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VIK 519.2:004.7
WU.H. UBauucenko, JI.O. Kupuuenko, T.A. PaguBuiaosa
Ob OATHOM METOAE PACIIPEAEJEHHUA HATPY3RKH
C YYETOM ®PAKTAJBHBIX CBOUCTB TPA®HUKA

AHHomauyus. [lpednoxeHo mMamemamuyeckoe onucaHue pacnpeodeseHHou
cucmemsl 6GNAHCUPOBKU HA2PY3KU U OUHAMUYecKuld memoo pacnpedesneHus
Ha2py3Ku, yyumsigaowul Myabmu@pakmansHeie csolicmsa cemesozo
mpaguka, HA OCHOBAHUU KOMOPbLIX nepecyumsisaemcs pacnpedeneHue
nomoKos.

Knioyesbie cnosa: camonodobHbili  u  MynbmugpakmansHeili  mpagux,
6anaHcuposKa Hazpy3Ku, pacnpedesieHHble cucmemsl

IIocTaHOBKA 3amauu

CoBpeMeHHBIE CeTH CBSI3W XapPaKTePU3YIOTCS 3HAUNTEJIbLHLIMHU CJIa-
00 IpejcKasyeMbIMU KoJebaHuAMHN Harpysku. Tpaduk coBpeMeHHOIi TJio-
0aJIbHOII ceTH O0HaApPYKUBaeT dKCHOHEHIIUAJbHBIN POCT, IPOMCXOLAT 3HA-
YHTeJbHbIE CTPYKTYpPHBLIE N3MEeHeHH’s, Bce 0oJiee OIYTUMBIMU CTaHOBATCS
IIJIOXO0 TpeJcKasyeMble KoJebaHUs Harpysok. IIpollecchl KOHBepreHIIUU
ceTeil CBS3W IPUBEJN K JOMUHMPOBAHWIO HMpPoTOoKoJsia IP B KauecTBe yHU-
BepCcaJIbHOTO JJISI BCeX BUJIOB IepelaBaeMbIX NaHHBIX. OTHAKO OTCYTCTBUE
BCTPOEHHBIX MEXaHN3MOB MHKMHUPHUHTa Tpadpuka cTaBUT BOIPOC O HeOO-
XOJIMMOCTH Pa3padOTKN METOJ0B, IIO3BOJAIOIIUX OoJsiee 3(P(PEeKTUBHO MC-
IMO0JIb30BATh BO3MOYKHOCTH CYII[eCTBYIOIIEll ceTeBoil MHMPaCTPYKTYPhI, HO
He TPeOYyNIINX N3MeHeHUS OCHOB (PYHKIIMOHMPOBAHUSA IJI00aTbLHOU CETH.
OpunM u3 HamboJiee IEPCHEKTHUBHBIX BapUaHTOB peIleHUs YKas3aHHBIX
mpo0JieM Ha CerogHANIHUHA JeHb SBJISIOTCA AWHAMHUYECKNE MeXaHW3MbI
OaytlaHCUPOBKM TpaduKa, BLI3BIBAIOINMEe NPHCTAJbLHBIA HNHTEpec HayJYHOTO
coobriectBa. IIpuMeHeHUe NAaHHBIX METOJOB, pearupyloluxX Ha HN3MeHe-
HUSA CEeTEeBBLIX HATrpy30K B peKmMe, OJM3KOM K pealbHOMY BpeMeHU, NJIS
JIOKAJIbHOTO CMSTUYEHUSA BPEMEHHBIX IIeperpy30K B IJI0O0AJbHOII ceTH IIo-
3BOJIUT MB30ABUTHCSA OT HENOCTATKOB IPUCYINUX CYIIECTBYIOIMUM ceTaM [1-
4].

IdKcIepruMeHTAJbHEIE 1 UNCJeHHBIE HCCJIeOBAHNSA, IPOBeJeHHbIe B
IocJiefHIE NeCATUJeTUus, CBUAETEeIbCTBYIOT, UTO Tpa)K BO MHOTHUX MY-

© UBanucenko U.H., Kupuuenko JI.O., Pagusunosa T.A., 2016
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JIbTHCEPBUCHBLIX CETSIX HMeeT CcaMoOIIofoO0HbIe cBoiicTBa. CaMOIIOZOOHBIM

Tpa)UK BbI3bIBAeT 3HAUUTEJbHBIE 3allepKKU U IOoTepu IIaKeToB, Jake ec-
JU cyMMapHas WHTEHCUBHOCTh BCEX IOTOKOB Jajieka OT MaKCHUMAaJIbHO JIO-
IIyCTUMBIX 3HaueHUi#. CaMoIlomoOHbIe CBOMCTBa MHMOPMAIIMOHHBIX IIOTO-
KOB O0OHapyKeHbl BO MHOTHUX JIOKAJBHBLIX W TJIOOAJNBHBIX TEJIeKOMMYHUKA-
IIMOHHBIX ceTAX [5,6]. B ¢BABU ¢ BBINIENBI0KeHHBIM HauaJid aKTUBHO UC-
cJenoBaThCS MeXaHM3Mbl MOBBIIIIEHUSI KauecTBa O0CIYKUBAHUSI U METOIOB
yIIpaBJeHUuA Tpa)MKOM B MYJbTHCEPBUCHBIX CeTAX, (PYHKIMOHUPYIOIIUX
B YCJOBUAX CaMOIIOJOOHOTO M MyJbTHU(QPaAKTAIbHOTO Tpaduka [7].

