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Crtpimke 3pocTaHHs 00cAriB HUGPOBUX JTaHUX Ta MOIIMPEHHS XMapHUX CEPBICIB
CYTTEBO 3MIHWIM MIAXOAHW 10 30epiranHs iHdopMaiiii. ChOro/iHi oprasizaiiii akTUBHO
BIPOBA/IKYIOTh MYJIBTUXMApHI CTpaTerii, mo0 3MEHIIUTH 3aJIeKHICTh BiJ OJHOTO
MoCTavyajabHUKA, MiJIBUIIUTH HAMIMHICTh 30€piraHHs AaHUX Ta ONTUMI3yBaTH BUTpPaTH.
[IpoTe Takuil poO3MOMINIEHUN MiAX1JT CTBOPIOE HOBI BUKIUKHU: CKIIAJHICTh PO3MILICHHS
JAHWX, HECTAOUIbHY MPOJYKTUBHICTh PI3HUX MPOBANIEPiB, TPYAHOII 3 JOTPUMAHHSIM
HOPMATHBHUX BHMOT Ta 3pOCTar04y ONepaliiiHy ckiaaHicTh. He3Bakaioun Ha HasBHI
pillIeHHs, 10C1 OpaKy€e KOMIUIEKCHUX MIAXOIB, sIKi O OJJHOYACHO BPaXxOBYBaIM TEXHIUHI,
€KOHOMIUYHI, PEryJsSTOpHI Ta €KOJIOT1YHI AacHeKTH YIpaBIiHHSA JaHUMHU B
MYJIbTUXMApPHOMY CEpPENIOBHINI, OCOOJMBO KOJM YMOBU 30€piraHHs MOCTIIHO
3MIHIOIOTHCS.

Jlana poOoTa BuHpilllye aKTyallbHy HayKOBO-TIPAKTUYHY 3aJauyy pO3pOOKH
BJIOCKOHAJICHOTO MIJIXOAY MO0 MiJBUIIECHHS €PEKTUBHOCTI PO3MOJILIEHOT0 30epiraHHs
Ta JOCTYIYy [0 JAaHUX y JUHAMIYHO 3MIHIOBAHOMY MYJIBTHUXMAapHOMY CEPEIOBUIIL.
Hocnimxenns mnpencrasisie ¢peiMBopk [HTenektyanbuuii OpkecTpatop XMapHUX
Hanux — Intelligent Cloud Data Orchestrator (ICDQO), skuii BUKOPUCTOBYE METOAU
IITYYHOTO IHTEJIEKTY, OaraToI[lJIbOBOI ONTHMI3allli Ta XMAapHUX TEXHOJIOTIN s
3a0e3MeUeHHs] aJalNTUBHOTO pO3MOAULY Ta HaIIWHOro 30epiraHHd JaHuX Yy
MYJIBTUXMAPHOMY CEPEJAOBUIII, TAPAHTYIOUH X LTICHICTb.

Mertoro naucepraniitHoi poOOTH € MiABUIIEHHS €()EKTUBHOCTI PO3MOJUTY Ta
30epiraHHs JaHUX B MYJIbTUXMapHOMY CEPEAOBUIII 32 PaXyHOK OI[IHIOBAHHSI TOKA3HUKIB
JOCTYMHOCTI, 3aTPUMKH, HAJIIMHOCTH, TPOITYCKHO1 3/JaTHOCTI, BAPTOCTI Ta 1H., Ta 3aBISKU
YTBOPEHHIO BIPTYaJIbHOI JIOTTYHO-€JIMHOI CUCTEMU 30epiraHHs nanux. J[is mocsrHeHHs

METH JIOCHIPKEHHs OyJIO0 IMOCTaBJICHO Ta BUPINIEHO 3ajadyl BU3HAYEHHS OCHOBHHX



XapaKTepUCTUK, BIACTUBOCTEH, MOKA3HUKIB Ta KPUTEPIiB OIIHIOBAHHS €()EeKTUBHOCTI
PO3MOIIEHOTO 30epiraHHsl Ta JOCTYMy J0 JaHUX y MYJIbTUXMApHUX CEpPEeAOBUIIAX;
cucrteMaru3sailii Ta (OpMaTbHOrO0 OMHUCY CKJIAJHUX B3a€MO3B'SI3KIB MIXK TEXHIYHUMH,
€KOHOMIYHHMHU, PETYISATOPHUMHU Ta €KOJIOTIYHUMH ACTEKTaMU YMIPABIIHHS JTaHUMHU B
MYJIbTUXMApPHOMY CEpEJIOBHUILl;, PO3POOKH B3aEMOJONOBHIOIOYMX OHTOJIOTIYHOI Ta
MaTeMaTUYHOI MOJIeNeH; 3alIPONIOHOBAHO METO/I, IKUM €(PEKTUBHO IHTETPyE HABUAHHS 3
MIJIKPITUICHHSIM Ta 0araTonijiboB1 €BOJIOIINHI aITOPUTMHU ISl €PEKTUBHOTO BU3HAYEHHS
[Tapero-onTUManbHUX PIllIEHb; CHPOEKTOBAHO Ta pealli3oBaHO (PEUMBOPK, SIKUM
IHTErpye METOAM WITYYHOrO 1HTENEKTYy 3 TEXHOJOTisIMU OaraToKpuTepiaibHOL
ONTUMI3AIIli; €KCIIEPUMEHTAIBHO OLIIHEHO €()EeKTUBHICTh 3aMPONOHOBAHOTO MIAXOY 3a
KJIFOYOBUMU MOKa3HUKAMH MPOyKTUBHOCTI.

JleTanpHU aHaI3 ICHYIOUHMX PIlIEHh Ta iXHIX OOMEXEHb JO3BOJUB BU3HAYUTHU
aKTyallbHICTh 3aCTOCYBaHHS KOMIUIEKCHOTO MIiAXOMy IIOJ0 ONTUMI3allli BU3HAYEHUX
KIHIIEBUM KOPUCTYyBaueM KPUTEPIiB 30€piraHHs JaHUX Y MYyJIbTUXMApPHOMY CEPEIOBUIIII.
st hopmanizaii miei ckinaaHoi 00aacTi po3po0IeHO B3a€MOJOTOBHIOOY1 OHTOJIOTTYHY
Ta MaTeMaTUYHYy MOJIEN, SIK1 B1TOOpakaroTh CKJIa/IHI B3a€EMO3B'SI3KH M1 KOMIIOHEHTaMHU
MYJIBTUXMApPHOTO CEPEJOBUINA Ta MPEACTABISAIOTh 0araToliILOBY MPUPOAY MPOoOIeMHU
ontuMizamii. OHToNOriYHA MoOjAeNb (opManizye CKIaJHI B3a€EMO3B'S3KM  MIXK
KOMIIOHEHTaMHU, TOJl K MaTreMaTU4Ha MOJENb MpPEACTaBisie 0araToIUILOBY HPHUPOIY
3amauyl  ontumizauii. OCHOBHMMHU 3aBJAHHSIMHU JIOCHIDKEHHS OyJI0 CTBOpPEHHS
TEOPETUYHOTO MIATPYHTS AJIsl PO3POOKHU IHTEIEKTYyalIbHOT CUCTEMU YIIPABIIHHS JaHUMHU
B MYJIbTUXMApHOMY CEpEJIOBHUIIII, SIKa 37aTHA aIalTyBaTUCA O JUHAMIYHUX 3MiH YMOB
30epiraHHsl Ta JIOCTYyNy 10 JaHUX. BaxiuBuM 3aBAaHHAM OyJIO TaK0X poO3poOUTH
MEXaHi3MHU, 110 JTO3BOJIAIOTH CUCTEM1 aBTOMAaTUYHO pearyBaTH Ha 3MIHM B I1a0JI0OHaX
JOCTYMy JO JaHUX, KOJUBaHHSA NPOJYKTHUBHOCTI XMapHUX MpoBaiaepiB, 3MiHU B
Tapu(PHUX MIIaHaX Ta PEryJATOPHUX BUMOTaX.

HaykoBa HOBU3HA gucepTaliifiHOi poOOOTH TOJISITa€ y BUPIIICHH] Ba)KJIUBOTO
HayKOBOTO 3aBJIaHHs PO3POOKHU MIAXO Ty 100 PO3MOILIEHOr0 30€piraHHs Ta 10CTYIy 10
JaHUX 3 JWHAMIYHO-3MIHIOBAaHUMH YMOBaMH 30€piraHHs y MYJbTUXMapHOMY

CepeIOBHII Ta peai3allii MPaKTUYHUX METOIIB Ha HOT0 OCHOBI. 3alpOIIOHOBAHO METO/T
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IHTeTpaIlii aJropuTMiB HaBYaHHSA 3 MIJAKPIMUICHHS Ta 0araTollIbOBHUX €BOIOMINHHUX
QITOPUTMIB i1 ONTUMI3AIlli MPOIECY PO3MOJIIEHOr0 30€piraHHs NaHuX, SKHUM Ha
BIIMIHY BiJ ICHYIOUMX, aBTOMAaTU3Yy€ i ONTUMI3ye MpoIlec BUOOpY MpoBaiinepa Ta
MIJBUILY€E €(EKTUBHICTh MPUUHATTS pIIIEHb Y MYJIbTUXMApPHOMY CEpPEIOBHUILL 3
JTUHAMIYHO-3MIHIOBAHUMHU yMOBaMH 30€piraHHs JaHUX. 3alpONOHOBAHO OHTOJIOTIYHY
MOJIEb PO3MOALTY 1 30epiraHHsa NaHuX, 10 (opMalizye Ta CUCTEMATH3y€ CKIIaJHI
B3a€MO3B'SI3KM MDK TOKa3HUKaMu €(EeKTUBHOCTI Ta 3MIHHUMH (akTtopamu, sKi
BILUIMBAIOTh HA MPOIEC PO3MOALTY 1 30epiraHHs JaHUX B 3aJIEKHOCTI BiJ MPIOPUTETIB
KOPUCTYBAuiB Ta CTATUCTUYHUX MOKA3HUKIB €()eKTUBHOCTI HAJIaHHS MOCIYT XMapHUMU
npoBaijiepaMu. Y JIOCKOHAJIEHO MaTeMaTU4Hy MOJEIb CHUCTEMH 3 JUHAMIYHO-
3MIHIOBAaHMMH YMOBaMu 30€piraHHs JaHUX B MYJIbTUXMApHUX CEPEIOBUINAX HUISTXOM
iHTerpamii CTaTUYHUX Ta JAUHAMIYHMX KPUTEpIiB, fKa HAJA€ MOXIMUBICTD
aBTOMATH30BAHOTO BpaxyBaHHS 3MiH MapaMeTPIB CEPENIOBUINA B PEKUMI pPeabHOTO
yacy. 3alpornOHOBaHUN MiAX1] 010 30€pIiraHHs JaHUX Y MyJIbTUXMApPHOMY CE€PEIOBHILI
BUPI3HAETHCS 1HTETPALIEI0 METOJIIB IITYYHOrO IHTEJIEKTY 3 METoJaMu 0araToLIbOBOI
onTUMI3aIli.

B pesynbrari BUKOHAaHHS JIOCHIPKEHHS TEOPETHUYHI PpPO3POOKH JucepTarii
MPEJCTABIICHI aBTOPOM Y BHUIJISJI KOMILUIEKCHOTO (peiMBOpKY [HTenekTyanbHUit
Opxkectparop Xmapaux Janux — Intelligent Cloud Data Orchestrator (ICDO), sikui
J03BOJISIE MIJBUIIUTU €(EKTUBHOCTb 30€piraHHs Ta JIOCTYIYy A0 JaHHMX 3 AUHAMIYHO-
3MIHIOBAaHMMHU YMOBaMU iX 30epiranns y MmyJbTuxmapaux cepegosumax. [liaxin ICDO
nocsr 44,1% mnokpallleHHs1 3arajbHOi MPOJYKTHUBHOCTI MOPIBHSHO 3 TPaJAUIIHHUMU
MiIXoAamMu 3 OJHier0 xmaporo Ta 14,9% mnoxpalieHHS MOPIBHSHO 3 HaWKpalum
albTEPHATUBHUM MYJIbTUXMapHUM Mix0/10M. Ha OCHOB1 po3p00JIeHUX OHTOJIOTIYHUX Ta
MaTeMaTUYHUX MOJIeJIed CTBOPEHO MporpaMHe 3a0e3ledeHHs Jig ONTUMI3alii
PO3MIIIIEHHSI Ta YMPaBIiHHSA JaHUMH, SIKE JO3BOJISIE MIABUIIUTUA MPOAYKTUBHICTD,
HaJIHHICT, Ta Oe3neky 30epiraHHs JaHUX 3 OJHOYACHUM 3HIDKCHHSIM BUTpAT Ta
JOTPUMAHHSAM  PEryJISTOPHUX BUMOr. BHKOHAaHO TpaKTUYHE  BIPOBAKEHHS
pPO3pOOJIEHOr0 MPOTPAMHOTO 3a0€3MEUeHHS Il YMPaBIiHHSA JAaHUMU 3 JUHAMIYHO-

3MIHIOBAHMMH YMOBaMHU iX 30€piraHHs B MYJbTUXMapHHUX CEpeIOBUIIAX Y KIIEHTCHKUX



npoektax komnadii Tech-5 UG, mo crnenianizyroTscss Ha 00poOLil BEIMKUX 00CSTIB JaHUX
Ta NOTPeOyIOTh THYUKUX PIIIEHb AJIs X 30epiranHs. 3a micyMKaMu BIPOBAKEHHS OYJI0
3a(IKCOBAHO 3HIKEHHSI CEPEIHIX BUTPAT Ha XMapHy iH(MpacTpykTypy Ha 9%, a Takox
CKOPOYEHHS 3aTPUMKHU TPHU JOCTYIL 0 JNaHuX Ha 25% y MOPIBHSHHI 3 MOMEPEIHIMU
nigxoaamu. Po3po0iieHi miaxoau BIPOBAKEHO Y HaABYAIbHI Ta TOCITHULIbKI TPOTPaMHU
kadenpu ITT HTYY «KIII» imeni Iropst CikopcbKkoro Jjist miaroToBku (axiBiiB y chepi
XMapHUX OOUYHUCIICHb.

[IpoBeneHi eKCepuMEeHTANIbHI JTOCHIIKEHHST MIATBEPKYI0Th, 1o miaxig ICDO
3a0be3reuye CyTTEBI MOKpAIIEHHS 3a BCIMA KIIOUYOBUMH IMOKa3HUKaMH €()EKTUBHOCTI,
BKJIIOYAIOYM TPOJYKTHUBHICTh, BapTICTh, HAMIMHICTh, O€3MEKy Ta aJlaTHUBHICTD,
MOPIBHSIHO 3 ICHYIOUMMHM pillleHHSIMU. EKcriepuMeHTanbHe NOCHIKEHHS JEMOHCTPYE,
[0 aJaNTUBHICTh € KPUTUYHUM (HAKTOPOM JJisi €(PEKTUBHOTO YMPABIIHHSA JaHUMHU B
JUHAMIYHUX MYJbTUXMAPHHUX CEpPEJOBUIAX, a MEXaHI3MHM ajanTaiii Ta HaBYaHHS,
BrpoBakeHi B miaxia [CDO, no3BosisiioTh aBTOMATU3YBaTH MPOIIEC pearyBaHHsS Ha
3MiHU B A0JIOHAX JOCTYMY J0 IaHUX Ta yMOBax cepeaoBuia. Kpim Toro, nociiixeHHs
MIITBEP/KYE  €PEeKTUBHICTh IHTETPOBAHOrO MiAXOAY 3HaxojkeHHs [lapero-
ONTUMAJbHUX PINIEHb Yy TOPIBHSHHI 3 ONTHUMI3AIIEI0 32 OKPEMUMH KPHUTEPISIMH.
JlocniI>KeHHS 3aBEPIIYETHCSI BUBHAUCHHSIM MEPCIIEKTUBHUX HAMPSIMKIB JJIS MOJATBIIO1
po6otu. Li pe3ynbTaTi CyTTEBO COPUSIOTH PO3BUTKY raly3i pO3MOIJIEHOTO YIIPABIIHHS
JAHUMH Ta TPOMOHYIOTh MPAKTUYHI PIIIEHHS I HarajdbHUX BUKIMKIB ONTHUMI3aIlil

MYJIbTUXMAPHOTO 30€piraHHs TaHuX.

Kuarwo4oBi ciioBa: MynbTUXMapHE CepelOBUILE, YNPABIIHHS XMapaMmH, PO3MOILT
pecypciB, YHOpaBIiHHA pecypcamu, SKICTb OOCIyroBYBaHHS, Yroaud MpO pPIBEHb

00CIIyroByBaHHsI, MyJbTU-KpPUTEPiabHA ONTUMI3Allis, OHTOJIOTTYHE MOJICTIOBAHHS.



ABSTRACT

A. Kartashov Approach to organizing distributed storage and access to cloud data. —
Qualifying scientific work on manuscript rights.

Thesis for graduation scientific degree of Philosophy Doctor by specialty 172 —
Telecommunications and radio engineering. — Educational and Scientific Institute of
Telecommunication Systems of KPI named after Igor Sikorsky, Kyiv, 2025.

The rapid growth of digital data volumes and the rise of cloud services have
significantly changed approaches to data storage. Today, organizations are actively
implementing multi-cloud strategies to reduce dependence on a single provider, improve
data storage reliability, and optimize costs. However, this distributed approach creates
new challenges: complexity of data placement, unstable performance of different
providers, difficulties in complying with regulatory requirements, and increasing
operational complexity. Despite a number of existing solutions, there is still a lack of
comprehensive approaches that simultaneously consider technical, economic, regulatory,
and environmental aspects of data management in a multi-cloud environment, especially
when storage conditions are constantly changing.

This work addresses the relevant scientific and practical task of developing an
improved approach to enhance the efficiency of distributed storage and access to data in
a dynamically changing multi-cloud environment. The research presents the Intelligent
Cloud Data Orchestrator (ICDO) framework, which uses artificial intelligence methods,
multi-objective optimization, and cloud technologies to ensure adaptive distribution and
reliable data storage in a multi-cloud environment, guaranteeing their integrity.

The aim of the research is to improve the efficiency of data distribution and storage
in a multi-cloud environment by evaluating indicators of availability, latency, reliability,
throughput, cost, etc., and by creating a virtual logically unified data storage system. To
achieve the research goal, tasks were set and solved to determine the main characteristics,
properties, indicators, and criteria for evaluating the effectiveness of distributed storage
and access to data in multi-cloud environments; systematization and formal description
of complex relationships between technical, economic, regulatory, and environmental

aspects of data management in a multi-cloud environment; development of
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complementary ontological and mathematical models; a method was proposed that
effectively integrates reinforcement learning and multi-objective evolutionary algorithms
for efficient determination of Pareto-optimal solutions; a framework was designed and
implemented that integrates artificial intelligence methods with multi-criteria
optimization technologies; the effectiveness of the proposed approach was
experimentally evaluated according to key performance indicators.

A detailed analysis of existing solutions and their limitations allowed determining
the relevance of applying a comprehensive approach to optimizing user-defined criteria
for data storage in a multi-cloud environment. To formalize this complex area,
complementary ontological and mathematical models were developed that reflect
complex relationships between components of the multi-cloud environment and represent
the multi-objective nature of the optimization problem. The ontological model formalizes
complex relationships between components, while the mathematical model represents the
multi-objective nature of the optimization task. The main objectives of the research were
to create a theoretical foundation for developing an intelligent data management system
in a multi-cloud environment that can adapt to dynamic changes in storage conditions and
data access. An important task was also to develop mechanisms that allow the system to
automatically respond to changes in data access patterns, fluctuations in cloud provider
performance, changes in tariff plans, and regulatory requirements.

The scientific novelty of the research lies in solving an important scientific task of
developing an approach for distributed storage and access to data with dynamically
changing storage conditions in a multi-cloud environment and implementing practical
methods based on it. A method for integrating reinforcement learning algorithms and
multi-objective evolutionary algorithms for optimizing the process of distributed data
storage is proposed, which, unlike existing ones, automates and optimizes the provider
selection process and increases the efficiency of decision-making in a multi-cloud
environment with dynamically changing data storage conditions. An ontological model
of data distribution and storage is proposed, which formalizes and systematizes complex
relationships between performance indicators and variable factors that affect the process

of data distribution and storage depending on user priorities and statistical indicators of



cloud service providers' efficiency. The mathematical model of the system with
dynamically changing data storage conditions in multi-cloud environments has been
improved by integrating static and dynamic criteria, which enables automated
consideration of changes in environmental parameters in real-time. The proposed
approach to data storage in a multi-cloud environment is distinguished by the integration
of artificial intelligence methods with multi-objective optimization methods.

As a result of the research, the theoretical developments are presented in the form of
a comprehensive framework, the Intelligent Cloud Data Orchestrator (ICDO), which
improves the efficiency of storage and access to data with dynamically changing storage
conditions in multi-cloud environments. The ICDO approach achieved a 44.1%
improvement in overall performance compared to traditional single-cloud approaches and
a 14.9% improvement compared to the best alternative multi-cloud approach. Based on
the developed ontological and mathematical models, software was created for optimizing
data placement and management, which improves performance, reliability, and security
of data storage while reducing costs and complying with regulatory requirements.
Practical implementation of the developed software for managing data with dynamically
changing storage conditions in multi-cloud environments was carried out in client projects
of Tech-5 UG company, which specializes in processing large volumes of data and
requires flexible solutions for their storage. As a result of the implementation, a reduction
in average cloud infrastructure costs by 9% was recorded, as well as a reduction in data
access latency by 25% compared to previous approaches. The developed approaches have
been implemented in the educational and research programs of the ITT Department of
NTUU "Igor Sikorsky KPI" for training specialists in the field of cloud computing.

