O06 anropurMax IIPOBEPKH ITPABUJILHOCTU
ceMelicTB PyHKITUI

/1. O. Prikos

B pabore uzydaercst BOIPOC MPOBEPKHU IPABUILHOCTU CEMENUCTB
dbyukmwmit. [TocTpoen asropuTM MpoBepKU MPABUIBHOCTHU, yIUTHI-
Batormuii nadopmarmio o rpade cemeiicTsa. CI0KHOCTD MPUBEJIEH-
HOTO aJITOPUTMa 3aBUCHAT OT IOPSAKOB CHUJIBHBIX KOMIIOHEHT I'Da-
da. IlocTpoen ajsropuT™M MPOBEPKHU MPABUIBHOCTU CEMEHCTB MO-
HOTOHHBIX (yHKIMt. B ocHoBe asropmrma Jiekar IBa CBOICTBaA
PaBUJIBHBIX CEMENCTB MOHOTOHHBIX (DYHKIIWI: HAJIUINE KOHCTAH-
Thl U (PYHKIMOHAJIbHAST 3aMKHYTOCTb KJIACCa MOHOTOHHBIX (PYHK-
it B Py. CJI0KHOCTD aJropuTMa 3HAYUTETHHO MEHBIIE CJIOKHOCTH
CTaH/JAPTHBIX aJITOPUTMOB IIPOBEPKU IIPABUJIBHOCTH.

KurouyeBbie ciioBa: mpaBWIbHOE CeMENCTBO (DyHKITHIA, aJro-
PUTM IPOBEPKHU IPABUJIBHOCTH CeMeicTB (DyHKIWil, rpad cyiie-
CTBEHHOI 3aBUCUMOCTH ceMeiicTBa (DyHKIUI, ceMeiicTBO MOHOTOH-
HbIX (DYHKIWI, KPUTEPHil TPABUILHOCTA ceMeiicTBa PyHKITHIA.

1. BBeaenue

JlaHHast cTaThsl MPOIOJIXKAET CEPUI0 pabOT, MOCBSIIEHHBIX U3YYEeHUIO
[PABUJIbHBIX CEMENCTB OyJIeBBIX (DYHKIWI, KOTOPbIE MPUMEHSFOTCS JIJIsT
bYHKIIMOHAJIBHOTO 33/IaHUs JIATHHCKUX KBaipaToB. OMHON U3 IEHTPAb-
HBIX 38J1at, CTOSAIINX MepeJT, UCCACTOBATEIEM B 9TOW OOJACTH, sIBJISETCS
3a/1a7a MPOBEPKN CeMeHCTBA Ha TPABUIBHOCTH. YCTAHOBJIEHO, YTO ITA
3ajtada orHOcuTCA K guciy NP-tosabix 3aad. Tem He Menee, HEOOXO U~
MOCTBb B 9(D(PEKTHUBHBIX AJITOPUTMAX IPOBEPKU MPABUJIBHOCTHA OCTAETCS.
N3BecTHO HECKOJIBKO CIIOCODOB IIPOBEPKU CeMelcTBa Oy/IeBbIX (DyHKITH
HA IPABWIBHOCTE. [lepBbIil cl1ocob — MPOBEPSITH HA HAJIMYHUE ITOTO CBOW-
CTBa TIO OIPEJIEJIEHIIO TPABUIBHOTO ceMeiicTBa. BTopoit crmocod onmpaet-
csl Ha KpUTepHii npaBuiibHOCTH, chopMyInpoBaHHblii B pabore [1]. Oba
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9TU Crocoba MPOBEPKU Hesib3st Ha3BaTh 3ddekTuBHbIMU. OJIHAKO, €CJIu
BBECTH HEKOTOpBbIE OIPAHUYEHUsI Ha CEeMeWCTBO (hyHKIWIA, 3ajJa4da Mpo-
BEPKU MMPABUJIBHOCTH MOXKET 3HAUUTEJILHO YIPOCTUTHCs. Tak, Hampumep,
JIst ceMeiicTB (DYHKIUi Onpeie/IeHHbIX KJIACCOB (JIMHEHHBIX, MybTuad-
buHHBIX) GbLIN yCTAHOBJIEHBI KPUTEPUU MPABUJIBHOCTH, B KOTOPBIX HC-
MOJIB3YETCsT IIUKJIOBasi CTPYKTypa I'padOB CYIIECTBEHHON 3aBUCHMOCTH.
AJIropuUTMBI TPOBEPKHU, OCHOBAHHBIE Ha 9TUX KPUTEPHUAX, PabOTAIOT 3HA~
quTebHO ObicTpee. B manHoit paboTe HA OCHOBE IPEIJIOXKEHHOTO B CTa-
The [1| KpuTepusi npaBHILHOCTH OyJeT HOCTPOEH MO M(pUIMPOBAHHbII
KPUTEPHii, B KOTOPOM TakKe OyJeT ydITeHa WHMOPMAIU O CTPYKType
rpada CyIecTBEHHOW 3aBUCUMOCTH, UTO IPHUBEIET K YMEHBIIEHUIO Tpe-
HGyemMoro Ha MPOBEPKY BPEMEHHU B HEKOTOPBIX ciry4asx. [locse sroro byuer
OIMCaH AaJTOPUTM IIPOBEPKU MPABUJIBHOCTHU, UCHOJIL3YIONUN 3Ty HUJEIO.
Taxzke Oy1eT MOCTPOEH AJTOPUTM IIPOBEPKH TPABUIBHOCTH JIJIsI CEMENCTB
MOHOTOHHBIX (DYHKIMI U OTIEHEHA €r0 CJIOXKHOCTD.

2. IIpaBuibHBIE ceMelicTBa OyJieBbIX (QYyHKIIHIt
1 rpadbl CyIIeCTBEHHOI 3aBUCUMOCTH

HamnomuuMm oCHOBHBIC ITOHSITHUS.

Onpepenenne 1. Cemeiictso Oyiesbix dyukuuii f = (fi, fo,..., fn) or
HEepEeMEeHHBIX 1,9, ... ,T, HA3LIBAETCS MPABUILHBLIM, €CIU IS JIOOBIX
JIBYX Da3/IMIHBIX HAOOPOB 3HaueHuii nepeMenubix ' = (z},xh, ..., 2)) n

2 = (2l 2l ... xl) cymecrByer o € 1,n Takoe, 9TO BBIIOJHEHO

x:x - xlo/m fa(xl) = fa(xll)'

Baxkuyto poJib 1Ipy u3y4eHnn MPaBUIBHBIX CEMEHCTB UI'PAIOT rpadbl
CYIIECTBEHHO!N 3aBUCUMOCTHU ITUX CEMEHCTB.

Onpenenenne 2. ['pacdoM CymecTBEHHON 3aBUCUMOCTH CEMeHCTBa
dbyuxmit f = (f1,..., fn) OT HEPEMEHHBIX X1, ..., T, HA3BIBAETCS OPUEH-
ruposannblii rpad Gf = (V,E), tne V ={1,2,...,n}, a E = {(i,7) : f;
CYIIECTBEHHO 3aBHCHUT OT I; }.

