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MOJTMHOMMAJIBHBIN TE3UC YEPYA
TUISI PEDAJT-5-OYHKITHIA,
HOPMAJILHBIX AJITOPUTMOB 1 X OBOBITIEHUT

AHHOTALHA

IMpu pazpaboTke MHOTOKPATHO MCHOJIb3YyeMBbIX IPOrPaMM BaXHO, YTOOBI X BBIIOJTHE-
Hue 6bUT0 HocTtaTouHo ObicTpbiM. B kuure Oy [1.3. u Ko K.U. copmynmmpoBan 0600meHHBIN
te3uc Uépua: «DyHKUMS, BBIUMCINMAS 3a TIOTMHOMUATIBHOE BPEMsI Ha pA3YMHO BBIYHCITH-
TEJIbHOW MOZIEINH, UCTIONB3YIOIIEH pa3yMHOe N3MEPEHNE BPEMEHHOH CII0KHOCTH, BBIYMCINMA
Ha IeTepMUHUPOBAHHOHN MamnHe ThIOpHHTa 32 MTOIMHOMHAIBHOE BpeMs» (TO eCTh NPUHAL-
nexut kiaccy FP). Dror pacmmpenHslil Tesnc Yépua 6omee ecTeCTBEHHO Ha3bIBATh IOJIN-
HOMHUAIBHBIM Te3ucoM Uépua 11t MammH TelopuHra. «Pa3yMHOCTh» BBIYMCIUTEIBHON MO-
JeJIM pa3HBIMU HCCIIENOBATEISIMHA [TOHUMAETCS TI0-Pa3HOMY, BCIIEICTBUE YEro B IOCIIeIHEE
BpeM:I BCE yallle MOSBIIIOTCS «J0Ka3aTe/IbCTBa» (CofiepKaliie OminOKH) 3HaMEHUTON Tpo-
61embl: BepHO J1i, uTo P = NP? IIpu oTOM 11ar pasnuyuHbIX MOjieiell alrOpUTMOB TPaKTyeT-
Csl UHTYUTHUBHO.

B Hacroseii paboTe 10Ka3aHO, YTO «Pa3yMHOCTb» Illara BBIYMCIIEHMS PEKypCHUBHOM
(byHKIIMM MOXKET 3aKJII0YaThCsl B UCIMOJIB30BAaHUU TaKUX pedan-S-MpeaiokeHuil U3 Kiacca
FP, nnvHa 3anucu pe3y/brara BBIIOTHEHUS KOTOPBIX (BKJII0Yas JUIMHY 3allUCU BCETO U3MEHSI-
€MOro CTeKa) yBelIMuMBaeTcd He Oosiee 4eM Ha KOHCTAaHTY, eIMHYI0 I BCEX MCXOMHBIX
JaHHBIX. B 3TOM cMmblciie 00bI4HOE OmpefieieHne 00IepeKypCUBHOM (DYHKIIUH He SBIISeTCH
«Pa3yMHOM» BBIYUCIMTENILHOM MOIENBIO.

JlocTaTOYHO CIIOXHBIM SBJISIETCS MOACYET YMCIIa 1IaroB PeKypcUBHOIO alroputMa. B
HacTodIIel cTaThe JI0Ka3aHbl HEOOXOAUMBIE M JOCTATOYHbIE YCIOBUS MOIMHOMUAIBHOCTH
10 BpeMeHH (DyHKIMH, peaIn30BaHHON Ha s13bIKE NTPOrpaMMHpOBaHus pedan-5. DTOT A3bIK
ABIISIeTCA IIPAKTUYECKU PeaM30BaHHBIM 0000LIeHHEM TaKUX MaTeMaTHYeCKUX Mojiesiel al-
rOpUTMa KaK HOPMaJIbHbIE &JITOPUTMBI, & TAKXE BBOAUMBIE 31eCh anroputMsl Mapkosa-Ilo-
cTa ¥ peKypcusHble anroputMbl Mapkosa-ITocra. ITosToMy B KauecTBe CIIEICTBUI OCHOBHOM
TEOpeMbl JOKa3aHbl YCIIOBUS TTOJIMHOMUAIBHOCTH 110 BpEMEHH U 3THX MaTeMaTHYECKUX MO-
Aenel, IPUMEHUMBIX B TEOPETUYECKUX UCCIIEOBAHUSX.

BecbMa aKkTyalbHBIM SIBJISIETCS BOIIPOC O BO3MOXKHOCTH JJOKa3aTeNbCTBA TOTO, YTO IPO-
rpaMMa, HallMCaHHas Ha f3bIKe pedai-5, 3aaeT HOJIMHOMHAIBHO ObICTPYIO (DYHKLHIO, TO
ecTb (pyHKIMIO, TpHHAIIexaiymo kiaccy FP.

B crarbe BBOOMTCS MOHATHE IBaXJbl TOJTMHOMHUATIBHBIX PEKYPCHBHBIX BBI30BOB pechal-
5-cynkuuu, obecreunBaolee peleHrue 3TOro Borpoca.

Korodesble cy1oBa: oJIMHOMHUATbHBIE BEPXHHE OLIEHKH UKCIIa IAaroB ailfOpUTMa, Mally-
Hbl TrlopuHra, knacc FP, dyHkuuu Ha si3p1ke pedan-5, 1Baxapl HOJTNHOMUATIBHbINA aJITOPUTM.

© T.M. Kocosckag, H.K. Kocosckuii, 2010
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BBEJEHHUE

IMpu pa3paboTke MHOTOKPATHO HCIOJb-
3yeMBIX MPOTPamMM BaXHO, YTOOBI MX BBIMOJ-
HeHue OBLIO JIOCTATOYHO ObicTphiM. B [8]
ctopMyiupoBaH 0000IIeHHBIH Te3uc Yeép-
ya: «DyHKIMS, BBIYUCINMAs 3a MOJIHMHOMHU-
albHOE BPEMS HA pAa3yMHOU BBIYUCIUTEIBHON
MO, UCTOJB3YIOIEN paszymHoe N3Mepe-
HUE BPEMEHHOW CIIOXHOCTH, BBIYMCIAMA Ha
JIeTepMUHUPOBAaHHON MarmuHe TrlopuHra 3a
MOJINHOMMAJIbHOE BpeMsi» (TO eCTh MPUHAJ-
nexur kaaccy FP [1,2]). Dror pacmmpen-
HbI Tezuc Y&€pua Oosiee ecTeCTBEHHO Ha-
3bIBaTh IMOJUHOMHAIBHBIM Te3ucoM YéEpua
s MamuH Teiopunra. «Pa3yMHOCTb» BBI-
YUCITUTEIBHON MOJENHN Pa3HbIMU HCCIIENO-
BaTeIsIMU TIOHMMaeTcs IO-pa3HOMY, BCIIEH-
CTBHE 4Yero B IoOclieJHee BpeMs BCE dalle
MOSBIIIOTCS «J0Ka3aTeJIbCTBa» (copepxa-
1[1e OIMOKHU) 3HAMEHUTOM NPOOJIEMBI: BEp-
HO 1i, yTo P = NP? Ilpu aTOM 1mar pasnuy-
HBIX MOJIe/iell alropuTMOB TPAKTyeTCsl MHTY-
UTUBHO.

