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PACITAPAJIJIEJINBAHUE ITPOILIECCA IIONCKA
TJIOBAJIBHOTO SKCTPEMVYMA'

Pazpaboran mapasmienbHbIH aArOPUTM TOUCKA TJI00ATBHOTO SKCTPEMyMa (DYHKIINH MHOTTUX
TepeMeHHbIX. AJITOPUTM OCHOBAH Ha METOJIe HEPABHOMEPHBIX MOKPLITHH, MPEITOKEHHOM
FO.T. EBtymienko st (byHKIWi, yA0BAETBOPAIOMNAX yeaosuto Jlunmmia. Ajroputy pe-
asm3oBad Ha s3bike C B MPl-cucreme napasuiesbHOro mporpaMMUPOBAHUS C Tiepejiadeit
coobmennti. J[s yckOpeHus pacdeToB UCHO/IB3YIOTCH BCIIOMOTATE/IbHBIE TPOIEYPhI TIOKC-
Ka JIOKAJIBHOTO IKCcTpemMyMa. PaboTa aaropurMa JeMOHCTPHPYETCS Ha MPUMEpPEe PactueTa
CTPOEHUsT AaTOMHOTO KJIacTepa.

1. BBenenue

B nojapiisiroriieM 00JIbIITMHCTBE ONTUMU3AIMOHHBIX 3a/1a9 Tpebyercs HalTu 1/100a/bHbIH O11-
tumyM. OgHAKO M3-3a OOJIBIION CJIOKHOCTH TOUCKA IVI00ATBLHOTO 3KCTPEMyMa OOBITHO OrpaHu-
YUBAIOTCS OTBICKAHUEM JIOKAJbHBIX pemtenuii. CoBpeMeHHbIe MHOTOIpoIieccopubie DBM cyme-
CTBEHHO PACIIUPSIOT BO3MOXKHOCTHU PeIlleHHud 3aJiad I10OATbHON ONTUMU3AINN, TO3BOJIAS UC-
MOJIb30BaTh HapaJslie/ibHbIe aJITOPUTMbBI pacudeToB. [lepeHoc mocaeaoBaTeIbHBIX aITOPUTMOB H
CO3laHre HOBBLIX IIapaJljleJIbHbIX METOd0B FﬂO6aJ’IbHOIU/I OLITUMU3AIUHN CTAHOBATCA BE€CbMa aKTy-
asibHbIMEU. O630p MHOTOYUCIEHHBIX MyOIUKAINNI 0 TOUCKY T/I00AJIFHOTO SKCTPEMYMa PUBEIeH
B [1]. [IpoGirembl pacnapasiie uBaHus BBIIUCICHAIN TOIPOOHO U3T0KEHbI B [2].

B 1971 r. B [3] 6611 npeyioxken u Ha s3bike AJITOJI-60 peann3oBan MeTO/| HEPABHOMEDHBIX
MOKPBITHIT JIII HAXOXKIEHUA II00AJHHOTO KCTPpEeMyMa JUNIINNEBLIX yHKInik. /lanrbHeiinee
pasBuTHE 3TOT MeTOJ noay4ui B |4, 5|. B nannoii pabore paccMarpuBaeTcst mapasiiesibHbli Ba-
pUAHT METOJ[a HePaBHOMEPHBIX HMOKPBLITHI, JaeTcd uH(OpMalus O HPOrpaMMHOIl peajn3aiuu
ero Ha s3pike C B MPI-cucreme mapasiesibHOrO mporpaMMupoOBaHus ¢ Tiepegadeii cooomeHnit
(Message Passing Interface). /ljis ycKopeHHsI pacueToB UCMOJIB3YIOTCS BCIOMOTATeIbHbIE TIPO-
IeIyphl MOUCKA JIOKAJBHOTO 3KcTpeMyMa. PaGora aaropurva JeMOHCTPUPYETCS Ha HMpHUMepe
pac4deTa CTpOCHUA aTOMHOI'O KJlacTepa. BbILH/IC.HI/ITeJIbeIe IKCIIEpUMEHTbI 1IPOBEACHbI Ha BbI-

qucsmresbHbIX Komiuiekcax MVS 6000 u MVS 15000 [6].

! PaBora BemOMHEHS TpH (GEHAHCOBOM IOMAepKKe IporpaMMbl N° 14 GyHIAMEHTATBHEIX HeCTIeIoBaHm IIpe-
suguyma PAH “Pazmen 11: BicOKONPOM3BOAUTENBHBIE BLIYUCIECHUS U MHOTOIPOIeccopubie cucrembr’ 2006 1., a
rakxke mporpammel N° 15 [Ipesuanyma PAH “UccaenoBanue u co3aHue HAYYHBIX TPUIOKEHWH B PACIPEIEIIEH-
HOI¥i cpeJie CyNepKOMITBIOTEPHBIX Bhraucaenuit Ha 6aze BI PAH” 2006 .



2. IlocTtaHoBKa 3aja4m, obmiag maess METOAA MOKPBLITU

PaccmorpuM 3a1a4y OTBICKAHUS TA00ATBLHONO MUHUMYMa (byHKIMH f, OmpeaeseHHOl u
HEeLPEePbLIBHON Ha KOMIIAKTHOM MHOxkecrsBe P C R"

f. = glob min f(z). (1)

Yepes X, 0603HAUNM MHOXKECTBO perennii 3agaun (1), depe3 f, — MHHHMAJIbHOE 3HAUE-
Hue neseoii pynknnu f(x). BBegeM MHOXKECTBO £-ONTHMATBHBIX (MPHOJUZKEHHBIX) DEIIeHui
sagaun (1):

Xi={zxeP: flx)< fi+e} (2)

OueBuyao, X, C X; C P. B GosblmHCTBE NPAKTUYECKUX 33129 JTOCTATOYHO HANTH XOTSI
Obl 0J1HY TOUKY T, € X M B3ATh B KA9eCTBE ONTUMAJIHLHOTO 3HavYenus f, aucio f, = f(x,). Ipy-
TUMH CJIOBAMH, HAJIO € 33/IAHHON TOYHOCTHIO € OMPEIEIUTh BEIUINHY /100 TbHOTO MUHAMYMA
GbyHKINE 1 HAHTH XOTsI OBl OJHY TOUKY T, TJIe 9TO MPHOIMKEHHOe 3HAUEHHE JOCTUTAeTCs.

Beenem uabop muoxects B, = [Py, Ps,...,P,] n3 R" u nadbop n-mepubix touek N, =
= [c1,¢2,. .., Cp] Takux, uro ¢; € P; C P g Beex 1 < i < m. O6benunenne m muoxects P
obo3HaYNM Uepes3

Bynem rosoputh, 94T0 00beIMHEHIE MHOXKECTB FP; MOKpPBIBAET MHOXKECTBO P, eciiu
P="U,. (3)
B kaxkmoit Touke ¢; BoIUnCasgeTcsa 3Hadenne GyHKnun f, 1 mo Gpopmysie

Ry = min f(c;) = f(cr) (4)
1<i<m
OTIpe/IEeISIeTCS PEKOPIHAST TOYKA ¢, U PeKOpa R,,.
[Ipeamonoxkum, aro dbyuknus f u MHOKECTBO P; TaKOBbBI, 9TO /ijisi BCeX T € P; BBIIIOJTHEHO
ycJIOBH€

f(@) 2 Ry, —e. (5)
OcHOBOIT MeTOIa HEPABHOMEPHBIX HOKPBITHI ABJISIETCS CJIeIyIoIee JIErKO MpOBepsIeMoe

YrBepxkaenue 1. I[lycmv nabop mmuoocecms By, u dynkyusa [ maxosw, wmo U, = P u
svinoareno yeaosue (5) daa ecex 1 < i < m. Tozda pexopdnas mouka ¢, € XE.

