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AJTOpUTM KOMOHHATOPHOW ONTHMH3AIMNWH CTPYRTYPHI JOTHYECKHX
CBsI3eil JleleHTPAJIM30BAHHOH CHCTeMbI

lipeonosicena popmansras MmameMmamudeckas Mooelb  3a0aui  ONMUMUAYUY
CPYKMYpLl  To2udeckux cedasell Odeyenmpanuzosannol cucmemsl. Iloxaszano, umo
ONMUMURAYUA NO3EONAE HOMVUUML CMPYKIYPLL dhhexmusHvie ¢ MOUKU 3peHus
3QMPam HA Peanu3ayii NOZUHECKUX ONepayuli 6 300aHHOM CemesoM OKPYICEHUIL.
Paccmompenoi munuyHie ocpanuiens, RO36ORAIOWIUE  2APAHMUPOCAING
MacimabupyeMocms U GbICOKUE  HOKA3ament  YCmotuueocmu  cucmemst  npu
HeOOHOpOOHOI Hazpyske. llposedeHa OWeHKa CROMCHOCMY 3a0aui U NPEONONCEH
SEHEMUUECKUTE QNZOPUMM HAXONCOESHUA NPUOTUICEHHOZ0 PelieHl .

K/moueBble c/IoBa: [JeIEHTPAIM30BAHHBIE BLIUMCIUTEILHLIC CHCTEMBI, OBEpJICHHAs
CeTh, CINEKTpabHasi TeopHA TpadoB, KBazHOMHOpOjaHbIe ceTH, JlannmacwaH rpada,

reHeTHUSCKHH aJIroOpuT™M

BBenenne

3amauy TOBBIMICHHUS TIPOUZBOJINTSIBHOCTH BBIUYHCIHTSALHBIX cHeTeM (BC) mnpu
pEIeHUH pasIuIHbIX 3a7a9 00paboTKH JIAaHHBIX BCET/Ia OTHOCHJIMCH K UHCITY OCHOBHBIX.
Panee THNHYHBIC pEIMICHHS IO TMOBBLIMCHHIO OBICTPOACHCTBHS M OpTaHH3AIlHH
BeIgucIcHEE BC OBITH CBSA3aHBI ¢ YKPYNHSHHEM H YCIOKHSHHEM KOHCTPYKTHBHBIX
KOMIIOHEHT COCPEOTOUSHHBIX CHCTEeM: MOBBINIEHHEeM palouuxX YacToT AalMapaTHOH
JIOTHKH, paciiHpeHdeM o0beMOB oOpalaThiBaeMBIX W XpaHMMBIX  JIAHHBIX,
HCIIOJIL30BAHUEM YVHHKAJBHBIX TEXHOJOTHH MHKPONICKTpOHHKH. B mociaemaHee Bpems
PEKOPABI IO TIPOH3BOAUTEILHOCTH CTATH JSMOHCTPHPOBATE CHCTEMBI, OOBETHHSIONIHE
TEPPUTOPUAIILHO W OPraHM3aIlHOHHO pactipeneniennbie BC. AkTvaisHOCTH nipuoOpenu
opraHWzaIusl BbIYMCIICHHMH W o00paloTka JIaHHBIX B pas3lIHUHBIX CeTeBbix (grid-
CHCTEMBI), OJHOPAHTOBBIX (peer-to-peer), W «oOMauHBIX» BBHIYHCICHHAX (cloud
computing).