Huxe noxazaHo, 4TO «pa3yMHOCTb» IIIara
BBIYKCIIEHUS PEKYPCUBHOU (PYHKIIUU MOXKET
3aKJII04aThCsl B MCIOJIB30BAaHUHM TOJIBKO Ta-
KuX pedan-S-npemioxennii u3 kimacca FP,
IUTMHA 3alUCU pe3yjIbTaTa BBIIIOJHEHUS KO-
TOPBIX (BKJIIOYad AJTUHY 3alliCH BCEro H3Me-
HSIEMOTO CTEeKa) YBeIMIMBaeTCd He Oojiee yeM
Ha KOHCTaHTYy, €IMHYI0 Ui BCEX HMCXOIHBIX
naHabeix (crnencteud 1 u 7). B aToM cMbicie
00bIYHOE oOmpeneneHne oOIepeKypCUBHON
(pyHKIIMU SBISIETCS «Pa3yMHOM» BRIYUCITUTENb-
HOU MOJIEJIbI0, TOJBKO €CITA YHCiIa 3aIiChiBa-
I0TC B EOUHUPUYHOW CHUCTEME CUUCIICHUS
(Torpko Manoukamu). B aTOM Cciiyyae mpuHS-
TO [2] TOBOpPHUTH O TCEBAONOIUHOMHUATHLHBIX
BBIUYMCIICHUSAX, TPUYEM TICEBIONOIMHOMUAIID-
HbIE TpenuKarhl 3a4acTyio NP-1omHBIL.

MogenupoBanue paboOThl peanbHBIX ajl-
roputMoB Ha MamuHe ThlopuHra (4ro Tpe-
Oyercd I JI0Ka3aTesbCTBA €ro MOJUHOMHU-
ATPHOCTH TI0 BPEMEHHU) KPOIOTINBO, YTOMH-
TENbHO W, 3ayactylo, wanuinHe. OIEeHKH Xe
ypciaa 1Iarop paboThl MPOrpaMM Haj KOHK-
pPETHBIMU [aHHBIMHU, KaK IPaBWIO, CHAEIaTh
He OYeHb CJIOXHO, HO 3TO He Bcerma obec-
nevnBaer (OOBIYHO, B CWIY OBICTPOTO poOCTa

IJIMHBI 3aIIMCU [IPOMEXYTOUHBIX BBIUMCIIEHUN)
peabHyI0 IOJUHOMUAIBHOCTbh 110 BPEMEHHU
anroput™Ma. B [5] moxaszaHwl ycroBusi mpu-
HajulexHocTH Kiaccy FP nackaneBuIHbIX
(yHKIIMIA, TO ecTh (PyHKIMI, peaTn30BaHHBIX
Ha MOJEJH, BechbMa OJM3KOH K SI3BIKY IIpO-
IrpaMMHUpPOBAHUS IacKaib.

JIOCTaTOYHO CIIOXHBIM SIBJISIETCS T1O[CYET
qycjla IIaroB peKypcUBHOIo aiaroputma. B
HACTOSIIEH cTaThe JOKa3aHbl HEOOXOAMMbIE
U JOCTAaTOYHbIE YCIOBHUS IOJIMHOMUAIBHOC-
TH 10 BpeMeHM (PyHKIMH, peallu30BaHHOM
Ha $S3pIKe TporpaMMupoBaHusi pedan-5 [7].
ITockonbKy 3TOT $I3BIK SIBJISIETCS IIPAaKTHYeC-
KM peali30BaHHBIM O0OOIIEHHEM TaKuX Ma-
TeMaTUYECKUX MOjelIell alropuTMa Kak Hop-
MaJIbHble AJITOPUTMBI, & TaKXe€ BBOIUMbIE
3pech anroputMbl Mapkosa-Ilocta u pekyp-
cuBHble anroputmbl Mapkosa-Ilocta, T0 B
Ka4yeCTBE CJIENCTBUIM OCHOBHOM TEOPEMBI [0-
Ka3aHbl yCJIOBUS IOJIMHOMHAIBHOCTH 110 Bpe-
MEHHU U 3THX MaTeMaTHYecKuX Mojenei, npu-
MEHUMBIX B TEOPETHMYECKUX MCCIIEIOBAHUSX.

S3pik  pedan-5 (REFAL - Recursive
Function Algorithmical Language) 6bu1 pas-
paboran u peamuzoBaH B.D. TypuuHbIM B
Hyio-Hopke [7] (cMm., Takke [2]). On npen-
Ha3HaueH Juisl 00pabOTKM MCXOMHBIX JaHHBIX,
3allUCaHHBIX B II0JIe 3pEHHMS U B COIEPXKHU-
MOM CTeKa, I10 CYLIECTBY SIBIISIOLLErOCs CTe-
KoM ctekoB. llonstie pedan-5-pynkmum (To
eCTb (PYHKLMHU, 3aIpOrpaMMUPOBAHHOH Ha
q3bIKe peari-5) MOXeT paccMaTpUBAThCS Kak
MaTeMaTH4ecKoe IIOHSATHE alropuTMa IIpU
YCJIOBUH, YTO HE HCIIOJIb3YIOTCS BCTPOEHHbIE
oreparopbl paboThl Haj ailiamu.

BecpMa akTyaspHBIM SIBIISI€TCS BOIIPOC O
BO3MOXHOCTH [JOKa3aTesIbCTBa TOr0, YTO IPO-
rpamMMa, HalMcaHHad Ha 3bIKe pedai-5, 3a-
JaeT MOJMHOMHUATBHO OBICTPYIO (DYHKIIMIO, TO
ecTh (pyHKIMIO, MpUHamIexamyo kiaccy FP
[1, 2, 4].

B crarbe BBOAMTCS IOHSTHE ABAXJBI I10-
JIMHOMUAJIBHBIX DPEKYPCHUBHBIX BBI30BOB pe-
tan-5-pyHKuu, obecrieynBaolee pelieHue
3TOr0 BOIIpOCa.

Crenyer OTMETHTb, 4TO B [5] ObUIO BBe-
JACHO IIOHSTHE MABAXIbl IOJIMHOMHUAIBHOM
HacKajeBUIHON (pyHKIMM (B TOM 4HCIIE H
HaJ CIUCKOM 0a30BBIX MOANPOTpaMM, SBIIS-
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IONTUXCS  MAcKAIeBUIHBIMU  (PYHKIIHSIMH),
BBINIOJIHEHHE KOTOPOro oOecHeyruBaeT IOJIH-
HOMHAJIbHYIO OBICTPOTY BBIYMCJICHMS IacKa-
JIEBUAHOU (PYHKITUH.

1. OCHOBHBIE OIIPEJEJIEHHSA 1 TEOPEMA

B mnocnenoBaresibHOCTA YCIOBUU 43bIKa
pecdan-5 B KauecTBe pasznenuTeNd, Kak U B
S3bIKe TPOJIOT, HCIIONb3YeTCsl 3arsrasi.

Ilo cyru nena, B s3pIKe pedan-5, B OTIH-
yre OT 0a3ucHOro pedana, HMCIONb3YyeTCs
JIEPEBO YCJIOBUH, TaK KaK BBINOJIHEHUE KaX-
JIOTO CIIEAYIONIEro YCIOBUSI 3aBHCUT OT pe-
3yjibTaTa MNPOBEPKU NPCAbIAYIIETO YCJIIOBU,
a ycJIoBHE MOXET colepXaTh CpaBHEHHUE C
HECKOJIbKUMHU 00pa3iiaMu, 00eCleynBaroIu-
MU BETBJICHHC.

