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HESABHbBIX BJIOYHbBIX METO/OB PEHIEHUA 3AJIAYY KON
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BBenenue

HpI/IMCHeHI/Ie BBICOKOITPOMU3BOAUTEIBHBIX MapaJlJICIbHBIX BBIYUCIUTCIIBHBIX CUCTEM (BC) SABIACTCA OOJHUM U3
OCHOBHBIX HAIPaBJIEHUH Pa3BUTHS COBPEMEHHOI KOMITBIOTEPHOW HayKH. DTO OOCTOSATENLCTBO BBI3BAHO HE TOJBKO
MPUHIUIAATHHBIM OTPaHUYEHIEM MaKCHMAIIbHO BO3MOXKHOTO OBICTPONEHCTBHS OOBIYHBIX ITOCIEAOBATEIBHBIX MAIIWH,
HO ¥ TIOCTOSHHBIM TIOSBJICHWEM HOBBIX BBIYHCIUTENBHBIX 3a/ad, Ui pEIIeHHS KOTOPHIX BO3MOXKHOCTEH
CYIICCTBYIOIIUX CPEICTB BBEIYUCIUTECIHFHON TEXHUKH BCEIAa OKA3hIBACTCS HEIOCTATOYHO. MOIEIMPOBAHHUE PEalbHBIX
MHOTOMEPHBIX JTUHAMUYECKHUX TPOIECCOB, ONICHIBAEMBIX CHCTEMaMU OOBIKHOBEHHBIX I depeHInaNbHbIX YpaBHEHUH
(COY), u mnpencrariseT co0Oi Kiacc 3adad4, NPH peau3ali  KOTOPBIX HCIOJb30BAHUE MAaPaUICIbHBIX
CYIEPKOMITBIOTEPOB HE TOJIBKO OMPABIAHO, HO U HE00XoaumMo. OO 3TOM CBUICTEIBCTBYET U3BECTHBINA CIIHMCOK «OOJIBIION
BBI30B», B KOTOPOM TaKHe 3a/1aud 3aHMMaloT OJTHO W3 BeAylux Mect [1].

3agaua Kommn

3amaga Komm mms cuctembl oOBIKHOBEHHBIX audepenmumansasix ypasHernid (COLAY) mepBoro mopsaka c
M3BECTHBIMH HadaJIbHBIMH ycioBusiMHA umeeT B (1). CymecTByeT MHOTO mapaiielbHBIX METO/IOB PEIICHUs 3a1adu
Komm mis COAY nepBoro mopsinka. B naHHOW cTarbe Mbl pacCMOTpPUM JBa METOJA — KAHOHHUYECKUE OJHOIIArOBbIE
OyoYHBIE METOIISI ¥ OJTHOIIArOBbIE ONIOYHBIE MeTOBL, peiokeHHbIH T.A. brkkapToM B [2], B fanbHEHIIEM JUTsl KPaTKOCTH, MBI
OyzeMm ero HasbIBaTh METOIOM «THIa BUKKapTay.
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Hpemﬂe UM HNPUCTYIIUTHL K OINMCAHUIO METOAOB, BBCACM HCKOTOPLIC 0003HaueHuss. MHOXECTBO S TOYEK

PaBHOMEPHOU CETKU {r’-?} ,d = LQ nts = T ¢ marom T pa3o0beM Ha A 6nokos, COACPpKALIUX K ToUeK KaM B, npu
yrom &£ %W = OB xamiom 6roke BBeEM Homep Touku i = 0. % 1 0603HaunM uepes “xi Touky ¥ 61I0Ka ¢ HOMEPOM i .
Touky Ly Hasosem nauanom Groxa 11 ,a Lng — KOHIIOM Onoka. O4eBUAHO, YTO UMEET MECTO Lnt = Lnal | Yonosumes

Hau4ajbHYI0 TOUKY £y =40 p 6ok He BRIIOUATSE. IIpu yncnenHoM pemeHuu 3aaaun Komm Ans kakaoro cieayrouero
OnoKa HOBbIE A 3HAUEHUH (PYHKIIMM BBIYUCIISAIOTCS OJHOBPEMEHHO.
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Puc. 1. Cxema pa30uenus Ha OJIOKH ISl OJHOIIIArOBOTO K-ToYeqHOro MeToa
[ycte U, npubnmkeHHOE 3HaueHWe perieHns 3agaun Komm (7.1) B Touke f,9 — HadanbHOM Touke
obpabarbiBaemoro Onoka. Ilpenmonaraercsi, 4To B IpeAenax OXHOrO OJIOKa TOYKM CETKH HaXOASATCS Ha PaBHBIX

