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THKA, MMﬁAa-HCqHC/leHHe

BectunoBasg (QPyHKIMOHAABHAsA IIPOrpaMMa IIPEACTABASET COOOU CUCTEMY
YPaBHEHUU C OTAEASIOIIMMUCS IIepeMeHHBIMU B OeCTHUIIOBOM A\-UCUYHUCAeHuU [1,
2]. OcHOBHas CeMaHTHWKA TAKUX IIPOTPAaMM OOBIYHO OIPEAEASeTCS C ITOMOIIBIO
KOMOMHATOpa HEIMOABMJ)KHOU TOYKHM Y. B AaHHOU paboTe AOKA3bIBAETCS, UYTO
CEeMaHTHKH, OIIpepAeAsdeMble C MOMOIIbI0 Pa3HBbIX KOMOWHATOPOB HEIOABUKHOM
TOYKHY, SKBUBAAEHTHBLI B TOM CMBICAE, YTO €CAU IIPUMEHUTh UX K OAHUM U TeM JKe
AQHHBIM, TO IIOAYYUM OAMH U TOT K€ PEe3yAbTaT.

B [2] onIpepAeAsIOTCA M UCCAEAYIOTCS AATOPUTMELI HHTEPIIpETAu O€CTUIIOBBIX
(PyHKIMOHAABHBIX IporpaMM. [IpoliepAypHBIE CeMaHTHUKHM, OCHOBAHHBIE Ha 3THUX
AATOPUTMAaX, CPABHUBAIOTCSI C OCHOBHOU CEMAHTUKOM, OIIPEAEATIEMON C MOMOIIBIO
KOMOMHATOpa HENOABM>XHOM TOUYKM Y. U3 Hacroguleill pabOTBI CAEAyeT, 4TO
PE3YABTATHl, IOAYYEHHBIE B [2], BEPHEI AA CEMAHTUK, OIPEAEASIEMBIX C IIOMOIIBIO
IIPOU3BOABHOT'O KOMOMHATOPA HEITOABUKHOM TOYKM.

1. Hcnoawm3yeMEle OIpEAEAeHUsT M pe3yAbTaTHl. [lyctb V' — cueTHoe
MHO>XEeCTBO TTepeMEHHBIX M A — MHO’KeCTBO OECTUIIOBBIX TEPMOB, OITPEAEAIEeMbIX
OOBIYHBIM OOpa3oMm (cMm. [1]). TpapAHMIMOHHBEIM OOpPAa30M BBOAATCS IIOHATHSA
CBOOOAHOT'O U CBSI3aHHOT'O BXOJKAEHUS IIEPEMEHHOU B TEPM U IIOHATHE CBOOOAHOM
mepeMeHHOU TepMa. MHO>KeCcTBO BceX CBOOOAHBIX NepeMeHHBbIXx Tepma M
ycaoBuMcst ob6o3Hauath F'V(M). TepMm, He copepsKaluil CBOOOAHBIX ITePEMEHHBIX,
HA30BeM 3aMKHYTBIM. MHOKECTBO BCeX 3aMKHYTHLIX TepMoB 0603HauuM A’, Yepes
Mlzy, ... ,z,| ycroBuUMCS 0003HauaTh TepM M C yKaszaHUWEM HHTEpPeCyIOIINX Hac
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IIOIIAPHO PA3AWYHBIX NEPEMEHHBIX I1,...,T,, m > 1. Yepes M[Ny,... , Ny
0003HAUMM TepM, IIOAYUYEHHBIU B Pe3yAbTaTe OAHOBPEMEHHOU ITIOACTAHOBKU TEPMOB
Ny, ..., N, BTepM M BMecTO BCeX CBOOOAHBIX BXOXKAEHUM IMePEMEHHBIX T, . . . , Lm,
COOTBETCTBEHHO. [IOACTaHOBKA Ha3bIBAeTCI AOTyCTUMOM, €CAU HU OAHA CBOOOAHASA
IepeMeHHas MOACTABAIEMOI'O TepMa He CBA3BIBAETCS B PE3yAbTAaTe NMOACTAHOBKU.
Aanree MBI OypeM pacCMaTpUBaTh TOABKO AONYCTHMBbIe IIOACTAHOBKU. TepMel M u
N Ha3BIBaIOTCd KOHIPYIHTHBIMU (0O03HaumM M = N), eCAHM OAWH TepM MO’KHO
IIOAYYUTH U3 APYIOTO IIepeuMeHOBaHNHEeM CBSI3aHHBIX IIepeMeHHBIX. Aaree MBI He
OyAeM pa3AnuaTbh KOHTPYIHTHBIE TEPMHI.