C.]'IeJ_IOBaTeJ'IBHO, TOPH30HTAJILHOC MaCI_HTa6Hp0BaHI/Ie, SaKIMIOYAI0MCC CA B
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oObe TUHEHUH BBITHC/IHTEITBHBIX KOMITOHEHT, YIIPABJSIeMBIX pasTTHIHBIMH
ONCPAlHOHHLIMH CHCTEMAaMH, SIBISICTCSI BAKHBIM M aKTyaJbHBIM IIOJAXOAOM B
o0ecleUeHHH BBICOKOH mpom3BoguTeNbHOCTH. C TOUkM 3peHHs CcIpvKTypel BC,
TOPH30HTATILHOS MacTabHUpOBaHHe TOJApasyMeBaeT Nepexo/l OT IEeHTPaTU30BAHHBIX
ApXUTEKTYp K paclpe/elieHHbIM, H B JaJbHEHIIeM K JIeIeHTPAJIH30BaHHbBIM.
HeoOxoqumMo OTMETHTh, UTO HCMONB20BAHHE JICICHTPATM3OBAHHBIX ApXHUTCKIYD
0OVCIIOBIIGHO 2HAYUTSIHHBIM VCIOMKHEHHEM (B BHIY OOJBIIOTO YHCHA KOMIIOHEHT)
[EHTPATU30BAHHOTO COTIPOBOK/EHHS MTOJIHOHW HH(OPMAITHH O CTPYKTYpe cUcTeMsbl [1].
B o00o0mieHHBIX apXUTEKTYpax TaKUX [JeLEHTPAIH30BAHHBIX BhIYHCIHTENIBHBIX
cucteM (JIBC) cTpykTypa JOTHUSCKHX B3aUMOJCHCTBHM KOMIIOHSHT BeChbMa
JUHAMAYHA, ¢1ad0 3aBUCHUT OT CYMSCTBYIOMESH CeTeBOM Cpebl U 2HAUUTSIHHO BIHAST
Ha YCTOMYHBOCTH W MPOM3BOJHTEILHOCTE paboThl cHcTembl. CliefloBaTelIbHO, TakKue
JIOTHUECKHE CTPYKTYPhI YacTO TPECTABISIIOT cOO0H aKTYAIBHBIH H CAMOCTOATEIIbHBIH
OpeIMeT HCCACJOBAHHS W ONTHMH3AIMHM. B  YacTHOCTH, H2BECTHBI CTPATCTHH
JeTaIN3aIliH TIePerpy KeHHLIX YUACTKOB JOTHUYSCKOH cTpyKTYpHI [2]. B [3] paccmoTpen
crocol a/lanTaluy JOTHYECKON CTPYKTYPhI K 3aBHCHMOCTSIM XpAHUMBIX JIAHHBIX, B [4]
npeuioskeHa  oboOmenHass  cTpaterust OamaHcupopanust Harpyskn B JIBC ¢
JUHAMMYECKOH  CTPYKTYpOoH.  YKazaHHBIE  HCCISJOBAHHS  OCHOBLIBAIOTCS — Ha
pAcCMOTPEHHH HEKOTOpPOM CceTH JIoTHYeckux Biammogciicteuii B JIBC [3] =
OPENoIaraloT pa3paboTKy JISTICHTPATIH30BAHHLIX CTpATeTHH ee ONTHMH3AIMH, YTO H

coCTaBIsIeT O0bEKT PacCMOTPCHHS ,HaHHOﬁ pa60TbI.

KBa3unojHopo/iHbIE ceTeBble CTPYKTYPbI

B nanepnelimem Ui ONTHMH3AIMKA CTPYKTYPHI JIOTHYeCKHUX B3aumojehcTeuil JIBC
OyleM HCIOJIB30BaTh COOTBETCTRYIOMHE MpeAcTaBiIcHUS Ha rpadax. llpu zamanHoi
CPEIHCH CTCICHH CBAZHOCTH TIpadoB H3BECTSH P METONOB IMOCTPOSHHSA, KOTOpPHIS
MO3BOJISIOT OTPAHHYHTE CBEPXY CJIS/TYIOIIHE BEJIMIHHBL:

e YNCI0 OJIOKHPOBOK TIPH KOMMYTAIMH COC/IMHEHHH MEHJTYy BbIJICJICHHBIMH
MHOKECTBAMH 3allpANIUBAKOIIHX H OOCIYKUBAIOIUX BEPHIMH, TPH 3TOM
BSPIIHMHBI U3 YKA3aHHBIX MHOMKECTB COSAHUHSIOTCS MPOU3BOILHO [6];

¢ OTHOIIeHHMEe pazMepa MAKCHMAJILHOH M3 HECBIRHBIX KOMIIOHEHT K pazMepy
ceueHHs o pedpamM (MoTyJacMBIX yaaJdeHASM ceueHus:) [7];

¢  KOJIMYECTBO IATOB, HEOOXOMUMBIX JUIA JIOCTABKH COOOMICHHH MEKTY

MMPOHU3BAILHO HazHAUYCHHLIMH IIapaMH BEpIOH (Ha KaKJOM IMare KaxKJgasd
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BEpIIHHA TIPOBOJIMT 0OMEH TOJBKO ¢ O/THOH HHITHSHTHOH BepimuHOMN) [8].

MunuMuzaus STHX Nokazaresqed Ha OONbLOIMX pa3Mepax CeTH CTATHCTHUYCCKH
SKBHBAJICHTHA OJHOPOJHOCTH CTPYKTYPHl CETH: MAaJIOMy OTKJIOHEHHIO CTeIeHeH
CBAZHOCTH, OTCYTCTBHK) KOPOTKHMX IMKJIOB, MaKCHMM3AallHM pasMepa OKPeCTHOCTH
HpoM3BOJIBLHOTO Mojrpada cetd. CeTH ¢ MAaKCHMAJbHBIMH BO3MOMKHBIMH CBOHCTBAMH
OJHOPOJHOCTH HA3BIBAIOTCS CeTAMH-PACIIUPHTE/SIME M HCTIONIB3VIOTCS I IOCTPOSHUS
53¢ eKTHBHBIX H YCTOHYHMBLIX CETEBBIX CTPYKTIYP B TeJICKOMMYHHKAIIMSIX, aJITOpHTMAX
CTATHCTHYECKOTO IOMCKA W MHOIHMX JIPYTHX OOJIACTAX BEPOSTHOCTHBIX BbIYMCIIEHHH
[9.10].