paccrosmnsx: fno = & +ITI=1, k|

Kanonnueckue OJJHOIIAroBbIC OJIOUHBIE METOAbI

YpaBHEHUS] KAaHOHWYECKUX OJHOIIATOBBIX PA3HOCTHBIX OJOYHBIX METONOB IS OJIOKa W3 k Touex pu
MCIIONIb30BAaHUU BBIYHUCIICHHOTO 3HAYCHUsS! MPUONMKEHHOTO PELICHHsI B MOCIEAHEM IPE/IIECTBYIOIeM OJIOKY y3ie, ¢
Y4eTOM BBEJICHHBIX BBIIIE 0003HAYCHNI MOXKHO 3aITUCcarh B BHIE (2).
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Ozmomarom,le 0JI0YHBIE METOAbI «THIIA Bmc]capTa»

VYpaBHEHHsI OIHOIIATOBBIX PA3HOCTHBIX OJIOUHBIX METONOB «TWNa bukkapra» is Onoka u3 k touex npu
MCIOJIb30BAaHUU BBIYHUCICHHOTO 3HAYCHUS MPUONMKEHHOTO PEUICHHUsI B MOCIEAHEM MPE/IIIECTBYIONIEM OJIOKY y3iie, ¢
YYeTOM BBEIICHHBIX BBIIIE 0003HAYCHNI MOXKHO 3amucars B Buze (3).
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AHaJIM3 HeBA30K METO/10B
[TocTpouM HEBSI3KU AJIS ABYXTOUCYHOTO KAHOHUYECKOTO OJIOYHOTO METONA (4) M IBYXTOYCYHOTO METO/IA «TUIIA
Bukkapra» (5).
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U3 (4) u (5) BUAHO, YTO JBYXTOYCYHBIH KaHOHUYCCKHU OJOYHBIA METOJ W JBYXTOUCYHBIA METOJ «THIIA

Bukkapra» MMEIOT pa3iIMyHBIC MOPAIKH AlIPOKCHMAIUH, T.€. 3aBEIOMO HM3BECTHO, YTO TOYHOCTH PE3YJIBTaTOB ITHUX

JIBYX MeTONOB Oyner pasnuuHoM. J[is Toro, 4roObl CpaBHMBAaTh METOIbI HaM HEOOXOAWMO, YTOOBI OHM MMEIH OAWH

MOPSI/IOK anmpoKcHMaIui. Bo3sMeM Tpextodednsrii MeTox «tumna bukkapra» (6).
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Kak mb1 Buanm u3 (4) u (6), TpeXTOYSUHBI METON «THMAa BUKKapTa» UMEET TOT e MOPSIO0K amIpOKCUMAIINH,
YTO ¥ JBYXTOYCUHBI KAaHOHWYECKUI ONOYHBIA METON. AHAJIOTMYHO MOXHO IIPOBEPUTH, YTO TPEXTOUCUHBIN
KaHOHWYECKHI OJIOYHBINH METOM M YETBIPEXTOUEUHBIN METO «Trma BukkapTa» MMEIOT OAWH MOPSI0K ANIPOKCHMAIINN 1
T.1. MBI MoJTydaeM, 4T0 y KAHOHMYECKOTo 6JI04HOro MeTosa B 6ioke & Touek, a y MeTonl «Tuna bukkapra» & +1 Touxa.
BBenem ycnoBue, 4To y 000MX METO0B pa3Mep OJI0Ka OMHAKOBBIHN (pHUC. 2), TOTAa MBI ITOIyYUM cOoOTHOIIeHHE (7).
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Puc. 2. BeraucnnrenbHbIC CETKU IS ,HByXTO‘IC‘IHBIﬁ KaHOHHMYECKOTO OJIOYHOIO METOJAa U TPECXTOYCHHOT'O
MCTOZa «THIIa BI/IKKapTa»
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OOumii BU ypaBHEHHSI HEBSA3KH nMeeT BUJ (8).

r=Cox™Me )T (8)
C = max|C|
rue =Lk

U3 (8) miiss METOOB OHOTO MOPs/IKA APOKCHMAIUH ¢ Y4eToM (7) OTHOIICHUE HEBSI30K JIByX METOJIOB HMEET
Buz (9).

)

OTHOLIEHHS HEBSI30K METONOB Ui & = 2 — & IpeacTaBieHs! B Ta6u. 1.
Ta6u. 1. OTHOLICHHUS HEBSI30K METONOB I i = 2 — & .

i 2 3 4 5 6
Tond E] 4 1125 MY AR2THAD

Thick ] 9 4056 250 20155392

T.K. MBI TIONOXWIH, 9TO OJOKHM CETKH B OOOMX METONaX paBHBI, MOITOMY B JajJbHEUIICM IS
VIOPOIICHUS 3allFCH MBI MOXKEM JabHCUINE BBIYMCICHUS W OLICHKU JIeNaTh He Ui #1 OJIOKOB CETKH a I OIHOTO
OJI0Ka.

