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AnHoTtanms. CraTbs IPUHAIICKUT TEOpUU cXeM ImporpamMMm. CXeMbl NporpaMMm - 3TO
00BEKTHI, CO3JaHHBIC A aHanu3a (OpMaIM30BaHHBIX mporpamm. OmHOWH M3 OCHOBHBIX
3a7ad  TEOpUM SABIAETCS CO3JAHUE TIOJHBIX KOHEUYHBIX CHCTEM SKBHBAJICHTHBIX
npeobpaszoBanuii (3.I1.). B cTaThe paccMaTpuBaloTCS CXEMBI IPOTPaMM C IIPOLEAYpaMH, C
OTPaHMYEHHEM Ha IeperopoadaTble MOAeNd. Takue MOJETH TECHO CBSI3aHbl C MOJAENSIMHU
nporpamm 0e3 mpouenyp. Jaércs kpatkoe ommcanue cuctem O.Il., u omuceiBaeTcs
Metofonorus pemenus npodiaems! O.I1. Bernensercs moaxmace meperopoguaThix MojelneH
MpOorpaMM, Ha3bIBaEMbIi IPUMHUTHBHBIMH MoAeNsiMUA. OHM HaxoAATcs emé Oamke K MOJe M
6e3 mporenyp. YKazaHHas METOJOJOTHS YCIEIIHO MPUMEHSETCs s TMOCTPOEHHs ITOTHOM
KoHeuHOH cucteMsl O.I1. B NpUMUTHBHOM HOJKJIACCE NEPEropogYaThIX ypPaBHOBELICHHBIX
MOJYTPYIIOBBIX MOJENEH MPOrpaMM C JEBBIM COKpAIIEHHEM. DTOT KIIACC SIBISETCS MIMPOKO
U3y4eHHBIM KJIACCOM MOJeNel MporpamMM, U Mpu noctpoeHnn cuctemsl O.01. ucnons3yercs
M3BECTHAs KOHewyHass mnosHas cucrema O.JI. mms moxoxmx Mopened 6e3 mpomexmyp.
Hcnonp3yercs BCIIOMOraTelbHbINA BUJL CXEM, Ha3bIBAEMbII MHOTOBBIXOJHBIMU. B pesyibTare,
CTPOUTCS] KAHOHMYECKHUH MPEICTaBUTENb KJIacca 3KBUBAJIEHTHOCTH CXEM IPOTPaMM, a TaKxkKe
TIOCJIEIOBATENFHOCTh NPe00pa3oBaHUH, IPUBOJIIAs MPOU3BOIBHYIO CXEMY 3TOH MOJEIH B
e kaHoHMYecKylo ¢(opmy. Takolf cmoco® peLIeHUs] CYUTAECTCS IOJHBIM PEIICHUEM
npo6iems! J.I1. B kitacce Mozenei nporpamMm. B 3akimroueHne NpuBOASTCS HANIPaBICHUS AT
JAJIbHEHIIIEr0 UCCIIeI0BAHUS.

KmoueBble cioBa: anrebpandeckue MOZAENM IPOrpaMM C MPOLEIYpaMH; CHCTEMa
SKBHBAIEHTHBIX IpeoOpa3oBaHU; YpaBHOBEIIEHHAs MOJAENb MPOTrpPaMM C  JIEBBIM
COKpAalCHUEM.
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1. BeedeHue

CraTtest OTHOCHTCS K TEOpPHM  aiureOpaudeckux  MOJeNiell  mporpamm,
MpeHa3HAYCHHON ISl pa3pabOTKH KBUBAJICHTHBIX MPeoOpa3oBaHuii mporpaMM Ha
CO371aBaeMbIX JIJISI HUX CXeMax IporpamM, U 0000IIaeT pe3yIIbTaT, MoTydeHHbIH B [1].
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KoHnenuu, Ha OCHOBE KOTOPBIX CTPOMTCS TEOpPHS, MOAPOOHO H3IOXKEHBI B [2].
KopoTko nepeuncinm ux.

IIporpammer GepyTcsi W3HAYaIbHO (GopMaIM30BaHHBIMH. Cxema MpOrpaMMbl I10
CBOCH CTPYKTYpe COBIAJAET C MPOTPaMMOM, ISl KOTOpol oHa co3maércsa. OTcrona
BCSAKOC IMPEOOpPa30OBAaHKUE CXEMbI OJHOBPEMCHHO SBJISICTCS W IpeoOpa3oBaHHEM
CaMOM MPOrpaMMBlL.

Monensio Ha3BIBaeTCI MHOKECTBO CXEM, MMOCTPOSHHBIX HAJ HEKOTOPHIM 0a3mcoM
OIepaTopOB, C BBEJICHHBIM B HEM OTHOIIICHHEM JKBUBAJICHTHOCTH cxeM. [lociennee
BBOJIUTCS TMApaMETPUUCCKH, YTO MPHBOAWT K HEpapXuu Mojeied. B Teopuwm
PaCcCMAaTPHUBAIOTCS TOJILKO ANMPOKCUMHPYIONINE MOJCIHU, T.C. TAKUE, Kaxaas W3
KOTOPBIX OO0JIaZlaeT CBOMCTBOM: M3 JKBHUBAJICHTHOCTH CXEM B MOJCIHU CIEIyeT
SKBHUBAJICHTHOCTh MPOTPaMM, MPHHAUICKANIMX HEKOTOPOMY WX Kiaccy, |
COBIIAIAIONINX IO CTPYKTYpe co cxemamu. B [2] onmcaHb! yciaoBus, HajJaraeMbple Ha
mapaMeTpbl  MOJIENH, ~NpH  BBINOJHEHMH  KOTOPBIX  OHA  SIBIISIETCS
ANIpPOKCUMHUPYIOLLEH.

OOparuMmcst Terepb K BONPOCY O TOM, KaKO€ MECTO B TEOPHH alreOpamdecKux
MoOJIeNiel porpaMM 3aHUMaeT paccMaTpHUBaeMasi B CTaThe 3a/1a4a.

W3ydaemble MOJENN MOAPA3ICIAIOTCS HA MOJEIH MPOrpamMM, HE HCIOJIB3YIOIINX
MpOIEenyp, W MOICTH IPOrpaMM, HCIONB3YIOIIUX UX. llepBble Ha3BIBAIOTCS
MPOCTHIMH, BTOPBIMH OHH oOoOmarorcsi. KirodeBoit  siBisieTcst  mpoOiema
SKBUBAJICHTHBIX INMpeoOpa3oBaHmii (3.11.) cxeM B Mojend. OHa COCTOUT B IOWCKE
CHCTEMBI 3.II. CXEM, OOJaJarolmieli CBOMCTBOM: KakKMMH OBl HH OBUIM [JBE
SKBUBAJICHTHBIC CXEMBI M3 ITOW MOJENIM, KOHEYHOW IETIOYKO TMpeoOpa3oBaHUM,
MPUHAIS)KAIMUX CHUCTEME, OJHA W3 CXEM aJTOPUTMHYECKH TPAHCIUPYETCS B
Ipyryro. EcTecTBeHHO, YTO UCCICIOBAHKE MTPOOIEMBI 3.11. IPOBOIATCS B MOJIEIISAX C
pa3peiuMoi SKBHBaJICHTHOCTBIO CXEM.

[lepBoHauanbHO paccMaTPUBAINCH MIPOCTHIE MOJENH, W ISl HUX TOJIy4eH OoTraThIil
apceHall pe3yJabTaTOB KaK MO MpoOiieMe SKBUBAJICHTHOCTH B MOJCIH, TaK M IO
mpobnemMe 3.1. B Mojaeian. Bo3HMKIA 3ajada — KCIONB30BATh 3TH PE3yJbTAThI B
MOJICNSX MPOrPaMM C TPOIICTYPAMH.

B stux nensax B [3] cpenu mocieHUX BBICICHBI TaK HA3bIBACMBIC IIEPETOPOIUATHIC
Mozenu mporpamm. MX XxapakTepHOH 0COOCHHOCTBIO SIBIISICTCS TO, YTO ITapaMeTpPhI
TAKOW MOAENH HWHIYNUPYIOTCS TapamerpaMu e€ MPOCTOH  MOJMOICIH.
CyIIEeCTBEHHO W TO, YTO €CIU MPOCTasl MOIMOJCNh — ANIPOKCHMUPYIOIAs, TO H
WHAYIEpYeMasi € MOJICITb TOXKE alIPOKCHMHUPYIOMIAS.

B [4] dopmymupyercss ycioBue, Koraa mpoOjeMa  SKBUBAJICHTHOCTH B
MEPEropoaYaToOil MOJIENIM CBOAUTCS B €€ CBOOONHYIO MOIMOJEIB;, TaK HA3bIBACTCS
MHOKCCTBO TPHHAJICKAIIMX MOJEIH CXEM, B KOTOPBIX HET Oe3IeiCTBYIOIINX
3JIEMEHTOM (CXEMBI TOTO MHOYKECTBA HA3bIBAIOTCS CBOOOHBIMU).