[To crpykType rpada cyIecTBeHHOH 3aBUCUMOCTH ceMeiicTBa (PyHK-

it (B JasbHeeM Jjisi KpaTKOCTH OyJIeM Ha3blBaTh ero rpadom cemeii-
CTBa) MOYKHO JICJIATH OIIPE/IEJICHHBIE BHIBOJBI O IIPABUJIBHOCTH CeMeiiCTBa.
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Tax, manpumep, ecu rpad ceMeiicTBa HE COJAEPXKUT IUKJIOB, TO ITO Ce-
MeitcTBO paBmiibHO. OOpaTHOE HEBEPHO.

3. Kpurepuu npaBujibHOCTH

B pabore |1] jokaszaH Kpurepuii IPaBUJILHOCTH Yepe3 BUJL IIOJHHO-
MoB ZKerajkuna BCEeBO3MOXKHBIX IIPOU3BEJCHUN (DyHKIMI U3 ceMeiicTBa
(B paMKax JaHHON paboThl OyeM Ha3bBaTh ero OOIIUM KpUTepreM pa-
BIJILHOCTH ).

Teopema 1 (O6umit kpurepuii npaBusbHoctu [1]).  Cemeticmeo
byaesvix pynxuud f = (f;), i € [1,n] npasuavro mozda u mosvko mozda,
Ko02da das amobozo noommosicecmsa I, I C [1,n], npoussedenue dynruud
[1 fi ne sasucum cywecmeenmo om mrooscecmesa nepemennvix xy = (x;),
el

1€ 1.

CMBICJT 3TOrO yTBEPXKJIEHUsI TaKOW: YTOOBI IIPOBEPUTH CEMEHCTBO
dyHKINN HA TPABUIBHOCTD, HAJ0 PACCMOTPETH BCE BO3MOXKHBIE 2™ TIPO-
u3BeeHUN (PYHKIUN U3 ceMeificTBa U CAeIUTh 3a KO DUIMEeHTAMU TPU
YIEHAX, COJIEPKAINMX COOTBETCTBYIOIINE IIPOU3BEJIEHUs] IEPEMEHHBIX B
nosmmaoMe 2Kerasikuna. Eciau xorst 661 ojiuH u3 K03b UIUEHTOB Oyj1eT
paBen 1, cemeficTBO He OyJeT HpaBWIbHBIM. Ecin Bce KO3(DDUIUEHTE
paBHbI 0, TO CEMEICTBO TPABUJIBLHO.

3a1a/InMCsi BOIIPOCOM: 00sI3aTeJIBHO JIU JIJIst ITPOBEPKU TPABUIBLHOCTH
PacCUUTHIBATL BCE BO3MOXKHbIE 2" mpousBeieHnit (GyHKINM 13 ceMeicTBa
WIX 3TOT TPOIECC MOXKHO onTuMusupoBarh! Kak yke ObLIO CKazaHO
3HaHMe rpada CeMelCcTBAIIO3BOJISET JieJlaTh O HEM HEKOTOPBIE BBIBOJIBI.
[IpeamosoKum Termepb, 9YTO HAM W3BECTHO HE TOJBKO CEMEHCTBO, HO U
ero rpad. s manpHefiimx paccyKaeHnii HeoOX0IMMO BBECTHU JIOTIOJIHU-
TeJIbHBIE OTIPEJIE/IeHNSI.

Omnpenenenune 3. OpueTupoBaHHBIN I'pad HA3BIBAETCSI CUJIBHO CBSI3HBIM,
WU CUJTBHBIM, €CJTH JIIOObIE JIBE €ro BEPIMHBI B3AUMHO JOCTUKIMBI.

Onpenenenne 4. CujibHOI KOMIIOHEHTOH TI'pada HA3BIBAETCS MAKCH-
MaJIbHBIN CHJIBHBIH TTo/rpad.

Ounpenenenne 5. Konpencarueit (dakroprpadom, rpadoM CHIbHBIX
koMmIioHeHT) rpada G HasbBaercs rpad G*, MHOXKECTBOM BepIIUH KO-
TOPOrO CJLy?KUT MHOXKecTBO {S1,S52,...,S,} BCEX CHIBHBIX KOMIIOHEHT
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rpacda G, a ayra mier uz S; K S;, ecim B rpacde G umeercs 10 Kpaii-
Hell Mepe OJIHA Jiyra, WJIyIas U3 HEKOTOPOW BEPIINHBI KOMIOHEHTHI S; K
BEepIIIHE KOMIIOHEHTEI S

Onpenenenune 6. s gro60oro noamuoxkecTBa Bepinud S rpada G 1o-
POXKJICHHBIM 3TUM MHOXKECTBOM MOArpacoM (BEPITHHHBIM HOArpadoM)
< S > HazbIBaeTCsT MaKCUMAJIbHBIN Tofrpad rpada G, MHOKECTBOM Bep-
IIIUH KOTOPOTO SIBJISIETCS S

Temepp MOKHO ChOPMYIUPOBATL HOBBIN KPUTEPHUil MPABUIHLHOCTH.
On onmpaercst Ha oOIIUIT KpUTEPHUil, HO B HEM HUCIIOJIb3yeTCsl NHMOPMAIIH
o rpacde cemeiicTna.

Teopema 2 (Kpurepuii npaBunbaoctn). Cemeticmeo 6yaesor dymx-

yul f = (fi), i € [1,n] npasuavro mozda u moavko moeda, xoeda das

06020 nodmnoorcecmea I, I C [1,n], maxozo, wmo eepuurnvil nodepag

< I > — cuavnwd, npoussedenue dynrkuut [ fi ne 3asucum cywe-
i€l

cmeenno om mnootcecmea nepemennor xp = (x;), i € I.

st mokazaresibCcTBa TEOPEMBI MbI OyJI€M 0JIB30BATbCS CJIEIY IONUME
JIBYMsl YTBEPKICHUSIMU U3 Teopuu rpados.

JIemma 1 ([5]). Kondencayus G* awobozo epaga G ne codeporcum opu-
EHTNUPOBAHHVLT UUKAOE.

JIemma 2 ([5]). B arobom ayursuurom epagde (epage 6e3 yuraos) ecmo
BEPUIUNA, KOMMOPAA HE ACAACNCA HAMAAOM (KOHUOM) Hu 00HOT U3 dye

epadha.

HokazaTeabcTBo Teopembl. Heobxomumocts. Crieryer u3 o0IIero Kpu-
Tepust MPABUJILHOCTH.

Hocrarounocts. IIpemnonoxum, aro 31, I C [1,n], rakoe, uro [] f;

i€l
3aBUCAT CyIecTBeHHO or 7 = (x;), ¢ € I. Ilycrs B < I > poBHO k cuiib-
HBIX KOMITOHEHT [1, Is, . .., [;. JlocraTouno mokasars, uro cpenu I, ..., Iy
cymecTByeT KOMIOHeHTa J Takas, 9To || f; 3aBUCHT CyIIECTBEHHO OT
icJ

MHOKECTBa IepeMeHHbIX Ty = (), ¢ € J. Ecom k=1, 7o J = I} = 1.
IIycts k > 1. U3 jsiemMbl cjieflyeT, 9TO W3 BEPIIUH OJHON U3 CHJIBLHDBIX
KOMITOHEHT He UJIET HU OJIHOHN JyT'U B BEPIIUHBI JIPYTIUX KOMIOHEHT. Jljist
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OIIpeIeJIEHHOCTH OyJieM cunmTaTh, 4To 3Ta Komnonenta — 1. Torma Bce
bYHKIINU, COOTBETCTBYIOIIUE BEPIIIMHAM U3 KOMIIOHEHT Io, ..., I, He 3a-
BHCSIT CYIIIECTBEHHO OT IEPEMEHHBIX &, ¢ € [1. 3HAUNUT, U WX IPOU3BEIE-
HUe He 3aBUCUT OT MepeMeHHBIX ¥;, ¢ € [1. Tak Kak B KAHOHUYIECKOU IO-
JIMHOMUAJIHHON 3aIMCH PA3JIoKeHus npoussenenus || f; no nepeMenHbIM

el
x;, 1 € I, xoadpdunment y npoussesenus || x; He paBeH TOXKJIECTBEHHO
i€l
uyJtio, koadduiment npu || x; y nupoussenenus [| f; Takzke ne pasen
i€l 1€l

mymo. TeopeMa JoKa3aHa.