TomnoJsiorum ceTu nepeaavyn JaHHbIX

ypaBHeHI/If{ OTHOIIAroBbIX PasHOCTHBIX OJIOYHBIX METOJOB «THIIA BI/IKKapTa)) JJIA Onoka u3 k TOYCK HpU
WCIIONIb30BaHNH BBIYMCIICHHOTO 3HAYCHUS MPUONMKEHHOTO PEHICHHs B MOCIEAHEM IPEIIISCTBYIONIEM OJIOKY y3ie, ©
YYeTOM BBEIICHHBIX BBIIIE 0003HAYCHN MOXKHO 3amucars B Buze (3).

[Mapamnensusie BC MMe0oT B cBoeM cocTaBe I0J€ ITPOLIECCOPOB, a TAKKE ONWH MM HECKOJIBKO MOIYyJeH
naMsaTH. OTH (QyHKIHMOHAJIbHBIC KOMIIOHEHTHI JOJDKHBI OBITH CBSI3aHBI Y€pE3 COOTBETCTBYIOUIME KOMMYTAallMOHHBIE
cucreMbl. B cuny criennuku 3axad, pemraembix Ha napamienasHbix BC [3], cTpykTypa JuHUI CBsI3U (TOIONOTHUS CETH
nepenady JaHHBIX) JOJDKHA YIOBJIECTBOPSATH Pa3IMuHBIM TpeOoBaHHMAM. Bo-mepBbIX, NOKHA oOecrieumBarThcs CBSI3b
MEXKAY ABYMS JIOOBIMH IIPOIECCOPaMH WJIM MOAYTIMH. Kpome 3TOro, MOMKHO MOAAEP)KUBATHCS MAaKCHMAallbHOE
KOJIMYECTBO OJHOBPEMEHHBIX CBS3€i, YTOOBI CPEACTBA KOMMYTAl[MM HE OTPAaHMYMBANIM MapajuielbHyI0 00paboTKy
HH(POPMAITIH.

K gmcnmy THIOBBIX TOMOJOTHI OOBIYHO OTHOCST CIEAYIOIINE CXEMBI: JTHHEHKA/KOJIBIT0, PEIeTKa/TOp, THIIEPKYO
[4]. T.x. B mocnenuue BpeMsi HaubOoOJIEE PacIpoOCTPaHEHBb! TOMOJIOTHH PEIIETKAa-TOp M TUIEPKYyO, MBI OyleM NMpOBOIHUTH
aHaJIM3 METOJIOB JUTS ATUX JIBYX TOIIOJIOTHH.

Pemerka (Marpuna, cetka — mesh) mpezcrasisier co0oll cucTeMy, B KOTOPOH IPOLIECCOPBI PACIONIOKEHBI B
BUJIC MPAaBWIBHON JIBYMEPHOH PEIIETKH W KaXIblil Iporeccop (KpoMe KpaWHHX) COEAWHEH C YETBIPbMS COCEISIMH.
Ecnu B pemeTke rpaHUYHbIE IPOLECCOPBI COSTUHNTD JTUHUSIMU CBS3HU, TO MOMYYUTCS 3AMKHYTHIN BapUaHT PEIIETKU HITH

Top (puic. 3 a). Toppouaabbie 2D-cXeMbl COCIHHEHHS HMEIOT IHaMETp, HPOHOPLHOHaTbHb ¥ & [5].
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Puc. 3. Tomnosnoruu pemerka-Top a) 1 runepky6 F = 2 0)
Crpykrypa runepky6 (hypercube) siBisieTcs YaCTHBIM Clydaem pemegrm, KOTJla TI0 KaKIOH Pa3MEepPHOCTH

CeTKH UMEEeTCs TONBKO JiBa mporeccopa [4]. To ectb runepky6 comepxur F = 2 MPOLIECCOPOB TIPH pazmepHocTH Ji .
Ipu rumepky60BOil apXUTEKType YUCIIO CBA3EH MeXIy MpolleccopamMu HeGombimoe: B /' -MepHOM THTIepKyOe KaKblit
npoueccop umeet N coceneit (puc. 3 6).

