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MATEMATHYECKOE MOJENHPOBAHUE — MPHKNAAHBLIE ACNEKTEI D

HOCNIAMEHHA CIOCOEY NOEYA0BH BEKTOPHO-
MAPAMETPHYHOI'0 BICM/IAAHA YETBEPTOr0 CTENEHA
3 KEPYHOYHMH TOYKAMM, L0 NEMATD HA MOBEPXHI

JTlocaipkeno croci6 modynosu Oicruiaiina (BeKTOpHO-TTapaMeT-
pUYHOI TIOBEPXHi) 3a JOMOMOTOIO CIJIAfiHa YETBEPTOTO CTEIEeHs
3 KepylouMMHU TOYKAMM, IO iHIMAEHTHI MOBEPXHi. Y pe3yibraTi
Oysa OTpUMaHa TJIAAKICTh X IO TPETHOTO TMOPSIAKY BKJIIOUHO.
OTpuMaHO aJITOPUTM PO3PaxyHKy GiKyOIUHOT MOBEPXHI 3 MEepIIM,
a TOTIM APYTUM i TpeTiM mopsakaMu TiaaakocTi. HaBemeno tectosi
MPUKJIAAN OTPUMAHKUX OicTiaiiHiB.
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PO3POEKA MOJENEK I ANTOPHTMIB

ONTHMI3ALII CNOMHBAHHA PECYPCIB
B CXOBMIUI AAHKX HA BA3I XMAPHOI
NNATP0PMH

B pamxax npedcmasnenozo docuidacenns nobyodosana modenv 3bepizanns ma opzanizauii pos-
nodinenozo docmyny 00 0AHUX 3 BUKOPUCTMAHHAM XMAPHOL NAAMOOPMU MYAbMUMEOTUHUX Pecypcis,
poszoprymux 6 ingopmavitinii cucmemi. Ipu ybomy 0CHOBHUM 3a60aHHIM OOCIIONCEHNS € PO3POOKA
anzopummic i memooie ynpasiinus nPooyKmMusHiCmo ma ONMuMI3auis 6UKOPUCTNAHHS NPOZPAMHUX

1 anapamuux pecypcis.

Kmouosi cnosa: posnodin nasanmaicenist, xmapni oouucienns, C3/1, miepauis danux, Mooemosanmsi.

1. Becryn

Ha choroauinmmiil eHb OAHIE€I0 3 OCHOBHUX MPOGJIEM MpH
opraHizaiii MyJbTUMeIHIX pecypciB € noTpeda B IKicCHOMY
HaJIaHHi TTOCTYT KiHIeBUM KoprucTyBadaM. OHIM 3 HalGiTbI
PO3BUHEHUX HAIPSIMKIB, 110 BUKOPUCTOBYIOTH HIMPOKOCMY-
TOBHUI JOCTYN 710 MYJBTUMEIIMHUX TOCIYT € OpTaHi3alfis
HOCHiIKEeHb 1 o64nciaenb B cdepi HAYKOBUX AOCIIIKEHb.
Kiro4oBoio 0co6JIMBICTIO 3aCTOCOBYBAHUX TEXHOJIOTIH Ha
Bi/IMiHY BiJl TPAAUIIITHIX MYJBTUMEIIHHUX CEPBiCiB € MOXK-
JIUBICTb HA/laBaTU Pi3HI cepBicH, BUKOPUCTOBYIOUN €INHUHI
KOMIIJIEKC, 110 3a0e31euye iHTePaKTUBHUN 3B’sI30K 3 KOPHC-
TyBayeM 3a JIOIIOMOTOI0 iH(opMaliitHuX KaHayiB 3B’S3KY.
[le mo3Bosige 3acTocoByBaTH yHi(iKOBaHI pillleHHS B TIJIaHI
moGYI0BY apXiTEKTYpH TaKuX cepsiciB. KpiM Toro, BiAMiTHOO
0COGJIMBICTIO TOCJIYT, 1O BXOASATH B Taky iH(opmailiiiny
CUCTEMY, € MOKJIMBICTD ITPOrHO3YBATH MOBEIHKY KOPHCTY-
BauiB. Ile 0OymoBiIEeHO crenudikoio MPOIECy AOCTIIKEHbD,
a TaKoK perjamMeHToM poboru Takux cucrem. I1i Ta i
YUHHUKN J03BOJISIOT 3MIHCHUTH BUOIP ONTHMAIBHOTO PillleH-
Hsl, 3/IaTHOTO 3a0€3IeYNTH BUCOKY SIKICTh MOCIYT, & TAKOXK
BU3HAYNTH OCHOBHI MeXaHi3MM YTIPaBJiHHSI TaHWUMH CEPBi-
camu, BPaxoBywuu crenudiky mpeaMeTHoi o0acti.

2. Axania niTepaTypHuX KaHHX

PosrisineMo 0CHOBHI aJrOPUTMH IIJIAHYBAHHS, 1[0 MO-
JKyTh OYTH BUKOPUCTAHI JIJIsE CHCTEM 3 apXiTEKTY PO XMapHUX