Hanee B [4] omucaH Kiacc Tak Ha3bIBACMBIX IPUMHUTHBHBIX CXEM, MPHHAIICIKAIINX
CBOOOJTHOM MOIMOJIENIH, U TONYYCH CICAYIONIUNA Pe3yabTar: SKBHBAJCHTHOCTH B
9TOM KJIacCe pa3peliMa, ecii OHa pa3peliMa B HHIYLHPYIOIIEH ero IpOCcTOH MOJICITH.
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PaccmaTtpuBaemass HamMM 3ajada COCTOMT B CIEAYIOIIEM: BHIOPaB B KaudeCTBE
MHAYLUPYOLIEH MPOCTYI0 MOJEINb, HA3bIBAEMYIO YPABHOBEIIEHHOM MOIYyTPYHNIOBOI1
MOJIEIIBIO TIPOTPaMM C JIEBBIM COKpalleHHEeM (OHa paccMaTpHuBajiach B [5]), pemuTsb
npo0ieMy 3.11. B Kilacce MPUMUTHBHBIX CXeM nporpaMM. OTMETHM, YTO BhIOpaHHAs
mpocTtasi MOJEJb SIBJISETCS allpPOKCUMUPYIOUIEH, U B HEW pa3pemmmsbl mpobdiema
9KBUBAJICHTHOCTHU M Tpo0JieMa 3.11.

B [1] tpeOyemsblii pe3yapraT MNOJXydYeH Uil IOJKJIAcCCa HNPUMHTHBHBIX CXEM,
00CYXTAaFOLIMXCS B TAHHOM CTaThe. DTO MOJHOCTHIO ONPEACIISET IUIaH €€ U3JI0KEHHUSL.
B pasmene 2 omuceiBaeTcs 0oOmMil BUA anreOpanyeckoil MOAENH IPOrpamM C
MpoLeaypaMH U UX YaCTHBIM caydail — meperopoadaTsie MOJACIH.

IIpuMuTHBHBIE CXEMBI TpPOTpaMM OIpefeNieHsl B pasgene 3. 31ech  xe
(dopmynupytorcst GakThl, yCTAaHOBJICHHBIE AJIsl HUX B [4], M OIMCBHIBAIOTCS CBOMCTBA,
MPUCYIIUE SKBUBATICHTHBIM IIPUMHUTUBHBIM CXEMaM.

Paznen 4 mocBsméEH MeToay pemeHus mpoOiIeMsl 3.11. B aredpandeckux MOAEIIX
MIPOrpamMM — BOCIIPOU3BOJUTCS €0 U3I0KEHUE, JaHHOe B [1].

B pasmene 5 paéres omnpepeneHue HCHONB3yeMOM HAaMM  YPaBHOBELICHHOI
MOJYTPYIIIOBOM MOJENN HPOrpaMM C JIEBBIM COKpAlleHHeM, (hOpMYJIUpPYIOTCS
MOJydeHHbIE B [5] pe3ynbTaThl U OMHUCHIBAIOTCS CBOMCTBA MpUHAIUIEKAIUX UM
SKBHUBAJICHTHBIX CXEM.

ITocTpoenue cucremsl 3.1., TIOJTHOM B Ki1acce MPUMUTHBHBIX CXEM, HHAYLIUPYEMBIX
YPaBHOBEUICHHBIMU TOJYTPYNIIOBBIMU MOJEISIMU C JICBBIM  COKpALICHUEM,
ocyuiecTBisieTcst B paszeine 6. OnuckiBaloTcss KAHOHUUECKHE (POPMBI IPUMUTHBHBIX
CXEM U aJropuT™, TPAHCIUPYIOUIMH SKBUBAJICHTHbIE IPUMHUTUBHBIE CXEMBI B
KaHOHHMYeCKyto ¢opMy. [Ipn U3/10’KeHNH anropuTMa BBLACIAIOTCS 3.11., BXOJSIIHUE B
nonHyo cucteMy. OHH ONHCBIBAIOTCS CONEPXKATEIBHO CO CCBHUIKOW Ha HX
(dhopmansHOE omnpenenenHue B [5].

2. Paccmampueaemsbie anzebpaudeckue mooenu rnpo2pamMm

21 O6wero Buga anrebpauyeckMe wmogenu nporpaMmm c
npoueaypamMum

Mozenu mporpaMm ¢ MPOLEAYPaMH CTPOSITCS HaJ HYETHIPbMS KOHEYHBIMH U
Hemnepecekatomumucs andasutamu Y, C, R u X. DIeMEHTHI IEPBBIX TPEX andaBUTOB
Ha3bIBAIOTCS CHMBOJIAMH  OIIEPATOPOB, BHI30OBOB U BO3BPATOB COOTBETCTBEHHO,
ameMeHThl andasuta X wMeHyrotcss Habopamu. Andasutel Y,C, R, X Ha3bIBarOTCA
0azucom.

DJeMeHThI MOJIENIN HA3bIBAIOTCS CXEMaMH MIPOTPaAMM.

Cxema TIporpaMMBI TI0 CBOEH CTPYKType MPEACTaBIsSET Pa3MEUCHHBIN KOHEUHBIN
OpHUEHTUPOBaHHBIN Tpad ciemyromero crpoeHus. ['pad pacnagaercs Ha moarpadbl
C HelepeceKalouMKCs MHOXecTBaMu BepiinH. OauH u3 noarpadoB Has3bIBaeTcs
TJIABHBIM, OCTaJIbHBIC — TIPOLICAYPHBIMH. B rimaBHOM moarpade BIIEICHBI BepIInHA
BXOJ 0e3 BXOIAIIMX B HeE Nyr W BEpIIMHA BBIXOJA Oe3 mcxomsmmx u3 He€ ayr. B
JFO00M MPOIEAYPHOM TOATpade TOKE BBIACICHBI IBC BEPIIMHBI — WHUIMATBHAS U
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¢unamsHass. B Kakmom moarpade MMeeTcs cCnenuajibHas BepiidHa loop 6e3
ucxomsumx u3 He€ nyr. [lepeyuciicHHbIC BEPIIMHBI HE HMCKHOT METOK, a BCE
OCTaJIbHBIC TOMEYeHBbl cuMBONaMd U3 Y,C W R, Ha3bIBasiCh COOTBETCTBEHHO
nmpeoOpa3oBaTeisiMU, BHI30BAMU W BO3BpaTaMu. BCSKOMY BBI30BY COOTBETCTBYET
CBOW TIEPCOHANBHBIN BO3BpAT, MMEHYEMBIH IAPHBIM BBI30BY; TOT U JPYrou
npuHauIexar obmemy ais Hux mnoxarpady. Bce BbI3oBbI mepenymepoBanbl. U3
BCSIKOM BEpILWHBI, OTIMYHON OT BBIXOJA CXEMbI, BbI30Ba, (DUHAIBHOW U BEPILUHEI
loop, ucxomsar ayru, kaxigas W3 KOTOPBIX IIOMEYeHAa CBOMM Habopom u3 X, B
KOJINYECTBE, paBHOM 4uciy HaOopoB B X. 113 BbI30Ba HCXOJUT €AMHCTBEHHAS JyTa,
KOTOpasi BEAET B MHHUIMAIBHYIO BEPUIMHY HEKOTOPOro moarpada (oH Ha3bIBaeTCs
ACCOIIMMPOBAHHBIM C JAHHBIM BBI30BOM), M TOTJAa U3 (PMHAIBHOW BEPIIMHBI STOTO
monrpada wWAET Oyra B IMapHBIH BBI30OBY BO3BpaT, W 3TO — CAWHCTBEHHAs
MPUXOJAIIAS B HETO Ayra. B WMHUIMATIBHYIO BEPIIUHY MOTYT BXOIHTh JYTH TOJIBKO
U3 BBI30BOB, a U3 (PMHAIBLHOW BEPIIMHBI MOT'YT UCXOJUTH JAYTU TOJBKO B BO3BPATHI.
Tak OCyIIECTBISCTCS CBSA3b MEXAY moarpadamu, uO0 HAYaIO0 W KOHEI[ JyTd WHOTO
THTIa HAXOAATCS B 00IIeM JIsl HUX Toarpade.

Puc. 1. Ilpumep cxemuvl npoepammoi

Ha puc. 1 npuBenén npumep cxemsl nporpaMmmsl. 3nech {yq,y,,¥3} € Y, {c;,c,} €
C,{r,n} S R X = {0,1}. Cxema coiep>XuUT OAMH NPOLEAYPHBII noarpad.
@OyHKINOHUPOBAHNE CXEMBI OCYLIECTBIISICTCS HAa (QYHKUMSAX pasMeTKu. Pyuxyuell
pazmemixu Ha3bIBaeTCs 0TOOPaKEHHE MHOXKECTBA BCEX CJIOB, TOCTPOCHHBIX Hal Y U
CUR (ono obGoznauaercsi H), B MHOxecTBO X. MHOXecTBO BceX (yHKLMIA
pasMeTku obo3Havaercs L.