HeGonmpImM MO CpaBHEHHIO C YHCIOM MPOIECCOPOB OKA3HIBAETCA M AMAMETP CHCTEMBI, PaBHBI logy p |
Tormomnorus rumepky0 npeaocTaBiIsieT BO3MOKHOCTh MOACTHPOBATh HEKOTOPHIE BaYKHBIE THUIIHI CBSI3EH: TMHENHKA, KOIBIIO,
penierka. HemocraTkoM oOmmMcaHHOW apXUTEKTYphl SBISETCS CYNIECTBOBaHWE IPAKTHUECKOTO TIpesiesia yBEIHMYCHUS
pa3MepHOCTH TUIIEPKyOa.
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Jlnst OIeHKM BpeMEHH BBINOJIHEHUS OTEPALMK MepeJadr OXHOTO COOOImeHus 00beMoM V 0aiiT MeXIy ABYyMS
MPOLIECCaMH, JIOKAJIM30BAHHBIMH Ha pPA3IMYHBIX MPOLECCOpax TMpPH PACIPEAEICHHON MaMATH, HCIOIb3YeTCs
cienyroniasi TMHEeHast MOZIENb, MpeAioKeHHast XOKHH [6]:

T, =t+5, Vg, = % (10)

e L5 — 1aTeHTHOCTD, JUTMTENBHOCTD MIOATOTOBKH COOGIICHUS JULs nepeaaqu;

| — nnrHA MapmpyTa;

Ty — BpeMsi Iepeiady OHoro Oaiira;

¥ — yncno GaiT B cloBE;

B — mpornyckHas criocoOHOCTh KaHaja Mepeaavn JaHHbIX (0alT/CeKyHaa).

PaccMoTpyM Tpu KOMMYHUKallMOHHBIE OTIEPAIAN:

1. mepenmaya maHHBIX MEXIy ABYMs NPOIIECCOPAMH CETH — ONIEPAINs THIA «TOYKA-TOIKA»;

nepeAada JaHHBIX OT OJHOTO Mpolieccopa BCEM OCTAIbHBIM MPOLIECCOPaM CETU — ONepalus «OAUH-BCEM» HITH

“one-to-all”;

3. mepenaua JaHHBIX OT BCEX IPOIECCOPOB CETH BCEM IPOIECOPAM CETH — MHOXECTBEHHAs IepechlIKa «BCE-

Bcem» miu “all-to-all”.

TpyroeMKOCTh OIMHOYHOI OIepanuy MePeCchUIKH JaHHBIX MEXIY AByMs IpOIlecopaM MOXKET OBITh MOJIydeHa
MyTeM TOJCTAHOBKU JUIMHBI MaKCHMAJIbHOTO IMyTH (AuameTpa cetu) B BblpakeHue (10). [[ng BerUMCIEHHUS BpeMEHHU
BBITIOJTHEHUST MHOXKECTBEHHOM II€PECBUIKM HEOOXOAMMO BBIOpaTh anropuT™ MapmpyTtmsamun. K umcry Hambonee
pacHpoOCTPaHEHHBIX ONTHMAIbHBIX AITOPUTMOB IIEPEIadd JaHHBIX OTHOCATCS METOABl  ITOKOOPIMHATHOM
Mapuipytusanuu [4]. Mnes 3TUX METOAOB 3aKIIIOUAETCS B TOM, YTO MOMCK IyTeW MepeAaqyd JAHHBIX OCYIECTBIISETCS
MIOCIIEA0BATENBHO ISl KXKIOW pa3MEpPHOCTH paccMaTprUBacMON TOIIOJIOTHH.

Jnst Tomonorun pemrerka-Top (puc. 3 a) OoAMHOYHAs ONEpalysi MEPechbUIKM NaHHBIX TPeOyeT CIeqyIOIIero
BpeMmenu (11) s ucrionnenus ¢ yuerom monenu (10) u auamerpa TOIOJIOTHY.

T.:fr =£5+2V'£w'IAEIEJ (b

Ilepechiika MaHHBIX OT OJHOTO MPOIECCOPa BCEM OCTAJIBHBIM B YCJIOBHSX TOIOJOIMH TOP MOXET OBITh
MOJTy9YEHA M3 3TOTO JKe CIIoco0a mepeaavn Al KOJIBIIEBOI TOIIOIOTHH, BEIIOIHEHHOTO B [Ba dTamna (12).

(i TI, /rS N Y (12)

MHuoXecTBEeHHAs paccChblIKa COO6IHCHHﬁ TaKXC MOXCT 6BITB BBIIMIOJIHEHA TIIPpHU IIOMOIIMK aJTropyuTMa,
HoJly4aeMoro 00OOIIeHHeM crocoba mepeladyd MJaHHBIX Ul KOJNBIIEBOH CTPYKTYphl CETH Ha OCHOBE HICH
TTOKOOPIMHATHOHN MapmpyTr3anun (13).