Omnpenenenune. Pegan-5-npeonoskernuem
Ha3vléaemca obpasey ¢ NnepeMeHHuMU O
uyacmeil apeymeHmad, 3a KOMOpPuM Caedyem
3HAK paGeHCcmea U (YyHKYUOHAIbHOE GbipasKe-
HUe UM credyem 0epego YCI06Ull, HAUUHAIO-
weecA ¢ 3anamoil, Ha JUCMbAX KOMOPO20 NOC-
Jl€ 3HAKA PAGEHCMEA HAXOOAMCA (PYHKYUOHANb-
Hble GbIPAKEHUA, BO3MOKHO UCNONbIYIOUWUE
cunmakcuieckue (Kpyaavle) CKoOKU, KOHKame-
Hayuio (npunucsiéanue opyz K opy2y 08yx cio8
UAU PYHKYUOHANBHBIX GBIPASKEHUL, UTU Gbl30-
606 (yHKYUIL C apeymeHmamu 6 euoe ¢pyHk-
YUOHANILHBIX GbIPASKEHUIL).

Pecpan-5-¢pynxyueit nazogem caedyouee
evlpasketue: e€¢ uMa, nocie Komopozo Haxo-
Oumca 3akI04€HHAA 6 pucypHbie CKOOKU Noc-
N1€008aMENLHOCHL peqhan-5-npeolosKeHutl, om-
OeNéHHbIX OpYy2 om Opyaa MOUKOIUL C 3anAmoll.

Hanpuwmep,
MMsI\ SYHKUMM\ {[IPEMJIOXKEHMEN 1;...;

- NPEIJIOXEHME\ N\ }

ITox BBHINOTHEHHBIMU PEKYPCUBHBIMU
BbI30BaMU pecain-5-pyHKIUU [ I apryMeH-
ta Q OyneM IMOHMMATh BCE BBI30BHI BTOH (PyH-
KIIUU, BBHIMOJHEHHBIE B MPOIECCE BBIYUCIIE-
Hus (yHKUMK f 1y aprymenTta Q.

Pedan-5-¢pyakmuss Moxer comepxXaTb
BBI30BbI BCTIOMOTATEIbHBIX (OMpemaeIéHHBIX
paHee W BCTPOCHHBIX) (PYHKITHI.

Beemem ompeneneHusS HECKOJbKHUX Xa-
PaKTEpUCTHK BBHIYUCITUTEIILHON CIIOXHOCTH

wia pedan-S-pyukmmii. [Iycts crmcok S co-
IepXUT BCE BCIOMOraTejabHbIe (YHKIINH,
JIOCTaTOYHbIE JUTd BBIYUCIEHHU pedan-5-pyH-
KIuu f.

Onpenenenne. [100 uuciom pexypcueHvix
6630606 NPU GblUUCTEHUU pedan-5-pyHukyuu f
Hao cnuckom @yukyuti S om apeymerma Q
NOHUMAEM YUCTO GbINOJIHEHHBIX PEKYPCUGHBIX
66130606 pyHKyuU [ NpU GbIYUCEHUU 3HAUE-
Hua f(Q), usmepaemoe OMHOCUMENLHO OJIUHDBL
apeymerma Q.

Onpenenenune. 100 oaunoit 3anucu pe-
3YA6MAama GbiNOJIHEHUA peqhan-5-npeonoxeHus
NOHUMAEM OJIUHY 3aNUCU COOEPKUMO20 NOJLY-
4eHHO20 CMeKd, CJOXKEeHHO020 ¢ OJUHOU 3anu-
cu PYHKYUOHATILHO20 BbIPAXKEHUA, HAXOOAUje-
20CA HA «JIUCME» BHINOJIHEHOU «8EMKU» YCAO-
eull (¢ Oepege YCa06Ull) U 6 KOMOpPOe éMeC-
MO 6Cex NepeMeHHbIX NOOCMAGAEHbl UX 3Hd-
YeHUA, NOJIyHeHHble 6 pe3ybmame conocmag-
JIEHUA € 06pA3YOM U3 KOPHA Oepesa u npogep-
KU @CeX YCAO8UIl, HAXOOAUUXCA HA 6bINOJIHEH-
HOU «8emkKe» YCIOGUIL.

Omnpenenenue. 1100 OauHOU RPOMEKYMOU-
HblX 3anucell pegan-5-¢pynkyuu f Hao cnuc-
KOM QYHKYUil S noHumaem @GyHkyuo om Oau-
Hbl 3aNUCU UCXOOHBIX OGHHBIX, PAGHYIO MAKCU-
MATBHOU ONUHE 3aNUCU APSYMEHMOE U Pe3Y.Jib-
MAamosg y 6cex GbiNOJHEHHbIX peqhan-5-npeo-
JIOKEHUT U 6bl30608 [, KAXKObIL paA3 CIONKeH-
HOUl ¢ OJUHOU 3aNUCU 6Ce20 COOePKUMO20
cmeka 6 COOMEemcmeYIuUil MOMEHMN.

BooO1ie roBopsi, Crmcox S, SIBISIOIIMIA-
Csl TIapaMeTpOM IPHUBEAEHHBIX OIPEAEIECHUI,
MOXeT ObITh IycThIM. B ®TOM ciyuae cnosa
«HA CHHCKOM (PyHKIMH S» MOTYT OBITh BBI-
YepKHYThl KaK B 3TUX OINpEHeleHUsX, TaK H
B JaJpHEHIINX (POPMYJIUPOBKaX.

Onpenenenne. [100 pegan-5-¢pynkyueii ¢
08aK0bl NOJUHOMUALBHLMU PEKYDCUGHBLMU
8bI306aMU HAO S NOHUMAEM mMakyio pegan-5-
@yHkyuto f, y komopoi Kax 4ucao pekypcug-
HbIX 6bl30606 NPU GbIMUCAEHUU HAO S, Mak u
ONIUHA NPOMEKYMOUHbIX 3anucell f Hao S He
NPegoCX00AM NOJUHOMA OM OJIUHBL 3ANUCU UC-
XOOHBIX OAHHBIX, GKJIHOUAOUUX 6 CcebA UCXO0O-
HO€e COOepxKUMOoe 6cez0 CMeKa.
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Crnenyolasd TeopeMa yCWIMBaeT U 0000-
IIaeT Ha CIHCOK S TeopeMy U3 [6], MOCKOIbKY
YHUCIO0 MIaroB pedan-5-¢pyHKuun [ Hag myc-
TBHIM CIIUCKOM HE TPEBOCXOOUT YHUCJIA BHI-
MOJIHEHHBIX BBI30BOB IPH BBHIYUCICHUH f Ha
MyCTHIM CIIUCKOM, YMHOXEHHOE Ha YHCIIO
BBIPAXEHMI M BCEX MX MOIBBIPAXEHUU B 3a-
nucH 3Toi pedan-5-pyHKum.

Teopema. Knacc écex pegan-5-¢pynryuii
C 08a3k0bl NOIUHOMUATILHLIMU PEKYPCUSHBIMU
6bl306aAMU HAO CRUCKOM S, 6ce (PYHKYuu Ko-
mopozo npunaonesxxam FP, coenaoaem c knac-
com FP.

Cxema noKa3zaTeabCTBa.