obumcienb. OMHUM 3 HANIIPOCTIIINX METO/IB IJIAHYBAHHS,
IO 3aCTOCOBYIOTBCS [T CKJIAQIAaHHS PO3KJALY, € AITOPUTM
First Come First Served (FCFS) [1, 2]. ¥ kosxkHOMY HUKJIi
IJTAHYBAHHS, 3 Y€PTH BU/IISIOTHCS 3AITUTH 1 TPU3HAYAIOTHCS
Ha Bu3HauyeHi oGumciioBaiabHi Bysau. [Ipu 1pomy samutu
B uep3i BIIOPSAKOBAHI 3rifiHO yacy iX Haaxo/pkeHHsA. Kpim
OTIMCAHOTO AJITOPUTMY 3aCTOCOBYIOTD 1 iHIII, 11[0 BUKOPHUCTO-
BYIOTbH CIIMCOK B SIKOCTi OCHOBHOTO €JIeMEHTAa CKJIQJaHH:
niany, Brarodaroun Shortest Job First (Halikoporuia 3azaua
nepma), Random Job First (BumaakoBa 3amada repiia) Ta
in. [2]. IcToTHUI HELOMIK CIUCKOBUX aJITOPUTMIB — HU3bKA
3aBaHTAKEHICTh OOUNCTIOBATBHIX BY3JIB B CHIIY HASBHOCTI
BEJIMKOI KILJIBKOCTI BIKOH y CTBOPIOBAHUX PO3KJIa/laX, 110
MPU3BOJUTH JIO0 MPOCTOIOBAHHS Ta Hee(eKTUBHOTO BUKO-
pHCTaHHS OOYNCIIOBAIBHUX PECYPCIB.

[l Bupimenns mux mpobaeM AProHcbKOI0 HAIiOHAb-
HOIO 1a60paTopicio 3alPONOHOBAHMIT arpeCUBHUIT BapiaHT
anroputMmy Backfill (anropurmy 3BOPOTHOrO 3allOBHEHHS).
Bin nepecminye nBi koHDITIKTYTOUI 11i711 — TTiBUTIIEHHS edek-
TUBHOCTI BUKOPUCTAHHSI 0GUUCIIIOBATbHUX PECYPCIB IILISIXOM
3alOBHEHHST MOPOXKHIX BIKOH y PO3KJIaji Ta 3amobiraHHs
YTPUMaHHSI 3asBOK y 4ep3i Ha 06CIyroBYBaHHSI OOUHCIIIO-
BAJIBHMM BY3JIOM 32 PaXyHOK MEXaHi3My pe3epBYBaHHS.
ITpu 1bOMY 3amuTH, IO OYIKYIOTh, 36€piTaloThCS B Uep3i
i BIIOPSJIKOBAaHI BiAITIOBITHO /10 NPIiOPUTETIB. Y KOXKHOMY
LUK [JIAHYBaHHS 00UYMCIIOBAIbHI PECYPCU BUALISIOTHCS
3TiZIHO BCTaHoBJIEHUM TIpiopuTeTam. OcoOIUBICTIO ANTOPUT-
My € Te, 110 3asiBKa, 110 HAAINIIIa Ha 00CIYyrOBYBaHHs, HE
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3MO’KE OTPUMATU JOCTYI 10 OOUYKMCIIOBAIbHUX PECYPCIB,
[IOKM BOHU HE BijiBe/leHi NPIOPUTETHUM 3amuTaM. Takum
YIHOM, PECypcH OGUUCIIIOBAIBLHOI CUCTEMU B HEPIILY Yepry
BU/IJISTIOTBCST IPIOPUTETHUM 3as1BKaM, a PeITa 3a0BHIOIOTh
BiKHA, 1110 YTBOPUJINCH B XOJi Pe3epBYBAHHS B PO3KJIali
B IOPS/IKY, BCTAHOBJIEHOMY TIPiOPUTETAMHU.

Y nocrimkennsix J[. eiirennbcon i A. Beitn 3 €pelichbkoro
yHiBepcuTeTy M. €pycarmy 3alporoHOBAHNI KOHCEPBATHB-
Huii Bapiant asropurmy Backfill, BiamitHOIO 0cobuuBicTio
SIKOTO € GJIBIIT JKOPCTKA 3aJI€KHICTD Bijl TIPIOPUTETIB. 3auTH,
IO HA/XO/ATh, He O00CIYrOBYIOTHCS, TOKU B PO3KJIAi He
BU/ieH] pecypen st Giiblll NPIOPUTETHUX 3asBOK.

JocaijskeHHsT TIoKa3asy, M0 KOHCepPBAaTUBHUN BapiaHT
anropurmy Backfill mo s3aBanTaxkeHoCTI 06YMCTIOBATBEHIX
BY3JIiB HE MOCTYIAETHhCS arpeCUBHOMY BapiaHTy, i, Ha BiJl-
MiHy Bi/l OCTaHHBOTO, J03BOJISIE POOUTH TOYHI HMPUILYIIEH-
HS 1IPO Yac 3aIyCKy KOKHOTO 3aBJaHHS, IO 3HAXOIUTHCS
B uep3i [3]. Inma He MeHII BaK/IHMBa IlepeBara KOHCEPBa-
TUBHOTO Bapianty aaropurmy Backfill — moxausicts Tou-
HOTO pe3epBYBAHHS PECypCIB JIJIS 3alUTY Bipa3y K MicJis
HaJXo/UKeHHsT B depry. lle 11ae MOKJIUBICTh 3aCTOCOBYBa-
i anroput™m Backfill B xmaprux cucremax. {ust poboTu
asroputmy Backfill cyrreBoio € nasBHicTh ominok yacy
BUKOHAHHS 3allUTiB, 110 HAAXOAATL B uepry. OjHak 1pn
BEJIMKIN HETOYHOCTI B OIiHKAX e(eKTUBHICTH poOOTH anro-
PUTMY TIJIa€, a TAKOXK 3HIIKYETHCS CePeTHs 3aBAHTAKEHICTh
00YKCIIIOBATIBHUX BY3JIiB.

Bisnpuricts MIMPOKO BiIOMUX METO/IB CKJIAJAHHS PO3-
KJIa/iB 1 BUOODY 3asiBOK 3 Yepru 3allUTiB HE BPAXOBYIOTh
TOIOJIOTI0, BAKOPUCTOBYBAHY B O0UYMCITIOBAIbHIIT cucTeMi.