Experimental studies confirm that the ICDO approach provides significant
improvements in all key performance indicators, including productivity, cost, reliability,
security, and adaptability, compared to existing solutions. The experimental study
demonstrates that adaptability is a critical factor for effective data management in
dynamic multi-cloud environments, and the adaptation and learning mechanisms
implemented in the ICDO approach allow automating the process of responding to

changes in data access patterns and environmental conditions. In addition, the study
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confirms the effectiveness of an integrated approach to finding Pareto-optimal solutions
compared to optimization by individual criteria. The study concludes by identifying
promising directions for further work. These results significantly contribute to the
development of the field of distributed data management and offer practical solutions for

the urgent challenges of optimizing multi-cloud data storage.

Keywords: multi-cloud environment, cloud management, resource allocation,
resource management, Quality of Service, Service Level Agreements, Multi-Criteria

optimisation, ontological modeling.
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BCTYII

AKTyaJabHicTh Temu. [IpoGremMaruka onTumizaiii MyJIbTUXMApHUX CEPEIOBUII
AKTUBHO JOCJIIKY€ETHCSI HAYKOBOIO CIUIBHOTOO MPOTITOM OCTAHHBOTO JNECSTHIITTS [ 1-
18]. 3HayHull BHECOK Yy PO3BUTOK TEOPETHUUHMX 3acajl 3poOuiid poOOTH, MPUCBAYECHI
MOJIETIOBaHHIO PO3MOAIIEHUX CXOBUII IAHUX Ta PO3pOOII KPUTEPIiB iX OlliHIOBaHHS [ 18-
32]. 3okpema, Oys0 3alIpOIOHOBAHO Psl MOJEel it popmatizallii B3a€EMO3B'SI3KIB MIXK
KOMITOHEHTaMU XMapHOi iHQPaCTPYKTypH Ta METOJIUKH OLIIHKU SAKOCT1 0OOCIYTrOBYyBaHHS
(QoS).

[IpoTe anani3 ICHYHOYUX JOCTIPKEHb BHUSBUB CYTTEBI NMPOTAJUHU Y BHUPILICHHI
3a/1a4l BUOOpPY MOCTAYAIbHUKIB XMapHUX MOCITYT [JIs PO3MOAUICHOTO PO3MIIIEHHS
TAHUX:

1. binbIicTh 3aIPONIOHOBAHUX METOMAIB 0a3y€ThCsl HA CTATUYHUX MOJIEIAX, SIKI HE
BPaxOBYIOTh JIMHAMIYHY MPUPOAY XMapHOTO CEPEAOBHINAa Ta TMOCTIHHI 3MIHU
XapaKTEepUCTUK cepBiciB [27-34].

2. HagBH1 pimeHHs 3A€0UIBIIOr0 pO3rsgaloTh OOMEXEeHUM Hallp mapameTpiB
onTUMI3allli, HE BPAaXOBYIOUM KOMIUIEKCHUNA XapakTep B3a€EMOJII MIXK pI3SHUMHU
(hakTOpamMu MPOTYKTUBHOCTI Ta BapTocTi [31,33,35].

3. BizncyTHi e(heKTUBHI MEXaHI3MU aBTOMATUYHOT aianTailii 10 3MiH y KoHIryparii
MYJIBTUXMAPHOTO CEPEIOBHUILA Ta BUMOT KOpUcTyBauiB [36-38].

4. IcHyroul  miAX0OM ~ He  3a0e3MevyloTh  HAJIEKHOTo  OamaHcy — MiX
B3a€MOIOB’A3aHUMH IUISIMA ONTUMI3allli, TAKUMH SIK MPOAYKTUBHICTh, HAJIWHICTh Ta
eKOHOMIYHA e€(eKTUBHICTH [29-35].

3a3HadueHl OOMEXEHHS CYTTEBO 3HMKYIOTh €(EKTHBHICTh ICHYIOUMX pIIIEHb B
YMOBAaX peajibHOI eKCILTyaTallli pO3MOoAlIEHUX cucTeM 30epiranus nanux. lle o0ymoBitoe
HEOOXIHICTh PO3POOKH HOBOTO MIJIXONYy, SIKUA OWM CTBOPIOBAB AJalTUBHY CHCTEMY
MPUUHATTS PIlLICHb.

Takum ynHOM, pO3p0OOKa KOMILIEKCHOTO MiAXOY 11010 ONTUMI3AIlll PO3MO1JIEHOTO
30epiraHHs Ta JOCTyIy 10 JaHUX, 3JaTHOTO BPaXOBYBATH JUHAMIUHY MPHUPOTY

MYJIbTUXMApPHOTO CEpPEOBUINA Ta MHOXXHUHHI KpUTEpli ONTHUMI3AIll, € aKTyaJbHUM
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HAayKOBUM 3aBJIaHHSIM, BUPILIEHHS SKOTO JO3BOJMUTH MOJ0JATH OOMEKEHHS 1CHYIOUUX
M1IXO/IB Ta MIJABUIITATH €(hEKTUBHICTH PO3IOILICHOTO 30epiraHHs JaHUX.

3B‘S130K po00TH 3 HAYKOBUMM NMPOrpaMamMu, IJIaHaMu, TeMaMmu. J[ucepraiiiiina
po00Ta BUKOHYBAJIACh 3T1IHO 3 MJIAHOM HAYKOBUX JOCIIKEHb Kadenpu iHpopMatiiiiHo-
KOMYHIKaIlIfHUX  TeXHoJorid Tta cucteM HaBuanbHO-HaykoBoro  IHCTHTYTY
TEJIEKOMYHIKALIITHUX CUCTEM:

B pamKax JepkOropkeTHol Temu: 2218n «I'ereporenna mepexa 300py, nepeaadi
Ta 00poOku iHoOpMalii i cucteMu po3noauieHoi renepanii MicroGrid» (Homep
nepxkaBHoi peectpariii 0119U001184);

B pamkax aepxkOropxetHol Temu: 23130 «llobynoBa iHboOpMaliitHO-aHATITUYHOL
maTGopMu I CYNpPOBOKEHHSI (DYHKIIIOHYBaHHSI KiOep(i3MUHUX cUCTEM» (HOMED
nepxkaBHoi peectparii 0120U102298);

B pamkax MikHapoaHoro npoekty “IDEA-East-Hub: International Innovation Hub
for Data Science and renewable Energy”, DAAD Program - HAW.International Modul
3a crmiBnparero HTYY «KIII im. 1. Cikopcbkoro» Ta  AHXaJIbTCHKUM YHIBEPCUTETOM
npukiaguux Hayk Keoren, Himeuunna (Homep norosopy 57603761).

Meta i 3agaui gocaimkeHHs. MeToro aucepTaniiHoi poOOTH € MiABUIIECHHS
e(heKTUBHOCTI pO3MOALTYy Ta 30epiraHHs JaHUX B MYJIbTUXMApHOMY CEPEJOBHIII 3a
PaxyHOK OIIHIOBAaHHS MOKAa3HUKIB JIOCTYMHOCTI, 3aTPUMKHU, HATIAHOCTHU, MPOITYCKHOT
3/1aTHOCTI, BAPTOCTI Ta 1H., Ta 3aBJSKH YTBOPEHHIO BIPTyaIbHOI JIOTYHO-€JUHOI CUCTEMU
30epiraHHs JaHuX.

JI71s1 AOCSITHEHHSI METH TOCH1KEHHS OyJI0 MOCTaBJICHO Ta BUPIIICHO TaK1 3a7a4i:

1. BU3HauyuTH OCHOBHI XapaKTEPUCTUKH, BJIIACTUBOCTI, MOKA3HUKU Ta KpUTEpIi
OLIIHIOBAHHS €(EeKTUBHOCTI PO3MOJAUIEHOT0 30epiraHHs Ta JOCTYNy [0 MJaHUX Y
MYJIbTUXMAPHUX CEPEAOBUIIIAX.

2. CuctemaruzyBatd Ta (OpManbHO ONHCATH CKJIQJHI B3a€EMO3B'A3KH MIXK
TEXHIYHUMH, EKOHOMIYHUMHU, PETYJISITOPHUMU Ta €KOJOTTYHUMU aCTIEKTaMH YIIPABIIHHS
JaHUMH B MYJbTUXMAapHOMY CEpPEOBHUIII, a TaK0X PO3POOUTH B3a€EMOJIONOBHIOIOUI
OHTOJIOT1YHY Ta MaTeMAaTHUYHY MOJIENI, SKI (OpMalli3yl0Th CKJIaJIHI B3a€EMO3B'SI3KH MIX

KOMIIOHEHTaMU MYJIbTUXMapHOTO CEepPEeIOBHUILAa Ta B1IOOpakaloTh OaraToKpuTepiaabHy
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MPUPOIY ONTUMI3ALINHOT 3a]1a41 PO3MIILIEHHS Ta YIPABIIHHS JaHUMHU.

3. 3anponoHyBaTu METO/, IKUM €(heKTUBHO IHTErPYy€ HABYAHHSI 3 MIJIKPITUICHHSM Ta
0aratoliyiboBl €BOJIOLINHI anroputMu sl edekTuBHOro Bu3HaueHHs [lapeto-
ONTUMAJbHUX PIIIEHb Ta JO3BOJILE PO3POOUTH MEXaHI3M ajanTalii, sKui 3ade3neuye
CBOEYACHE pearyBaHHsS Ha 3MIHM B IIa0JOHAaX JOCTYNy [0 JaHUX Ta B YMOBAax
MYJIBTUXMAPHOTO CepeIoBUIlA 30epiraHHsl.

4. CpoekTyBaTu Ta peayizyBatu (PperMBOpK, SIKUH 1HTErpye METOIU IITYYHOTO
IHTENIEKTY 3 TEXHOJIOTISIMM OaraTOKpUTepiaibHOI onTuMizalli s 3a0e3meyeHHs
aJanTUBHUX Ta KOMIUIEKCHMX pIIIEHb YOPaBIIHHS JaHUMH B MYJIbTUXMapHOMY
CEpEeIOBHUILI 3 BpaxyBaHHAM JUHAMIYHO-3MIHIOBAaHUX YMOB iX 30€piranHs.

5. ExcriepuMEHTalbHO OILIIHUTH €(EeKTUBHICTH 3alPONOHOBAHOTO MIAXOAY 3a
KJIIFOYOBUMHU TOKa3HUKAMHU TMPOAYKTUBHOCTI Ta BHU3HAYUTU ONTHUMAaJbHI CleHapil
3aCTOCYBaHHS 3alpONOHOBAHOTO (PPEMMBOPKY y pI3HUX KOHTEKCTaX pO3rOpTaHHS
pilIEeHb 71 MyJIbTUXMAPHUX CXOBUII JAHUX MOPIBHSIHO 3 ICHYIOUUMHU.

O00’exT pocaimxenns — [Ipouec po3noainy, 30epiraHHs Ta AOCTYMNy 10 JaHUX B
MYJIbTUXMAPHUX CEPEAOBUIIAX 3 JUHAMIYHO-3MIHIOBAaHUMHU YMOBaMH X 30epiraHHs.

Ipeamer pnocaigkenHss — QopmanizoBaHi Mol Ta METOAW IIIJABUIIEHHS
€(EeKTUBHOCT1 pO3MOAlIY, 30€epiraHHsl JaHUX Ta JOCTYIy 0 HUX B MYJbTUXMapHOMY
CepeIOBHIIII.

MeToan x0CJIi/IzKeHHs, 3ACTOCOBAHI /Il BUPIIIEHHS TOCTABJICHUX 3aBAaHb:

1. Metoau 1HTENEKTyalbHOTO aHai3y JAHUX — JUIsl aHai3y 00’ €KTa JOCIHIIKEHHS,
Horo ¢Qopmanizauii, BUAUIEHHS CYTHOCTEH Ta CTPYKTYPHHX B33a€MO3B’SI3KIB Yy
JOCJIIKYBaHIN cCUCTEMI.

2. Meroan HaBuaHHs 3 miakpimeHHs — Reinforcement Learning (RL) Ta
OaraToniIbOBUX €BOMIOLIMHUX anroputMmiB — Multi-Objective Evolutionary Algorithms
(MOEM) nna BubGopy Ilapero-onTumanbHUX pillleHb AJIsE PO3MOAUTY JaHUX B
MYJIbTUXMAPHUX CEPEAOBUIIAX 3 JUHAMIYHO-3MIHIOBAHUMHU YMOBaMH X 30epiraHHsi.

3. MeTonu IMITalIfHOTO MOJIENIOBAHHS Ta JTA0OPATOPHOIO E€KCIEPUMEHTY — IS
nepeBipku e(PEeKTUBHOCTI 3aCTOCYBAHHS 3aMpPONOHOBAHUX MAaTEeMaTUYHUX MOJENe Ta

METO/IIB Ta iX MOPIBHIHHSA 3 ICHYIOUUMH aHAJIOTaMH.
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HaykoBa HOBM3HA OTpPUMAaHUX PE3YJIbTATIB:

HaykoBa HOBU3HA gucepTaliifiHOi pOOOTH TOJISITa€ y BUPIIICHHI Ba)KJIUBOTO
HayKOBOTO 3aBJIaHHsI PO3POOKHU MIAXO Ty 010 PO3MOILIEHOr0 30€piraHHs Ta 10CTYIy 10
JaHUX 3 JWHAMIYHO-3MIHIOBAaHUMH YMOBaMHM 30€piraHHs y MYJbTUXMapHOMY
CEepeloBUIIl Ta peanizailii MPaKTUYHUX METOMAIB Ha KHOro ocHoBl. OCHOBHI HayKOBi
pe3yNbTaTH, 0 BU3HAYAIOTh HOBU3HY POOOTH:

1. 3anpornoHoOBaHO METOJ IHTErpaiii ajaropuTMiB HaBYaHHS 3 MIJKPIIUICHHS Ta
0aratoliIbOBUX E€BOJIOLINHUX alrOPUTMIB JJi1 ONTHUMI3AIli MpOLECYy PO3MOJILIEHOrO
30epiraHHs AaHUX, KU Ha BIAMIHY B1J ICHYIOUMX, aBTOMAaTHU3Yy€ i ONTUMI3Y€E MpPOLEC
BHOOPY MpoBaiijiepa Ta MiABUILYE €PEKTUBHICTh MPUUHSTTS PIIEHb Y MYJIbTUXMAPHOMY
CepeAOBUIII 3 TUHAMIYHO-3MIHIOBAHUMHU YMOBAaMHU 30€piraHHs JIaHHX.

2. 3anponoOHOBAHO OHTOJIOTIYHY MOJIETIb pO3MOAULY 1 30epiraHHs JaHUX, L0
dbopmarizye Ta CUCTEMATU3Y€E CKJIAJHI B3a€EMO3B'A3KH MK MOKa3HUKaMU €(EeKTUBHOCTI
Ta 3MIHHUMU (pakTopamu, K1 BIUIMBAIOTh Ha MPOIEC PO3MOALTY 1 30epiraHHs JIaHUX B
3aJIEKHOCTI BiJl IPIOPUTETIB KOPUCTYBAUIB Ta CTATUCTUYHUX MOKA3HUKIB €(h)eKTUBHOCTI
HaJIJaHHS TIOCIYT XMapHUMHU MpOBaiiiepamMu, IO JI03BOJISIE ONTHUMI3YyBaTH BUTPATH Ta
3HAYHO MNPUCKOPUTU TIpouec BUOOPY XMApHOTO TIpOBaijiepa 3aBISKH UITKOMY
PO3YMIHHIO IPUYUHHO-HACIIKOBUX 3B'sI3KIB MK TapaMeTpaMu CUCTEMHU.

3. YIoCKOHAIE€HO MAaTeMaTU4YHy MOJIeNb CUCTEMH 3 JHWHAMIYHO-3MIHIOBAaHUMU
yMOBaMHu 30€piraHHs JaHUX B MYJbTUXMApHHUX CEPENOBHINAX IUIIXOM IHTErparii
CTaTUYHUX Ta JIMHAMIYHUX KPUTEPIiB, fKa HAJA€E MOXKJIHUBICTh aBTOMAaTH30BAHOIO
BpaxyBaHHs 3MiH MapaMeTpiB CEPEOBUIA B PEKHUMI peajJbHOro 4acy, 1o 3ade3nedye
OuIbII epeKTUBHMI IpoLec 30epexKEHHS JaHUX Ta JOCTYIY J0 HUX B MYJbTUXMapHOMY
CepeIOBHIIII.

3anpornoHOBaHI HAyKOBI pe3yJbTaTH Y CYKYIHOCTI CTBOPIOIOTH TEOPETUYHE
MIITPYHTS I po3p0OKH €(heKTUBHUX CUCTEM YIPABIIHHS PO3MOAUICHUM 30epiraHHsIM
JaHUX 3 JHWHAMIYHO-3MIHIOBAaHMMHM YyMOBaMH iX 30€piraHHs y MyJIbTUXMapHHUX
CepeloBUIIAX Ta BIJKPUBAIOTh HOBI MOXMJIMBOCTI JJISI ONTHUMAJIbHOTO BUKOPHUCTAHHS

XMapHUX PECYpPCIB.
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IIpakTyHe 3HAYEHHS OJePKAHUX Pe3yJIbTaTIB:

1. Teopetnuni po3poOKU JucepTallii MPEACTaBICHI aBTOPOM Yy BUIIISII
KOMIUIEKCHOTO (peiiMBopky IHTenekTyanbHuit Opkectpatop Xmapuux J[lanux -—
Intelligent Cloud Data Orchestrator (ICDO), sikuit 103Bossi€ MABUITUTH €(EKTUBHOCTD
30epiranHs Ta JOCTYIY JI0 JaHUX 3 IUHAMIYHO-3MIHIOBAHUMH YMOBaMHU iX 30€piraHts y
MYJIbTUXMAPHUX CEPEAOBUIIAX .

2. Ha ocHOBI po3po0ieHMX OHTOJOTIYHUX Ta MAaTEeMaTHYHUX MOJIENIeH
CTBOPEHO MporpaMHe 3a0e3MeuUeHHs Il ONTHUMI3allil PO3MIIIEHHS Ta YHpaBIiHHA
JaHUMHU, SIKE J03BOJIAE MIABUILIUTH NPOAYKTUBHICTh, HaJIIHHICTh Ta O€3MeKy 30epiraHHs
JAHUX 3 OJHOYACHUM 3HUKEHHSM BUTPAT Ta JOTPUMAHHSM PETYJISSTOPHUX BUMOT.

3. BukoHaHo mnpakThyHE BHOPOBAKEHHS PO3pPOOJEHOr0 MPOTPaMHOTO
3a0e3MeueHHs] ISl YOpaBIiHHA JaHUMU 3 JUHAMIYHO-3MIHIOBAHMMH YMOBaMH 1X
30epiraHHs B MYJIbTUXMAapHHUX CEPEJOBHUINAX y KOMIIAHISX, IO CHEIIali3yloThCi Ha
00poOI1l BETUKUX O0CATIB JaHUX Ta MOTPEeOYIOTh THYYKHUX PIIIEHb JJIs iX 30epiraHHs.

4. Po3po6eni miaxoau BOpoBaHKEHO Y HABYANIbHI Ta JOCIIIIHUIIBKI TPOTPaMHU
kadenpu ITT HTYY «KIII» imeni Iropst CikopcbKkoro Jjist miAroToBku (axiBiiB y chepi
XMapHUX OOYMCIIEHb, aBTOMATH3allil MPOIIECIB MPOCKTYBAHHS PO3MOIIJIEHUX CUCTEM Yy
MYJIbTUXMAPHOMY CEPEIOBUIII, IO COPUSIE MOKPALIEHHIO TPAKTUYHUX HABUYOK pOOOTH
3 0araToXMapHUMHU CEPEIOBUILIAMMU.

OcoOucTnii BHecok 3100yBaua. [lucepraiiitHa poOoTa y3arajlbHIOE Pe3yiabTaTh
TEOPETUYHUX Ta EKCIEPUMEHTAIBHUX JOCIHIIKEHb, TPOBEJECHUX aBTOPOM CAMOCTIHHO.
OcCHOBHI pe3ynbTaTh, OTPUMAaHI aBTOPOM OCOOHMCTO: (opmaniizoBaHa MOJENb 00'€KTa
JOCHIDKEHHSI Yy BUIJISIAI OHTOJNOTII Tpollecy po3mojiny 1 30epiraHHs JaHUX Y
MYJIbTUXMApPHOMY CEpPEJOBUIIl; MaTeMaTUYHa MOJIeb CHUCTEMU 3 JUHAMIYHO-
3MIHIOBAaHUMH YMOBaMHU 30€piraHHsl JaHWX, I10 IHTErpy€ CTaTU4YHI Ta JAUHAMIYHI
KpUTEepii; OpUTiHATBHUN TiAXia 10 1HTerpauii aaroputMiB Reinforcement Learning Tta
Multi-Objective Evolutionary Algorithms; yaockoHaneHuUd KOMIUIEKCHUNA HaOIp
KpUTEPIiB OLIHIOBaHHS CHUCTEM 30epiraHHs JaHUX; EKCIEpPUMEHTallbHa TIepeBipKa
€(heKTUBHOCTI 3aITPOMIOHOBAHOTO KOMILJIEKCHOTO MIAX0/Y, Peali3oBaHOTO Y (peMBOPKY

ICDO Ta BpoBaI’KEHOT0 Y BUPOOHUYE CEPEAOBUIIIE.
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Anpobauis pe3dyabratiB aucepranii. OCHOBHI TOJIOKEHHS Ta pe3yJbTaTH
nucepTaliifHoi po6oT Oyu mpeACcTaBleHl i oJiepKai CXBaJIeHHS Ha:

— MixxHapoIH1 HayKOBO-TeXHIUHIN koH(pepeHiii «[IpobiemMu TerekoMyHIKAIii»
(m. KuiB, Ykpaina, 2024 p).