Lty
Tatw-ar = 26.G/p -0+ 1, (2= 1) (13)
Jlst Tomonoruu runepky6 (puc. 3 6) BpeMsl BHITIOTHEHUS] OJMHOYHON OMEpalldy MEePEChUTKUA JTaHHBIX PaBHO
(14).

TR, =t +Vt, log,p (14)

Bpemsi BBIMONHEHHS OMEpandy IMepeaddl JaHHBIX OT OJHOTO MPOIECcCOpa BCEM OCTANbHBIM B TOMOIOTHH
rurnepky6 Beipakaercst popmyoit (15).
e-voas = )
T::?ae—&:l—m‘i - f’s +|V'f’w ']-C'gﬂ £ (15)
AJITOPUTM BBITIOJHEHHUSI MHOXKECTBEHHOM PACCHUIKH COOOIIECHHUH Ul TUIIEPKY0a MOXKET OBITH MOJIydeH IyTeM
000011IeHns crioco0a nmepeaadn JaHHbIX «BCE-BCEM [UIS TOMOJIOTHH PEelIeTKa Ha Pa3sMEpHOCTh THIIEPKyOa p=log, p

. Kaxxmomy mporieccopy craBHTCS B COOTBETCTBHE IBOMYHBIN SKBHBAIECHT €ro HoMepa. lIporeccopsl, mmeromme
HETIOCPEICTBEHHOE COEAMHEHNE B THHEPKYyOe, OyayT MMETh HOMEpa, OTIMYAIOIIHECS APYT OT JApyra TONBKO OZHUM

paspsimom. Ha kaxmom srane #-F = Lip anropuT™a (QyHKIIMOHMPYIOT BCE IPOLECCOPHI CETH, KOTOPble 0OMEHHBAIOTCS
JAHHBIMU CO CBOMMHM COCEISIMU 10 I pa3MEPHOCTH U POPMUPYIOT 0ObeuHEHHbIE coo0uIeH s (16).

T v-a =Zi1(£5 +27N e = log, 2 (16)

AJITOPUTM pacnapajieIMBaHus

PaccmorpuMm mpocrelninii B peajau3ali METOJl pacrapajuieIMBaHus — pacnapajijieIMBaHue 10 YpaBHEHUSIM
BBIYUCIIUTEIBHON CXeMbl MeTOa. [1yCTh B HalIEH BHIYMCIUTENBHON cucteMe £ Mpoleccopos, a CHCTeMa YpaBHEHUH,
JUIs KOTOpoi pemaercs 3agada Ko, mg?egeT #1 ypaBHeHui. Torma Ha KaKIOM IpOLIECCOPE B HAILLEM AJNTOPUTME

pacnapajienuBanus OyIyT BBIUMCIATHCS & ypaBHEHHMH Ui BCex & Touek TeKymiero Oioka. ITocie Toro, Kak 3w
3HAUEHUs BBIYMCIICHBI, KQXKIBIH MPOLIECCOpP PacchllacT 3HAYEHHS B TIOCJIEIHEH TOUKe OJIOKA Ka)K/IOTO CBOETO YPaBHEHUS
OCTaJIGHBIM TIpOLieccopaM — T.€. IMPOHUCXOIUT OOMEH Tuma «Bce-BceM». Cumras, 4yTo Mbl padboraer ¢ 8 OalWTHBIMHU
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YHUCIIaMH, COTIACHO MOJIENX XOKHH MBI TIOJTydaeM BpeMsi oOMeHa s 1 OJioKa CeTKH /s TOOJIOTHH pemrerka-top (17),
a JIJIs TOTIOJIOTHH THITEPKYO COOTBETCTBEHHO (18).

?i.if_m_ﬂ=2zs(«/5—1)+8-§-zw-(p—1} (17)

Zg—m—aﬁ =f’5'logﬂp+f’w'8'§'{p_1) (18)

AHa/m3 yckopeHusi 4 3(ppeKTUBHOCTH
O6o3HauuM depe3 #1 KOJIMYECTBO YpaBHEHHIl B MCXOIHOH cHCTeMe, uepe3 &1 BpeMs BBINOJHEHHS OJHON

oliepalyy ¢ IUIaBaroleld TOYKOH, a uepe3 ~.f — CJIOXKHOCTB IPaBOW YacTH, T.€. BPEMsI BHIYUCIICHUS Fix.t), Bynem
CYUTaTh, YTO JIA HAXOXKIACHUA PCIICHUA BO BCEX k TOYKax OJIOKa C BaﬂaHHOﬁ TOYHOCTBIO JOCTATOYHO k HTepaHHﬁ. C
YU€TOM BBCICHHBIX 0003HaYEeHUI U MPEAITOJIOXKEHNA, Mbl IOJIYYUM, YTO BPEMs MMOCICAOBATCIIBHOIO BEIUYMCICHUS BCEX
TOYEK OHOTO OJOKa KAHOHHYECKUM OJIOUHBIM METOAOM BEIpaxkaercs ¢opmynoit (19), a meromom «ruma bukkapra» —
BeIpakeHneM (20).