Takum 00pazoMm, it MPOBEPKHU ITPABUJILHOCTH JIOCTATOYHO PACCMaT-
puBaTh npousBejicHus GyHKIUi, obpasyoomux cuiabHbie rpadbl. Cremy-
OITIAasT TeOpeMa, IBJIIeTCsT 60JIee Y3KUM yTBEPKICHUEM, HO, TEM HE MeHee,
nosie3ubIM. [[uisi KpaTkocTu pOPMYJIUPOBKHU 3TOM TEOpeMbl 0O00ITUM TI0-
HSITHE TTPABUJIBHOTO CEMENCTBA CJIEIYIONIUM 00PA30M.

Ounpenenenne 7. CemeiicrBo Oyiesbix dyukuuit fr = (f;), i € I, or
nepeMeHHbIX z; = (2;), j € J, I C J, OyleM Ha3bIBaTh NPABHJIbHBIM,
ec/In TPU JIIOObIX 3HAYEHHUSIX BEKTOPA :C?]\ ;= (@), k € J\I, cemeiicrro

fr=(fi),i€l, e f= f’xj\,:xo\ , IPABUJILHO B CMBICJIE IIEPBOHAYAJID-
J\I
HOT'O OIPeJICICHHS.

ITycrs I — HekoTOpOe MHOXKeCTBO mMHjeKcos, rje I C [1,n] u e =
(€a), @ € I, 4 € {0,1} — cemelicTBO KOHCTAHT C MHJEKCAMH U3 MHOXKe-
crBa I. Onpejnenum cemeiicTBo byHKIH fg[ = ( fio), 1€ CI, tne CI —
nonosiHerne MuoxkectBa I B [1, nl, monarast mst moboro A € CT

f)?(l'):f/\(l')’xazea, acl.

Jpyrumu cioBamMu, f&) — 910 byHKIME ceMelicTBa f ¢ WHIEKCAMU U3
MHO)KecTBa, C'I, B KOTOPBLIX IE€pPEMEHHbIE ¢ MHEKcaMu u3 I 3aMeleHbl
KOHCTaHTaAMHU CeMeICcTBa €7.

JIemma 3 ([1]). Cemeticmeo byaeswx dyrryui f npasusvro mozda u
moavko mozda, koeda 0z aobozo mnoocecmea I C [1,n] u aobozo ce-
Meticmea Konemanm € cemeticmso fo; npasuabHo.

[Iporte roBopsi, eciin cemeiicTBO OyIeBbIX (DYyHKIUN MPABUJIBHO, TO IIPHU
dukcarun J1060ro HAOOPa MEPEMEHHBIX KOHCTAHTAMU IIOJIyUIACTCA IIPa-
BIJIBHOE CEMENCTBO (DYHKITUN.
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CaencrBue 1 (u3 Jlemmsbr 3). Ecau cemeticmso f = (f;), i € I, npa-
BUABHO 8 HEKOTOPOM CMbBICAE, MO OAA A100020 nodmnosicecmea K C T
cemeticmso [ = (fr), k € K, npasuavho 6 cmoicae 106020 onpedeneHus.

Teopema 3 (Kpurepwuit npaBunbaoctn). I[lyemo f = (f;), i €
[1,n], — cemeticmso 6yaesvir Pynruud, xondencayus G’} epagpa Gy co-
cmoum u3 k eepwun 11, Is, ..., I. Toeda f npasusvro mozda u moavko
mozda, Ko2da npasuavhbl cemetcmea fr; = (fi)yiel;, j=1,... k.

HokazareabcTBo. Heobxomumocts. Eciau f npaBuibHO, TO 1O Cje-
CTBUIO U3 JIEMMBI TIDaBUJIBHBI Takwxe cemeiictsa fr, = (fi), i € I,
j=1,... k.

Hocrarounocts. IIpeanonokum, 9To ceMeiicTBO f He sIBJIsIeTCsl TIpa-
BUIbHBIM. Torga 1mo MoaudHUIMPOBAHHOMY KPUTEPUIO HPABUILHOCTH
I C [1,n]: < I > — cunbnblii rpad u [] f; 3aBucur cymecrBeHHO

el
OT MHOXKECTBa InepeMeHHbIX 7 = (x;), ¢ € I. Snaunr, I — mojMHOKe-
CTBO HEKOTOPOI CHJILHON KOMIIOHEHTBI K U, claeaoBaTelbHO, CeMeilcTBO
fr=(f), i € I, npaBunbHo. 3HauuT, B yacrHocTH, || f; He 3aBucur cy-
el
IIECTBEHHO OT MHOXKECTBA IIepeMeHHBbIX ¥ = (z;), @ € I. IIporuBopeune.
Teopema nokazana.

Nrak, mpoBepka MpaBUILHOCTH ceMeiicTBa (DYHKIIUN CBOIUTCH K IPO-
BEPKE IIPABUJILHOCTH B CMBICJIE HOBOI'O OIIPE/IEJIEHNS Ha CUJIBHBIX KOMIIO-
HeHTaxX rpada 3Toro cemeiictBa. Cremyioriee yTBEPXKICHNE, sIBISIONEECS
HA caMOM JieJie 11epedOpMyJIMPOBKOI TOCIeIHEl TeOPEMBI TO3BOJISIET IO~
HATH, 38 CUYET Yero MOXKHO YMEHBIIUTH CJI0XKHOCTb ITPOBEPKHU.

Teopema 4. ITycmo [ = (fi), i € [1,n], — cemeticmeo 6yaeswx Pymk-
Yutl, KoHOEHCAUUA G’} epagpa Gy cocmoum us k eepwun Iy, 1o, ... Iy,
3AMYMEPOBAHHBLL MAKUM 00pA30M, 4MO JY2u MO2YM udmMu MoAbKO 0m
BEPWUH C MEHDULUM UHIEKCOM K EPULUHAM ¢ boavwum undercom. Tozda
f npasusvro moada u moavko moada, kK02da 00HOBPEMEHHO GHINOAHAIOM-
CA CACOYIOUWUE YCAOBUSA:

o Cemeticmso fr, = (fi), ¢ € Iy npasusvro.

o (Cemeticmsa f?t = (fY), i € I, npasuavrvr npu woboti durcayuu
nepemennor x5 = (z;), 1 € S =L | L] - L—1.
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IIpowe 2060pa, cemeticmeso f = (f;), i € [1,n], npasusvro mozda u mosw-
K0 mozda K020a NPasUALHYL cemelicmea GYHKUUT CUADHLLT KOMNOHEHTN
epagpa cywecmeennoli 3a6UCUMOCTNU NPU GUKCAUUL COOMEEMCMEYIOULUT
NEPEMEHHHLT NPOUZCONLHBMU KOHCTNAHTAMU.