BecpMa HHTepeceH BONPOC HCIOIB30BAHMS CBOMCTB KBa3HOJHOPOJHOCTH H CeTeH-
pacIIMpHTE/IEH B KOHTEKCTE ONTHMHU3ALMH CTPYKTYPBL JIOTHYECKHX B3aHMOACHCTBHH
JeNEHTPAIM30BAHHOW cHeTeMbl. OTMETHM, 4YTO CYHIECTBYIOIHE HCCIE/IOBAHHS B
OCHOBHOM COCP€/10TOYEHBI Ha 3P (PEeKTHBHBIX ITOCTPOSHUAX HEOPHEHTHPOBAHHBIX ceTel
C BlaUMO3aMCHSICMBIMH Vy3daMHu. B mpencraBmenHod paboTe  paceMaTpHBAIOTCS
HEKOTOpble MOAM(HKAMHM CTAHJAPTHBIX METOJ0B A1 TeHepaluu d(PQeKTUBHBIX

CTPYKTYPp JIoTHue cKuX B3aumoseiicteuil B JIBC.

CHeKTpaﬂbeIe npeacraB/JcHHA CBOMCTBA KBa3HOAHOPOAHOCTH

IIporepka OOJBIIMHCTBA YKa3aHHBIX BbIle CBOHCTB TpeQyeT 3HAYMTEIIBHOTO
(PKCTIOHEHITHAILHOTO OT pa3Mepa CeTH) BpEeMeHH Ul MX BbluMclieHHs. IlosToMy B
paGoTe /uId OSTOM TeNMH TpesuiaracTcsl HCTMOJIB30BaTh  JPYroe SKBHBAJICHTHOS
KBa3HOJIHOPOJIHOCTH CBOMCTBO, & MMEHHO — BEJIMHYMHY BTOPOTO 3HAYEHHUS B CIEKTpe
coOCTBeHHBIX 4Hcel Marpulpl Jlannaca (YHOPSJIOUEHHOM [0 BO3PACTAHHIO), KOTOpast
COOTBETCTBYET CTPYKTYpe cBsizHOCTH ceTH [11]. Takas oneHka He TpeOyeT BBIUHCICHUSA
IIOJTHOTO CIIEKTpa, BBIYUCIIETCA 3a IOJIHHOMHAIBHOE BpeMs OT pasMepa CeTH, H
II03BOJIIeT OTPAHHYUTE CBEPXY BCE NIEPSUUCIICHHBIE BBINIE CBOHCTBA.

B [11] npuresieH psiji OCHOBHBIX CBOMCTB MCIIOJIB3YEMOTO YIIOPAIOYEHHOTO CIIEKTPa,
B YACTHOCTH:

e CymMa Bcex coOCTBEHHBIX YHCe)l PABHA KOJIMUECTRY BEPIIHH CETH;

e KoMueCTBO M30JHPOBAHHBIX KOMIIOHEHT rpad)a paBHO KPaTHOCTH IIEPBOIO
coOCTREHHOTO UHCIA, KOTOpoe paBHo ()

e CeTh CBSI3HA €CJIH ¥ TOIBKO CITH BTOPOe COOCTREHHOS THEIIO TOMOKHTEIBHO.

Hcxons W3 yka3aHHBIX CBOMCTB, JISTKO VCTaHOBHTB, YTO BCE DIIEMEHTBI CIIEKTIpa

HaxomaTest B mpenenax [0 — 2. IlpH yBeIWYeHHH BTOPOTrO COOCTBCHHOTO YHCIIA
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MOBBIMAKTCS YUCICHHBIE OIEHKH JIPYTHX CBOMCTE KBAa3HOJHOPOAHOCTH ceTH [11].
Bropoe cofcTRenHoe 9HCIO MO3BOISICT OLGHHUTEL CBA3HOCTL CETH, OOHAPYKUTL ¢e

MHHHMAaILHOS CeUCHHS H OIICHHTEL MHOTHE CBOMCTBA OIHOPOIHOCTH.

IMocranoBka jagatn

B manpueiimem /i NpoM3BONBHOM Maphl V2JIOB IO 3alpocaMH B CETSROM cpee
Oy/ileM MOHUMAThL BBIZOBBI V/IAJIEHHBIX MPOTIEIYP NPUKIATHOTO YPOBHS, 33/JaHHBIX Uepes
cpe/lHee KOJIMYECTBO 3allpOCOB Ha WHTepBai BpeMeHH. oy 3aTparaMu MOHUMAKOTCH Te
WIH WHBIE OICHKH CJIOKHOCTH PETPAHCISIIHH COOOMCSHUH-BRI30BOB. Hambomee
OYEBHUIHOW TAKOH ANIPOKCHMALIMEH SBJISICTCS KOJHMYECTBO PETPAHCISILMM B CEeTEBOM
cpe/ie, HeoOXOMMMBIX JUIS Tepeiadl cOOOICHUS 110 JIOTHIECKOMY KaHaTy.