Iycte w € L. Bononnenuem cxemvl Ha @yHKyuu [ HA3BIBACTCSI IIPOIIECC,
COCTOSIIMH B IMYTELIECTBUH 110 CXeME M CONPOBOKIAIOLINIICSA TOCTPOCHUEM CIIOBA
u3 H; oHO Ha3BIBACTCS YENOUKOI.
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11 ogHO3HAYHOCTH BBIOOpA IyTH, KPOME U, MCIOIB3YETCS MaraswH, B KOTOPBIi
3arpy»aroTcsi HOMepa BBI30BOB B cxeme. llyTtemiecTBue HayMHaeTcsi MO Jyre,
HCXOJIIEH U3 BXOJla, NIPH IYCTHIX MarasuHe U nernodke. [lepexon yepes BepinHy
C CONOCTaBJICHHBIM €H CHMBOJIOM COIIPOBOXKIAETCS IPHUIIUCHIBAHUEM 3TOTO
CHMBOJIA K TEKYILeH 1ernouke cnpasa. Ecin nepexonumast BepliMHa — BBI30B, TO B
MarasuH 3arpykaercsi ero Homep. I[Ipu nepexoze uepe3 MHULHAIBHYIO BEPUIMHY U
(UHATBPHYIO BEpIIMHY TEKymIas IeTIoYKa He M3MeHseTca. Bo BTopoM ciydae u3
MaKyIIKA MaraswHa, KOTOPBI 3aBeIOMO HE IIyCT, W3BIEKaeTca HOMeEp, |
IMyTEIIECTBUE MPOJOJDKACTCS 0 Iyre, BEAYyIIeH K BO3BpaTy, MapHOMY BBI3OBY C
3TUM HOMepoM. M3 BXxoja cxembl IyTh HIET MO Ayre, nomeueHHoi Habopom p(A),
rie A — mycras wmemouka. [Ipm mepexome dwepe3 mpeoOpa3zoBareib, BO3BpaT,
HMHULMAIBHYIO BEPIIMHY TOXE HCIOJIb3yeTcst QYHKUIMS [: B KauyecTBE CIeaylomieit
Oepércst myra, Hecymas Metky p(h), rme h — mocTpoeHHass K 3TOMY MOMEHTY
nernouka. [Ipy NOCTHKEHMM BBIXOAa MYTEUIECTBHE NPEKPAIAeTCsi; TOBOPUM, YTO
cXema oCmaHo8uIaAch Ha |, ¥ TIOCTPOCHHYIO LEMOYKY HA3BIBACM pe3yabmamom eé
8bINOIHEHUS Ha [L. ATTFTEPHATUBHBIM SBJISIETCS CiTydail 0ECKOHEYHOTO ITyTEeIIECTBUS
o CxeMe WIM Cciydail nomajgaHdss B BepIIMHY loop, KOTAa myTeliecTBue
TpeKparaeTcs 0e3 pe3yabTara.

IlycTh Vv — DKBHUBaJCHTHOCThH B MHOKEGTBE H, u L € L. Cxembl Gy, G, Ha30BEM
(v, L)-axsusarenmuvimu (0603uaunm: G, ~ G,) TOraa U TOJIBKO TOTa, KOT/a, KaKon
O0b1 HM Obuta ¢yHKUMS U u3 L, BCsAKWi pa3, Kak Ha HEH OCTaHABIMBAETCS C
pe3ysIbTaToM OJHa M3 CXEM, OCTaHABIIMBACTCS C PE3yJbTAaTOM M Jpyras, U B 3TOM
cily4yae pe3yJbTaTaMH UX BBIITOJIHEHHUS SIBJISIOTCS V-9KBUBAJICHTHBIE [IETTOUKH.
MHOXECTBO BCeX CXEeM HaJ BBIOpaHHBIM 0a3HMCOM, pacCMaTpUBAEMOE BMECTE C
(v, L)->xBuBaNIeHTHOCTBIO cXeM, HasbBaercsi (V,L)-moodemwio, a v,L — eé
napamempamu.

CxeMmy M3 MOJieNn, HE COJIEp KalyI0 IIPOLEYPHBIX NOArpadoB, HA30BEM npocmoll.
Taxke npocmou IMEHyeM MOJEIb, TIOCTPOSHHYIO Hall 06a3ucom, B kotopoMm C u R
MTyCTHI.

2.2 NeperopoayaTtbie Mogenu NporpamMmm

OmnpezneneHre MeperopoadaToil MOAETH IPOrpaMM B TOYHOCTH COOTBETCTBYET
JaHHOMY B [2].
Ilepecopoouamas moodenv npocpamm ¢ npoyedypamu TPEACTaBIIET COOOW TOT
YacTHBIH ciydaid monenu Hax Oasucom Y,C,R,X, B koTopoli mapamerpsl V, L
HHAYLUPYIOTCS apameTpamu T, [ HEeKOTOpO# pocToit Moaeu Hax Y, P; mocieusist
HA3BIBACTCS UHOYYUPYIOWel nepayio.
DKBUBAJICHTHOCTh V BBOAUTCA cieayouuM obpasom. llemouku hy u h, w3 H
CUATaCM V-3KBHBAJCHTHBIMA B TOM M TOJIBKO TOM CIydYae, KOT/Ia COBIAAAIOT HX
MPOEKIUK Ha MHOXeCTBO C U R, U, KpoMe TOT0, €CJIU IPEACTABUTh LEHOYKH h;, | =
1,2, B BHzIE

h'i = hOiblhlin "'bkhkl" k 2 0,
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rae by b, ... b, ecTb 00 MPOEKIHUs 1enoYeK A, h, Ha MHOKecTBO C U R, TO mpu
Bcex j,j = 0, ..., k, nMeeT MecTo COOTHOLIEHHE

Ry ~hjs.
3mech T — IKBHBAJCHTHOCTH IETIOYEK (4, g, HaO ampaBUTOM Y 3amiChIBacTCs B
BUIC 911 92-
OnwieM, Kak CTPOUTCS MHOXKECTBO L (DYyHKIIUI pa3METKH.
Hauném c¢ Toro, 4To 3amaHuWe OTHCIBbHOW (QYHKIUU pa3MeTKu W3 L QaxTiuecku
CBOIUTCS K pa3MeTKe Habopamu u3 X BEpIIMH OECKOHEYHOTO JepeBa, B KOTOPOM U3
BCSIKOW BEPIIMHBI UCXOMAT AYTH B KOJIMYECTBE, PABHOM OOIIEMY YHCIIY CHMBOJIOB B
andasurax Y,C,R, npuuéMm Kaxmas Jayra IIOMEYCHa CBOMM CHMBOJOM. Takum
obpa3oMm, BCAKOW BepIIMHE JepeBa COOTBETCTBYET LIEMOYKa, TOJydeHHAs
BBINTUCBHIBAHWEM JPYT 3a JPYTOM CHMBOJIOB, METSIIMX AYTH ITyTH, HIYIIETO U3
KOpHS JiepeBa B JaHHYIO BepimHy. Habop u3 X, comoctaBieHHBIN 3TOH BEpIIUHE,
BOCIIPUHUMAETCS KaK 3Ha4YeHWe (YHKIMH Pa3METKH WMEHHO Ha JTOH Iermodke, a
pa3MeTKa BceX BEpILIUH JiepeBa Habopamu u3 X onpenesieT pyHKIUI0 pa3METKH.
3aMeTHM Temepb, UYTO BCSKas BEpIIWHA JIEpeBa SBISECTCS KOPHEM €To IMOAJIepeBa,
BCC JYyrd KOTOPOrO0 IMOMEYCHBI TOJBKO CHMBOJAMH W3 Y W BCEMH TaKHUMH
CUMBOJIAMHU. BBIZIETUM MOIICPEBhs OMHCAHHOI'O THIIA, BBHIPACTAIOINIUEC W3 KOPHS
JIepeBa WK U3 BEPIIUHEI €ro, B KOTOPYIO BeAET nyra ¢ metkoi u3 C wiu R. Beskoe
BBIJICJICHHOE TOJICPEBO pa3MeTuM HaOopamu u3 X Tak, 4TOOBI 3TO OMIPEACIHIIO
¢byakamio pasmetkd w3 [, [lo ompenencHWio, BBINOJHEHHAS pa3MeTKa gaéT
(byHKIIHIO pa3MeTKy U3 L, ¥ WHBIX QYHKIWN B L HET.
HWrak, neperopoauaTasi MOJEINb MPOrpaMM € TTapaMeTpamu Vv, L mocTpoeHa.
Jlerko nokasyemo ciieqyroliee yTBepxKIeHue.

YrTBepxaeHue 1 Ilepecopoouamas Mooenw npozpamm aengemcs
annpoxcumupyiowell, eciu dmum Ceoucmeom obaadaem uHoyyupyiowas eé
npocmast Mooeb.

3arporem mpobiemy TuOepHU3aIuy IS IEPEeropoadaTol Moaenu nporpamm. Cxema
n3 He€ Ha3BIBACTCI C60000HOU, €CIM B HEW odas BepmuHa, Kpome loop,
MIPUHAIIIC)KAT pealIn3yeMOMY MapIIpyTy depe3 CXeMy.