Haii6isbii nepcreKTHBHUM HATIPSIMKOM Ha ChOTOZAHILITHIT
JleHb € BUKODUCTAHHS TEXHOJIOTiHl XMapHHUX 00uYUCIIEeHb
JUIsT TI00YI0BY MACIITa0OBAHUX CUCTEM, TAKUX K CUCTEMU
opranizanii gocriimkenb. Ha puHKY XMapHUX 00YMCIEHD
MIPUCYTHI He TiJIbKY IPONpPIETapHi pileHHs, Taki sk VMware
ESX, Xen ra inmi, ajie i 106pe 10KYMEHTOBaHI KOMILIEKCH
3 BiAKpUTUM BuxizHum komowm, Taki sik OpenStack [4].

B nmaHuii uyac icHyioTh piuleHHsi, moOynoBaHi Ha 0asi
XMapHUX CEPBICiB, 1[0 BAKOPUCTOBYIOTH YHiBepPCAJbHUI 1Tij1-
Xif Ay oprasisaiii AOCTYIy /0 PO3TANIOBYBAHUX B HUX
pecypciB. [Ipu npoMy He BPaxoOBYIOTHCSI OCOOJIMBOCTI KOXK-
HOTO CEPBICY, [0 B CBOIO Y€Pry IMPU3BOANUTD A0 30iIbIIeHHS
CIOKMBAHUX PecypciB i HeeeKTUBHOTO X BUKOPUCTAHHS.

3. NMocTanoBka npobnemMu

Y pamKax TOCJIiKeHHsT BCTAHOBJIEH] HACTYITHI 0c00JH-
BOCTI CIIO’KMBAHHS I[POTPAMHO-aIlapaTHUX PeCypciB, M0
BUKOPHUCTOBYIOTHCS /st 3abe3lederts poOOTH CUCTEMU
opranizartii gociaimkersb (CO/):

— HaBaHTAXEHHS Ha KJIOYOBI PeCypcH HOCHUTDH IIepio-

MUYHUN 1 HEPIBHOMIDHUI Xapakrep;

— OHOYACHO BiAOYBAIOTHCSI 3BEPHEHHSI /[0 HEKIJIBKOX

TUIIIB PecypciBs;

— IHTeHCHUBHICTb 3BePHEHHS /10 KOKHOTO PECypcy MOKe

3MIHIOBaTUCh B 3aJIE)KHOCTI Bijl 30BHIIIIHIX YMOB;

— 3Ba’KAIOYM Ha BIJICYTHICTD PO3TO/iTy HABAaHTAXKEHHS

Mi’K pecypcamMy IIpH IIIKOBOMY HaBaHTaKeHHI 00Jai-

HAHHSI He 3aBXK[IK JI03BOJISIE OOCIYKUTU BCI 3allUTu,

— 10 90 % HaBaHTaXKeHHS 3a3/aJIeTib BiZIOMO, OCKIIb-

KU JUIg JIOCTYIy JI0 PECypCiB BUKOPUCTOBYETLCH II0O-

TepeiHs peecTpaitis.

Kpim Ttoro, Bapro Binzmaumrtu, mo 80 % pecypcis 3a-
tpebyBani sume B 20 % uacy pobOTH cepBiciB.

BcranoBiieHO, 110 €IMHOI0 TOYKOIO arperaiii Tpadiky
Bucrynae cucreMa 36epiranss gannx (C3/1), mo sabesneuye
06pOOKY MOTOKY 3anuTiB, 10 HAAINILIN BiZl CIOKUBAYIB
MYJBTUMEIHNX TocayT. OTxe, eheKTUBHICTD poOOTH BCiel
CHCTEMH, & TaK CaMo SIKICTh HaJlaBaHUX MOCJYT Ge3rocepeii-
HBO 3aJI€KUTh Bi/l TPOJAYKTUBHOCTI CXOBUIIA AaHUX. Tomy
st e(DeKTUBHOTO YIIPABJIIHHS MOTOKOM 3aMuTiB Po3pobJie-
Ha MOJIEJIb JIOCTYILY JI0 MYJBTUMEAIMHUX JIaHUX CXOBUIIA
XMapHOi CHUCTEMU.

KitouoBoio BifIMiHHICTIO CXOBUII MYJbTUMEIINHUX JIa-
HUX € HEOIHOPIIHICTh po3minyBaHoi iHdopMmartii (TeKCToBi,
aymio a6o Bimeo mami) [5] i, AK HacaimOK, pisHi MiAXOAM
no opranizanii poctymny no nei. Kpim metonis mocrtyimy
JI0 JIaHUX ICTOTHOIO € IHTEHCUBHICTH 3BEPHEHHS [0 THUX
4y IHIIMX €JIeMEHTIB, AKa MoOKe OyTH OTpUMaHa 3 BUKO-
PUCTAHHSIM BHYTPIITHBOCUCTEMHUX aJTOPUTMIB iseHTH(Di-
Kallii KOpUCTYBaviB, 110 B CBOIO YePTy 03BOJISIE OIIHUTH
3aTpeOyBaHICTh 1 CIIPOTHO3YBATU HABAHTAJKEHHSI HA IMPU-
cTpoi cucremu 36epiraHus. Y 3B'M3Ky 3 UM BaKJIMBUM
ACHEKTOM YIIPABJiHHA PecypcamMy CUCTEMH, TIPU 3HAYHOMY
30iJIbIIeHHI KIJIBKOCTI OJHOYACHUX 3allUTIiB, € MpaBUJIbHA
oprasisailig 1poiiecy po3MillleHHS 1 PO3IOJiJIy €JeMEeHTIB
JaHUX MO NpucTposix [6, 7].