YHOpoleHHO paccMaTpHBaeMyI0 3a7a4y MOXKHO cOpMYJIHPOBATh  CJEYIONIUM
o0pazoM: Ha HEKOTOPOM MHOMKSCTBE yaIoB-KoMmoHeHT JIBC 3agaHBI OICHKH 3allpOCOB
H 3aTpaT Ha PETPAHCANNIO COOOIMICHUH MEKTY HHUMH. 3aJaHBl TTOPOTOBLIS 3HAYCHHS
IJIOTHOCTH (CpefHed CTENeHH CBS3HOCTH), JHaMeTpa CeTH JIOTMUECKHX CBs3eH H
BTOpOTO COOCTBEHHOTO 3HaueHHA MaTpuibl Jlammaca. HeoGxoqumMo mocTpouTh Takyio
CTPYKTYPY JOTHUECKHX cCBs3edl mekay yagamu  JIBC, xoTopasd mMo3BOJBICT

MHUHHUMH2HPOBATL CYMMAapHBIS 3aTpaThl Ha TIepeJaty 2alpocoB.

Pucynok 1. Tlpumep Gusnueckol cpe/ibl H CTPYKTYPBI JIOTHUYESCKHX CBSI3EH.
Ha pucynuke 1 mokazaH HOpHUMep CTPYKTYpBHI (U3HYSCKOM CeTH, B KOTOPOM IIeCTh
BBIJCNICHHLIX  V3JI0B  HofjaepkupaloT HekoTopyio JIBC. DBreigemenmnle pebpa
HPE/CTARISIOT CcOOOH JIOTHYEeCKHe KaHalbl, lepejada cCooOIeHHH 10  KOTOpPBIM
peanusyercs 4epe3 KOMMYTAIMIO MakeToB B (pH3MUeckod ceTH. B jlaHHOM ciiyuae
JOTHYeCKas CTPYKTypa TpeAcTaRIsieT coGod oAHOPOAHYI0 3-peTyisipHYIO ceTh C

MHUHUMAJIBHOH JUIHHOH 1HKna papHod 4. Ilpu >ToM oTMeTHM, 4YTO JIOrHYecKas
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CTPYKTYpa B 1esioM 3P deKTHRHO HCTIONB3YyeT (hPH3HYeCKHe KaHAIbI CBAZH: Tepe/iada 1o
JIOTHYSCKOMY KaHaJIy TpedyeT MajJIoro KoIHIecTBA KOMMYTAIIUH aKeTOB.

Bo3MOXKHBIM pa3zBUTHeM DOA0OHOH ONTUMH3aIIMOHHON MOAENTH SBISISTCS 2ajada
YIYUIIeHHs] TyBCTBHTSIBHOCTH K HEPAaBHOMEPHOCTH HArpy30K Ha JIOTHUSCKHE CBA3ZH
(ToTy9aeMbIX HMMHTAITHEH aJrOpHTMa PeTPAHCISIIANA W paclpeielleHds] 3alpocoB).
Takass mMOCTaHOBKA ¢ HEKOTOPLIMH VTOUHCHHSIMH MOJMKET OBIThL IoJIe3Ha IIpH
IPOCKTHPOBAHNHT CTPYKTYPHI TeICKOMMYHHKAIIMOHHLIX CeTeH.

IIpuBesieM QopManbHOE ONHCAHHE MaTeMaTHUSCKOH MOJIeNIM YKa3aHHOH 3aJ1auH.
OGozraunm depez [[f(s,1)]] MapmpyT OT BepIIHHBI § A0 BEepIIHHBI f, KOTOpBIS
reHepUpyeTcsl Onpe/ielieHHBIM ajIropuTMoM [, a udepez || f(s,t)| obo3Haumm ero
JUIMHY, T.e. KOJHYeCTBO HWCIONB30BaHHBIX pebep. [lepeuncnuM BXoJHBIE JaHHBIE

ONTHMH3AIHOHHON 3ajaun. B JaCTHOCTH, 0603HAYHM uepes N MHOMXKSCTBO

JIOTHUCCKHX V2JIOB CCTH H Ha OCHOBAHHH JAaHHLIX O 3aTpaTaxXx Ha IIepciadyy B CETEBOM

cpefe MOCTPOHMM MATPHIY JJIHH (PU3HUYSCKUX MApHIPYTOB MEXIY |N | JOTHUSCKUMHU

Y3JIaMH CHCTCMEI:

d, =|r(s,0)|;VsteN. (1)

Cerb 3anpocor B JIBC npe/iIcTaBHM B BH/Ie B3BEIIEHHOIO OPHEHTHPOBAHHOTO rpada

{N,R} , TAe R obosHavaeT MHOKECTBO B3BEIISHHBIX CBsI3eH MEXY Y3JIaMH MHOXKECTBA

N, a Beca paBHBI pasMepaM COOTBETCTBYIOMHX 3aNpOcoB R .