Ilesbio mamHOIT pabOTHI ABJIAETCS MaTeMaTHUeCKOoe ONMCaHUe paclipe-
JIeJIEHHOU CHCTeMbI 0AJIAHCUPOBKU HATPY3KH U pa3pab0TKa AUHAMHUYECKO-
ro MeToJla paclipefleleHUsI Harpy3KU B KOMIIBIOTEPHBIX cHCTeMaX Ha OCHO-
Be MOHHUTOPHUHIA B3arpy’KeHHOCTH CepPBEpOB, C YYEeTOM CaMOIIOLOOHOI
CTPYKTYpPHI TpaduKa.

CaMonomo0HBIN 1 MyJbTH(PPAKTAJIBHBIN TpauK
CamMomomo0ue caydYalHBIX ITPOIIECCOB 3aKJIYaeTCsd B COXpPaHEeHUU
CTAaTHCTUUYECKNX XapaKTepPHUCTUK IIPU HM3MEHEHHHN MacIllnTaba BpeMeHU U
XapaKTepusyercsa IoKaszaTejieM XepcTa H, KOTOPBIA ABJIAETCA CTEIEHBIO

camononobua. CroxacTuduecKuil mporecc X(t) aABIAETCA CTATUCTUYECKU
CaMOIIOJJOOHBIM €eCJIM IIpoIlecc a_HX(at) o0JamaeT TeMU ’Ke CTaTHUCTHUUe-

CKUMM XapaKTepUCTHKaMHU BTOPOro mopsdaiaka, yro u X(t). Ilapamerp H,

HasbIBaeMbIll IMapaMeTpoM XepcTa, IpeicTaBisgeT co00i Mepy caMOIIOIO-
0ua cToxacTUyecKoro Iiporiecca. HauasbHbBIE MOMEHTHI CaMOIIOJOOHOTO

cay4YailHOTO Ipollecca MOXKHO BBIPa3UTh Kak MDX (t)|q}=C(q)-tqH , Tne
BeJIMUMHA C(q):MDX (1)|q] Hnada MyJabTU(QPaKTaAJIbHBIX IIPOIIECCOB BBI-

IIOJIHAETCA OTHOIIICHUE MUX (t)|q}:c(q)-tqh(‘”, roe c(g) — HeKoTopas [e-

TepMUHUpPOBaHHAaA QYHKIUA; h(g) — O0OOOIIeHHBIN I0OKasaTelb XepcTa,
SABJAIOIIUNCA B 00II[eM ciiyuyae HeJIMHeliHON (yHKIuil. 3HaueHue h(g) mpu
g =2 coBHOajaeT co 3HaUeHUEM cTelleHU caMononobusa H [6,8].

CaMommoo0HBIT Tpa@UK MMeeT 0co0yi0 CTPYKTYpPY, KOTopas coXpa-
HAeTCA Ha MHOTUX MacIlTabax — B peajl3alluU BceTZa IIPUCYTCTBYeT He-
KOTOpO€ KOJIMYECTBO OUEeHBb OOJBIIMUX BBIOPOCOB IIPU OTHOCUTEJHbHO HeOO-
JIBITIOM cpefHeM ypoBHe Tpadpuka. MyabTudpakTalbHBIN TpadUK omIpese-

JIdeTCcd KaK pacIlrpeHlne C&MOHO,Z[O6HOI‘O Tpa(l)I/IRa 3a cUeT yueTa MacCIITa-
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OMpPyeMBbIX CBOMCTB CTATUCTUUYECKUX XapaKTEePUCTUK BTOPOTO U BBIIIE IIO-

PAIKOB.

Kaxk xapaKTepuCTHKYy HeOZHOPOAHOCTU MYJIbTU(PAKTAIbHOTO IIO-
TOKa JaHHBIX B paboTe IIpe/JIOKeHO CUUTATh AMAIa30H 0000IeHHOI'o IIO-
kasarensa Xepcra Ah = h(q,;,) —"(gmay ) - I MOHOQPAKTAIBHBIX IIPOIECCOB

0000IIIeHHBIH MOKa3aTesb XepcTa He 3aBUCUT OT IIapaMeTpa ¢ U ABJIAeTCA
npmoit sunuumeit: h(q)=H, Ah=0. Uem OGoJbllle HEOJHOPOCTHL IIpoliecca,

T.e. 0OJIbIIIEe YMCJIO BHIOPOCOB IIPUCYTCTBYET B TpaduKe, TeM OOJIbIIlE IU-
anmasoH Ah.
Cucrema 60aIaHCHPOBKH HATPY3KH

