%"][p] [d]

[TocTpoenbl Tpu HOBBIE TPOI'PAMMBI Ha sI3bIKe R:

pR = s[intL%,p]
compL = s[s%?,intL"’]
gencomp = s[s%?,s%]

OcHOBBIBasCH Ha (byHKL[I/IOHaJIbeIX cBolicTBaxX JaHHBIX IIpOI'paMM, MO2KHO JaTb UM IIDpH-
BbIYTHOE [IJIsI TECOPUU IITPOrpaMMUPOBaHUd HAUMEHOBaHUE:!

1. TIporpamma pR=s [intL*?,p] nHa aswike R ob1amaer Tem CBOHCTBOM, 9TO jy1s J1H060r0 d
BoinostHeHo pR [d] = intL [p,d] = p d.

Takum obpaszom, pR—rporpamma Ha R DyHKITMOHATLHAILHO SKBUBAJIEHTHAS IIPOIDAM-
Me p Ha L. To ecTb, pR—pe3yavmam KomMnusiauuy npoepammo. p ¢ A3vka L Ha A3bK
R.

2. TIporpamma compL=s[s?,intL%’] o6mamaer Tem croiicTBOM, 9TO JUIs TI06OH PEL BhI-
nojineHo compL [p]=pR.

To ectb, compL—romnuaamop ¢ a3vika L Ha A3k R.

3. IIporpamma gencomp=s[s%’,s%”] obnamaer Tem cBoiicTBOM, 9TO 15t TIOGOTO A3BIKA L,
J1d KOTOPOT'O IIPeJICTaBJICHO “‘ero onncanrue’ B BUJle HHTepIpeTraTopa intL, BHIIOJIHEHO
)
gencomp [intL*’]=compL.

To €CTh, gencom ABJISICTCA 'eHEPAaTOPOM KOMIMJIATOPOB.

Wrak, npu moMoIy crienuaan3aiuy 13 UMEIONUXCcs TporpaMM p, intl u s aBroMarmye-
CKHU (MIPH MTOMOIIY BBIYUCJIEHNUTT) MOTYIeHbl TPU HOBBIE TIPOIPAMMBI ¢ BECbMa HETPHBUAIb-
HBIMH (DYHKITASIMHU.

Beriire moBTopeHo noctpoenue Tpex 3HaMeHUTHIX Tpoekiuit Pyramypsol-Typunna, nepsbie
YIOMUHAHKsST O KOTOPBIX B IMyOIMKanusax oTHocATes K 70-biM rogam [5].

5.3.2 KomMmnmisgaius KOHeYHbIX aBToMaroB autol u auto2 B TSG

Ha pucynkax [5.6] [5.7, 5.8 upusesien unrepuperarop si3bika KOHEIHBIX aBTOMATOB.
B saHHOM sI3bIKe [POrPaMMbI—KOHEYHBIE aBTOMATHI—UMEIOT CJIEYONHUi CHHTAKCHC:
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automaton = °NIL | (CONS state-def automaton)
state-def = (CONS state-name def)

def ::= ’NIL | (CONS char-def def)
char-def = (CONS char state-name)

state-name = atom

char ::= atom

67

prog_auto :: ProgR
prog_auto =
[ (DEFINE "auto" [auto,x]
(ALT (CONS’ auto state_def tauto a)
-- auto=(state_def:tauto)
(CALL "loop" [state_def, x, auto])
-- auto=a
(error_in_auto auto)

),
(DEFINE "loop" [state_def, x, auto]
(ALT (CONS’ state_def state def a)
-- state_def=(state:def)
(ALT (CONS’ x hx tx ax)
-- x=(hx:tx)
(ALT (CONS’ hx el e2 ax)
-- x=((el:e2):tx)
(error_in_data x)
-- x=(ax:tx), state_def:(state:def)
(CALL "NewState"[ax,def,tx,auto])

)
-- x=ax -- The End
state
)
-- state_def=a

(error_in_auto state_def)