OOBIYHBIM 00pPa30M OIPEAEASTIOTCS TMOHSATHE (J-PeAeKca, OTHOIIEHUS OAHO-
IIaroBOM (-pepyKumu (—g3), (-pepykuuu (——g3), J-paBeHCTBa (=) U mOHATHE [3-
HOpPMaAbHOM (popMbl. Tak Kak B A@AbHeHIIeM MBI OyAeM UMeTb A€AO TOABKO C [3-
PEeAYKIMEeN, YCAOBUMCS Aaree (3-pepeKC Ha3bIBaTh IIPOCTO PEAEKCOM, OTHOIIeHUe
OAHOIIIATOBOM [3-PEAYKIIMU — IIPOCTO OAHOIIIATOBOM pPeAyKIlUel, OTHollleHue (-
PEAYKIIMM — IIPOCTO pepyKuuel, a f-HOpMaAbHYIO (pOpMy — IIPOCTO HOPMaAbHOM
dopmoii. Byaem Tak)Ke OIycKaTb CHMBOA (3 B COOTBETCTBYIOUIMX OOO3HAUEHUSX,
T.e. OTHOIIIeHHe — 3 0003HA4YaTh —, OTHOIIEHUEe ——g — ——, & OTHOIIIEHUEe =g —
=. MHO>XeCTBO BCeX HOPMAaAbHBIX (DOPM yCAOBUMCHA 0003Ha4UaTh NV [, @ MHOKECTBO
BCEX 3aMKHYTHLIX HOPMaAbHBIX hopm — NP,

Ecau BO BpeMs HEKOTOPOU OAHOIIATOBOU PEAYKIUU CBEPTHIBAETCA (3aMeHs-
eTCsI CBEPTKOM) CaMBIM AEBBIM PEAEKC, TO 3TAa OAHOIIATOBAs PEAYKIUSA HA3bIBAETCA
AE€BOM OAHOLIArOBOM pepyKnumen. PepyKnus, cOCTOAIIas M3 A€BBIX OAHOIIATOBBIX
PEAYKIINY, Ha3bIBAETCS A€BOU pPeAyKIMen. AeBYI OAHOIIArOBYIO pepyKuuio M —
N ob6osznauum M - N, a aeBywo pepykumto M —— N obOozHauum M = N.
M3BecTHO, uTO ecam TepM M wuMeeT HopMarbHyrO ¢opmy N, TOo M = N,
T.e. K HOPMaAbHOM (GoOpMe MOXHO "AOUTH" C IIOMOUIBIO A€BOU PEAYKIIHNU.
AOKa3aTeABCTBO CAEAYIOIIUX TeOPeM MOJKHO HAauTH B [1].

Teopema Yepua-Poccepa.

a) Ecnu M —— My, u M —— M, 1o cymjecrByer takod repm N, uro My, —— N u

My —— N,

b) Ecam M, = M,, o cymecrByer rakox repm N, yro My —— N u My —— N.
ChreactBHe TeopeMul Uepua-Poccepa.

a) Ecam M = N, rae N — HOpMarbHAas ¢popma, o M —— N.

b) Ecrhu M = Ny u M = Ny, rae Ny u Ny — HOpMarbHBIE (hopMbl, TO N1 = Ns.