3ameuanue. B s1oit Teopeme yunThiBaeTCH, UTO (GUKCUPOBATHL HEOOXO-
JINMO HE BCE TIePEMEHHBIE, & TOJILKO T€, OT KOTOPBIX (DYHKITUU KOMIIOHEHT
MOT'YT 3aBUCETH CYIIECTBEHHO.

Tenepb MOKHO ONMHCATH AJTOPUTM IIPOBEPKU MPABUILHOCTH, UCIIOJIb-
3YIONIUI ITOCJIETHIOI0 TEOPEMY.

4. AaropuTM mIpOBEPKHN ITPABUJILHOCTH C WC-
mojib30BaHneM mHMopMariuu o rpade

AnropurM mpoBepKH IIPABUJILHOCTU MyTeMm mnepedopa. st
HaJa/a OIUIIEM aJrOPUTM, OCHOBAHHBIN Ha ONpPeNe/IeHUN IPABUILHOIO
cemeiicTBa. YTOOBI HPOBEPUTL CEMEHCTBO pasMepa M Ha MPaBUILHOCTD
HEOOXOMMO CPABHUTH 3HAYEHUsI apIyMEHTOB U (DYHKIUI Ha BcexX mapax
OyseBCKUX HAOOPOB 3HAUYEHMIT IIepeMeHHbIX. Eciu Ha HeKOTOpoM 1are 0y-
JleT HaiijeHa mapa HaOOpPOB, HA KOTOPOH CBOWCTBO NMPaBUILHOCTUA HAPY-
[IAeTCsI, aJITOPUTM OCTAHABJIMBAETCSI C OTBETOM «CEMEHCTBO He SIBJISIETCSI
IpaBUILHBIM». Ecim ke Ha Beex napax HabOpPOB CBOMCTBO IPABUILHOCTH
Oy/eT BBIITOJTHEHO, TO aJITOPUTM OCTAHABJIMBAETCSI C OTBETOM «CEMEHCTBO
IPABUJILHO».

Yuco pasiuyHbBIX Hap OyJaeBCKUX HabOpOB JJIMHBL 7 PaBHO
w = 0(2?"). A Tak Kak JJMHA KasKJ0ro HaGopa paBHa 7, TO BCe-
o JITst TPOBEPKH MPABHJILHOCTH Hajo Oyser ciaenats f(n) = O(n227)
OonepaIui.

MoaudpuupoBaHHbIil AJrOPUTM IIPOBEPKH ITPABUJIBHOCTH.
Temneps omuiremM ajaropuT™M ¢ UCHOJIB30BaHNEM WHMOpMaIun o rpade ce-
meiicrBa. ITycrs mam usBectHo cemeiictso f = (f1,..., fn) U3 n yHK-
uuit u ero rpad. IIpenmonozkuM, 4TO OH COHEP:KUT Kk CHUILHBIX KOMIIO-
HEHT S, ..., Sk, cocTosiux u3 I, ..., BepmnH cOOTBETCTBEHHO. Byaem
IPEeIIoJIaraTh, YTO OHU 3aHyMEPOBaHbI B TAKOM IIOPSIAKE, YTO B KOHJIEH-
cannu G* rpada cyiecTBeHHOR 3aBUCUMOCTH G Ay MOT'YT UJATH TOJILKO
OT CUJIBHBIX KOMIIOHEHT C MEHBIITUM HOMEPOM K CHUJIbHBIM KOMIIOHEHTAM
¢ OOJIBIIKUM HOMEPOM.
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ITar 1.. IIpoBepsiem Ha npaBuabHOCTH cemeiictBo fs, = (fs,), S1 €
S1. OyHKIMHE CUIBLHONW KOMIIOHEHTBI S MOI'YT 3aBHUCETH TOJIBKO OT Ile-
PEMEHHBIX U3 KOMITOHEHTHI S1. [loaromy st cemeiicTBa QYHKIINN CHIIb-
HOWl KOMIIOHEHTBI S NPOBEPKa IPABUJIBHOCTH CBOJUTCA K I1€pebopy IO
napaM HabOpOB JIHHBI [1 (TIepebop Takoil »Ke Kak U B IIEePBOHAYATBHOM
AJIrOpUTMe, TOJIBKO JIJIsl JPYTOro pasMepa JIaHHbIX). B ciydae, ecoun ce-
MeficTBO fg, OKa3aJI0Ch IPABUILHBIM, IlepexonuM K mary 2. Ecim ke ono
He OKa3aJI0Ch [IPaBUJIbHBIM, TO 1 ceMeiictBo f = (f1,..., f,) He siBisieTCs
IIpaBUJILHBIM.

ITar 2.. IIpoBepsiem Ha HpaBUILHOCTH cemeiicTBo fs, = (fs,), S2 €
So. OyHKIMN CHJIBHO KOMITOHEHTBI S9 MOTYT 3aBUCETH TOJBLKO OT Iepe-
MEHHBIX CHJIBHBIX KOMIIOHEHT S1 1 So. [oaTomy mitst cemetictBa dyHKIIi
CUJIbHOHM KOMIIOHEHTBI S9 MPOBEPKA MPABUJILHOCTUA CBOJIMTCS K 1epebopy
o mapam HaboOpOB JJIUHBI |1 + [, B KOTOPLIX IIepBble || 3HAYEHUI COB-
nasaoT. B cirydae, ecoin cemeiicTBO fg, OKa3aa0Ch MPABUILHBIM, IIEPEXO-
JuM K mary 3. Eciin »ke oHO He 0Ka3aJ/10Ch IPAaBUJIBHBIM, TO U CEMENCTBO
f=(f1,..., fn) He BISIETCS TPABUJILHBIM.

HTar r (r = 3,...,k — 1). IIpoBepsieM Ha TPABUIBLHOCTH CEMEHiCTBO
fs. = (fs.), sr € S;. OyHKIMU CHIILHOW KOMIIOHEHTBI S, MOTYT 3aBHCET
TOJILKO OT IIEPEMEHHBIX CHJILHBIX KOMIOHEHT S1i,...,S,. ITosromy s
cemeiicTBa PYHKINNA CHILHOW KOMIIOHEHTBI S, IPOBEPKA IPABUILHOCTH
cBOIUTCH K 11epebopy 1o mapaM HabopoB JAIUHEI [ +lo+- - - 41, B KOTOPBIX
uepBble 1 + -+ + .1 3HaYeHuit coBmagaioT. B ciyuae, eciu ceMeiicTBO
fs, okazajoch MpaBUILHBIM, HepexouM K mmary r + 1. Ecan ke omno He
OKa3aJI0Ch IPABUIIbHBIM, TO U cemeiictBo f = (f1,..., fn) He sBisIeTCS
[PABUJILHBIM.