JleitcTBuTe/ IbHO, eciin HaDOp MHOXKECTB P; MOJHOCTBIO MOKpbIBaeT P, TO KarxKjaasd TOYKA T,
u3 X, OyJer npuna/jiezkarh 1o kpaitneit mepe ojgunomy u3 muoxkects F;. [lycrs z, € Ps, s < m;
Torja, yauTsiBas (5), mosyanm

fo=f(z,) >Ry —c= f(c,) — &

CornacHo (2), peKop/Hasi TOYKa ¢, MPUHAJJIEXKUT MHOKECTBY £-perennii 3agaun (1).

Jlannoe yTBepKaeHNe BhIPazkaeT OCHOBHYIO UJIEI0 MeTO/Ia HePABHOMEPHBIX MOKPBITHIl: BMe-
CTO TIOUCKA [JI00ATBHOTO MUHAMYMa Ha P ULy Tcsd 1106aIbHble MUHAMYMBI HA TTOJMHOYKECTBAX,
o0beimHEeHnEe KOTOPBIX coBrajaer ¢ P. MuoxkecrBa P; MOryT ObITh CaMbiMU Pa3HOOOPA3HbBIMU.
Hanpumep, na xaxgom P; dyaknus [ MoxkeT yaoBIeTBOpsATH ycjaoBuio Jlummuma co cBoeit
KOHCTaHTOW L;. B HeKoTOpHIX 0b/IacTsX (DYHKIMS MOXKET OKA3aThCs BBIMYKJIONH HJIW JIBAZKIbI



nuddepennupyemoii. Bee 31u 0ocobeHHOCTH 11€/1eCO00PAa3HO YINTHIBATD JIJIS YCKOPEHHS pacte-
TOB.

[Ipu peasmsanuu Meroga HAOOpPBI B, u N,, CTPOSTCS HOC/IEI0BATEIBHO, HOCJIE KarKI0T0O
BBIYHUC/ICHUs 3HAUeHNsT PYHKIUU f TPOUCXOAUT YTOUHEHUE peKopaa. CanraeM, 94TO MOC/IeTHee
BhIUHCAeHNe f OBLIO BBITOJIHEHO B TOYKE C,,, PEKOPIHAs TOYKa ObLIa C., a peKopmd ObL1 RR,,.
Ompenenum ciejyiomniee 1e6eroBo MHOYKECTBO:

Ly,={r€eP:R,—c< f(x)} (6)

[Tycrs riobasnbubiit Muanmym Ha L, pocruraercss B Touke Ty, Torma R, — f(x,) = f(¢,)—
—f(xzy) < € m, caenoBaTesbHO, B pe3yabrare rao0aabHOl MuauMusanun Ha L, pekopa R,
MOKeT ObITh YyTOUHEH He DoJiee yeMm Ha £. [Toaromy MHOKecTBO L,, HEe MPEACTaBIseT HHTEPeca
1 MOXKeT OBITh HCKJIIOYEeHO U3 00JIacTH moucka P.

Ecim mocie onmucanubix Beruncaenuit yciaosue P = U, He BBIIOJHEHO, TO HOUCK MHHAMYMa,
npojokaercst Ha Muoxkectse W, = P\U,,. [Tyctb onpenenensl ¢,y1 € Ppypp C W, BbIunC-
aennl f(¢py1) u Ryy1. Ecom wa P,y Bemoaneno yenosue f(x) > Ry,i1 — €, TO MHOXKECTBO
P11 MOXKeT ObITh MCKJIIOYEHO W MOUCK MHHUMYyMa mpojozkaercs Ha W\ P, 1. B nuporus-
HOM CJiydae MHOXKeCTBO F,, 1 pa30uBaeTcs Ha HECKOJBbKO MOAMHOXKECTB, B KaxKJIOM W3 HHX
BBIUHC/ISIOTCS 3HAUEHNs (DYHKIHUK f, IePEeCINTHIBALTCS PEKOPI, HEKOTOPBIE ITOIMHOKECTBA HC-
KJIIOYAIOTCS, Ipyrue apobdsarcsa u T. A. IIporecc 3akanumBaeTcs, KOraa Bce MHO:KeCTBO P Oymer
MOJTHOCTHIO MOKPHITO. [loc/ie0BaTe/ IbHOCTE PEKOP/I0B — MOHOTOHHO yObiBatomias. [locsieoBa-
TEJIbHOCTh J1e0ETOBBIX MHOXKeCTB L,,, HapOTuB, pacmupsiorasics, T. €. L C L, upu k > 0.
[TosToMmy ecsiu ipu HEKOTOpOM § < m u3 P ObLIO HCKJII0YEHO MHOZKeCTBO Py, To P MOoXKeT ObITD
HCKJI0YeHo u3 P u upu Bcex s > m.

Jleberopo MuOzkecTBO L Gyner nanbosbiumM, ecan B (6) B3a1h R, = f.. OpHaKO anpuopu
BenunHa f, He usBecTHa. [1o9TOMY JIJIsi yMEHbBIIEHUsI PEKOP/IA [EJ1eCO00PA3HO UCIOJIb30BaATh
METObI JIOKAJIBHOTO TIoncka MuHUMyMa (yukiun [ Ha MHOXkecTBe P. B Tex toukax ¢; € P,
rJe nosydeno, uyro f(¢;) < R,,, HPOUCXOAUT yJIyUIIeHHEe PEKOP/IA, U €CTh OCHOBAHWE M0JIaraTh,
YTO pelnasg 3a/a4y JIOKAJIbHOI'O MOUCKA,

loc min f(x),
cTapTys U3 TOUKH C;, YJIACTCsl HaiiTu Apyryio Touky ¢ € P, B koropoii f(¢) < f(¢;). Takoit npuem
YaCcTO CYIMIECTBEHHO YCKOPSAET pacdeThl, IO3BOJIAL YAYUIINTD PEKOP/ U TeM CaAMbIM PaCIIUPUTD
00.J1aCTh, KOTOPYIO0 MOXKHO OTOPAaChIBATh B MPOIECCE MOKPHITHS MHOXKecTBa P.

HauboJsiee TpyHbIM 9TAIIOM B peain3alii aJIrOPUTMA, IMOUCKA IKCTPEMyMa sIBJISIETCS OLpe-
JleJIEHHe XOTs Obl HEKOTOPOil 9acTu MHOXKECTBa L,,. 3/1eCh MPUXOAUTCI HAJIararh Ha (DyHKIIHIO
f mononauTebHbIE TPeOOBaHus. [Ipeanoaoxum, uTo st f(2) MOXKHO TOCTPOUTH MUHOPAHTY
g(c;, x) Takyto, 4TO JJId BCEX T, ¢; € P BBINOJHEHBI HEPABEHCTBA

glei, ) < f(z), g(ci,ci) = f(ei). (7)
OnpeneiM MHOZKECTBO
Ni={zxe€eP: R, —ec<g(c,x)}. (8)

U3 (7) caenyer, uro N; C L,,, mo3TOMy MHOKECTBO NV; MOKHO MCKJIIOYATH U3 OOJIACTH MOUCKA
P. TlpuBesiem 1Ba OPOCTERIINX CJIydast, KOT/Ia MEUHOPAHTHI, yAOBIeTBOpsitomiue (7), JTIerko ¢Tpo-
arcd. [lycrs dyaknusa f ymoBaeTrBopsieT yciaoBuio Jlummuna ¢ KoHCTaHTOR L, T. €. s JTI0OBIX
x U ¢; 3 P BBIIOJTHEHO HEPAaBEHCTBO

[f(x) = fe)] < Lz = ¢illoo- (9)
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3J/1ech U HHU2KE UCIOJIb3YeTCsl P-s TeJIbJIePOBCKasg HOpMa

n 1/p
[oll, = (Z lv]|p> :
j=1

KOTOpast TP p = OO COBIMAJIAET C YeObITeBCKOiT HOPMOit

— J
oo = max [o7].