Bo-nepBeix, kKaxnymo ¢yHkuuio u3z FP
MOXHO peaJM30BaTh ABAXIbl MOJTMHOMHAIb-
HOU pedan-5-pyHKIMeH, MOCKOIbKY S3bIK
pedan-5 sBisgercss 0000IIeHHeM HOPMaJIbHBIX
ITOPUTMOB, KOTOPBIE, B CBOIO OYepeh, MOXK-
HO paccMaTpuBaTh Kak 0OO0OOIEHHE MaIluH
Trlopunra. [Ipy 3TOM 4YMCIIO 1IaroB Mariu-
Hbl ThIOpUHIa Ha €IUHUILY OOJIbIIE YHCIIA
PEKYPCHUBHBIX BBI30BOB pehas-5-(pyHKINH.

Bo-BrophIx, pecan-5-pyHKITHI0 Haf CIIHC-
koM S ¢yakuuii u3 FP MoxHO cuutarh cxe-
MOM I peanu3anuu €€ MamuHou TroopuH-
ra C OpaKkyjioOM, IO3BOJISIONINM BBIYHCIATD
Kaxayo ¢yHkmuio u3 crnucka S. Ilpu atom
JUTMHA 3aMHCH TIPOMEXYTOYHBIX 3amUCei Kax-
JIOTO BBI30Ba (PYHKIIUU OTpaHUYEHA CBEPXY
OMHUM U TEM X€ TMOJIMHOMOM OT IJIUHBI 3a-
MMACU WCXOMHBIX TaHHBIX.

JleficTBUTENIbHO, BBIYUCIIEHHE KaXIOW W3
COBMECTHO PEKYPCHUBHBIX pedai-S-hyHKIMi
MOXeT OBITh OCYyIleCTBIIeHO Ha MaiuHe Thbio-
pUHTa C OpaKyaoM-(pyHKIIMEeH TpagulluoH-
HBIM 00pa3oM C MOMOIIBIO OTJIOKEHHBIX BBI-
YHUCJIICHUN, XPAHUMBIX HA IOMIOJIHUTEIIBHOU
JIEHTe, UCTOJIb3yeMOU B KauecTBe creka. [lpu
MOJIMHOMHAILHOM OT JJTUHBI 3alMCH HCXOA-
HBIX JAHHBIX YHCJIE BHI30BOB (DYHKIIMA TH-
Ha 3TOr0 cTeka OymeT orpaHuYeHa CBEpXy
MOJIMHOMOM OT JUTUHBI 3alUCU HCXOJHBIX
JaHHBIX. 3aBepileHre peKypcuu OyneT ocy-
IIECTBIEHO 3a IMOJWHOMHUAIBHOE YHCIIO IIa-
rop Ha MaimiuHe ThIOpUHra C OpaKyJoM-
(pyHKIHIEH, MO3BOJIIIONIUM 32 OAMH IIar BbI-
YHUCIIATh JTI00ble (B KOHEYHOM YHCIIe) BCHO-
MorarenbHble (PyHKIHUU. Bc€ 3TO0 MOXHO Mpo-

Aenarh ABAXAbI TOJIMHOMHUATIBHBIM 00pa3oM,
WU3MepSIeMbIM OT [UIMHBI 3alMCH HCXOIHBIX
TaHHBIX.

Kak cnenyer u3 [6], monydenHas yHK-
nus Oymer mpuHamiexars kiaccy FP. Bro
3aBepIlaeT J0Ka3aTelIbCTBO TEOPEMBI.

CnencrBue 1. Knacc ecex pegpan-5-¢pyn-
Kyuil ¢ He OoJiee ueM NOJUHOMUATILHBIM YUC-
JIOM BbINOJIHEHHBIX PEKYPCUBHBIX GbL30GOE, NPU
GHIUUCTEHUU KOMOPbIX UCNONb3YIOMCA MOJIb-
KO Gbl306bl MAKUX 6CNOMO2AMENbHBIX (DYHK-
yuti u makue peghan-5-npeonoKeHus, KOomo-
pute npuraonesxam FP u moeym ygenauuusams
ONIUHY 3anucu peszyavmama (U OJUHY 3anucu
CO0EePKUMO20 6Ce20 cmeKa) He DoJiee uem Ha
KOHCMAHMY (He 3a8UCAULYI0 OM UCXOOHBIX OGH-
Hblx), cosnaoaem c kaaccom FP.

JleiicTBUTENIPHO, €IMHUIA, CIOXEHHAs C
YHUCJIOM OCYIIECTBJIEHHBIX BBI30BOB f, HE
MEHBIIIE YMCIIa BBIMOJHEHHBIX peda-S-npen-
noxenud ¢yakuum f. Kaxmoe BbIloJHEHHE
pedan-5-npemioxenust (KpoMe MOCTEIHEro
a1 (yHKLIMH) MOXET YBEJIMYUBATH UIMHY
3aIUCH pe3ylbTara ero NpHMeHeHHs He 60-
Jiee 4yeM Ha KOHCTaHTy, He 3aBHCSILYI OT
ucXomHbIX jaaHHbIX. CremoBarenbHO, Kaxnaas
(yHKLUS, YIOBJIETBOPSIOLIAS YCIOBHIO Cliel-
CTBHS, ABISETCS (PYHKUHMEH C OBAaXIbl TTOJIH-
HOMMAITBHBIMH PEKYPCHUBHBIMU BbI30BaMu. Oc-
TaJIOCh TPUMEHHUTh TEOpPEMY.

Dr10 crneactBue OOOCHOBBIBAET «pa3yM-
HOCTBb» IIara pedan-5-¢pyHKUUU f Kak pe-
KypcuBHOTO BbI30Ba f. OHO obecredyunBaer
npuHamiexHocts kinaccy FP ¢dynkumii, co-
BEPIIAOIINX IOJTMHOMHAIBHOE YHCIIO TAaKHX
II1aroB.

2. HOPMAJIBHBIE AJITOPUTMBI

Onpenenenne. Hopmansnwiii aneopumm,
npeoaoxennviit. A.A. Mapkoevim, — smo noc-
J1e008aMeENbHOCMb NOOCMAHOE0K, 00beOUHEH-
HaA ¢ueypHoil ckoOKoll, 6uda

- [IB,

5>D DDS

- [IB,
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3mech 3ammch [[J] o3HawaeT, 4TO BO3MOX-

HO KakK HpI/IC}’TCTBI/Ie 3allUCu TOYKHU, TaK H
e€ orcyrcreue. IloncraHoBka, B KOTOPOM
MPUCYTCTBYET TOYKA, HA3bIBAETCS 3aKJIIOYHU-
TenbHOM. EE BBINIOJIHEHHE O3HAYaeT, UyTO I10C-
e eé HpI/IMCHeHI/IH aJ'[FOpI/ITM 3aKaHYUBACT
pab6ory.

B otom ompenenenun A, ..., A, B, ...,
B, — cioBa (LIEMOYKH 3HAKOB, B TOM YHCIIE,
BO3MOXHO, U HyCTbIe HCHO‘IKI/I) B HEKOTO-
pom ancasute A.

Onpenenenne. Humepeaniom 6xoxoeHusn
cnoea P é cnoso Q 6ydem Hazvieams payuo-
HAJbHO3HAYHBIIL UHMEPEAJ C YEJIOHUCIEeHHDbL-
MU KOHYAMU, cOOepKauuil 6ce Homepa OYKE
crnoea Q, cocmagagouue caogo P.

Hanpumep, uMewTcd aBa HHTEpBaia
Bxoxnenus:i cioBa ABPA B cinoBo ABPA-
KAJABPA, a umenno, untepsaisl (0, 5) u
(7, 12).