Ilycth G — cxemMa m3 paccMmarpuBaemMon Monenu. Mapupymom B G Ha30BEM
OPUEHTUPOBAHHBIA MyTh W, HAUMHAIOIIUICS BO BXOJIE CXEMbl M 3aKaHYUBAIOIINICS
B HEKOTOPOH BepmmHe. Eciu mociemHsst — 3TO BBIXOA CXeMBI (, TO W MMEHyeM
Mapupymom uepes cxemy.

Mapuipyt B G Ha30BEM peanuzyemviM, €CIA B L CymecTByeT QyHKIUS Pa3METKH,
KOTOpasl ero MPOKIIAAbIBACT IPU BBIOJHCHUU HA HEH CXEMBI G .

Ilpobnema nubepusayuu — TOUCK AITOPUTMA, KOTOPHIHA, MOJYYHUB HA CBOW BXOJ
CXEMy M3 pacCMaTpHBacMOW MOJENH, TpaHCHOpMUPYET ¢€ B IKBHBAJICHTHYIO €
CBOOO/IHYIO CXeMY W3 TOH e MOZEH.

B [2] noxazana
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Teopema 1 [lpobrema aubepuzayuu paspewiuma 6 nepecopooHamon Mmooeiu
NPOSPAMM, eCli OHA PA3PEUUMa 6 UHOYYupyioweti eé npocmou Mooeu.
[eperopoauarass Mojesb HAa3bIBACTCS CHEYUANbHOU, €CIM OHAa HHAYLHUPYETCS
MPOCTOM MOJIEINBIO C Pa3PEITUMON MPOOIEMOH TNOSPU3AIIHH.

B [2] moxazana

Teopema 2 B cneyuanvhoil nepecopooyamol MoOeiu npocpamm paspeuuma
npobrema aubepuzayuu.

Ha3zoBéM MHOXECTBO BCeX CBOOOJHBIX CXEM B CHEIMAIBLHOW IEePEropoadaToit
MOJICITH TIPOTPaMM €€ c80000HOU HOOMOOENbIO.

3. lMpumumueHbIe cxemMbl po2paMm

0O603HaunM M CBOOOJIHYIO MOJAMOJIEIH CIIEIHATHHON MePEropoIIaToi MOJACTH Hal
6azucom Y, X, C, R; My — MHIynupyIOIIyIo e€ MPOCTyIO MOIEIb ¢ mapameTpamu T, L.
Ilycts G — cxema u3 M. Onopnoui B G Ha30BEM BEPIIMHY THIA BXOJ, BBHI3OB,
BO3BPAT, BBIXOJ CXEMBIL. [IpeemMHuKxom OnopHou eepuiunbl vV, OTIMYHON OT BBIXOJA,
HA30BEM OMOPHYIO BEPIIMHY U, NOCTIDKUMYIO W3 U OPHCHTHPOBAHHBIM MMYyTEM,
KOTOPBIA HE COJNCPXKUT BHYTPH OIOPHBIX BepmuH. OTMETHM, YTO B CHIY
CBOOOIMHOCTH cxeMbl G Jo0ast e€ omopHas BEpIIMHA HMECT AITOPUTMUYCCKH
orpe/iessieMble TPEEMHUKH.

CBobonnast cxema u3 M Ha3bIBACTCS NpUMUMUGHOU, SCIM TIPEEMHHKH JIIO00H e
OTOPHO# BEpIIMHBI HE UMEIOT NOBTOPSIOIIUXCS METOK. JIErKO yBHAETH, 4TO KJIacC
MPUMHUTUBHBIX CXeM H3 M sBIsieTCs paspelidMbIM, TO €CTh BCErJa MOXHO
YCTaHOBUTH, NMPUHAMJICKAT €My WU HeT cxema u3 M. B [4] ycraHOBieH ¢akr,
CJIEJICTBHEM KOTOPOTO SBIISIETCS TeOpeMa 3, CaMOCTOSITeNTbHO oka3zaHHas [1].

Teopema 3 Ecnu 6 modenu My paspewuma npobrema 3K8UBALIEHMHOCIU CXeM, MO
OHa paspewuma 8 Knacce npuUMumueHolx cxem uz M.

Onupasicb Ha JIOKa3aTelIbCTBO TeopeMbl 3, mpuBenéHHoe B [1], omnumem
HE00XOIUMbIC IPU3HAKY SKBUBAJIICHTHOCTU IPUMHUTUABHBIX CXCM.

Ilycth G — mpuMUTHBHAs cxema U3 M, v — onopHas B HEH BepIIiHa, U — IPEEMHUK
BepimHbl v. O603HaunM G (V, U) MPOCTYIO CXEMY, IOCTPOCHHYIO IO CJEIYIOILINM
npapuiaMm. CHadajga B HEH OCTaBISIFOTCS BCE BEPIIMHBI, IPUHAICIKAIUC
OpPUCHTUPOBAHHBIM MyTSM U3 v B U. Eciau v — BXo4 cxeMbl G, TO OH OOBSBISACTCS
BXOZOM CO31aBaeMOW CXEMBI, €CIH U — BBIXOA CXeMBbl G, TO OH CTaHOBUTCA
BBIXOJIOM CO3/aBaeMoii cxembl. Eciam v — BO3BpaT, TO OH 3aMEHSETCS BXOJIOM
CO3/1aBaéMON CXeMBI, €CIM U — BBI30B, TO OH 3aMCHACTCS €€ BBIXOJIOM.
WHnnuanpHyI0 BepIIUHY BCET/Ia CYMTACM BXOAOM CO3/1aBaéMOW CXEMBI, YCTpaHsA
BBI30B V, U3 KOTOPOTO UAET Ayra B JAHHYIO HHUIUAIBHYIO BEPIIMHY, a QUHATIHHYIO
— BBIXOJIOM, YCTpaHss BO3BpAT U, B KOTOPKIA u3 He€ et nyra. [lonaraem, 4To Bce
OcTaBJICHHBIE TPeo0pa3oBaTey U HacueayeMble U3 G IyI'M COXPaHSIOT CBOU METKH.
Tenepp BBeIEM B CO3laBaeMyl0 CXeMy BepmuHy loop, ecnu €€ Tam He ObLIO,
YCTPaHHUM IyTH, IPUXOIAIINE B OCTaBICHHBIC BEPIINHBI H3BHE, a AYTH, BEAYIIHE B

179

A. Molchanov. A Solution to the Equivalent Transformation Problem in a Class of Primitive Program Schemes. Trudy
ISP RAN /Proc. ISP RAS, vol. 27, issue 2, 2015, pp. 173-188

BEpUIMHBI HApyXy, HampaBum B BepumHy Jloop. Cxema G(v,u) mnocrpoeHa.
Hwmenyem e€ BeIpacTaromieil 13 BEpIIUHBI V.

Mapuipytel B ABYX cxemMax u3 M Ha30BéM couemaemviMu, €CIA OHU
MPOKJIAIBIBAIOTCS MPH BBIIOJHCHUM CXEM Ha OOINEH W MOMyCTUMOW (DYHKIUH
pasMeTku. B 9JKBHBAJICHTHBIX NPUMHUTHUBHBIX CXEMaX HUX OIOPHBIC BEPIIUHEI
HA30BEM couemaembiMu, €CIA WMH OKAHYMBAIOTCS COYCTACMBIC MAapIIPYTEHI,
KOTOpBIE HECYT IICTIOYKH C paBHBIMH mpoekuusmMu Ha C U R. Hecomas mnytém
LIETIOYKa CTPOUTCS BBIMUCHIBAHUEM JIPYT 33 IPYrOM CHMBOJIOB, METSIINX BEPIIUHEI
9TOr0 MyTH MPH MPOCMOTPE €ro OT Hadana K KoHIy. OTMETHM, 4YTO coYeTaeMble
BEPIUIMHBI, €CITH TOMEYEHBI, TO OOILIMM /ISl HUX CUMBOJIOM.

Iycth v;, v, — coueTaeMble BEPUIMHBI SKBUBAICHTHBIX MPUMHTUBHBIX cxeM Gy, G,
COOTBETCTBEHHO, W U; — NPEEMHHUK BepluHbl V;, i = 1,2. Eciu npeeMHUKH UMEIOT
001110 ISl HUX METKY B ClIydae, KOTIa OHM OTJIMYHBI OT BBIXO/IOB CXEM, TO CXEMBI
G,(v1,uq), G, (v,, Uy) HA3BIBACM COUEMAEMbIMU.

ITpwm noKazaTeabCTBE TEOPEMBI 3 YCTaHOBIIEH (aKT, (hOpMYIHPYEMBIH 371eCh Kak JjeMMa 1.

Jlemma 1 B oKeusaneHmuvix NpUMUmMueHuIX cxemax u3 modeau M kaswcoot
ONOPHOU GepUIUHEe 8 OOHOU U3 HUX COOMBEMCMEYem eOUHCMEEHHAs CoYemaemas ¢
Hell OnopHasi epuiuHa 8 Opyeoll, a 6blpACmalowue U3 HUX couemaemvle CXembl
9KBUBANEHMHDI.