TeopeMa 0 HENIOABMIKHOU TOYKe. CyIjecTBYyeT TaKOH TepM Z, YTO €CAH €ro
IOPHUMEHHTH K [IPOH3BOABLHOMY TepMy M, TO mMOAyYHM HErOABHXXHYIO TOYKY TepMa
M, re. M(ZM) = ZM. Takue TepMbl HA3bIBAFOTCSI KOMOHUHATOPAMH HEIIOABHIKHOH
TOYKH.

Hampumep, Tepm Y = Mh.(Az.h(zz))(Az.h(zz)) sBAseTCT KOMOMHATOPOM



HEeIOABMIKHOMN TOUYKMU.
Ansi DOPMYAMPOBKM TeOPEMBI O KPATHOM HEIIOABUJKHOM TOYKE BBEAEM

0003HAYEHUST AAST HEKOTOPBIX TEPMOB:
< My,..., M, >= \x.xM;... M,,
raez eV, M;eN, e g FV(M,;),i=1,...n,n>1;
U'= Ay .. oxp.y,
tnez; €V jFEEk=>x;Fa kj=1,..n,1<i<n,n>1;
P = X\z.2U]",

rpaexeV,1<i:<nn>1,;
TeopeMa O KpaTHOM HEMOABMJKHOM Touke. [Ilycre Mi,... M, (n > 1) —
IIPOH3BOABHEIE TEPMEL, 7 — KOMOHHATOP HEIOABHXKHOH TOYKH H

L? = PM(Z(\x. < My(Pl'z) ... (P"x),..., M,(P'z)...(P"x) >)),

n

i=1,...,n. Toraa M;L?...LZ? =L%i=1,... ,n.

2. VHBapHMaHTHOCTH OCHOBHOM CEMaHTHKHU OeCTUIOBEIX (PYHKIHUOHAALHEIX
IIporpaMM OTHOCHUTEABHO KOMOMHATOpa HENOABM)XKHOM TOYKM. Bectumnosas
dyHKIIMOHaABHAA ITporpamMmma P (cM. [2]) npeacTaBasseT cOOOM CUCTEMY YPAaBHEHUU
CAEAYIOIIEeTO BUAQ!

leMl[fh'" 7fn]7
(1)

fn:Mn[fla 7fn]7
rae fZ € V' { 7£ .] = fZ 7_é fj' Ml[fh 7fn] S A' FV(MZ[fh 7fn]> g {fh‘" 7fn}'
i,7 = 1,...,n, n > 1. T'hnaBHBIM ypaBHeHHeM NOporpaMmsl (1) Oypem cyuTaTh

IIepBO€e ypaBHEHNE CUCTEMBI. 3aPUKCUPyeM KOMOWHATOP HENOABUKHOM TOYKU £

1 PacCMOTPHM CAeAyIolliee pellleHre YKa3aHHOW CUCTEMBI:
Z Z
(LY,... L7,

ae L7 = PMZ(\x. < My[Ptx,... ,Prx],... ,M,[Plz,... "z] >)), i = 1,...,n.
[AaBHOM KOMIIOHEHTOM yKa3aHHOTO pelIeHWs Ha30BeM TepM L7, KOTOpwId u
SIBASIETCSI OCHOBHOM CEMaHTHMKOU HEIMOABU>XHOU TOYKM IIPOTPaMMbI P, COOTBETCT-
BYIOIIIeH KOMOMHATOPY HEIIOABMIKHOM TOUKY Z. OnpepeanM MHOXKXecTBO Fiz(P, Z),

COOTBETCTBYIOIIee ceManTuke L7 caepyrommm o6pa3om:
FZI'(P,Z) = {(Qb 7QkaMO)‘leQl>"' 7@/{7 — MO)Ql?"' 7QkaM0 € NFO) k > 0}
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OCHOBHBIM pPE3yABTATOM AAHHOM PpAaOOTHI SBASETCA CAEAYIOlllasg TeopeMa 00
WHBApPUAHTHOCTU OCHOBHOU CEMaHTUKMU.

