BbruncinreabHble TEXHOJIOTUN Tom 18, Ne 4, 2013

AnrebpanvdecKasi CTPYKTypa ¢ YaCTUYHBIMI ONePAIsIMU
11 MOJIeJIb BBIYMCJIEHU IJIst apupPMeTHK OorpaHmIeHHbIX
1eJIbIX HEOTPUIIATEJIbHBIX YHCeJ

IO.T. CMETAHUH!, M. B. Y/1bsIHOB??
! Buvucaumenvnoti yermp um. A.A. Jopoonuywvma PAH, Mockea, Poccus
2 Havuonarvmwiti uccaedosameabekuti YHusepcumem — 6ulCulds UKOAG IKOHOMUKLU,
Mocxksa, Poccus
3 Mockoscxuti 2ocydapemeennmiti yrusepcumem nevamu um. Meana Dedoposa, Poccus
e-mail: smetanin.iury2011@yandex.ru, muljanov@mail.ru

[Ipennosxken maremaTndecknii popMaIN3M KOMIIBLIOTEPHON IIEJIOUNCIEHHON apud-
METUKU B BHUJIE OPUTHMHAJIBLHON ajaredpandecKkoil CTPyKTYypbl ¢ YaCTUYHBIMU OIEPaITnsi-
MU (OrPaHUYICHHBIME IT0 MHOXKECTBY JIOIYCTHMBIX OHEPAHIOB) JJIst apUMMETUKH IEJIBIX
HEOTPUIATE/ILHBIX YnCesI. B KadecTBe KOHCTPYKTUBHOW DEAJIM3AINE BBEJIEHHON aJred-
panvIeckoil CTPYKTYPhI IPEJIO2KEHa MOEb BBIUUC/IEHUI C IPEIyCAOBUSIME BBITOJIHE-
Hust Komau . [IpencraBiiennas MOMEIb SABJISIETCS (POPMAJIBLHON MOJIETBIO KOMIIBIOTEPA
C OTPAaHUYEHHON Iej0ouucaeHHol apudmernkoii. [IpuBenennr ajiropuTMbl, peaan3yio-
e OIeparuu ajaredpanieckoil CTPYKTYPbl B 3JIEMEHTAPHBIX OIEPAIlUsAX BBEJIEHHON
Mozeu Beranciaenuil. [lokazana npuMeHNMOCTD IPEIJIO?KEHHON MOJEIN K 3a/1a9aM IIPO-
BEPKHU JIOMYCTUMOCTH U YCTPaHEHUsI OCOOEHHOCTEN BXONOB apU(pPMEeTHYECKUX BbIParke-
HUI Ha OCHOBE SKBUBAJICHTHBIX IIPE0OPA30BAHUN TPEICTABIAIONINX UX TOJTUHOMOB.

Kauouesvie caosa: MOTIENb BLIYUCJIEHNH, TPETYCIOBHUS BLIITOTHEHNT KOMAH], YACTUI-
HO OIIpe/ie/IEHHbIC aareOpbl, orpaHuveHHas apudMeTnKa, SKBUBAJIEHTHLIE TPEo0pa3o-
BaHUs MHOTOYJIEHOB.

BBenenune

[Ipn amanmsze KOMITBLIOTEPHBIX AJTOPUTMOB OYEBHWIHBIN WHTEPEC MPEICTABIIAET 3ajada I10-
CTpOeHUs TaKoil (hopMaIbHON MOJIENH, KOTOPAas IO3BOJIIIA ObI IPOBOIUTH TEOPETUIECKUE UC-
CJIeJIOBAHUS B 00JIACTH MIPOBEPKU JIOMYCTUMOCTH BXO/I0B, KOPPEKTHOCTH BLIYUCJIEHUN U aHa-
Jin3a, pecypcHoit 3 dekTuBHOCTH aaropuT™moB. Takas hopmabHasg MOJIETb HA3BIBAETCA MO-
NeJIBIO BeIaucsIeHuit |1, 2| v 10/2KHA, 09eBUIHO, YIUTHIBATH peasibHble 0CODEHHOCTH XPAHEHUST
quce/l 1 OpraHu3alliid BBITIOJHEHU apudpMEeTUIecKnX olepalidii B peajJbHOM KOMIIbIOTEpE.
Mogmenb Beraucsenuit M, ciemnys [2], bopManbio 3a1aéTcs B BUJIE yHOPSIOUEHHO TTapb

M = (Mg, R). (1)

3necy Mg — dopMatbHasg MOJEIb MaMATH, BKJIIOYAIONias nHMHOPMAIMOHHBIN HOCUTETb CO
CTPYKTYpoOil ajpecanuu, R — MexaHU3M peasn3aliu, MPeJICTAaBUMBI B BHUJE CJIEyIONeit
YIIOPAJOYECHHON TPOMKU:

R=(P,C,Q), (2)
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e P — abcrpaxTHbiil mporeccop, C' — MHOXKECTBO 0A30BBIX OMEPAIAil MOJIEN BBITHCIE-
HU{l, 97IEMEHTAPHO BBIMOJIHIEMBIX IporeccopoM P, ) — MHOYKECTBO YIPABJAIONIIX W OIe-
PAIMOHHBIX Y€K MEXaHM3Ma Peasm3allii, UCIOIb3YEeMbIX [IPU BBIITOJHEHUU OIEPAIAil U3
MHO)KecTBa C' HaJI OlepaHIaMi — dJIeMEHTaMU HH(POPMAIHOHHOTO HOCHTEIA.

OcuoBuble (hopmam3Mbl Teopun ajaroputmMoB — Marmaa llocra, marmmua Teiopunra,
HOpMaJIbHbIe ajropudmbl Mapkosa [3—5] — MoryT 6bITh IpejacTaB/IeHbl B BHUE MOJeJel
BbIYUC/IEHUI, uMeormux Buj (1) u cocTosdnmx U3 yKasaHHBIX Bbillle KOMIIOHEHTOB. OjHa-
KO IVIaBHOE€ HECOOTBETCTBUE 93TUX CbOpMaJIbeIX MO,Z[‘GIIGI'?‘I peaJibHOMY KOMIIBIOTEPY COCTOUT
B TOM, YTO HOCHUTEJIb JaHHBIX MOJ];eJIefI HE OIr'paHUYeH 1 CbOpMaHbHO OIIUCBHIBAETCA CUETHBIM
MHOKE€CTBOM, MMEIOIIIM MOIITHOCTEL Ng. arke HamboJsiee moIHOE OMUcaHne aJredpandaecKoro
0/TX0/1a K (hOPMATU3AIIN KOMITBIOTEPHBIX BBIYUC/IEHUI, OCHOBAHHOE Ha allllapaTe “CHCTeMbl
AJITOPATMUIECKUX ajirebp”; cojepakarieecs B 6], Takzke omepupyer HOHATHEM “GECKOHETHOTO
B 00€e cTopoHbI abcTpakTHOTO JBomaHOrO peructpa’ (c. 115). Tloaxon ¢ GeckonedrbiM nHGOP-
MaIMOHHBIM HOCHUTEJIEM O0ECIIeIUBAET, OYEBU/IHO, 3aMKHYTOCTb apru(PMEeTUIeCKUX OlepaInii
B COOTBETCTBYIONIMX aJjredpax 0e3 OrpaHuvueHuil Ha OMEPAH/IbI, HO ITOT MOXOJ ITPOTUBO-
pednT peasibHbIM (opMaTaM JaHHBIX U CXEMHBIM WM MHUKPOIPOIPAMMHBIM AJITOPUTMAM
peasimzanyy apudMeTHIeCKIX onepalnii B KoMibiorepe. Takum odpa3oM, Mpe/icTaB/IseT UH-
Tepec TOCTPOEHHE AJIreOPANTIecKONl CTPYKTYPhI U MOJIEN BBIUUCICHUT, OTPAXKAIOIIINX OrPa-
HIUYI€HHOCTH MIPEJICTABICHIS TICE/, PABHO KaK U MMOPOXKIAEMbIe 9TOI OrPAHMIEHHOCTHIO OCO-
oernnocTn apudmeTndeckKux omepaiuii. Takoil amnmapar mHTepeceH W ¢ TOYKNA 3peHust hop-
MAJIM3AINN 381291 TPOBEPKHU JIOMYCTUMOCTH BXOJIOB JIJIsi TPOU3BOJILHBIX apUPMETHIECKIX
BBIPAyKEHUA, T.€. MIPOBEPKU JOMYCTUMOCTH MTPOMEKYTOUHBIX U OKOHYIATETHLHOTO PEe3YJIbTa-
TOB OI'PaHUYICHHBIM HOCUTEJIEM. O,Z[I/IH 13 BO3MO2KHBIX BapUaHTOB TaKO d)OpMaJ'H/I?)aHI/II/I JJIA
apI/ICbMeTI/ILIeCKI/IX OHepaHHﬁ Ha/J OrpaHMY€HHbIM MHOXKE€CTBOM II€JIbIX HEOTPUIlaTEC/IbHbIX YM-
CeJI U COCTABJIACT MPEJIMET UCC/ICIOBAHUS HACTOAIICH CTATHH.