— MixHapoHiii HaykoBo-TexHIuHINH kKoHpepeniii «PyCon Odessa 2022» (wm.
Oneca, Ykpaina, 2021 p)

— MixHapo Hiii HaykoBo-TexHIUHIM KoHpepeHuii «PyCon Munich 2023» (wm.
Mionxen, Himeuunna, 2023 p)

— MixHapo Hiii HaykoBo-TexHIUHIM kKoH(pepeHuii «PyCon Munich 2024» (wm.
Mironxen, Himeuunna, 2024 p)

Hyo6aikamii. 3a pe3ynpraramMu JOCHIKEHb OMYyONIKOBAaHO & HAYKOBHX
nyOJiKalisx, cepel SKUX: 2 CTAaTTl Yy HAayKOBHX BHJAHHSX, BKJIOYEHUX Ha JAaTy
onmyOJiKyBaHHS JO TNEpeiiKy HayKoBUX (axoBux BHJaHb Ykpainu; 1 crarta y
MEepIOAUYHUX HAYKOBUX BHUJIAHHSX, MPOIHJEKCOBaHUX y Oazax nanux WoS Ta/abo
Scopus; TakoX pe3yabTUTU aucepTalii Oyiao anpoOoBaHo y 4 paxoBux KOH(GEPEHIIIIX.

Crtpykrypa Ta o6car aucepranii. J[ucepraiiiiina podoTa cKiIaiaeTbes 31 BCTYMY,
YOTUPHOX PO3/LIiB, BUCHOBKIB, CIHCKY BUKOpPUCTAaHUX Jxepen i3 110 HailiMeHyBaHb.
3aranbHuil o0car podotu 163 cropiHku, 3 sikux 128 CTOPIHOK OCHOBHOTO TEKCTY, 12
CTOPIHOK BUKOPUCTAHMX JIKEpPEN Ta 2 CTOPIHKU A0JaTKiB. PoboTa mMicTuTh 21 pUCYHOK,

11 Tabmuib.
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PO3JLI 1
MMPOBJIEMA E®EKTUBHOT'O PO3IOJIUIEHOTO 3BEPITAHHS TA
JTOCTYIY J0 JAHUX B MYJIbTUXMAPHOMY CEPEJOBHUILI

1.1 IIpouec po3noaiieHOro 30epiraHis y MyJIbTUHXMapPHHUX CepeA0BHIAX

ExcrnionenuianeHe 3pocTtaHHd wmudpoBux naHux [1,2] y cydacHy emnoxy
CIOPUYMHUIIO 3CYB MapaJurMu y MiJIXOJ1 OpraHizauliil Ao 30epiraHHs, yNpaBliHHS Ta
JOCTYMy 10 NaHuX. TpajuiiiiHi EeHTpasli30BaHi apXiTEeKTypu 30€piraHHs BUSBHIUCS
HEIOCTaTHIMHM JjIi BHUpIMICHHS MpoOjeM, TOB'S3aHUX 3 00CSATOM, IMIBHUIKICTIO Ta
PI3HOMAaHITHICTIO JIaHMX, 1110 TEHEePYIOThCS CY4YaCHUMHM JoJaTkaMu Ta cepBicamu. lleit
HEJIOJIIK CTUMYJIIOBAB PO3BUTOK PO3MOAUICHUX CHUCTEM 30epiraHHs, SKi CTald
KUTTE3NATHUM DPIIICHHAM JJI YIPaBIIHHS BEJIUKOMACIITAOHUMH CXOBHIIIAMU JaHUX.
Posnoninennii  xapaktep I[UX CHCTEM JO03BOJsi€ 3a0€3MEUUTH TOPU3OHTAIBHY
MaciITabOBaHICTh, BIIMOBOCTIHKICTh Ta MOKpAIIEHI XapaKTePUCTUKU MPOAYKTUBHOCTI,
K1 € HEOOX1THUMU JIsl CYy4aCHUX JI0JATKIB 3 IHTEHCUBHUM BUKOPUCTAHHSM JaHUX.

OcraHHIMH pOKaMHM XMapHiI OOYHMCIEHHs peBojtoioHIzyBan [T-nanamadr,
MPOMOHYIOYM JOCTYNl JIO0 OOYMCIIOBAIIBHUX PECYpPCIB Ha BHUMOTY, BKJIIOYAIOUH
30epiranHs, O0YUCIIOBAIbHI MOTYKHOCTI Ta MEPEXKEB1 MOXKIUBOCTI [3]. XMapHi cepBicH
30epiranHsi, 30Kpema, HaOyJlM 3HAYHOI TMOMYJSPHOCTI 3aBISKH CBOIMl 31aTHOCTI
3a0e3reuyBaTi MaclITabOBaHi, €KOHOMIYHO €(QEKTHBHI Ta HaJIiHI PINIEHHS IS
30epiraHHsg JaHUX 03 HEOOXIJHOCTI 3HAYHUX IOYAaTKOBHUX I1HBECTHINNA B
iHpacTpykTypy. OIHAK, OCKUIBKM OpraHizailii Bce OuIbllle MOKIaJal0ThCsd HA XMapHi
CEpBICH IJI1 CBOIX KPUTHYHHUX OMEpalliid, yMOBU Ta MIpPKyBaHHs IIOJI0 MPUB'SI3KU 10
NoCTavyajbHUKA, JOCTYIHOCTI CEpBICIB, CYBEPEHITETY JaHMX Ta BIAMNOBIAHOCTI
HOPMATUBHUM BHUMOTaM CTaJIM OUIbII BUPAKECHUMU.

[li ymMOBM mpu3BENIM [0 TMOSBU KOHLEMIT MYJbTUXMAapHUX apXiTEeKTyp, e
oprasizaiiii po3MOoAUISIOTh CBOI JaHI Ta JMOJATKH MDK KUTbKOMa MOCTadajJbHHUKAMU
XMapHUX MOCAyr. MynbTHUXMapHiI CcepefoBUIla MPOMNOHYIOTh YKCICHHI IepeBard,
BKJIFOYAKOYM 3MEHILIEHHS 3aJI€KHOCTI B1Jl OAHOTO MOCTayalbHUKA, MOKPAIIEHY CTIMKICTh
710 3001B CepBICiB, pO3IIUpPEeHE TeorpadiuHe MOKPUTTS Ta MOXKIIUBICTh BUKOPUCTOBYBATH
YHIKaJIbHI IEPEBAru pi3HUX XMapHUX MIaTGopM. TUM HE MEHIII, PO3MOIITICHUN XapaKTep
MYJIbTUXMAPHOTO 30€piraHHs BBOAMUTH CKJIAJHI MPOOJIEeMHU, TOB'A3aHI 3 y3TOMKEHICTIO
JaHUX, 3aTPUMKOIO JIOCTYIY, ONTHUMI3ALIE0 PECYPCIB Ta OE3MEKOIO.

Leit po3ain gocnikye GyHIaMEHTaNIbHI KOHIEIMIII, BUKIUKA Ta MOXJIUBOCTI,
MOB'sI3aH1 3 PO3MOJIIIEHUM 30€piraHHsIM Yy MyJIbTUXMapHUX cepenoBuiax [4]. Bin
MOYMHAETHCS 31 BCTAHOBJICHHS! KOMIUJIEKCHOTO BU3HAUEHHS PO3IOIIJIEHOTO 30epiraHHs Ta
MYJIBTUXMAPHUX APXITEKTYP, MICIS YOr0 CHIAYE TOCTIIKEHHS €BOIIOLIIHOT TpaeKTOpii
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BiJI OJIHO-XMapHUX J0 MYJbTUXMApHUX Mapagurm 30epiranHs. Po3main 3aBepiryeThes
BHUCBITJICHHSIM 3Ha4€HHsI €()eKTUBHUX MEXaH13MIB 30€piraHHs Ta JOCTYNy A0 JaHUX Yy
MYJIbTUXMApPHUX KOHTEKCTaX, CTBOPIOIOYM OCHOBY /I HACTYMHUX PO3IUIIB, SKi
3arfauOII0I0THCA Y 3alPONOHOBAHI MIX0U Ta PIIIEHHS.

1.1.1 BusHaueHHs po31m01iJieHOr0 30epiraHHs Ta MyJIbTHXMapPHUX

apxiTekTyp

Posnoaineni cucteMu 30epirants JTaHUX MPEICTABISIIOTh PyHAaAMEHTaIbHUM 3CYB
Bil TpaAMIIIHHUX [EHTPAII30BaHUX MapaJurM 30€piraHHs, BTUIIOIOYU CKJIAJIHY
B3a€EMOJIII0 amapaTHUX, MPOTPAMHUX Ta MEPEKEBUX KOMIIOHEHTIB, MPU3HAUYCHUX JIS
30epiraHHs Ta ynpaBJiHHS JaHUMU Ha KIJTbKOX By3Jiax abo jokarisix. JIjist BCTaHOBIIEHHS
KOMIUIEKCHOTO PO3YMIHHS PO3MOJAUICHOr0 30€piraHHs JaHUuX Yy MYJIbTUXMapHUX
cepeoBUIIIaX HEOOX1AHO CIIOYaTKy OKPECIUTH OCHOBHI KOHIIEMIIIi, XapaKTEPUCTUKHU Ta
apXITEeKTYypH1 MPUHIIUIIH, 1110 JIE)KATh B OCHOBI IIMX CUCTEM.

VY cBoill cyTi po3nojuieHe 30epiraHHs JaHUX BIAHOCUTBCS JI0 CHCTEMHOI
apXiTeKTypH, JIe AaHi 30epiratoTbCsl Ha KUTbKOX (PI3MYHUX a00 BIPTyalbHUX MPUCTPOSIX
30epiranHs, siki MOXYTb OyTH reorpadiyHo pO3MNOAUICHUMH, aje (YHKIIOHYIOTh
KOJIEKTUBHO SIK €JlMHA CYTHICTh 30epirants. Ha BiqMiHY BiJ] IIEHTPaIi30BaHUX CHUCTEM
30epiranHs, J¢ JaHl 3HAXOIATbCS HAa OJHOMY MPUCTPOi 30epiraHHs abo TICHO
MOB'SI3aHOMY KJIACTEP1, PO3MOJIICHI CUCTEMHU 30€piraHHs PO3AUISIOTh Ta PEILIIKYIOTh
JaH1 Ha YUCJIICHHUX By3JaX, 3a0e3Meuyloun napajeiabHui TOCTYII, BIIMOBOCTINKICTh Ta
TOPU30HTAIBHY MacIITa0OBaHICTh.



23

distribute and store

Client 1

Data

send data for storing
Client 2

il

Server / Application

=

Data

{0

Client N Data

Distributed Storage System

Pucynok 1.1 CucteMHa apxiTeKTypa po3MoIiJIEHOro 30epiranHs JaHUX

TeopeTruHy OCHOBY PO3MOJIUIEHUX CUCTEM 30€pIiraHHs JaHUX MOKHA TPOCTEXKUTH
70 Teopii PO3MOAIICHUX CHUCTEM, SIKa BHpINIye MPOOJIEeMU KOOpJWHAILIl KUIBKOX
00UYHCITIOBATbHUX €JIEMEHTIB ISl TOCSITHEHHS CIUIbHOI METH. Y KOHTEKCTI 30epiraHHs
1€ TEPETBOPIOETHCS HAa KOOPAMHAIIO KUIBKOX BY3JIIB 30epiraHHs s HaJaHHS
KOT€pEeHTHOI Ta HaJIHHOI mociayru 30epiraHHs naHux. DyHaaMeHTandbHI BIACTUBOCTI
pPO3MOJIIEHUX CcHUCTeM 30epiraHHs, sk Bu3zHaueHo Teopemoro CAP bproepa [5],
BKJIIOYalOTh y3rojkeHicTh (C), moctymHicTh (A) Ta cTifikicTs a0 po3auieHHs (P).
VY3romxeHicTh 03Ha4ae, U0 BC1 By3JM B cUCTeMI 0ayaTh OJIHI i Ti cami JaH1 OTHOYACHO.
JIOCTYNHICTh TapaHTye, IO KOXKEH 3alUT JI0 CUCTEMHU OTPUMYE BIJINOB1Ab, O€3 rapaHTii,
10 BOHA MICTUTh HaWHOBIITY Bepcito naHux. CTIMKICTh 10 pO3/SICHHS 3a0e3euye, 110
CHUCTEMa TMPOJIOBXKYE MPAIIOBATH, HE3BAXKAIOUM Ha JIOBUIbHY BTpaTy MOBIJIOMJIEHb abo
B1JIMOBY YaCTHHU CUCTEMH.

Teopema CAP cTBepKye, 110 7151 pO3MOJILNIEHOI CUCTEMH HEMOKIIMBO OJTHOYACHO
3a0be3mneunTu BCl Tpu yMOBU. Lleit dyHaaMeHTanbHuil KOMIIPOMIC Ma€ TIIMOO0KI HACTI KU
JUIsL TIPOEKTYBaHHS Ta €KCIUTyaTallli po3MOAUIEHHX CHCTEM 30epiraHHs, L0 BHUMAarae
pPETEIBLHOI0 PO3TJsAy KOHKPETHUX BHUMOI Ta OOMEXKEHb MPUKIAIHOI 001acTi.
Marematuuno teopemy CAP MoxHa Bupazutu Gpopmysnoro 1.1 HACTYymHUM YUHOM:

Hexait S — posnozinena cucrema 30epiranns, a C(S), A(S) ta P(S) — Oynesi
(GyHK1Ii, K1 BKa3ylOTh, YU 33JJ0BOJIBHSE S y3rOIKEHICTh, JOCTYIHICTh Ta CTIMKICTh 10
po3aineHHs BianoBiaHo. Teopema CAP cTBepKkye, 110:

vS: =(C(S) AA(S) AP(S)). (1.1)
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Ile o3Hauae, 1110 NPOEKTYBATLHUKU CUCTEMU TOBUHHI Ha/IaBaTU MPIOPUTET ABOM 13
IUX BJIACTUBOCTEH 3a paXyHOK TPEThOi, 10 MPHU3BOJIUTH JI0 MOMMUPEHUX KiIacu(iKallii
cucteM. CP-cucteMu HaJlalOTh NPIOPUTET Y3rOAKEHOCTI Ta CTIMKOCTI 10 PO3/ILICHHS HaJl
JNOCTYMHICTIO0. AP-crcTeMu HaJlatloTh MPIOPUTET JOCTYMHOCTI Ta CTIMKOCTI 10 PO3/I1IJICHHS
HaJ y3rojkeHicTio. CA-cucTeMH HaJJaloTh IPIOPUTET Y3TOIKEHOCTI Ta JOCTYITHOCTI HaJl
CTIMKICTIO JO PO3JUICHHS, XO4Ya BOHM 3arajoM BBaXalOThCS HEMPAKTUYHUMH MJIsI
PO3MOIJIEHUX CUCTEM, IO MPAIIOI0Th Yepe3 HeHaliiHl Mepexi. Ha puc 1.2 300paxeHo
netani CAP teopemu.

Consistency

CA

‘.' AP Partition
Availability ! Tolerance

Pucynok 1.2 CAP Teopema

Oxkpim Teopemu CAP, posnojifieHi CUCTeMH 30€piraHHs XapaKTepU3yIOThCs
KUIbKOMa KIIIOYOBUMHU aTpuOyTamu. Po3mojiin maHux BH3HAuYae CHoci0, sIKUM JlaHi
PO3IISAIOTECA Ta PO3MOAUIIOTHCS MK By3namu 30epiranHs. [lommpeni crtparterii
BKJIIOYAIOTh MIApAUHT (PO3AUICHHS JAHUX HA HEMEPEKPUBAIOYl PO3JAUIM Ta iX PO3MOALT
MDK BY3J1aMH), peIlliKaliio (CTBOPEHHS Ta MiATPUMKA KUIBKOX KOMIA JAHUX Ha PI3HUX
By3JIaX) Ta HAJUIMIIKOBE KOJyBaHHS (erasure coding — KOJlyBaHHS AaHUX Yy (hparMeHTH
TaKUM YUHOM, 1110 MIJIMHOKUHH (PParMeHTIB JOCTATHHO JJIsl BiTHOBJIEHHS OPUTTHATBLHUX
JAHUX).

Mogeni y3roKe€HOCTI HAaJalOTh TapaHTil 1OJO0 BUIMMOCTI Ta BIOPSIKYBaHHS
OHOBJIEHb PO3MOJIICHUX JaHUX. BOHU BapitorOThCs Bl CUIIBHUX MOJIETIEH Y3TOJIKEHOCTI
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710 Ca0IINX MOJIeNIeH, TAKUX K OCTaTOYHA Y3TrOKEHICTh. BiIMOBOCTIKICTh 3a0€e3euye
3MaTHICTh MTIATPUMYBATH POOOTY CHUCTEMH, HE3Ba)XKAl0UM Ha BIJIMOBY OKpPEMHX
KOMIIOHEHTIB, 3a3BHYall 4Yepe3 MEXaHI3MH HaJIMIPHOCTI, Taki $K perurikaiis abo
HAJJTUIIKOBE  KOAYBaHHA. MacmTaboBaHICTh J03BOJIIE  MPUCTOCOBYBATUCS  J0
3pOoCTalounX OO0CATIB JaHMX Ta IIBHUIAKOCTI 3alUTIB IUISXOM JOJaBaHHSA OLIBIIOL
KUIBKOCTI pecypciB 10 cucteMu. [IpogyKTHUBHICTh BU3HA4a€ €(EKTUBHICTh, 3 SKOIO
CHUCTEMa MOK€ BUKOHYBATH oOlepailii 30epiraHHs Ta OTPUMAaHHS, 4aCTO BUMIPIOETHCS 3
TOYKHU 30pYy 3aTPUMKHU, IPOMYCKHOI 31aTHOCTI Ta BUKOPUCTAHHS pecypciB [14].

Marematuude (QOpMyITIOBaHHSA PO3MOAUTY JAHUX Y PO3MOJUIEHHX CHCTEMax
30epiranHs MO>KHa PEJACTaBUTH HACTYITHUM YUHOM:

Hexait D — mabip manux, a N = {n,n,, ..., n,} — Habip 3 k By31iB 30epiraHHs.
®ynukuis posnopiny panux f:D — 2N BimoGpaikae koxen enemeHnT nanux d € D Ha
migmuaOkuHY By3iB f(d) € N, siki 306epiratots Korii a6o ¢pparmentu d.

Jlist perutikaiiii 3 KoeilieHTOM peruliKailii r OOMeXeHHS €:

vd € D: |f(d)| = (1.2)

JIJIsl Ha UTMIIKOBOIO KOXyBaHHs 3 mapamerpamu (n, k), ne n - 3araibHa KiJIbKiCTh
(hparMeHTiB, a k - MiHIMaJIbHa KUTBKICTh, HEOOX1/IHA ISl BITHOBJICHHSI:

Vd € D:|f(d)| = nTa6yap-saki k By3niBy f(d) MmoxyTb BigHoButu d.  (1.3)

MyabTUXMapPHi apXiTeKTYpW NPEACTaBISAIOTh €BOIIOLIID MapagurM XMapHHUX
0o0UHCIIeHb, JIe OpraHi3ailii BUKOPUCTOBYIOTh MOCTYTH KIJILKOX XMapHUX MPOBanEepiB, a
HE TMOKJIAJal0ThCs Ha OJHOTO TpoBaiiaepa. llei miaxia BIAPI3HAETHCA BiJ TiOPUAHHX
XMapHHUX apXIiTEeKTYP, SKi 3a3BUYail BKIIIOYAIOTh KOMOIHAIIII0 TPUBATHUX Ta IMyOITYHUX
XMapHUX pecypciB. Y MyJIbTUXMApHOMY CEpPEOBUILI PECYPCHU PO3MOMAUICHI MIX
KUIbKOMa MyOJIIYHUMHU XMapHUMH TIaTGOpMaMH, KOXKHA 3 SIKMX MOTEHIIMHO MPOIOHYE
pi3HI MOCITYTH, MOJENI I[IHOYTBOPEHHS, reorpadiyHe MOKPUTTS Ta XapaKTEPUCTUKHU
npoaykTuBHoCTi. 3okpema, pekomenpamii ITU-T Y.3500-Y.3599 [7] BusHavaroTh
apXiTEeKTypHI MPUHIUNK XMAPHUX OOYMCIIEHb Ta BCTAHOBIIOIOTH 0a30BI BUMOTHU IO
1HTEeponepadebHOCTI XMAapHUX CepBICiB. BIMOBIAHO 10 HMX peKOMEHJAllli, CUCTEMHU
pPO3MOAUIEHOTO 30epiraHHsl JaHUX MOBUHHI 3a0e3MedyBaTi O€3IIOBHY IHTErPALil0 MIXK
pPI3HUMHU XMapHHUMU MPOBaiiepaMu, MO0 € KPUTUYHUM aCIEKTOM JUIsl MYJIbTUXMapHUX
apxitextyp. Jokyment NIST SP 500-292 "Cloud Computing Reference Architecture" [8]
BU3HAYa€ ETAJOHHY AapXITEKTypy XMapHUX OOUYHUCICHb Ta MIAKPECTIOE BaXJIUBICTD
CTaHIApTU30BaHUX 1HTepdelciB i 3a0e3medeHHs e(QeKTUBHOI B3aEMOIlI MIK
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KOMIIOHEHTAaMU MYJIbTUXMapHOi cuctemMu. Puc 1.3 BigoOpaxae apXiTekTypy MmyOaidyHOT
XMapH 3T1JTHO CTaHJAPTYy.

Public Cloud

Consumer

Enterprise Network \

2

— Cloud Consumers accessing the cloud
- : . E from within the enterprise network.
Cloud Consumers accessing ' ' ' '

the cloud over a network. \/\\/\—/

Pucynoxk 1.3 NIST SP 500-292 Public Cloud Reference Architecture

Internet

dopmasibHE BU3HAYEHHS MYJIbTUXMAPHOI apXiTEKTYypu MOXHa cHOpMyIrOBaTH
HAaCTYITHUM YMHOM: MYJbTHUXMAPHA apXiTeKTypa - 1Ie MOJEIb PO3TOPTaHHS, B SIKIi
o0UHKCIIOBaIbHI PECYpCH, NOJATKU Ta JIaHl OpraHi3aiii po3moiiieH] MiX JBoMa ado
OuIbllIE MOCTa4YaJbHUKAMU XMAapHUX MOCIYT 3 METOK ONTHUMI3alli MPOIYyKTUBHOCTI,
BApTOCTI, HaAIMHOCTI a0o0 uWUIed BIAMOBIIHOCTI HOPMAaTUBHMM BHMOTraMm (aaii
BigmoBigHocTi) [14,15,18].