Beskoit omopHoi BepumiMHe vV cXeMbl M3 M COMOCTaBUM TaK Ha3bIBaEMYIO
MHo206bIX00HYI0 cxemy G(V), moctpoeHHyio Hax Gasucom Y,X,D, rae D —
KOHEYHBIN ayipaBUT, KOTOPBIA OyIET ONMCaH HIDKE.

MHOrOBBIXOTHAsI CXE€Ma 0 CBOEU KOHCTPYKIMH OTIMYACTCS OT MPOCTOM CXEMBI U3
M, TONBKO TeM, UYTO B HEH MOXKET ObITh OOJIBIIIC OAHON BEPIIUHBI 0€3 MUCXOMSIUX
n3 He€ NOyr W Ha3bIBaeMBIX € BBIXOAAMH; TPH AITOM BBIXOIBI ITIOMEYAIOTCS
cuMBoOJIaMU U3 D 6e3 MoBTOpEeHUH.

Takas cxema BBITTOJIHACTCS Ha (YHKITUN Pa3METKH, TOTTYCTUMOM st My, TIO TeM ke
MpaBHJIaM, YTO W TpocTas cxema u3 M. Ecim BeImomHEHHE 3aBEpIIaeTCs B OJHOM
W3 BBIXOJOB CXEMBI,  TOJNBKO B 3TOM CIly4dae, OHO NPHU3HAETCS Pe3yIbTaTUBHBIM,
npuyéM pe3yabTaTOM OOBABISCTCS ICMOYKA, HECcOMasl MPOJOKCHHBIM MapIIPyTOM
¥ 3aBepIacMasi CHMBOJIOM, COTIOCTABJICHHBIM JOCTHTHYTOTO BBIXOJIA.
OKBHUBAJICHTHBIMH, TI0 ONPEAEIICHUIO, SBIIOTCS NIBE CXEMBI, YIOBJIECTBOPSIOIINE
TpeOOBaHUIO: KakoW Obl HU ObLIa AomycTuUMas st M, (QyHKIUS pa3METKH, €CIH
BBHIMIOJIHCHWE HA HEW OJHOM W3 CXEM pe3yJIbTATHBHO, TO pPE3YJIbTATUBHO H
BBIMOJIHEHHUE JAPYTOH, W TPU ITOM PE3yNIbTaThl OKAHYMBAIOTCS OOIIMM ISl HUX
CHUMBOJIOM, 2 B OCTaJIbHOM 3TO T-3KBUBAJICHTHBIC IIETIOYKH.

JJist OTOpHO# BepIIMHBI U CXeMbl U3 M comocTaBiisieMas ¢ii MHOTOBBIXOJ/IHAS CXeMa
CTpouTCcsi OOBEIMHCHUEM B OJMH rpad BCEX MPOCTHIX CXEM, BBIPACTAIOIIUX U3 V),
CONPOBOKIAaeMasi TIPUIHCHIBAHUEM BBIXOAY CXEMBI METKH TIPEEMHHUKA, IS
KOTOPOTO OHA MIOCTPOCHA; €CIIH K€ TPEEeMHUKOM SIBIIIETCS] BBIXOJl CAMOW CXEMBI M3
M, To B MHOTOBBIXOJHOH CXeM€ OH IMOMEYAeTCs CIICHHATBFHBIM CHMBOJOM Y.
TakuMm o6pa3om, B kadecTBe andasuta D 6epércs cymma C U R, gomoHAeMast STUM
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CIICHAJIbHBIM CHMBOJIOM. ByZ[CM TOBOPUTH, YTO ITOCTPOCHHAsA MHOTOBBIXOJHAA
CX€Ma BbIpaCTacT U3 v.

B [1] ycTanoBNEHa cripaBeJIMBOCTh YTBEPIKISHUS 2

YTBepikaenune 2 Kaxkumu 0bl Hu Obliu coyemaemvle ONOPHbIE BEPUIUHDBI
IKBUBALEHMHBIX NPUBCOEHHBIX CXEM, 8bIPACMAIOWUE U3 HUX MHO208bIXOOHbIE CXEMbl
9KBUBATIEHMHDL.

4. Memoduka peweHus1 npobnembl 3.n. e anzebpauveckoli
modenu npozpamMm

Jis peureHust mpoOJeMBI 3.01. CXEM CTPOMUTCS CICHUAIBHOIO BHIA (popManbHOE
HUCYHUCIIEHUE, TO €CTh OMUCHIBAIOTCS €r0 AJIEMEHTHI U BBOJSTCS ACUCTBYIOLIUE B HEM
TIpaBHJIa BEIBOJA W AKCHOMBL.

31ech Mbl M3JI0KHM KOHIEMIHH, KOTOPHIMU PYKOBOJICTBYETCS TaKO€ MOCTPOEHUE,
0000111ast IpU 3TOM PE3yNIbTaThl UCCIICIOBAHU, BBITIONHEHHBIX B [2] 1 [3].

Hrak, mycte S — paccMmarpuBaeMas anreOpanueckas MOJEIb HPOTpaMM MU
paccMaTpuBaeMbIil KilacC MPHUHAJISKAIINX el CXeM MporpaMm, U B S paspelinMa
pobemMa SKBUBAJICHTHOCTH.

B camom Hauane mocTpoeHHS (OPMATBHOTO MCYHCICHHUS Ui S HE3aBHCHMO OT
THIIA BBITIOJIHAETCS CIEIyTomIee:

® BBOJUTCS MOHATHE (hparMeHTa CXEMBbI, U (hparMeHTHI OOBSBISIOTCS
JJIEMEHTaMU CO37[aBaEMOT'0 UCUUCIICHUS,

e OmpeaesaeTcs eANHCTBEHHOE B NCUMCICHNH MIPABIIIO BBIBOJIA, COCTOSIIEE
B IOITyCTUMOM OACTAaHOBKE BO (hparMEHT BMECTO €ro MoAdparMeHTa
HEKOTOPOTO APYroro ()parMeHTa; MpH 3TOM I0/ICTAHOBKA SIBJISCTCS
oOpaTuMoii onepanuei.
Jlanee ucnonb3yeTcsi OTHOLICHUE SKBUBAJICHTHOCTH CXEM M3 S U, ONUPAasiCh Ha HETO,
BBIIIOJIHAETCS CIIETYIOIIEE:

® ONpeeIsIeTCs OTHOIICHUE SKBUBAJICHTHOCTH (PParMeHTOB C
KIaccuuKauei Ha 6e3yCcIOBHYIO U YCIOBHYIO SKBHBAJICHTHOCTE;

® OOBABIACTCS, YTO AKCHOMOMN HCUYHCICHUS MOXKET OBITh Pa3perInMoe
MHOXKECTBO Iap KBUBAICHTHBIX ()ParMEeHTOB, IPUUEM COCTOSIIIEE JTNOO0 U3
nap 0e3yCIIOBHO SKBUBAJICHTHBIX, JTMO0 U3 Map YCIOBHO YKBUBAJICHTHBIX
(hparMeHTOB;

® BBOAUTCA KOHCYHOC MHOXXCCTBO aKCHOM, U (l)OpMaJ'II)HOG HUCYHUCIICHUC
CUUTACTCA MMOCTPOCHHBIM.
OTMGTI/IM, Korja OHO CJIIY’KUT PCHICHUIO np06neM},1 3L B S.

HpI/IMeHSUI npaBUJIO MOACTAHOBKH, Ka)K,HOﬁ aKCHUOMC COITIOCTaBJISACTCA MHOXXCCTBO
O3.I1. CXEM, PpCaIN3yCMbIX eé HCHOJIb30BAHUCM; OHO HMCHYCTCA HUHAYHHUPYCMbIM
aKCHOMOM U SIBJISCTCS paspCUINMbIM. Taxum 06p330M, KOHCYHBIM YHCJIOM aKCUOM B
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WCYHCICHUN WHAYIUPYETCS B COBOKYIHOCTH Pa3peIINMO€ MHOXECTBO 3.II. CXEM.
Ecnu nokassiBaeTcst €ro 1MoJHOTa B S, TO B S pelieHa npoodiaeMa 3.11. CXeM.

Tenmepp — 0 moOWCKe HYXHBIX it S akcuoM. OH TOAYMHSETCS CTpPATETHH,
PEKOMEHIALUU KOTOPOH COCTOAT B CAEAYIOLIEM:

® BBECTU KAHOHHYECKYIO (DOPMY CXeM U3 S, MOJYNHUB 3TO TPEOOBAHUIO,
9TOOBI KAHOHUYECKas opMa ObLUIa aTOPUTMHUIECKH pacro3HaBaeMa 1
OblIa €IMHCTBEHHOM C TOYHOCTHIO 10 H30MOP(HU3Ma B CBOEM KJtacce
9KBUBAJICHTHBIX CXeM M3 S

® [IOCTPOUTH AJIIFOPUTM, KOTOPBIi, OJY4YHUB HA CBOI BXOJ JBE
9KBUBAJICHTHBIE CXEMEI U3 S, TPAaHC(HOPMHUPYET KaXKIYIO B KAHOHHYECCKYIO,
MIPUMEHSS TOJIBKO SKBUBAJICHTHBIC TIPE0OPa30BaHMS UX CTPYKTYPHI;

® [IPOaHAJIM3MPOBATh 3TOT AJITOPUTM, IEPEBO/S BHIIIOIHSEMbIE UM
npeoOpa3oBaHMs Ha SA3bIK (PArMEHTHBIX, U CKOMIIOHOBAaTh TAKMM 00pa3omM
AKCHOMBI.