Teopema 1 (06 HMHBAapHMAHTHOCTH OCHOBHOM CEMaHTUKHU). AA9 AFOOBIX
KOMOHHATOPOB HENOABHXHOH TOYKH 7 1 7' H AFOOOH OeCTHIIOBOH (DYHKIJHOHAADL-
HoH nporpamMmsel P ameem

Fix(P, Z) = Fix(P,Z"),

T.€. MHOXECTBO, COOTBETCTBYIOIJEE CeMAHTHKE HEIOABHXHOH TOYKH, HHBAPDHAHT-
HO OTHOCHTEABHO KOMOHHATOPA HEIIOABHXXHOH TOYKH.

CHnpaBepAMBOCTBL TeOpeMEL 1 BBITEKAEeT U3 CAEAYIOLIeN OCHOBHOU A€MMBI 1.

Aemma 1 (ocuoBHast). [lycre Z, 7' — [pOH3BOABHBIE KOMOHHATODBI
HENOABHXXHOH TOYKH u M — TepM, B KOTOPOM 3aQQHKCHPOBAHO HEKOTOPOe
BxoxAeHue moarepma /L, L € N,  Ob6osmauum uyepe3 M' rtepm, KOTOpDBIH
moaygaercs u3 M 3aMeHOH YKa3aHHOIO BXOXAeHHS moarepma 7L repmom Z'L.
IlpeanmoroxuM TakKe, 9TO CBOOOAHBIE BXOXAEHHSA IIEPEMEHHBEIX B COOTBETCTBY-
FOIJHX BXOXACHHAX MoATepMoB Z1L u 7'l He cBaszbiBaroTcsa B Tepmax M m M,
coorBercTBeHHO. Toraa My sBAseTcss HOpMAAbHOH opmor tepma M B TOM H
TOABKO TOM CAy9ae, Koraa My saBageTcss HopMaAbHOH popmor repma M.

ITpuBepeM AOKA3aTEABCTBO TeOPEMEI 1, MCIIOAB3YSL OCHOBHYIO AeMMYy 1. TlycTb
P — mpousBoAbHas GecTurioBas (PyHKIIMOHaABHAsS mporpaMma Buaa (1), a Z u 7’

— TIPOM3BOALHBEIE KOMOMHATOPHI HEIIOABMKHOM TOUKH. TOTAQ,
Fiz(P,Z) = {(Q1,... ,Qp, Mo)|L?Q; ... Qp —— My, Q1,...,Qr My € NF°, k >0},

TAE
L? = PMZ(\x. < My[Pl'z,... ,P"x],... , M,[P'z,... 6 P'z]>))

%1
FZ‘I(P7Z/) = {(Qh 7Qk7M0)‘L1Z/Q1"‘Qk — MO:QI:"‘ 7Qk7MO € NF07 k 2 0}7

TAe
L? = PMZ'(A\x. < My[Prx, ..., Pral,..., My[Prz,... Prz] >)).

n n

AErko BUAETDH, UTO AASI TPOU3BOABHBLIX TEPMOB Q1. .. , Qr, My € N° (k > 0), Tepmbl
LZQy...Qr u L7 Q, ...Qr YAOBAETBOPSIOT YCAOBUAM A€MMEI 1 ¥, CAEAOBATEABLHO,
L?Q, ...Qr —— M, TOTAQ ¥ TOABKO TOTAQ, Koraa L7 Q... Qs —— M,. Teopema 1
AOKa3aHa.