Torna mgj1a Becex x € P nmeem
f(z) = flei) = Lz = cif |-

[TosToMy MOKHO B3sITh YAOBJIETBOPSIONLYO (7) MHUHODAHTY

g(ci,x) = flei) — Lz — ¢if| - (10)
BBemem MHOZKECTBO
K, ={z e R": ||z — ¢iloo < pim}, (11)
rae
pim = (f(¢ci) = Rm +€) /L. (12)

Bnech K; — Ky6 ¢ IEHTPOM B TOUKE ¢; U TJIABHON JUATOHATBIO 20y, (WIH €ciu p = 00, TO
map ¢ HEHTPOM B TOUKE C; U PAJUYCOM Pim)-

Ecau ¢; € P mig Beex 1 < i < m, 1o cormacuo (5) f(c;) > f(c,), mosromy paguyc pim,
3aaBaeMblii bopmysioit (12), 6yaer Gosbire win pasen €/ L:

gelgl g(ci,z) = fla) — L%E}(}f |z = cillo = f(ci) = Lpim > Ry — €.
CanenoBarebHO, Ky0 K; MOXKHO MCKJIIOUUTH U3 oOsacTu moucka P. Eciu obbepumHenne Kyoos
K;, 1 <1 < m, ynosrersopsironux (10), mokpsiBaer muo)kectBo P, 1o ¢, € XE.

Paanyc mapa K; Gyaer Goabmum, ecau f(¢;) > f(c,), u mansim B obmnacrax, rae f(¢;) ~
~ f(c,). Brarogapst 3ToMy BO3MOKHO HEPABHOMEDPHOE TIOKPBITHE MHOXKECTBA P mapaMu pas-
JIMYHOTO PaJuyca.

Ecau, nomumo (9), seinosnueno yceaosue suna ||f'(z) — f'(2)]1 < M|z — 2|0 1 0 ecTb
CKaJIsIpHOe Tpou3Bejierne BeKTopoB f'(¢;) u & — ¢;, To

f@) = fle) 2 0 = M|z — ¢l = —llz = cil| - [ f'(ci) ]l = M|z — cil|2
O6beaunsst 310 ¢ (10), moxydum, 9T0 MEHOPAHTON Gy/eT
g(ci, ) = f(c) = llw — afl - min{L, | f'(c) [l + M|z — il }-

Bo3moxkHBI ipyrue crocodbl onpe/ieeHnst HuzKHel onenkn (GpyHknn f.

3. AaropuTMm mocJie[0BaTeIbHOIO0 MOKPBITUS

[Ipu nmporpammHuOil peajn3aiyy MeTO/la BBOJSATCS JIOTOJHUTE/IHHBIE YIPOIIAIOIINe TPe/I-
nosioxkenus. CauraeTcs, 9TO JOMYCTUMOE MHOXKECTBO P — 3TO n-MepHBIN MapaJuiesenumne]] ¢
rpaHdMU, NapaJsleIlbHBIMUA KOOPJIUHATHBIM IIJIOCKOCTSIM:

P={zeR" a<az<b}.
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31ech I HEYKe HEPABEHCTBO a < x o3HavaeT, uTo ¢/ < 2/ n1a Becex 1 < j < n.

B mporecce pacyeToB HCIOIB3YIOTCS BCIIOMOTATeIbHBIE BEKTOPHI a;, b; € R™ 1 mopoxk 1aeMblie
UMH IIPAMOYTOJIbHBIE MapaJlIeIeluIe/ bl ¢ IPAHAMEI, HaPAJIEJTbHBIME KOOPIMHATHBIM ILJIOCKO-
cram: P={z e R" :a; <z < b;}.

Bynem caurars, ato Bce BekTOphl a; > a u b; < b. Takum 06pasom, Bce MapaJLIe/emue /bl
P; C P. B kauecTBe TOYEK ¢; OepyTcs MEHTPHI HapaJsuieenuieaon F;:

o =(al+b)/2, 1<j<n

BekTop riaBHoii auaronanu d; napasienenunena P; umeer komnonents d = b —al, 1 <
<j<n

Cuuraem, uro dbyuknus f yaosiaerBopser yciaosuto Jlummuna (9) Berogay ua P ¢ oxHoil n
Toit e Koucrautoit L. Bocnonssyemes munopantoit (10). O6o3uadum

L ; L
yi = ming(ci, x) = f(e;) — 5 max || = fler) — 5 [l dilleo- (13)

Eciu y; > R, — €, 1o napautesienune]; P; MoxkeT ObITh MCKJIIOYEH, TaK KaK IJI00ATbHBII
MHHUMYM Ha HEM He JlaeT YJIydlleHus TeKyliero pekopja IR, 6ojiee dyeMm Ha €, U MOUCK IPO-
Jo/Kaercst Ha MHokectBe P\ P;. B niporusHom ciyuae eciu y; < R, — &, TO napaJiieienumne;n
P; nenwrcs momnosiaM o MakKCHMaJIbHOMY pebpy M IOUCK BejeTcs Ha 3TUX JBYX dacTdax. Ecin
TJIaBHbBIE JINATOHAM OTHOMN wiu 00enx yacreil MeHbine, uem 2¢/L, TO 3TH Y4acTH UCKIIOUYAIOTCS
u3 00JIaCTH MOMCKA. B meHTpax ocTaBmuXcs dacreil Buuncagorcs 3uadenus f(z). Ilpu sTom,
€CJT BO3MOKHO, Y/Iy9IIaeTCs PEKOP/I U MPOBEPSIeTCs YCJIOBHE MOKPbITHst 00enx dacteit. Yacru,
KOTOPbIe OKa3a/JUCh MOKPBITHIMU, UCKJIIOYAIOTCH u3 obJjiacTu noucka. Ecym obe dactu MCKJIIO-
YeHbl, TO P, UCKJI0YeH, ec/iu HeT, TO IPOJI0/IzKaeTcs JasbHeiilnee Je/leHue 0 TeX IMOpP, IHOKa
napaJiesenune]; P; He Oyaer MOKpbIT. BO3MOXKHBI camMble pa3sHOOOpa3HbIe CIIOCOObI MOKPBITHS
napaienenunena P. B [3], manpumep, ¢ ToMoIbio peKypCcuBHBIX mpoteayp Ha s3bike AJITOJI-
60 pea/in30BaHO TOC/IOIHOE MOKPHITHE. DTOT BAPUAHT UCIIOJIB30BAJICS IS PEIIEeHUsT 3a/1a4 TJ10-
GabHOM onTuMu3anuu B cirydae, korga n < 15. Huke, caeys |4], ast mokpeitust P nipuMennm
MeTOJ, BeTBeil u rpanui. AHAJOIMIHBIA IOIXOM /s 33129 PAHIEBOIO THIIA HCIOJIH30BAJICI B
[7].

C kaxapiM napasuienenuneom P; csxkem Habop S; = (¢, d;, y;). COBOKyIHOCTH HAGOPOB
S; JUIst Bcero Habopa HEIOKPBITHIX HapaJuiesenuie o By, OyjieM Ha3biBaTh CIHCKOM HAaDOPOB
u obosnadarh S = {S1,5,,...,S,}. Bamucs S = ) osnavaer, uro cnucox S mycr.