1. HacTuvuHo onpeeieHHbIe aJredpbl U UX IIPUMeHEeHne

B coorBercTBun ¢ |7] anrebpoii Ha3bIBAETCsI yIIOPSIOUEHHAS [Iapa, COCTOSIIAS 13 MHOXKECTBA
00'bEKTOB, HA3BIBAEMOI'0 HOCUTEJIEM ajredpbl, 1 MHOYKECTBA OIEPAIUil, 38 JaHHBIX HaJL J1e-
MEHTaMH ITOI0 MHOXKECTBa 0OBEKTOB, HA3BIBAEMOI'O CUTHATY PO airedpbl. Anrebpa, curHa-
Typa KOTOPO#l COJIEP:KUT IPOU3BOJILHBIE N-apHble ONEPAIUU, IPUIEM JII PA3IUIHBIX OIle-
paruii 9ucjaa apHOCTH MOTYT ObITh KaK Pa3IUIHbIME, TaK U COBIAIAIONINME, HA3BIBAETCS
yHUBepcasibHOil anrebpoii [8]. Ban gep Bapmen B [9] BBoguT monsitue asnrebpel (nuHeiHas
anrebpa) Kak KOJIbIA, sIBJISIIONIErocs KOHEYHOMEPHBIM BEKTOPHBIM IIPOCTPAHCTBOM HA/JT HEKO-
TOPBIM TI0JIEM ¢ 00sI3aTe/TbHBIM TpebOBaHUEM 3aMKHYTOCTH olepanuii B Hocurese. OgHaKo
B COOTBETCTBUU C [8] n-apHast omepalius yHUBEPCAJILHON aJrebpbl HA3BIBAETCSI YACTHYHOI,
eCJIM 9Ta Olepallus OlpeJieieHa He I BCeX YIOPSAI0YeHHBIX CUCTeM (KOpTeXKeil) 13 n 3Jie-
MEHTOB HocuTesisl. B 9ToM ciydae n cama airebpa HA3bIBACTCA YACTUIHO OIPEIEIEHHOI [8].

B macrosiiee BpeMs ammapar 4acTUIHBIX ajaredp MUPOKO MCIOJIB3YeTCs Mg (popMaIi-
3alluu U pelleHns Pa3sHoo0pa3HbiX 3a1ad. [IpuBeéMm HEKOTOpbIEe TPUMEPDHI €10 ITPUMEHEHUS.
[lepBoIit 3 HUX — 3aja4va HIpeAcTaBIeHns] TpaeKTopuil Ha rpadax, dpopMmyaupyemMas B Tep-
MUHaX JaCTHIHO OlpejeaeHHoit aaredpol. CamMa 3a/1a9a OTHOCHTCA K TPYIIEe 3ajad OITH-
Musaiun Ha rpadax. [logapodbHoe nzoxkenne pe3yabTaToB IPUMEHEHUs allliapaTa dacTUIHO
OIPEJIEIEHHON arebpbl K JIaHHON 3a1aue cojgepkutcst B [10], mpu srom dopmanuzaius 3a-
JlaYd UMEET CJICAYIONINA BUI.
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[Iycre G = (V, E) — rpad, tie E C V x V — muO)ecTBO pédep. Hacruanas anredbpa
3ataéres HocuresaeM [ =V X V' u curatypoii, cocTosdIneil u3 eJJMHCTBEHHOM oneparuu L:

L:IxI—1I, Ve =(a,b), ey=(cd),

(a,d) € I, ecan b = c,
He onpeneneno, ecau b # c.

L((a,b), (¢ d)) = {

B TepMunax Takoil 4acTUYIHO ONPEJIETEHHON aJreOpPbl 3aMbIKAHUE E BCero MHOXKECTBa
pébep E mo onepanuu L, T.e. MUHIMAJbHOE MHOXKECTBO, COCTOSIIEE U3 PE3YILTATOB IIPUMe-
Henug oreparnuu L K obbekTaMm u3 F, 3aMKHYTOe OTHOCHTEIHLHO JAHHOM ONEpaIu, Comep-
JKaTeJIbHO €CTh MHOXKECTBO Bcex IyTeil B rpade G. [lpu stom st bukcupoBaHHOl TTAPHI
BEPINUH KakK 3JeMeHTa HocuTeId [ MUHMMAaIbHad JUIMHA PEJICTABICHAS JTAHHOTO 3JIEMEeH-
Ta B E, T.e. MUHUMA/JIbHOE IO JIJIUHE TIPEJICTaBJICHUE B BUJE CYIEPIO3UIUU oreparuu L,
eCThb JIJTMHA MUHUMAJIBHOTO IyTH MexK1y 971oi mapoit BepmmH [10]. Takum obpasom, 3a1a4a
MOVMCKA KpaTdaiIiero myTn MeXKJIy Mapoil BepinH a u b B rpade, KIacCUIeCKH pelraeMast
anropuT™MoM JIefKCTphI, CBOJUTCS K 33/1a4e MOMCKa MUHUMAJILHOTO 110 JJIUHE CYTIEePIO3UIITH
ssteMenTa B MHOXKecTBe E. Eciu muOXkecTBO E He cojepkut (a, b), TO 370 HHTEPIPETUPYETCs
KaK MPUHAJIE2KHOCTH UCXOJIHBIX BEPIIUH JIBYM HECBA3HBIM KOMIIOHEHTAM I'pada.

Ormernm, 9TO B psijie MyOIUKAI PACCMATPUBAIOTCA IIPE/ICTABICHUs, OCHOBAHHBIC HA
alrapare JacTUYHO OIpPEJIeIEHHBIX aaredp, u Jijisd 0oJiee MUPOKOro KJacca CTPYKTYP, YeM
rpadbl. CojiepKaTe/IbHbII TPUMED TAKOTO IIPEJICTaB/ICHUs] — IPUMEHEHUE JIAHHOTO Aalllla-
paTa K 3ajade ajaredpamdeckoii xapakrepusanuu npeobpasoBanuii B kareropusax [11, 12].

2. Aarebpamveckasi CTPYKTypa C YaCTUIHBIMU OIIePAIUAMU

B Hacrosiieii ctarbe Mbl IIPUMEHsIEM alapaTrT YaCTUIHBIX aJredp K MpeacTaBIeHno apud-
METHYECKUX OIepaliyii, 3aJJaHHbIX Ha OMPAHUYEHHOM MHOXKECTBe IeJbIX uunces. [lasee, Bo
n3bekaHne BO3MOXKHON HEKOPPEKTHOCTH B TEPMUHOJIOIHH, OYJIET UCIIOIb30BAH TEPMUH “aJI-
rebpandeckast crpykrypa’ [7, 13] u, mockoapKy TpeboBaHme 3aMKHYTOCTH OLepaIuii B HOCH-
Tesie HapyIIeHo JJIs apudMETHKN OIPAHUIEHHOTO TOAMHOXKECTBA IEJIBIX YHCEesI, — TEPMUH
“asrebpanveckasi CTPYKTypa ¢ YACTUIHBIME OIE€PAIUAMU .

[Ipeniaraembrii popMaIn3M CTPOUTCs ciaeayomum obpazom. ObosnadnmM depes I, MHO-
JKECTBO TEPBBIX HEOTPUIATEIbHBIX MEJIBIX TUCeJI MOITHOCTU N (0603HAUEHUSI B COOTBETCTBUM
c [14]):

I, C Ny, I,={0,1,....,n—1},

a uepes B(I, X I,) — MHOXKeCTBO BCEX IIOJMHOXKECTB JieKapToBa npoussejnenus I, X I,.
MmuoxkectBo [, mpeacTaB/sier co0O HOCHTEIb CO3/IaBaeMOil aaredpamdeckoil CTPYKTYPHI.
ABTOpaMI/I npejiaraeTcd BBECTHU OI'PaHUYICHUA OllepaHd0B JIJIA onepauﬂﬁ CUT'HaTyPhbl Y€pe3
CIIeNUAJIbHYI0 (DYHKIUIO — (DYHKIIUIO OIPAHUMYEHUS HOCUTEJIsI, UCIOIb3YIONLYIO IPEJInKaThl
OrpaHMYeHUs JOIMYCTUMbIX OIEPAH/IOB (JEMEHTOB HOCHUTEJIsI) JIJIs CTaHJIAPTHBIX OTepaIliii
[EJIOUNCAECHHON apudMeTUKH.

Takum 0bpasoM, aszebpauveckas cmpykmypa ¢ 4aCMUYHLLMU ONEPAUUAMU OAA aPUPMe-
MUKW 02DAHUMEHHDOIT YEADLT HEOMPUYAMENbHBT Yuces — Ag — BBOJUTCA B BHJIE yIOPSIO-
YEeHHOI YeTBEPKU:

AQ = <In>S> F7 Q>7 (3)
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rjie I, — HOcuTe b, S — CUrHATYpa aaredpanvieckoil CrTpyKTypbl, F'— GyHKIUsS OrpaHnaIeHnst
HOCHUTEJIS JIJI oTeparinii, () — MHOYXKeCTBO IPEMKATOB OTPAHUYEHUS OIEPAHIOB OTIEPAIIUA.

Curnarypa S cTpyKTypel A ecTh MHOXKECTBO, BKJIIOUAIOIIee CeIyIoNe IATh apudMe-
THUYECKUX ONEPAIINii:

S — {SZ' ’ 7, :1’_5} — {S]_ — ,/+//,82 — //_//, 53 — //*//,84 — 1 H,S5 — //////}’

IPUIEM BCe OIepaIlii — CJIOXKeHUsT (+), BBIYUTaHus (— ), YMHOXKEHUs (*), TET0UNCIEHHOTO
Jiesienns (/) v TOJIydeHns: ocTaTKa oT Jeenus (//) — umeror apHocTh (2,1), T. e. moydaror
OJIHO YHCJIO — 3JIEMEHT HOocuTess [, — Kak pe3y/IbTrar Olepallii JJIs Hapbl OEPAaHIIOB U3
no/MHOXKecTBa I, X I,,. B ity 1eJI04nC/IeHHOCTH HOCUTE ISt OllePAaIlist JIeJIeHUs] JaéT 1eblii
pe3yJIbTaT JIeJIeHNUs, a Olepalys MOJIyYeHHsl OCTaTKa — IeJOUUCIeHHBI ocTaToK. BBojsiTes
OTJIe/IbHbIE OlIEPAIUU JIJisl JIEJIeHUs] U MOy I€HUsl OCTATKA, [OCKOJIbKY BBEJIECHUE Ollepallui
JICJICHIST KAK OIEPAITHN C apHOCTHIO

“(memmmoe, mesuTenn) — (dacTHOE, OCTATOK)”

IIPOTHBOPEYHUT TPeGOBAHMIO 3AMKHYTOCTH pe3yJibTara olepanun B Hocurese. OTMeTuM Tak-
JKe, UTO OIEpaIuy JeJeHUs ¥ MOy IeHns OCTaTKa IIPU KOPPEKTHBIX onepannax (k,l) € I,
[ # 0, 3aMKHYTBI B HOCHTENE, NOCKONIbKY k/l < max(k,l), k//l < min(k,1).