OcraeTcsa AOKa3aTb OCHOBHYIO AeMMy 1. Ilpesxape Bcero BBepeM INOHATHUE
KOHTEKCTa HEMOABWIKHOM TOUKH, KOTOPOE SIBASIETCSI KAIOUEBBIM IIOHSTHEM IIpHU

AOKAa3aTeAbCTBE OCHOBHOM AeMMEI 1.
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Tepm C[f] Ha30BeM KOHTEKCTOM HEIIOABUKHON TOUKU OTHOCHUTEABHO Iiepe-
MeHHOU f, ecam oH ypoBaeTBopsieT ycaoButo C[f] = fC[f] u ve nmeet Bup, fC'[f],
C'[f] € A. MHOXeCTBO BCeX KOHTEKCTOB HEIOABM)KHOUW TOYKH OTHOCHUTEABHO
nepeMeHHOU f o6o3HauuM 4yepe3 F'P(f). Aaree, Koraa 6YAET sICHO, OTHOCUTEABLHO
KAaKOM NepeMeHHOM pacCMaTPUBAETCS KOHTEKCT HEIMOABMIKHOM TOYKU, MBI He
OyA€eM sIBHO YKa3bIBaTh 3Ty IIepeMeHHy10. Hanpumep, KOHTEKCTaMU HEIIOABUKHOU
TOYKU OTHOCUTEABHO IepeMeHHOM [ siBasttoTcst TepMbl Y f = (Ah.h(zx))(Az.h(zx))) f
u Wif] = (Ax.f(zx))(Ax.f(zx))f. Opnaxo tepmbl f(Yf) u fW[f] He saBasrorcs
KOHTEKCTaMU HENOABVJKHOM ToukH, HecMmoTpsa Ha To, uto f(Yf) = f(f(Y[))
u fWIif] = f(fW][f]). HerpyaHO 3amMeTuTb, YTO AASI AFOGOTO KOMOMHATOpPA
HEIIOABV)KHOW TOUKU Z TepM Z f, rpae f € V, iBAsIeTCSI KOHTEKCTOM HEeIOABUKHOM
TOYKW M 4UTO AASI AIOOOro KOHTeKcTa HenmoABukHOU Touku C[f] Tepm Af.C[f]
SIBASIETCSI KOMOMHATOPOM HENOABUKHOU TOUKM.

[TycTh 3apA@HBI KOMOWHATOPHI HETIOABUI)KHOM TOUKM Z, Z' u Tepmbl L, M u M’,
YAOBAETBOPSIIOIINE YCAOBUSM OCHOBHOUM AeMMBI 1. 3amerum, uto TepMbl M u M’
OTAHMYAIOTCSI TOABKO BXOXKAECHUSMH MOATEPMOB ZL u Z'L, KOTOphbIe IIPUHAAAEKAT
MHOKecTBY F'P(L). OcHOBHasi AeMMa yTBEPIKAAET, 4TO M, SIBASIETCSI HOPMAaAbHOM
dopmout Tepma M B TOM U TOABKO B TOM CAydYae, eCAu My ABASIeTCS HOPMAAbBHOU
dopmoii Tepma M'. BeepeM nousitre C-3KBUBAAEHTHOCTU U COOPMYAUPYEM AEMMY
2 0 (-3KBUBAAEHTHOCTH, KOTOpasi 00OOIIUT yTBEPKAEHUE OCHOBHOM AeMMBI 1 AAST
TEPMOB, OTAUYAIOIIUXCSI HECKOABKMMHU BXOXKAEHUSIMU IIPOU3BOABHBIX IIOATEPMOB
n3 MHOKecTBa F'P(L).

(C-3KBUBAAGHTHOCTL. TepMmbl M u M’ HasoBeM C(C-3KBUBAaA€HTHBIMU U
HanumeM M ~c M’', eCAm OHM OTAWYAIOTCSI TOABKO BXOJKACHUSIMU TEPMOB

n3 MHOXectBa F'P(L), T.e. M’ moaydyaercsi u3z M myreM 3aMeHBbl HEKOTOPBIX

BXOXXAeHU#M mnoaprepmoB Ch[L],... ,Cy[L] € FP(L), k > 0, IpPOU3BOABHBEIMU
(BO3MOXHO TeMH ke cambiMu) TepMmamu Cf[L],... ,CL[L] € FP(L) u3 MHOXeCTBa
FP(L) (puc. 1). 3amerum, uto ecau k =0, To M = M.