B chenyromeit hopmynuposke anropurma Oyksa k Oyaer 0003HAYATH TMOPSIKOBBI HOMEP
UTepanyuy OCHOBHOIO IUKJIA.

Haganpubie onepanun. [lojoxuts k =1, m =1, P, = P. 3agars € > 0, L u nHekoropyio
TouKy o € P. Borancauts ¢1, dv, f(e1), f(zo), y1, 2 = /L, R = min{f(c1), f(z0)}. Tomoxurn
Nl(l) = {1}, Bf) = {P}, S; = (c1,dy,y1), S = {Si}. Ecam R = f(ey), 10 B Kauecrse
PEKOPAHOMN TOUKHM B3SITh ¢, MHAYE — TOUKY To. Beam y; > R — €, T0 3aKOHIATH padory.

OcuoBHoit nukJ. [ToropsTs creqyomue marn 1-5, moka S*) # (), T. e. 10 Tex mop, moxa
MHOKeCTBO P He OyJeT MOJTHOCTBIO MOKPHITO.

1. U3 tekymero nabopa mnapaJuiesienune/ios B
KOTOPOTO

k
ﬁn) BbIOpaThH TOT napaJuienenune)i Ps, s

= min ;.
Ys 1§i§my’

2. B nmapamtenenunene Py oupeaennTsh ¢ — HOMep HanbOJbIIEro pebdpa:

d, = max d’.
1<j<n
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3. Pazgenuth napasienenunesn Ps momosaM 1o t-ii KoopamHaTe, MOPOIUB TEM CAMBIM B
HOBBIX mapasuietenunena P u P, VIX meHTpsl 1 riaBHble aunaronann obosuaunm ¢, d u ¢ , d
coorBercTBeHHO. VIcKaounTh nmapaJienenumne Py u3 Habopa Bgf), y1a/UuTh HAOOP S U3 CLIUCKA,
S®) 1 nomoxkurs m =m — 1.

4. Boraucanrtn

R =min{f(¢), f(¢)} (14)
u, ucnonnsysa (12), onpenemurs ' = f(c/) — Ld' /2,y = f(c') — Ld" /2.

Ecin R > R®, 10 nonoxurs R*) = R®_ Eemm ¢ < R*D — ¢ u d' > 22, To BKIIOUATS
S' = (c,d',y) B cimcok maGopos u mosmoxuTs m = m + 1; ecom y' < R*) —ecud’ > 2, 10
srmounts S = (¢',d’,y") B cimcok HAGOPOB U MOIOKUTE M = M + 1.

Eciu R < R®| 1o monoxurs R*tY = R. B kauecrBe peKOpAHOH TOUKH %, B3STh Ty W3
ToueK ¢, ¢ , B KOoTOpO# pocruraercsa MunuMmyM (14). Kaxapii nabop S; u3 {S;}i<icm, ya0BIe-
TBOpsIoNHil yeaosuio y; > R*HY) — ¢ pexmounts u3 sroro cmucka. HoBwlii crmcok HAGOPOB
{Si1, Si2, - -, Sim} mepenymepoBarh u oboznaunts SEHD = {3 .

5. llosoxurs k =k + 1.

3ameTnM, 9TO IJIaBHAS IUATOHAJB Mapa/lIeenunesa, Moy YeHHOr0 OMUCAHHBIM JIPO0/IeHN-
eM, He MeHble, yem 2¢/L. C ydyeroMm 310ro hakra HECJI0KHO JOKA3aTh, YTO UMEET MECTO

Vreepxkaenne 2. [Iycmo 6 sadave (1) pynryua f ydosaemsopsem ycaosuro Jlunwuya
¢ koncmanmot L na n-meprom npamoyzosvrom napaasesenunede P. Tozda onucarnwvid anzo-
PUMM 30 KOHEUHOE YUCAO BuMUCAeRUT 3naveruli gynrkyuy [ onpedeasem pexoponyio mouky
x, € X;.

[Tocsie 3aBepiieHns: pacyeToB MHOXKeCTBO P OyjieT MOJHOCTHIO MOKPHITO TMapaJLieennieia-
mu P, a pekopjHast Touka x, Oymer e-perennem 3agadn (1). MoKHO MCMOIh30BaTh ApyTHe,
OT/IMIAIONIHEeCd OT YKA3aHHOIO Ha Imare 1, mpaBmja BBIOOpa mapasiieenunesa U3 TeKyIero
Habopa. YKaxKeM CJIeJyoIlie 1Ba MpaBuia;

e BLIOpaTh TOT MapaJsuieenuies F;, KOTOPBIii ObL BKJ/IIOYEH MEePBLIM B TeKyIIuii Habop
apaJsLIeeIie10B;

e BLIOpATH TOT MapaJuiesenunes Py, KOTOPBIil ObIT BKJIIOYEH TOC/IEIHUM B TeKyIuii Habop
napaJiiesenuie/10B.

Pabory onmcannoro ajropurMa CyIHeCTBEHHO YCKOPSIOT ITPOIEILYPhl JIOKAJIHHOIO MOUCKA,
SKCTpeMyMa. B mpuBeIeHHBIX HUZKE pe3y/IbTaTaX pacueToB s JIOKAJbLHOI'O IMOMCKA HCIIOJIb30-
BaJICSI METO/T CONPAXKEHHBIX T'PAUEHTOB C Ollepaliueil MpoeKTUPOBAHUS Ha MapaJienenumnes P.
[Iporpammuas peanm3arus ObL1a ocytiectiaena H.U. ['padeBbim.

[IpuBeieHHBIl AIrOPUTM MOYKHO MHTEPIIPETHPOBATH KAK METOJ BeTBeil u rpanui |7):

e Ha mare 1 ocyImecTB/IgeTCa BIOOP MHOXKECTBA /I BETBJICHHUSI;
® Ha IIare 2 peajau3yeTcs MPaBUJIO, OIpPeesioniee crocod BeTBICHUST,
® Ha Irare 3 BBHINOJHSIETCS BETBJICHUE;

1’
e ua mare 4 mo popmy.ie (13) BEIYUCIAIOTCSA ONEHKH Y, 3, OTBEYAIOIINE HOBBIM MHOYKECTBAM-
KaH/UaTaM JIJIsl BETBJICHUSI, BBIIOJIHSIETCs Tepecder pexopaa R u npoussBoaurcs (eciu
PEKOD/JL YLy dIlIeH) OTCEB MHOXKECTB, KOTOPbIe MOI'YT OBITh HCKJIIOUEHbI U3 00IaCTH MOUCKA.



Ha kakgom mmare ommcaHHOTO BBINIE METOA OJUH IMapasuieenules] U3 TeKyIero Hado-
pa pazbuBaeTcs TOMOJaM Ha JBAa HOBBIX MO HAHOOJIBIIEMY PeOPY IJIOCKOCTBIO, TMapaJLIeHbHON
KoopjuHaTHO#. [Iponecc 10JI0BUHHBIX Jie/IeHUiT 11apaJljie/IelnuIie/[0B MOXKHO UHTEPHPETUPOBATD
KaK pOCT JIBOMYHOrO JepeBa (puc. 1). Beprumnam jepeBa cOOTBETCTBYIOT NMapaJliesenuiieibl,
MoJIyYeHHbIe B pe3yJibTare pa3ouenus. yrn coeiMHSAIOT JaHHbIN apaJuiesenune]] ¢ mapaJiie-
JIeTIIe/IaMy, TOJIy4YeHHBIMU U3 Hero B pe3yJbTaTe JeJeHHs.