Oyukius F — yHKIUs orpaHuydeHrst HOCHTe s — 0To0pazKkaeT MHOXKECTBO Ollepaliii B
MHOYKECTBO BCEX HOJMHOXKeCTB I, X I,,, UCIO/Ib3ys 3a/IaHHble MHOKECTBOM () OIpaHUYEeHMsI
OIIEPAHJIOB, TIPK TOM HYMepaIlis IIPEUKATOB B () COOTBETCTBYET HyMepaIliu oneparuii B .S.
BHa‘—IeHI/IeM (byHK]_H/H/I F ABJIAETCA MHOZKECTBO JOIIYCTUMBIX OII€paHJI0B OII€pallun:

F:S—B(l,x1,), F(s;)CB(,x1,), F(s;)=A{(k,1)]|aqk) =true},
(k,l) eI, x I, ¢€Q. (4)

MmuozkectBo npeaukaros Q = {¢; | i = 1,5} 3a7aéT ycaoBust, OrpaHUYUBAIOIIE OlIEPAH-
JIbI U3 1, 711 YACTUYIHBIX apu(MEeTUIeCKUX Olepalinii, & UMEHHO:

st = "+ qkdl) = (E+1<n—-1), )

so, = "="1 qkl) = (k>1),

s3 = "' oqs(kl) = (Bxl<n—1), )
sg = "/ qkl) = (1#0),

o= ) ask) = (1#0) ‘

Taxum oOpa3oM, Kak/Jias oreparus §; IOCTPOEHHOH a/iredpanvecKoil CTpyKTYPhI OrpaHu-
YeHa TI0 OlepaHIaM (apryMeHTaM OIepalni) U 3aa6Tcsi COOTBETCTBYIONIM OTOOPAKEeHUEM

si i F(s;) = I,, 1=1,5,

npuuéM B cuity (4) u (5) obecrieuena 3aMKHYTOCTD pe3y/IbTaTa BeeX olepaluii B Hocurese I,.

3. Mogenb BbIYUCJ/IEHU C IPEAYCJOBUSMU BbIMOJIHEHNUS OINeparunii

DopmasibHble KOMIIOHEHTHI MOJIe/TH BbraucaeHnil (1) HeoGXoanMo KOHKPETH3UPOBATH C yUé-
TOM 0COOEHHOCTEN MPEeIOKEHHOl arebpandeckoit cTpykTyps (3). C 310l 1eabio paccMoT-
puM GoJiee TIOPOOHO CBOKWCTBA aJIlOPUTMOB [2|, Ompe/ie/isiolue KOMIOHEHTHI MOJIE/TH BbIYHC-
JICHU:
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— CBOMCTBO HaJUYHs JIAHHBIX, 00padaTbIBAEMBbIX aJITOPUTMOM, (POPMAIU3YETCsT KaK Cy-
IIIECTBOBAHKE HEKOTOPOTO MHOXKECTBa OOBEKTOB, HaJl KOTOPBIMHU BBIIOJIHAIOTCS OIE€PaIliu,
3a/laBaeMble aJIrOPUTMOM. B JTaHHOM cilydae TaKuMu OObEeKTaMU sIBJISIOTCH IeJIble HEOTPH-
HaTe/bHbIe YHCIa — 3JIeMEHThI MHOXKecTBa [,,. B 1esgax Konkperusamuu OyaeM IpeacTaB/IsaTh
9TH YHCJIa B JIBOMYHON IMO3UIMOHHOI cucTeMe cuuciaeHus ¢ mudpamu n3 aadasura {0, 1}.
dukcupysa 4depe3 k OGHTOBYIO JIMHY 3alllCH GHCes, HoaydaeM 3Hadenne n = 2F. Takum 06-
pa3oM, HOCUTENb [, €CTh MHOXKECTBO TEeJIbIX HEOTPUIATEIbHBIX YHCEJI, JTBOMIHOE ITPEICTAB-
JIEHHE KOTOPBIX MMeeT JIuHy He OoJiee k OUT;

— CBOMCTBO HAJIMYIMSA [TAMSTH JJIs Pa3MeIleHns JJaHHbIX IIPUBOIUT K BBEIEHHUIO (hopMaIb-
HOIT MoJtesin aMsATu |2, BKIodatoreil mHGOPMAIMOHHBI HOCHTEIb U CUTHATYPY, KOTOpast
npejcTaBsieT coboit Habop oleparinii, OIpeaesIsaoIUX CII0CO0 T0CTyIIa K STUM JaHHbBIM;

— CBOWCTBO allpUOPHOCTHU OIEPAIUil ITPUBOIUT K ITOCTYTUPOBAHUIO HEKOTOPOTO KOHEYTHO-
ro HabOpa oreparnii, COCTaBJIAIOINIX MHOXKecTBO C, B JTajbHEHIIIeM Ha3bIBAEMbIX OQ30BBIMU,
KOTOPBIE OJTHOZHATHO OIPeIeIeHbl U U3BECTHHI 10 (POPMYINPOBKH ajroputma. Kak mpaBuiio,
9T 0A30BbIE OIEPAINH BKJIIOYAIOT B ceds M Ollepallluy JIOCTYIIa K 00beKTaM MH(MOpPMaInoH-
HOT'O HOCHUTEJIS;

— CBOJICTBO CYIIECTBOBAHUS MEXaHU3Ma PEeaTU3AIIH IIPEIII0IaraeT, UTo CYIIeCTBYET HEKO-
TOPBINT abCTPAKTHBIN MeXaHU3M, KOTOPBIH BBINOJIHAET 06a30BbIe ollepalud HaJl 00beKTaMu
HOCHTEJIs, BKJIIOYas W OIEPAaIMy JIOCTyIa K JJaHHBIM. Kpome Toro, mpejrojiaraercs, 4To
MEXaHM3M peau3allii paclo3HaeT 3alMCh aJrOPUTMA, 3a/IaI0NLYI0 MTOCIeI0BATETHLHOCTD Oa-
30BBIX OIEPAIUil, U TEM CAMBIM IIPEJIIIOIAraeTCA HAJUYINe eIIE OJTHON IPYIIbI 6a30BbIX OTle-
paruii, onpeesoNnX MOC/Ie10BATEIbHOCTD BBIIOJTHEHU ONePAIUil HAT JAHHBIMU B 3aIlUCH
asiropurMa. Kak mpaBuiio, mpe/ro/araeTes, 9To MEXaHU3M peau3allii nMeeT coOCTBEHHbBIE
siuefiKu, UCIIOJIb3yeMble IIPU BBITIOJTHEHUHU OIIEPAIIiT Ha/l Ol€PAHIAMU HOCUTEJIA. JTH d9eiKn
dbopmabHO ormcaHbl B (2) MHOXKECTBOM YIIPABJISIIONINX W ONEPAIHOHHBIX sTaeeK ).

3.1. ®opmasbHasA MOJEJb NaMITH

[Ipenaraemas bopMasbHas MOJIEIb NAMATH JJIA PA3MEIICHHs JaHHLIX C OLEPaI[UsIMI J10-
CTyna K HUM CTPOUTCS Ha OCHOBE CJIEAYIOMIUX IIPE/IIOCHIIOK. VI3 BO3MOXKHBIX CLIOCODOB Opra-
HU3AIUN TaMATH (IIpocTpaHcTBa cuMBOIOB B (hopmasmame [Tocra [3]) n MeTonos agpecannn
MBI OCTAHABIMBAEMCS HA CTPYKTYPE HAMATH ¢ KOHEIHBIM THCIOM s9€eK, 00JIaAIONTIX CHM-
BOJIMYeCKIME nMeHamu. Kakgas sefika o0/1anaeT yHUKAIBHBIM CHMBOJIMYECKIM HMEHEM
M XPAHUT IIeJI0€ HEOTPUIATEIbHOEe THCsI0. I MOCTPOeHNsT CHMBOIMYECKIX MUMEH 3aduK-
CHUpyeM HEKOTODBIil KOHEUHBIH asipaBUT CHMBOJIOB X 1 BBEAEM B PACCMOTDEHHE KOHEYHOE
MHOYKECTBO CHMBOJIMYECKUX MMEH Ay Kak HOJMHOYKECTBO MHOXKECTBA YT — TPAH3UTHBHOIO
3aMblKaHust aadhaBuTa 10 Ollepalu KOHKaTeHAIMn X 6e3 1mycToro ciosa A — LT = X\ \:

Ay = {(l | a € Z+}, Aq C Ag, A= AE\AQ,

e Ag, A — KOHEYHOEe MHOYKECTBO MMEH COOTBETCTBEHHO BHYTPEHHUX SUY€EK MEXaHU3MAa
pean3aly 1 siieek MH(MOPMAIMOHHOTO HOCUTEJIS.

Breném nndopmanmnoHubiii HocuTe b (POPMaIbHON MOJIEIN ITaMATH — MHOXKECTBO Y —
KaK KOHEYHOe MHOYKECTBO f4eeK, KarKJas M3 KOTOPBIX 00/Ia/laeT CUMBOJMYECKUM HUMEHEM
u3 A ¥ MOXKET XPaHUTh OObEKTHI HOCUTEJIsT — IIeJIble HEOTPHUIATeIbHbIe Tucia u3 I,

Y={yili=1m}, YCAXIL, vy,=(a,z2), a€A z€l,.
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3/ech a — aJpecHblil, z — WHPOPMAIMOHHBII KOMIIOHEHT S9€fiKN, MPU ITOM CUMBOJIAYIE-
CKHe MMeHa s9eeK SBJIAIOTCA YHUKAJBHBIMU, T.€. pa3Hble 3JIEMEHTHI U3 Y He MOTYT NMeTh
OJIMHAKOBbIC UMEHA:

Vzel,: (i = (a;,2)&(y; = (a),2)) =i = 3.
Ha s70it ocHoBe BBOJUM (DOPMATLHYIO MOJIE/Ib MAMATH B BUJIE YIIOPSAIOIEHHON Mapbl
MS’ = <Y7 CI>7 (6)

rjie Y — Hocuresb, (7 — MHOXKECTBO OIEpAaIii MeXaHW3Ma, pPean3alui HaJl 00beKTaMu
u3 Y, cocrosinee U3 ONePaINi ITeHNs COJAEPXKUMOro sTIefiKi M 3alUCH B TYEHKY C HCIIOJb-
30BaHUEM JIONIOJIHUTEIHHBIX S9eeK MeXaHn3Ma peaan3anuu. Bosee 1moipobHo BapuaHT TaKoi
dbopmanbHOl Mogesn amsTu omucad B [15]. Mbr cunraem onepanuu u3 C; BKJIIOYEHHBIME
BO MHOKECTBO 0a30BbIX omeparuii Mexanu3ma peasimsamnuu C' u orumiieM uxX hopMaT HIKe.