PaccmaTpuBaemMasa mHQOpMaIMOHHAA CHUCTEMa COCTOUT U3 T'PYIIIIBI
cepBepoB U OaslaHCUPOBINUKA Harpysku. Cucrema O0alaHCUPOBKU HArpys-
KU, IIpeAcTaBJIeHHaA Ha puc. 1, IocTpoeHa Ha OCHOBe MOJCHUCTEeMBI OaJiaH-
CUPOBKU HATPY3KU M MOJCHUCTEMbl YIpPaBJIeHUS U MOHUTOPUHTA, KOTOPbIE
TeCHO B3aUMOJeHCTBYIOT APYT C APYTOM.

- Iloxcucrema OalaHCUPOBKU HArpys3KU: aJTOPUTM OaIaHCUPOBKU
Harpysku, WHQMOPMAIIUA O TEeKYIIleM COCTOSTHMM CUCTeMbI, T'mOKue Ha-
cTpoiiku QoS, AUHaMHUYecKoe paclpefesieHre TpadguKka II0 Pa3IUUYHBIM
KaHajJaM CBA3U U y3JaM B 3aBUCHUMOCTU OT UX TEKYIIer0 COCTOSHUSA, CTe-
IMeHU 3arPy3KM, afMUHUCTPATUBHBIX IMOJUTUK 0aJaHCUPOBKU HATPY3KH.

- Iloacucrema ymnpaBieHUsI 1 MOHUTOPHWHTa: cOOp M aHaJIM3 CTaTUC-
TUKU O TEKYIIEM COCTOAHUU CUCTEMbBI, HaXO0KAeHNe MYJbTU(PAKTAIbHBIX
CBOMCTB BXOJAINET0 IMOTOKA AAaHHBIX, pacyeT paclIpeleieHUS IIOTOKOB IIO
y3JaM CeTH C y4eTOM KJaccupuranmuu Tpaduka U 3aTpPy:KeHHOCTU cepBe-
POB U KaHAJOB CBSA3MU.

B kamxnawpiit MmomeHT f€ T Ha OamaHcupoBINUK LB mocTymaeT Tpa-
(UK MHTEHCHUBHOCTBIO A ={A{,A,,...,Ay}, OTHOCAIIUIiCA K ¢ -My KJaccy o0-

CIYsKMBaHUA, KOTOPHIH HEOOXOAMMO JOCTaBUTH Ha cepBep Serv, AJs oOpa-
OOTKU, He IIPeBBINIaA 3aJaHHBIX MaKCHUMaJIbHO AOIYCTUMBbIX 3HaYeHMI 3a-

JEPEKKHU ’Cq 1 MaKCHUMAaJIbHO OOIIYCTHMMOI'O ITPOII€HTa IIOTEPH lq B 3aBUCHU-

MOCTHU OT UX TeKYINel 3arpysku U peajbHOII IIPOIIYCKHOM CIOCOOHOCTU B

ROHRpeTHLIfI MOMEHT BpeMEHIU.
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Pucynok 1 — Cucrema 6alaHCUPOBKU Harpy3Ku

Tpaduk ob6GsazaeT MHOMXXeCTBOM XapaKTepUCTUK V ={A,h,u}, TOe
A={\,Ay,... ANy} — IOTOKH 3asBOK (IIaKeTOB) Pa3JINYHOI MHTEHCHUBHOCTU;
h={H, h(q),Ah}, Toe h(g) — BbIOOpOUHOEe 3HaUeHNEe MYHKIUU 00OOIIeHHOTO
nokasareasa Xepctra, H =h(2) — 3HaueHuHe IIapaMeTpa XepcTa,
Ah =Gy ) —MGiy) — ZAHAIA30H 3Ha4YeHUII 0000IeHHOTo IoKa3aTessd
XepcTa sl yyacTKa Tpapuka, L —TPyJ0eMKOCThb 3alrpoca. TpymoeMKOCTh

3ampoca ompeneasdeTcs KakK BEKTOD TpedyeMbIX pecypcosB
u={CPU,Net;,RAM} pnsa BbIIOJIHeHUs 3zamnpoca. Kaxaomy ¢-My KJaccy

00CJIy’KMBaHUSA COOTBETCTBYeT Ha0OpP BEKTOPOB TpPeOyeMbIX pecypcoB
W, ={CPU,Net;,RAM }, r=1,2,....