Onpenenenne mprMeHEeHUS HOPMaJIbHO-
ro aJroOpuTMa.

Cnoéo P nepepabamwieaemca 3a0aHHbIM
HOPMANBHBIM AN2OPUMMOM CNEOYIOUUM 00pa-
30M.

B cnose P uwemca nepewii (cneea Ha-
npaeo) unmepean exoxoenus croéa A, ¢ P.
Ecau makoit unmepeéan cywecmeyem, mo npo-
U3600UMCA 3AMEHA 8 DMOM UHMEPBATIe 8XOK-
Oenus cnoéa A, na crnoeo B,. Ecau makozo
UHMEPBAA Hem, MO NepexooumM K aHalo2uy-
HOMY NOUCKY A,.

Haxoney, 6 cnose P uwemcsa nepewiii (cie-
64 HANPAGO) UHMEPEAT 6XOKOCHUA CL06A A,
6 P. Ecau makoii unmepeéan cyuecmeyem,
MO NPOU3EOOUMCA 3AMEHA 6 HMOM UHIMEPEa-
Je gxoxoenus caoéa A, Ha cnoe6o B,. Ecau u
mMakKo20 UHmMepeana He cyujecmeyem, mo dau-
eopumm 3akavuueaem pabonry.

Ecnu evinonnunace noocmanoeka, He A6-
JAIOUAACA 3AKTIOUUMENbHON, MO CHAYANA 3a-
nyckaem npoyecc nepepabamléanus yxe no-
JYUEeHHO20 pe3yibmama noocmanogku. B npo-
MUBHOM CAyuae ANOPUMM 3aKaHuueaem pa-
bomy.

Pesynvmamom pabomor anzopumma A644-
emca pe3yiomam NocJeOHell GblNOJIHEeHHOU

NOOCMAHOBKU UAU UCXOOHOe Cl060 P, ecau Hu
OOHA NOOCMAHOBKA He GbINOJIHANACY.

BeironiHeHne Kaxmoil MONCTaHOBKM CYUH-
TAeTcsl IIAroM HOPMAJIBHOIO alropurma. Ta-
KUM 00pa3oM, 3aBepLIMB IepepaboTKy HcC-
XOIHOIO CJIOBA, aJITOPUTM MOXET COBEPIUUTbH
HEOTpULIATESIbHOE YKCJIO ILAroB.

Onpenenenue. Bepxreii epanuyeii pemer-
HOUL CJLOKHOCMU HOPMAJNLHO20 Al20pUmma 6y-
0eM HA3bl6aMb HeOMPUYAMESbHYIO YeA0HUC-
JIEHHYIO (PYHKYUIO, 3HAUEHUE KOMOPOU ONLA KaX-
0020 n 6Goabute UNU PAGHO MAKCUMALLHOMY
YUCTLY AR08 CPeOU 6CEX UCXOOHBIX CILOG ONU-
HbL N 6 aagasume A.

[MpuBenémM npumep HOPMAIBHOIO AJrO-
puTMa, npunuceBamoiiero cioso YPA! me-
pea JoObIM CIIOBOM.

{ - ovpal

[Nocrme HaxoXmeHUs WHTepBAlla BXOXIe-
HUS TYCTOTO CJI0Ba B UCXOIHbBIE JaHHEIE (DTO
oymer untepBan (0, 1)) 3T0 BXoxXneHue Oy-
IeT 3aMeHeHo cjioBoM YPA! u anroputm 3a-
KOHYHUT pabory.

Bonee cimoxHo 3amuceiBaeTcs CIEAyo-
Wi HOPMAJIbHBIA aJITOPUTM TPUITACHIBAHUS
ciioa YPA! B koHern a1000ro HCXOIHOTO
cJIOBA.

OX - XqmiBcex xA
Hq - Ovpal

i -q

3pech UCHOJB3YeTCs JOTOJIHUTENbHAS
OykBa ¢, He BXoAdIIas B anaBuT A.

[lepBoe mpaBWIO MOCIEOHETO HOPMaslb-
HOTO ITOpPUTMa HAa3bIBAIOT MHOTAA METarpa-
oM. Ha camom pene 3TO cHMCOK NpaBwi,
KOJIMYECTBO MpaBUJI B KOTOPOM pPaBHO KO-
JudecTBy OYyKB anaButa A W dTH TpaBUiIa
PAacIioyoXeHbl B 3allUCH HOPMaJIbHOTO AJIro-
pUTMa B TOM Xe€ IOpsaKe, 4To U OyKBbI aj-
thaButa A.

Ilycte ncxomnoe cinoso YPA! m mycrts
{V,P,A,!'} 0 A. Torna B COOTBETCTBUU C BbI-
MUCAaHHBIM HOPMAJIbHBIM aJITOPUTMOM TIOJY-
YyaeM CIIelyIoUIylo LENOoYKy CIIOB paboThl ajl-
ropuT™Ma IO IIaram.

VPA! O gVPA! 00 VgPA! 0O YPgA! O
VPAg! 0 YPAlg 0 VPAIVPA!
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Han ucxomubiM ciioBoM u3 4-X OYKB al-
TOPUTM JieiaeT 6 MIaros.

Crnenyionide yTBEpPXICHHUS  SBISIIOTCS
CIEICTBUSIMU TEOpeMbl M3 pasgena 1, HO
MOTYT OBITh JIOKa3aHbl M KaK CaMOCTOSTEsIb-
Hble yTBepXxaeHud. Huxe mnpuBoumsarcs JBa
J0Ka3aTeybcTBa: MPSIMOE JIOKA3aTeNnbCTBO, HE
UCIIOJIB3YIOIee Pe3yJbTaT TEOPEeMbl, U J0-
Ka3aTeJbCTBO, OCHOBAaHHOE Ha pe3ysbTare
TEOPEMBI.

Cnencreue 2. Knacc ¢pynkyuil, gviuucau-
MbIX HOPMAJIOHBIMU ANI2OPUMMAMU 30 NOJIUHO-
MUANBHOE HUCAO WA206 OM OJIUHbL 3aNUCU ap-
2ymenma, coeénadaem c kaaccom FP.

IIpamoe noxa3zareabcTBO. Bo-mepBbhix,
HOpPMAIbHBIE AJITOPUTMBI SIBJISIIOTCS 00001Ie-
HUueM MalMH TeropuHra. IlefdCTBUTENIBHO,
KOMaHja MamuHbl ThiopuHTra (C BHELIHUM
ancasutom A = {a,, ...,a,}) BuIa

4;@; — Qy@; COOTBETCTBYET TOICTAHOB-
ke a; - Ga;,

qa; - qi,Raj, COOTBETCTBYET IOJCTa-
HOBKE (ja; — a;q;,

ga; - qi,Laj, COOTBETCTBYET CITHUCKY
TMOJICTAHOBOK  XQ&; — O, X&;. mpu xOA.