G[L]

CL]
b G X

CIIL] C_;.EL]
M —— -

Puc. 1

M

AemMma 2 (o C-3KBHUBaAeHTHOCTH). FEcam M ~c M’', 10 My saBagercs
HODPMAaAbHOH opMmor Ttepma M TOraa u TOABKO TOIAd, kKoraa M, saBasercs

HOPMAaAbHOH gpopmoH tepma M.

11



AAS AOKazaTeAbCTBa AeMMBI 2 0 (-3KBUBAAEHTHOCTHU IIPUBEAEM Oe3 AOoKasa-
TEABCTBA CAEAYIOIIYIO AeMMY 3 O AeBOU peAyKIUM (C-3KBUBAA€HTHBIX TEPMOB.

AemMa 3 (0 AeBoit pepykuuu C-3KBUBAACHTHEIX TEPMOB). [Iyctes M ~c M’ u
M ¢ NF. Toraa cymecTByrOT Takas HEIIYCTas A€Bas peAykrus M - N m TakoH
repm N' = M', yro N' ~¢ N.

AokasaTenbCTBO AeMMBI 2. Ilyctb M ~c M’. Hapo aAokasath, uto My
ABASIETCS HOPMAABHOU hOopMOM TepMa M TOTAQ U TOABKO TOTAQ, KorAa My aBageTcsa
HOpMaAbHOU (opmoii Tepma M’'. Tlpeamorokum, uyto M wuMeeT HOPMAALHYIO
dopmy My, m pokakeM, uTto M, SABAsIieTCS HOpMaAbHOM (popmou u Tepma M’,
T.e. uro M’ = M,. OO6paTHas CTOpOHa A€MMbI AOKA3bIBAeTCS aHAAOTHMYHO. Tak
Kak M, — HOpManpHag dopMa M, TO CyllecTByeT AeBasg pepykuma M - M,.
AOKa>keM MHAYKIVEN II0 AAMHe pepyknum M - My, KOTOpPYIO OO0O3HAYUM Uepe3
m, 9T0 U3 M ~c M' u M—>L—>MO € NF caepyer M' = My. Ecam m = 0, TO
M = My nu M gaBagerca HOpManabHOU opmomn. CAepOBATEABHO, BCE IOATEPMBI
TepMa M To>Xe HOpMaAbHBIE (POpMBL. Tak Kak M u M’ MOTYT OTAMYATBECS TOABKO
BXOJKAEHUSMU TIOATEPMOB M3 MHOXXecTBa F'P(L) u Tak KakK IOCAEAHUE He MOIYT
OBITh HOPMAaABLHBIMU (popMamu, TO M ~g M’ oznavaer M’ = M = M,. Temnepsb
AOKa)keM miar mHAyKuuu. [Ipeanoaoskum, 9yto m > (0 U 4TO AAS AIOOBIX TEPMOB
N u N, echu N ~¢c N' 1 AeBasi peAyKIIUs N—>L—> Ny € NI nmeeT AAUHY MEHBIIIE
m, N' = Ny. Tak kak m > 0, To pepykuuss M - M, HemycTa U, CA€AOBATEABHO,
M ¢ NF. Torpa coraacHO AeMMe 3 O AeBOM peAyKInuu C'-3KBUBAAEHTHBIX TEPMOB
CYLLLeCTBYIOT TaKas HellycTas AeBas pepykuus M - N u takoii repm N' = M', uto
N’ ~¢c N. Tak Kak AeBas PeAyKIIUS OAHO3HauHa u M - My ecThb MaKCHUMaABLHO
MUHHAg AeBasg pepykuma tepma M, to u3z M —>L—>N caepyer M —>L—>N - M,.
[TockoABKYy pepykiusg M - N HenycTa, TO AAWHA pepyknuu N - My MmeHbBIIIE M.
CaepOBaTEABHO, MBI MOJKeM IIPUMEHUTH IIPEAIIOAOKEHNE UHAYKIIUU AAS Tepma N.
CoraacHO TIPEATIONOKEHUIO WHAYKIIUN 13 N - My u N ~c N caepyer N' = M,
1 TOCKOABKY M’ = N’, o M’ = N’ = M, (puc 2). Aemma 2 pA0Ka3aHa.
= M