),

Puc. 5.6: MareprperaTop s3bIKa KOHEYHBIX aBTOMATOB, (DYHKINK auto u 1oop



68 I'naBa 5. Ilpumepbl CynepKOMITHISITHA

(DEFINE "NewState'[ax,def,x,auto]
(ALT (CONS’ def chardef tdef a)
-- def=(chardef:tdef)
(ALT (CONS’ chardef char statename a)
-- chardef=(char:statename)
(ALT (CONS’ char el e2 achar)
-- chardef=((el:e2) :state)
(error_in_auto chardef)
-- chardef=(achar:statename)
(ALT (EQA’ ax achar)
-- chardef=(ax:statename)
(ALT (CONS’ statename el e2 astatename)
-- chardef=(ax: (el:e2))
(error_in_auto statename)
-- chardef=(ax:astatename)
(CALL "NewStateDef" [astatename,auto,x,auto])
)
-- chardef=(achar:statename), achar /= ax
(CALL "NewState"[ax,tdef,x,auto])

-- chardef=a
(error_in_auto chardef)
-- def=a -- ompezeneHue IepexXONOB KOHYWJIOCH, HO ax He HaWmeH

(error_in_data ax)

)’

Puc. 5.7: NaTepriperarop g3blka KOHEYHBIX aBTOMAaTOB, (byHKINs NewState

[TepBoe oripejienienne state-def B 3ammcu KOHEYHOTO aBTOMATA 33/IaeT HAYAIbHOE COCTOsI-
HUe aBTOMaTa. B mHTEpnperaTope 1o TeKyleMy COCTOSHUIO U BXOHOM CTPOKE BBIITOJTHAETCS
OOBIYHBIN TTOPSIOK MHTEPIPETAINA KOHEYHOI'O aBTOMATA!

1. Ecam BxosHas cTpoKa X ucyepiiaHa, To B KaueCTBe Pe3yJIbTaTa BbIJIAeTCs NMS TEKYIIEro
cocrosinus state (dbynkuus "loop", pucyHoK |5.6)).

2. Ecnn or BXOIHOI CTPOKH MOXKHO OT/IEJIUTH BXOIHON CHMBOJ ax— X = axX:tX,—TO BbI-
TIOJTHAIOTCA CJIEAYIONeE JIeHCTBUS:

(a) st rekyrero cocrosinusi (CONS state-name def) B onpejenenusx def uiercs
mapa Buja (CONS ax statename), rje ax—IIepBblii CHUMBOJI B X, statename—ums
HOBOTO cocTosiHust aproMarta (dyHkius "NewState", pucyHoxk [5.7)).

(b) B komeunoMm aBroMaTe HIeTCs onpejenenne state_def Jjig HOBOTO COCTOSHUSA
(byukrusa "NewStateDef", pucyHox |5.8)).
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(DEFINE "NewStateDef'" [astatename,defs,x,auto]
(ALT (CONS’ defs state_def tdefs a)
-- defs=(state_def:tdefs)
(ALT (CONS’ state_def state def a)
-- state_def=(state:def)
(ALT (CONS’ state el e2 astate)
-- state_def=((el:e2):def)
(error_in_auto state_def)
-- state_def=(astate:def)
(ALT (EQA’ astate astatename)
-- state_def=(astatename:def)
(CALL "loop" [state_def, x, auto])
-- state_def=(astate:def), astate /= astatename
(CALL "NewStateDef" [astatename,tdefs,x,auto])

)
-- state_def=a
(error_in_auto state_def)
)
-- auto=a
(error_in_auto auto)

Puc. 5.8: NnTeprperarop s3blka KOHEYHBIX aBTOMATOB, (bynkius NewStateDef

(¢) BermosHsteTcs mepexo aBToMaTa B HOBOE COCTOSTHUE, YIAIACTCS HATAJTBHBII CHM-
BOJI aX M3 BXOJHOW CTPOKU X —PEKYyPCHUBHO BbI3bIBaeTcd (yHKIUS "loop" jyid
cocrognud state_def u cTpokm tx.