BamancupoBIIIUK Harpy3ku M cepBepa COeIMHEHBI MeKAY co00it
IBYCTOPOHHUMU CE€TEBBIMU CBA3SIMIU C MaKCHMAaJIbHOI ITPONYCKHOM cIIOCo-
omocteio Link; ={L;}, i=1,2,..,N, KOTOpble HMMeIOT JOCTYIHYIO IIPOIIyCK-

HyI0 cIocoOHOCTBb Net;(t)={Net;} B MOMeHT BpeMeHU . KRakIbIii cepBep
Serv, xXapaKTepusyeTcd ciaefyiommumMu napamerpamu: CPU,(t) — o0beM
cBobonuoro IIIIY i-ro cepBepa B MOMEHT BpeMeHU {, KOTOPBINl BhIUMCIIsE-
Tca kak CPU,(t) = 1—2{ LoadM ;/ j, rne LoadM ; — sarpyska Kam[oro fnpa
j=12,... — B KakJOoM IIpolteccope M =1,2,... B cepBepe B MOMEHT BpeMeHU
t, RAM;(t) — o0beM cBOOOAHOII OIepAaTUBHOII IIaMATU i-T'O cepBepa B MO-

MeHT BpeMeHUu ¢ [1,2].
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To, Kak fAapa pacipelejeHbl II0 IIpolleccopaM OynaeM CUHUTaTh He-

CyIlleCTBEHHHBIM. [[Ba 4yeThIpeXsepHBIX COOTBETCTBYIOT UEThIPEM IBYsilie-
PHBIM U COOTBETCTBYIOT BOCBMHU OIHOSIAEPHBIX IIporeccopoB. MmeeT 3Ha-
yeHMe JIUIIHL 00Illee YKCa0 snep. Ecau cpenHee 3HaueHMNe 3arpy3KHU IIOCTO-
ssuHo mpeBbIimtaer 0.70, cienyeT BBIICHUTb NPUUYMHY TaKOTO IIOBeIeHUS
cHCTeMbl BO m30ekaHue mpobisieM B Oyaymiem; Ecam cpenusasa sarpyska cu-
crembl IpeBbIiaer 1.00, He0OXOAMMO CPOUYHO HAWTKM HPUUYUHY U yCTpa-
HUTD ee.

Ha Bxox OajslaHcHpOBIIUKA HArpy3Ku LB MOCTYIIal0OT HECKOJbKO
HE3aBUCUMBIX MYJIbTH(QPAKTAIbHBIX IIOTOKOB IIAKETOB C Pal3JIMUYHON MHTe-
HCHUBHOCTBIO A ={A|,A,,...,Ay}, KQKIBIA N3 KOTOPBIX OTIPAaBJAeTCA B OdYe-

penb (; orpaHUYeHHOII eMKocTU. BpeMsa o0cayXKHUBaHHUS 3aABOK 3aBUCHUT
OT KJlacca OOCHY:KUBAaHUSA ¢, TO €CThb YUUTHIBaeTcd IPUOPUTETHOCTDH 3a-

SIBOK (HauBBICIINII IpHUOpPUTET — IepBbIM). IloKa Bce ImpuopuTeTHBIE 3a-
Ipochkl Ha OOCHy)KHBaHWe He OyoyT o0padoTaHbl, IMaKeThl APYTUX THUIIOB
OCTalOTCs B OoUepeaU M0 HCTeUeHUs WX BpeMeHU KU3HU. BHOBH IOCTyHIU-
BIIIII€ IPUOPUTETHLIE 3aIIPOChl IPEPhIBAIOT 00Pa0OTKY HEIPUOPUTETHBIX U
C BEepPOSATHOCTHhIO PABHOII €IMHUIIE BLITECHAIOT UX B HAKOIIUTEJJb (€C/Ii eCThb
CcBOOOJIHBIE MecTa OKHUAAHUS), J1uO0 3a IIpenesbl cCHUCTEeMBI (ecau cBOOO/I-
HBIX MeCT HeT). BbITeCHeHHbBI€ C O0CIY:KUBaHUSA MaKeThl IIPHUCOeINHIIOTCSI
K ouepeay HEIIPUOPUTETHBIX TPeOOBAHUM U MOTYT OBITH MOOOCIIYKEHBI IIO-
cJe Bcex mpumopuTeTHbIX. Hakonurenan ABIAOTCA pas3geIbHBIMU I KarK-
JIOTO BXOJHOTO IIOTOKA, CBOOOJHBIE MeCcTa OKUJIaHUSA ITOJHONOCTYIIHBI JIJIA
JIF000T0 BHOBB IOCTYIIMBIIIETO 3ampoca.

B orimume ot TunmoBwix nmpuoputeTHbIXx CMO paccmaTpuBaeMasi CU-
cTeMa CHaOKeHa BEpPOSTHOCTHBIM BBITAJKMBAIOIIMM MexaHu3MoM. Ilpu-
OPUTETHBIN ITaKeT, 3acTaBIINU Bce MecTa OXKUIAHUA 3aHATHBIMU B MOMEHT
00paboTKM APYroro OPHOPUTETHOTO IIaKeTa, C 3aJaHHON BepPOATHOCTHIO
BbITECHSIET U3 HAKOIUTEJNSA OAUH 13 MeHee NPUOPUTETHBHIX NaKeTOB U 3a-
HUMAaeT ero MecTo. BhITeCHeHHBII MaKeT TepseTcs JIM00 OTIIPaBJAeTcA 00-
patHO B ouepenb. Iloacucrema OalaHCUPOBKU HATPY3KU LB, B COOTBETCT-
BUU C 3aJI0:KEHHBIM B Hee aJITOPUTMOM OCYINECTBJISeT M3BJIeUeHUe 3amau
U3 odepefielli (O, U HazHaueHNUe UX Ha CBOOOJHBIEe BHIUMCJIHNTEIbHBIE AApa