MynbpTUXMapHI apXITEKTypy MOKHA Kiacu(iKyBaTH 3a KUJIbKOMa BUMipamu. 3a
MOJIEISIMUA PO3TOPTAHHS BOHU MOJUISIOTHCSA HA MACUBHY MYJIbTUXMapPy (BUKOPUCTAHHS
pI3HUX XMapHUX MpOBalliepiB ISl PI3HUX JOJATKIB a00 MOCIYr 3 MIHIMaJbHOIO
IHTErpamie0 M HHUMH), aKTUBHY MYJIbTHUXMapy (IWHAMIYHUN pPO3MOALT poOOUMX
HaBaHTaXEHb MK KUIbKOMa XMapHUMH MpOBailiepaMud Ha OCHOBI MPOAYKTHUBHOCTI,
BApTOCTI a00 IHIIMX KPUTEPiiB) Ta TiOpuUIHY MyJIbTHUXMapy (MO€AHAHHS MPUBATHUX
XMapHUX PECYPCIB 3 MOCIYTraMH KIJIbKOX MyOJIIYHUX XMAapHUX MpoBaiiepis) [19].

3a piBHAMM 1HTErpaii MyJIbTUXMapHI apXiTEKTYpU BKJIIOUYAIOTh IHTETpallil0 Ha
piBHI NOJAaTKIB (pi3HI KOMIIOHEHTH JO0JIaTKa PO3TOPTAIOThCA HA PIZHUX XMapHUX
maTdopMax), IHTerpallio Ha PiBHI JaHUX (JaH1 PO3NOAUISIOTHCS a00 PEIUTIKYIOThCS MIXK
KUIbKOMa XMapHUMU CepBicaMH 30epiraHHs) Ta IHTErpallito Ha PiBHI IHPPACTPYKTypH
(oOuucnroBaIbHI, MEPEKEBl Ta pecypcH 30epiraHHsS HAJAlOThCS Ta YHPaBISIOTHCA HA
KUTBKOX XMapHUX I1aT@opmax).

3a migxogamMu 10  YHOPaBIiHHA  MYJIbTUXMAapHI  apXITEKTypd  MOXYTh
BUKOPUCTOBYBAaTH LIEHTPAJI30BaHE yOpaBIiHHS (€MHA IUIONIMHA  YIpPaBIIHHA
KOHTPOJIIOE PECYPCH Ha BCIX XMapHUX MpoBaiifepax), henepatuBHe yIpaBiaiHHA (KOXKHE
XMapHE CEpEeJOBUIIE YIPABISIETBCA OKPEMO, 3 MeEXaHi3MaMH KOOpJHUHAIIT JJis
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MDKXMapHHUX oOrmepaliif) ado aBTOHOMHE YMNpaBiiHHSA (KOKHE XMapHE CEPEJIOBUIIE
MpaIlO€ HE3aJIeKHO, 3 MIHIMAJIbHOIO KoopauHaili€r) [20,21].

MaremaTuyHe TpEACTABICHHS PO3MOAULY pPECcypCciB Yy MYJIbTUXMApPHOMY
cepeaoBUII MOKHA CHOPMYITIOBATH HACTYITHUM YHHOM:

Hexait CP = {cp4,cpy, ..., CP;m} — HAOIp 3 m XMapHHX TpoBaWaepiB, a R =
{ri, 1y, ...,1;,} — HaOIp 3 n pecypciB (HampukiIaa, 30epiraHHs, OOYHCICHHS, MEpPeKa).
Koxen xmapuuil TpoBaiiiep Cp; MNpONOHYE MiIMHOXKHHY pecypciB R; S R 3
BIIMOBIJHUMU  XapaKTEePUCTUKAMHU BapTOCTI, MPOJYKTUBHOCTI Ta JOCTYIHOCTI.
[Ipobiemy po3noaiLy pecypciB y MyJbTUXMAPHOMY CEPEAOBUII MOKHA C(HOPMYITIOBATH
AK 3aJa4y ONTHUMI3alli:

n m
minz Z Xij cost(ri, cpj). (1.4)

Xii
T A=

3a yMOBHU:

inj =1 Vie€e {1,2, ...,n}.

j=1
x;j €{0,1} Vi€ {12, ..,n},Vj€{l2, .., m}.
xij =0 AKLI[OT; & R]

Jie X;j — OlHapHa 3MiHHA, 1110 BKa3ye€, YU PECypC 1; MPU3HAUCHUH XMAapHOMY TIPOBaiiepy
cpj, a cost[ri, Cj ) IPE/ICTaBII€ BapTICTh HAAAHHS PECYPCY 7; HA XMapHOMY IpOBanaepi
Cp]

Ile popMymnroBaHHS MOKHA PO3LIUPUTH, OO BKIIOUUTH JTOJATKOBI OOMEXKEHHS,
MOB'sA3aH1 3 IPOAYKTUBHICTIO, HA/IIMHICTIO, CYBEPEHITETOM JIaHHUX Ta IHIIUMH BUMOTaMHU.

KonBepreniiis po3noAiieHUX CUCTeM 30€piraHHs Ta MyJIbTUXMapHUX apXITEKTYyp
MPU3BOAUTE /10 MYJBTUXMApPHOTO PO3MOJAUICHOr0 30epiraHHsi, sKe MpeCTaBIIsIe
VHIKQJIbHI BUKIMKM Ta MOXIIMBOCTI. Y [IbOMY KOHTEKCTI pecypcu 30epiraHHs
pO3NOJAUIEHI HE JMIIE MK KUIbKOMAa BY3JIaMH, ajleé ¥ MDK KUIbKOMa XMapHUMU
npoBaijiepaMu, KOXKEH 3 SKUX Mae BIacHi cepBicu 30epiranns, API, wmoxemi
[IHOYTBOPEHHS Ta XapaKTEPUCTUKH MPOYKTUBHOCTI.

MynbpTUXMapHe po3MOJieHe 30epiraHHs MOXHA BHU3HAUUTHU SIK aApXITEKTYpy
30epiranHs, siKa po3MOAUISIE aHl MK cepBicaMu 30epiraHHsl, 0 HAIAIOThCS KUTbKOMA
XMapHUMHU TIpOBaijiepaMu, MPECTABISIOUNA NPHU 1bOMY YHi(iKOoBaHUN 1HTEpdeic s
omepailii 30epiranHs Ta OoTpuMaHHs AaHux. Ha pucynky 1.4 300paxeHo cleHapiii
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MPOIIECY PO3MOJUTY JaHUX 0 XMapHHUX MpoBaijiepiB. PiBeHb NMPUUHATTS pillleHb Yy
IbOMY KOHTEKCTI MOXXHa BM3HAUUTU K aOCTPAKTHY JIOTIKY, IO BIAMOBIJA€ 3a BUOIP
MIIXO0AY W00 PO3MIIIEHHS JaHUX Ha cepBicax 30epiraHHs pi3HUX XMapHUX
npoBaiepis. [22,23]

Workload/Data

Decision Layer J

A
v v

Cloud A Cloud B

OOI|OA

Pucynok 1.4 Cuenapiii mpouecy po3noJiay JaHUX

Ki11040B1 KOMIIOHEHTH MYJIBTUXMAPHOTO PO3IMOIJIEHOTO 30€piraHHs BKIIOYAIOTh
piBEHb PO3MOJUTY JTaHMX, KM BIANOBIJA€ 3a PO3AUICHHS JaHUX Ta BU3HAYEHHS 1X
PO3MIIIIEHHSI MK XMapHUMHU MpOBaii/iepaMu; YIIPaBIiHHSI METAJaHUMH, K€ MIATPUMYE
1H(opMallito Mpo MiClIe3HaAXOKEHHS, opMaT Ta BIACTUBOCTI JaHUX, 1110 30€piraroThes
Ha KUIbKOX XMapax; yNpaBIllIHHS Y3rOJKEHICTIO, sike 3a0e3neuye y3roUKEHICTh JaHUX,
HE3BAXKAIYM Ha iX PO3MOALT MK KUIbKOMa XMapHHUMH CEpPEIOBHINAMU; KOHTPOJIb
nocTymy Ta Oe3meka, siki 3a0e3MeuyloTh MOJITUKM ayTeHTHdIKalli, aBTopu3aiii Ta
mu@pyBaHHS Ha BCIX XMapHUX MPOBaiiepax; a TAKOK MOHITOPUHT Ta ONTUMI3AIis, SIKi
MOCTIAHO OIIHIOIOTh MPOJAYKTUBHICTb, BAPTICTh Ta HAMIMHICTh omnepalliii 30epiranus Ta
BIIMOBIAHO KOpUTyIOTh po3MimeHHss panux. ISO/IEC 27018 [11] BcTaHOBIIOE
crenu(iyHl BUMOTH /10 3aXHCTy MEPCOHANBHUX JNaHUX y MyOniuHux xmapax, a CSA
STAR [12] npomoHye METOAOJNOTIIO OLIHKUA PiBHA OE3MEKHM XMapHHUX IpPOBaMepiB.
MaremaTuuHy MOJEIb IS PO3MIIICHHS JaHUX Y MYJbTUXMapHOMY PO3IMOIIJICHOMY
30epiraHHi MOKHa c(hOpMyJIFOBATH HACTYITHUM YHHOM:

Hexait D = {d4, d;, ..., d,} — Habip 3 p 06'exTiB nanux, a CP = {cpq, cpy, ..., COm}
— Habip 3 m XxMapHuX nposaiepiB. KoxeH XMapHHil TpoBaiijiep Cpj Mae IOB'A3aHy
BapTICTh 30€piraHHs COSt; , 3ATPUMKY NOCTYIy /atency; ta HamiinicTs reliability;.

[Ipo6nema po3MillleHHs JAHUX BKJIIOYA€ BU3HAYEHHsS BimoOpaxkenHs g:D — 2€,
K€ MPU3HaYae KOKeH 00'€KT JaHuX d; M IMHOKUHI XMapHHX npoBaiigepis g(d;) € CP,
3 ypaxyBaHHSM OOMEXEHb Ha PEIUTIKAIlil0, BAPTICTh, MIPOJIYKTUBHICTH Ta HAAINHICTD.
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Hanpuxknan, mo0 MiHIMI3yBaTH 3arajibHy BapTiCTh 30€piranHs, 3a0e3neuyoyu npu
bOMY, 110 KOKE€H 00'€KT TaHUX PEIUTIKYEThCSl HA TPUHANMHI 7 XMapHUX MpoBalepax:

P
minz Z size(d;) - cost;, (1.5)
7 = jégtan
3a YMOBH:
lgld)| =r Vie{l2,..,p}

ne size(d;) npexacrasise po3mip 00'ekTa gaHux d;.

Mo:kHa BKJIIOYUTHU JOIATKOBI OOMEXEHHS JIJIsl 3aI0BOJICHHS] BUMOT, MOB'SI3aHUX 13
3aTPUMKOIO JIOCTYNy, TeorpadiuHuM pO3MOJUIOM, CYBEPEHITETOM AaHUX Ta 1HIIUMHU
(dhaxTopamu.

Posnoninene 30epiranusi y MyJbTUXMApPHUX CEPEAOBUIIAX MPEJCTABIISE CKIIAIHY
B3a€EMOJIII0 TPUHIUIIB PO3MOJAIJICHUX CHUCTEM, MNapagurM XMapHHUX OOYMCIIEHb Ta
TEXHOJIOT1 30epiraHHsa. Bu3HaueHHs Ta XapakTEpUCTUKA LMX CHCTEM 3a0€3MeuyroTh
OCHOBY JUIsl PO3YMIHHSI BUKIIMKIB Ta MOJIUBOCTEH, SIKI BOHU MPEJICTABISIOTH, 1 SIKi
OyIlyTh JeTajbHIIlIe JOCTIIKEeH1 B HACTYIMHUX po3auiax [25].

1.2 EBoJionist XMapHOro 30epirants: BiJi 0JHO-XMAPHOI'0 10 MYJIbTUXMAPHOI' 0

TpaexTopisi €BOJIOIIT XMAapHOTO 30€piraHHs MPECTABIIAE 3aXOIUIIOI0UY XPOHIKY
TEXHOJIOTIYHUX 1HHOBAI[Id, PUHKOBOI JMHAMIKM Ta €BOJIOLIOHYIOUHMX OpraHizaiiiHux
BuMor. Llelt po3nut npocTexxye ICTOPUYHUNA PO3BUTOK MapaurM XMapHOro 30epiraHHs,
BiJl TOSBU IEHTPAIi30BaHUX CEPBICIB XMapHOro 30epiraHHs [0 TMOIIUPEHHS
MYJIbTUXMApPHUX apXITEKTyp 30epiraHHsi, BHCBITIIOIOYM KJIIOYOBI TEXHOJOT14YHI
JOCSITHEHHS, PUHKOBI CHJIM Ta OpraHizailiiHi IMIEpaTUBHU, fKI CPOPMYBAIHU IO
€BOJIIOLIIO.

Konmenuis xmapHoro 30epiraHHsi Ma€ CBOi KOPEHI B MIUPIIN Mapagurmi
YTUJIITAPHUX OOYHUCIICHb, SKa PO3MIsiAa€ OOYHUCITIOBAIBHI PECYpCH SIK BUMIPIOBAHY
MOCJIYTY, MOJAIOHY A0 TPAJULINHUX KOMYHAJIbHUX MTOCIIYT, TAKUX K €JIEKTpUKa a00 BOA.
TeopeTruHi OCHOBH 1ILOTO MiX0Iy MOKHA NPOCTEKUTH 10 1960-X pOKiB, KOJIW BUCHUM-
komm'torepHuk Jlxon Makkapti cpopmymnroBaB OaueHHS OOYHCIEHb SIK ITyOIiYHOT
KOMyHalnbHOI mnociayru. OpnHak Jsmme Ha novarky 2000-x pokiB TEXHOJOriyHa
iH(]pacTpykTypa Ta O13HEC-MOENI JOCTATHBO J03PUIH, 00 peali3yBaTu e OaueHHs Yy
(dbopmi ocayr XMapHUX OOUYUCIICHbD.

Panni cepBicu xMapHOTro 30epiraHHs 3'SBUIUCS SIK PO3IIMPEHHS! BEO-XOCTUHTY Ta
MPOMO3ULI TpoBaiijiepiB MNpuKIaAHUX cepBiciB (ASP), mo HagaBamu mpocTi
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MOXJIUBOCTI 30epiraHHd Ta oOMIiHY (aitmamu. Lli cepBicu Oynu B mnepury uepry
pO3p0o0JIeH] AJisi BUPIIIEHHS] KOHKPETHUX BUIMAJKIB BUKOPUCTAHHS, TAKUX K PE3EPBHE
KOIIIOBaHHA, OOMIH (aililaMu a00 XOCTHUHI BEO-KOHTEHTY, a HE JJIA CIYXIHHS SIK
KOMILIEKCHI I1aTGopMu 30epiraHHs.

MaremaTuuHy MOJENb Il PaHHIX CEPBICIB XMapHOTro 30epiraHHS MOXHA
MPEJCTABUTH SIK MPOCTY (PYHKIIIO BiAOOpaXKEHHS

f:K -V,

ne K — nalip kirouiB (Hampukiaj, iMeHa QainiB ado igeHTudikaropu 00'ekTiB), a V —
Hallp 3Ha4YeHb (Hanmpukiaj, BMicT dainib). [{g1 Moaens BinoOpaxae NpocTy napagurmy
KJIFOY-3HAYEHHS, SKa Jie)Kajla B OCHOBI 0araTb0X paHHIX CEPBICIB XMapHOTO 30€piraHHs.

JlangmadgTt xmapHOTro 30€piraHHs 3a3HaB 3HAYHOI TpaHc(opmallii 3 3amycKOM
Amazon Simple Storage Service (S3) y 2006 porii, SIKuii MUPOKO BBAKAETHCA MEPIITUM
CydacHUM CEpBICOM XMapHOro 30epiraHHs. S3 TMpeacTaBUB MaclITaOOBaHUM,
BHCOKOJIOCTYITHUM cepBic 00'ekTHOro 30epiranHs 3 mpoctum API na ocnosi HTTP,
BCTAaHOBUBIIIU TA0JIOH, SIKMI1 BIUIMHYB Ha MOJAIbIII MPOMO3UIIlT XMApPHOTO 30€epiranHs.
ITepion 3 2006 no 2010 pik cTaB CBIIKOM MOSBU KUIBKOX OCHOBHUX IIaT(HOPM XMApHOTO
30epiranHs, BkiIodaroun Microsoft Azure Blob Storage, Google Cloud Storage Ta
Rackspace Cloud Files [16]. 1li mnargopmu Manu KijgbKa CHUIBHUX XapaKTEPUCTUK,
Takux SIK Tmapagurma o0'€eKTHOro 30epiraHHs, A€ JaHi 30epiraroThCs K OO0'€KTH 3
MOB'A3aHUMHU METaJaHUMU, TOCTYII 10 AKUX 311HCHI0eThCs yepe3 APl na ocnosi HTTP;
I[IHOYTBOPEHHS 3a MPUHIMIIOM OIUIaTH 3a BUKOPUCTAHHS, JI€ BUTpPaTH Ha 30epiraHHS
0a3yroTbcd Ha (PAaKTUYHOMY BHKOPHCTaHHI, YCYBAaIOYM HEOOXIJHICTh Yy MONEPEIHIX
KamiTaJbHUX BUTpATax; €JacCTUYHA MAacCIITa0OBAHICTh, J€ €MHICTh 30€piraHHs MOXe
JUHAMIYHO 30UIbIIYBATUCS 00 3MEHITYBATUCS 3aJ€XKHO BiJ MOMUTY; Ta reorpadiuHuii
PO3MOLI, A€ JaHI MOXKYTh OyTH PEIJIIKOBAHUMH Ha KIJTBKOX LIEHTpaX 0O0pOoOKHU JaHUX Y
Mepexi MpoBaiiiepa Mg MiABUILEHHS JOCTYMHOCTI Ta JOBrOBIYHOCTI. MaremaTuyHy
MOJIENb JJISI [IUX CEPBICIB 00'€KTHOTO 30epiraHHs MOKHA BUPA3UTH SIK

f:(K,M) >V,

ne K - na6ip xmrouiB, M - Habip atpuOyTiB MeTagaHux, a V - HaOip 3Ha4YeHb. L{s mozaenb
BioOpakae PO3IMIUPEHI MOXKJIHUBOCTI CEPBICIB 00'€KTHOTO 30€piraHHs, K1 JT03BOJSIOTH
acoIlIFOBaTH METaJaHl 31 30€peKeHUMHU 00'€KTaMH.

[IpoTsirom 11bOrO TEPIOAY CEpPBICK XMAPHOTO 30€piraHHS €BOJIIOLIIOHYBAJIH Bijl
MPOCTUX CXOBHUIIl JO KOMIUIEKCHHMX IIAT(OPM, 110 MPOMOHYIOTh PO3MIMPEH] (YHKIIII,
Taki SK BEpCIOHYBaHHA (MIATPUMKA KUIBKOX Bepcid o00'ekTa sl 3aXUCTY BIJ
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BUMAJKOBOIO BUJIalIeHHsI a00 Moau(ikailii), KOHTPOJIb JOCTYNY (AE€TaIbHI JO3BOJIU JJIS
KOHTPOJIIO TOTO, XTO MOXE OTPUMATHU JIOCTYyN A0 30€pEeKEHUX [aHUX), yIpaBIiHHS
KUTTEBUM IHMKJIOM (aBTOMATU30BaHI MOJITUKU [JIs MEPEXOJy MaHUX MIXK PIBHAMHU
30epiranHs abo iX BUJAJIEHHS HA OCHOBI BIKYy a00 IIa0JIOHIB JOCTYIY), CHOBILIEHHS PO
noAii (3amyck aid abo poOoYMX MPOILIECIB y BIAMOBIAL Ha MOl 30€piraHHs, Taki SK
CTBOpEHHSA 00'eKTa a00 BUIAJICHHS ) Ta IHTETpallis 3 JOCTAaBKOIO KOHTEHTY (Oe3rnepeliiina
IHTerpamis 3 MepexaMH JOCTaBKH KOHTEHTY [Jisi €(EKTUBHOTO PO3IMOBCIOIKEHHS
30epexxkenoro koHTeHTy — Content Delivery Network CDN) [23].

JlomatkoBO  chi  BIA3HAYMTH, 1[I0  XMapHI  JaTa-IeHTPU  AKTUBHO
BUKOPHUCTOBYIOThbCS omneparopamu [Hpopmariiitno-Komynikamiitaux mepex (IKM) mns
ananizy Benukux manux (Big Data), 1mo 103BoJiss€ MOKpAIIUTH TEXHIYHI MapameTpH
Mepexi. Lle Takox cripusie mepcoHanizauii nociyr Ta epeKTUBHOMY PO3MOJLUTY PECYPCIB.
Pexomennaniss MCE-T Y.3652 Bu3Hauae KOHIEMIIO MEpPEkKi, KEPOBAHOI BEIIMKUMHU
nanumu (bDDN — Big data-driven network) [65-69], sixa B cBOt0 uepry BU3Hauae METOIU
aMIHICTpYBaHHS Ta ONTUMI3allii MEPEXi HA OCHOBI HAKOTTMYEHUX JTaHUX.