PaccmoTprM /1Ba KOHEUHBIX aBTOMAaTa, IPUBEIEHHBIX Ha PUCYHKE [5.9

Apromar autol jomyckaer CTPOKH U3 OJHUX HYyJell U (ecsim cTpoKa JOMyCTHMA) BO3Bpa-
aeT B Ka4ecTBe pe3ysbrara aTroM ’E.

Apromar auto?2 jionyckaer CTPOKM U3 HyJIell U eJuHUIl U (eC/M CTPOKa JIOMyCTUMA) BO3-
BpallaeT B Ka4eCcTBe Pe3y/bTaTa:

e aroM ’E — ec/i BO BXOJIHOM CTPOKE OBLIO YeTHOE YUUCJIO €IIMHUIL;

e aroMm ’0 — ecau BO BXO,ZLHOI71 CTPOKE OBLJIIO HEYETHOE YUCJIO CIWHHII.

Bcnomorarenbabie dyHKiuu. Ha pucynke pUBEIeHbI (DYHKIIUU JIJIS 3aITUCH BBI-
paxkennit. Pynknusa at crpout Tepm ATOM X 110 3a/IaHHOI CTPOKE X.
Qyukusa cA 1o cnucky cuMBosioB (x:y: [1) cTpout Tepm Buaa

CONS (ATOM [x] (ATOM [yl1)).
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autol = list[ list[ at"E", cA"OE" ] ]
auto2 = list[ list[ at"E", cA"OE", cA"10" ],
list[ at"0", cA"00", cA"1E" ] 1]
Puc. 5.9: Koneunsle aBromarsl autol u auto?2
at :: String -> Term

at x = (ATOM x)

cA :: [Char] -> Term

cA (x:y:[1) = CONS (ATOM [x]) (ATOM [yl)
sT :: [Char] -> Term

sT [] = ATOM "NIL"

sT (x:xs8) = CONS (ATOM [x]) (sT xs)
list :: [Term] -> Term

list x = ht x (ATOM "NIL")

ht :: [Term] -> Term -> Term

ht [] y =Y

ht (x:xs) y = CONS x (ht xs y)

Puc. 5.10: @yukmun Jid 3alliCl BbIpazKeHUi

Oyuknuga sT dopMupyer cTpokKy.
Oyukiug 1ist co3jaeT CHUCOK, JOMUCHIBAaA MOJYYEHHBIH TepM B KOHEI| MMEIOIIErocsd
crmcKa. 371eCh UCIOJb3yeTcsa GpyHKIMs ht, KoTopast (GOpMEPYET TOJOBY W XBOCT CITHCKA.

Komnuasmusa aBromara autol B TSG . Komnudius BIOTHEHA BHIYUCIEHUEM IT€PBOI
npoekiun Pyramypol-Typunna:

scp prog_auto ([autol, £.1], RESTR[])

rJe prog_auto—MHTEPIPETATOP KOHEYHBIX aBTOMATOB, autol—olpe/iesieHre KOHEYHOTO aB-
ToMara.

st aBromarta autol pesyabrarom Kommmisaiuu B TSG saBjiseTcs paccMOTpEeHHAsT HUAZKE
dyukiusa "F2".

Aprymentom bYyHKIUHN sABJISIETCA TTPOU3BOJIbHAS CTPOKa E1.

Ecim sra ctpoka—atom: E1 = A5, To pe3yiabrar paboThl pyHKIMU— aToM 'E.

Ecsm E1 = E3:E4, nposepsercda E3.

Ecnu E3 ne sBiisiercss aTroMoM, TO (DyHKIUS CUTHAJIM3UPYET 00 OIUOKe.