3aMeTnM, 4TO aHaJIM3 AJITOPUTMA CONPOBOXK/IAET €TI0 IIOCTPOCHHUE.

Ecnu n3noxeHHble PEKOMEHJALWHM PEaln30BaHbl, M MOJYYCHO KOHEYHOE YHCIIO

aKCHOM, TO B CHJIy OOpaTMMOCTH BBIIOJIHEHHBIX ITOPUTMOM IpeoOpa3oBaHUi

OyzeT NoJydeHo pereHue mpoOiIeMsl 3.011. CXeM B S.

Omnpenenenust pparmMenra, €ro BXOXKAECHHUS B CXEMY, COTTIaCOBaHHBIX ()ParMeHTOB U

MOJICTAaHOBKHU (parMeHTa mnoapoOHo npexacrasieHsl B [1]. [IpuBeném 3nech numib

COJIEPXKATENBHOE OMHUCAHMUE.

®Dpacmenmom Ha3BIBACTCS YaCTh CXEMBI, JUIl KOTOPOH yKa3aHa CBSI3b C OCTaJbLHOM

YacTbIO CXEMBI.

Bxoocoenue pparmenra F B cxeMmy G — 310 pparMeHT cxembl G, u3oMopdHsIii F.

CornacoBaHHOCTh  (parMeHTOB oOecreunBaeT KOPPEKTHYIO  BBITTOJIHAMOCTD

MpaBWJia TOJCTAaHOBKM BMECTO OJHOTO (pparMeHTa COIIACOBAHHOIO C HHUM;

KOPPEKTHOCTh TPaKTYyeTCs TaK: PEe3yJIbTaTOM IOJCTAHOBKH SIBIsICTCS (pparMeHT, B

YaCTHOCTH, CXEMa, €CJIM TIO/ICTaBIsIeMbIi pparMeHT BXOANI B HEE.

OnucanHasi omnepanusi MOJCTAaHOBKM OOBSBISCTCS €IMHCTBEHHBIM IIPABHIOM

BBIBOJIA B CTPOSIIIEMCS UCUHCICHUH.

CornacoBannbie (parMeHTsl Fj, F, Ha3bIBAIOTCS 6€3YCI06HO 9KBUBALEHMHBIMU,

€CITM BBITIOJIHSETCS CIIeAyrolee: Kakoil Obl HM ObUTa cxema M3 S M KakuM Obl HH

ObUIO BXOXJICHHE B HEe€ OHOTO M3 (parMeHToB F;, F,, MOICTaHOBKAa BMECTO TOTO

BXOXKAEHUS JIpyroro (parMeHra sIBISICTCS SKBUBAJICHTHBIM B S IpeoOpa3oBaHuEM

JAHHOU CXEMBl. Ycio6Has 5KeusaneHmHocms 3TUX (PpazmeHmos UMEET MECTO B

TOM CIy4ae, KOTJa CYIIECTBYET alTOPUTM, OIPEICIAIOMUN OIMyCTUMBIE

BXOJKACHUS MOJICTaBIIIEMOTO (hparMeHTa.

B 3akmodeHne oTMETHM, 4TO B pasjene 6 JaHHOW CTaThH H3YydaeTcs pEIICHUE

mpoOnemMsl 3.11. B KJacce MPUMHUTHBHBIX CXEM B CiIydae, KOTJa HHAYLHPYHOIIas

Mozenb My — 3TO ypaBHOBEILIEHHAs IOJIYTPYNIIOBAas MOJENb MPOTPAMM C JIEBBIM

COKpAIICHUEM.
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5. YpaeHoeeweHHblIe nosnyzapynnoebie mModesnu NpPo2pamm C
JleebIM coKpauwjeHUeM

OnuceIBast 3TH MOJIENH, MBI (DakTHIECKH MaéM aHATUTHIECKHi 0030p cTaThu [5].
IIpocrast anreOpamueckass Mozenb mporpamMm Han 0Oasucom Y, P Ha3biBaeTCs
VPABHOBEULEHHOU NOLYZPYRNOBOT MOOEIbIO NPOCPAMM C IEbIM COKPAUEHUEM, eCITA
e€ mapameTpsl T ¥ | yIOBJICTBOPSIOT CIIEAYIOLUIMM TPEOOBAHHSIM.

OKBUBAJICHTHOCTb T SIBJISCTCS HOJIY2PYNNOBOU, TO €CTh, KAKUMHU Obl HH ObLIH
LHENOYKH Ry, hy, hs, hy HaT Y, BRITOTHICTCS MMILIHKALIHS

(h1~hy)&(hs~hy) = hyhs~hyhy;

1 obnanarouei 1eguim cokpawenuem, eCiy s JM00bIX 1enodek hq, hy, hs, hy Hag
Y BBINOJHSETCS MMILTAKALNS

(hihs~hyhy)&(Ry~hy) = hy~hy;

Kpome TOro, SKBHBaJCHTHOCTH T SBIISICTCS YPAaBHOBCIICHHOH, TO €CThb T-
9KBHBAJICHTHBIC IICTIOYKU PABHBI IO JJTUHE.

MHoxecTBO | COCTOUT M3 BCEX T-COTJIACOBAHHBIX (DYHKIUIA Pa3METKH.
[Mo-mpexunemy o603Ha4YaeM M OIMMUCAHHYIO MOJICIb IPOTPAMM.

Jlerko mokazyemo, 4to s Moaenu M, pa3pemmuma mpoodieMa Jmbepuzanun. B [3]
YCTaHOBJICHBI (DaKThI, U3JIaracMbIe HIXKE KaKk Teopema 4 u Teopema 5.

Teopema 4 B mooenu My paspewma npodiema dK8UBATEHMHOCTNU CXEM.
Teopema 5 B mooenu M paspewuma npobiema 2.n. cxem.

ITonaraem cxembl B M, CBOOOAHBIMHU.

OcCTaHOBHMCSI Ha ONMCAHWM HEOOXOIWMBIX CBOHCTB JKBHBAJCHTHOCTH CXEM W3
Mozenu M, GopMynHupys BX KaK YTBEpKIACHUS 3-5

YTBepikaenue 3  PasHogenuxue couemaemvle Mapuipymsl 6 3IKEUBANEHMHBIX
cXemax OKAH4UBAIOMCA 8 BEPULUHAX 00Uje20 MUnd.

YTBepxknenue 4 W3  conpaxcénmblx u  paziuuHO NOMEYEHHbIX BepUIUH
9KBUBATICHIMHBIX CXeM BbIpACMAlOm Kycmol 0bwe2o mapkepa.

Iyctb G — cxema w3 M,, u v — mpeoOpa3oBarens B Hel. Kycmom,
npouspacmarowum u3 vV, Ha3bBaeTca (parMeHT cxeMbl (, COCTOSIIUI W3
npeobpa3oBareneli, BKIOYas v, M yAOBICTBOPSIONINI CICAYIOMNM TPEeOOBaHUIM.
Bce BepmmHBI (pparmeHTa pacmpenesieHsl M0 ypOBHSAM, Ha KaKIOM H3 KOTOPBIX
HAXOJATCS PAaBHOYAAIEHHBIC OT V MPeoOpa3oBaTesu, IpU 3TOM, eciiu k — Yucio
YPOBHEW, TO JYI'W, HCXOJINIME W3 BEPIIMH, MPUHAIUICKANUX YPOBHIO [,i =
0,1, ...,k — 1, BenyT B BepiuHsl i + 1-0ro ypoBHS; TAKMM 00pa3oM, U3 BEPLIHHBI VU
Ha k-bIil YpOBEHb BEIYT MPOCTHIC OPUCHTUPOBAHHBIC IMyTH; TPeOyeTcs, YTOOBI BCE
OHM HECIIM HKBHUBAJCHTHBIE IEMOYKH. Kilacc SKBHBAJCHTHOCTH JTHX IIETIOYEK
HA3bIBACTCS MaApKepom TAHHOTO KyCcmd, a BEPIIUHA U — €T0 KOPHEM.
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3nech conpsidicénnbiMu B IBYX CXeMax Ha3bIBalOTCs MMpeo0pa3oBaTelid, B KOTOPBIX
3aBEPIIAIOTCS COYCTAEMBIC MAPIIPYThI, HECYIIHUE LIEIIOYKU, KOTOPBIC SBISIOTCS T-
9KBHBAJICHTHBIMU 110 YCTPAHCHUU M3 HUX MOCICIHETO CUMBOJIA.

KycTb, 0 KOTOpBIX TOBOPHUTCS B YTBEPKICHHU 4, TaKKE HAa3BIBAIOTCS
CONPANCEHHBIMU.