BrINOIHUM nocTpoeHHe OBEpIeHHOM ceTH [, B KOTOPOH MHOMKECTBO CBA3EH MEKIY
y3JIaMH OTBeYaeT CJISAYIOMHEM OTpaHUIeHHAM:!

1. Z[I/IaMeTp CCTH OI'paHHYHBACTCA J'IOFapI/I(l)MOM OT KOJIHUCCTBA Y3JI0B CCTH!

I g(s1)|l< Olog,

rae O - HacTpauBaeMbIH MapaMmeTp, TO3BOJSIIOMHE yuecTh 5((PeKTHBHOCTE

N|;Vs,te]€f, (2)

KOHKPETHOTI'O AJITOPHTMA PETPAHCIISALMHA [IOUCKOBOTO 3aIlpoca B OBEpJICHHOM CeTH,
KOTOPBIM 3aJaeT Ipejesl MIMHBI MapHOipyTa IIOHCKOBOIO 3aIlpoca OT JIOTHYECKOTO
y3Ja § K Y3y .

2. Cpeguu#i pazMep MapIIpyTHOM  TaOJMUIBI  JIOTHUSCKHX  CBS3CH  ya3ua

OTpaHAYHBACTCA J'IOl"apH(l)MOM OT KOJIHYCCTBA JIOTHUCCKHX V3JIOB CCTH!

|]:| < G)|N|10g2

N, 3)

http://mmsa.kpi.ua Kacdegpa MateMaTUYHUX METOLIB CUCTEMHOIO aHanisy



rre 1<® — HacTpaWBaeMblH [@apaMmeTp, KOTOpPBIA IIO3BOJIAET  VYeCTh

3(pPeKTHBHOCTE KOHKPETHOTO NPOTOKOJIA IOJICPKKH CTPYKTYPhl OBepiieHHOMN

cetH. Takoe vycmoBue oO0CCTICUMBACT pa3peiKCHHOCTh OBepiicHHOH ceTH L,
HeoOxouMy10 Juid MacmTabupyemocTd JIBC ¢ TOUKH 3peHH 3aTpaT HA XpaHESHHE

JIAHHBIX O CTPYKTYpE CETH.

3. Bropo#l »lIeMeHT CIeKTpa /l{ﬁ} rpada omepaciHOM ceTH L (CTCTCHB

OJTHOPOJHOCTH CTPYKTYPHI OBepiIeHHOM CeTH) VIOBICTBOPSCT YCIOBHIO:

’l{ﬁi} 2, 4)
rie O0<A<1 — HacTpauBaeMbld TlapaMeTp, ONPEHEISAIOINIHH  CTEleHb
OJTHOPOJHOCTH CETH.

Beejlem  crieAyronyo MeTpHKY, oToOpaKarmyw rmodaibHyr 3¢dekTHBHOCTh
PEeTPAHCILIIHHE 3alPOCOR, B3BSMISHHYIO OTHOCHTENLHO 00heMa 3alpocoB B OBepreHHOH
CeTH:

RSf

E= Y —Re
wlner D, Ao, 2
giellg (s

CrapuTtes 3a/1a4a 110 MAKCHMHBAIMK JJAHHOTO KPUTEPHA IIPH 3a/IaHHBIX OTPAHHUYSHHUSAX
(2)-(4). Hetpy/1HO BH/1eTh, YTO JJAHHAS TiejeBas (PYHKIHS BO3pAcTaeT MPH YMEHBITEHHH
OOIMUX 3aTpaT Ha BBHIMOJHECHHE 2allpoca, KOTOphIe SIBIIOTCS CYMMOH 2aTpaT Ha KayKIylo

PETPaHCIAINIO 2alpoca B JIOTHUECKOH cTpykType JIBC.

Anamm3 AJTOPpHTMOB pPEeTPaHC/IAINNAHA 3alIpoCoB

HzpecTHRIE aNropUTMBI NOCTPOSHHS ONTHMAJBHBIX MAapmpyTOB ¢ HU3KUMH
HOKA3aTe/IsIMH HACBIIECHHS, B CBA3H C OTCYTCTBHEM IOJIHOH MH(OPMAIMH O CTPYKTYpe
cetH B peaibHoM JIBC, HenpHMeHHMBI JUIS WMHTAIIHH MaplIpyTa peTpaHCIsIHA
IOMCKOBOTO 3alpoca B JOTHYecKoH cTpykType. llooTomMy camble HddekTHBHLIC
MapIIpyTel PETPAHCILIIHH B CBA3H C JCIEHTPAIH30BAHHOH peajH3allHeH 3TOro
MeXaHH3Ma OV/IyT HCIIOJB30BAThCS JIOCTATOUHO PeJIKO.