3.2. Mexann3M peasm3anuu — aOCTPAKTHBIN MPoIieccop

B cocraB MexaHH3Ma pean3allii B COOTBETCTBHN € (2) BKJIIOYAEM €ro COGCTBEHHbIE SUeHKI,
cocTaBJIAoNIe MHOXKeCTBO 2. Pesynbrar ajnropurva Beerjga (oOpMUpyeTcs B CHEIHaIbHON
staeiike f MeXxaHu3Ma peasu3alii U B CJIydae ero JOMyCTUMOCTH BO3BPAIACTCS B HOCUTEIb.
st weHTHUKAIINNT OTCYTCTBUSI PE3YJIbTaTa Ollepallii BBEJIEM B PACCMOTPEHHUE CIIEIUA b
ublil ssiement "unde f”, KoTopblii IOMeIIaeTcs B siYeiiky pesy/abraTa f, HO He BO3BPAIACTCs
B HOCHTEJIb. Takum 00pa3oM, BCe UCXOIHBIE OIEPAH bl ApU(PMETHIECKUX OIEPAIiii IBIAI0T-
¢Sl KOPPEKTHBIMU. AJITOPUTMBI, PEAJU3YIONINe BhIUUCIeHne apuMeTHIECKUX BbIPAYKEHUI,
BO3BPAIAIOT B HOCUTE/Ib TOJBKO OKOHYATE/IbHBIN PE3Y/IbTAT IPHU YCJIAOBUU, ITO OH SIBJISIETCS
KOppeKTHBIM. [Ipu HemomycTuMocTn pesysbrara saeiika 6 comep:kut saement "unde f”.

Hueiiku MHOXKECTBA () UMEIOT CTPYKTYPY, aHAJOIUIHYIO CTPYKTYypaM sS9eeK HOCHTEJIsT
nHGOPMAIMOHHOM aareOpnl. VX cuMmBomMYeckne mMeHa COCTABJISIOT MHOXKeCTBO A, a
UMEHHO:

AQ - {a,ﬂ,%g,f,t,r,nul,u,g},

IIPU TOM CAMK JIEMEHTHI MHOKECTBa ) OIPeIesISTIOTC S CJIE Y FOIIIM 00pa30M:

Q= {yo = (2, 2),y5 = (B,2), 4, = (7, 2), o = (0, 7),
yr=(f,0), 5 = (¢, 1),y = (r,b), you = (nul, z = 0),
Yu = (u,n — 1), y, = (9,"unde f")},
z € L2,z € I, S undef" b e {0,1}. (7)

Takum 06pa3oM, sAUeiiKi ¢ IMEHAMHE (v, 3,7 — 9TO OIEPAIHOHHBIE SYCHKH, KOTOPBIE MO-
YT XPaHUThH IeJIble HeOTPUIATeIbHBIE YNC/Ia BIUIOTh JI0 3HadeHns n’ — 1, obecrieunsas TeM
CaMbIM 3aMKHYTOCTb BCEX apH(DMETHUECKIX Ollepaliii B MeXaHU3Me DeaIn3aliil Ha i BCeMH
omepangamu u3 MHOXKeCTBa I, Tak kak (n — 1)(n — 1) = n* — 2n + 1 < n? — 1. Tomnn-
KO B 9TUX OIIEPAIMOHHBIX A9efiKax MPOIecCOp MEXaHM3Ma PeasM3alii MOXKET BBIIOJIHATH
apudMeTHIeCKHIe ONMEPAIHI; TEM CaMbIM MbI TpeOyeM IIpeIBapUTE/IbHYIO 3arPy3Ky OlepaH-
JIOB B OIlEPAIMOHHBIE AUCHKY JI0 BBIIOJHEHUS olepalui. fueiika § XpaHuT Ui IOy CTUMBIIT
pesysbrar, win 3Hadenne "undef”. fueiiku ¢ umenamu f, ¢ XpaHT IPeIONPEIEIEHHbIE 3HA-
genns 0 1 1, KOTOpBIe TPAKTYIOTCSI KK JIOTHYECKUE 3HAYMCHNUS, & S9efiKa C NMEHEM T XPAHUT
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JIOTUYEeCKUil pe3y/ibTaT ollepaliuu cpaBHeHns. fl4ueiika ¢ umMeHeM nul XpaHUT “JJIMHHBIN HOJIB
JUTHHOM 2k OUT, siueiika ¢ UMEHEeM U — IIPEJIONPEIe/ICHHOe 3HAYEHNEe MAKCUMAJILHOTO YHC-
na u3 I,, a gueiika ¢ umeneMm g — crenuajibHoe 3Hadenue "undef” s unenTudukammn
HEKOPPEKTHOI'O pe3y/ibTara apuMeTHICCKON OIePaIlii.

Pacemorpum muoxkecTBo C' 6a30BBIX OlEpAIUil MOJIEIN BBIYUCICHUN, TTPEIOIPEICAEHHO
BBITIOJTHSIEMBIX ITPOTIECCOPOM MEXaHU3MOM pean3alluin:

C =CruCpUCpU {stop},

e C7 — oneparun dopMaibHOit Mojean naMatu, C'p — onepanun CpaBHEHHS W apud-
mMeTuku qnces, Cp — Olepalun yiupasjeHns MOC/IeI0BaATETbHOCTHIO BBITOJTHEHUS OTIePATIAil
B MoJjiesin Bbraucsennit. Oneparus stop IPUBOIUT K OCTAHOBY MEXaHU3Ma PEATH3aIIH.

Omnepanmn n3 C] BKIOYAIOT B cebsi OMepaIiui 9TeHUs U 3aIMCH COJAEPKUMOTO 3JIeMEH-
TOB MH(OPMAIIMOHHOTO HOCUTEJIA B OIEPAIIMOHHBbIE d9eifiKu MeXaHu3Ma peasmsarun. Jis
HOTAIUK OyJIeM UCHOJIb30BAThH MITPUX-OIepaIuio [6] Kak omepanuio B3gTust COJEePKUMOroO 1o
yKa3aHHOMY CHUMBOJITIECKOMY ajipecy. HamoManM, 910 mHMOPMAIMOHHBIN KOMIIOHEHT sdeii-
KI HOCUTEJIsI UMeeT JJINHY k OUT, & COOTBETCTBYIOIIUI KOMIIOHEHT OIEPAIIMOHHON siaeifiku —
nuny 2k our.

Pacemorpum 6a30BbIe onepaiiun MeXaHU3Ma peau3ainn 0oJiee IoIpoOHO.

1. Onepayus wmenus us HOCUMENA 68 ONEPAUUOHHYIO AYEUKY: ‘CONEPIKUMOE OIIePAINOH-
HOI g4efiku <— cojep:kumoe siueiiku nocuress . [Ipu sTom crapmme k 6uT onepannoHHON
sTIefiKU 3aI0JTHAIOTCST ONTOBBIMU HYJISIMU.

IIpumep. 'a < 'a. B onepanuonnyio s4efiky ¢ CUMBOJIMYECKUM MMEHEM ( TIOMEaeTCst
COJIEPKUMOE STIEKN HOCUTENS C CUMBOJIMYECKIM UMEHEM .

2. Onepayus 3anucu u3 0NepayuoHHol AYEUKU 8 HOCUMEND: ‘COIEPKUMOE TIEHKN HOCHU-
TeJId $— COJEPKUMOE oneparmonnoit gueitku’. [Ipu s3ToMm B g4eiiky HOCUTE ITepeCchLIaloTCs
TOJIBKO MJaJme k OUT OonepannoHHON sJ9eiiku, a B ciydae sdeiiku  srumu Outamu eé
COJIEPZKIIMOE FCUEPITBIBAETCS.

ITpumep. 'b < '. B sadeiiky HOCHTE/ISI ¢ CUMBOJUYECKUM UMEHEM b TIOMEIaeTcsi Co/lep-
JKUMOE MJIAJIINX Kk OUT OMeparimoHHOl T9efiKi ¢ CUMBOJIMIECKAM MMeHeM [3.

OueBHWTHO, YTO JIOMYCTUMBI OIEPAIINN TIEPEMEIIEeHNsT TNCeT BHYTPU OIEPAITMOHHBIX sTde-
€K, 3 MCKJIIOUEHNEM CJIyUas 3alliUCH B ST9eiiKy ¢ UMeHeM 6, TTpu KOTOPOii IIPONCXO/INT 3aIiCh
TOJIBKO MJIIIHUX k OUT OMEpaIMOHHON S9eKN B CHIJIy ONpEJe/IeHns d9eiiku § Kak coriia-
COBaHHOI ¢ HOcuTeseM uHOpMaoHHoi ajiredbpol. Onepanun w3 Cp BKIIOYAOT B ceds
apudMeTuIecKue Olepalui HaJ 9UCJaMi U CPABHEHHUS B ONEPAIMOHHBIX suefikax, ITPUIEM
YKa3bIBAIOTCS CUMBOJIMIECKHE MMEHa OIepaH0B U pe3ysbraTta. Mbl ucmosb3yeM oOIenpu-
HSTYIO 3aIUCh apu(PMETHIeCKUX OTepaIlnii.

3. Onepayuu apUGMEMUKU UEADIT YUCEA:

“comepKIMOe OIIEPAIIMOHHON SAIefiKI <— COJAEP:KIMOE OIEPAITHOHHON STUeiiKu
“cuMBOJI oneparyn’
COJIEP2KIMOE OIIEPAITMOHHON sTUeiiKu’ .