P

R F.

Puc. 1. /lepeBo BeTBIeHUA /s MeTO/Ia HEPABHOMEPHBIX MOKPBITHIA.

[TapaJuteenume b, OTBEYAIONHe KOHIEBbIM BepimHaM ( Py, Pio1, Pio2) nepesBa, 00pa3yioT Te-
KYyIIuii Habop mapaJsiesenuinenos. HeKoTopele KOHIEBbIe BEPIIIMHBI MOTYT OBITH HCK/IIOUEHBI U3
9TOr0 HabOpa COIVIACHO HPABUIy OTCeBa (CM. mar 4).

Panu kparkocTn Oyaem majiee Ha3bIBATH TEKYIIHiT HAOOD MAPAJLIEIENUTIEI0B MYJIOM, a J1eii-
CTBHSI OCHOBHOTI'O IIMKJIa, OMUCBIBaeMble IaraMu 1-5, — ureparueii.

4. OnmcaHue NMapayIeJIbHOTO aJropuTMa

['maBHas mgest nmapaJsjie IbHONO aJIrOPUTMa COCTOUT B TOM, YTOOBI BHITIOJIHSITH UTEPAIUN Ta-
paJIesIbHO, C MEePUOIUIECCKUM OOMEHOM PEeKOpJaMu H IepepacipejieeHueM 00/1acTeil moucKa
MezK Iy mporieccopamu. s mapasiebHOro BBIIOTHEHNS HTepaIuil HyzKeH crocod pacipe/e-
JIEHUS TapaJljiesIelne/I0B U3 MyJ10B MeK/ly HPOIeCCOPAMU.

Cuavajia pacCMOTPUM BapUAHT aJITOPUTMa, B KOTOPOM OTCYTCTBYIOT HepeIadu mapaJsiiesie-
MUTIE/IOB U3 OJIHOTO MyJia B Jpyroii. [Ipeamnosoxkum, 4To jijisd pacdeToB UMEETCs P MPOIECCOPOB.
[Ipocreiimuii BapuaHT pacrapaJijie;JABaHUus COCTOUT B CJeyIoleM: pa3odbeM P Ha p dacTeii,
nosiyanm Habop napasuienenune1os P, yaosiaersopsionuit yeaosuto (3). Kaxaprii i-it napasiie-
JIETTUTIe T TTepeaanM i-My mporeccopy, 1 < ¢ < p. KaxKaoMy i-My TpoTeccopy AaJuM 3aTaHue:
UCIIOJIB3Y S TOC/IeI0BATE/IBLHBIM aJTOPUTM, OITMCAHHBIN B IIPEJbIIYIIEeM pa3/iese, HallTh Ha MHO-
kectBe P; rmobansubiit Muanmywm dyukmun f. [Tocae Toro kax Bce mpoIeccopsl BBITIOTHST 3TO
3a/[aHue, BbIOEpEeM HAWIYUIINNd U3 HMOJYYEHHBIX P PEKOPIOB. DTOT PEKOPJ OYIeT e-pelreHueM
UCXOHOMU 3aa49n. [[puBaekaTebHa aITOpUTMIYECKasd MPOCTOTa TAKOTO MOAXoaa. Bmecte ¢ Tem
OH MMeeT PSJI CYIIEeCTBEHHBIX HEJOCTATKOB. Y KayKeM WX.

e Bpewmsd cuera Ha pa3JUYHBIX MIPOIECCOPAX MOYKET CHJIbHO OTJIHYaThcd. B pesynbrate TH-
MUYHON SBIIETCI CUTYalnd, KOIJAa OJHU ITPOIECCOPhI OBICTPO 3aBEPIIAIOT PACUETHI, a 3a-
TeM HPOCTAMBAIOT, TOIJIa KaK JIpyI'ue, HAIIPOTUB, IIOCTOSHHO 3aHAThl pacueraMmu. Bpems
cUeTa ONPEJIE/ISeTCs TeM IIPOIEeCcCOPOM, KOTOPBIH paboTaeT JI0JIbllle BCeX.

e I13-3a orcyTrcTBus oOMeHa mHMOpPMAIHeil MoTyUeHHbIe PEKOPIbl He MepeIaloTca IPYTHM
IIPOIECCOpaM, TeM CaMbIM YIIYCKAeTCsl BO3MOYKHOCTH YCKOPUTH PAaCUYeThI.



[ ] OTCYTCTByeT BO3MOZKHOCTD IIOAKJJIIOYUTDL IIPOCTadBaIOIIUE IIPOMECCOPLI U PA3rPY3UTh 3a-
HATBIC.

PaccemorpuMm BapuaHT nmapaJiielbHOrO aJropuTMa, B KOTOPOM HEPUOIHIECKHI OCYIIeCTBIISeT-
cs1 OOMEH peKop/IaMHi | Tiepepacipe/iesieHne o0gacTeil moucka MexK/ Iy MporeccopaMu B MPOIECCe
cuera.

[TycTh uMeeTcst HEKOTOpasi HauaIbHas MOCJAeJI0BATEbHOCTL By, = { Py, Py, ..., P, } mapan-
JlejiertunieIoB P, npunaiekanux P, Hanpumep moCTpoeHHas B MpoIecce padOThl MOCJIeI0-
BaresibHOro airopur™a. Ilycrs N, = {c1,¢o,..., ¢y} — HOCIEI0BATENBHOCTD TEHTPOB STHX
napaJuienenuneoB. Ilycts o (4) BBIYUCIEHBI TEKYIHil pekopia R, W Tekyiias peKopaHas
TOYKA T;.

Criocob pacnpesesennsi paboTbl MEXK/Iy HPOIECCOPAMHU TECHO CBS3aH C BHIOOPOM €JIMHUIIHI
paboTsl ajroputva. B KadecrBe euHUIBI pabOTHI ONPEJIE/IUM BBIYHCIUTE/IHHYIO paboTy, CBs-
3aHHYI0 ¢ (Q-KpaTHBIM (() > 1) BBITIOJIHEHWEM WTEPAINH TOCIe0BATEILHOTO AJITOPUTMA.

[Iycth moMuMO p = m pabovyux MPOIECCOPOB UMEETCs eIle OJUH MPOIECcCOop, HA3hIBAEMbIi
qucreTdepoM. Kak u panee, pacupeie/iiM MapaJiesenune bl HadaabHoro Habopa B, MexXIy
paboYrMHU POIECCOPAMH.

[Ipu BbIMOJIHEHUY UTEPAIMil TOCIEI0BATEIBHOIO AJITOPUTMA KazK bl pabouuii mporeccop
MOJIJIEPKUBAET CBOM MHIMBUIYAJIbHBIN TyJI. By/ieM roBOpuTh, 4TO HACTYNAET 3aBepIlieHue pado-
TBI TIPOIECCOPA, CJIH UM BBITIOJTHEHBI () UKJIOB MOCJIeI0BATEIBHOIO AIropuT™Ma (T. €. ¢jietano ¢
MOJIOBUHHBIX JIEJIEHNUIT) UM €CJIU €r0 WHIUBHIYATbHBIH 11y/T ¢Tas mycThiM. [Iporeccop, KOTopbiii
3aBepuinji pabory, coodniaer Juclerdepy cjeyione BeJIMYUHbL: YUC/I0 HapaJlieselnie/ 0B B
WH/IMBU/IYAJIbHOM I1yJIe, MUHUMAJIbHYIO OIEHKY ¥ JIJIsSI KayK/I0T0 U3 HUX U CBOI MH/IMBU Ly IbHbI
pekop (T. e. Jydiiee 3Hadenne GyHKIUN f, TTOJydeHHOE B XO/€ BBIYHCIEHNUIT). DTOT MPOIeccop
CTABUTCA B MOJIEPKUBACMYIO JUCIETIEPOM OUYepeb OyKUJIAIONUX IPOoTieccopoB. OKuTatormii
IIPOIECCOpP HA30BEM CBOOOHBIM, €CJIM €r0 WHINBHIYAIbHBIH MY/ IIYCT.