B osTtom cnyuae, menepas yHknms (5) sBisieTcss OIEHKOM CBepxy Ui
5 (eKTHBHOCTH MeXaHH3MOB MOHCKAa B peaybHoH cHcTeMe. B nmanpHedmieM, MOMHO
IPSANOMONKUTL HCIONL2OBAHME HEKUX NPHOMKCHHM IIOHCKOBLIX MEXaHHM3MOB,
CBSI3aHHBIX ¢ MPOTOKOJIOM ITOMCKA B KOHKpeTHOH Mojienupyemoi JIBC. Takxe BeposTHO

HCITOJIL30BAHHEC HCKOTOPLIX BCPOATHOCTHLIX aJITOPHTMOB, YCpPCIHAIOMIHX OICHKH
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3arpar JJid HEKOTOpOIrd MHOMKECTBA MaplIpyTOR. 3TO MO3BOIHT YUeCTh JJHHAMHYHOCTH
CTPYKTVPLI CCTH, 6aJ'IaHCI/Ip0BaHI/Ie Harpyskd Ha JIOTHUCCKHC KaHaJlbl, HO, B ICJIOM,

MOJKET CHH3UThH UyBCTBHUTCJIBHOCTD IeieBoH (PYHKIHH (5) K BOBMOKHBIM H3MSHSHHUSIM

CTPYKTYPBL

AHaJaIn3 KJIacca CJI0KHOCTH JajJatan

CymecTBYIOT 1OJHHOMHAJIbHBIE JIETEPMHHHPOBAHHBIE AJITOPHTMblI IOCTPOSHMS
ceMmeHCTR ceTer-pacuiupuresie [11]. Takue MeTo/Ibl TPUMEHHUMBI JUISI CETEH, B KOTOPBIX
BepIIHHLI B3aHMO3AMEHsIEMBI, YTO HE BBIIONHICTCS I PACCMOTPEHHOH IOCTAHOBKH.
IToroMy 3ama4y MOMKHO CBECTH K I'€HEpalUd CETH-PACLIMPUTEISL, KOTOPAas 3aBEIOMO
VIOBJIETBOPSET OrpaHuvYeHusIM (2) - (4), B TIoHCKe OTOOpAKEHHST MHOKECTBA BEPIHH
TAKOH CETH HA MHOKECTBO JIOTHYSCKHX Y3JIOB, MAKCHMHBHPYIOIIETO 1EJIeBY O DYHKIHIO
(3).

YacTHunoe 3aJaHHe 0TOOPAMKESHUS BEPIIHH CCTH-PACIIHPHUTENS Ha TOTHISCKHE V3L
HE MO3BOJISIET ZHAUUTEILHO CY3UTh I'PAHMITBI 3HAUCHHH 1elieBoll pynkimu (3). lanHy1o
3ajauy HeJik3s pazOuTh Ha caabo CBs3aHHBIE 10/(33/1a4H H3-3a TapaHTHPOBAHHO
OoIbMHUX MHHHMAIBLHBIX CeUeHHH ceTH-pacmuputesst. IlotoMy cymecTBoBanue
BBICOKOD(heKTHBHOTO DBPUCTHUSCKOTO AITOPUTMA IIPESACTABIACTCS MAJIOBESPOSTHLIM.

OTMeTHM, 4YTO MOIIHOCTH MHOMKECTBA BapHaHTOB BeIOOpa  YBeJIMUMBAETCS
HKCIIOHEHITMAILHO ¢ POCTOM KOJIMYECTBA JIOTHUECKHX Y3JI0B ceTd. Clie/loBatelibHo,
JTaHHAS 3a]jada OTHOCHTCS K KJIaccy 3a/1au KoOMOMHATOPHOH ONTHMHRAIHH, /TSI pelleHHS
KOTOPBIX 1eJiec000pa3HO HMCIIONIBb30BAThE METO/Ibl MOUCKA PelIeHHH, NPHOIMIKEHHBIX K

OIITHMAJIBHBIM.

Onucanme METOda PCIICHHUA

Z[JIH HAYAJIGHOIO IIOCTPOCHHA CCTH, OmHAKOH K OHHOPOHHOﬁ, MOXKHO HCIIOJIB30BAThH

BOlog,

Nl SHIIEPOBBIX IMKJIOB  UIHHBI |N|, ¢ MHHHUMAJILHBIM BecoM pebep,

HelepeceKkaromuxest 1o pebpaM. Takue [HKIBI MOXKHO CTPOHTH €  IIOMOIIBH)
HSBPUCTHYECKUX pelleHUH 3aJlaud  KOMMHBOMKEpA C© 3alpeTaMHd Ha [OBTOpPHOE
UCTIONL30BaHHe pedep M2 ViKe IMOCTPOSHHBIX LHKIOB. DTO TapaHTHPVET BLICOKVIO
CTEIICHb OJHOPOJHOCTH IOJIYYEHHOH CTPYKTYpBL, M  HEKOTOpOe HAYaJIbHOE
NpUOIHKeHHe K ONTUMYMY Iiesiepoi GyHKIH (5). Bylem mnonaraTh ero B KadecTse