Eciu E3 sBasierca aromom, To ectb E1 = A9:E4, To mpoBepsieTcsi paBEHCTBO 3TOI'0 aTOMa
HYJTIO.
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[(define "F2"[ E1]l=
(alt (cons? E1 E3 E4 A5)
-- E1 = E3:E4
(alt (cons? E3 E7 E8 A9)
-- E1 = (E7:E8):E4
(CONS ’error_in_data(CONS(CONS E7 E8) E4))

-- E1 = A9:E4
(alt (ega? A9 °0)
-- E1 = ’0:E4

(call "F2"[ E4])
-- E1 = A9:E4, A9 /=0
(CONS ’error_in_data A9)
)

-- E1 = A5
'E
) )
Puc. 5.11: @ynkmusa "F2" g aBromata autol
Eciu sTor arom paBen Hyso, To ectb E1 = 20:E4, TO jajiee BbI3bIBAETCH (DyHKIUS
"F2" [E4].

(call "F2"[ E4])

Ecyin aror atom Hy/t0 He paBeH, TO (bYHKIMS BbIAET CUI'HAJ 00 ommmOKe (aBromar Jio-
IIyCKAeT TOJIbKO HYJIH).

Komnunasmusa aBromara auto2 B TSG . KoMnusius BeIOTHEHA BHIYUCIEHUEM IT€PBOI
npoekiun Qyramypol-Typunna:

scp prog_auto ([auto2, £.1], RESTR[])

rjie prog_auto—UHTEPIPEeTATOP KOHEYHBIX aBTOMATOB, auto2—oIlpe/e/eHine KOHEUYHOTO aB-
ToMara.

s aBromaTa auto2 pesyiabraTroM KoMmmianun B TSG sBIAIOTCS JIBe HUYKe ITPUBEJICH-
uble pynkmuu "F2" [E1] u "F18" [E4].

Oyuknus "F2" [E1] as aBromaTa auto2 orindaercsd oT pyuxmun "F2" [E1] g aBroma-
Ta autol TOJBKO TeM, UTO HaliJIeHHBII B JJAHHON CTPOKE CHMBOJI IIPOBEPSIETCsT HA PABEHCTBO
HYJIIO WK eJUHATC (ABTOMAT JIOIyCKAET HYJIN U eJINHUIBI). B TOT MOMEHT, KOr/ia HaXOIUTCs
0 B manHoOil cTpoKe, BhI3bIBaeTcd (pyHKIms "F2" [E4]

(call "F2"[ E4]),
a KOTJla HallJIHHBII CUMBOJI PaBeH eJIMHUIE, BbI3biBaeTcd pyHkiug "F18" [E4]
(call "F18"[ E4]).

Oynknusa "F18" paboraer Tak ke, Kak "F2", TOJILKO €CJI B CTPOKE HANJIECHHBIN CUMBOJI—
0, BeI3BIBaeT ¢pyHkimio "F18" g gajbHeiiero paszbopa, a ecjiin HallJIeHHbIH CUMBOI—1,
BbI3bIBaET (pyHKIMIO "F2".
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[(define "F2"[ E1]=
(alt (cons? E1 E3 E4 A5)
-- E1 = E3:E4
(alt (cons? E3 E7 E8 A9)
-- E1 = (E7:E8):E4
(CONS ’error_in_data(CONS(CONS E7 E8) E4))
-- E1 = A9:E4
(alt (egqa? A9 °0)
-- E1 = °0:E4
(call "F2"[ E4])
(alt (eqa? A9 ’1)
-- E1 = ’1:E4
(call "F18"[ E4])
-- E1 = A9:E4, A9 /= ’0, A9 /=1
(CONS ’error_in_data A9)
) ) )
-- E1 = A5

Puc. 5.12: Oynknua "F2" a1a aBroMaTta auto2

(define "F18"[ E4]=
(alt (cons? E4 E19 E20 A21)
-- E4 = E19:E20
(alt (cons? E19 E23 E24 A25)
-- E4 = (E23:E24):E20
(CONS ‘’error_in_data(CONS(CONS E23 E24) E20))
-- E4 = A25:E20
(alt (eqa? A25 °0)
-- E4 = ’0:E20
(call "F18"[ E20])
(alt (eqa? A25 ’1)
-- E4 = ’1:E20
(call "F2"[ E20])
-- E4 = A25:E20, A25 /= ’0, A25 /= 1
(CONS ’error_in_data A25)