Takox TtexHomorisi nepudepiinnx obuucinenb (Edge computing) Bigirpae
KIIIOYOBY pojib y Mepexax 5G. Bona mnepenbauae po3MillleHHS OOYMCIIOBAIBHUX
pecypciB Oimk4ue 0 KOpUCTyBada, IO 30UIbLIyE MPOMYCKHY 3AAaTHICTh 1 3MEHUIYE
3atpumku. [Jocnimkenns Ericsson mokasano, 1o miATpUMKa XMAapHOi 1HQPACTPYKTYpH
BiIKpHUBa€ HOB1 O13HEC-MOXKIIUBOCTI 17151 oriepatopiB IKM.

Cyuachi IKM notpeOyioTh pO3BHHEHOI OOUYMCIIOBAIBbHOI 1HPPACTPYKTypH, a
OT)KE€, XMapHi IIEHTpH OOpOOKH JaHMX CTalOTh HEBIJ'€MHOI0 YAaCTHHOKI MEpPEeXi, SKI
BUKOHYIOTh HE JIMIIIE€ TpajauuiiHi (yHKIi aBTOpW3amii Ta OutiHry. Y wmepexax 5G
oOuucmoBaIbHa 1HPpPaAcTpykTypa 3abesneuye poboTy TexHonorii SDN. Bona
MIITPUMYE JIOTIYHUN TOALT Mepexi Ta HananHs nociyr Edge Computing. Bona takox
HEOoOX1IHa JI aHaTi3y BEJTUKUX JTaHUX JJISl TI1JIBUIIEHHS SIKOCT1 TIOCIIYT.

Puc. 1.5 umocTpye micie xMapHOi 1HGPACTPYKTYpH B apXiTeKTypi cydyacHoi [KM.
Ha HboMy moka3aHo 3arajibHy CTPYKTYpY Ta MPUHIUIHN 100y 10BH Mepexi SG.
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Pucynoxk 1.5 3aranbna apxitektypa mepexi SG

[IpuitHATTS XMapHOro 30epiraHHs OyjJ0 B OCHOBHOMY 3YMOBJIEHO KOHKPETHUMU
BUMAJKaMH1 BUKOPUCTAHHS, TAKUMHU SIK pE3EPBHE KOIIIOBaHHS Ta aBapiilHe BiIHOBIICHHS,
XOCTHUHT BEO-KOHTEHTY, aHAJITUKA BEJIMKUX JaHUX Ta OEKeHJ MOOUIbHUX JOAAaTKiB.
Hes3Baxkaroun Ha 3poctaroue MPUUHSTTS XMapHOTO 30epiraHHsi, oprasizailii 3a3BHyaii
MOKJIaJIaJucs Ha OJJHOTO XMapHOTOo MpoBaijiepa Jijisi CBOIX MOTped y 30epiranHi Ha [IbOMY
erami. Lleit migxig OyB MOTHMBOBaHUM KUIbKOMA (haKTOpaMH, BKIIOYAIOYM MPOCTOTY
yIpaBJiHHS 30€piraHHsIM B OJJTHOMY XMapHOMY CEpPEJIOBHIIIL, TICHY IHTErpalliio 3 IHIIUMHU
MOCIyTaMHu, [0 MPOMOHYIOTHCS TUM CAMUM XMapHUM MPOBaiIepOM, YHUKHEHHS BUTpaT,
MOB'SI3aHKUX 3 MEPEAAUCI0 JaHWX MDK PI3HUMU XMapHUMH MpoBaiiiepamu, Ta PO3BUTOK
eKCIEepTU3U B CcepBicax Ta IHCTPYMEHTax 30epiraHHs KOHKPETHOTO XMAapHOTO
npoBaitaepa. OgHak 0JHO-XMapHHH IMAX1] TAKOXK BBOJIUB 3HAYHI PU3HUKHU Ta OOMEKEHHS,
SK1 BPEILITI-PEIIT TPU3BEIH 10 NIEPEXO0AY J0 MYJbTUXMAPHUX apXITEKTyp 30epiranHsl.

[lepexin Bii OAHO-XMApHHUX 10 MYJbTUXMApHUX apXITEKTyp 30epiraHHs movan
HaOupatu o0epTiB npubmauzHo y 2015-2018 pokax. Opranizaiii cTajiu Bce OUIbIIE
OCTepiratucsi HaaMIPHOI 3aJIeKHOCTI BiJl OJJHOIO XMapHOIo IMpoBaiijiepa, M0 MOTJIO
MIPU3BECTU JI0 3MEHILIEHHS TIEPETOBOPHOI CHUJIU, OOMEKEHOI THYYKOCTI Ta MOTEHIIMHUX
NOPYLIEHb, SKIIO MPOBaIep 3MIHIOBAB CBOI MOCIyTrH a00 HiHOYTBOpeHHs. ['yuHi 3001
OCHOBHUX XMAapHHX CEPBICIB MIAKPECIUIN PU3UKH MOKJIAaHHS HAa OJHOTO MpOoBaiiiepa
JUIsT KpUTUYHUX TOTped 30epiraHHs. Pi3HI XMapHi NpoBaijiepu Maiu pPI3HI CUJIbHI
CTOPOHHU 3 TOYKHU 30pYy PO3TAlIyBaHHS LIEHTPIB OOPOOKHU JAaHUX, IO CTABAJIO BCE OUIBII
BAKJIMBUM, OCKIJIBKH OpTaHi3allii po3MHUPIOBATUCS I100aIFHO Ta CTUKAIKCS 3 BAMOTaMHU
CYyBEpEHITETY AaHuX. XMapHl mpoBaiiiepu novyanu ITudepeHIiloBaT CBOi MPOMO3UIIii
30epiraHHs yHiKaJlbHUMU (YHKI[ISIMH Ta MOKIIMBOCTSIMU, 10 POOHIIO TPUBAOIUBUM IS
opraHizailiii BAKOPUCTaHHSI KUJTbKOX MPOBANIEPIB ISl PI3HUX BUIIAJIKIB BUKOPUCTAHHS.
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EBomroiionyroui npaBuia 3aXuMCTy AaHUX, Takl SIK 3arajbHUM PErIaMeHT MpPO 3aXHUCT
nanux (GDPR) €sponeiicbkoro Coro3y, BBEJIM BUMOTH, SIKi OyJIO Ba)KKO 33I0BOJLHUTH
B MEXaX OJHOTO XMapHOTO CEPEOBUIIIA.

[lepexin 10 MyJbTUXMApHOTO 30epiraHHs OyB TOJIETHIEHUH KUIbKOMA
TEXHOJIOTITYHUMHM PO3pOOKaMH, BKJIIOUAIOYM TOABY MpOrpaMHUX O107110TEK Ta
(bpeliMBOpKIB, Kl HajgaBaiu yHiikoBaHUU i1HTepdeiic ang B3aeMoOJli 3 PI3HUMHU
CepBiCaMU XMapHOTo 30epiraHHs; IHCTPYMEHTH JJIsl yIPaBIIHHSA PeCypcaMy Ha KUTbKOX
XMapHUX CEPEOBUIIAX, BKIIOYAIOUU PECypcH 30epiraHHs; pilieHHs Al €(hEeKTUBHOL
peruTikaiii JAaHuX MDK pPI3HUMHU CEpBICAMH XMApHOTro 30epiraHHs; Ta MOKpaIlleHi
MepeKeB1 MOXKIIMBOCTI JJIsI 3'€THAHHS PECYPCIB Ha PI3HUX XMApHUX CepeaoBUIIax [26].

MartemaTuuHy MOJIEb JJIsl MyJbTUXMAPHOTO 30€piraHHsl MOKHA MPEJACTAaBUTH SIK:

f:(K,M,CP) >V, (1.6)

ne K — nHabip wmouiB, M — HaOip atpuOyTiB Meramanux, CP — Halip XMapHUX
npoBaiiepiB, a V' — HaOip 3HaueHb. Llg moxaenb BioOpakae HOJATKOBY CKJIAHICTD,
BBEJICHY HEOOXIJTHICTIO pO3TJsaTh XMapHOTO MpoBaiifiepa K mapameTp B Olepauisx
30epiraHHs.

Panni nigxoau 10 MyJIbTUXMApHOTO 30epiranHs OyJiu B OCHOBHOMY 30CEpeIKEH1
Ha perulikamii AaHuX, A€ OAHI W TI caml JaHl 30epirajiucsi B KUIBKOX XMapHUX
cepeloBUIIAX JUIsl TMIJBUIIEHHS JOCTYMHOCTI Ta 3MEHIIEHHS NPUB'S3KU 0
nocrayaiabHuka. Llei miaxig MokHa MaTEeMAaTUYHO MPEICTaBUTH SIK:

VkEK,VpECP:f(k,Mk,Cp)zvk, (17)

ne M;, — meTtamaHi, TIoB's13aH1 3 KJII04YeM k, a V}, — 3Ha4YEHHS, MOB'SA3aHE 3 KITI0UeM A.

Xoua med miaxia 3a0e3neyyBaB HAJMIPHICTh, BIH TaKOX BBOJUB MpoOJieMH,
NOB'A3aH1 3 Y3TOMXKEHICTIO JIaHUX, EKOHOMIYHOK €(EeKTHUBHICTIO Ta CKJIAJHICTIO
YIPaBJIIHHS.

Texnonoris 5G 3Ha4YHO TOKpallye MNPOAYKTUBHICTh XMAapHHX CEpPBICIB,
J03BOJISIFOYM M mpaiftoBaTu Ha Mexi Mepexi 5SG. Hanpuknan, cnemianizoBaHuid cepBic
xMapHoro mnpoBaiinepa Amazon Wed Services — AWS Wavelength, no3Bossie
po3ropratu XmMapHi cepBicu Ha niepudepii mepexi SG Ay HagaHHs iHGEpeHcy Mojenei
MalIMHHOTO HaBYaHHS Ta IUTYYHOIO 1HTENEKTy Ha OocHOBI gaHux 3 loT mpuctpois,
BCTAHOBJIEHUX B Mepexi 5SG, Maiike B peKHUMI1 peasIbHOTO Yacy.

31 30ubmeHHsM KinbkocTi [oT mpucTtpoiB Ta 00’emy 3anutiB Ha iHpEpeHC B
peXHUMI pPEATbHOIO0 4Yacy KOpUCTyBaul NOTPeOyHOTh (YHKIIOHAT 3 HAJIHU3BKOIO
3aTpumkor0. Mepexa 5G, sika B 10 pa3iB mBuama 3a 4G, miABUILY€E TPOIYKTUBHICTD
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JOAaTKIB Ha mepudepii, ajge Bce OAHO JOAATKA IMOBUHHI OTPUMYBATH JOCTYI [0
MOXJIMBUX CEPBICIB 1 JAaHUX Yy XMapl, MPOXOJSYU KiUJIbKa MEpPEKEBUX CTPUOKIB Bij
MOOUIBHMX IMPUCTPOIB /10 BEXK1 CTUIBHUKOBOTO 3B'S13KY, 10 CAUTy arperatii, 10 IHTEPHETY
1 70 xMapu. OgHaK Takuil THI Mepexi 30UIbIIYyE 3aTPUMKY 1 HE 3a0e3neuye poOoTy B
pexuMi, OJIM3bKOMY 0 PEATBLHOIO Yacy, i pooounx HaBaHTaxkeHb [0T, KpuTHUHUX 110
3aTpuMoK. Po3ropratoun xmapHuii cepBic Ha Mexi Mepexi 5SG, sk moka3aHo Ha puc 1.6,
MO>KHa CKOPOTHUTH J0JATKOBI IEPEXOAM 32 MexaMu Mepexi 5SG 1 MiHIMI3yBaTH 3aTPUMKY
B MEpEKi.

Bandwidth/Data-transfer savings Reduced latency for applications

I
T it/ . aws
ransit/ peerin
poiirjlt J ('(é)\) @

aws Q T - (®) ]
Communications

™~ ()
Service Providers’

Network Mobile Network

AWS Region The internet

Pucynoxk 1.6 AWS Wavelength B mepexi 5G

OckuibKu Oprasizauii Ha0yBaJM JOCBIAY 3 MYJbTHXMapHUMHU CEPEIOBULIAMU,
MOYaJy 3'sIBISTUCS OUIBII CKIIAIHI MIIXOAH J0 MyJIbTUXMapHOTOo 30epiranus. i migxoau
BUUIIUIM 3a MEXI MPOCTOi perulikaiii, mo0 OXOMUTH OUIBII HIOAHCOBAaHI CTpaTerii
PO3MOLTY TaHUX MIXXK XMapHUMU TipoBaiiaepamu. [28-31]

Kito4oBi  XapakTepUCTHKHA LHMX TMEPEIOBUX MYJIbTUXMAPHHUX apXITEKTYp
30epiraHHs BKJIIOYAIOTh IHTEJIEKTyallbHE PO3MIIIEHHS JaHUX, J€ 3aMICTh peIuUTiKallii BC1X
JTAHUX Ha BCIX XMapHUX MpoBaiiepax, AaHi BUOIPKOBO PO3MIIIYIOThCS HA OCHOBI TaAKUX
(dakTopiB, K MA0JOHHU JOCTYITy, BAPTICTh, BAMOTH J0 IMPOJYKTUBHOCTI Ta HOPMATHBHI
0OME)XEeHHSI;, HAJJTMIIKOBE KOJYBAaHHS MIXK XMapamu, Jieé 3aMiCTh MOBHOI peruliKaliii,
TEXHIKM HAJJUIIKOBOTO KOJIYBaHHS BUKOPUCTOBYIOTHCS JJIsl PO3MOALTY (parMeHTIB
JAHUX MK KUIbKOMa XMapHUMHM TpoBaijiepaMH, 3MEHIIYIOYM HAKJIaJHI BUTpaTH Ha
30epiranHs npu 30epexeHH1 HaIMHOCT1; 0araTopiBHEBE 30€piraHHs MiXk MpoBaiiepamu,
Jie pi3H1 piBHI 30€piraHHs peaiizyloThCa Ha PI3HUX XMapHUX MpoBaiepax Ha OCHOBI iX
XapaKTepUCTUK BapTOCTI Ta MNPOIYKTHUBHOCTI; JAMHAMIYHA MIrpaiis AaHUX, A€ JaHi
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aBTOMATHUYHO MITPYIOTh MIX XMapHUMH MpOBailiepaMud Ha OCHOBI 3MIHHMX BHUMOT,
BUTpaT a00 XapaKTEPUCTUK NMPOJAYKTHUBHOCTI; Ta YHI(IKOBAHE YIIPABIiHHS METAIaHUMH,
ake 3a0e3nedye LEHTPai30BaHE YIPABIIHHS METAJaHUMU Ha BCIX XMapHHUX
npoBaiiepax, 1o 3ade3neuye e(heKTUBHE BUSABICHHS Ta IOCTYI 10 JAHUX HE3aJIEHKHO Bijl
TOrO, ¢ (h13UUHO 30epiraroThes aaHi. [32-35]

MaremaTuuHy MOJEAb JJi1  IHTENEKTYaJlbHOTO PO3MIIIEHHS JaHuX Yy
MyJIbTUXMApHOMY 30€piraHHI MOKHA CPOPMYITIOBATH SK 33/1a4y ONTUMI3AIlIi:

Hexait D = {d{,d,, ..., d,} — Habip 00'exTiB manux, a CP = {cpq, cpy, ..., COm} —
Ha0ip XMapHUX IpoBaiaepiB. s koxkHOro 00'ekTa qaHUX d; Ta XMapHOTro IpoBaiaepa
Cpj BU3HAYAIOTHCS HACTYIIHI IIAPAMETPH: C;j — BaPTICTh 30epiranns 00'ekra nanux d; Ha

XMapHOMY NPOBAaNEP] Cpj; l;; — 3aTpuMKa J0CTymy Ayt 00'€KTa naHuX d; Ha XMapHOMY
IpOBakaepl Cpj; Ta 1j; — METPUKA HAJIMHOCTI JuIA 00'ekTa JaHMX d; HAa XMapHOMY
npoBaiepi cp;.

Hexait x;; — OiHapHa 3MiHHa, IO BKa3ye€, 4u 00'e€KT ganux d; 30€pira€Thcs Ha

XMapHOMY mpoBaiinepi cp;. [Ipodiemy po3MimieHHsT JaHUX MOKHA CHOPMYIIOBATH SK:
y p1 Cp;. LIp yp pMy

n m
minZinj-cij, (18)
i=1j=1
3a YMOBH.
m
Z xij = Ymin Vi € {1,2, ...,Tl}.
=1
m
inj . lU < lmax Vi € {1,2, ...,Tl}.
j=1

m
1_[(1 —(1—7) %) 2 1in Vi€ {1,2,...,1}.
j=1

xij €{0,1} Vi€ {12, ..,n},Vj€{l2,..,m},

1€ Tymin — MIHIMAIBHUA HEOOXIMHWHA KoedilmieHT perutikamii, l,,, — MaKCHMaJIbHO
JOMYCTUMA 3aTPUMKA TOCTYIY, & Ty — MIHIMAJIBHO MIPUAHSITHA HAJIWHICTD.

Ile dopmyntoBanHs BigoOpa)xae KOMIPOMICH Mk BapTICTIO, MPOAYKTHUBHICTIO Ta
HAJIIMHICTIO B MYJIBTUXMApPHUX CEPE/IOBUINAX 30epiraHHs, JO3BOJSIOUM ONTHUMI3yBaTH
PILIEHHS 1IOJ0 PO3MIIIEHHS JTAHUX.
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CyvacHuit  nangmadT  MyJIbTUXMApHOTO  30epiraHHs  XapaKTEepU3Y€EThCS
PI3HOMAHITHOIO €KOCHUCTEMOIO PIlIeHb, MOYMHAIOUM BiJ] CEPBICIB, CHEUUPIYHUX IJIs
XMapHUX TMpOBai/IepiB, JO CTOPOHHIX ™AaTdOpM, PO3pPOOJICHUX CHELIATBHO IS
MYyJIbTUXMApHUX cepenoBulll. L{i pilieHHs: MOKHA IIMPOKO KATErOPU3YyBaTH K PIIICHHS
XMapHUX MPOBaIepiB, JIe OCHOBHI XMapH1 MpOBalepH MoYaaid BUZHABATH PEATbHICTD
MYJIbTUXMApPHUX CEPEJOBUI 1 MPOMOHYIOTh MOCIYTH, PO3POOJICHI AJisI MOJIETIICHHS
1HTerpamii 3 IHIIUMU XMapHUMH T1aTGOpMaMu; CTOPOHHI MYJIbTUXMapHI IIaTPOPMH,
AK1 3a0€e31euyIoTh yH1()IKOBaHE YNPaBIIHHA, NEPEMIIIEHHS JAHUX Ta KOHTPOJIb JOCTYIY
Ha KUIBKOX cepBicax XmapHoro 30epiraHHs [36]; (pelMBOpPKH MYJIbTHUXMApPHOTO
30epiraHHs 3 BIAKPUTUM KOJOM, SIK1 HAIAIOTh THCTPYMEHTH Ta 010110TEKHU J11 CTBOPEHHS
pillieHb MyJbTUXMapHOTO 30epiranHa [37]; Ta KOpPHUCTYBallbki MYJIbTUXMapHi
apXiTeKTypH, JIe opraHizaiii po3poOistoTh 1HAUBIAYalIbHI PIIICHHS, a/IalTOBaHl 0 iX
KOHKPETHUX BUMOT, YACTO BUKOPUCTOBYIOUM KOMOIHAI[1}0 KOMEPIIHHUX Ta KOMIIOHEHTIB
3 BIIKPUTHUM KOJIOM.

EBomroniss MynbTHUXMapHOTO 30epiraHHS MPOJIOBXKYE KEpyBaTUCA KUIbKOMa
KJIIFOYOBUMHU TEHJEHUIsIMUA. OCKUIBKA OOYMCIIIOBANIbHI HABAHTAXKEHHS MEPEMIITYIOTHCS
OJIMKU€ 10 Kparo Mepexi, MyJbTUXMapH1 apXiTEKTYpH 30epiraHHs €BOMIOLIOHYIOTh, 100
BKJIIOUYUTH MOXMJIMBOCTI KpaloBOro 30epiraHHs, CTBOPIOIOYM KOHTHHYYM BIJl Kparo 10
XMapu. AJTOPUTMH MAIIMHHOTO HaBYaHHSI BUKOPUCTOBYIOTHCS ISl ONTUMI3allli pillIeHb
1010 PO3MIIIEHHS JaHUX, PETUTIKAIIIl Ta KeIIyBaHHS B MyJIbTUXMApPHUX CEPEIOBUILIAX HA
OCHOBI IIA0JIOHIB JOCTYIy, JUHAMIKA BapTOCTI Ta METPUK MNpPOAYKTUBHOCTI. [losiBa
napagurM Oe3cepBEepHUX OOYHUCIIEHb BIUIMBAE HA AW3alH PIIIEHbh MYJbTHXMAapHOTO
30epiranHs, 3 akIlEHTOM Ha apXITEKTypH, KEpOBaHI MOIISIMH, Ta MOJEN JI€TaJbHOTO
outiary [38-40]. TexHomnorii poO3MOJIIEHOTO PEECTPY MOCHIIKYIOTHCS SK 3acid
M1JIBUIIIEHHST 0€3MEeKH, TPO30POCTI Ta CTIMKOCTI CUCTEM MYJIbTUXMapHOro 30epiranHs. 3
PO3BUTKOM KBAHTOBUX OOUYUCIIEHb, CACTEMH MYJIbTUXMApHOTO 30€piraHHs MOYMHAIOTh
BKJIIOYATH  KBAHTOBO-CTIMKI ~ KpunTorpadiudi  anroputMu s 3a0e3MeyeHHs
JIOBFOCTPOKOBO1 Oe3neku ganux [41].