ITTar k. ITposepstem Ha mpaBmibHOCTE cemeiicTBO fs, = (fs,), Sk €
Sk. OyHKIKM CHJIBHON KOMIOHEHTBI S MOI'YT 3aBHCETI OT JIIOOBIX IIe-
pemeHHbIX. [loaToMy st cemelicTBa (hyHKIMN CHIBHON KOMIIOHEHTHI S,
IPOBEPKA MPAaBUILHOCTUA CBOJUTCS K Iepebopy 1o mapam HabDOPOB JIJIN-
bel {1 + Iy + --- 4+, = n, B KOTOPLIX IepBbie [1 + - -+ + lp_1 3HaYeHui
coBnajaloT. B ciydae, ecim ceMeficTBO fg, OKa3asI0Ch IPABHJILHBIM, Ce-
MeiicTBO f Tak»Ke MpaBUJIbHO. Ecju »Ke OHO He 0Ka3aJioCh ITPABUJIBHBIM,
To u cemeiicrBo f = (f1,..., fn) He SABJISIETCS TPABUJIBHBIM.
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Omnennm caoxHOCTB 3TOT0 anropurMa. Ha r-om mare neobxoaumo crie-
nare O(1 20t +l—142ly pejicrpuii. BHaunT, CIOXKHOCTL AJITOPHTMA

pasra f(n) = 0(D>_ ;2= ), tae by + -+l =n.

3ameuanue. B obiem cirydae HOBBIH aJropuTM paboTaeT ¢ TOI Ke CKO-
POCTBIO, YTO M MEPBOHAYAJBHBINA (ecm rpad ceMeicTBa CHJIbHBINA, TO
yayumennii Her). OpHako, ecm rpad ceMelicTBa He SIBJIAETCS CUJILHBIM,
C TIOMOIIIBIO 3TOI0 AJITOPUTMa MOYKHO JIOOUTHCSI 3HAUUTETBHOIO yMEHb-
[IEHUsT BPEMEHU [IPOBEPKHU.

Nrak, Mbl IpeIbaBUIA AJTOPUTM MPOBEPKHU MPABUILHOCTH HA, TOT
cJlydail, Korjia HaM U3BECTHBI CHJIbHBIE KOMIIOHEHTBI rpada cemeitcTsa (To
eCTh, KaKie BepIINHbI B KAKUX KOMIIOHEHTaX COJep:Karcs) U rpad Cuiib-
HBbIX KOMIIOHEHT. QTHAKO, OOBITHO HAM 5TU XapaKTePUCTUKU HEM3BECTHBHI.
[TosTomy Bo3HUKaET HEOOXOIUMOCTD B OBICTPBIX AJTOPUTMAX [TOCTPOEHUS
rpaca cemeiicra (o dopmysam, 3agaommm GYHKINE ceMeicTBa), Ha-
XOXKJIEHUS €0 CUJIbHBIX KOMIIOHEHT U YIOPSIIOYUBAHUST CHUJIBHBIX KOMIIO-
HEHT B COOTBETCTBUU C TEOPEMOit 4.

IlocTpoenue rpada cemeiicTBa.

I'padbr MOXkKHO 3a7aBATh JBYMsI CIIOCOOAME: C IIOMOIILIO MATPHIL
CMEXKHOCTH WJIM C TIOMOIIBIO CIUCKOB CMEXHOCTH. B janHOM citydae Oy-
JIEM TIOJIB30BATbCH CIIMCKAMH CMEXKHOCTH, IIOCKOJIBKY Takas CTPYKTypa
JMIAHHBIX TpeOyeT MEHbIIe TaMsITH.

Bynem Takzke npejionarars, 9To yHKIUN CEMEHCTBA IIPEJICTABIICHBI
B Bujie nmoanHoMoB 2Keraskuna. B ciryuae Takoro npejicraBiennst GyHK-
Uil JIETKO JIeJIATh BBIBOJIBI O CYIIECTBEHHOW 3aBUCUMOCTU (DYHKIIUU OT
HEePEMEHHON.

OmurieM €ocod TOCTPOEHUST CITICKOB CMEXKHOCTH.

Kaxxoit Bepmune rpada ¢ comocTtaBuM 2 MacCuBa, B KOTOpbEe Oy-
JIEM TIOCJIEIOBATEIHO 3alMChiBATh COOTBETCTBEHHO BEPIINHBI CMEXKHbIE
u3 i (maccu Outli]) u BepumHbl, cMexHble K ¢ (Maccus Inli]). Samucs B
9TU MaCCHUBBI OYJIET TPOUCXOJIUTH CJeAyomumM obpazom. B Hauaste crincku
mycTol. Pacemorpum dyukmmio fi. [locmenoBaTenpio paccmarpruBaeM Bee
koddurmenTh osimaoMa 2Kerasiknna 3roit dyuknuu. Ecin kosdunment
nosimaoMa 2Keraskuna paset 0, epexouM K CJIEIyIOIeMy KopuimeH-
1y. Eciin kosdunument pasen 1 (1IpeiosioxKumM, 9To 570 KO3PUIUEHT IpH
Tij, ... T, ), TO IPOU3BOIUM CJIE/LYIOINIHE JICHCTBHS: 3aIlUCBIBAEM B MACCUB
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In[1] Bepumumer i1, ..., 4, a B MaccuBel Out[i], ..., Out[iy] 3amuceiBaem
sepmuny 1. Ilocse sToro mepexomum K cienyiomemMy Kosdunumenty. Ilo
AHAJIOTUH ITPOJIOJIZKAEM STy MpOIenypy st GyHKui fo, ..., fn. B utore
Oy/1yT HOCTPOEHBI 00a CIIMCKA CMEKHOCTH JIJIsT KaXK/[0if BEpIIUHBL. AJIro-
PHTM IOCTPOGHHSI CIICKOB CMEXKHOCTH TIOTpebyeT He 6omee, wem O(n?2")
OonepaIun.

Sameuyanue. Mbl npeoaraim, 9To (PYHKIMHA ceMeiicTBa 3a/IaHbl HaM
B BuJe nouHoMOB 2Keraiknna. CymecTByer aaropuTM mnepesojaa pyHk-
UK U3 TabJUIHOrO MPEJICTABICHUs B IIPEJICTABJICHUE B BHUJIE TOJTMHOMA
ZKerankuna (wmm B obparHyio cropony) 3a O(n2™) oneparwmii. C momo-
MIBIO TOrO AJTOPUTMA MBI MOLJIM OBl IepeBecTH Bee (DyHKIUH CeMei-
cTBa U3 TabIMYHOTO TIpe/ICTaBIeH s B moamHoMbI ZKeramkuma 3a O (n?2")
neiictBuit. Takum 0O6pa3oM, aCUMIITOTHYECKAs CJI0YKHOCTD aJITOPUTMA, TI0-
CTPOEHUSI CIIUCKOB CMEXKHOCTH HE MEHSIETCS IIPHU II€PEeX0Jie OT MpPeICTaB-
JIEHUsI B BUJIE TIOJTMHOMA K TaOJIMIHOMY PEJICTaBICHUIO.

Anropurm Kocapaiito Haxo>XeHusi CUJIbHBIX KOMIIOHEHT U
TONOJIOTUYECKasi COPTUPOBKA

JList HAXOXKIEHUsT CUJIbHBIX KOMITOHEHT oprpada MOKHO I0JIb30BaTh-
¢ m3BecTHBIME ajropurMmamu Kocapaiito, Tapbstna nim ['aboBa. Bee atu
AJITOPUTMBI HAXOJAT CHIIbHBIe KoMioHeHTHl Tpada G = (V) E) 3a Bpewms
O(|V| + |E|). Ounuiem oxuH U3 9TUX aJIrOPUTMOB.