M ——» N >
! L

cC C
‘3‘ -_I'f —_— ._-\_ﬂ

Puc. 2

3. OcCHOBHBIE CEMAHTHKH OECTUIIOBBIX (PYHKIMOHAABHBIX IIPOrpaMM IIpH
pa3sAMYHBIX KOMOMHATOpPax HEMOABMJKHOM TOYKH M (J-paBeHCTBO. lTak, ecam L,

u [} — cemanTHKH 6eCTUIIOBOM (PYHKIIMOHAABHON IIPOTPAMMEL P, OlpeAeAsieMble
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C TIOMOIIIBIO Pa3HbIX KOMOMHATOPOB HEIIOABUKHOU TOYKH, TO COTAACHO TeopeMe 1

OHUW 3KBUBAAEHTHEI B CAeAYIOU_[eM CMBICAE:
/
LlQl-qu —— MO @LlQle —— Mo,

rae Qi,...,Qn My, € NF°. OpaHako, Kak BBISICHSETCS, He Bceraa L, = i
T.e. CEMAHTUKU OAHOU U TOM >Xe OeCTUIIOBOM (PYHKIJMOHAABHOM NIPOIPAMMEI,
oIpepeAsieMble C IIOMOIIBI0 PAa3HBbIX KOMOMHATOPOB HEIIOABHUIKHOM TOYKH, MOI'YT
He OBLITH (J-paBHBIMU.

Teopema 2. CymgecrByer OecTHoBas (QYHKIHOHAABHAA Hporpamma Fy o
TaKHe KOMOHHATODHI HEITOABH)XHOH TOYKH 7 u /', 4TO ecam L. — ceMaHTHKA
nporpamMmsel Py, omnpeseasemas ¢ momMoIjpr0 KOMOHHATOPA HENOABHXKHOH TOYKH
Z, all — cemanruka mporpamMmel Py, ompesersemas ¢ HOMOIEIO KOMOHHATOPA
HernoABHXXHOH Touku 7', To L # I,

[TpuBepeM COOTBETCTBYIOIIWM [IPUMEP IIpOrpaMMbl [y M KOMOMHATOPOB
HETIOABVIKHOM TOYKMU Z U Z', YAOBAETBOPSIIOIINX YCAOBUSAM TeopeMbl 2. TIpexae
BCEro IIPUBEAEM HECKOABLKO OOIEeNpUHSATHIX 0003HaueHUU. Tepmamu 1T = A\zy.r,
F = Ary.y OpUHATO HOPEACTaBASITH WCTUHHOCTHBIe 3HaueHuss True u False,
COOTBeTCTBeHHO. [lycts B, M u N — IpPOU3BOABHBIE TEPMEI, TOIAQ BBIPA’KEHUEM
1f B then M else N o6o3HauuM TepM BMN. HeTpyapHO 3aMeTUTh, UTO B CAyYae
B = T umeer mecto BMN = M, a B cayuae B = FF — BMN = N. Onpeperum
TEePMBI AAST IPEACTABAEHUS YUCeA. AAST Ka’KAOTO uncAa n > () olpepeAuM TepM T
CAEAYIOIIM 00pa3oM:

0=Mv.x, n+1=\v.aFn.

BYAeM HUCIIOAB30BATh TAKXKE CACAYIOIINEe TEePMBI:

ST = MeyyFx, P~ = v.al, Zero= M xaT nu [ = \x.o.