MaremaTuyHe MOJEIIOBAaHHA IIUX TEPEJOBUX CUCTEM MYJIBTUXMAPHOTO
30epiranHs Bce OUIbIIE BKIIOYAE €IEMEHTH TeOopii irop, HaBYaHHA 3 MIAKPIIJICHHSIM Ta
Teopli ckinagHux cucteM. Hampuknan, TuHaMidHUN PO3MOJIT JaHUX MIXK XMapHUMHU
npoBaiiepaMu MOKHA MOJIETIIOBATHU SIK MapKIBCbKUI IIpoliec NpuiHTTS pimieHb (MDP):

Hexaii S — Ha0ip MOXJIMBUX CTaHIB CUCTEMU MYJIbTUXMApHOTO 30epiraHHs, e
KOXKEH CTaH BigoOpakae MOTOYHHMI PO3MOAUT JAHUX MK XMapHHMH IpOBaiijepaMH.
Hexaii A — Habip MOXJIMBHUX Jid, TaKUX K MIrpallis JaHUX MDK IpoBaijaepaMu ado
KOpUTYBaHHs piBHIB perntikamii. dyHkmis nepexony crany P(s’|s,a) mae HMOBIpHICTE
Hepexo.Iy 0 CTaHy s', KOJM Jisl ¢ BAKOHYEThCS B cTaHi s. @yHkiis Bunaropoau R(s, a)
MpejcTaBiisie 0e3nocepeiHi0 BUHAropoay (abo BapTICTh) BUKOHAHHS JIii @ B CTaHi .
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MeToro € 3HaxOIKEHHA MNOMITHKA T:S — A, sfKa MaKCHUMI3y€e OYIKyBaHY
KYMYJISITUBHY BUHAropozay:

VT[(S) = E[Z?:o th(StrT[(St)) | So = S] ’ (19)

ne y € [0,1) — xoedilieHT TUCKOHTYBaHHS, sIKHii OanaHcye Oe3rmocepeaHi Ta MaiOyTHi
BUHAropoju.

e dbopmymoBanHss MDP BinoOpakae quHaMIYHUN Ta HEBU3HAUECHHI XapakTep
CepeOBUI MYJbTUXMAPHOTO 30€piraHHs, € pillleHHs MOBUHHI MPUHAMATHUCS B YMOBaXxX
3MIHHUX BHUTpAT, XapaKTepUCTUK TMPOJAYKTUBHOCTI Ta MIabJIOHIB  poOOYOro
HaBaHTAXEHHS.

1.3 3Ha4yeHHs1 epeKTUBHOIO 30€epiraHHs Ta J0CTYNY 10 JaHUX

EdexTuBHe 30epiraHHs Ta JOCTYN 10 JAaHUX Y MYJbTUXMapHHUX CEpeJOBHUIIAX
MPEACTABIAIOTh KPUTUYHUN IMIEpATUB Il OpraHi3aiiii, 10 OpPIEHTYIOTHCS Yy
CKJIaJIHOIIaX cydacHuX uudpoBux exkocuctem. Llel po3gin gocinikye OaraTorpaHHe
3HA4Y€HHS €()EKTUBHOCTI B YIIPaBI1HHI MyJIbTUXMapHUMH JAHUMH, BUBYAIOYH 11 HACII KA
JUIsL  OMEpalifiHOl MPOJYKTUBHOCTI, €KOHOMIYHOI JKMTTE€3JATHOCTI, BIAMOBIAHOCTI
HOPMATHBHUM BHMOTraM Ta CTPaTEeriyHOl THY4YKOCTI. Po3yMirouM riamOOKe 3HauyeHHs
e(ekTUBHOrO 30epiraHHs Ta JOCTYIly JO JaHUX, BCTAHOBIIOETHCS TEPEKOHIIUBE
OOTpYHTYBaHHS Ui IOCTIPKEHB Ta PillIeHb, MPEACTABICHUX Y HACTYTHUX PO3JAiIax.

ExoHoMiuHMiI BuUMIp e(pEeKTUBHOro 30epiraHHs Ta JOCTylmy 10 JaHUX Y
MYJIbTUXMAPHUX CEPEOBUIIAX OXOILTIOE MPSIMI aCIIEKTH LI0J0 BUTPAT, a TAKOX IIUPIIII
(diHaHCOBI  HACHIJIKM, TIOB'A3aHI 3  Ol3Hec-omepaiisiMd Ta  KOHKYPEHTHUM
MO3ULIIOHYBaHHSAM.

CrtpykTypa BUTpaT MyJbTUXMAPHOTO 30€pIraHHs € 33 CBOEIO CYTTIO CKJIAHOIO, 1110
CKJIQJIa€ThCs 3 KUIBKOX KOMIIOHEHTIB, SIKi BapllOIOThCS MK MpoBaiiepaMu Ta PIBHSIMHU
cepBicy. [Ipsami BuTpatu, moB's3aHi 31 30€piraHHsIM JaHUX, 3a3BUYall CTATYIOTHCS HA
OCHOBI TirabaiiT-Ha-micsib. [{i BUTpaTH 3HAYHO BapilOOTHCA MK PIBHAMH 30€piraHHS
(HampuKJIa[, Tapsuuii, TEIUIU, XOJIOJHUU, apXiBHUM) Ta XMapHUMHU MPOBaiIepaMH.
[1nara, 1110 BUHUKAE, KOJIU IaH1 IEPEMIIYIOTHCS B, 3 400 M1 XMapHUMU CEPEIOBUILIAMH,
€ 0COOJMBO 3HAYHOI B MYJIBTUXMApPHUX CIEHApISIX, A€ JaHl MOXYTh MOTpeOyBaTH
nepenadi MDK pI3HUMH TpoBaiiepamu. Ilnata, moB'szana 3 Bukiukamu API,
OTPUMAaHHSAM JaHUX Ta IHIIMMU OMEpAIlisIMH, IO BUKOHYIOTHCS HaJl 30€peKeHUMHU
JAHWMH, TaKOX BapllOEThCS MK TMpoBainepamu. HempsiMi BuTpaTu, NOB'A3aHI 3
aAMIHICTPYBaHHSIM Ta MOHITOPUHIOM MYJbTUXMApHUX cepeAoBull] 30epiraHHs,
BKJIIOYAIOYM BUTPATH Ha IMEpPCOHAJN, HABYAHHS Ta 1HCTPYMEHTH, TAKOXK € BaXJIUBUM
KOMIIOHEHTOM 3arajbHOi BapTOCTI.
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MaremaTuuHe mpencTaBieHHs 3arainbHOi BapTocTi BosofiHHs (TCO) nns
MYJIBTUXMAPHOTO 30€epiraHHs Mo>kHa C(hOPMYJIIOBATH SIK:

n m
TCO =ZZ(SU-Ci§-+Tij-Ci§-+0ij-C{})+M, (1.10)

i=1 j=1
Jie n — KUIbKICTh KaTeropii JaHux, m — KUIbKICTb XMapHUX MpoBaiiepis, S;; — o0csr
30epiranHs JJisl KaTeropii JaHux i Ha npoBainepi j, C 5- — BapTICTh OJUHUIII 30epiraHHs
JUTS KaTeropii Janux i Ha nposaiaepij, T;j —o0caAr nepenayi faHux 1y KaTeropii 1aHux
i Ha mpoBaiiaepi j, Cl-7]1- — BapTICTh OAMHUIII Mepeayl JaHUX JJIsl KaTeropii JaHuX [ Ha
nposainepi j, O;; — KUIBKICTh Omepanii Juis KaTeropii JaHux i Ha npoBauiepi j, Ci‘} -
BapTICTh OJIMHMUII Omepallii I KaTeropli JaHuX [ Ha mpoBaiiaepi j, M — BapTiCTh
HaKJIaJHUX BUTpAT Ha YNPABIIHHSA

EdextuBHI MexaHi3Mu 30epiraHHsi Ta JOCTYHy JI0 JaHUX MOXYTh 3HA4YHO
3meHmuTy 110 TCO 4vepe3 kinbka MeXaHi3MiB. [HTeNEeKTyalbHUI PO3MOALT TaHUX MIXK
XMapHUMH MpoBaiiiepaMu Ta pIBHSIMU 30€piraHHs Ha OCHOBI IIA0JOHIB JIOCTYIY,
CTPYKTYp BUTpAT Ta BUMOT JO IMPOJYKTUBHOCTI J03BOJISIE ONTUMI3YBaTH BUKOPUCTAHHS
pecypciB. BukopuctanHsi mepenoBUX TEXHIK, TaKMX SK HAJJIUIIKOBE KOIyBaHHS a0o
NeAyTUTiKalis, JIJs MiHIMI3alii HakJIaJHUX BUTpaT Ha 30epiraHHs mnpu 30epe’keHH1
HaJIIMHOCT1 3MEHIIY€ 3arajibHi BUTpaTu Ha 30epiranns. CTpaTeriyHe po3MIleHHS JaHUX
JUTsl 3BMEHILIEHHS TOTPe0r B MIXKXMApHUX IMepe/ladax JaHuX, Kl 4acTO € HalI0pOKUUM
KOMIIOHEHTOM BHUTpPAaT Ha MYJbTUXMapHE 30€piraHHs, TaKOX CIpPUSIE EKOHOMII.
Bukopucranns aBTroMaru3alii Ta I1HTEJIEKTYallbHUX aJTOPUTMIB [ 3MEHIICHHS
HaKJIQJHUX BUTpAT Ha YMPABIIHHSA, MOB'SI3aHUX 3 MYJbTUXMapHUMHU CEpPEIOBUILAMHU
30epiraHHs, 104aTKOBO ONTUMI3y€ BUTPATH.

[ToTeHmiitHa eKOHOMIsI BUTpaT BiJ €()EKTUBHOTO MYJIBTHUXMAapHOTO 30epiraHHs
Moxe OyTu cyTTeBoro. Hampukian, po3riisiHeMO ciieHapil, Jie opraHizaiis 30epirae 1
neradaiT TaHUX HAa TPbOX XMapHUX MpoBaiiiepax. 3 HAIBHUM MIJIXOJ0M, SKUWA MPOCTO
peruIikye BCl JaHl Ha BCiX MpoBaiijiepax, BUMoOra jJ0 30epiranHs cTtaHoBwia 0O 3
nerabaiitu. HatomicTh, e(QeKTHUBHUM MiAX1J 3 BUKOPUCTAHHSM HAJJIUIIKOBOTO
KOJIyBaHHSI 31 CcXeMow 2-3-3 BumMaraB Ou jumie 1,5 merabaiitu 30epiraHHs, IO
pu3BOAUTH 10 50% 3MeHIIIeHHsT BUTpaT Ha 30epiraHHs.

ExoHoMiuHe 3HaUeHHS! €PEKTUBHOIO MYJbTHUXMApPHOTO 30€piraHHs BUXOAUTH 3a
MEX1 TpsAMOi €KOHOMIi BUTpAT, OXOIUIIOIOYM IIUpILy Oi3Hec-iHHICTh. EdekTuBHi
MEXaHi3MHU JOCTYITY 0 AaHUX JTO3BOJISAIOTH IMIBUIII [IUKIXA PO3POOKH Ta 3MEHIIIEHUH Yac
BUXOJly Ha PUHOK /IS TPOJYKTIB Ta MOCIYT, 0 0a3yroThcs Ha nanux. ONTUMI30BaHi
ma0JIOHU JOCTYIY [0 JaHUX MOXYTh 3MEHIIUTH 3aTPUMKY Ta MOKPAIIUTH BIATYK
J0JIaTKIB, OPIEHTOBAHMX Ha KIIIE€HTIB, 1110 TPU3BOJUTH JI0 MOKPAIICHHS 3a/I0BOJICHOCTI Ta
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yTpUMaHHs KJi€HTiB. EekTuBHE MyJIbTHUXMapHe 30epiraHHs MOJErIIy€e IHTerpalio Ta
aHalli3 PI3HOMAHITHUX JDKepeNl JaHHWX, IO JO3BOJISIE HOBI MOXKJIMBOCTI MOHETH3aIlii
naHux. EdeKTUBHI apXITeKTypu MYJIbTHUXMAPHOrO 30€epiraHHs MOXKYTh 3MEHIIUTH
(iHAHCOB1I PU3HWKH, TIOB'A3aHI 3 TPHUB'SI3KOI0 JO TMOCTadYalbHUKA, 300IMH B
00CITyroByBaHHI Ta MOPYIICHHSIMH JIaHUX.

ExOHOMIUHY IIIHHICTh [HMX TIepeBar MOXKHA  KUIBKICHO  BHM3HA4WTH,
BUKOPUCTOBYIOUHU P13HI MIXO0/IH, TaKl SIK:

(Re — Cp)
EV = Z AT (1.11)

ne EV — ekoHOMIYHA I[IHHICTh, T — 4aCOBUN FOPU30HT, R; — 10Xia a00 eKOHOMIisi BUTpAT
y niepioai ¢, C; — BUTpaTH B NEPIOAl f, » — CTaBKa JAUCKOHTYBaHHS

Ile ¢popmyntoBaHHS BpaxOBY€ YacCOBY BapTICTh IpOIEH 1 JO3BOJISIE KOMIUIEKCHO
OI[IHUTU €KOHOMIUHE 3HAYeHHS €(DEKTUBHOTO MYJbTUXMAPHOTO 30€piraHHs 3a MexXaMu
Oe3nocepeHIX MIpKYBaHb LIOJ0 BUTPAT.

XapakTepUCTUKU MPOTYKTUBHOCTI CUCTEM MYJIBTUXMAPHOTO 30€piraHHS MaroTh
rIMOOKI HACHIAKHM Uil MOBEAIHKM JOAATKIB, JIOCBIAY KOPHCTYBaulB Ta 3arajJbHUX
MoxuBocTel cuctemu. 3okpema, CSA STAR pexoMeHnye BIpoBaKEHHS MEXaH13MIB
MOHITOPUHTY Ta ONTUMI3aIlll TPOAYKTUBHOCTI 715l 3a0€3MeUeHHs CTab1IbHOT IIBUIKOCTI
JIOCTymy A0 JaHux. EQexkTuBHI MexaHi3Mu 30€piraHHs Ta JOCTymy J0 JaHUX €
HEOOXIIHUMU i1 JIOCATHEHHS ONTUMAJIbHOI NPOJYKTHUBHOCTI B IUX CKJIQJHUX
CepeIOBUIIAX.

[IpoAYKTUBHICT, CHUCTEM MYJIBTUXMApPHOIO 30€piraHHs MOKHA OIIHUTH 3a
KUIbKOMa BHUMipamMHu. 3aTpUMKa MpPEACTaBIII€ YacOBY 3aTPUMKY MIK 1HIIIFOBaHHSAM
3alMTy Ha JaHl Ta OTPUMAHHAM BIANOBIAlL. Y MyJbTUXMAPHUX CEPEIOBHILNAX Ha
3aTpUMKY BIUIMBAIOTh Taki (akrtopu, sk reorpadiyHa BIJICTaHb, CTaH MeEpeXl Ta
KOHKPETHI XapaKTEpPUCTUKU MPOAYKTHBHOCTI KOXHOTO XMapHOro IpoBaijepa.
[IpomyckHa 31aTHICTH BH3HA4Ya€ HIBUIKICTb, 3 SIKOIO JaHI MOXYTb OyTH 0OpOOJIEHI,
3a3BUYall BUMIPIOETHCSA B OIEpallisiX Ha CeKyHay a0o 0aliTax Ha CeKyHay. MylnbTUXMapHI
CepeloBUIIA TOBUHHI OalaHCyBaTH MPONYCKHY 3JaTHICTh MIXK KUJIbKOMa MpoBaiiiepaMu
3 PI3HUMHU MOXJIMBOCTSIMH. Y3IOJIKEHICTh BAOOpaXkae CTYIIHb, IO SKOIO BCl KIIIEHTH
O0avaTh OJHI ¥ T1 cami JaHl OJHOYACHO. Y MYJIbTUXMApHUX CEPEOBUILAX MiATPUMKA
Y3rOPKEHOCTI M1k PO3MOJUICHUMHU CXOBHIIAMHU JTAHUX MPEJCTABIISE€ 3HAYHI BUKIIHUKHU.
JIOCTYNHICTh BU3HAuUa€ YacTKy 4acy, KOJU cucTema 30epiraHHs € OIepaiiiiHOo Ta
JOCTYNMHOI. MyNIbTUXMapHi apXITEKTypH MOXYTh MIJBUIIUTH JOCTYIHICTh Yepes
HaJMIPHICTh MIXK MpoBaiifiepamMu, aje JUlle SKI[0 BOHU MPABUIBHO CIPOEKTOBAHI.
JIOBrOBIYHICTh MPEJICTABIISIE IMOBIPHICTH TOTO, IO JIaH1 HE OYyTh BTPAau€Hi 3 4acoM.
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MynbpTuxmMapHe 30epiraHHsi MOXe€ MOKpPAIIUTH JOBTOBIYHICTh uepe3 reorpadiuHuii
po3Moi, ajie BUMarae e()eKTUBHUX MEXaH13MIB IS PEeIlIiKallii Ta BITHOBJICHHS JaHHUX.
MaremaTu4He Mpe/ICTaBICHHS [IUX METPUK MPOJYKTUBHOCTI B MYJbTUXMAPHOMY
KOHTEKCT1 MOKHa C(hOpPMYJIFOBATH HACTYITHUM YUHOM:
JIst 3aTpUMKU B MYJIBTUXMApHOMY CEPEOBUIII 3 7 XMAPHUMU MpOBaliepaMu,
eexTuBHA 3aTPUMKaA Legr A1 Omepariii YuTaHHS 3aJIEKUTh Bl CTpATETii pO3MIMICHHS
naHux. JlJis periikoBaHUX JAaHUX 3 MapaleIbHUMHU YUTaHHSIMMU:

ne CP; -— nabip nposaiijiepis, 0 30€piratoTh KOMIIO eJIEMEHTA IaHuX I, a Lj — 3aTpumMKa
IpoBanIepa j.
JIist faHuX 3 HAJJTUIIKOBUM KOJYBAaHHSIM 3 KOJYBaHHSM k-3-71:

Lo = max L (1.13)

jes I’

ne S — Halip 3 k mpoBaiiiepiB, 3 AKUX OTPUMYIOTHCS JlaHi, BUOpAHUX JJIsl MiHIMi3allii
MaKCUMaJIbHOI 3aTPUMKH.
JIJ1st IPOITYCKHOT 3JTaTHOCTI B MYJIBTUXMAPHOMY CEPEIOBUIIN, CYKYITHY TIPOITYCKHY
3MATHICTB Ty, MOKHA MOJIETIOBATH SK:
m
Tagg =ij-T,~, (1.14)

J=1

Jie Wj — YacTKa olepanii, CpsMOBaHUX 10 NpoBaijiepa j, a T; — IpoIyCKHa 31aTHICTh
IpoBanepa ;.

EdexTuBH1 MexaHi3Mu 30€piraHHs Ta JOCTYILY 10 JaHUX MOXKYTh ONTUMI3YBaTH 11
METPUKHU MPOAYKTUBHOCTI Uepe3 KiIbKa MiAX0/iB. PO3MINIEHHS NaHUX 3 ypaXyBaHHSAM
JOKaJIbHOCTI nepeadavae po3MillleHHs JaHUX OJIU3bKO JI0 MICIIS, /1€ 10 HUX HaillyacTiiie
3BEPTAIOTHCS, JJIsl MIHIMI3AIIl1 3aTPUMKH. ATalITUBHA MapIIPyTU3AIlisl 3aIIUTIB 103BOJISIE
IUHAMIYHO MAapIIpyTU3yBaTW 3allUTH JO0 HaHOUIbII BIANOBIAAJIBHOIO XMapHOIO
npoBaiiiepa Ha OCHOBI IOTOYHMX yMOB MPOJYKTUBHOCTI. BmpoBajmkeHHs
IHTENEKTyaIbHUX MEXaHI3MIB KELIyBaHHS 3MEHUIYE 3aTPUMKY JUIsl 4acTO JTOCTYIHHX
naHux. Po3nonin 3amuTiB MK XMapHUMM MpOBaiiepaMud MaKCHMI3Y€ CYKYIHY
MPOMYCKHY 3J]aTHICTh Ta YHUKAE BY3bKHUX MICIlb. BUKOpUCTAaHHS BIAMOBIIHUX MOJEINIEH
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Y3ro/PKEHOCTI Ta MEXaHI3MIB CHHXPOHI3allli HA OCHOBI BUMOT JIOJATKIB 3abe3reuye
ONTHUMAaJIbHUM 0ajaHC MK Y3rOJKEHICTIO Ta MPOAYKTHUBHICTIO.

Onrtumizaiito NPOAYKTUBHOCTI B MYJBTUXMApHUX CEpENOBUINAX 30epiraHHs
MO>KHa C(POPMYJIIOBATH SIK 3a7ja4y 0araToniIb0BOi ONTUMI3AL:

minF () = [,(0), fo00, ., feCOTT (1.15)

3a YMOBH:
gi(x)<0,i=12,..,m.
h](x) = O;] = 1,2, -, D,

7€ X TMPENCTaBisie 3MIHHI pilIeHHS (HANpUKIAA, PO3MIIIEHHS JaHUX, CTpaTeris
peruTikaiii, TMOJITUKA KEIIyBaHHS), F(x) — BekTOp IimboBHX (YHKIIH, III0
MPEACTABIAIOTh Pi3HI METpMKHM HpoAyKTHBHOCTI, g;i(X) Ta hj(x) mnpencrasnsroTh
oOMexxeHHs (HaNpuKIIaa, EMHICTh 30epiranHsi, Or0>KeTHI 0OMEKEHHS )

Ile ¢dopmynioBaHHS BHU3HAE HEBIA'€MHI KOMIPOMICHM MIDX PI3HUMHU [UISIMU
MPOAYKTUBHOCTI B MYJIbTUXMapHUX cepefoBuiax. Hampukmaa, ontumizamis mis
3aTPUMKH MOXK€ BUMAaraTd peruiikaiii JaHuX Ha KIIbKOX reorpadiyHuX perioHax, Ino
MOX€e 30UTBIIUTH BUTPATH Ha 30€pIraHHs Ta CKIAHICTD.