B ocuose asropurma Kocapaiito j1e2KuT MeTO/I MOUCKA B IVIyOUHY.
YT06bI HAWTH CHJIBHBIE KOMIIOHEHTBI 33J]AaHHOTO rpada, CHavda 8 BbIIOJI-
HSETCsI TIOMCK B IIyOuHYy J1st obparHoro rpada (1o ecthb rpada, mosrydao-
IIErocst U3 MCXOHOIO IIyTeM MHBEPTUPOBaHUs ero pebep). 3areM BbIIOJI-
HSIETCS TIOUCK B TVIyOMHY Ha UCXOIHOM rpade, IpUIeM BEpIIUHbI 6epyTcst
B TOpsiJiKe, OOPATHOM TOMY, KOTOPBIH MOJIYYMJICS IIOCPEICTBOM HyMepa-
MU BEPIIUH IPU OOPATHOM IIPOXOJE IPU IEPBOM 3AITyCKe IIOUCKA B TJIY-
6uny. B utore mostyauTcst Jjiec, JepeBbsi KOTOPOTO MIPEJICTABISIOT CUIbHBIE
KOMITOHeHTHI rpada. CiioxkHoCTh ajropurma Kocapaiito cKJjiaibiBaeTcst n3
CJIOZKHOCTH aJICOPUTMOB TIOUCKA B TVIYOMHY, KOTOPBIN UCIIOJIb3YeTCs JIBa-
JKJIBI, U HaXoXkJeHust obparnoro rpada. [lockompky oba st ajaropurma
UMEIOT JINHEWHYIO CJIOXKHOCTD, ajiroputM Kocapaiiio pabortaer 3a JuHeli-
Hoe Bpemsi. HemHOro MouduninpoBaB 3ToT ajropuTM, MOXKHO HE TOJIBKO
HAITHU BCEe CUJIbHBIE KOMIIOHEHTHI rpada, HO U OLPEJEUTb BCe JyTH B I'Pa-
de ero kommonent. Takum o6pazoM, Mbl Oy/ileM 3HATH U rpad KOMIIOHEHT
UCXOTHOTO Tpada.
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Terepp HEOOXOIMMO YIOPSJIOYUTH BEPIIUHBI I'pada KOMIIOHEHT B
HEOOXOUMOM TOpsiIKe. [lJist 9T0ro MOKHO MCIIOIF30BATH AJITOPUTM TOIO-
JIOTHIECKON COPTHPOBKU. DTOT AJTOPUTM TaKyKe OCHOBBIBAETCST HA AJINO-
purMe nioucka B riayouny. Hymeparius npu o6paTHoM 06X0Ji€e IIPHU TOUCKE
B niyOuHy oOpaTHa HyMepaIuu TOMOJIOIMYECKONH COPTUPOBKU. TakuMm 00-
pa3oM, HeoOXOouMasi HyMepaliis BepPIInH rpada KOMIOHEHT JIOCTUTaeTCs
Tak>Ke 3a JIMHEeTHOe BpeMs.

Nrak, Mbl yCTAHOBU/IN, UTO CyMMapHas CJIOKHOCTb IIOCTPOEHUs I'pa-
da cemeiicTpa 110 3TOMY ceMeiicTBy cocrasisier O(n?2"). TaksKe MbI ycTa-
HOBWJIM, UTO 3a JITHEITHOEe BpeMsI 110 33 JaHHOMY I'pady MOXKHO HANTH BCe
CUJIbHBIE KOMIIOHEHTBI ¥ rpad CHIBLHBIX KOMIIOHEHT, B KOTOPOM BCE Bep-
IIIUHBI 3aHYMEPOBAaHbI TAKUM 0OpPa30M, UTO JYyTI'M MOLYT UJTH TOJIBKO OT
BEPIIUH ¢ MEHBIITUM HOMEPOM K BepIiuHaM ¢ 60bmuM HoMepoM. Bee 3To
OIIPAB/IBIBACT YCHJIMS 110 MOAUMUKAIUU AJTOPUTMa IPOBEPKHU TPABUIb-
HOCTH 3a CUeT UCIOJIb30BaHus nHdopMarmu o rpade cemeiicTsa.

3ameuanue. Bosiee 1o/1pobHO 006 asropurmax mnoucka B riybuny, Ko-
capafifo U TONOJIOTMYECKON COPTHUPOBKHM MOXKHO IIPOYUTATb B paborax

[7, 8, 9].

5. ToslepaHTHOCTD

Omnpenenenune 8. Hazoem QyHKIHUIO f,, TOJEPAHTHON 110 OTHOIIIEHUIO K
cemeiictBy dyukmmit (fi,..., fn—1) (Bce dyHKIMU 3aBUCAT OT TEpPEMEH-
HBIX T1,...,Tn), €CIH JUld MOOLIX AByX HaGopos o' m a? rakmx, €ro

al # a2, cymectsyer j € [1,n] Taxoe, 4To a} # a]z, a fi(al) = fi(a?).

3ameuanmne. B wacrtnocru, dysknus f,, TojepaHTHas CeMeNUCTBY
(f1,.-., fn—1) He 3aBUCAT CYIIECTBEHHO OT [IEPEMEHHOM Iy,

[Iycrs f = (f1,..., fn) — cemeiicTBO Gy/eBbIX (DYHKIMIT OT IIEpeMeH-
HBIX Z1,...,Tn. O6osnaunm [ = (f],..., f]_;) ceMelicTBO, B KOTOPOM
1

Il = filwn=0, u f" = (f,..., fl/_;) cemeiicrBo, B koTopoM f!" = filz, =1

Vreepxkaenue 1. Cemeticmeo f = (fi,...,fn) npasusvno mozda u
moavko mozda, xozoa cemeticmea [’ u f" npasuivnv v Pynxyua f, mo-
aeparmmua cemetcemay (fi, ..., fn-1)-

HoxkazaTeabcTBo. HeobxommMocTh ciieyeT u3 JIEeMMBbL.



272 1. O. Prikos

JocrarounocTs. PaceMoTpuM jiBa pasimdnbix Habopa ol un o?.

Caywuaii 1. ol = o2. Ilyers ana onpemenennoctn o) = a2 = 0.
Torna cymecrsyer j € [1,n — 1] takoe, uto o # o3, fi(af,...,cp_;) =
fj’.(a%,...,aifl). Caenosarensho, fj(al) = fj(a?).

Cuaywuaii 2. ol # o2. Tak kax GymnKuusa f, ToJepanTHa CeMeficTBy
(fiy.-+y fn—1), cymecrByer j € [l,n] Takoe, uro a} # a?, fi(ad) =
fi(a?).

3HauuT, f — NpaBUJIBHOE CEMENCTBO. Y TBEPXKJIEHNE JOKA3aHO.