PacemorpuM MeTos KOMMYHHKAIIUH MexKIy mporieccopamu. Oomen madopMarmeii ObLT ObI
uJieaJIbHbIM, €CJIN KaXK/IbIil POIEccop cooOu/I Obl JIPYTUM O HAUJIydIIeM HailJIeHHOM peKop/ie,
0 KOJIMYECTBE UMEIOIINXCs MMapaJslieenuIe/IoB U O 3HAYEHUIX HUKHEH OINEHKH JIJIsd TmapaJiie-
JIEIIATIE/IOB B TEKYIeM HHIUBHUIyaJIbHOM HaOope. OJIHAKO CAUIIKOM YacTble OOMEHBI MEXKITy
IIPOIECCOPAMU MOI'YT HPUBECTH K UPE3MEPHOMY YBEJIUUYEHHIO KOMMYHHUKAIMOHHBIX PACXOI0B H
MOHUKEHUI0 3(P(HEKTUBHOCTH MapaIeTbHOr0 aJrOPUTMa B IEIOM.

B upejiaraemom BapuanTe ajropuTMa Kark/blil PONECCOp MOChLIAET JUCIeTYePy Hepeduc-
JIGHHBIE BBIIIIE JJAHHBIE B ACHHXPOHHOM PEYKUMe, T. €. He3aBUCUMO OT JPyr'ux mnpoieccopos. Ha
OCHOBeE II0JTy YeHHBIX JIAHHBIX JUCIETYep YIyUIlaeT peKop/ X 1 coobIaeT ero BCeM OzKUIal0NuM
IpoIeccopaM, KOTOpble OYIyT UCIOJIb30BaTh HOBBIII PEKOP/, JIjIsI OTCEeBa MapaJlie/eluIe 0B u3
cBOUX HaOOPOB. Jlucmerdep BBHISIBIAET CPEIN OKUIAIONINX IIPOIECCOPOB Te, KOTOPhIe COAepKaT
TOJIBKO OJIMH IapaJljie/Ielulie/l B CBOeM WHJIMBU/Yya/JIbHOM HAbOpe, U UM IIPUKA3bIBAET BbIIIOJI-
HATH OCHOBHOH mmkJj () pas, B3sgB HOBbII R B KadecTBe pekopja. TOIHO Takoil ke HmpuKas
MOy YaIOT JIPYTHE OYKUJIAIONINE TPOIECCOPHI, €CJAN B JIAHHBIN MOMEHT OTCYTCTBYIOT CBOOOJIHBIE.

Kak TosbKO jaucrerdep BBIABAUT CBOOOJHBINA MPOIECCOpP, OH CPEIN OXKHUIAMOIINX IMOA0epeT
eMy TapTHepa s IepeJadn MMapaJsuieenuneia ¢ MUHAMAIbHOW HUXKHeil omenkoit. Ilombop
TaKOU 1apbl 3aBEPIIAETCS JBYMS IPUKA3aMU: CBOOO/IHOMY HPOILECCOPY JIA€TCs PUKA3 HPUHATD
napaJijiesienume/; OT OZKHJIAIONIEro MPoIeccopa, a OKUJIAIONEMY — HepelaTh HapaJsljie/IeIuIe]
JIAHHOMY CBOOOJIHOMY.

Jlucnerdep 3aBeplaeT BBHIIOJHEHHE AJITOPUTMa, €CJIM BCe pabovune MPOIECCOPbl CBOOOTHEI.

B npemmaraemom anropurMe JacToTa OOpalleHHd IPOIECCOPOB K JIMCIETYEpPY 3aBHCHT OT
mapamerpa (). Kak Tonbko Haiigercs ¢BOOOMHBIN IMPOIECCOP, MPOM3BOIUTCS MepepacIpeee-
HUEe BIYUCUTETbHON paboThl MEeXK /Iy IPOIECcCOpaMu Iy TeM liepejiadn napaJuiesienuieaos. [Ipu



TaKoOi cxeMe OpraHu3aIuu padboThl IPOIECCOPDI BLIIIOJIHSIIOT aJITOPUTM aCHHXPOHHO, 0OMEHUBa-
sich nH(MOpMaIeil ToITbKO MpHu obpalleHuu K JucieTydepy. B pesyabraTe mporece BBIIOTHEHHS
AJICOPUTMA CTAHOBUTCS “HEJIETEPMUHUPOBAHHBIM ', T. €. 1OCJIe[0BATE/IbHOCTD OPOZKIA€MbIX I1a-
paJIIeJIeNUIIe IOB ¥ MOJIy9aeMOe PEIIeHNe MOT'YT OKa3aThCsl PA3JIMIHBIMU JIjIs PA3HBIX 3aI1yCKOB
OJHON W TOH Ke 33aTa4u (ﬂame MPU OJHOM W TOM Ke Habope HpoueccopOB).

OnuireM mapaJsiie/bHbII aJrOPUTM JI/Isd U3JI02KEHHON BBIIIE CXeMbl B3aMMOJICHCTBUA IIPO-
meccopoB. g obMeHa JaHHBIME MKy MapaJaieTbHBIMU HMPOIECCOPAMHU MPEJII0IaraeTcs uc-
1I0JIb30BaTh ABHYIO 1epegady coobuienuit. Coobiienue, nepegaBaemMoe 0T pabodero mpomeccopa
JIACTIETYEPY, COMep:KuT nH(MOPMAIUIO O 3HAYEHUSIX CJIEIYIONINX BEeJIMYNH:

® YKCJIO TAPAJLIEJICINIEI0B B TEKYIIEM IIyJIe;
e MUHMMAJbHBIEC ONEHKH Y JII BCEX HapaJlae/JelnuIe 0B TEKYIIero myJia;
e unuBHAYagbHBIH pekopa R = f(c).

Hucrierdep nochliaer paboduM IPOIECCOPAM CJIeYIOIIUEe COODIIEHU si-KOMAH/IbI:

work(Q, R) — Beinosinuth () pa3 OCHOBHOI UK, cunTasg R TeKynmm pekopaoM;

take(i) — HpUHATH HapaJsulesIeluIe]] OT IPOIECCopa i;

e give(j) — mepeaTh HapaJlIeaenune;l Ipoeccopy J;

finish — 3aBepruTh pabory.

Anzopumm das mpoueccopa-ducnemmyepa:

1. O6baBATH CBODOIHBIMEU BCe pabodme MPOIECcCOphl, KpoMe OIHOTO0, Hampumep p. O0b-
SIBUTH IIPOIECCOP P1 OKHJIAIONIUM M YKa3aTh, YTO B €r0 WHIUBHIYAJIbHOM IIyJie €INHCTBEHHBIH
napaJiieIenue) — UCXOIHbIi; NpuHATh pekopa R = f(xg), tie o € P — 3ajaHHasi HAYAIb-
Hasl TOUKA; MOJTOXKUTH OIEHKY ¥ PABHOII OIleHKEe UCXOIHOTO MapaJlie ennneaa, 3a1aTh mapamMeTp
Q> 1

2. IToka Bce mpoIeccopsl HE CTAJIN CBOOOJIHBIMHU, IIOBTOPSITH CJIeIyIoIne aeicTBust 3—6.

3. Ecyin HeT cBOOOMHBIX IPOIECCOPOB, TO KAaXKJIOMY OXKHUJIAIONIEMY JIaTh KOMAHIY work, a
CIIUCOK OXKHUJIAIONIUX OMYCTOIIHUTD.