BinMinHOIO XapaKTepUCTUKOIO XMapHUX CXOBHUII[ € pe-
KOH(DITYPOBAHICTD iX CTPYKTYPHU 3aJI€KHO BiJl CIIOKUBAHUX
pecypciB. Ile B ¢cBOIO uepry s103BOJISIE BIIPOBA/IXKYBATH aJIro-
PUTMU ONTUMI3alliil B IJIaH1 PO3MillleHHd JaHUX ycepenunHi
JIMCKOBOTO TIPOCTOPY, a TaKOX KepyBaTH 3MiHOIO KiJIbKO-
CTi BUKOPUCTOBYBAaHUX CHUCTEMOIO MPUCTPOiB. [Ipn 1mbomy
1poiiec ONTUMIi3allil Po3MillleHHS He TTOBUHEH MPU3BOIUTH
110 3HWZKEHHsT sIKoCTi oOcayroBysanus kiientis C3/1, ais
4oTO B QJIropuTMax HeOOXiJIHO BPaXOBYBATU IMPOILYCKHY
3/aTHICTD MEpEXi I MaKCUMaJbHWIT 0OCAT MaHWX, AKAN
MOXKHA TlepeiaBaTé B oauuH moMeHT uacy [8]. Kpim Toro
HeoOXiIHO BPaXOBYBAaTHU [IOTOUHE 3aBAHTAKEHHS CAMUX [IPU-
CTPOIB, @ TAaKOX iX PO3TAIyBaHHS Bi/IHOCHO OJUH OJIHOTO
1 KJIEHTIB, IO HiJKJIIOYAIOTHCI 0 HUX.

4. 06’exT MeTa Ta 3agavi AochigMeHHa

06’exm docridxcenns — cepsicu iHdOpMaIIHOI CHCTEME
opraHisallii JOCJi/’)KeHb, MO0 BIHOCATHCSA 10 JEKiJIbKOX
PiBHIB 10JATKIiB I po3MmilieHi Ha 6asi XMapHUX CHCTEM.

Memotro docnidicennst € BUSHAUEHHSI KIIIOYOBUX TTapaMeT-
PiB, SIKi BILIMBAIOTh Ha POOOTY KOKHOTO 3 PeCcypciB, 3ajisi-
HUX TIPK TT00YI0BI CHCTEMU Ta ONTUMI3AIS X CIIOKIBAHHSI
3 ypaxyBaHHSIM PO3B’sI3yBaHOI HUMU 0GUUCIIIOBAJIBHOI 3a/1aui.

JIIst TOCSATHEHHSI TTOCTaBIeHOT MeTH HeoOXifHO Po3po-
OUTH aJrOPUTMHU 1 METOAM YIPaBJIIHHA NPOAYKTUBHICTIO
Ta ONTUMI3AIEI0 BUKOPUCTAHHS TIPOTPAMHUX 1 anmapaTHUX
pecypciB. IlocraBneno mactymnui 3amadi:

1. ToGymyBatu Mozenb 06CTYyroByBaHHS 3alUTIB KO-
PUCTYBa4yiB B XMapHOMY CXOBHIII [JaHUX.

2. Pospobutu anroputm GajaHCyBaHHS HABAHTaKEHHSI
B XMapHOMY CXOBHII JIAHUX.

3. Po3po6uTy airopuT™ iHTeIeKTyaJ bHOT Mirpariii JaHuX.

5. PeaynsTaTyH AocnigaeHs cepsicis
indhopmauiitnoi cucTemun Ha 6azi xmapuux
of6uucnenn

[lna ontmmisarnii MexaHi3MiB JOCTYIy 70 JaHUX TIO-

6ylyeMo 3arajabHy MOJEIb AOCTYIY [0 AaHUX CHUCTEMHU
36epiranms.

s
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Hexait:
R=(U,M,Q),

ne U ={uy,uy,...; — MHOXKXUHA KOPUCTYBauiB; M = {m,my,...} —
MHOKMHA YHIKQJIbHUX €JIEMEHTIB JaHNX, PO3TANIOBYBaHUX
Ha TpUCTpostX 36epiranus. [Ipu 1boMy MiHIMaIBHOIO OH-
HUIEO JaHUX 7; BBasKaTHMeMO (aiil, 1o Mae 060B I3KOBY
BJIACTUBICTH I — PO3MIp.

Jlna 3abesneverns 6e3neyroro sbepiranis gaHux i 6a-
JIAHCYBaHHs HaBaHTAKEHHsI MK MPUCTPOSIMU 30epiraHHs
BU3HAYNMO (PYHKITIIO PO3MOJIiTY eJIEMEeHTIB JaHUX, JIJIST I[bOTO
BBEIEMO MHOXUHY M., :

_ jt j2 3 1 j2 i3
M. ={m{", m{*, m3, ..., m}t, m§*, m?, ..},

ne mjt — k-si Komist eseMenTa po3mMiiyBaHnX ganux (m;)
Ha jp-M MpUCTPOI 30epiranms, 3a ymoBu k > 3 (He MeHIIIe
TPHOX KOl MiHIMaJAbHOI OAMHUII 36epiraHHsg Ha PiZHUX
TIPUCTPOSIX).

Toni byHKITisT pO3MTOIY eJIeMeHTIB JIaHUX 10 TPUCTPOSIX
30epiraHHs MpUNMAE BUTJISIL

P: M.—D.

Buxopsum 3 BUKJIaIEeHOTO BHUINE, OTPUMAEMO BUMOTY
KOpHCTyBaya /10 eJeMeHTiB jganux Q:

Q:U->XcM,,

ne X — MHOXWHA JJaHUX 3aMUTAHUX MHOXXUHOIO KOPUCTY-
BauiB U. Toji cxoBuIe JaHUX MO’KHA 3alliCaTH y BUTJISI
KOPTEXKY:

§=(MD,P,LCRG),

ne D={d,d,..} — MHOXWHa TIPUCTPOIB 30epiranus; L=
={l,l,,..} — MHOXUHA 3HAUEHD XaPaKTEPU3YE 3aBAHTAKEHHSI
KOKHOTO TIPUCTPOIO 30epiranHs (KiJIbKIiCTh OHOYACHUX 3BEP-
HEHb KOPUCTYBAYiB JI0 KOHKPETHOTO IpucTpoio); C ={c,Cy,...} —
MHOKIHA 3HAY€HD, 10 XaPAKTEPU3YE 0OCST KOKHOTO 3 IIPH-
cTpoiB y cxoBuilli; Ge€ N — HatypanbHuii koedillieHT, 1Mo
XapakTepuaye reorpadiyHuil (TOIOJIOTiYHII ) IPIOPUTET BU-
KOPUCTAHHS CXOBUIIA.