Jpyrumu cjoBamu, nmpoBepka cemeiicTBa (QyHKIMA f Ha npaBuiib-
HOCTb CBOJIUTCSA K NMPOBEPKE Ha MPaBUIBHOCTHL JBYX cemeiicts f' u f”
MEHBIIIEro pasMepa W IpoBepke (YHKIMU f, Ha TOJEPAHTHOCTH K Ce-
meiictBy (f1,. .., fn—1). C apyroit croponsl, ecim cemeiicra f' u f” or
[IEPEMEHHBIX I1,...,Tn—] UPABWIbHBL, TO cemeiictBo [ = (fi,..., fn),
rie f; = @, fj’ V T, f]” , IPABUJILHO TOIJIa U TOJIBKO TOIJA, KOTJa (DPYHK-
st f, TojepanTHa K ceMeicTBy (f1,. .., fn—1). Takum obpasom, 1o jaByM
IPaBUJIBLHBIM ceMeficTBaM pa3Mepa 1 — 1 MOXKHO CTPOUTD MPABUILHOE Ce-
MeiCTBO pasMepa M IyTeM MoA00pa TOJEPAHTHON (DYHKIMH fi,.

3ameuanue. Herpyno 3aMeTuTh, 4TO KOHCTAHTA TOJIEPAHTHA JIIOOOMY
cemeficTBy byHKITHIL.

CaencrBue 2. Cemeticmeo gynxuyuis f = (f1,...,fn), codeporcawsee
Konemanmy (nycmo, das onpedeaenrocmu f, = const) npasu.avro mozda
u moavko moada, kozda cemeticmea dyrxuyuti [ u f” npasuavriol.

6. AaropuTM NPOBEPKH NPABUJIbHOCTU CEMEM-
CTBa MOHOTOHHBIX (PYHKIIHI

Kak y»xe ObL10 oTMeUeH0, 1 ceMeHcTB PYHKIUI HEKOTOPBIX KJIac-
coB (mHERHbIX, MyTbTHAGDMUHHEBIX) ycTaHOBJIEHBI 3D (hEKTHBHBIE KPUTE-
pun npaBmwibHOCTUA. C IOMOIIBIO 9THX KPUTEPUEB MOXKHO OBLIO OBbI II0-
CTPOUTH OBICTPBIE AJITOPUTMBI IPOBEPKHU ITPABUILHOCTA B COOTBETCTBYIO-
UX cJIy4dasx. B mammoit pabore Mbl He OyIeM OMUCHIBATD 3TH aJITOPUTMBI,
a 381 INMCSI TI€JIBIO TIOCTPOUTDH OBICTPBINM AJITOPUTM ITPOBEPKU ITPABUIb-
HOCTH CEeMeHCTBa MOHOTOHHBIX (DYHKITHIA.

3ameuanne. Kiacc MOHOTOHHBIX (DYHKIINI Haps/ly ¢ KjaccaMu JIMHEH-
HBIX, CAMOJIBOMICTBEHHBIX, cOXpaHAonmxX 0 u coxpaHdomux 1 gyHKIimit
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ABJISIETCA 3aMKHYTBHIM IPEeINOTHbBIM B P5 Kiaccom. Bo MHOroM mHTepec
K HEMY IPOsIBJIEH B CBSI3U C 9TOH €ro UCKJIIYUTE]bHON 0COOEHHOCTHIO.
WuTepecuo, 9To u3 caMOIBONCTBEHHBIX (DYHKIINN COCTABUTDH ITPABUILHOE
CEeMeNCTBO HeJIb34.

s joKa3aTesnbCTBA NPABUIBHOCTH aJIMOPUTMa HaM HOTpedyercs
ciiestytoniee yTBepKIcHUE.

Yreepxkaenue 2. [Ipasuivhoe cemeticmeo monomonnuix gynruul f =
(f1,---, fn) codeporcum xoncmarmy.

HokazaresnbcrBo. Tak kak cemeiicrso f = (f1,..., fn) IpaBUIBHO, TO
Jj € [I,n] : f;(0,...,0) = f;(1,...,1). A Tak Kax f; — MOHOTOHHAas
dbynxmusa, f; = const.

Beesiem onepanuio yiasenusi dbyHkimu fi u3 cemeiicrea f = (f;),
i € I. Ilox sroit onepanueii Oy/eM MOHIMATL OTIEPAIIO, B Pe3y/bTaTe
KOTOPOI MOJIydaeTcss ceMelcTBO f = ( fZ i € I\{k}, rne fZ filer=a;
a € {0,1}.

BameTuM, YTO B pe3yabrare yiajeHus MOHOTOHHOW (DYHKIMU U3 Ce-
MeliCTBa, MOJIyvIaeTcss CeMEHCTBO, ONSATH IEJINKOM COCTOSAINEE M3 MOHO-
TOHHBIX (PYHKIMI (TaK KAaK MOHOTOHHBIE (DYHKIMN 06pa3yIOT 3aMKHY ThIii
ksacc B Py). ITockoJibKy B IIpABHJILHOM CeMeficTBE MOHOTOHHBIX (byHKIIHi
ecTh KOHCTaHTa(OHA TOJIEpAHTHA JIOO0OMY CEeMefCTBY), IoJIydaeM CJIe/ry-
elee CJIeJICTBHE.

CaenctBue 3. Cemeticmeo MOHOMONHBL PYHKUUT NPABUALHO M020a U
MoAbKo Mo2da, K020a 00HOBPEMEHHO BHINOAHAIOMCA CACOYIOULUE YCAOBUA:
1) ono codeporcum Koncmanmy u
2) npu ydaseruu 2motl KOHCMAHMbL U3 CEMEUCEa NOAYHAEMCH 2
NPABUNOHBLT cemeticmea dynruyul.

Taxum 0O6pazom 3aja1e TPOBEPKHU MTPABUIBHOCTH CEMEHCTBA MOHOTOHHBIX
dyHKIMIT pazmMepa n CBeJieHa K 2 TAKUM Ke 3aadaM JJIs CEMeHCTB pa3-
Mepa n — 1. OcTamoch TOTBKO OMUCATDL AJTOPUTM, HUCIOJL3YIOMUNE ITO
coobpazKeHue.

AnroputMm npoBepKu MPaBUJIBHOCTUA CEMENCTBA MOHOTOHHBIX
dbyHKIMII.

Ucronb3yst Bce BBINIEOOO3HAYEHHOE ITOCTPOUM AJTOPUTM ITPOBEPKHU
[PABUJILHOCTU CEeMENCTBa MOHOTOHHBIX (DYHKIIUI U OIEHUM €ro CJIoXK-
HOCTD.
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[Tpemosioxkum, aro Ham 3ajgano cemeiicrso f = (fi,..., fn) MOHO-
TOHHBIX (DYHKIINI, KOTOPOE HEOOXOIUMO ITPOBEPUTH HA ITPABUJILHOCTD.

Tar 1. Cay4uaii 1. n = 1.

1) f1 = 0w f; = 1. Asropur™ IpOBEPKH [IPABUIBHOCTH 3aBepIiaeT
pabory ¢ orBeToM: «f — IPABUIHLHOE CEMEHCTBOY.

2) f1 #0u fi # 1. Asuropur™ IpOBEPKH NPABHIBLHOCTH 3aBEPINAET
paboTy ¢ OTBETOM: «CEeMEHCTBO f He SBJISeTCsT TPABUIBHBIM .

Caywuait 2. n # 1. [lepeiitu k mary 2.

Tar 2. Nmem cpeau dyHKIWmMi cemeiicTBa f KOHCTAHTY IIyTeM IIPO-
BEPKU KaXKJIoil (DYHKIMHM ceMmeficTBa Ha paBeHCTBO KoHcTanTam 0 m 1.
Paccvorpum cirygan:

Cay4aii 1. Eciim koHCTaHTHON (DYHKIINK He HAIEeTCsl, TO aJTOPUTM
MIPOBEPKM PABIILHOCTH 3aKAHINBAET CBOIO PabOTy € OTBETOM: «CeMeii-
CTBO f He sIBJISIETCS] TPABUJIBLHBIM».