Ocranoch B KOHIIE CIHMCKA MOACTaHOBOK
J00aBUTh MOACTAHOBKH

Xq - xqb nmpu XOA, i =1,

gx - bgx mpn xUA, i 21,

b,

qo - D

Xq, - Q4X npu XOA,

q, - bg,

g_,X - XQ_,X TpH xUA,

q, - q_lb’

- 0_p»
rie g, ¥ q, —
3aKJTIOYUTEIHHOE COCTOSHUS MAalTUHBI ThIOpUH-

COOTBETCTBEHHO HA4YaJIbHOC U

ra, a; a; - OykBbl ancaButa A (B KOTOPOM
paboTaeT HOPMIbHBIA AIOPUT™), ¢, O —
cocTosiHUS MaiuHbl ThiopuHra, b — GaHKoO-
BBl cuMBOJT M3 andasuta A, i=>1, i'=0.
Ilpy ®TOM YMCIIO IIAaroB HOPMAJIBHOIO
QITOPUTMa YBEJTMYMBACTCS MO CPABHEHHUIO C

YHUCIIOM IIIarOB MallliHbl ThlOpHHra He 60-
Jee 4eM JIMHEWHO.

Takum oOpazom, kjacc FP Bxoumut B
KJIacc (PyHKLMNA, BBIYMCIUMBIX HOPMAJIbHbI-
MU QIrOPUTMaMM 32 IOJTMHOMHUAIIBHOE YHC-
JIO IIAaros.

Bo-BTOpBIX, Kaxiasd HOACTAHOBKAa HOP-
MaJIbHOTO aJITOPUTMa MOXET OBITh BBIIOJIHE-
Ha MaiuHOW ThlOpHHIa 3a MOJMHOMHUAJIBHOE
OT JUIMHBI 3allUCH TepepabaThiBaeMOro CJIo-
Ba yMciio maroB. Ocranoch OObEAUHUTH Ta-
KOro pojia MaliuHbl ThIOpUHTA B OIHY, pa-
60Ta KOTOpPOWl COOTBETCTBYET OOILEH CTPYK-
Type paboThl HOPMAJIBHOIO aIrOpUTMa.

Ha xaxpom mare HOpMaJbHOIO AJITOPUT-
Ma JJIMHA 3allMcHu IiepepabaThiBaeMoro CJio-
Ba yBeJIUYMTCd He Oojiee, YeM Ha
C=max {0, IBI-1A ..., IB,] - 1A,]}. Cre-
J0BaTe/IbHO, €CJIM JUIMHA 3alllMCH apryMeHTa
paBHa n, TO MOCJE BBIIOJIHEHHUS i-r0O Ilara
HOpMalibHOTO anroput™ma (i =1, ..., p(n), tae
p(n) — KOJIMYECTBO 111arOB HOPMAJIbHOTO aJl-
ropuT™Ma) JJIMHA 3alucH InepepadaTbiBaeMo-
ro cioa He mpeBocxoaut n + Ci. Cymma
MOJIMHOMHUAIBHOTO YMCIIa TIOJIMHOMOB HE Tpe-
BOCXOJIMT HEKOTOPOTo IMoJinHOMa. IIpsmoe
JI0Ka3aTeJIbCTBO 3aBEpIICHO.

JloKa3aTeJbCTBO CIENCTBUS 2 TEOPEMBI
u3 pasgena 1. Mcnonb3ys mepeMeHHBIE €, U
e, Ui CIIoB B aihaBute, A HOPMAIbHBINA ajl-
TOpUTM BHZAA

DA& _’[mBl

[

7~ P8

MOXHO 3alucaTrb B BHIC

E%Alez -~ [JeBe,

0 :
RAE - [TeBe,

[Ipu »TOM 1O TIEpEeMEHHOi e, TOnpasy-
MEBAETCA LHUKII ():[HI/IHa 61 YBEJIMUMUBACTCA Ha
€AVHUIYy HAYMHAd C HYJI U 0O [UIMHBI TIepe-
pabaThiBaEMOTO CJIOBA).

Ilycts mepBoe NpaBWIO CONEPXKUT TOY-
Ky, a mociienHee HeT. Torma Ha sI3bIKe pe-
than-5 mocnenHuil anropuTM 3amUIIETCS B
BUJIC

[ [ - [ [ . . 1 [ -
NAfe,'A,'e,=¢,'B, 'e,; ... ;¢,'A, "e,=
1 1 T T
e,'B . 'e,<NA e 'A|'e,>},
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Ile B YIIOBBIX CKOOKax 3amucaHo, 4To aj-
roputM ¢ wuMeHeM NA T1puMeHsieTcd K
e,'B,"e,. 3nech ecnmu Q — MycToe CIIOBO, TO
BeIpaxeHue 'Q ' 3aMEHSIETCS IMYCTHIM CIIOBOM.
IIpy xaxooM peKypcUBHOM TpUMEHEHUU
ATUHA pe3yibTaTa yBeJIHMuuBaeTcs He Oolee
yeM Ha KOHCTaHTy. CIelcTBHE T0Ka3aHo.

3. AJITOPUTMbI MAPKOBA-IIOCTA

Bo3MoxHO 00001eHHe HOPMaIbHBIX
AJITOPUTMOB 1O HOPMAJbHBIX aJT'OPHUTMOB C
ACTEPMUHHUPOBAHHBIM HCIIOJIb30BAHUEM OOHO-
ocbUIOUHBIX mpaBui Ilocra (cokpaleHHO —
anroputMoB Mapkosa-Ilocra). B aTtom ciy-
yae IOJICTAHOBKA 3aMeHseTCs OQHOIIOCHUIOY-
HbIM npasuiioM Ilocra Buna

Aoej A A Ag  — [T1BeE B B,..By6 |
rae Kaxpnaad u3 TMNCPpEMEHHBIX IJId CJIOB

6.,

npaswia 1 m=0, n=0.

BCTpEYACTCA B JIEBOM 4YacTH

Onpenenenne. byoem Hazwieamy npasu-
a0 aneopumma Mapxkoea-Ilocma npagunom
PA3MHOKEHUA NePeMEeHHOU, ecau 8 e20 npa-
6011 Yacmu 014 HEKOMOPOIl NepeMeHHOl ume-
emcAa L pa3anuunbix 6X0xK0eHUll, a 6 1e60i e20
uacmu YUCAO PA3NUUHBIX €€ XOKOEHUL MEHb-
we L.

Omnpenenenue. JemepMunupogantoe npu-
MeHeHUe chopmyauposarHoeo npasuna Iocma
K cno8y Q 3aKka4aemca 8 opeaHu3ayuu ca-
MO20 6HeUHe20 YUKILA NO OJUHe € j (Hauunaa
C HYAA U KOHYAA OJUHOU CJA08A 1Q), 3amem
BHYMPU DMO20 YUKIA OP2AHU3AYUU GHYMPEH-
HUX YUKJIO8 NOCAe008AMENbHO NO OJUHE

e .., OJUHe ej 3a UCKJIlOYEeHUEeM HOoMe-

j2 v m
D08, yke GCMPemusuiuxca pauee.
[Ipusenem mpumep anroputma MapkoBa-

HOCTa, OCYHICCTBJIAIOMICTO YABOCHUC CJIOBA.
(g - &g

Cnencrue 3. Knacc aneopummos Map-
kosa-Ilocma, He coldepxawyux He3aAKAOUU-
MEJIbHbIX NPAGUNL PAZMHOKEHUA NEPEMEHHBIX
U GHIUUCAUMBIX 30 NOJUHOMUATBHOE HUCTO
Uazo6 (8vlNOJIHEHHbIX NPABUTL) OM OJUHDBL 34~
nucu apeymenma, cognaoaem c kaaccom FP.

IIpamoe poka3zarennbcrBo. [TockombKy ai-
roput™Mbl Mapkosa-Ilocta mnpencrasigoT
coboit 00001IeHre HOPMATTbHBIX &JITOPUTMOB,
TO OYEBUJIHO, YTO COBOKYIMHOCTb BCEX HX
conepxut kiacc FP.