Ak upaBuio, A BEJIMKUX XMAapHUX CTPYKTYP BHUKO-
PHUCTOBYIOTBCSI KOHCOJII/IOBAHI CXOBHIIA, IO CKJIAAAIOTHCS
3 depM, i MOEAHYIOTh KiJIbKA CXOBWII B €IWHUI MacHB.
VaBimo i10oro Ak S g ={51,85,...}.

Tak K XapaKTepHUCTUKN BUMOT KOPUCTYBAyiB 3MiHIOIOTb-
¢4 B yaci, neperBopuMo koptexxk Bumor R(¢)= (U, M., Q(t)).
Toni Q(t): U—>Xc M, — BuUMOrM KOpHUCTyBaya /0 eJie-
MEHTIB JJaHUX, 1[0 3MIiHIOIOTbCS B uaci. Tak sk Kpim ak-
TUBHOCTI KOPUCTYBaya 3MiHIOIOTbCS BJIACTUBOCTI CXOBUIIA,
3aMnIIeMO KOPTeXK CXOBWINA B 3aJe’KHOCTI Bif vacy S():

S(t)=(M.(t), D(v), P(t), L(¢), C, R(¥), G),

ne D(t)={d,d,,.} — mMuoxuna npuctpois 3bepiraHms,
3MiHHUX B yaci, Takux mo V¢, D(¢)>0; P(t): M, —>D —

(hyHKIIS PO3IOIIIY eJIeMEHTIB TAHUX MK TPUCTPOSIMU 306e-
piranHs, 3MiHHUX B 4Yaci.

[Ipu mbomy i1 onTUMI3allii BUTPAT HA arapaTHi pecyp-
CH i CKOPOYEHHS OJJHOYACHO BUKOPHUCTOBYBAHIX IIPUCTPOIB
BBE/IEMO KOPTEX Bi/HOIIEHD:

Sectoud () ={8(t), D(¢), Dyse (1)},

ne Vt, Dy (t)c D(t) — MHOXKHMHA IPUCTPOIB 36epiraHs,
1110 BUKOPUCTOBYIOThCS B MACIITA0OBAHOMY CXOBUIIL S B MO-
MEHT 4Yacy t.

Kpim Toro, mpu MacirrabyBarHHi CXOBUIINA i Mirpaiiii ganmux
Mae BHKOHYBAaTHCh ymMoBa Vi,i,j i#j= Di(t)nD;(t)=0,
TOOTO TpU Mirpaiii AaHWX CXOBMINA HE MOBWUHHI BHKO-
pucTtoByBaTH OnHI U Ti )k mpuctpoi. lle mo3BommUTh K
rapaHTyBaTH IIBUAKICTH 00pobku indopmarii, Tak i 3a-
Ge3neunTy NPUNHATHUN yac pexoHiryparii.

Takum yuHOM, /151 MiHIMi3allil KiJIbKOCTI OZHOYaCHO
BUKOPHCTOBYBaHUX IIPUCTPOIB 36epiraHHsa B paMKax OHOTO
MacmTabOBaHOTO CXOBUINA | MaKCHMIi3aIlil KibKocTi 06po6-
JIEHUX 3allMTiB KOPUCTYBayiB B OJMHUIIO Yacy, BBEIEMO
MiJIbOBY (DYHKILIIO BUIY:

N
Y P(t)— min,
i=1

N
N LiP(t)R;(¢) - max,
i=1

ne N — 3arajibHa KiJIbKiCTb 3asIBOK HAAIUIIIN B CUCTEMY Ha
inTepBasi gacy AT.

Ha ocnoBi Moziesti 1ocTy1ry /10 TaHUX CXOBHUIIA Po3pobIie-
HO aJropuT™M OaJaHCYBaHHS HABAaHTAKEHHSI MK IIPUCTPOSI-
MH, peasi3oBaHUil y BUIVIAAL POTPAMHOTO MOJYJS [
komioHeHTa Swift xmapuoi cucremu OpenStack. Bubip
JIaHOI XMapHOI cucreMu 0OYMOBJIEHWIT BiAKpUTICTIO ii ap-
XiTEKTYpPU Ta MOKJMUBICTIO il Mopudikalii mij nmocraBieni
sappannga. Ocnosammu Heponikamu OpenStack € needex-
TUBHUH aJTOPUTM PO3MOALTY OGYMCIIOBAIBLHUX 3aBAaHb
Mi Byssiamu 36epirants gaHux. CTaHAapTHUIT aJropuUTM,
3aIIPONIOHOBAHUI B CHCTEMI, e BPAXOBY€E MapIIPyTU3AIlilo
BIpTYyaJIbHOI 1 TOIMOJIOTIIO JIOKAJIbHOI MepPeski, a TaKOXK BiJl-
JATIEHICTh BiPTYaJbHUX MAIIMH, 10 BUKOHYIOTH 0OPOOKY
3alUTIB KOPUCTYBAYiB, 1 CXOBWIN JaHUX, 10 3abe3rnedy-
0T TIepejiady JlaHuX. Bce 1le HeraTMBHO BIJIMBAE Ha 4ac
BITYKY, SIK caMOi XMapHOI CHUCTEeMH, TaK i 3amyIleHux
B Hiil TpUMipHUKiB poxaTKiB. Kpim Toro, cami ajropurmu
POSTIOMITY JaHWX, 3aCTOCOBYBAaHI B CXOBUIII XMapHOI CH-
CTEeMH, He JI03BOJIAIOTh e(PEeKTUBHO 3/ifICHIOBATU PO3Mi-
menHs indopmarii i HamaBaTH OCTYN 10 3aTpedyBaHUX
naHnx mo mepexi [9-11].