MMOAXOASAINX CEPBEPOB.
s omucaHusi MexXaHU3Ma BBICBOOOKIEHUSA B3aHATHIX TpPaGUKOM
CeTeBBIX PECYypcoB IIPpU OKOHUAHUU Ilepefaun TpaduKa ¢-Tro Kjacca 00-

CIyKHMBaHUA, (3T0 IIPOMUCXOOUT Ha OCHOBE€ IOTaHHBbIX, IIOCTYIIAIOIIIMUX OT
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IIPOTOKOJIA MapIIPyTU3aIuH, IOAIePKITBAIOIET0 COOOIIeHUA O NOCTYITHOM

IoJjioce IPONMMyCKaHWSA U JOCTYIHBIX pecypcax Ha cepBepe, HaIpuMep,

CSPF, SNMP), BBeneM IlepeMeHHYIO e‘é’j‘? (1) =1{0,1} , yKa3bpIBaWOIIyI0, UTO B

MOMEHT { Ha cepBep IlepecTaj MOCTymnaTh TpadukK KJjacca ¢g(€=1), KoTo-
PBIil OBLI IPUHAT Ha OOCIy:KUBaHHe B MOMEHT f, 1 HOJLKeH OBLI Ilepela-
BaTbcA II0 OyTu Net;(t) Ha cepBep Serv,. JlaHHasA IlepeMeHHAas COJEPKUT

Bce HeoOXOAMMBbIe NaHHBIE IJA OIpeleeHUS CETEBBIX PECYpCcoB, IIOIJIe-
JKaIX BBICBOOOIKIEHUIO.
BanancupoBiiuk LB B {-Ii MOMEHT XapaKTepusyeTcs Koadduiime-

HTOM IIOTepb X/, (/) U CPefHUM BpeMeHeM OKHJAaHUA IlaKeTa B odepeau

T LqB (). llepemennaa X ZB (t) paBHa IPOIEHTY IIOTePh Ha 0aJaHCUPOBIIIVKE
TpaduKa ¢ KJaccoM o0CIyXUBaHUA ¢, IlepefaBaeMoro Io IyTu Net;(f) Ha
cepBep Serv, B MoMeHT t. IIpenmonaraercs, 4To BepOATHOCTBIO HCKaKe-

HUS IIaKeTa B TPaKTe MOYKHO IIpeHeOpeub UM HOTepHU IIPOMCXOIAT MCKJIIO-
YNTeJbHO B OaJIaHCUPOBIIUKE M3-3a IIepelroJHeHua 0ydepa.

MOHUTOPUHT COCTOAHUS CEPBEPOB U CBOOOMHOM IPOIYCKHOI CIIOCO-
OHOCTH MOJKHO OCYIIIeCTBUTH TPeMs CIIOcO0aMM: IocJje KayKIoro IOCTYIIU-
BIIIETO 3allpoca; B (pUKCHUpPOBaHHbIE IIPOMEKYTKU BpeMeHU, olipejesigeMble
CTaTUYeCKUM aJTOPUTMOM; B He(UKCUpPOBaHHbIE IPOMEKYTKU BpeMeHH,
onpezeasdeMble IMHAMUYECKUM ajiropuTmMoM [3].

Nudpopmanusa, mosiydyeHHas MIePBBIM CIIOCO00M, fABJIAeTCA Hambo-
JIBITIEH 110 00'beMY, T.K. M3MePeHUs IIPOBOASTCA IIOCJie KaKJI0T0 IOCTYIIU-
BIlIero 3ampoca. IIpum BTOpoM cmoco0e KOoJIudYecTBO MHGOPMAIIUU ITOCTOSH-
HO, HO HeOOXOAWMO OIIpeJeJUTh HHTepPBajJ cbeMa HHGOpMaIuuM, YTOObI
00beM MH(poOpMAaIuy He ObIJ M30BITOYHLIM M HEJOCTATOYHBIM. IIpu TpeTh-
eM crocobe KOJUUYeCcTBO HMH(MOPMAIIUU 3aBHUCUT OT YaCTOThl MHTEPBAJIOB
KOHTPOJISI, KOTOPBIl MOJKEH MIPUCIOCAa0JMBATHLCA K CTPYKType IMOCTyIa-
I0IIIero TpaduKa, YUUTHIBAs ero caMOIIONO0HYI0 CTPYKTYpPY.