Puc. 5.13: @ynkmusa "F18" ;19 aBToMaTa auto2
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5.3.3 BreiBoabl

B paszesne [5.3.1] paccMoTpeHbl npuMepbl KOMITHJISAINE C sI3bIKA KOHEYHBIX ABTOMATOB
B a3k T'SG. Ilo 3ajaHHBIM KOHEYHBIM aBTOMATaM M HHTEPIPETATOPY A3bIKa KOHETHBIX
aBTOMAaTOB IOJIyYeHbl IPOrPAMMBbl, (DYHKITMOHAJIBHO SKBUBAJIEHTHbBIE 33/[@aHHBIM KOHEYHBIM
asromaraM, Ha #A3bike T'SG. To ecTb, mosydeHnHble IPOrpaMMbl €CTh PE3Y/IbLTAT KOMIIUJIS-
IIUY IIPOTPAMM C fA3bIKA KOHEYHBIX aBTOMATOB B #3bIK T'SG. Bolmosnena nepsasi IpOeKIs
Oyramypsl-Typunna.
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I'naBa 5. Ilpumepbl CynepKOMITHISITHA



I''1aBa 6

SaKJ/JII0YeHne

B nmanmnoit pabore pazpaboTaH, peaJrn30BaH, OIMUCAH U 0OOCHOBAH CYIIEPKOMIIMIATOP JIJIsd
s3pika TSG, ucnosp3yrommuii 6a3oBble MoHATHS MeTaBbraucaeHnii #Hag TSG u3 pabors [3].
Taxkum obpasom, JaHHas paboTa SBJSETCsT TPOOOPA3OM IIPOJIOJIZKEHNsT (BTOPOrO TOMa) MO-
norpacbun [3].

Cpeau ipodero B JaHHON paboTe:

1. Pazpaboran u 060CHOBaH aJropuT™M OOHAPYKEHUS BO3MOYKHOTO 3AITUKJINBAHUA.
2. Pazpaboran m obocHoBaH ajiropuT™m 06001IeHns JIByX KoHduryparmii cUp u cDn.

3. Pazpaboran u o6ocHOBaH aJrOPUTM ITPOBEpKH BJiokeHHOCTH cUp > cDn jiByx KoH(bU-
ryparuii.

4. Pazpaboran (Ha 6a3e yHOMSIHYTBIX BbIIIE—IIyHKTHI dyHKIIMOHATILHBIX OJIOKOB U
C UCHOJIb30BAHUEM aJropuT™MOB 13 [3]) u 060CHOBaH COOCTBEHHO AJTOPUTM CYIIEPKOM-
MUJISATOPA.

5. llpoBeseHbl n onucanbl peajibHble MPUMEPDHI CYNEPKOMITHIAIIAN, TPU3BAHHBIE MTPO/Ie-
MOHCTPpHUPOBATb CHOCO6HOCTI) BBITIOJIHEHUA CYIIEPKOMIIMJIATOPOM HETPUBUAJIbHBIX I'JIY-
O0KIX TTpeodpa30BaHUIl TPOTPAMM.

Bce npuBoinMbie B paboTe TEKCTHI METAIIPOrPAMM SIBJIAIOTCS (pparMeHTaMu pabomarow,et
Gofer-mporpaMmbl, a Bce TPUBOUMbBIE IPUMEPHI CYIIEPKOMITHIATIMA—PE3Y/IbTaTaMUI Peaib-
HOI'O BBIIIOJIHEHUSI TOU TPOrpaMMBblI.

[TosHBIN TEKCT IporpaMMbl U IIPUMEPOB, MOJIHBII TEKCT AaHHON paboThl B BUIe (ailaoB
JIOCTYTIHBI 3aMHTEPECOBAHHOMY YUTaTE IO 110 aHoHuMHOMY F'TP:

ftp://ftp.botik.ru/pub/local/Sergei.Abramov/Scp-proj/
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