Jlnsg omiHKN e(heKTUBHOCTI PO3POOJEHOr0 aJITOPUTMY
[POBEEHO MOJeIOBaHHA poboTu cucreMu 30epiranHs
3 pizunmu napamerpamiu. IIpu 11bomy oTpumMaHo Taki 3aKo-
HOMIPHOCTI Ipu PoOOTI CTAHAAPTHUX AJITOPUTMIB XMapHOI
CUCTEMHU.

[Tpu 36iabIeHH] KiIbKOCTI KOMIiil gaHuX BigOyBacThCs
3HAYHE 3HIDKCHHS HABAHTA)KCHHS HA OCHOBHUX IIPUCTPOSIX
36epiranns. OxHaK, Py I[bOMY 3POCTAE KIMbKICTD 3a[isTHUX
TPUCTPOIB, IO HE BI/MOBI/IA€ TTOCTABJIEHOMY 3aB/IAHHIO.

[Ipu ommnouacHoMy MOCTYI N0 JEKiJIBKOX MPHUCTPOIB,
10 MICTUTDH PisHMiIT 06CAT AaHMX, BUHUKAE AucOaamc
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MPOAYKTUBHOCTI CXOBUIIA, 110 IPU3BOAUTH 10 BiZIMOB B 06-
CJIyrOBYBaHHI 3allUTiB KOPUCTYyBaya.

OCHOBHOIO NPUYMHOIO € HEPIBHOMIpHE PO3MIill[EHHS
BEJIMKUX | Maqux 3a OOCATOM [aHUX, 10 B CBOK Yepry
36iJbIIy€E Yac 3aHHATOCTI TPUCTPOIB.

[Ipu GararopazoBOMY 3BEPHEHHI [0 TUX CaMUX Ja-
HUX B CXOBMII, IIPUCTPOI HE B 3MO3i OOCIYKUTH 3alu-
THU, OCKIJIbKM BIJICYTHINl PO3MOMAiJ HaBaHTAKEHHS Mixk
By3namu. IIpu mpomy 3actocoBani B C3/l anroputmn
KeNIyBaHHS He MOXYTbh edeKTHMBHO HAJaTHU JOCTYII [0
TaKUX JaHUX.

Pospob6iienuii aropuT™ J03BOJISIE BPaXyBaTH TIepepaxo-
BaHi HeNOJIKK POOOTH CHCTEMU YIPaBJiHHs 30epiraHHsIM
JAHUX, 1[0 B CBOIO Y€PTy, 3 ypaxXyBaHHSAM aJTOPUTMY IIpi-
oputetHoro obcayrosysanns [10] nae gogarkoBuii npupicr
TPOLYKTUBHOCTI XMapy 1 po3B’sI3yBaHNX B Hill 3aB/laHbh HA
5-9 % y mopiBHsIHHI 31 CTaHAAPTHUMHU 3acobaMU YIPaB-
ainag cxosumeMm gannx B OpenStack (puc. 1).

1200

1000

¥ 3arampHOMY BUTJIS/IL CXeMa B3a€EMO/Ii1 pecypciB y IIpo-
reci mirparii aHux Moske OYTH TpefcTaBjieHa y BUTJIAM
HacTynHoi cxemu (puc. 2).

Iiocucmema nnanyeanms Iiocucmema mizpayii

Busnavae nuan
nepeMilieHHs B
3aJIeKHOCTI BiJ rpada
BuMor

Busnauae ontumanbae
BIOOpaXKEHHS IAHUX HA
MPUCTPOT [IPH MOTOYHUX
BHUMOT'aX KOPHCTYBayiB

Puc. 2. Cxema B3aeMogii MiACKCTEMY IUIaHYBaHHA i MiACKCTEMM Mirpauii

[Ipn cdopmyBanni mmrany mirpaiii OfHI€EI0 3 OCHOBHUX
0COOJMBOCTEl € BUKOPHCTaHHS MPIOPUTETHOTO MiAXOLY
npu BubOpi omnepartii.

Kpim 1150T0 BpaxoBYIOTbCS TaKi TMOKA3HUKU:

— II0TOYHA 3aBaHTaXKEHICTb BY3JIiB;

— pe3yJbTaTH MPOrHO3YBAHHS
HABAHTAKEHD, 1110 CIIMPAIOTHCS HA
icTOpifo 3BepHEHb KOPHCTYBAYiB
0 TUX YU IHIIUX eJeMEHTIB
JAHNUX, a TAaKOXX Ha aJTOPUTMHU
BHYTPINTHBOCUCTEMHOI aBTOPHU3a-
11i1 KOPUCTYBayiB;

— poamip i Tun 3aTpebyBaHUX
€JIEMEHTIB JJaHUX;