HavaJbLHoi ocobu CICAVIOMICTO TICHCTHUCCKOIO aJlfTOpHTMa ¢ OIIHCAaHHLIMH HHKS
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OCHOBHBIMH OIEpalUAMH, H3MSHAIHMH [MOIYJIAIHI (B KayecTBe XpOMOCOMBI

2
OHT,

nperaracTced paccMarpuBarh YIHOPAJOUCHHYHY MHOCIHCAOBATCIILHOCTE H3 |N

33/JAK0NIMX HAJTMIHE JIOTHYECKHX CBa3er mesxy yanamu J[BC):

e Onepanus, yBeJIHUHBAKONIAA BTOpoe cOOCTBEHHOE YHCIIO JIOTHYESCKOH CeTH -
MyTaus-1;

e Omepanusi, HaIpapjIeHHasl Ha VBeIHUYCHHE 3HAUCHHA IeNeBoH (QyHKIMM -
MyTanms-2;

e Omnepanusi ebibopa OJHOTO W3 peIIeHHH CeueHHs CeTH [0 BepIIMHaM,
CBSIZAaHHLIX ¢ MAaKCHMAJIBHBIM CEUCHHEM IO pedpaM H 3aMeHe DToH dJacTH
CTPYKTYPOH 5TOH JKe YacTH H3 JPYIoro pelIeHHs — T.H. CKPEIIHBAHHE;

e Omnepanus HCKIIOYEHUS pelICHHs] ¢ HAUMEHBIIHMM 3HAYCHHSIMH IeJICBOMH
(bYHKIMH B MOMY/LIIHH MOCJIe TOro, KaK Ha MX OCHOBAHHH IIPOBEICHO
OIpe/Ie/IeHHOE KOJHYECTRO YIyUIIamux MyTalui - O16op.

1. Myraumn-1.

Ha ocHoBanuM coOCTBEHHOTO BeKTOpa M1 BTOPOTO COOCTBEHHOTO 3HAUCHHS
omnpeaessIeTes MHHHMANIBHOS CeUCHHS JIOTHUSCKOH CTPYKTYpPHI o pebpam. [atee, mist
YBeJIMUeHHU  BTOPOro  COOCTBEHHOIO  YMCHa  OCYIIECTBISIETCS  IepeMelleHHe
CYIIECTRYOIETo pefpa B MUHHMAJIBLHOE CeUeHHE.

2. MyTaumus-2.

IIporoauTest omepanys mepeMemenus pedpa ¢ BepoATHOCTLIO MPONOPUHOHATILHON
OTHOLICHHIO CYMMBI OOBLEMOB RallpOCOB V3JI0B, COSAMHSASMBIX pebpoM 10 H mocie
HepeHoca.

3. Cxpennsanue.

Jannas onepanus 3akmrodaeTcs B 3aMeHe OJHOH YacTH CTPYKTYPHI CE€UeHHUS CETH MO
BEpIIHHAM, CBS3aHHBIM C MAaKCHUMaJIbHBIM CeueHHeM 1o pebpaM, Ha 5Ty Ke 4acTh
CTPYKTYpBl M3 Jpyroro pemieHus. MakcumaibHOe ceucHHe BbIOMpaeTcsi B KadeCTBe
y9acTKa I MHTeTPalluK pemenul, uToObl obecleuuTh HeRHAUYHUTSILHOS YBEIUUCHHE
JHaMeTpa CeTH.

4. O160p.

JlaHHas onepalus OCYNECTBIAST MCKINUSHHE pElIeHWH ¢ HaWMeHBIIHMH B
HONMV/LSIIMM  3HAYCHISIMH IIefieBOH (YHKIIMM IIOCHe TOro, KaK Ha HX OCHOBAHHH
MpPORS/ICHO OTIpe/IeTICHHOS KOTHISCTRO YTy UIMAIONHAX My TAIHH.

OTMETHM BaXKHOCTH HCIIONIB30BAHHUA YEI0BHS (3) s obecleueHUs pazpeike HHOCTH
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matpuiel  Jlamaca, WTO TMO3BOJISIET TPUMEHATH MTEPATHBHBIE AITOPHTMBL IS
HAXOMJICHHS 33JAHHOTO KOJIMYSCTBA MEpBBIX COOCTBEHHBIX UMceN MaTpuibl Jlamiaca
[12]. YayummeHHE CKOPOCTH CXOMMMOCTH TeHETHUCSCKOTO AITOPHTMA 00CCIICUHBASTCS
BEPOSTHOCTHOH HANPABISHHOCTBIO ONEpallHi MYTAllHH W MAaJbIM KOJIIMYECTBOM
MYTallii, HENPHUMEHHMBIX 10 orpaHudeHHsM (2) - (4). CienopaTellbHO, aJrOpHTM

MOMKCT IIPHMCHATLCA TJI5 ceTel HOMLOIOTO pasMcpa, CoACpiKalluX COTHH Y3JIOB.