Kaxpmoe nerepMHMHUpPOBaHHOE MpHUMeEHe-
HHME OJHONOCBhUIOYHOro mpasuna Ilocra Ge3
Pa3MHOXEHUS IepeMEHHBIX MOXET ObITh MpPO-
MOJIETMPOBaHO MaIIMHOW ThlopuHTa 32 YuC-
JI0 IIAroB, He MPEBOCXOAsIlee MOJIMHOMA OT
IUTMHBI 3aMUCH JIEBOH YacTH MpaBWia U, Clie-
JOBaTeNIbHO OT UTMHBI 3allUCH BXOTHOTO CIJIO-
Ba. Ocraércsd oObEeONUHUTH BCE TaKUE MAlllK-
Hbl ThiopuHra B OHYy, paboTra KOTOpOii co-
OTBETCTBYeT OOILEeil cTpyKType paboThl HOp-
MaJIbHOTO aJITOPUTMa C OJHOTOCHUIOYHBIMU
npaswiaMu [locta. DTO BO3MOXHO oOcCyIle-
CTBUTHb TaK, YTO OHa OyigerT paboTaTh IMOJH-
HOMHATIbHOE YHUCJIO IIAroB OT JUIMHBI 3alicu
HCXOIHOTO CJIOBA M JII0OO0I MPOMEXKyTOYHbIH
pe3yibrar He OyleT MpeBOCXOOWTH MO UTUHE
MOJIMHOMA OT JUIMHBI UCXOAHOTO ciiopa. [Ips-
MO€ J10Ka3aTeJIbCTBO 3aBEPILEHO.

Jloka3aTenbCTBO CIEACTBHS 3 TEOPEMBI U3
pasmena 1 Gasupyercs Ha Tex Xe cooOpa-
KEHUSIX, YTO U e€ cleacTBue 2.

Omnpenenenue. Ancopumm Mapkosa-Ilo-
CcMa HA306ém 08ak0bl NOJUHOMUATLHBIM, €CAU
YUCIIO €20 WA208 U OJUHA 3ANUCU Pe3YTbInd-
Ma Kaxoo2o waea e20 pabomuvl 02paHuyeHb
C8EPXy NOJUHOMOM OM OJIUHBL 3ANUCU AP2Y-
MeHma an2opumma.

Canencreue 4. Knacc 06axovl noaurnomu-
anvHulX aneopummose Mapkosa-Ilocma coéna-
oaem c¢ kaaccom FP.

DTO HENoCpeICTBEHHOE CIIEACTBUE TEO-
pemsl 1.

4. PEKYPCHUBHBIE AJI'OPUTMbI
MAPKOBA-IIOCTA

HanbHeiimee o006o0OIIeHHE AITOPUTMOB
Mapkosa-IlocTa cB43aHO C BBEIEHUEM HMEH
AITOPUTMOB KaK OINpPEACIAEMBIX, TaK U YXE
OTIpENIeNIEHHBIX PaHee, Ha3bIBAEMBIX BCIIOMO-
raTeJbHbIMU.

Onpenenenne. 100 crosapHvim mepmom
b6yoem NOHUMAMb mepM HA OCHO8e Onepayuu
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NPUNUCHIGAHUA (KOHKAMEHAyUuu), Komopas He
umeem 0b603HAUEHUA HU NPEPUKCHO20, HU UH-
QukcHoz20, HU NOCMEUKCHO20 U apzyMeHmbl
KOMmopou He bepymca 6 ckoOKuU (OHU npocmo
npunucwsiéaromca opyz k opyey). B kauecmee
UMEH NEPEMEHHbIX OJIA CA08 Oydem no-npe-
JKHEMY UCHOAb306amb OYKEY e C HUKHUMU
UHOEKCAMU.

Onpenenenue. 100 @GYHKYUOHANBHBIM
C/LOBAPHBIM MePMOM O6Y0eM NOHUMAMb MePM
Ha OCHOGe HUKAK He 0603HauaeMol onepayuu
NPUNUCHIGAHUA U JH0OBIX CILOBAPHBIX YHKYUIL
6 npepuKCHOIL 3anucu 6uod

< <I/IM$[ (byHKuHI/I> <Hp06en> <CDyHKIII/IOHaJ'[I)HBII71 TepM> >,

IIpu smom uma @yHkyuu He OOJIKHO CO-
oepskamy npoben. Ilpoben mosxkem onyckamo-
cA, ecau QYHKYUOHANbHBLIL mMepM npeocmas-
Jaaem coboli nycmoe Cl080 UNU HAYUHAEMCA
co 3Haka <.

IIpuMep uUCIIONB30BaHUS TAaKOW 3alUCU
uMeeTcs B KOHLE pasfena 2.

Onpenenenne. [100 npasuiom pekypcue-
Hoe2o aneopumma Mapkosa-Ilocma 6yoem no-
HUMAmMb CAO0GAPHBIIL MEPM, K KOMOPOMY NpU-
NUCAH CNPAea 3HAK PAGEHCMEA «=», K KOMO-
DPOMY, 6 C8010 0uepedb, NPUNUCAH CNPABA (QYH-
KYUOHANbHBLU CJLOBAPHDBIIL MEPM.

Onpenenenue. [Ipasunra 6yoem pazoe-
JAMb MOUKOU ¢ 3anamoti «;». Chnucok écex
npasun 6yoem 3akaouams 6 @ueypHsie ckoo-
K «f{» , «}», neped komopwimu 6yoem nu-
camo UMA ONPEOeNAeMO20 HMUM CNUCKOM QJl-
eopumma. Cnucok makux onpeoenietui 6yoem
HA3bl6aMb PEKYPCUBHBIM anzopummom Map-
koea-Ilocma.

HerpynHo 3aMeruTs, 4TO Kilacc BCeX pe-
KypCUBHBIX ainroputMoB Mapkosa-Ilocra
SBIISIETCSl TOJKJIACCOM BCEX aITrOpPUTMOB Oa-
3UCHOTO pedpana.

BrimonHeHue npaBuia CYUTAETCd OXHUM
11aroMm.

Onpenenenne. I[Iycms 6 npasuie pekyp-
cueHnoeo anzopumma Mapkoea-Ilocma nocae
PABEHCMBA KOAUUECHBO DA3NUHHBIX 6X0XKOe-
HUIL KAKOOU NepemMeHHOl OJIA CA08 NOCe 3HA-
Ka «=» He 0oJee ueMm KOAUHECmEo eé 8X0xk-
OeHUIl 8 YMOM npasusie 00 3HaKa «=». Aneo-

pUmMMbL, 6ce NPAasUad KOMOPHIX YOO8AEMEO-
DANOM BMOMY YCIOGUIO, HA306EM ANI2OPUMMA-
MU 6e3 PA3MHOKEHUA NePeMEHHDBLX.

CnencrBue 5. Knacc ¢pynkyuii, viuuciu-
MBIX 34 NOJUHOMUATBHOE YUCAO PEKYPCUGHBIX
66130606 NOCPEOCHBOM PEKYPCUBHBIX AJI20PUN-
Mmo6 Mapkosa-Ilocma 6e3 pasmHOXeHUA ne-
DEMEHHbIX, 8 MOM HUCTE UY BCHOMO2AMENb-
HbIX (DYHKYULL, KOMopble MOZYM  YEEIULUBAIND
ONIUHY 3aNUCU Pe3YJIbmama HA KAXO00M uiaze
He 6oJiee YeM HA KOHCMAHMY, coenadaem C
knaccom FP.