— TIPOIIyCKHA CIIPOMOKHICTD Ka-
HaJIiB 3B’3KY sIK 30BHIIIHIX, TaK
1 BHYTPIIIHIX (B 3aJI€3KHOCTI Bijt

L . % 10 13 16 18 22 25 2& 31

Yac BHKOHaHHA
——3 CTAaHIAPTHHM ATTODHTMOM -3 po3poGIeHHM ATTOPHIMOM

Puc. 1. TlpogykTusHicT 06CnyroByBaHHA 3aABOK B CXOBMLI [aHMX i3 3aCTOCYBAHHAM &/ITOPUTMY

iHTENIEKTYaNBHOTO KeLlyBaHHA

Kpim anroputMy po3nojiijly HaBaHTa)KEHHS BasKJIUBUM
dakTOpOM, 1110 BIUIMBAE HA IIPOJAYKTUBHICTH cucTeMu 36e-
piTaHHS JaHUX, € MpOIlec MITpallil JaHUX MiX IPUCTPOS-
Mmu 30epiranns. ana onepaiisi poOUTh iCTOTHWIT BILIUB
Ha Yac BiJATyKy CUCTEeMHU, TaK SK JaHl B CXOBHUIII, AK
3a3Hadasiocs paHilie, € HEOAHOPIAHUMHU, a AesAKi 3 HUX
€ e i 3ase)kHUMHU oauH Bix oxuoro. Ile ocobimBo ak-
TyaJbHO MPU 3BEPHEHHI /10 TOTOKOBUX JaHUX, HATIPUKJIAL
Nnpu TpoBeJleHHi Bimeo TpaHcssiii. Kpim Toro, mporec
TUPaKyBaHHS (IIpoIlec PO3MOALTY JaHUX MiXK HPUCTPOS-
MHU), Y TOMY 4YHCJI AJs KellyBaHHs HalOijabin 3arpe-
OyBaHMX MaHUX TaK caMO OE3MOCEPEHbO 3aJEeKUTh Bij
e(eKTUBHOCTI aJTOPUTMIB, 3aCTOCOBYBAHUX TIPW Mirpartii
nanux. /[ onTuMisalii aHoro mpotiecy, BAKOPUCTOBYIOUHN
MozkauBocti xmaphoi cucremu OpenStack, pospobieHuii
anropuTM, 1o GOpPMYE TJIaH Mirpaiii AaHWX, a TaKOXK
MOJYJIb, 10 3AIMCHIOE PO3NOALIEHY 06pPOOKY CTBOPEHHUX
00UNCIIOBAIBHUX 3aBJaHb.

[Ipu 1bomy Bci omepartii, 1O 3aAI0THCS MTiICUCTEMOIO
MJIAHYBaHHS MO’KHa omucatu gk rpad sumor G-

G(V7E)P)7

ne V — manpsMoK mepeMilieHHs (KiHIIeBUH NPHUCTPIil);
E — enement manux (aiin), 3arpebyBannii Ha MPUCTPOI;
P — npiopurter BUKOHAHHS omnepaliii B IJIaHi Mirparii.

34 37 40 43 46 49 52 55 58
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HampsIMKy MiTpariii /aHux);

— 3arpebyBaHICTh AKTUBHUX Jla-
HUX, BUKOPUCTOBYBAHUX B TIOTOY-
HUH MOMeHT (KiJIbKiCTh KOpWC-
TyBauiB 3BEPTAIOTLCS /IO OJJHOTO
i TOTO K pecypcy B He3aJIeKHOCTi
BiJl 1oTO po3TalllyBaHHd B PO3-

NojiiJIeHiil cuctemi 36epiraHHs).

Jlng cxnaganasg 0OYMCIIOBATBHUX 3aBIaHb 3 Mirparii
MJIAHYBAJIbHUKOM BU/IIJISTIOTHCS MHOKHUHU HE3AJI€KHUX OIle-
paniit DM ;. Bubip i 06'ennanns omepaiil B KoxHiil MHO-
JKUHI BU3HAYAETHC, IO-TIepliie, 3B’A3HICTIO NPUCTPOIB, 1110
GepyTh ydyacTh B HMOTOYHIl omnepaiii, mo-gpyre 3B sI3HICTIO
HANpPsIMKY Mirpamii 3 inmumu 3agavamu. Koxniit MHOKH-
ni DM; npusHavyacTbhCsA NPIOPUTET, PIBHUI MaKCHMallb-
HOMY TIPIOPUTETY Ollepallii, 0 BXOJAUTH B JAHYy MHOKHUHY.
MHOXUHN yHOPSAAKOBYIOTHCS BiZIIIOBIZTHO 10 PO3CTaBJIEHUX
npiopuTeTiB. Y PaHKOBAHOMY CIHCKY OGUYUCTIOBAJIBHUX
3aBJlalb BUAIJIMMO IBa KJAIOYOBI MHOKHUHU 1 ITO3HAYUMO 1X
sk DM, i DM,.. Y muoxuny DM, BigHeceMo Haiibinblin
KPUTHUYHI oTepallii B 1ani yacy Bukonauust, B DM, Bci iH-
1i. Po3pobuienuii mranyBaabHUK 06YNCTIOBATLHIX 3aB/IaHb
CIIPSIMOBAHWIT Ha TapajesbHy 00pOOKY IBOX MiIMHOKHH.
[Ipu 11bOMY, Ha KOKHOMY €Talli BUKOHAHHSA O0OYNCIIOBAJIb-
HUX 3a/1a4 TPOBONTHCS aHaJi3 3B'sI3KiB Oomeparliii KOKHOTO
3 MHOKHH, i CKJIQIA€THCS OHOBJICHUI PAHKOBAHMIT CITMCOK
TIPIOPUTETIB MiTpallii, 3 ypaxyBaHHSIM MOKA3HUKIB HaBe/e-
HUX patimie. TakiuM YHOM, Po3po6JIeHa CHCTEeMA PEATbHOTO
yacy, 110 BiJICTIIKOBY€E CTaH IIPUCTPOIB, PO3MII[EHUX HA
HUX JIAaHUX, a TaKOK 3allUTH KOPUCTYBayiB.

[IposiBiu goCHIIHY eKCITyaTallilo CUCTEMHU, i3 3aCTOCY -
BaHHAM QJTOPUTMIB KENIyBaHHs i iHTeJeKTyalbHiCTh Mirpa-
mii JaHux, OTPUMAHO CYMapHU MPUPICT MPOIYKTHUBHOCTI
xmapu OpenStack na 15-19 % (puc. 3).