CuMBOJI orepaly — JEeMeHT 13 MHOxKecTBa {+, —, %, /, //}.
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IIpumepst. 'y <+ "B+ a, 'y < '8 —"a, 'y < 'B// a.

4. Onepayusa cpasnerus. s 3anucu omeparuii CpaBHEHUS COIEPAKUMOTO OMEPAITHOHHBIX
siueek OyJjleM UCIIOJIb30BAaTh HOTAIMIO, MpejyiokenHyo Ailitsepconom [16]. Hanpumep, s
JIBYX 9HUCeN a,b npu cpaBHeHUU 10 “MeHbIe” HOTAIUs UMeeT BU]

0, a=>b,
[a<b]—{ 1, a<bd.

[Ipu cpaBHeHUN pPe3yabTaT, UMEIONUN JOrMIYeCKOoe 3HAYCHHUE, TOMENMACTC B CIICIHAIBHYIO
OTIEPAIMOHHYIO AYEeHKY ¢ CUMBOJUYeCKUM mMeHeM 1. CpaBHEHUsI pa3pelieHbl TOJIbKO HaJl
COJIEP’KUMBIM OIIEPAIMOHHBIX sTueeK. Habop orepannii cpaBHEHHSI CIMTAEM CTAHIaPTHBIM.
dopmar orepalru CpaBHEHUsI: ‘COIEPKUMOE sTIefiKu 1 <— cpaBHEeHUe B HOTanuu AliBepcoHa’.

IIpumep. 'r < [8 <'a.

Omnepanym muOKkecTBa C'p yIPABJISIOT TOPSAIKOM BBITTOJTHEHHS TIOC/IeI0BaTeIbHOCTEl Oa-
30BBIX orepalinii. Mbl BBOJUM IIPEYCJIOBHE BBIIIOJTHEHUsT TPYIIbI OA30BbIX OIepallnii, Mpu-
9€M OHO PACIIPOCTPAHSIETCsT Ha BCIO TPYIIILY, 3aKII0UEHHYIO B (pUTypHBIE CKOOKHU. 17151 cChLIOK
Ha IIPEJIyC/IOBUsT BBOJATCS X uMeHa. llpeyciioBue dpopmynmupyercss Kak CpaBHEHHUE COJIep-
JKAMOTO OTIEPAIMOHHON sT9efKN 1 ¢ COMEPXKUMBIM O/iHO# u3 staeek [ wm t. [locrymupyewm,
9TO OA30BbIE OIEPAIMH BHE IIPEIYCJIOBUI U BHYTPHU IPYIIIBI BBIIOJHAIOTCS TOCIEI0BATEIBHO
OlHA& 33 JPYTOH.

5. Onepavyus 6biNOAHEHUA 2DYNNYL onepayut no npedyciosuro. Popmam: “UMs TTPEILYCII0-
Bust: ['r ='t] {rpymnmna 6a30BbIx onepanmii}”.

6. Onepayus nepexoda na npedyciosue: ‘= UMsI IPELyCJIOBUS .

7. Onepayus “stop”. OcTaHOB MeXaHU3Ma PeaTn3allid MOJIE/IN BHIUYNCICHUIA.

4. Peasmzanus ajaredpamvecKoil CTPYKTYPbI C YaCTUIHBIMU
oriepanusMu B MPEJJIO2KEHHOI MOJIeJId BbIYUCJIeHUI

[MTokazkem, KaK YaCTUIHBIE OIEPAIMN AJIreOPAnIecKoil CTPYKTYPHI (3) peasnsyoTcs B Mpe/l-
JIOYKEHHOI MOJIEJI BBIYUCJICHUI C NIPETYCJIOBUAMEI BBIIOJHEHUS OllepaIinii.

BanureM aJrOpUTM CJIOXKEHUsT TUCEeTI, XPAHSIIUXCS B TIeHKAX HOCUTEISI ¢ CHMBOJIAYIE-
CKUMH UMEHAMU a U b, C 3aHECEeHHEeM Pe3y/IbTaTa B sUeiiKy ¢ CUMBOJIUYECKUM UMEHEM C TIPU
YCJIOBUM, YTO 3TOT PE3YJILTAT JIOIYCTUM:

/9 <_ /g

' +— 'a

"B« b

v+ Ta+'b

/,r, <_ [/,}/S/u]

QL+ [r="1 {
/0<_//y
‘'c <0

stop.
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B nauasie ajiropurMa IpeIolpeieéHHoe 3Hadenne sdeiiku f ycranapimusaercs B "unde f”.
MbI BbInOIHSIEM apuMETHYIECKYIO OIEPALNIO CJIOKEHU C JABYMs YUCJIAMA U3 HOCUTENS I,
IPUYIEM, MTOCKOJBKY OIEPAIMOHHBIE SYCKM MeXaHU3Ma pPeaIu3allid II03BOJIAIOT OIePHpO-
BaTh C 4ncaaMu u3 I,2, Pe3yabTaT B S9eiiKe ¢ CUMBOJIMYECKAM MMEHEM 7 BCEra Pa3peIlcH.
[Tocaemyromee cpaBHeHnE ¢ TIEHKOI u ONpejie/sieT BO3MOKHOCTh BO3BPATa PE3yJIbTara B HO-
curenb I, TeM cambM peanusyercs npeaukar ¢q(k,l) = (k41 < n — 1) anarebpamteckoi
cTpyKTypbl. TakuM ob6pa3oM, B d49elKY HOCUTEIS C CHMBOJUYECKHMM HUMEHEM C Pe3y/IbTaT
olepanyn 3aHOCUTCS TOJILKO B CIydae, eCIu OH JOIYCTUM. B crenumanbHoil adeiike ) Mexa-
HU3Ma pean3aluu OyJeT pasMelleH WU JOIYCTUMBIA Pe3y/bTaT, WM CHelUaJbHbIA 3J1e-
ment "undef”, naenTudunupyomuii HEBO3MOKHOCTL BBIIOJIHEHUA OIEPAlMd B 3aJaHHOM
OI'PaHMY€HHOM ITOAMHO2KECTBE IEJIbIX HCOTPUIATEC/IbHBIX IHCEJI.

@parmMenT st YMHOMKEHUs OTJIMIaeTcsi TOJbKO 6a30Boi oneparueii 'y < ‘a x5 u coor-
BeTCTBYIOMUM npeaukaroM qs(k, l) = (kxl < n—1), peaqnsaius KOTOPOroO BBITOTHACTCS TPH
CpaBHEHUM Pe3yJIbTaTa YMHOXKEHUS C STIEHKON U, co/iepsKalleil orpaHnIrBaloIee 3HadeHue.

s agropurMa, peasn3yroliero Omeparuio BbIYUTAHNS, TOC/IEI0BATETBHOCTD OA30BBIX
OHepaHI/Iﬁ HECKOJIBKO MHad, ITOCKOJIbKY MHO2KECTBO In2 HE COACPKUT OTpUITaTEC/IbHBIX IHCEJI.
Bragajie HeoOXOIMMO TTPOBEPUTH BO3MOYKHOCTH BBIIIOJIHEHUST OIIEPAIMY BbITUTAHUS:

0 «+ g
'a «— 'a
"B« b
/,r, <_ [/azlﬂ]
QL - [r="1 |
/’7<—/04—/5
/9<_/,.)/
'c "0
}
stop.

Bbrauranue BBIOJIHIETCST TOJBLKO IPU YCJIOBUU, YTO PE3y/IbLTAT ONEpaIiii JOIYyCTUM 110
upenukary go(k,l) = (k > 1). IlosTomy mpezK/ie BCEro BBIOTHIETCS MPOBEPKA, MMOCJIE KOTO-
poit — TpyIIia omeparuii, COCTOAIAs N3 BHIMUTAHNS U COXPAHEHUs pe3yIbTaTa.

[Tpu peanuszanuu MeI0YUCIEHHOTO JAeIEHUs U HOJTYIeHUs] OCTATKa OT JeJIEHHs] Mbl CTaJl-
KUBAEMCsl ¢ HEOOXOJIMMOCTBIO TIPOBEPKU JIEUTe sl Ha HOJIb. JIjis 9TOM 1eIu CIy>KUT CIery-
ajbHas sd4eiika MeXaHu3Ma peajn3alun ¢ uMeHeMm nul:

0 + g

'a + 'a

"B+ b

'r <« [ # nul

QL [r=" |
/,y<_/a///8
/96/7
'c <0

stop.
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Eciu yenosue npemukara q4(k, 1) = (I # 0) BBIIOJHEHO, TO IPOU3BOIUTCS TETOUUCIEHHOE
nenenne u (bOPMUPOBAHEE PE3YJILTATA.

[TpuBeséM TakzKe IpUMeEp aarOpUTMa B 3JIEMEHTAPHBIX ONEPAIUsX IPeII0KEHHON MoIe-
JIY BBIMUCJICHUIT € TIPeJIyCJIOBUSIMU BBIIOJIHEHUS KOMaH]I, KOTOPDI BLIYUC/ISCT apudMeTHIe-
ckoe BbIpaxkenue ¢ <— (a + b) x d:

!/

0

«~ g
' +— 'a
‘B« b
/,.y — /a_'_/ﬁ
o [/,}/S/u]
QL [r="1] |
"o —'d
/B<_/Of*/’y
/,r,<_[/5§/u]
Q:fr=1 {
/0<_/ﬁ
'c <0

}

stop.

OrmernM, 9TO (bparMeHT, BBIYUC/ISIONINI IPON3BEIEHNE, BJIOKEH B MIPEYCIOBUE JIOIYC-
TUMOCTHU Pe3YyJIbTaTa CJI0KEHUs; TaKUM 00pa30M, pe3y/abTarT apudMeTHIECKOr0 BhIPAXKEHU
BO3BPAIAETCs B HOCUTEH TOJHKO B CJIydae, €CJIU JIOIMYCTUMBI PE3YJIHTATHl BCEX TTPOMEXKY-
TOYHBIX apU(PMETUIECKUX OIePAIIHIA.