T = (T, (8) k+(2 k+4) 8) &k k-m (19)
(20)

Bpemst mapasuieisHOro BEIYMCICHUS BCEX TOUEK OJHOTO OJI0KA C MCIIONb30BaHUEM MPEIJIOKEHHOTO allTOPHTMa
pacmapajuieInBaHusl KAaHOHUYECKUM OJIOYHBIM METOIOM BBIpa)kaeTcs Gopmyioi (21) s TOMOJIOTHH pemeTKa-Top 1
(22) must TomoyorUK THUIEPKYO, a METOIOM «THIa bukkapray — BeIpaskeHHeM (23) A TOMOJIOTHH pelieTka-Top u (24)
JUTSL TOTIOJIOT MY THTIEPKYO COOTBETCTBEHHO.

T = crf(.ﬁ).;c+(2.k+4).m.;c.;cgu.tj(@—l)w%. t,- (7 -1 o
(22)
(23)

24

B cimyuae nmpocroii npaBoii yactu T} (4) yckopeHue 1 3(phekTHBHOCTH 000MX METOIOB OYE€Hb MAJIbI, IIOATOMY

paccMOTpHUM Cllydail JOCTAaTOYHO CI0XKHOW MpaBOd yacTu T} (4)=1000.5 . 3nauenus J £, , Ly Gbum B3sTHI U3 [4],
OHU SBIAIOTCS PEANbHBIMH 3HAYEHUSIMH, W3MEPEHHBIMH JUIsI KiacTepa HIKEropoackoro rocynapCTBEHHOTO
yuuBepcurera. KomudectBo mporeccopoB & BosbMeM paBHbIM 512. JIisl TOIOJOTHMH PEIIETKA-TOP UISL PasHOTO
KOJIMYECTBA TOYEK B OJ0Ke & yCKOpeHHEe KaHOHMYECKOTO OHOIIArOBOTO ONOYHOTO METOa MOKa3aHo Ha puc. 4 a) a
Metoja «tumna bukkapra» Ha puc. 4 6); 3p(HeKTUBHOCTh KAHOHUIECKOTO OJHOIIArOBOTO OJIOYHOTO METO/AA MIOKAa3aHO Ha

puc. 5 a) a metona «tuna bukkapra» Ha puc. 5 6) COOTBETCTBEHHO.

Vomopames, 5 Yegopamme, 5
100 25

80

L FOmmscTES VORERSHME, m

=t L L EomEeacTEC VPEEEMN, m
400 500

100 200 300 400 500

— 3 TOMSMHEDE EEHOMISCERE
4-X TouSTHELE ESHOMITTRCEHH

— S—Tit ToMRHEND REECHIISCEINE

§—Tit TOMRUEED] KEHOEHYSCEHIE

— 4—x TOWEMHED “THIES BHEESDTS
5—mi Towewen: ‘THn: Bepesprs

— §-Ti ToueuERDl ‘THRE BHERpTE

7—am TowssEn: 'THn: Bemezprs

Puc. 4. YckopeHue KaHOHMYECKOTO OJTHOIIAr0BOroO OJIOYHOTO METo/Ia a) M MeTosa «Tuna bukkapra» 0) 1u1s Tononoruu
perIeTKa-Top
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Puc. 5. D dexkTnBHOCTS KAHOHMYECKOTO OHOIIATOBOTO OJIOYHOTO METO/A a) M MeTonia «Tura brukkapra» 0)
JUTSI TOTTOJIOTHH PEIIETKA-TOP

Jlns TOMOJOTMM THNEPKY® JUls pPasHOTO KOJNMYECTBa TO4eK B OIOKe A yCKOpeHHE KaHOHHYECKOro
OIIHOIIIArOBOTO OJIOYHOTO METO/a MOKa3aHO Ha puc. 6 a) a Meroma «rtuna bukkapra» Ha puc. 6 0); 3PEeKTUBHOCTD
KaHOHMYECKOTO OJHOILIAroBOro OIOYHOrO METoja MOKa3aHO Ha puc. 7 a) a mMeropa «rtuma bukkapra» Ha puc. 7 0)