4. Kax oMy O:KHIA0NEMY MPOIEccCopy ¢ eIUHCTBEHHBIM TapaJsiieenuneg oM B myie J1aTh
koMany work(Q, R) n yaajuTh u3 ClUCKa OXKHUIAIONIIX.

5. (Iluks BeIGOpa map MpoIeccopoB JJisl iepeadn napasuiesenunenos.) [loka cincku oxu-
JIAIONIUX U CBOOOJTHBIX ITPOIECCOPOB 00a HEMYCTHI, BRIOpATh CPeu OKHJIAIONIUX MPOIECCOp & C
MHHUMAJIbHOI OIEHKOI, & cpeJin CBOOOIHBIX — HEKOTOPBIN ITPOIeccop j U YIAJIUTh BHIOPAHHBIE
HPOIECCOPBI U3 COOTBETCTBYIONIUX CIUCKOB; OTTIPABUTH TIEPBOMY KOMAHJLY §ive(j), BTOPOMY —
take(i).

6. [IpuHATH MOCTyHAIOIIHE OT IPOIECCOPOB COODIMEHMST; 3aHECTU IMOCJIABIINI COODIIEHNEe
MPOIECCOP B CIMUCOK OYKUIAIOIINX MM CBOOOJHBIX B 3aBUCHMOCTH OT YHCJa TapasIeIennnen10B
B ero myJse. Ilepecunrarh TeKymnuit peKop/ ¢ y4eTOM JIAHHBIX, HOJYYeHHBIX OT IPOIECCOPOB.

7. Kaxaomy mpomeccopy (0HEH Bee ¢BODOTHBI) JaTh KOMaHmy finish.

Anzopumm das pabouezo npoueccopa:

1. TToka ne nocrynuia komanaa finish, BBIIOJIHATH jeiicTBus 2—4.

2. [TpuHATH OYepeHYI0 KOMAH/Y JUCHeTYepa.

3. Ecsn mosryuena komanna give(j) win take(i), T0 BHITIOJHATD €€ ¥ OTIIPABUTD JUCTIETIEPY
COODIIIeHNe O YUC/Ie CBOUX IAapaJslIesIeNuIe 0B I O MUHAMAIbHBIX OIEHKaX Y.



4. Ecin nostydena komauga work(Q), R), To BBIMOTHATH UTEPAIMA, TIOKA WHINBH/LYATbHbII
My HEIyCT W BBITIOJTHEHO MeHee () UTepaluii; OTIpaBUTh JUCIETIEPY COOOIIEHHe ¢ pe3yibra-
TaM#u PabOThI.

5. Eciim nosryuena komanga finish, To 3aBeprmth paboTy.

9. PGSy.J'IBTaTbI BBIYNCJINTEJIBHBIX 3KCIIEPMMEHTOB

JLJ1s1 9UC/IEHHBIX SKCIIEPUMEHTOB UCIOJIb30BAIACh (DYHKIIKS, OLPEJIE/ISIONIast SHEPIUIO aTOM-
HBIX KJjacTepoB Mopca, COCTOSIIMX U3 1 aTOMOB:

n—1 n
flanza ) =3 Y [(el’(l—ﬂm—xﬂ\) —1)’ - 1} ’

i=1 j=i+1

e p — CKaJIsSPHBIH mapamerp, x; € R® n xj € R?® — TpexmepHbIe BEKTOPHI KOOPAMHAT HEHTPOB
aTOMOB 7 U j COOTBETCTBEHHO.

3ajiava COCTOUT B ONpPEJIEIeHUN JTIEKAPTOBBIX KOOPAUHAT 1 ATOMOB TaKUM OOPa30M, UTOOBI
npu (pUKCHPOBAHHOM 3HAYEHUHN TapaMeTpa p 3HadeHHe (pyHKIUH f IOCTUraIo raodaIbHOrO
MuHUMYMa. Bejimuuna p npunuMalsiach paBuoii 3, 6 u 8, 4yucjio aromMoB KJiacrepa jocturajo 80,
MPU 9TOM YHUCJIO0 UCKOMBIX CKaIapHBIX mepemeHubix — 240. [Ipemmonarasocs, aro ¢pyukmnus f
yJIOBJIETBOpsieT ycjoBuio Jlunmmuia ¢ HekoTopoii koncrantoit L. Tak kak 3uadenue L anpuopu
HEHU3BECTHO, TO JIeJIAIOCh HECKOJIbKO pacdyeToB: BHada/e ¢ HEOOJIbIINM 3HaUYeHHeM L, a mocie
HaXOXKJIEHUsT HEKOTOPOTO peKopja 3HadeHue [ MOCTeleHHO YBEJTHYNBATIOCH TaKUM 00pa3oM,
4100BI BpeMs cueTa ObLJIO HPUEeMIEMbIM.

Jlst pacueroB MCIOIb30BaJICA BbhIUMCIUTENbHBINH KoMIIeke MVS15000 MexpegoMcTBeH-
HOTO CYNEePKOMITBIOTEPHOTO TieHTpa Poccuiickoil akagemnn nHayk [6]. Pesyabrarsr BeIYuCIH-
TEJIbHBIX SKCIEPUMEHTOB COIMOCTABJSINCHL ¢ pacdeTamu, npusejgennbiMu B Cambridge Cluster
Database (6a3e JaHHBIX O ATOMHBIM KjaacTepam KeMGpuKa).

Crpykrypa Kjaacrepa jyid 25 arOMOB npuBe/ieHa Ha puc. 2. 3HadeHus p Opajuch PaBHBIME
3 u 6. Pesysbrarsl pacderoB ¢ OOJIBIION TOYHOCTHIO COBHAJM C PE3yJIbTATAMU, TPUBEICHHBI-
MH B ynoMmsHyToit 6a3ze. MakcumasibHoe 3HaUeHne KOHCTAHTHI Jlutmiuia 0610 26, 3, TOYHOCTD
e = 0,1. B onpejesenun JI0mycTUMOr0 MHOXKecTBa P Bce 3J1eMeHTBhI BEKTOpa a Opajiuch pas-
HeiMu —2, 1, a BekTopa b — paBubiMu 1, 5. I JIOKAIBHOTO MOMCKA UCIOJIbB30BAJICS METOI CO-
NpsizKeHHBIX TPaaneHToB. Bo Bcex caydasx pacueTbl HAUMHAIICH C OTHOI 1 TOi »Ke HavaIbHOIM
CTPYKTYPBI KJIacTepa.

Puc. 2. Crpykrypa kiaacrepa (n = 25, p = 6).

3aBUCUMOCTL BpeMeHHU c4eTa OT mapamerpa () IOKa3aHa Ha PHUC. 3 IPH HUCIIOJIb30BAHUH
Pa3HOI0 YucJja NpoueccopoB. Pacuersl mokasa/iu, 9TO HaUMEHbIIee BpeMs CYeTa JOCTUTaeTCH,
ecan 20 < @ < 40.
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8 16 32 64 512 1024
Mapamerp ()

Hucno ucnonesyeMeix Npoyeccopos

| ——4 838 —&—10 ——16 ——20 —8—40 ——80 — 100 |

Puc. 3. 3aBucumocTh BpeMeHH cueTa OT mapamerpa ().