5. IlonmHoMManbHOE IIOAMHO2KEeCTBO apI/I(l)MeTI/I‘{eCKI/IX Bblpa}KeHI/Iﬁ
1 OCOOEHHOCTH BXOJ10B

OcobennocTr apudMeTuKn B OrpaHUYEHHOM HOCHUTEIE MPUBOIAT K OUEBUJIHON mpobseme
BBIXO/[a OKOHYATEIBHOIO 1/ UM IPOMEZKYTOUHBIX PE3YJIbTATOB BBIYUCICHUN 38 TPAHUIIBI HO-
cuTesIst, KOTOpas BOBHUKAET IPU BBIUNCJICHUN 3HAUYEHNIT apiudMeTHIecKNX BhIPaKeHUN J1JIst
KOHKDETHBIX BXOJIOB. DTa 1pobsieMa KOHKPETH3UPYETCsl B BUJIE JBYX CJIEIYIONIIX 3a/1at:

1 — 3ajaqu OpoBEPKHU JONYcmuMocmu JTAHHOTO BXOJA, T.€. IPOBEPKH 3aMKHYTOCTH B
HOCHTEJIE [IPOMEXKYTOUHBIX PE3YJIbTATOB BBIUYUCICHHUS apu(dMEeTHIECKOTO BBIDAXKEHUS U €ro
OKOHYATETHHOIO 3HAYEHHST;

2 — 3a/1a4M [HOCTPOEHHUs TAKOI'O SKBUBAJIEHTHOI'O apu(METHIECKOrO BBIPAKEHNUSI, IPOMe-
JKYTOUHBIE PE3YJILTATHI KOTOPOTO JOIyCTUMBI B HOCHTEJIE IIPH YCJIOBUH, UTO OKOHUYATE/HLHOE
3HAYEHIE 9TOTO BBIPAXKEHUs JIOIYCTUMO Ha JAHHOM BXO/I€, NJIA KOHCTATAIIN HEBO3ZMOKHOCTH
TAKOI'0 9KBUBAJICHTHOIO [IPEO0OPA30BAHUS.

[Ipegnaraemas dopmamm3anus yKa3aHHBIX 33/[a9 U BO3MOXKHBI TIOJIXO/ K UX DEIIEHUTO
U3JIAraloTCsl Jajlee JJIsl TaCTHOTO CJIydast IPeJICTaB/IeH s apudMeTHIeCKOr0 BEIPAKEHNST 110~
JIMHOMOM OT €ro orepanoB. TeMm caMbIM paccMaTpUBAeMBbIil 9aCTHBIH ciydail orpaHnanBa-
ercs ajaredbpandeckoil cTpykTypoii (3) u coorBeTcTBYyIOIIEH MOJEabI0 Bhrancaenuii (1)—(2),
HO/IJIEP?KUBAIOIIEH TOIBKO TPH apudMeTHIECKIEe OIEPAITHN:

Sv _ {Si ’ i = 17_3} _ {51 _ ”—F/I,Sg _ ”—”,83 _ //*//}. (8)
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Bynem HasbBaTh apugmemuveckum svipastceruem normHOMuaIbHY0 dyHKImo ¢(X),
rage X — M-KOMIOHEHTHBI KOPTeXK (I1,Ta,...,T,). O6IacTh ompejeseHrs] apryMeHTOB
orpaHmYeHa MHOXKeCTBOM [,, a 00JlacThb JIONMYCTUMBIX 3HAYEeHUN (DYHKIUH ¢ €CTh MHOXKe-
cTBO I,,, obbenunénnoe ¢ saementoM "undef”:

g: 1" — I, U "undef”, g(X):g(xl,xg,...,xm):Zc H Tj Tk (9)

j,kel,...om

rJie ¢ — HEKOTOpble KoHCTaHThI u3 [,. 3amucek Buga (9) OyaeM HasbBaTh 0600UWEHHOT NOAU-
HOMUAALHOT Popmoti apudMeTnIecKoro BbipazkeHus. Q4ueBuIHO, 9T0 (PYHKIUS § STBJISICTCS
MHOT'OYJICHOM OT 1M IePEMEHHBIX, KOTOPBII OTJIMYaeTCsl OT OOIIENPUHATON (POPMBI 3aITUCHIO
cTereHeil B BHJIE [IOCJIEI0BATEIbHOCTH yMHOXKeHuH. Takum obpasom, B coorBercTBuu ¢ (9)
MBI OTOKJIECTBJIIEM 3HAYEHHE apU(PMETUIECKOTO BBIPAXKEHHS CO 3HAUYEHHEM, I10JTyIaeMbIM
B siueiike § mojesin Borancyienuii (7) B pe3yJibTare BBIIOJHEHUs] aJITOPUTMA, Peaju3yolie-
'O JaHHOE apI/ICbMeTI/ILIeCKOe BbIpa2KCHHE. PaCCManI/IBaeMaH COBOKYITHOCTb MHOI'OYJICHOB (¢
ABJIIETCSI, OYEBUIHO, IIOJIMHOKECTBOM apudMeTHIeCKUX BbIParKeHui, J1jIsi KOTOPOTO pas3pe-
MEHHBIME OTEPAIIUAME FBJISTIOTCSI YMHOYXKEHUE, CJIOYKeHne U Bbrautanue (8).

[Ipu sTOM 3amuch MOJUHOMA ¢ TOPOXKJIEHA I'paMMaTHKON apudMeTHIecKux BbIparKe-
uuit G [17], TepMuHATIBHBIE CUMBOJIBI KOTOPO#i 3a/IaHbI MHOYKECTBOM

T=AUSUConstU{(,)}

rne A = {21, s, ..., Ty} — MHOXKECTBO ApryMeHTOB (DYHKIHE § (CHMBOJIIUECKIX UMEH Olle-
pamos), S — nogmuOKecTBO apudmerndeckux oneparmii (8), Const = {c¢ | ¢ € I,} —
MHOKeCTBO KOHCTAHT. CTPOKOBast 3aIuch (DYHKIIUH ¢ OIPEIeIsieTCsT TOPOZKIAOIIeil rpaMma-
tukoii G, B TepMUHAJIbHbBIE CHMBOJIBI KOTOPO BKJTFOUEHBI CKOOKH, OIIPEJIEISIONIIE MOPSIIOK
Borancsienuit. O603HAYNM 9TY CTPOKOBYIO 3aIHch depe3 [¢]s. [lopoxaéunas rpammarnkoit G
dopma apudMeTUIecKoro BhIPayKEHUs MyTEM PACKPBITAA CKOOOK MOXKeT ObITh CBeJieHa K
06061mEnHOI TosmHEOMuaIbHON (opme (9):

g1(x1, x9) = (41 + Txg) % 29 + 33;%, go(x1, x9) = 4a1 * x5 + 73:% + 395%, (1], # 92,

JlanbHeiinee N3JI0yKeHNE MIPEJINOIaraeT PacCMOTPEHNe TTOJNHOMUAIBHOIO apudMeTHIeCKO-
ro BbIpaXKeHusl — MHOTOWIEHa ¢, 3aJIAHHOIO0 MMEHHO B (bopMe pe3ysbTara IMOPOKIAIOIIEei
rPAMMATHKH.

O603naunm gepes X () = (xgo) (O)) € I KopTexk W3 M 3JIEeMEHTOB MHOXKecTBa I,
MIPEJICTABIAIONINI cOO0# KOHKPETHBIN BXOJI aPH®MeTquCKOFO BbIpaxkeHusi. [Ipu sTom apry-
MeHT z; GYHKIUH ¢ NOoTydaeT 3HadeHue x, ,¢ = 1,m. Onpenesmm QyHKIMIO g KaK TOXK-
JIECTBEHHO COBIIQJIAIONILYIO IO 3AIUCU C - [g]s = [g]s, HO 00JIaTAIONIYI0 JAPYToil 06JIaCThIO
3HAYEHUN TPOMEXKYTOUHBIX U OKOHYATETHLHBIX PE3YILTATOB — MHOXKECTBOM IEJIbIX TUCEeT /-
g : I — Z. Ilpu Borauciennn 3naderns g(X (0)) MOT'YT BOBHUKHYTBH TPU CUTYaIlU, KOTOPbIE
ABTOPAMHE IIPEJIATACTCS PA3INYATh U TEPMUHOIOTHYECKH. Bynem nasbarh Bxox X (O ms
3a/IaHHOT0 (PYHKIINEN ¢ TOJMHOMUAIBHOTO apuMOMETHIeCKOTO BhIpayKeHUs

1 — donycmumvim BxomoM, ecmu g(X0) € I, 1. e. apudmerntueckoe BhIpazKenue BLIMHC-
o s X (O

2 — BXOJIOM C NOMENYUAALHO YCMPAHUMOT 0cobenrocmuio, ecau §(X (0)) €l,, g(X (0)) =
= "undef”. ConepzkarebHO 3Ta CUTYyaIUsl O3HAYAET, ITO IIPOMEXKYTOUHBIE PE3YIbTATHI BbI-
YUCTIEHNS apU(MMeTHIeCKOro BhIpayKeHns JieyKaT BHe HocuTessd [,. BosaMoxkHO, TyTéM HEKO-
TOPBIX SKBUBAJEHTHBIX MPe0Opa30BaHUil TAKOE BhIPAyKEHUe IIPUBOJIUTCI K BUJLY, JIJIT KOTO-
poro Bxog X apnserca nomycrumbiM. B TakoMm ciydae 6yieM rOBOPHTH O TOM, YTO STOT
BXOJI SIBJISIETCS BXOJIOM C 9KBUBANEHMHO YCMPAHUMOT 0CODEHHOCTNDBIO;
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3 — BXOJIOM € Heycmparumoti ocobennocmoro, ecim §(X @) € Z\I,,. g(X©) = "undef".
) )
DTO cuTyalys, Koraa OKOHYaTeIbHOe 3HavYeHne apugMeTHIeCKOTO BbIPasKeHUs ¢ JJIs BXO-
na X© gesxur Bre Hocurens I,. Od4eBUaHO, YTO B JAHHOI CHTYAIMH HUKAKNE SKBHBAJICHT-
HBIE IPeoOpa30BaHns ¢ He HPHUBEIYT K JOIYCTHMOCTH BXOJA.