YTBepikaeHue 5 B okeusanrenmuvlx cxemax ons 106020 nabopa x € X xX—6v1x00bl
CONPAANCEHHBIX KYCMOB IKGUBATICHINHDL.

Io ompeneneHuro, X—8bix000M Kycmad B CXeMe Ha3bIBaeTCsl BEpIINHA, B KOTOPYIO
U3 TOCJICTHETO YPOBHSI KyCTa BEAET Iyra ¢ METKOM X; X € X.

Beeném oTHOIIEHUE SKBUBAJICHTHOCTH BEPILIUH B cxeMe u3 M.

Jlroboii BepmmmHe v cXembl G U3 M, COMOCTaBUM IMPOCTYIO M CBOOOJHYIO CXEMY
G(v), MOCTPOCHHYIO TO CIEAYyIOmMM mnpaBuiaMm. bepércs ¢parmeHTt cxemsl G,
MOPOKACHHBIH BCEMHU €€ BEPIIMHAMHU, NOCTIDKUMBIMU U3 UV OPUCHTUPOBAHHBIMH
mytsMu. Cpesir HUX, B CHIIYy CBOOOTHOCTH CXEeMBbI (G, HAaXOIUTCS €€ BBIXO, KOTOPBIi
Oynem cuyuTaTh BBIXOJOM cxeMbl G (V). PekoHCTpyupyem 3TOT (parMeHt, BHECS B
HEero BepIIMHY loop, eciu e€ He ObLI0, 3aTeM YCTPAaHUM BCE BXOISIINE BO PparMeHT
M3BHE €ro JyI'M ¥ HAlpaBUM B BEPLIMHY [00p BCE UCXOMAAIINE U3 HETO HAPYXKY IYTH.
B 3akiroueHne 100aBUM BEpLIMHY, UIMEHYEMYIO BXOJIOM cXeMbl G (V), OTIIPAaBUB B
BEpUIMHY ¥ Bce ucxomsiue n3 Heé nyru. Cxema G (v) mocrpoeHa.

Bepunnsl vy, v, cxembl G U3 M, Ha30BEM 9KEUBAIEHMHBIMU, SCIH YKBUBAJICHTHBI
cxeMsl G (v;), G(v,).

OTMeTHM, YTO JOKa3aTeJIbCTBO TEOPEMbl 4 BBHIIIOJIHUMO HPOBEPKOIl YTBEpIKACHUI
3-5 mpu IpOCMOTpE Map COMPSKEHHBIX BEPIIUH HCIIBITYEMBIX CXCM.

6. PeweHue ﬂp06ﬂeMbl 3.11. 8 KJ/iacce rnpuMumue8HbIX cXeMm,

UHOyyuposaHHbIX Modesnbio M,

Crnemyst METOIVIKE, U3JIOKCHHOHN B pa3zmene 4, onmpeneianM KaHOHHYECKYIO CXeMY B
Kiacce K IPUMHUTHBHBIX CXeM, MHIyINPOBaHHBIX MOJENBI0 M.

Cxemy G m3 K Ha30BEM KaHoHUUECKOU, €CTTH BBHITTOJHEHBI YCIOBUS:

e BG OTCYTCTBYIOT SKBUBAJICHTHBIC OTTIOPHBIC BEPIINHBI;

e KakoU Obl HU ObLIA OTIOPHAS BEPIIMHA UV CXeMBbI G, MHOTOBBIXO/IHAS CXeMa
G (v) He COlIep)KUT KYCTOB U CHIIbHO SKBHBAJICHTHBIX BEPILIHH;

® 71 pPa3HBIX ONOPHBIX BEPIIUH Vy, V; MHOTOBBIXOIHBIE CXEMBI

G (1), G(v,) He NMeEIOT OGIINX BEPUIMH, KPOME OMOPHEIX.
Omnpenenum Ucnonab3yeMble 31ech MOHATHSL. I1ycTs G — cxema u3 K.
OmnopHOHM BepIIMHE v, SBISIONIEHCS BBI3OBOM, comoctaBuM cxemy VG (v). Dra
CXeMa CTpOMTCS cieaylomuM obOpasoMm. [nmaBHbelii monrpad G ymansercs
3aMeHsAeTCA Ha TJaBHBIM moxarpad cnemyromero Buzaa. OH CONEPKUT BXOAHYIO U
BBIXO/IHYIO BEPIIMHBI, BCE IYI'M M3 BXOJHOH BEPUIMHBI BEAYT B CIMHCTBEHHBIH
BBI30B, KOTOPBII MOMEUCH TEM K€ CHMBOJIOM, YTO W VU, U WHIMICHTCH TOMY XK€
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moarpady, 9ro W V. EJWHCTBEHHBIM BO3BpaT, MPHHAMICKANINN TIIABHOMY
noarpady, mapeH 3TOMY BBI3OBY, W BCE JIyI'M M3 HEro BeIyT B BeIXoA. [pyrux
BEpIIMH B II1aBHOM noarpade Het. B ocransaom cxema VG (v) coBnanaer ¢ G.
BepunHbI-BBI30BEI ¥y, U, CXEMBI G Ha30BEM 9KGUBAIEHMHbIMU, €CITH YKBUBAJICHTHEI
cxembl VG (v4), VG (vy).

Cxemsl Gy, G, u3 M, Ha30BEM CUNLHO IKEUBANEHMHBIMU, €CITU OHU DKBUBAJICHTHBI,
U coueTaeMble MapIIpyThl Yepe3 HUX HECYT PABHBIC LIEIOYKH.

Bepmunsl vy, v, cxemsl G U3 M, Ha30BEM CUTbHO IKEUBATEHMHBIMU, €CIIU CUIBHO
9KBUBAJICHTHBI cXeMbl G (v1), G (V;).

Jemma 2 Kanonuueckaa cxema uz K ancopummuuecku pacnoswasaema u
EOUHCBEHHA C TNOYHOCMBIO 00 UZOMOPPUIMA 8 CBOEM KAACCE IKGUBAIEHMHOCU.
Proof. OueBumHO, YTO B CHIIy Pa3pelIMMOCTH OTHOIICHHH 3KBHBaJICHTHOCTH W
CUJIbHOM SKBHUBAJIEHTHOCTH, CBOMCTBA 1-2 KAHOHWYECKOM CXEMbl alrOPUTMHUYECKH
pacro3HaBaeMBl.

CaoiicTBO 3 pacro3HaBaeMo 00X010M rpada CXeMbl U3 KaX101 ONOPHOW BEpIINHBI.
CrenoBareIsHo, KaHOHHYECKast ¢dopma SIBIISIETCS ITOPUTMUYECKH
pacro3HaBacMo.

[Tyctp cymectByer nBe kaHOHMYeckue GoOpMbl Gi, G, G;~G,, HE SBISIOLIHECS
nzomop¢HbMH. [lycTh B G CylIecTBYeT BEepIMHA U, HE SBISIOLIAsCS ONOPHOW,
KOTOpast He UMeeT COMpsDKEHHON B G,. B 3TOM citydae, B cuily cBOOOIBI CXeM, OHHU
HEe PKBUBAJCHTHHI. Ecnm BepmmHa v cxemsl (G compspkeHa Oojiee 4eM C OIHOI
BEpIIMHOH G, TO 3TH BEpIIWHBI B G, YKBUBAJICHTHBI (TOTAa G, — HE KAaHOHUYECKAast
dopma), 6O MpUHAIIEKAT PA3THIHBIM cXeMaM BUaa G, (V;), G,(v,) (Torna G, He
SBJISIETCS KaHOHMYECKOH (POPMOI, MOCKOJIBKY COJEPKUT IEPECEKAIOLINECS CXEMBI,
BBIPACTAIOLINE U3 PA3IMYHBIX OTIOPHBIX BEPILUH).

Ecim  xe cxembl Gq,G, OTIMYAlOTCS ONOPHBIMM BEpIIMHAMH, TO OHH
HEOKBHBAJICHTHBI B CUITy IPUMHTHUBHOCTH CXEM.

Jlemma nokazana.

Teneps onuieM aaroputM p, KOTOPHI, OJIy4HB Ha CBOW BXOJ| JIB€ SKBUBAJICHTHbIC
cxeMbl Gy, G, CTPOUT 3KBHBAJICHTHYIO M KaHOHHYECKYIO cxemy G .

CHavana anroput™m p B KaxJIod u3 cxeM G;, G, MpOCMaTpUBaeT Mapbl OJHMHAKOBO
IIOMEYEHHBIX BHI30BOB M YCTaHABJIMBAET, SKBUBAJICHTHBI OHM WM HeT. B ciyuae
9KBUBAJICHTHOCTU AJTOPUTM O BBINOJHACT CKJICUBAHWUE STHUX BEPIIMHBI ITyTEM
repedpoca Ha OCTaBISIEMYIO BEPIIUHY YT, IPUXOMAIINX B IPYTYIO.