BanascMpoOBKAa HArpy3KH C yU4eTOM
MyJIbTH()PAKTAIBHBIX CBOMCTB Tpa(uKa

Ouepenu U IOTepH, IIOPOKIaeMble TPaPUKOM € MYJbTHU(GPaAKTATID-
HBIMU CBOMCTBAMU, B3aBUCAT OT MYJIbTUPPAKTAIBHOU XapaKTepPUCTUKU:
byHKIIUIU 0000IIIEHHOTO TOoKasaTesia Xepcra. [{uamazoH 3HaueHHiT 0000-
IMeHHOTO IIoKa3aTessi XepcTa COOTBETCTBYET CTeIlleHU HeOAHOPOIHOCTU
TpaduKa, T.e. XapaKTepusyeT pas3bpoc HTaHHBIX. 3HaUeHUEe OOBIUHOTO Iia-
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pamerpa XepcTa, IIOJyUYeHHOE 13 O000OIIEeHHOT0 II0Kas3aTelisl, COOTBETCTBY-

eT CTelleHU JO0JITOCPOYHOH B3aBHUCHUMOCTHU pealu3allud N XapaKTepusyeT
KOppeJANNOHHbIe CBOiicTBa TpaduKa.

Hcnonb3oBaHue AUHAMUUYEeCKU H3MeHSAIOIIerocs ajJropuTMa fABIse-
TcA HauboJiee IpHeMJIEMBIM C TOUKU 3pPeHUA yMEHbIIeHUA HU30BITOUYHOCTU
naHHbIX. IIpu TakoM cmocobe uyacToTa MOHUTOPUHTa OyAeT 3aBUCETh OT
3HaUeHUU 0000IIeHHOro IoKasaTesd XepcTa h(g) Bxojslmero moroka [8].
HNHTepBas MOHUTOPHHTA JOJIKEH ydalllaThbCs, €CJIU BO BXOJAINEM IIOTOKe
IUana3oH 3HaueHUU 00O0OIIeHHOIo II0OKasaTels XepcTa IpUHUMaeT 3Hade-
HUdA, OoiblIne 3afaHHON BeIWYUHBL Al =/h(qunin) — M (qmax) > Ayax » A IpA

3HaUeHUU IIoKasaTens Xepcra H =h(q=2)>H,,,, >0.8.

Cucrema 6a1aHCUPOBKY HATPY3KU COCTOUT 13 KOMIIOHEHTOB, IIPe[I-
CTaBJIeHHBIX Ha puc. 2. BasaHCUPOBIIIMK Harpysku muMeeT BebG-mHTepdeiic
UL OTCJEKUBAHWUSA, HACTPOUKN W aJMUHUCTPUPOBAHUA paclpeneseHUs

Harpysku [9,10].

AKTUBHbIN
6anaHcMpoBLMK
Harpysku

Pe3sepBHbIN
SanaHcupoBLN
Harpysku

Pucynok 2 — KoMIloHeHTEI pacupeieleHnuA HaTrPy3KU

IIporece pulse — 9TO yHPaBIAIONIUI IpoIlecc, KOTOPBIM Ha aKTUB-
HOM OaJIaHCUPOBINIKE 3allycKaeT mpollecc [vs, a Ha pes3epBHOM OaJiaHCHU-
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POBIIIIKE OyJIeT OTCJeKUBAaTh COCTOSHNE AaKTHUBHOTO, IIePUOAUYECKU

ompalnuBas ero. Eciu akKTUBHBIN 0alaHCUPOBIIUK He OTBeUaeT B TeUeHUe
3aJlaHHOTO IIepuoZa BpeMeHHU, OyZeT MHUIIUMPOBAH IIPOIlecC Ilepefauu ero
GyHKIIUNE pe3epBHOMY OaslaHCUPOBINMUKY. IIpu 9TOM pulse Ha pe3epBHOM
0aTaHCUPOBIIINKE OTIIPABJIAET IIPOIECCY pulse Ha aKTHUBHOM OaJlaHCUPOB-
IIMUKe KOMaHAY OCTAHOBKU BceX CJY:KO [vS, 3allycKaeT send arp NJA IIPU-
cBoeHUs1 BUPTyadabHBIX IP-ampecoB MAC-ampecy pesepBHOro 0alaHCHPOB-
IMUKa W 3allycKaeT IIpoIecc lvs. lIpormecc send arp pacchliiaeT IIHUPOKOBE-
maTejqbHble makeThl ARP mpu mepexone BuptyasbHoro IP-ampeca ot og-
HOTO y3JIa APYyroMy.