6. YcrpaHeHme ocoOOEHHOCTEI BXOJ10B HA OCHOBE
9KBUBAJIEHTHBIX MPeoOpa30BaHMIn

Cureyromeil 1es1bi0 IPEJICTABIEHHOIO NCCJIEIOBAHUS SIBJIAETCS BBeJIEHIE MTOHATUS SKBHUBaA-
JIEHTHBIX apn@MeTHYeCKIX BBIPayKeHHII U ONUCAHNe METOIUKN SKBUBAJIEHTHBIX 1IpeoOpa30-
Banuii. /IBa apudMeTrnaecknx BbIpayKeHsl, 33 JAHHBIX TOJIMHOMUAIbHBIMU DyHKImsMU §(X)
u h(X), 6yaeM HasbBaTh sksusaseHmHbIMU, ecarn VY Xo € I mMeeT MeCTO OJ[HA U TOJBKO
OJIHA M3 CJAEIYIONINX CUTYAIIUN:

Lo g(X0) =h(XD), g(X©)€ L, hXD)elL,

2. G(XO)=h(XO®), g(XO)el, MXO)= "undef", (10)
3. GXO) =h(X©@)  g(XO)=n(XO) = "undef".

h
h

Takum o6paszom, st KoHkperHoro xoaa X (O curyarms 1 comeprKare/bHO 03HATAET COB-
naJjieHue 1 3aMKHYTOCTh Pe3YJIbTaTOB JIBYX apu(pMeTHuIeCKUX BbipakeHuit B [,,, catyarys 2 —
COBIIAJICHUE PE3YJIbTATOB B / C JOIYCTUMOCTBIO TOJIBKO OJHOTO pe3yibraTta B [,, cuTya-
1us 3 — COBIAJIEHUE PE3YIBTATOB B Z C HEJIOIYCTUMOCTHIO 000UX pe3yabTaToB B [,,. Ocobbrit
UHTEpEeC IPEJICTABIISIET CUTYAIUsd 2, TaK KaK 3/1eCh BO3HUKAET BO3MOYKHOCTH HEKOTOPOI'O
SKBUBAJIEHTHOTO MPe0OpA30BaHUs MOJTMHOMUAILHOIO apudMeTndeckoro Bbipazkerus h(X),
IPUBOIAIIEro K gormyctuMoctn (B 1,,) ero snadenus ma sxoge X (9. B sToM caydae, ncmon-
3ysl BBEJGHHYIO BBIIIE TEPMUHOJIOIMIO, MOYKHO TOBOPHTH, uTo Bx0ox X (O) gisercs BXomzoM
C 9KBUBAJIEHTHO yCTPAHUMON 0COOEHHOCTBIO Jijisi aprudMeTndeckoro Bbipazkenus h(X), mpu-
46M SKBUBAJIEHTHBIM apudMeTHIeCKiM BbIpazkeHueM st h(X) apiasercs apudmernaeckoe
Beipazkerne g(X).

Bamerum, aro GyHKIWMA §(T1, Ta, . . ., Tp,) B OOIIEM CIyUae MpeJICTaBIMA B BUJIE KOMIIO3H-
it pyEKIwmit 51 (+), s2(+) 60 t1(-), t2(-), t3(), 0Obe MHEHHBIX OLEPALUAMI U3 S, APIYMEHTHI
KOTOPBIX SIBJISIFOTCSI TIOJIMHOYKECTBAMI MHOXKeCTBa apryMeHToB (gpyukIiun g. [IpeodbpaszoBanue
L:g1(X) — g2(X), 3amaBaemoe onepatopom L, GyJieM Ha3bIBaTh 9KGUBAACHIMHBIM NPEOOPA-
308aHUeM, ecid L ecThb TPOU3BOJIbHAS CYTEPIIO3UATINS olepaTopoB L., L., Lg:

f s1() £s2(0) = sa(c) £ s1(1)s )
Le: { 51() % 52() = 5() #5101,
{ (1 () % 1a()) % ta() = 12(-) £ (ta() £ 1()), (11)
(1 () % £a()) % t5() = t1() * (a(-) = £3(-),
Lut (b() £ 12()) # ta(2) & 1a() % (ta(-) £ () % £a().

L, :

KOHKPETHYIO CYIIEpPIIO3UIIHIO OePaTopoB L, Ly, Lq 6yaem obosnadars depe3 L. Ha ocro-
BaHUU CBOMCTB KOJIbIIA / IOJIMHOMHAJIbHBIE apu]dMeTHnIecKre BhIPpaXKeHNs, 3aJaHHble PYHK-
musmu g1 (X) 1 g2(X) = L(g1(X)), sxBuBasientust B cMpice (10).
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IIpumep. g;(x1, 2, x3) = 1 * Ty — 1 * x5, L(g1) = go(x1, T2, T3) = 21 * (T2 — x3).

Bamernm, uTo B HocuTene Isp g Bxoma X(© = (6,6,5) snauenne g (X)) = "undef”,
MIOCKOJIBKY 1 * Lo = 36, HO TIpu 3TOM ¢go (X (0)) =6wu6 € I35. DTn apudMeTnIecKne BbIparKe-
Hus SKBHBaJIeHTHH! B eMbice (10), a sxom X = (6,6,5) ap/gercs BXOIOM ¢ 9KBUBAJICHTHO
YCTpaHUMON 0cobeHHOCTBIO ist g1(X ). DKBUBAJEHTHBIM apuMETHIECKAM BBIPAZKEHUEM,
YCTPAHSIIOMUM OCOOEHHOCTH JAHHOTO BXOJa, ABjgeTcs MyHKIwms ga(X).

JIemma 1. Ecau pasnocmv mnozourernos ¢1(X) u go(X), npusedénmvz x 0606uénmnot
NONUHOMUGALHOT opme, ecb HYAEB0T MHO20UAEH (MHO20YAEH C HYAEBUMU KOIPPHuLueH-
mamu), mo muozounen go(X) moorcem boimv nosyuen uz g1(X) ¢ nomouypro npeobpazosa-
HuA L.

HoxkazareabcTBo. [Ipuseném muorousier gi(X) K 0000IMEHHON TOJTMHOMUATBHO (DOp-
Me §1(X) ¢ HCHOIb30BaHNeM SKBHBAJEHTHOIO MTpeobpa30BaHUs LSO) (mpeobpaszoBanue pac-
KPBITHsI CKOOOK ); AHAJIOTMYHO TIPUBEIEM MHOTOWIEH go(X ) K 0OOBIEHHOM MOTMHOMUATLHOM
dbopme §2(X) ¢ ucrmonp3oBaHIEM SKBUBAJIECHTHOTO MPEOOPA30BAHI L§°>. [To ycnoBuio Jjiem-
Mbl §1(X) — g2(X) = 0, u3 dero ciejyer MOUJIEHHOE PABEHCTBO BCeX KOA(MDMUIMEHTOB Y

-1

. 0 0

PUBEJIGHHBIX MHOTOWICHOB. Toraa L(z) Lg )(91 (X)) = ¢g2(X), a cymeprnosunusi SKBUBa-
JIEHTHBIX ITPe0OPA30BAHNUIT SBJISETCH SKBUBAIEHTHBIM IIPEOOPA30BAHMEM, UTO M JOKA3bIBAET
YTBEPKJIEHUE JIEMMBbI. U

Paccemorpum npumenente Bxoga X (O k muorouseny g(X). IlocrenoBarenbro momcrasisis

0 0 . 3
B g(X) 3Havenus A xé ) npu@n k mpescrasienio ¢(X) B Brjie MHOMOMWIEHA OT OJIHOI
IIEpEMEHHON Z1:

~

g(xl) = arxg + ar—le?{_l +ooe At Qo, (12)
rje KO3 PUIMEHTHI a; eCTh Pe3y/IbTaThl MMOJACTAHOBKI xﬁg), e ,a:g)) B g(X). Ilpennonaraem
nasee, ato Bxom X (O nomycrnm mia g(X) B I, 1, cieosatenbro, a; € I,,.

JIlemma 2. Ecau apugmemuseckue upantcenus, 3a60aHHbe MHO20UACHAMY 0M T1: §1(T1)
u ga(x1) — oxeusasenmol 6 cmuvicae (10) u cmenens xasicdozo us nux menvwe n, mo g (X)
MO2ACHO nosyumsb u3 ga(X) ¢ nomouvro npeobpaszosanus L.

HokazarenbcrBo. Ilycts §1(x1) u §o(r1) — MHOTOWIEHBI, MAaKCHUMAJIbHAS CTEHEHb M
KOTOPBIX MeHbIIe n 10 1. Pacemorpum muorowien d(x) = ¢1(x1) — §o(x1). Ecim d(zy) —
HYJICBOWl MHOTOUJIEH, TO YTBEPKJEHUE JIeMMbI cieayer u3 jgemMbl 1. Eciu d(x;) He pasen
TOXKJIECTBEHHO HYJIIO, TO OH UMeeT He Oosiee m Kopueit B Ry u 3aBesiomo ne 6ojiee m KopHeit
B Z, a 3naunt, u B I,,. Takum obpazom, d(z1) He MOKeET GbITH PABEH HYJIIO JJIsl BCEX JJIEMEH-

0 .
toB I,; cinenosarensro, 329 € I, : d (mg )> # 0. Ho s10 03HAauaeT, 910 MHOrOWIEHbI § (1)
1 §2(71) He 9KBHBaJICHTE B cMbIciie (10), 9TO HIPOTHBOPEIHUT YCIOBUSM JIEMMDL. O

OdeBnHO, YTO JIeMMa 2 He IPUMEHHMA, €CJIM CTelleHb MHOrowieHa §;(xp) Gosiblie n,
TaK KaK TaKOi MHOI'OYJIEH MOYXKET UMeThb N KOPHeill B [,, OJIHAKO CIIpaBEJJINBa, CJIeTYIOIAs
JeMMa.