310 mpeobpasoBaHME NOAJEPIKUBACTCS YCIOBHOH akcuomoi B1l, ¢opmanbHOE
oTIpeJieNieHne KOTOPOH COBIAAaeT C ONpeAesieHUEM YCIIOBHOW akcnombl A6 B [5].
3mech W mganmee MBI OyIeM CCBUIATBCS Ha aKCHOMBI W3 [5], ompenpessronive
SKBHUBAJICHTHBIE IMPEOOPa30BaHUS CHUCTEMBI 3.I., TOJNHOW B M,, OrpaHHYUBAsICH
JIMIIE COIEPKATENFHBIM OMTUCAHNEM CaMUX peo0pa30BaHMiA.

ITocie npuMenenunst akcuombl B1 cxema mepecTaét OBITH CBOOOJHOW, M MO3TOMY
TpUMeHsieTcsT peoOpa3oBaHue, OMUChIBaeMoe Oe3yciaoBHOW akcuomor B2. OHO
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COCTOWT B YNAJICHHWH W3 CXEMBI BEPIIMH, HE IOCTIKMMBIX M3 €€ BXOHa; 3TO
npeobpa3oBanue 0600maeT onucanHoe B [5] akcrnomoit A7.

O6o3HaunM Gy, G,, CXeMbl, DKBHBAJICHTHBIC HCXOIHBIM cxeMaM Gq,G,, U He
COJIepKAIIE YKBUBAJICHTHBIX BEI30BOB.

Janee, amroputMm p paboTaeT C KaKIOW TMApO MHOTOBBIXOIHBIX CXEM,
BBIPACTAIOIINX M3 COYCTAEMBIX ONOPHBIX BEpHIMH cXeM Gi,, G,,. [Ipu 3TOM, eciu
CYIIECTBYET IpeoOpa3oBaTely, IPUHAIICKAIINEC HECKOJIBKHM MHOTOBBIXOJIHBIM
CXeMaM, OHH pACKIeusaiomcs, TO €cTh, CO3JIAIOTCS KOMUK MpeoOpazoBarelieil Tak,
yTOOBl KaXJas KOMHUs IPUHAIUICKATA CBOCH MHOTOBBIXOJHON cXxeMe. JTo
npeoOpa3oBaHue MOAIEP)KUBaeTCs Oe3ycnoBHON akcnomoi A1 u3 [5].

O003HaYMM p; BBITIOTHSICMBIH JUIS KaXKIOW Mapbl MHOTOBBIXOIHBIX CXEM JITOPHUTM.
Iycts vy, v, — paccmarpuBaeMas mapa BepiidH cxeM G;,, G, COOTBETCTBCHHO.
[ockonbky MHOTOBBIXOAHEIE cXeMbl Gy,(v;) u G, (V,) OSKBHBAJICHTHBI, TO
W3BECTHB MPHUHAAJICKAIIAE UM CONPSKEHHBIE BEPIIWHBI, CIIEIOBAaTENBHO, U
COTIPSDKEHHBIE KYCTHI B HUX.

Ha ocHoBanum yTBEpKIeHUS 5 CIIpaBeINBa

Jdemma 3 Eciu F;, F, — couemaemvie kycmut uz cxem Gi,(v1) u Gy, (vy), mo npu
mobom x € X 6ce X—8bIx00bl IMUX KYCIMO8 HAXOOAMCA 8 COUemaemblX CXemax,
8LIPACMAIOWUX U3 V1, Uy COOMBEMCMBEHHO.

Jis kaxo#l mapbl cOYETaeMBIX KYCTOB IMPOBOIUTCS TpaHChopMalus, moapoOHO
onucanHas B [1]. [IpuBeném e€ kpaTxo.

B mepByto ouepenp, COnpsHKEHHBIE KYCTHI IEPEBOAATCS B wucmble KYCTHl, TO €CTh,
KYCTBI, B KOTOPBIX BCE BXOJIIME HW3BHE IYI'M BEIYyT B KOpPEHb KycTa. OJTa
TpaHcopManusl MPOBOANUTCA IMYTEM omKIeusanusi TMOJAKYcTa ¢ (OpMHpPOBAHHEM
HOBOM Tapbl CONPSDKEHHBIX KycTOB. OTO TpeoOpa3oBaHue obecrieunBaeTcs
akcuomoii A1.

[anee obecrieunBaeTcs clieyroniee CBONCTBO COMPSHKEHHBIX KYCTOB: JJISI KQXKIO0TO
x € X Bce X—BBIXOJBI KyCcTa BEAyT B OJHY U Ty K€ BEpIIMHY. DTO TpeOOBaHUE
BBIMOJTHACTCS MYyTEM CKIICUBAHHS X—BBIXOJI0B KYCTOB IIPH MOMOIIU aKCHOMEI B1.
[ocne 3TOTO KYCTHI TpaHCHOPMHUPYETCS B JIUHElHble, TO €CTh, IPOCTO B LETIOYKH
npeoOpa3oBaTeniel, HECyIIHE OINEpaTOpHBIE  CHUMBOJIBI,  COOTBETCTBYIOIIHUE
MapkepaM KycToB. I[IpeoOpazoBaHue IPOBOAWTCS IIPH HOMOIIM Oe3ycIOBHOM
akcuombl A7 u3 [5].

B mpouecce npeobpazoBaHnii MOTJIM MONy4aThCs HECBOOOIHBIE CXEMBI, TOATOMY
aJTOPUTM TIOBTOPSIET TpaHC(HOPMAITHIO CXeM B CBOOOHBIE COTIIACHO akCHoMe B2.

B pesynbTaTe nMeeT MEcTo CIeAyIoee yTBepKICHHUE.

Yr1Bep:kaenne 6  [Ipeobpazosanmvie  MHO208bIXOOHLIE — CXEMbl  CUTBHO
9KBUBATIEHMHDL.

31ech CHIIBHO 3KBUBAJIICHTHBIMH HA3BIBAIOTCS SKBUBAICHTHBIC CXEMBI, COCTABHBIMH
YaCTSMHU KOTOPBIX SBIISIOTCS CHIBHO SKBHBAJICHTHBIC IIPOCTHIC CXEMBI.

OcTanoch IPUMEHHUTD aKCHOMY A6, CKIICHBAIOIIYIO CHIIBHO SKBHBAJICHTHBIC BEPIIIIHBIL.
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AJNTOpPUTM p, OTHCAaH.

[IpuMeHeHreM anropuTMa p Tapa CXeM IPHUBOAUTCA K Tape H30MOP(HHBIX
KaHOHUYECKHUX CXEM, CJIeI0BaTeNIbHO, BEpHA

Teopema 6 Cucmema 3.n., uHOyyupyemas axcuomamu
B1,B2,A1 — A7,
SIBJIIETCS IOJIHOM B Kiacce K.

7. 3aknroyeHue

JlanpHeWIe WCCNeIoBaHus B OTOW 00JaCTH MOXXHO BECTH B  CIEAYIOIINUX
HaIpaBJICHUSX:

® [HCCIIEZIOBAaHWE JPYTUX MPOCTBIX MOZENeH MporpaMm, B KOTOPBIX
paspemnrmMa mpodieMa SKBHBAJICHTHBIX Pe0o0pa30BaHMM, Il IPUMEHEHHS
pemleHuss K  MHOTOBBIXOJHBIM  CXeMaM M, COOTBETCTBEHHO, K
MIEPEropoAYaTEIM MOJEISAM IPOTPAMM;

® [IOMCK IIPEJACTABICHUN CXEM U3 IePEropoI4aThiX MOAEIEH, KOTOPbIe MOTYT
OBITH AJIBPTEPHATHBOM MHOTOBBIXOJIHBIM CXEMaM; pEe3yJIbTaThl B 3TOU
o0JacTy MOMOTYT pelaTh NpodJieMy SKBUBAJICHTHBIX IIPE0Opa3oBaHuit st
CXeM, KOTOpBIE HE SBIISIOTCS TPUMHUTHBHBIMH;

® JCClIeZIOBaHNE MHOTOBBIXOIHBIX CXEM KaK CaMOCTOSITEIBHOTO O0BEKTA.
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Abstract. The article belongs to the theory of program schemes. Program schemes are
objects designed for the analysis of formalized programs. One of the key tasks of the theory is
to create a finite full system of equivalent transformations (E.T.). The article deals with
program schemes with procedures, limited only to gateway program models. Such models
derive highly from program models without procedures. A brief description of E.T. systems
is given, followed by a methodology for the construction of full systems of E.T. A subclass of
gateway program models, called primitive schemes, is introduced. Such schemes are closer to
procedure-free schemes. The methodology is then successfully applied to construct a full
finite system of E.T. in the primitive subclass of balanced gateway semigroup program
models with left cancellation, which is a well-studied class of program models. The
construction is based on the known system of E.T. for similar program models without
procedures. An auxiliary type of schemes, called multiexit schemes, is used. As a result,
canonical schemes for classes of equivalence within the models are defined, and a sequence
of transformations resulting in the transition of any scheme from this model into its canonical
form is stated. This is considered a complete E.T. problem solution for a class of programs.
Further research topics are given in the conclusion.

Keywords: algebraic program models; equivalent transformations; gateway program models;
primitive program models; left cancellation.
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