IIpomecc 1vs BamycKaeTcd Ha aKTUBHOM OaJIaHCUPOBIIUKE IO BBI-
30BY pulse. OH BBIBBIBAET CJOYKOY ipadm HIJSA CO3NAHUA, NOOABIEHUA, 13-
MeHeHUsI U yJajJeHus samuceii B Tabaure Mmapmipyrtusanuu IP. Ilporecc
lvs 3aIlyCKaeT IPOIeCC status MJSA KayKJI0ll HACTPOEHHOU CJYKOBI pacIipe-
neJeHNA Harpysku. Eciu status €000IaeT 0 TOM, UTO peabHBINI cepBep
OTKJIIOUEH, lvs BaCTABUT YTUJIUTY ipadm YAAJUTHh ITOT CepBep M3 TaOJUIIHI
IP. OcHoBHBIM HazHadYeHUeM mpoIrecca status, padoTamIero Ha aKTUBHOM
0asaHCUPOBIIINKe, ABJSAETCS HaOJIIoJeHWe 3a Harpy3Koil cepBepoB, cOOp U
aHaJIN3 CTATUCTUKU O TeKYIlleM COCTOSHUMN CHCTeMbl W HMHTEHCUBHOCTU
tpadukra. IIporecc status mepemaer oOpabOTaHHYIO M IpOoaHAJIN3UPOBAaH-
HyI0 UHpoOpMaIui B MOOJACHUCTeMY O0aJaHCUPOBKM HATPY3KU IIpPOIleCcCy
inf_status. Ilpomecc inf status B cBoiO ouepenb mepemaeT MHGpOPMAIIUIO O
TEKYIIIEM COCTOSTHUU CUCTEMBI IIPOIlECCY COUn_parce.

IIpomecc fractal mpoBomuT pacueT MYJbTU(DPAKTAJIBHBIX CBOMCTB
KaKJO0r0 BXOJSAINETr0 IIOTOKa AAaHHBIX W IlepefaeT 3Ty WHGOPMAIUNIO IIPO-
meccy coun_parce. Ilpomecc algor BpIOUpaeT aJropuT™M O0ajlaHCUPOBKU Ha-
TPY3KHN U TaKiKe IepefaeT 3Ty mH(poOpMaIuio mporeccy coun_parce. IIpo-
Iecc coun_parce IIPOBOIUT pacyeT paclpefiesiIeHUsA MOTOKOB IO y3JIaM CeTH
Cc y4eTOM KJaccuuKamum TpaduKa M 3arpyKeHHOCTU cepBepoB U KaHa-
JIoB cBA3U. Pe3yabTaThl pacuera IepefaloTcs IIpolleccy parce, KOTOPBIU
OCYITIECTBJIAET AWMHaMUUecKoe paclipefiejieHrue TpaduKa M0 Pa3JIUUHBIM
KaHaJaM CBS3UW UM y3JiaM B 3aBUCHUMOCTH OT UX TeKYIero cocTodHuA. Ta-
KJKe pe3yJbTaThl pacueTa IIpoliecca coun_parce IiepefaloTcsd IIPOIleccy gos
IJIsI THOKOUM HACTPOUMKU oOeclieueHUS KauecTBa O0OCTY:KUBAHUS B COOTBET-
CTBUUM C MeToJaMU yIIpaBiieHUA TpadukoM (yIpaBieHUe KeIll-IaMATbIO,
ITPOITYCKHOM CIOCOOHOCTHI0O MHaMATH U KaHAJO0B, NPOU3BOAUTEIHLHOCTHIO
IIPOIIECCOPOB), €CJU BTO HeoOxoaumo. B ciyuae npuMeHEeHUS MeTOMOB
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yupaBJeHUA Tpa@UKOM IIpolleccoM oS, mHopManud o0 M3MeHEeHUAX IIe-
penaetcs mporeccy inf status.

Ha ocHoBaHmu oleHUBaHUA MYJIbTU(PPAKTAIBHBIX CBONCTB BXOIA-
Iero TpaduKa IpeajiaraeTcsd IWHAMUYECKUH aJITOPUTM OaslaHCUPOBKU
Tpadpukra. IIpuBemem molmaroBoe omuncaHWe AUHAMUYECKOTO aJITOPUTMAa
0aJaHCUPOBKU HATPY3KU ¢ MOAUGMUIIMTPOBAHHON 00paTHOI CBA3BIO.

1. B Tpadukre, mocrymaroieM Ha BXOJ KOMMYTaTopa, BblAeasdeM
okHO X, puKcupoBaHHOUN AJIUHBI T.

2. HaxonuMm BbIOOpOUHOE 3HaueHUEe (PYHKIUU OOOOIIeHHOTO IOKa-
saTenss Xepcra h(q), 3HadeHHe IapamMeTpa Xepcra H =h(2) U AuanasoH

3HaUeHUH 0000IeHHOro mNokKazaTeldsa XepcTa Ah=h(quin)—"(qpax) BIA

y4JacTKa TpaduKa B BbIIeJJeHHOM OKHe.
3. IIpoBoaum cOop M aHaIM3 CTATHCTHUUYECKOIN MHMOPMAIUI: MHTe-
HCUBHOCTU BXOJAINUX IIOTOKOB A[,A,,...,Ay, JOCTYIIHOI IIPOIIYCKHOW CIIO-

cobHocTH Net,(t), coctoanus cepsepoB CPU,(t), RAM,(t) — oobeM cBOGOA-

Horo IIITY u oO0beM cBOOOMHOII ollepaTHUBHOII IIaMSTH [-TO cepBepa B MO-
MeHT BpeMeHU ¢ COOTBETCTBEHHO.