JIemma 3. /s apupmemuneckozo svpasicenus, 3adannozo mrozousernom g(X), npeoo-
paszosarnan gopma (12) xomopozo §i(x1) umeem cmenennv, HOALWYIO UAU PABHYIO T, MOHCHO
NOCMPOUNL IKEUBAACHMMHIL 6 Z MHOOMACH MEHOULET, CTNENEH.

~ . n-+p n+p—1

HoxkazarenbcTBo. Ilycts §(21) = pipt)™ " + Qppp_12] +---+apup > 0. Pac-

CMOTPHUM MHOTOWIEH h(x1), IPeICTABISAIONHIA c000ii yOBIBAIONIYIO (haKTOPHAJIBHYIO CTEIEHD

n —+p 1o xi:
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h(zy) =27 =iz — V(@1 —2) - (21— (n+p—1)) = Y { " ;{:Fp } (=1)™tPFay, (13)

re KBaJpaTHble CKOOKH o3HadatoT 1unciaa Crupsunra mepBoro poja [16].

Bamernm, uro h(z;) =0 B I,4, u Vx; € I, 3aBegomo obpamiaercs B HOJb. B cumity sToro
u3 (13) caenyer, uro Vry € I, uMeeT MeCTO SKBUBAJIEHTHOE TIpeobpasoBanue (IpeodpasoBa-
HUE TIOHUKEHUs CTerenn) ¢ Koadduipmenramu us3 Z:

wr -’y T ] et (14)

k=1

[Tpumensis 3ameny (14) kK §(z1), moay<auM MHOTOWIEH §p(Z1), UMEIONHI CTEleHh He GOJIb-
myto, ueM n + p — 1. IlocaenoBarensHo, a uMenHo p + 1 pas, npumenss anajoruaxoe (14)
Ipe0bpa30BaHue, MOXKHO MOJTyYUTh MHOTOUIEH (,(%7), UMEIOMuil CTelleHb MEHBIIYIO 7, C
ko3 dbunuenramMmu B Z. O

N3 jremm 13 criemyer Teopema.

Teopema. Ecau 6200 X O asasemcs 6xodom ¢ nomenuuanvhio yempanumoti ocobenio-
CMBI0 OAA APUPMEMUECKO20 6bIPaHCEHUA, 3a0arno20 nosunomom g(X), mo zadawa nocmpo-
ENUA IRGUBAAECHINHO20 APUPMEMULECKO20 GHPAdICENU, 603M0cH0 donyckarouieeo 6200 X (0,
mpebyem 6bnoAHEHUA MOALKO 08YX 6udos npeobpazosarutl — sxeusarenmmozo (11) u no-
Hudtcenus cmenenu (14).

HoxkazarenabcTBo. Ecin nocse npeobpazoBanms nonmzxkenus crerenn (14) Bece koaddu-
UeHTHI §,(21) sexkar B I, To apudMeTHIecKoe BbIpaskeHne, 3aJaHH0e MHOTOWICHOM (, (1),
mozxer jomyckars Bxon X (0. Ecin muorousen gp(z1) me momyckaer Bxom X ©) B cmprcse
curyaru 2 u3 (10), To coryiacHo jemm 1 1 2, BOBMOXKHO, CYIIIECTBYeT SKBUBAJEHTHOE MPe-
obpasosanme L(g,(z;)) apudmernueckoro sepazenns g(X ), momyckarormero sxon X . [

Cremyer OTMETHTD, ITO 33/a49a BbIOOpa SKBUBAJIEHTHOrO Ipeobpasosanus L(g,(z1)) mo-
CTPOEHUsI HEKOTOPOil cyneprio3unuu orneparopoB L., Ly, Ly aBjigeTcd aJropuTMUYEeCKH pas3-
PEIIUMOil B CHJTy KOHEYHOM CHMBOJIBHOM 3amucn [§,(21)], 1, c1eJ0BaTeIbHO, KOHETHOI'O YHC-
Jla BOBMOKHBIX ITpe00pa30BaHMmil, JOMyCKAeMbIX I'PAMMATHKON (G 1 S9KBUBAJEHTHBIX B CMBIC-
je (11). BuosiHe BO3MOXKHO, YTO BCe BAPHAHTBHI SKBUBAJEHTHOIO IIPEOOPA3OBAHUS HE JIO-
nyckator Bxoj X (9. Torza 3a KoHewHOEe BpeMsl YCTaHABIHNBAEM HEBO3MOMKHOCTH ITOCTPOCHHST
9KBUBAJIEHTHO YCTPAHUMOIO TIpeoOdpa3oBaHust apudMeTHIecKoro Beipazkenus ¢(X ) /st BXO-
na X (O, ITocrpoerne 3heKTHBHOTO M0 TPYIOEMKOCTH AJITOPHTMA BEIGOPA MOCIIEIO0BATE Ib-
HOCTH SKBHBAJIEHTHBIX ITPe0Opa30BaHUil — cyneprnosunuu omnepatopos L., L,, Ly — aBTOpbI
pPAcCMaTPUBAIOT KaK MPOJIOJIZKEHNE HACTOSAIIETO MCCJIEIOBAHUS.

SakJirouyeHue

[Ipetoxkenupiit B pabore popmMain3M KOMIBIOTEPHON IEJIOYUCTEHHON apudMeTHKI 0Tpa-
ZKaeT OIPaHMYEHHOCTDL IPeJICTaBJICHU IIeJIbIX YUCesl B PeaJbHOM KOMIIbIOTEepe U II0OPOXKJIa-
eMble 9TOI OIPAaHMYEHHOCTHIO OCOOEHHOCTU apudMeTHYecKuX oleparuii. B kadecrBe KOH-
CTPYKTHUBHON peaJim3alliil BBEJIEHHON ajireOpanmvdecKoil CTPYKTYPhI IPe/JIoyKeHa, CIelnalb-
Has MOJIC/Ib BBIYUCIECHUN C TPEJIyCJOBUSIMU BBIIOJTHEHUsST KOMAHJ, MIPEJICTaB/IAIONAasd cobO0it
dopMaIbHYIO0 MOJIe/Ib KOMITBIOTEpa ¢ OrpaHUYEHHOI IeodncieHHon apudmernxoit. s
YACTHOIO CJIydasi IPEeJICTaB/IeHUs aPUMOMETHIECKOTO BbIPAYKEHIS IIOJTMHOMOM OT €r0 Oll€PaH-
JI0B IIOKa3aHa BO3MOXKHOCTL IIPUMEHEHUdA MPEJJIOKEHHOTO allllapaTa JJis PelleHud 331891
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MPOBEPKH BXOJIOB apu(METHIECKUX BBIPAXKEHUN Ha JIOIMYCTUMOCTH Pe3y/IbTaTa B OI'DAHU-
JeHHOM HocuTese. Kpome Toro, mpejioyKeH IMOX0/ K IMOCTPOCHUIO SKBUBAJIEHTHBIX apud-
METUYIECKUX BBIPAXKEHUI C Me/IbI0 obecliedeHnst 3aMKHYTOCTH B HOCHTE/IE 3a/[aBAEMbIX UMU
IIPOMEXKYTOUYHBIX PE3YIbTATOB 1151 KOHKPETHOT'O BXO/IA.

Jlokazannas B cTaTbe TeopeMa 00 SKBUBAJIEHTHBIX IMPEOOPA30BAHUSIX OJUHOMUHAIBHO
3a/IAHHBIX apU(PMETUIECKIX BhIPAXKEHUI JIJI BXOJOB C IMOTEHITUAJILHO YCTPAHUMONW OCOOECH-
HOCTBIO OCTAETCd B CUJIE W JIjI HOCUTEJIA, COJIEPKAINEro oTpurarebubie ducia. [lo cyrn,
IIOJIYIEHHBIN Pe3yJIbTAT OTHOCUTCS K OT'PAHUYEHHOCTH JIMATIa30HA MPEJICTABIEHUST YUCETT, a
He K KOHKPETHBIM T'DAHUIAM STOro Jualia3oHa. VIMesd MCXOHBIN JHMalla30H, MOXKHO, Ove-
BUJIHO, ITyTEM CJBHUTa 3HaYeHU oTo6pasuTh ero B cerment [, = {0,1,...,n — 1}, a 3arem
BO3BPATUTh IOJIyUEHHbIE PE3YJIbTaThl B UCXO/HBII JIMAIIa30H.

OueBuIHBIN WHTEPEC MpEJCTaBIsIeT W 0OODIEHNe MOy IeHHBIX Pe3y/IbTaTOB Ha aared-
pandecKyto CTPYKTYPY, BKJIOYAIOINLYI0 ONEPAIuN TEeJOUYNCIEHHOTO JIeJIEHNs] U BbIYUC/IEHUS
ocTaTKa OT JieJieHus. BKiiodenne faejeHnst NIpuBOIUT K HEOOXOIMMOCTH PAcCMOTpeHus OoJiee
OOIIUX MOJUHOMHUAIBHBIX CTPYKTYP, KOTOPbIE MOI'YT COJEpKaTh OTPHUIATEIbHBIE CTEIIECHN
MEPEMEHHBIX U JIJIT KOTOPBIX JOKA3aHHbIE JIEMMbI TPEOYIOT JIOMOJTHUTEIHLHBIX ODOOIIEHUIA.
ABTOpBI paccMaTpuBaioT 310 0000IIEHNEe KaK OJTHO U3 ITPOJIOJIYKEHI JTAHHOTO MCC/IEIOBAHMUS.

[Ipeoxkenubie hpopMaIn3M U MOJIE/Tb BEIYUCIEHNNE MOTYT ObITh MCIIOJIb30BAHbI IIPH TEO-
PETUYIECKOM aHAJN3€e KOMITBIOTEPHBIX a&JTOPUTMOB JIJISI PENIeHns 3389 IPOBEPKU JIOITYCTH-
MOCTH BXOJIOB apu(PMETUIECKIX BbIPAXKEHUN U BBIIIOJIHEHUS UX SKBUBAJCHTHBIX [IPE00Pa30-
BaHUIA.
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