EdexTuBHI cucTeMU MYIbTUXMAPHOTO 30€piraHHS BUKOPHUCTOBYIOTH CKJIAHI
aJITOPUTMU JJIsl HaBiralli MMMU KOMIIPOMICAMU Ta JOCSITHEHHS ONTUMAJIbHOIO OanaHCcy
Ha OCHOBI KOHKPETHHUX BHUMOI' Ta OOMEXEHb J0AaTKiB. Lli anroputMu MOXYTh
BUKOPHUCTOBYBATHU TEXHIKH 3 JOCIIJ)KEHHS OMepalliif, MalllMHHOTO HABYAaHHS Ta Teopii
YOPABIIHHS JJIs aJanTanii 40 3MIHHUX YMOB Ta IIa0J0HIB pOOOYOTr0 HaBaHTaKEHHS.

Posnoainiennii xapakTep MyJIbTUXMapHUX CEPEJOBUIN BBOAUTH SIK MOXJIUBOCTI,
TaK 1 BUKJIUKHU JIJIs1 HAJIIMHOCTI Ta CTiKOCTI cucTeMu. E(hexkTuBHI MexaH13MU 30epiranHs
Ta JOCTYIly JI0 JIaHMX € BHUPIMIAJIBHUMU [Ji1 BUKOPHUCTaHHS MNOTEHIIMHUX TepeBar
HaJ(IMHOCTI MYJbTUXMAPHUX apXITEKTYp MPU OJHOUYACHOMY MOM'SIKIIEHHI iX HEB1/1'€MHOI
CKJIQHOCTI.

HaniitHicTh cucTeMu MyJbTUXMAPHOTO 30€piraHHsl MOKHA KIJIbKICHO BUSHAYUTH 3
TOYKH 30py pizHuX MeTpuk. Cepemnid yac mix BiamoBamu (MTBF) npencrasmisie
cepeaHii yac Mix BinMoBamu cuctemu. Cepenniii yac g0 BigHoBieHHs (MTTR)
BHU3HAYA€ CepefHid Yac, HEOOXIIHMH Iyl BIJHOBJIEHHS (DYHKIIOHAJIBHOCTI CHUCTEMHU
micisg BiAMOBHU. JIOCTYNMHICTh BiJIoOpaXkae 4yacTKy 4yacy, KOJU CUCTEMa € ONepaliiHolo,
4acTO BHUPAXKAETbCS K KUIBKICTh "AeB'aTok" (Hampukian, 99,999% noctymHOCTI).
JIOBroBIYHICTh JaHUX NPEACTaBIsi€ UMOBIPHICTH TOTO, IO JaHI He OyayTh BTpayeHi
MPOTATOM BU3HAYEHOTO NepioAy yacy [43].
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VY MyJIbTUXMapHOMY CEPEIOBUIIl XapaKTEPUCTUKHU HAIIMHOCTI 3arajibHOT CUCTEMU
3aJIe’KaTh BiJl TOTO, K JaH1 PO3MOJIIJIEHI M)XK XMapHUMU MpoBaiiiepamu. s cuctemu 3
m XMapHUMU TIPOBAN/IEPaMHU, KOXKEH 3 HE3AJIEIKHOIO IOCTYIHICTIO A, 3HAYEHHUS SIKOI HE

nepepuitye 1 (Hanpuknan, 0.99), KOCTYymHICTh cUCTeMU Agys MOXKHA MOJIEIOBATH

HACTYITHUM YHHOM:
Jl71st cucteMu, 110 BUMAarae JOCTYITHOCTI BCiX MPOBaiIepiB:

m
Agys = HA,-. (1.16)
j=1

Jlist cucteMu, sika MOXe MpaIoBaTu 3 OyIb-IKUM OJTHUM MPOBANIEPOM:

m

Agys =1— 1_[(1 — 4)). (1.17)

j=1

Jl1st cucteMu, 110 BUKOPUCTOBY€E HAJIMIIIKOBE KOJYBAHHS 3 KOJAYBaHHSM k-3-1 Ha
m TpoBaiepax:

Agys = ; (T) A1 =A™ (1.18)

MPUITYCKAaIO4H, 10 BC1 MPOBalIepu MalOTh OJIHAKOBY JOCTYMHICTH A.

EdexTuBHI apXiTEKTypu MyJIbTUXMApPHOTO 30€piraHHsi BUKOPUCTOBYIOTH Il
MOJIe1 HalIMHOCTI JUIsl MPOEKTYBaHHS ONTHUMAJIbHUX CTPATETid pO3MOAULY IaHMX, SIKi
MaKCHUMI3YIOTh HAAIMHICTh MPU MiHIMI3allil BAPTOCTI Ta CKJIATHOCTI.

3a MeXaMH OCHOBHUX MIPKYyBaHb WIOJ0 HaAIMHOCTI, €(EeKTHUBHI CHUCTEMU
MYJIBTUXMApPHOTO 30€piraHHs BIPOBAKYIOTh PI13HI MEXaHI3MU CTIMKOCTI JjIs 00pOoOKU
BIJIMOB, TIOPYIIECHb Ta 1HIIMX HECHPUSATIMBUX MOAINH. CUCTEMU MOHITOPUHTY MOKYTh
IIBUJIKO 1IeHTH(IKYBaTH BIIMOBM a00 JAerpajaiir0 MPOJYKTUBHOCTI Ha XMapHUX
npoBaiiepax. MexaHi3mMu Jyisl IepEHANPABIICHHS 3alUTIB 10 aJbTEPHATUBHUX XMapHUX
MpOBaiiiepiB MPH BHUABJIEHHI BIAMOBH 3a0€3M€UyIOTh O€3MepepBHICTh OOCIYTrOBYBaHHS.
[Iponiecu a5 BIAHOBJICHHS BTpaueHUX a00 MOUIKOJKEHUX NaHUX 3 BUKOPHUCTAHHSAM
HaJIJTUIIKOBOI 1H(oOpMaIlii, 1m0 30epiraeTbcsi Ha XMAapHUX MpoBaijepax, MIATPUMYIOTh
HUTICHICTh JaHuX. KoMIIeKkcH1 cTpaTerii A1 BITHOBICHHS MICIs KaTacTpOoMIIHUX MMOTIH,
110 BIUTUBAIOTh HA KIJIBKOX XMapHUX IIPoBaiiepiB a00 perioHiB, 3a0€3MeUyI0Th CTIMKICTh
10 MacimTabHux 300iB [46].
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EdexTuBHICTh ITUX MeXaHI3MIB CTIHKOCTI 3aJ€XKUTh Bl e€(PEeKTUBHOCTI 0a30BOi
apXiTeKTypu 30epiraHHs Ta JOCTynmy A0 AaHuX. Hampukman, dac, HEOOXITHUM AJis
BIIHOBJICHHS JaHUX Micis BIAMOBH (Typcon ), MOKHA MOJIETIOBATH SIK:

D
Trecon = E + Leoord (1.19)

ne D — KUIbKICTh TaHHX, SIKI OTPIOHO BIIHOBUTH, B — NOCTYIIHA IPOIYCKHA 3/1aTHICTh
JUIsl BIAHOBNEHHS, L porq — 3aTPUMKA, TOB'S3aHAa 3 KOOPJWHAIIEID MK XMapHUMH
poBaniepaMu

EdexTuBHI cucTeMU MYyJIbTUXMApPHOTO 30€piraHHs MIHIMIBYIOTh Trecon YEPE3
ONTUMI30BaHE PO3MIIIECHHS JaHUX, €PEKTUBHI JITOPUTMHU BITHOBJICHHS Ta ONTUMI130BaH1
MEXaH13MHU KOOpAMHAIIII.

3maTtHICTh MacmTadyBaTH pecypcd y BIANOBIAb HAa 3MIHHI BHUMOTM Ta
aJanTyBaTUCS J0 €BOJIIOIIOHYIOUUX BUMOT € (QyHIAaMEHTAJIbHOIO MEPEBArol0 XMapHUX
oOuucieHb. Y MyJNbTUXMApHUX CEPEOBUIAX JOCSITHEHHS MaciTabOBaHOCTI Ta
THYYKOCTI BUMarae e(pexKTHUBHUX MeXaHI3MiIB 30epiraHHs Ta JOCTYIy A0 JaHUX, SKi
MOXYTh TPUCTOCOBYBATUCS JIO 3pOCTaHHA Ta 3MIH 0€3 KOMIIPOMICY II0J0
MPOAYKTUBHOCTI a00 HAIIMHOCTI.

MacitaboBaHIiCTh Y MYyJIbTUXMapHOMY 30€piraHHl OXOIUIIOE€ KiTbKa BHUMIPIB.
MacitaboBaHIiCTh €MHOCTI 3a0e3Meuye 374aTHICTh MPUCTOCOBYBATHUCS A0 3POCTAIOUMX
o0CsTiB JTaHMX IUISIXOM JOJIaBaHHsI pecypciB 30epiraHHs Ha XMapHHUX IpoBaijepax.
MacitaboBaHIiCTh NPOJYKTHUBHOCTI J03BOJSIE MIATPUMYBaTH ab0 MOKpaIlyBaTH
METPUKHU TMPOAYKTUBHOCTI MPHU 3POCTaHHI CHUCTEMU 3 TOYKH 30py OOCATY JaHUX,
IIBUJIKOCTI 3anUTiB 200 0a3u kopuctyBauiB. ['eorpadiuna MaciraboBaHICTh 3a0e3neuye
3IaTHICTh PO3LIMPIOBATH reorpadiuHuil Ciaif] CHCTEMH Ha HOBI reorpadiyHi perionu ajis
MIITPUMKHU TI00aIbHUX omepaliii ado BIJIMOBIAHOCTI BUMOTaM CYBEPEHITETY JaHUX.
AnMiHICTpaTMBHA MACIITA0OBAHICTh JO3BOJSIE YIPABIATH BCE OUIBII CKIAJIHUM
MYJIbTUXMApPHUM CEpEeAOBUIIEM 0€3 MPOMOPIIHHOIO 30UIbIICHHS aJIMiHICTPATUBHUX
HaKJIaJHUX BUTpAT.

MaremaTuuHe MOJEIIOBaHHS MAcIITA0OBAHOCTI B MYJbTUXMAPHUX CEPEIOBUILIAX
4acTO BUKOPHUCTOBYE KOHIIEMII 3 TeOopli uepr Ta MOJIEIIOBaHHS MPOIYKTUBHOCTI.
Hanpuknazn, yac BiAryky R cUCTEMH MyJbTHXMApPHOTO 30€piraHHs NpH 3pOCTAI0YOMY
HaBaHTa)XEHH1 MO>KHA MOJICJIFOBATH 3a JOTIOMOTOI0 Mojieli yepru M/M/c:

1 C(m,p)
R_,t_i-l_m,u—l' (1.20)
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1€ U — MBHUAKICTH OOCIYrOBYBaHHSI KOXHOTO XMAapHOI'O MpoBaiifepa, m — KUIbKICTb
XMapHUX IpOBaiiepiB, A — MBHUIKICTh NPUOYTTS 3amKTIiB, p = A1/(My) — BUKOpUCTAHHS
cucremu, C(m, p) — popmyna Epaanra C, 1o npeacrasiise KIMOBIPHICTh YepryBaHHSL.

EdexTuBHI apXiTeKTypHu MyJIbTUXMAPHOTO 30€piraHHs NiATPUMYIOTh TPUHHITHUN
4yac BIATYKY NIpH 3pOCTAIOYOMY HABAHTAXKEHHI HUISXOM JUHAMIYHOTO KOPUTYBAHHS
PO3MOLTY pecypciB, MApIIPyTU3AIIil 3aMUTIB Ta CTPATErid PO3MIILICHHS JaHUX.

['HyuYKicTh CHUCTEM MYJIBTUXMAPHOTO 30€epiraHHs BIHOCUTHCS N0 iX 3JaTHOCTI
aJanTyBaTUCs N0 3MIHHUX BUMOT, TEXHOJIOT1A Ta PUHKOBHX yMOB. KIlt0o4uoOB1 acnekTu
THYYKOCTI BKJIIOUAIOTh THYUKICTh IpoBaijepa, ska 3a0e3nedye 3/aTHICTh J10JaBaTH,
BUIAATH a00 3aMIHIOBAaTH XMAapHHUX MPOBalJIepiB 3 MIHIMAJIbHUM MOPYIICHHSIM;
THYYKICTb CEPBICHOI MOJENi, fKa J03BOJISIE BUKOPUCTOBYBATH PI3HI MOJIENl CEpBICIB
30epiraHHs Ha XMapHUX MpoBaiiepax; THy4YKICTh MOJIEJN1 IIHOYTBOPEHHS, SIKa ONTUMI3Y€E
BUTPATH NUISIXOM BUKOPHUCTAHHSI PI3HUX MOJIENEH IIHOYTBOPEHHS Ta MPOMOLINHUX
MPOMO3UILIIN BiJ] XMapHUX MPOBaii/iepiB; Ta THYYKICTh BIJMOBIIHOCTI, fKa 3a0e3meuye
ajanTalilo 10 3MIHHUX HOPMATMBHUX BHUMOT IIUIIXOM KOPUTYBaHHS MEXaHI3MIB
PO3MIIIIEHHS Ta 3aXUCTY JaHuX. [43, 45]

[{iHHICTh THYYKOCT1 B MyJIbTUXMAapHOMY 30€piraHHl MOXHa KUJIbKICHO BUBHAUNUTHU
3a JOIOMOTOI0 TEOpii peallbHUX OMIIOHIB, SIKa HA/IAa€ PaMKH JUIsl OLIHKUA THYYKOCTI B
HEBU3HAUYCHUX CEPEIOBUIIIAX:

n
Vflex = Vstatic T Z 0; , (1.21)

=1

1€ Vfjex — WIHHICTb THYYKOI CHCTEMH MYJIBTUXMAPHOTO 30epiranus, Viqric — WIHHICTD
CTATUYHOI CUCTEeMHU 0e3 THy4ykocTi, (O; — I[IHHICTh OMNUIOHY I (HAMPHUKIIAJ, OMIIOH Ha
3MiHYy IpOBaiiepiB, MaciITa0yBaHHS €EMHOCTI a00 3MiHY CEpBICHUX MOJIENEH)

EdexkruBHI apXiTEeKTYypy MYJIBTUXMApPHOTO 30€piraHHs MaKCHUMI3YIOTh Vi
IUISIXOM BIIPOBAJKEHHSI MEXaHi3MIB, IO MOJIETIIYIOTh aJanTaliio 3 MIHIMaJIbHUMH
BUTpPATAMU Ta MOPYIICHHAMHU.

Jlangqmadgt Oe3meku Ta BIAMOBIAHOCTI JJISI MYJIbTUXMApPHOTO 30epiraHHs
XapaKTepU3y€eThCsl CKIATHUMH BUMOTAMH, PI3HOMAHITHUMHU MOJENISIMU 3arpo3 Ta
€BOJIIOL[IOHYIOYMMH HOPMAaTUBHUMHU paMkamu. EdexTuBHI mexaH13Mu 30epiraHHs Ta
JOCTYMy J0 JAHUX € HEOOXIAHUMHU JUIsl BUPIMICHHS WX BUKIHKIB MPU 30€pexkeHHI
MPOAYKTUBHOCTI Ta €KOHOMIYHOT €()eKTUBHOCTI [44].

CepenoBuilia MyJIbTUXMAPHOTO 30€pIiraHHsl CTUKAIOTHCS 3 KIJTbKOMAa YHIKaIbHUMU
Bukiukamu Oe3neku. Binnosigno no ISO/IEC 27017, naniiiHicTh 30€piraHHs JaHUX Y
XMapHOMY CEpEeJOBHUILlI TOBHHHA 3a0€3MeUyBaTUCS KOMIUJIEKCOM TEXHIYHUX Ta
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OpraHi3allifHUX 3aXO/liB, BKJIIOYAIOUM PE3EpBHE KOIMIIOBaHHS, PEIUTIKAIIO0 JTaHUX Ta
MEXaHi3MU BIJHOBJEHHS Micis 300iB. Y KOHTEKCTI MYJbTHUXMApPHOIO CEPEJIOBUIIA
HaJ(IiHICT, 30epiraHHs HaOyBae JOJATKOBOI CKJIAJIHOCTI 4epe3 HEOOXITHICTh
KOOpAMHAIlT [IUX MEXaHI3MIB Mk PI3HUMHU XMapHUMH OpoBaiiepamu. Bukopucranus
KUIBKOX XMapHHX MpOBaiiepiB 30UIbIIY€E€ KUIBKICTh MOTEHIIMHUX TOYOK BXOIY MIJIS
aTaKyI4HUX, pO3IIMPIOIOYN MMOBEPXHIO aTaku. Pi3H1 XMapHi npoBaiifiepu BIPOBAKYIOTh
KOHTpOJ1  Oe3MeKku  TMO-pi3HOMY, CTBOPIOIOYM  MOTEHIIMHI  MporaJiiHu  abo
HETOCIJOBHOCTI B 3aXUCTi. JlaH1, 110 MEpPEMIIYIOThCS MK XMApHUMU MpoBaiiaepamu,
MIJITAI0THCSA JOJIATKOBUM PHU3MKAM TMOPIBHSHO 3 JAHWMH, 110 3aJMIIAIOTHCS B MEpPExi
OJIHOTO TpoBaiiiepa. YnpaBiiHHS 1AeHTU(]IKAISIMUA Ta MPaBaMu JOCTYIY Ha KUIbKOX
XMapHHUX CEpeIOBHINAX BBOAUTH CKIIAJHICTh Ta MOTEHIIMHI Bpa3IUBOCTI Oe3meku. Pi3Hi
XMapHi TpoBaljepu MaroTh PI3HI 1HTEpHpeTalii MOJEIl CHIIBLHOI BIJMNOBIAAIBHOCTI,
CTBOPIOIOYM NOTEHIIIHY ITyTAHUHY 110J10 O0OB'3KIB O€3MEKH.

EdexTuBHI apXiTeKTypu MYJbTHXMApHOTO 30€piraHHsl BUPIIIYIOTH 1[I BUKIHUKHU
yepe3 IHTErpoBaHi MeXaHi3MH O€3MeKH, sIKi 3a0e3MeUyI0Th MOCIIIOBHUI 3aXUCT Ha BCIX
XMapHUX mnpoBaiiaepax. I[lo3uiito Oe3nekn CHUCTEMU MYJIbTUXMApPHOTO 30epiraHHA
MOHa MOJIETIOBaTH, BUKOPUCTOBYIOUH MiX1/, 3ACHOBAHUI HA PU3UKY:

J=1

n m
Reotar = ) ) Pyl (1= Ey), (1.22)
i=1

1€ Riotqr — 3arajbHuil pusuK, P;; — HMOBIPHICTh BUHUKHEHHS 3arpo3y [ HA XMapHOMY
npoBaiepi j, I;j — BIUIMB 3arpo3u i Ha XMapHOMy mpoBaiinepi j, E;j — €heKTUBHICTD
KOHTPOJIIB MPOTH 3arpo3u i HA XMapHOMY IIpOBanepi J.

EdexTuBHI cucteMu MyJIbTUXMApHOTrO 30€piraHHs MIHIMI3YIOTh Riypq; UEpE3
KOMOIHAI[Il0 ~ MPEBEHTUBHUX, JETEKTUBHUX Ta  KOPUTYBAJIbHUX  KOHTPOJIIB,
BIPOBAKEHUX MOCIIJOBHO Ha BCIX XMapHHUX MpOBaiIepax.

CepenoBuiilia MyJIbTUXMapHOTO 30€piraHHsl TOBUHHI OPIEHTYBATUCS B CKJIAIHOMY
naHAmadTi HOPMATUBHUX BUMOTr. Perymsmii 3axucTy JaHuX, Takl sK 3arajbHUl
pernamenT npo 3axuct gaHux (GDPR) B €Bponeiicbkkomy Coro3i, HaKIagal0Th CyBOP1
BUMOTH Ha 0OpoOKy Ta 30epiraHHs mepcoHaNbHUX naHux [48,49]. ['amy3eBi peryssiiii,
TaKi Ik 3aKOH PO MOPTATUBHICTS 1 MiJI3BITHICTh MeauuHOTO cTpaxyBanus (HIPAA) nis
MenuuHux AaHux adbo Cranmapt 6e3neku JaHux 1HAycTpii miatixkaux kaptok (PCI DSS)
JUIS TaHUX TUIATDKHUX KapTOK, BCTAHOBIIOIOTH CHEIU(IUHI BUMOTH JJII KOHKPETHHUX
TUIIB JaHUX. 3aKOHHU PO CYBEPEHITET JaHUX OOMEXKYIOTh reorpadiuni Miciis, e MeBH1
TUMH JJAaHUX MOXYTh 30epiratucsi abo oOpoOnstuca. Bumoru no 30epiraHHs JaHUX
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BU3HAYaIOTh, K JIOBrO MEBHI TUIMH JAaHUX MOBHHHI 30€piratucs 1 KOJIU BOHHU MOBHHHI
OyTH BUJAJICHI.