IIpamoe noka3zarenbCcTBO. BKiioueHue
kiacca FP B kimacc pekypcHBHBIX alrOpHT-
MoB Mapkosa-IlocTta, coBepiuanumx MOIU-
HOMMAJIbHOE YKCJIO BBI30BOB, OUYEBHUIHO.

Tak kax mId KaXOoud BCIIOMOTATEIbHOU
(pyHKIIMM B (PYHKIIMOHAIBHBIX CJIOBApPHBIX
TepMax anroputmMa Mapkosa-Ilocta anmunHa
3allMcyu  pe3ylbTaTa BCerga OrpaHUYeHa
CBEpXy JUIMHOU 3allUCU apryMeHTa, CJIOXEH-
HOM ¢ KOHCTAHTOH, TO [UIMHA 3alucH JI000-
ro IMPOMEXYTOUHOTO pe3yibTaTa OrpaHHUye-
Ha CBEpPXY IMOJHHOMOM OT JJIMHBI 3allucy
HUCXOJHOTO apryMeHTa, €Cjld YMCJIO LIAroB
BBIYUCIICHUS] KaXJION U3 orpenenseMbix (yH-
KUUH OTPAaHUYEHO CBEPXY IIOJUHOMOM OT
JUTMHBI 3aIlMCA MCXOIHBIX JTaHHBIX.

IIpu »TOM ecnu IJIMHA 3allUCU pE3ynbTa-
Ta Kaxnaoro mara ainroputma Mapkosa-Ilo-
CTa OIpaHUYEHa CBEpPXY IOJIMHOMOM OT UIH-
HBI 3aIlMCH WCXOJHBIX JAHHBIX JJIS BBIIOJI-
HEHHS DTOrO IIara, To IMOJMHOMHAIBHOE YHC-
JIO IIaroB TakKOro aJIrOpUTMa MOXET OBITh
MPOMOJIETTMPOBAHO Ha MalinHe TbhlopuHra c
OpaKkyIoM-(pyHKIMEH 3a TOJWHOMHAIIbHOE
YUCIIO 1IaroB (Opaky/l HyXeH IS BbIUUCIIe-
HUd BclioMorarejbHbiX (yHkuwmii). [Ipsmoe
JI0Ka3aTeJIbCTBO 3aBEPIIECHO.

Omnpenenenue. Pexypcughvlili aieopumm
Mapxkoga-Ilocma Hazoeem 08aK0bl NOJAUHOMU-
AJIbHBIM, €CJIU HUCTO €20 GblNOJIHEHHbIX PEKYD-
CUBHBIX 6bl30606 U OJUHA 3aNUCU pe3yibmama
Kax0020 €20 waza He NPegocxooam NOJUHO-
Ma Oom OJIUHbL 3ANUCU UCXOOHBIX OAHHBIX.

CaencrBue 6. Knacc 06axov noauHoMu-
AJIHbIX PEeKYPCUGHBIX aneopummos Mapkosa-
Hocma coeénaoaem c¢ knaccom FP.
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Kocoeéckuit H K., Kocoéckas T.M.

Teopema u3 [6] momycKaeT CIEIYIONIIYIO
MonupHuKaIuo, 00eCIeuyrnBaIIYI0 «pa3yM-
HOCTB» IIIara MOJTUHOMUATBHBIX BBIUMCIICHHI
Ha MarmmHe ThIOpHHTa ¢ OpaKkyIoM-(pyHKIIH-
e, yIOBIIETBOPSIOIIEH OrpaHUYSHHIO U3 CIIEI-
CTBHS.

Cnencrsue 7. Knacc ¢pynkyuii, eviuuciu-
Mulx Ha mawurax Tetopunea c opakyiom-@yH-
Kyuei, co8epularuux NOJAUHOMUATILHOE HUC-
JI0 WLA2068 U OPAKYJIbl KOMOPBIX NPUHAOIEKAM
FP, a oaunwl 3anucu pesynomamoe pabomuol
DMUX OPAKYN08 He NPeBOCX00AMm OJIUHbL 3aNu-
cu apezymeHma, CJOKEHHOU C KOHCMAHMOI,

JABaXbl IMOJIMHOMHAJIIBHBIX MAaIlIHWH beopma
C OpakyjoM, IIOCKOJIBKY JUIMHBI BCEX IIpO-
MEXYTOYHBIX 3aIllMCEN pe3yJbTaTOB HUX pa-
0OTHI OTrpaHUYCHBI CBEPXY IMOJIMHOMOM OT
JUIMHBI 3alicu apryMeHToB. OcCTaloch Mmpu-
MeHHTH TeopeMy u3 [6]. [Ipsamoe nokazaTesns-
CTBO 3aBEpIICHO.

Dro cnexctBue 7 MOXeT Takxe ObITh HO-
Ka3aHO KaK CJIe[CTBHE M3 CJIeACTBHS 1.

BrIroTHEHHBI BBI30B OpaKkysia, yIOBIET-
BOPSIIOIIETO YCIIOBUIO W3 CIEACTBHUS 7, BIOJ-
HE MOXET CIIYXHUTb NPUMEPOM «Pa3yMHOIO»
rara BBIYMCIICHHS, TOJIMHOMHAIBHOCTh YHUC-

coeénadaem c kaaccom FP. Jla KOTOPBIX oOecneynBaeT MPHHAIUIEKHOCTh

Bcero BbluMcieHus: kiaccy FP.
Joka3aTeabcTBo. Kiacc Takux MarimH

TrlopuHra ¢ OpakyyioM SBJISETCS KJIaccoM
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Abstract

It is important for multiple-used programs that their run be sufficiently quick. Du D.Z.
and Ko K.I. have formulated a extended Church thesis: «A function computable in polynomial
time in any reasonable computational model using a reasonable time complexity measure
is computable by a deterministic Nuring machine in polynomial time» (i.e. it belongs to
the class FP. It is more natural to call this extended Church thesis as a polynomial Church
thesis for Turing machine. Different researchers differently understand the term reasonable
in consequence of which at the last time many «proofs» (containing mistakes) of the
famous problem whether P = FP appear. In such «proofs» a step of different algorithm
models treats intuitively.

In the present work it is proved that reasonability of a recursive function step may be
consisted in the use of such refal-5-sentenses from FP, for which the length of result
notation (including the lenth of all stack) increases not more than by additive constant
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unique for all arguments. In such a sence a usual definition of a recursive function is not a
reasonable calculation model.

The count of recursive algorithm steps is rather difficult. Nesessary and sufficient
conditions of time polynomiality of a function, realized by means of programming language
refal-5, are proved in the present paper. This language is a practicaly realized generalization
of such mathematical models of algorithm notion as normal algoritm and here introduced
Markov-Post algorithm and recursive Markov-Post algorithm. That is why conditions of
time polynomiality of these mathematical models (used in theoretical reseaches) are proved
as corollaries of the main theorem.

The question whether it is possible to prove that a refal-5 program realizes a polynomiall
time function (i.e. function belonging to FP) is very actual.

A notion of a double polynomial recursive refal-5 function call, which provides the
solution of this question, is introduced in the paper.

Keywords: polynomial time algorithm, Turing machine, class FP, refal-5 function,
double polynomial algorithm.
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