3. Ha ocHoBe MynbTU(GPAKTAJIbHBIX CBOUCTB Tpaduka (3HaUeHUS
u3 1.2), MHTeHCUBHOCTH TpadmKa BBIUHCIAEM Heo0X0amuMoe KOJUUYECTBO
pecypcoB AJid KasKAOTro g -To KJjacca Tpadukra.

4. IlpoBoguM pacueT paclpeleseHUA MOTOKOB IO y3JlaM CeTU C
y4eToM KJaccuPuKanuu Tpahuka M 3arpyKeHHOCTH CepBepOB U KaHAaJOB
cBsa3u. Ha ocHOBe MOJIyYeHHBIX MaHHBIX PACUUTBHIBAETCA 3arpy:KeHHOCTh
CcepBepPOB Ha CJEAYIOIeM IIare.

5. Pacupenensiem TpaduK IO cepBepaM, COTJIaCHO aJITOPUTMY OaJia-
HCUPOBKU B IIpefiesiaxX KasKAOr'o KJiacca IIOTOKA.

6. IIpoBomuM pacmpenesieHre HEMOOIeHKU IMPOTHO3UPYEMOTO KOJU-
decTBa pecypcoB Net;(t), CPU;(t), RAM,(t). llepeonieHKa He yUYUTBIBaeTCHA

aJITOPUTMOM, T.K. He BHOCHUT CYII[eCTBEHHBIX U3MEHEHUH.

7. IIpoBomuM cOOp [OaHHBIX O 3arpyXeHHOCTH cepBepoB Net,(t),
CPU;(t), RAM,(t) u meperadyy HX B CHUCTeMy 0aJaHCHUPOBKU Harpy3KH
JIJIST pacueTa HOBOTO paclpejieJiIeHUsI ITOTOKOB.

8. IlepenBuraem oxkuo X pmauHbl I BIlepel Ha 3aJaHHYIO0 BeJIUYUHY

casura AT ; ocyllecTBisgeM aHaIu3 TpaduKa U pacueT CJAeYIOINero sHa-
YeHUA 3arpyKeHHOCTU CEePBEPOB.
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IIpenno:keHHBINI MeTOJ IOJKeH o0ecIlleurBATh CTATHCTUUYECKU pPaB-

HOMepHOe pacIlipefiejieHe HArpy3KM Ha cepBepax, BBICOKME IOKal3aTeJsn
IIPOM3BOAUTEIHHOCTH, IIPOIYCKHON CIOCOOHOCTH, OTKAa30yCTOMYMBOCTHU
(aBTOMaTHMYeCcK OOHapysKUBasd cOOM Y3JI0B U Tepepaclipeliesiss IIOTOK
IaHHBIX CpPeIU OCTAaBIIUXCSA) M HU3KOE BpeMsA OTKJINKA, KOJUYECTBO CIY-
»KebHoil mHpopMaIn, KOJIMUYECTBO MOTEPAHHBIX JaHHBIX.
BriBoabl
B pa6ote mpennoskeHa MaTeMaTUUecKasi MOJeJlb CUCTeMBI OaaHCH-
POBKHU HAarpysKH, B KOTOPOH OaTaHCUPOBIIUK HATrpy3KU OIIMCHIBAETCS C
IIOMOIIIbIO CHUCTEMBI MAaccoBOro obOciy;kuBaHuA. COCTOSTHUA CepBEPOB OIIU-
ceIBaroTca o6beMoM cBobonHoro I[IIY 1 060beMOoM cBOOOHOM omepaTUBHOMN
naMaTu. Bce 3HaueHUA IMapaMeTPOB MOJIeJI MMEIT 3aBUCUMOCTH OT Bpe-
meHU. Takasi MoJeJsib II03BOJISET OIMCHIBATH MOBeJleHUE paclipeliesiIeHHOM
ceTH BO BpEMEHHU MJIA Pas3JIMYHBIX KJAcCOB OOCIY:KUBAHUSA BXOMISIIETO
Tpaduka. Takske B paboTe IpeaIoKeH AUHAMUYECKUII MeTO]l pacipejeJe-
HUS HarpysKu, KOTOPBINI YyUYUTHIBaeT MYJbTU(pPaKTaIbHbIE CBOMCTBa Tpa-
¢duka. Ilpenyaraembrii MeTol 0aJIaHCUPOBKM HArpys3KU Ojarogapsa aHaIU3Y
U y4eTy MYJIbTUQPAKTAJIbHBIX CBOIMCTB BXOJHOTO IIOTOKA o0OecredYunBaeT
CTAaTUCTUUYECKU PaBHOMEPHOE pacIlipelieleHIe Harpy3KM Ha cepBepax, BBI-
COKMe TIOKal3aTeJld ITPOU3BOAUTEJBHOCTH U IIPOIYCKHOI CIIOCOOHOCTH, a
TaKyKe CHUKeHUe BpeMeHHU OTKJMKA U KOJUYeCTBa MOTEePAHHBIX NTaHHBIX.
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