Cay4yaii 2. fr, = 0w f, = 1. Torma

IMTar 3. Tua i € [1,k — 1] Borancauts GyHRImu ¢ (1, ..., Tp_1) =

filzy, .o xp—1,0,28, ..., xp—1). Jusa i € [k,n — 1] BbraucauTs QyHK-
wn gi(z1,. .., Tn-1) = fir1(x1,...,2-1,0,2k,...,Tpn_1). Iepeiitn K
mary 4.

IMTar 4. PekypcusHo npoBepurb cemeiicrBo g = (g1,...,gn—1) Ha
[IPABUJIBHOCTb.

1) CewmeiicrBo g npasuibHo. Ilepeiitu K mary 5.

2) CemelicTBO ¢ He SIBJISIETCSI IPABUJIBHBIM. AJITOPUTM ITPOBEPKH Tpa-
BUJILHOCTH 3aBePIIaeT paboTy ¢ OTBETOM: «CEeMENCTBO f He SIBJIsieTCsl Ipa-
BUJTLHBIM .

HTar 5. Jns i € [1,k — 1] Beraucants Gyskmmn g;(z1, ..., Tp—1) :=

filzr, ..y xp—1, Lz, ... xp—1). Just ¢ € [k,n — 1] Boraucaurb byHK-
wu gi(z1,. .., Tn-1) = fix1(x1, .., 2p_1,1, Tk, ..., Tp_1). Iepeiitn K
mary 6.

IMTar 6. PekypcuHo nposepuThb cemeiictBo g = (g1,...,gn—1) Ha
[IPABUJIBHOCTb.

1) CemeiicTBO g TpAaBUIBHO. AJITOPUTM IPOBEPKU MPABUIHLHOCTH 3a-
BepIaer paboTy ¢ OTBETOM: «f — NpaBUJIBHOE CEMEHCTBOY.

2) CeMeiicTBO ¢ He SIBJISIETCSI IPABUIIBHBIM. AJI'OPUTM IPOBEPKH IIPa-
BUJILHOCTH 3aBEPITIacT PaboTy € OTBETOM: «CEMEWCTBO f He sIBISIETCST TIpa-
BUJIBHBIM ».

OrneHnM Ternepb CJIOXKHOCTb 9TOTO PEKYPCHBHOIO ajiropuTMa: Breaem
0003HAYEHUST:
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f(n) — ca0KHOCTD HPOBEPKH IPABIJILHOCTH ceMeiicTBa u3 1 dyHKIHiL.
g(n) — CJIOKHOCTH IPOBEPKY PaBEHCTBA (DYHKIUN OT 1 IIEPEMEHHBIX KOH-
cTaHTe.
h(n) — cioxHOCTD MOZICUeTa (DYHKIMN ceMeicTBa g 10 (DYHKIMN ceMeii-
crBa f pazmepa n (CJIOKHOCTD MOJICTAHOBKN KOHCTAHTLI BMECTO OJIHOI 13
[IEPEMEHHBIX ).

Herpyauo ybemurses, aro g(n) = h(n) = O(2"). Torna ciroxknoctsb
AJIrOPUTMa [IPOBEPKH IPABUJIBHOCTH DaBHA:

fn)=ng(n)+2(n—1)h(n)+2f(n—-1) =
n n—1
=> 2(n—ijgn—i)+ > 2 (n—i-1)h(n—1i) =
1=0 =0

3

n—1
2'(n—i)0(2" ") + > 2 (n—i—1)0@2"") =
1=0

0

(2

= (- )0@) + (30— i~ 1)0@") = 0(n?2").
1=0 1=0

Takum 06pa3oM, MpeIIoKeHHbIN aJrOPUTM IPOBEPKH MTPABUILHOCTH
o on
MOHOTOHHBIX (DyHKIMiI paboTaeT MPUMEPHO B - pa3 GbicTpee, UeM ajiro-
PUTM, OCHOBAHHBIN Ha epebope BCceX BO3MOXKHDLIX AP HAOOPOB.

7. 3akKJII0O4eHune

B nammnoit pabore mzydaercs BOIPOC IPOBEPKU ITPABUJIBHOCTH Ce-
MeiicTB OyseBbix yuKImit. Tak Kak 3a/ada MPOBEPKH MPABUILHOCTH
B 00IlleM CJiydae OYeHDL CJIOXKHAsl, BOSHUKAET HEOOXOIUMOCTL B dddek-
TUBHBIX aJTOPUTMaX MPOBEPKHU MpaBUIbHOCTH. Ha ocHOBe cTaHIApTHLIX
METOJIOB IIPOBEPKHU ITPABUILHOCTH ITOCTPOEH MOIUMUIIMPOBAHHDBIN aJIro-
PUTM MIPOBEPKHU, B KOTOPOM YVUHUTBIBaeTCs nHMOpMAaIus o rpade cemeii-
CTBa, a UMEHHO COCTAB CHJIbHBIX KOMIIOHEHT U TI'pad ITUX KOMIIOHEHT.
Y4aurbiBasg TO, 9TO W3BJEUEHUE STON wHMOpPMaIuU u3 cemeiicTBa 3aii-
MeT Topa3i0 MeHbITle BpeMeHH, YeM ITPOBEPKA MPABUIHLHOCTU C TIOMOIIBIO
CTaHIAPTHBIX METOJIOB, UCIIOIH30BAHNE MOIUMUITTPOBAHHOTO AJITOPUTMA
COBMECTHO C aJIFTOPUTMAaMU IIOCTPOeHUs rpada cemeiicTBa, IOUCKa CUJIb-
HBIX KOMITOHEHT W TOMOJIOTMYIECKON COPTUPOBKHU, MPEICTABIIAETCA aKTy-
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aJibHbIM. CJI0YKHOCTH MPUBEICHHOIO aJIOPUTMAa BhIPAYKEHa, depe3 KOJIU-
YECTBO BEPIIVH B KAXKJIOH M3 CUJIBbHBIX KOMIIOHEHT.

Takyke B paboTe MOCTPOEH AJITOPUTM IIPOBEPKHU MMPABUILHOCTH B CJIY-
Yae CeMelCcTB MOHOTOHHBIX (DyHKIHI. B ocHOBe sTOrO ajropurMa jiexkar
JIBa CBOMCTBa MPABUJIBHBIX CeMefCTB MOHOTOHHBIX (yHKIni. [lepBoe —
TakKue CeMeficTBa BCEr/ia CO/epXKaT KOHCTaHTHYIO (yHKmuio. Bropoe —
KJIACC MOHOTOHHBIX (DYHKIIUN SBJIsieTCs (DYHKIIMOHAJILHO 3aMKHYTBIM B
P,. 9Tu 0coGEHHOCTH MOHOTOHHBIX CEMENCTB CHUJIBHO YIIPOINAIT aHAJIN3
PaBUJILHOCTU. VIMEHHO 1TO3TOMY BpeMsi pabOThI JIAHHOI'O AJITOPUTMa B
% pa3 MeHbIlle BpeMeH! PabOThl CTAHJIAPTHBIX aJrOPUTMOB IIPOBEPKHU.
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