HeTpyaHO yOEAUTHCS, UTO AAS AFOGOTO uncra n > 0 umeem: STm=n+1, P n+1=
n, Zeron=T,ecaun =0, u Zeron=F,ecanun >0, u IM = M pra Aatoboro TepMa
[Tycts By — caepyrolnasg OecTUIIOBas PyHKIIMOHAABHASA IIpOrpaMMa:
Fy = My[f1] = An.if Zeron then 0 else fi(P™n),

Z =Y = M.(Av.h(zx))Ax.h(zz)) u Z' = Mh.(Azy.h(zzy))(Azy.h(zzy))T. MoxkHO
AOKa3aTh, 4TO €CAM L — CeMaHTHKa IIPOrpaMMEBl F, olpepeasieMas C IIOMOIIBIO
KOMOWHATOpa HEMOABUI)KHOM TOYKM Z, a I/ — ceMaHTHWKa TOU >XKe IMPOTPaMMEI,

oIpeAeAsieMasi C IIOMOIIbI0 KOMOMHATOPA HEITOABU)KHOM Touku Z', To L # L.

EpeBaHCKHUM rOCYAQPCTBEHHBIN YHUBEPCUTET
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I". I'. I'pausu

KOM6I/IHaTOpBI HEIIOABMJKHOM TOYKHM M OCHOBHASI CEMaHTHKa OEeCTUIIOBEIX

(byHKIIMOHAABHEIX IIPOIPaMM

bectunosas q)YHKI_[I/IOHaABHaE[ IIporpamMma IIpeACTaBAdeT cobom CcucremMy y‘paBHeHI/Iﬁ
C OTAENdIOIMUCA IIepeMEeHHBIMU B 0ecTUIIOBOM A-ucumcreHuu. OCHOBHAs CeMaHTHUKA
TaKUX IIPpOrpaMm OOBITHO ommpeapeAnseTCda C IMTOMOIIBIO KOM6I/IHaTOpa HeHOABH}KHOﬁ TOYKHU
Y. AOKa3BIBaeTC5{, YTO CEeMAHTHUKH, OIIpeAeAsieMble C IMOMOIIBIO PA3HBIX KOM6I/IH6.TOpOB
HeHOABI/I}KHOI;II TOYKH, 3KBUBAACHTHEI B TOM CMBICAE, YTO €CAU IIPUMEHUTH UX K OAHUM U

TeM JXe AAHHBIM, TO IIOAYYUM OAUH U TOT K€ PEe3yAbTaT.

Q.. Q.. Npuwsyub

Qiupwpd Ytaph Ymiphtwpnpatipp G wowig yphutiph pnblghniug dpugptipp
hhdtwjut utdwinphjui

Wnuig phwtiph $mubghntwy opwghpp hptithg  Gipuyugtimd £ wbgwiyufnn - thnthn-
fuwubbtipn] hwjuwuwpmibtph hwdwlupg wewbg phuytiph A-hwpymd: Ldwb dpwugptiph

hpdbwyub utidwigppui unynpupwp vwhdwimyd £ Y wipwupd Yaph Yyndphbwgqnph dhengny:
Whwpwipmd gnyg £ yppymd, np wipwnd Yaph qwppbip Yndphttupnpbbpny  vwhdwiuod
utidwbgphyuidtipn hwdwpdtip Gb wyb hpdwupny, np Gpb npwip Yhpwuntitp tmgt gy btph hwdwp,
wyuw Juypubmbp tmyh wpnynmbpn:

G. G. Hrachyan

Fix-Point Combinators and the Main Semantics of Type-Free Functional Programs

The type-free functional program is a system of equations with separated variables
in the type-free A-calculus. The main semantics of such programs is usually defined with
the fixpoint combinator Y. The current paper shows that the semantics defined using the
different fixpoint combinators are equivalent in the case if we apply these semantics to the

same data, we will get the same result.
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