COOTBCTCTBCHHO.
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Puc. 7. D¢ dhexTHBHOCTS KAHOHNYECKOTO OIHONIATOBOTO OJIOYHOTO METO/IA a) M MeTo/ia «Tura bukkapra» 0)
JUIS1 TOTIOJIOTUU THITEPKYO
Jlerxo yBuneTs u3 puc. 4-7 9to Uis 00enX paccMaTpPUBaeMBIX TOIIOIIOTHIA X 00OUX pacCMaTPUBACMEIX METOIOB
YTO C POCTOM KOJMYECTBA TOYEK B METONE YNIyYINAIOTCS XapaKTEPUCTUKU YCKOpeHUS U 3((PEKTUBHOCTH METO/a.
CpaBauM yckopenue (puc. 8 a, puc. 9 a) u 3¢ dexTuBHOCTH (puc. 8 0, puc. 9 0) HaWIYYIIEro U3 MPEACTABICHHBIX
KaHOHMYECKHX OJJHOIIArOBBIX OJIOYHBIX METOJOB M HAaWIIyYIlero M3 IPEJCTaBICHHBIX METONOB «TUMa bukkapra» mis
00erX TOMOJIOTHH.
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a) 0)

Puc. 9. Yckopenue a) u 3p(HeKTHBHOCTE 0) KAHOHHYECKOTO OTHOIIATOBOTO OJIOYHOTO METO/Ia ¥ METO/IA «THIIA
BukkapTa» Ui TOMOJIOTHH PEIIETKA-TOP

AHau3 MaclITabupyeMocTH

[TocranoBka Borpoca 00 oleHke 3(h(HEeKTUBHOCTH paciapauIeIMBaHus IPHU YBEIWYEHUH YMCIIa IPOLIECCOPOB C
COXpaHEHHEM 00beMa BBIYMCIICHUH HE BCETa SIBJISIETCS LENbI0 MCCIIEN0BaHuM, Oojiee TOro, HEKOTOPBIMU aBTopaMu [7]
CUUTAETCS CHOPHOU. JIeiiCTBUTENBHO, IPH W3MEHEHHHN YMCIIa TPOLEcCOPOB AP (HEKTUBHOCTD MAPALIENILHOTO AITrOPUTMA
3aBUCHT KaK OT CBOMCTB CaMOi TOIIOJIOTHMH CETH, TaK U OT TOTO, HACKOJILKO XOPOIIO JAHHBIN AITOPUTM MOIXOIUT ISt
JIAHHOW TOIMOJIOTMH, HACKOJIBKO YIAYHO OH WCIOJB3yeT €€ JIydlllde CTOPOHBL [l03TOMY HENb3si HCCIeA0BaTh
MacHTabupyeMoCTh MapalIeIbHOrO aJrOpuTMa abCTPAKTHO, B OTPHIBE OT TOMOJIOTHH CETH.

Mpb1 Oynem uccienoBarh MacliTaOUPyeMOCTh MapajuIeNbHBIX aJTOPUTMOB C IOMOINBIO MaTeMaTH4ecKoro
anmapara Teopun uzodddekruBHOro aHanmza [8-9]. Jlnsg moctpoeHus (GYHKIUH H303((GEKTHBHOCTH HEOOXOAMMO
OIIPEACIUTh OOIME HAKJIaJHbIE PacXoibl HAa MapajuIeNbHBIA alrOPUTM, Ul OOOMX aJTOPUTMOB OHHM Yy Hac OyayT
OJIMHAKOBBIMH BCIJICACTBHE BBHIOPAaHHOTO ajJropuTMa pacnapajuienuBaHus. J[JIs TOMOJIOTMH peleTKa-Top 3TH PacXobl
BBIpaXKaroTcst GopMyIoii (25), a 1711 TOOIOTHH THIIEPKYO — (popmyoit (26).

ek =2-t5-p-(\/;?—1)+8-m-tw-(p—l)

(25)
T,** =t, p-log,p+8 - m-t, (p—1) (26)
OcHoBHOE cooTHOIIeHHE n303(hdhexkTuBHOrO ananusa [9] umeet Buz (27).
T=KT 27)
_F
e 1-& (28)

Torna ocHOBHOE COOTHOIICHHWE H303((EKTHBHOTO aHaiM3a IJIsi KaHOHHMYECKOTO OJIHOIIArOBOTO OJIOYHOTO
METoZia JUIsl TOIMOJIOTMHU pelleTKa-Top npuHuMaeT Bui (29), a g tonosnoruu runepkyo — (30). AHajorudso, ajs
MeToza «Tuna bukkapray ams Tononoruu pemerka-tTop uMeeM (31), a uist Tornoxoruu rutepky6o — (32).