3aBUCHMOCTH BPEMEHHU CYeTa OT YHCJ/Ia MPOIECCOPOB p nokazana Ha puc. 4. s kaxioro
YHCJIa TPOMECCOPOB OBLIO B3SATO HAWJIYUIIee 3HaUeHne mapaMerpa (), onpeaesnsiemoe puc. 3. 113
9TOTO PUCYHKA CJeJyeT, YTO BpeMs CUeTa COKPAIIAeTCs NPU YBeJUUeHUU YHCJIa MPOIEeCCOPOB
1o 20. llpu nanpHeiineM yBeJInvdeHUH YHCJIa TPOIECCOPOB BpeMs He YJIydIllaeTcs M3-3a YBesu-
YeHUs TPOCTOEB, HEPABHOMEPHOCTH 3arPY3KH MPOIECCOPOB M HAKIATHBIX PACXOJ/IOB, CBIA3AHHBIX
¢ KOMMYHUKalMOHHbIMEU OOMeHamu. [Ipu p = 4 Bpems cuera t = 154c, upu p = 20 — t = 15¢.

180
160
140
120
100
80
g0
40
20

Bpema, ¢.

4 g 10 16 20 40 1] 100
Yucno npougccopos )

Puc. 4. 3aBucuMocTh BpeMeHH cUeTa OT YHCJa MPOIECCOPOB.

Pucynok 5 1okasbiBaer, BO CKOJIbKO pa3 110 CPABHEHUIO C YeThIPbMs IIPOIECCOPAMU YCKOPSi-
eTCs cUeT NpU YBeJUYeHUH 4ucja nporeccopos p. Tak, npu p = 10 gocruraercs JByKpaTHOE
yckopenwue, a npu p = 20 — JecaTHKpaTHOE. JTO YCKOPEHHE MOJIYYAeTCs 33 CYeT 3HAYUTEb-
HOTO COKPAIeHHus YUCIa MapaJieJIeNuneoB B IMyJ1aX U 9acToro oOMeHa MeyKIy MpOoTeccopaMu
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nndopmatmeit o Tekymem pekopae. Ho xkoraa qmcsio nporeccopos npesbimaeT 40, mpoucxoauT
3aMejJIeHne cueTa U3-3a YIOMSHYTHIX BBINTe HAKJIAIHBIX PACXOJIOB.

12
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OTHOWEHE
(7]

4 a 10 16 20 40 a0 100
HUncno npoueccopos P

Puc. 5. 3aBucuMocTh CKOPOCTH CUY€TA OT YHCJIA MPOIECCOPOB.

Pucynok 6 mokasbpiBaeT 3aBHCUMOCTH YHC/Ia BCEX MOPOXK/JIEHHBIX B IPOTECCE cUeTa IapaJi-
JIeJIeTTUIIeI0B OoT 4uc/ia nporeccopoB. [Ipu p = 100 3To yucsio npeBocxoamao 200 000.
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“Yucno npoueccopos P

Puc. 6. 3aBucumocTpb 1unc/ia napaJiiesenuiie/ioB OT 9uc/ia MPOIEecCOPOB.

s cpaBraenust 3(PEKTUBHOCTH JIBYX PA3JIMIHBIX BBIUUCANTE/THHBIX KoMIiekcoB MV S6000
u MVS15000 KaxKablif 13 HUX UCIOJIH30BAJICA /sl PACI€TOB ONTHMAJILHON CTPYKTYPBI KJacTe-
pa, comepzxkainiero 80 aromoB. B oboux ciaydasx jjs cdeTa 3aKa3bIBaJoch 1Mo 50 MpOIeccopoB.
MaxkcumasibHOE BpeMsl cueTa OrpaHHYHUBAJIOCH BOCEMbIO YacaMH. BBIT HCIOMB30BaH OJTMHAKO-
BbIIT HAOOP mapamerpoB ajropurva: € = 0,01, n = 240, p = 3, L = 1, 28. Ha Bbraucanre/ibHOM
koMmiuiekce MVS6000 6b110 nmocrpoeno 70499 napasuiesnenunenos u nojaydeno f, = —690, 578,
T. €. OBLJIO JOCTUTHYTO 3HaUYeHHe, YKa3aHHoe B KeMOpu/zKCcKoil Oa3e JaHHBIX KaK ONTHMAJIb-
noe. [Ipuyem sTa BemmumHa ObLaa mosydeHa depe3 5 14 20 muH. Ha BTOpoM BBIMHCIHTETHHOM
komiLtekce 1depe3 5 1 20 muu. Ha BTOpom BBIUmcauTenbHOM Kowmintekce MVS15000 3a 8 q
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JIOCTUTHYTBII pekop1 coctaBu Jininb —686, 306, KoMILIekc padboTa MeHee IMPOU3BOIUTETHHO,
IIOCTPOUB TOJIBLKO 28653 mapaJuiesenune/10B. TakuM odpa3oM, I JAHHON 3a7a49i 00beM BbI-
YUCJIUTEIbHONW paboThl, HPOBEJIEHHON EPBBIM KOMILIEKCOM, OKa3aJicsd B 2,5 pasa 00Jibliie, yeM
BTOPBIM, BCJIEJACTBHE Yero yAaJ0Ch MOJYYUTH 0OJiee TOYHBI OTBET. 3aBHCHMOCTH BEJIUIHHBI
Af(x,) =|f(x,) — fi| o1 Bpemenu cuera Ha 060MX KOMILIEKCAX MPHUBEJIEHA HA PUC. 7.
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Puc. 7. Bpemsi cuera Ha JIByX BbIYHC/IUTE/JIbHBIX KOMILIEKCAX.

6. 3akJrodyeHune

Onucanuplit B JIJAHHOIN CTaThe MMapaJlJIe/IbHbI BADUAHT METO/a HEPABHOMEDHDIX IOKPbITHI
[I03BOJISIET IPOBOJAUTH IJI0OAJBHYIO ONTUMHU3AUIO JUIIIUIEBLIX (DYHKIHIT B CJIy4ae HEBBICOKOI
pasmeproctn (10 200 nepemennbix). Ha adbdekruBHOCT pacnapauieimBaHus OKa3biBaeT Cy-
IIECTBEHHOE BJINSHIE He TOJHKO BbIOOD 3HaYeHul KOHCTAHTHI Jlummmuna L u napamerpa @ (cm.
paszjen 4), HO U 3ajlaHue CTPATerdd MOUCKA TI00ATBHOTO ONTHMYMA.

[IpeamoxKeHHBIIT METO/T TAPATLIETHHOTO TJIOOATHEHOTO TIONCKA MOYKHO TIPUMEHSATDH K PEIIeHHTO
3a/la49 MHOT'OKpHUTEepuaJ/bHoil ontumusanuu. Haunbosiee mpocToit criocod cocTouT B UCIIOJIB30BaA-
HUU Pe3yJbTaToB paboThl [8]. DToT MeTo/ TakKe IePeHOCUTCsT HA OTHICKAHUE PellieHuil 3a1a9u
HOKCKA TJI00aJIbHOI0 MEHHMAKCA AHAJOTHIHO TOMY, KakK ObLI0 ciesnano B [9]. Kpome Toro, ero
MOZKHO HCHOJIB30BATh JJIsI MUHUMI3AIAN JANIIUAIEBBIX (DYHKINN TP JOMOTHUTETLHOM TPedo-
BaHUW TEJOYUCTEHHOCTH BCeX WJIN HEKOTOPBIX KOMIOHEHT BEKTOpa Z.

ABTopnl BeIpazkator 6aromapuocts corpyanuky BII PAH A.4. BensukoBy 3a obcy:kaeHne
CTaTbHu 1 CACJIaHHbIC IIOJIE3HbIC 3aME€YaHUud.
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