BuiBoanI

B crathe mnpeacTaBieH TeHETHUSCKHH AJITOpPHTM CTPYKIVPHOM ONTHMHRAIHH
Joruueckor cTpykTypel JIBC, yeenuunparomuii >GppeKIUBHOCTL U YCTOHIHBOCTE TAKOH
CTPYKTYPBL. AJTOPHTM HCIOJB3YET CBOMCTBA CHEKTpa JIOTHYECKOH CTPYKTYpPhI IS
obGecnieueHHs] HANpPABISHHOCTH CIIYYAHHOTO TOHCKA W COXpaHeHHS OHOPO/THOCTH
noay4aeMo cTpyKTyphl. Ha ocHOBaHHM aaropuTMa pelleHHsA JAHHON 3aJa4H MOMKET
OLITh co3daHa JCICHTPATH20BAHHAS CTpaTeTHd, OOSCICUHBAIONMAA CXOJHMOCTH
cTpykTypbl JIBC K ONTHUMAJIBHOH B pealIbHOM BpPEMEHH.

Crienyron|M 3TaloM HCclieJOBAaHHH ABNsgeTCs pa3paboTka U CpABHEHHE HECKOJIBKHX
JCLEeHTPATH30BAHHLIX CTPATeTHH, HCHOILAVIONIMX pPa3IHYHble JOKANbHBIE AaHAJIOTH
CBOMCTB OJHOPOJHOCTH CeTH. [akWe CTpaTerHd II0 AHAJIOTHH ¢ PacCMOTPEeHHLIM
ajnropuTMoM OyJIyT HalpaplieHbl Ha TMOBBINIeHHE B(h{PEKTUBHOCTH PpPeTPaAHCIIAIHH
coolmenni no Jorudyeckum kanajiam JIBC mpu coxpaHeHWH CBOUCTB OJHOPO/THOCTH

JIOTHYECKOH CTPYKTYPBL
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AJITOpUTM KOMOIHATOPHOT onTUMI3alii CTPYKTYPH JIOTIYHUX 3B’ SI3KIB
JICTEHTPATI30BaHOT CHCTEMN

SAnNpONOHOGAHO (POPMANBLHY MAMEMAamuury Moodens 3aoqui onmumizayii cmpyxmypu
Jociunux 36 '93Ki6 Oeyenmpanizoeanol cucmemu. Ilokazano, ujo onmumizayis 0o360nac
ompuMamu  cmpykmypu, axki 0yoyme eexmusnuMu 3 MOUKY 30py sumpam Ha
peanizayiro NOZIUHUX ONnepayit y 3a0aHOMy MepedcesoMmy cepedosuuil. Pozeasnymi
munogi ooMedcenns, AKki O0360NII0Mb 2APAHMYEAMI MOJICTUGICINb MACULMAOYEaHH Ma
rabe3neyenHa  GUCOKUX — NOKA3HUKIE — cmabinbHOcmi  pobomu  cucmemu  npu
HepisHoMipHOMY  3asaHmaxcenni. [lposedeno  oyinky  cxnaoxocmi  3aoaui i
3ANPONOHOEAHO SEHEMUUHULE ANZOPUMM 3HAXOONCEHHA HADIUICEHOZ0 PO36 43K

Kimo4oBi cIoBa: JelieHTpanizoBaHi oOUYHCIIOBAILHI CHCTEMH, OBepieiia Mepeika,
CIICKTpalibHa Teopis rpadiB, KBaziomgHOpiaHI Mepexi, Jlamiacian rpada, TeHETHUHHE

aJIroOpuT™M

Combinatorial optimization algorithm for logical interlink structure of
decentralized system

The paper proposes formal mathematical model for optimization of logical interlink
structure of decentralized system. It is shown that optimization yields structures which
are effective in regard to resources spent on logical operations in a provided network
environment. Typical restrictions are discussed, especially ones allowing for scalability
and robustness of the system under uneven workload Task complexity analysis is
performed, and genetics-based solution is proposed for constructing a feasible
approximation.

Keywords: decentralized computing system, structured overlay, spectral graph theory,

quasirandom networks, graph Laplacian, genetic algorithm

http://mmsa.kpi.ua Kacdegpa MateMaTUYHUX METOLIB CUCTEMHOIO aHanisy



	1_v 18-06_Main_Page_01
	1_v 18-06_Main_Page_02
	1_v 18-06_Main_Page_03
	1_v 18-06_Main_Page_04
	1_v 18-06_Main_Page_05
	1_v 18-06_Main_Page_06
	1_v 18-06_Main_Page_07
	1_v 18-06_Main_Page_08
	1_v 18-06_Main_Page_09
	1_v 18-06_Main_Page_10
	1_v 18-06_Main_Page_11