B o (224K 8+ T, (8)) = K-(E-(ﬁ—l)-p-tj +8m (p—l}-tw)

(29)
B (224 k) - 8+k T, ()= £-(8-m-(p-1)-t, + -1, log, p) (30)
Ko ([4- 24+ ) 8+ T, ()= K- (8-m-(p=1) 1, +2 4, logy P) (32)
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T.X. KOJIMYECTBO TOYEK B OJIOKE k = 2:? U MbI paccMaTpuBacMm cnyqaﬁ CHCTEM C OOJBIIMM KOJIUYECTBOM

ypaBHeHUH #E= £ M CIOXKHON HpaBoil yacThIo ?} (d)=k , a TAKXKe C y4eToM TOro, YyTo Mbl Ionmaraem B < #
Bceraa, To BeipaxkeHus (29)-(32) moxHO npeodbpasorath K BUIy (33)-(36) COOTBETCTBEHHO.

wm- T (Ol m-p-t,

]

m- T, (9 K- p? g, (33)
m TS e Kom pt,
m-To(d)w K p-logyp-t, (34)

mTf(@l mK'm'p'iw

3

m-T(dyek p* ¢, (39)
mTf(ﬁjmePf’w
m- T (T K plog,p-t, (36)

Kak ™Mbl BuauMm, Juis O0OMX BHJIOB TONOJOTMA W OOOMX BHJOB METOJOB OCHOBHOC COOTHOIICHHE
1303 (EKTUBHOTO aHATM3a MPUHUMAET OJWH U TOT ke Bu1 (37).
. o LEHP .
m-T (Sl mpi, (37)
U3 coorHOmmeHus (37) ciuemyert, 4To TMpH YBEITUYCHIH KOJMYECTBA MPOIIECCOPOB TSI COXPAaHEHHS ITOCTOSHHOM
gﬁbq)elcmBHocm MOXKHO YBEIUYHBATh HE TOJHKO KOJNUYECTBO YPABHEHHU F{ CUCTEMBI, HO M CIOKHOCTh [TPABOU 4acTH
F

BoiBoabI
KaHonndeckue ofHOUIaroBble OJIOUHBIE METOIbI M METONIBI «ThMa BHKKapTa» Mo MPUYMHE HCIIOIb30BaHUS
OJIMTHAKOBOTO METOJIa pacliapaUIeTNBaHUs 00JalaloT OJMHAKOBOM MacIITaOUpyeMOCThi0. UeM cloKHee mpaBas 9acTh

ypaBHeHus ~ & , TeM OoJblree yckopeHne 1 3pQpeKTHBHOCTh IOKa3bIBatoT 00a Merona. Kak BugHO U3 puc. 8 a) u 0),
yckopeHue u 3(PPEKTUBHOCTh 6-TH TOYEYHOTO KAHOHWYECKOTro OJIOYHOro MeTona (HAMIYYIIero M3 pacCMOTPEHHBIX
KaHOHMYECKHX OJIHOLIArOBBIX METOJOB) BBIIIE, YeM yCKOpPeHHE M 3((PEKTUBHOCTh 7-MH TOYEYHOTO METO/a «THIa
bukkapra», mpu 3ToM 06a MeToma 00Jamal0T OJUHAKOBHIM IMOPSAKOM ammpokcuMmarui. Kak BumHo w3 Tabm. 1, mpu
CpaBHEHUM Tap METONOB, OOJIQJAIOIIMX OJHHMM MOPSIKOM aIllpOKCHMAIMK, OKa3blBaeTCs, YTO Yy KAaHOHMYECKOTO
OJIHOIIArOBOTO METONA B KaKIOW M3 Map HEeBA3Ka MEHBIIE — T.€. METOJ SIBJIACTCs OoJiee TOUHBIM, B TO )K€ BPEMs €ro
yckopeHne H 3()(GEeKTHBHOCTH BEINIE, YEM y METOla «THMa BHKKapTa» TOTro ke MOpsAKa allpoKCHMAIMU. YUYHUTHIBas
9T0, a TaKXe TO, YTO MaclTabupyeMOCTh OOOMX METOZOB OJMHAKOBa 3a CYET BBIOPAHHOIO aJITrOpUTMA
pacnapasulenrBaHusl, KAHOHMYECKHUE OTHOIIArOBbIE METO/BI OKA3bIBAIOTCS B IIEJIOM JIyUIlle METOJIOB «THIa bukkapray.
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