;10
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3. Tepresn, B. II. VccrenoBanue asro-
PUTMOB IUIAHUPOBAHUS Mapasliesib-
HBIX 3a7ad /U KJIACTEPHBIX BBI-
YUCJAUTENBHBIX CUCTEM € HOMOIIBIO
cumyasgropa [ Texer] / B. I1. Tepreus,
II. H. Ilonexaes // Bectuuk Hu-
JKETOPOJICKOTO YHUBEPCUTETA HMe-
uu H. 1. Jlobauesckoro. — 2010. —
Ne 5(1). — C. 201-208.

4. OpenStack Open Source Cloud
Computing Software [Electronic re-

1 4. ¥ 10 13 16 19 22 25 I8 31

Jac BHKOHAHHA
—4—3 CTAaHIAPTHHM AITOPDHTMOM =3 po3po0IeHHM ATTODHIMOM

Puc. 3. IlpogysTusHicTs 06CIyroByBaHHA 3aABOK B CXOBMLI [aHMX i3 3aCTOCYBAHHAM auropUTMy

npiopuTeTHOI Mirpauii JaHux

1. Po3pobiieHO MOJIesib HOCTYIY 0 MYJBTHUMEIiHUX
JIaHUX CXOBHINA JaHUX Ha Gasi XMapHOI 1at(opmu, 1o
JI03BOJISIE MiHIMi3yBaTH KiJIBKICTb OJIHOYACHO BUKOPHCTO-
BYBAHUX MPUCTPOIB 30epiraHHs B paMKaxX OJHOTO CXOBHIIA
I MakcuMizyBaTu KiJbKicTb 0OpOOIEHHMX 3allUTIiB 3a OMIM-
HUIIO Yacy.

2. Ha ocHoOBI MojieJTi I0CTYTIY /10 IAHUX CXOBHIIA PO3POO-
JIEHO QJITOPUTM GaJIaHCyBaHHST HABAHTAKEHHSI MIK IPUCTPOSI-
MU, IO JIO3BOJISIE 3HU3UTH Yac BiJTyKYy, BUKOPHCTOBYIOUM
iHdopMaIliio Tpo TOMOJIOTII0 i MapIIPYTHU3AIiI0 OCHOBHUX
MOTOKIB JJaHUX, a THYYKe YNPaBJiHHA iX PO3MillleHHAM
JIO3BOJISIE CKOPOTHTH HAKJIAJHI BUTPATH OOYMCITIOBATbHIX
MOTYKHOCTEN TIpU Mirpallii JaHux i BipTyaJbHUX MAaIIWH.

3. Pospobieno anropuTs, 0CoOIMUBICTIO SIKOTO € BUKO-
pUCTaHHS TPIOPITETHOTO TiAXiAy npu GhopMyBaHHI TIIaAHY
mirpanii i BpaxyBaHHsI O1JIbII HIMPOKOTO CIKMCKY IOKa3-
HUKIB MOPIBHAHO i3 CTAHJAPTHUM AJITOPUTMOM CHCTEMU
OpenStack.

Kommiekcre MojiemoBaHHst pobOTH XMapHOi CHCTEMU
MIPOBOJIMIIOCS YPAaxXyBaHHSIM 0COOJUBOCTEl KOMIIOHEHTIB
MYJIBTUMEIIITHIX PeCypCiB CUCTEMU OpPTaHi3allii 10Cai/KeHb,
MpU 1IbOMY BUKOPUCTAHI 1HTEJEKTYaJIbHi aJrOPUTMU [03-
BOJIMJIM MACIITabyBaTu XMapy, He 3HUKYIOUU IIPU [[bOMY
o6csaru sanissHux B poboti pecypcis. Pospobieni momyJi
xMapHoi cucremu OpenStack mokazanu cBoto ebeKTUBHICTD
B SAKOCTI OajaHCyBaJbHUKA HABAHTAKEHHS, IO J03BOJIH-
JIo HamaTu ePeKTUBHUI JOCTYN 0 KOPHUCTYBadiB Pi3HUX
TUIIB JaHUX.

Oninka TpoAyKTUBHOCTI ITOKa3aja 3MEHIIEHHS 4Yacy
06pOOKH 3aIKTIB 32 paXyHOK 361/IbIIEHHS IIPONYCKHOT 3/aT-
HOCTI CMCTEeMHU IIPU BUKOPHUCTAHHI PO3P00JIEHOT TeXHOIOTII.

[MTomanpImi gocaiKeH s OyayTh CIIPSAMOBaHI Ha JeTajlb-
HY PO3pOOKY METOAMKH OIiHKM HeoOXifHoro wucia 006-
YUCHIOBATILHUX BY3JiB, HEOOXIIHUX ISt OOCAYrOBYBAHHS
3allUTIB KOPUCTYBAYiB.
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PA3PAEOTKA MOAENEA H ANTOPUTMOB ONTHMH3ALMH
NOTPEBNIEHHA PECYPCOB B XPAHMNHMILE AAHHBIX HA BA3E
OBMAYHOI MAATSOPMEI

B pamkax mpejictaBIeHHOTO UCCIE[OBAHUST TTOCTPOEHA MOJIENb
XpaHeHUsI ¥ OPraHU3AIUKU PACIPE/IEJIEHHOTO JIOCTYTA K JAaHHBIM
¢ MCIOJIb30BaHneM O6JIaqHON TIaT(HOPMbI MyJIBTUMEMHHBIX pe-
CypCOB, pasBepHYTHIX B mHbOpMaIMOHHON cucteme. [Ipm atom
OCHOBHOM 3aj1aueil CCIe0BaHus sBAAETCA pa3paboTKa alrOPUTMOB
W METOJIOB YIIPABJEHUs MPOU3BOAUTENIBHOCTBIO U ONTUMHU3AIUS
VCIOJB30BAHNS TIPOTPAMMHBIX ¥ AIlapaTHBIX PECYPCOB.
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