BianoBigHICTh Y MYJBTUXMAPHUX CEPEIOBUINAX MOXHA MOJICTIOBATU K 33134y
3aJI0BOJICHHS] OOMEXKEHB:

Vr € R,vd € D,:C.(d) = true, (1.23)

ne R — Halip 3acTOCOBHUX peryiisiii, D, — Habip JaHUX, M0 MiAJATa0Th PEerymisiii 7,
C,(d) — GyzneBa GyHKIIis, 0 BKA3ye, YU JaHi d BiAIMOBIIAIOTH PETYIIAII 7

EdexTuBHI apXITEeKTypHu MyJIbTUXMAPHOT0 30€piraHHs BOPOBAIXKYIOTh MEXaH13MU
JUIs aBTOMATHYHOTO 3a0e3MeUeHHsI BUMOT BiAMOBITHOCTI Ha BC1X XMapHHX IIpOBaiaepax.
ABTOMaTHYHA KaTeropu3allii JaHWX Ha OCHOBI YYTJIHUBOCTI Ta HOPMATHBHUX BHUMOT
J03BOJISIE 3aCTOCOBYBATH BIANOBIJHI MOJITHKU 3aXHCTy. 3a0€3MeUeHHsl TOro, 110 JaHI
30epiraloThCs JUIIE y BIAMOBIAHUX reorpadiyHUX MICISX, AOMOMAarae J0TPUMYBaTUCS
BUMOI' CYBEPEHITETY JaHUX. 3a0e3MeueHHs MOJITUK 30€epiraHHs JaHUX IMOCIHII0BHO Ha
BCIX XMapHUX [poBaiijiepax TrapaHTye€ BIAMNOBIJHICTH BUMOraM J0 30epiraHss.
[linTpuMKa KOMIUIEKCHMX >KypHaliB yCIX Aid 3 JOCTYyNmy Ta MaHIOYJALil JaHUMH
3abe3rneuye HeoOX1IHY 1H(QOpMAIIitO JIJIsl 3BITHOCTI PO BIAMOBIAHICTH [52].

3a MeXaMHM TEXHIYHUX Ta OIMEpaliiHuX MipKyBaHb, €()eKTUBHE 30epiraHHs Ta
JOCTYTI 10 AaHUX Y MYJbTUXMAPHUX CEPEIOBUINAX MAIOTh MTMOOKI CTPATET14H1 HACT KU
JUIs opradizamiii. 11 cTpaTeriuni BUMIpY MIAKPECTIOIOTh MIUPIINE 3HAYSHHS JOCTIKEHb,
MpeACTaBICHUX y 11K qucepTanii [53,54].

Opranizanii, Kl A0cAralTh €(PEKTUBHOrO 30€piraHHs Ta JOCTYIy 10 AaHUX Y
MYJIbTUXMAPHUX CEPEOBUINAX, MOXKYTh OTPUMATH 3HAYHI KOHKYPEHTHI IepeBar.
3MEHIIIEHHs] BUTpAaT Ha 30epiraHHs Ta Mepeaady JaHuX uepe3 ONTUMI30BaHi
MYJIbTUXMAPHI apXITEKTYypU CHpHsie JIAEPCTBY 3a BUTpaTtamu. [IpomoHyBaHHS BUIIO1
MPOAYKTUBHOCTI, HAJIIMHOCTI Ta reorpaiyHOro MOKPUTTA NIUISIXOM BHKOPUCTAHHS
CUWJIBHUX CTOPIH KUIBKOX XMapHHUX HpoBaiifiepiB 3abesneuye AudepeHiiamnio moCiyr.
[IpuckopenHs: po3poOKu Ta PO3rOpTaHHS 1HHOBAIlIM, 3aCHOBAHUX HA JAHUX, HUISIXOM
HaJlaHHs €(PEeKTUBHOTO JOCTYIY 0 PI3HOMAaHITHUX JIXKEpPEN JaHUX MiJBUILYE THYYKICTh
iHHOBaMik [55,57,58]. 3menmieHHs Oi3HEC-pU3HKIB, MOB'A3aHUX 3 MPUB'A3KOI0 O
nocTadyajbHUKa, 3008MHU B 0OCITyrOByBaHHI Ta HEBIANOBIIHICTIO, NOKpAILY€E 3arajbHy
CTIHKICTBb Oi3HECY.

KonkypeHnTHy mepeBary, OTpuUMaHy BiJ €(QEKTUBHOIO MYJIbTUXMAPHOTO
30epiranHs, MOXHa KiTbKICHO BU3HAYUTH, BUKOPUCTOBYIOUM DPi3HI CTpaTEriyHi paMKH,
TaKl SIK peCypCHO-OpPIEHTOBAHUMN MOy Ha GipMy, SIKHI CTBEPAXKYE, IO KOHKYPEHTHA
nepeBara BUHHMKAa€ 3 peCypciB, SIKI € I[IHHUMH, PIAKICHUMH, HENOBTOPHUMHU Ta
HezamiHHUMU (VRIN).
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EdexktuBHe  MynbTHUXMapHe  30epiraHHs  CIYXKUTb  (DyHIaMEHTaJbHUM
3a0€3MeUeHHsIM  JUIsl  IIUPIIUX 1HIaTUB 1udpoBoi TpaHchopmamii. Hananus
CBO€YACHOTO Ta HAJIMHOTO IOCTYIY 0 PI3HOMAHITHUX JHKEpeJl JaHUX JJIsl aHATITUKH Ta
MIITPUMKU DPUNHATTSA PIlIEHb COPUsSiE MPUUHATTIO PIIIEHb HA OCHOBI JanuX. [linTpumka
MepCOHATI30BaHUX, BIAMOBIJAILHUX B3a€EMOMIN 3 KIIEHTAMHU 4Yepe3 KiUIbKa KaHalliB Ta
TOYOK JOTHKY IOKpaIlly€ AOCBIJ KII€HTIB. 3a0€3MeUeHHs] MOHITOPUHTY, aHali3y Ta
onTUMIizalli O13HEC-MPOLIECIB Y peaIbHOMY 4aci MiJIBUILY€E ONMEpaliiiHy JOCKOHAICTh.
[TonermenHs: po3poOKKM HOBUX MPOJYKTIB, MOCIAYT Ta Oi3HEC-MOJieNiel, 3aCHOBaHUX Ha
JaHUX, CTUMYJIFO€ THHOBAL1i O13HEC-MOEIII.

Crpareriuny HiHHICTh €()EKTUBHOTO MYJbTUXMAPHOTO 30€piranHs y 3a0e3neueHH1
uudpoBoi TpaHchopMmailii MOKHA OLIHUTH, BUKOPUCTOBYIOUM KOHIIEHI[IIO HU(PPOBUX
OMI[IOHIB, SIKI TMPEJACTaBJISIIOTh 3JaTHICTh OpraHizaili BUKOPHUCTOBYBATH IU(POBI
TEXHOJIOTI JIJIsl CTpaTEer1YHUX IiIeH:

n
Vaigitar = Z pi-vi- (1—e ™), (1.24)

i=1

1€ Vgigitar — WIHHICT NM(GPOBUX OINLIOHIB, p; — WMOBIPHICTH YCHIIIHOTO BUKOHAHHS
OMIIIOHY I, V; — LIHHICTh, CTBOPEHA BUKOHAHHAM ONLIOHY i, 7 - CTaBKa JUCKOHTYBaHHS,
t; - 4ac 0 MOKJIMBOCTI BUKOHAHHS OTMI[IOHY i.

EdexruBre MynbTuxmapHe 30epiranus 30UIbINY€E Vi;girq DUISXOM HiJBUILECHHS

3IaTHOCTI OpraHizaiii BUAKO Ta €)eKTUBHO BUKOHYBATHU LIU(PPOBI OMI[IOHHU.
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BUCHOBKHA

l. Anamiz cnemnudikaniii  Ta pexkoMeHaamii  MDKHApOJHOTO  COMO3Y
enekTpo3B'si3ky (ITU), €BpomneilcbKoro IHCTUTYTY TEJIEKOMYHIKALIMHUX CTaHIapTiB
(ETSI) ta HanionanbHoro iHCTUTYTY cTaHaapTiB 1 TexHomnoriil CIIA (NIST) no3sonus
BU3HAYUTU OCHOBHI BHUMOTH JO CHCTEM pO3MOJUICHOr0 30epiraHHs AaHuX Yy
MYJIBTUXMApHOMY CepelloBHUIlll. BcTaHOBIEHO, IO CyYacH! MyJIbTUXMapHI apXITEKTypH
XapaKTepU3yIThCSI BUCOKUM PIBHEM T'€TEPOr€HHOCTI, PO3MOILIEHOCTI Ta HEOOX1AHICTIO
3abe3reueHHs 0e3mepediiHOro 10CTyy 10 JaHUX.

2. Ananiz crangaptie ISO/IEC 27017, ISO/IEC 27018 ta CSA STAR
JI03BOJIMB BUAUIMTH KJIIOYOBI MOKA3HUKU €(EKTUBHOCTI MpoIecy 30epiraHHs AaHUX:
HaJIIHHICTh 30€piraHHs, MBUAKICTh JOCTYILY, BapTICTh 30epiraHHs, piBEHb OE3MEKU Ta
BIIMOBIHICTD PETYJISITOPHUM BUMOTaM.

3. JlocHi>KeHHsT  €BOJIIOIT  XMapHUX CXOBHUIIl BiJ OJHO-XMapHUX [0
MYJIBTUXMAPHUX apXITEKTyp BUSBHUIIO 3pOCTalouy NoTpeldy B po3poOIll HOBUX I1JIXO/IIB
710 oprasizaiiii po3nojijeHoro 30epiranss, o BpaxoBYIOTh OCOOJIUBOCTI B3a€EMO/IIT M1k
PI3HUMHU XMapHUMU MPOBaiiiepaMu Ta 3a0€3MeUyl0Th ONTUMAIbHE BUKOPUCTAHHS 1XHIX
pecypciB.

4. [IpoBeneHo oOrusa ICHYHOUMX METOAIB MIABUIIEHHSA €()EKTUBHOCTI
30epiranHs Ta AOCTYIy 10 JaHUX Y MYJbTUXMAPHOMY CEPEIOBHIIII Ta MPOAHATI30BAHO 1X
€(EeKTUBHICTh IOJAO0 BU3HAYEHHUX IIOKA3HUKIB. BUABIEHO, M0 OUIBLIICTH ICHYIOUHX
METO/IB He 3a0e3MeuyloTh KOMIUIEKCHOTO MIJXO0J1y A0 ONTUMI3alli BCIX KIHOYOBHX
MOKA3HUKIB €()EKTUBHOCTI OJHOYACHO.

5. OCHOBHUM HENOJIKOM ICHYIOUMX MIJXOAIB € HEIOCTAaTHE BpaxyBaHHS
JUHAMIYHOI  TPUPOAU  MYJIBTUXMAPHOTO  CEPENOBHINA, WO NPU3BOJAUTH [0
HEONTHUMAJIBHOTO PO3MOJAUTY AaHUX MK XMapHUMHU MpoBaijiepaMu Ta 3HUKEHHS
3arajbHOI €PEKTUBHOCTI CUCTEMH.

6. BusznaueHo HeOOXiAHICTH PO3POOKHM HOBOTO MIAXOAY JO OpraHizaiii
PO3MOIIIEHOTO 30epiraHHs Ta AOCTYIY 0 JaHUX Y MYJIbTUXMapHOMY CEPEIOBUILI, SIKUI
OM BpaxoBYyBaB yCi BUJIJIEHI MOKa3HUKU €(PEKTUBHOCTI Ta 3a0e3MeuyBaB aJlallTUBHICTD
70 3MIH y XapaKTepUCTHKAX XMAapHHUX MpOBalAEepiB, a TaKOX N0 3MIH y BHUMOrax
30epiraHHs JaHuX.
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PO3/11 2
METOU JOCJIUKEHHS TPOBJIEMHU EGEKTUBHOTO
PO3MOALJIEHOIO 3BEPITAHHS TA JOCTYIY 10 JAHUX Y
MYJbTUXMAPHOMY CEPEJIOBMUIII

2.1 IlocTaHoBKa 3agau4i

VY HochiKeHHI pO3MIsSaeThCs CKIIaJHA 3ajadya ONTUMizaiii 30epiraHHs Ta
JOCTYIYy 10 JaHUX Y MyJbTUXMAapHUX cepenoBuiax. OCKUIbKHM OopraHizallii Bce 4acTilie
BIPOBA/IKYIOTH PO3MOIIIEHI XMapHI apXITEKTypH, TOTpeda B CUCTEMATUYHUX MiAX0AaX
0 PpO3MIIIEHHS, peIUliKailii Ta OTPUMaHHS JaHUX CTa€ MEPIIOYEPTOBOIO.
dyHaaMeHTalbHYy JOCIIIHUIBKY 3a7a4y MOXHa (popMalnizyBaTl HaCTYITHUM YHHOM:

Hexall wmarounm HaOip oO0'ektiB  mammx D =d,,dy,...,d, 3 pi3HUMHA
XapakTepUCTUKaMH Ta BUMOTaMH, Ta HaOIp MOCTaYalbHUKIB XMapHUX cxoBunl CP =
CP1,CP2, -, CPy 3 TETEPOTCHHUMHU MOKIUBOCTSIMU Ta OOMEXKEHHSMH, BHU3HAYUTU
onTUMaNIbHY (PyHKIIit0 BifoOpakeHHs f: D — P(CP), sika mpu3Hava€e KOKEH 00'€KT TaHUX
OIHOMY a00 KITbKOM XMAapHHUM IpOBaiiepaM, 3aJ0BOJIbHSIOUM KOMIUIEKCHHUI HaOip
KPUTEPIiB T4 ONTUMI3YIOUHU 3araJIbHOCUCTEMHI II1JI1.

dyHKI1is BiioOpaxeHHs f TOBUHHA BPaXOBYBAaTH OaraTOBUMIPHY MPUPOAY 3a7adl
ONTUMI3AIlli, 1€ KOXEH BUMIp MPEACTABIsE€ KPUTEPIH, 0 BILUIUBAE HA PIIICHHS LIOAO
po3MitmieHHst JaHux. [Ipoctip pillieHb OOMEKEHUI TEXHIYHUMU OOMEKEHHSIMU, O13HeC-
BUMOTaMH Ta HOPMAaTUBHUMH paMKaMHU, SIKI pETyIIO0Th MPAKTUKHU YIIPaBIIHHS JaHUMHU
B PI3HUX FOPUCITUKIISX.

s popmamnizaiiisi oxomioe 0araToliyibOBY MPUPOY MpoOieMu, A€ opraHizaiii
MOBUHHI OajJaHCyBaTH MK KOHKYPYIOUMMHU IPIOPUTETAMH, TAKUMHU SIK €KOHOMIYHA
€(heKTUBHICTh, BUMOTH JI0 MPOJYKTUBHOCTI, CYBEPEHITET JAHUX Ta 3HM)XEHHS PU3HKIB.
CknagHICTh JTOJATKOBO TMOCHIIIOETHCA JTUHAMIYHUM XapaKTepoOM SIK XapaKTepUCTHK
JAaHUX, TaK 1 TPOMO3ULIIM XMapHUX MPOBAMIEPIB, [0 BUMArae aJlaliTUBHUX CTPATET1H, K1
MOXYTh pearyBaTy Ha 3MiHU YMOB.

J1J1s1 KOMITJIEKCHOTO BUPIIIEHHS 111€1 3a1a41 BUBHAETHCS 27 OKPEMUX KPUTEPIiB, K1
BILUIMBAIOTH HA PILIECHHS MI0JI0 PO3MIIIEHHS JaHUX Y MyJbTUXMapHUX cepenoBuinax. Li
KpUTEpii OXOIUTIOIOTh TEXHIYHI, €KOHOMIYHi, PEryJsITOpHI Ta €KOJIOTIYHI BHUMIpH,
3a0e3Meuyoud HUTICHY CTPYKTYPY JUIsl OLIHKY MOTEHUINHUX KOH(Irypaiii 30epiranHs
naHux. [62, 65] Kputepii € He MPOCTO TEOPETUUYHUMH KOHCTPYKIIISIMU, a PEJICTABISIIOTh
MpaKTUYHI UYMHHUKH, $KI OpraHi3alii MMOBUHHI BpPaxOBYBAaTH IMpU BIPOBAKECHHI
CTpaTeriii yHpaBlIiHHS JaHUMH B MYJbTUXMApHOMY CEPEIOBHULLI.
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Jlani B 11bOMY pO3JIUTI HAJAIOTHCA JETajdbHI BU3HAUYCHHS Ta MaTeMaTU4YHI BUpPa3u
JUTS1 KOSKHOTO KPUTEPII0, pO3POOISETHCA OHTOJIOTTYHA MO/JIENb, siKa (DIKCY€E B3a€MO3B'I3KH
MDK [IMMH KPUTEPIIMH Ta 00'€KTaMU, 3a1y4YE€HUMHU 10 MYJbTUXMApHOro 30epiraHHs, Ta
bopMyNIIOETECS MaTeMaTUYHAa MOJENb ONTHUMI3allli, $Ka JI03BOJISIE CHUCTEMaTU4YHE
MPUUHSATTS PIIICHB 11010 PO3MIIICHHS JaHUX Cepell XMapHUX MPOBaNIepiB.

Kinmesoro meroro miei popmanmizaliii € mepeTBOpPeHHs CKJIaaHOi, 0araTorpaHHOl
npoOeMu ONTHMI3allli MyJIbTUXMAPHOTO 30€piraHHs JaHUX Yy CTPYKTYPOBaHY CHCTEMY,
SKa JI03BOJISIE KUTbKICHUHM aHaIli3 Ta aJITOPUTMIUHI PIIIIEHHS, OJTHOYACHO BU3HAIOYU SIKICH1
(haxTopu, 110 BILUTMBAIOTH HA pealibHy IMILIEMEHTAIIIIO.

2.2 KomniekcHuid Ha0ip KpuTepiiB 1jist MyJbTHXMAPHOI0 30epiraHHs JaHUX

Y upoMmy po3dual  MPEACTaBICHO KOMIUIEKCHUW HaAOlp KpUTepiiB s
MYJIbTUXMApPHOTO 30€epiraHHsl [aHUX, OTPUMAHUN HAa OCHOBI IIHUPOKOTO OTJSTY
JiTepaTypH Ta aHaNI3y Cy4acHUX CTaHAApPTIB XMapHUX oOuucieHb. L{i kputepii ciykathb
OCHOBOIO JJIsl pO3p00OKHU €(heKTUBHUX CTpaTEriil po3MOALIEHOr0 30€piraHHs Ta JOCTYILY
70 JaHUX y KUIBKOX XMapHUX MpoBaiijepiB. KoxkeH KpuTepid BU3HAYEHO, ACTAIBHO
OMMCAaHO Ta CYNPOBO/IKEHO  BIAMNOBIIHMUMHU  OJWHUISMU  BUMIPIOBaHHS  Ta
MaTeMaTUYHUMU BUPA3aMH, 1€ 1I€ JOPEUHO.

2.2.1 Kpurepii, noB'si3aHi 3 NpOAYKTUBHICTIO

Kpurepii npoayKTUBHOCTI € (yHAAMEHTAIbLHUMU JJisl OLIHKA €(PEKTHUBHOCTI Ta
PEe3YIbTaTUBHOCTI pillleHh MyJIbTUXMapHOro 30epiranns. L{i kputepii 30cepemxeHi Ha
IIBUJIKOCTI, BIITYKY Ta MPOMYCKHIN 3MaTHOCTI CUCTEM 30epiraHHs B PO3MOAUICHUX
CepelOBUIIAX.

Bumoru 1o 3aTpumMkn

3aTpuMKa B KOHTEKCTI MYJIbTUXMApHOTO 30€piraHHsl BITHOCUTHCS 1O YacoBOl
3aTPUMKHM MDK 1HIIIIOBaHHSM 3amuTy A0 JaHUX JaHl Ta OTpUMaHHAM Bianosiai. Lle
KPUTHUYHHUI TMOKa3HUK MPOAYKTUBHOCTI, SIKUM O€3MOCepeHhO BIUIMBAE HA JOCBIJ
KOPHUCTYBaya Ta MPOJyKTUBHICTb TOHATKIB.

BuzHauenns: 3aTpuMKa — 1€ YaCOBUM 1HTEpBaJl MIX 1HILIIOBAHHSAM 3alHTy 10

JaHUX Ta OTPUMAaHHSAM BIAMNOBIAHOI BIANOBIAI, BHUMIPSHUNA Yy MYJbTUXMapHOMY
CepeIOBHIIII.
OnuHuUIll BUMIPIOBaHHA: 3aTpUMKa 3a3BUYall BUMIPIOETHCS B MUTICEKYHIaX (MC)

JUTsl OLIBIIOCTI JTOJATKIB, X04a MIKPOCEKYHIU (MKC) MOXKYTh BUKOPUCTOBYBATHUCS MJISI
CLIEHapiiB BUCOKOIPOTYKTUBHUX OOUHCIIEHb.
MaTteMaTUYHUN BUpa3: Il MYJbTUXMAPHOTO CEPEAOBHMINA 3 N XMapHUMHU

npoBaiiepaMu, HacCKpi3Ha 3aTpuMKa L [Jist 3anuTy JaHux Moke OyTH BUpakKeHa SIK:
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n
L= Lclient + Z(Lnetworki + Lprocessingi) + Lresponse ’ (2-1)
i=1

1€ Lcjjens TPENCTABIIAE TOYATKOBMA 4Yac OOpOOKM Ha CTOPOHI KIN€HTA, Lypetwork;
NPEJCTABIIAE Yac Tepeadi Mo MEPEeXki 10 1 BiJ XMApHOTo NpoBanjiepa i, Lyrocessing;
NPECTaBIIsAE Yac OOPOOKM y XMapHOrO MpoBaMnepa I, Lyesponse MPEACTABIISAE Yac
JIOCTaBKM KIHIIEBOI BIAMOBI1 KIIIEHTY [68].

JI1s mogaTKiB 3 KOHKPETHUMH BUMOTaMH J0 3aTPUMKH MOKHA BU3HAYUTH MOPIT
Linhreshold» SIKUM Mae OyTu 3aa0BosieHU: L < Lipreshold

Ioka3HuKM NPOAYKTUBHOCTI

BusnayenHs: [loka3HUKH NMPOAYKTHBHOCTI — L€ KUIBKICHI MIpH, IO OLIHIOIOTH

€(EeKTUBHICTh, IIBUAKICTh Ta HAMIMHICTh ONepamiili 3 JaHUMH y MYJbTUXMapHOMY
CepeIOBHIIII.
OnuHuUIl BUMIPIOBAHHS:

. MPOMYCKHA 3J]aTHICTh: BuMiproeThcsi B Merabaitax 3a cekynay (Mb/c) abo
rirabaiitax 3a cekyuny (I'b/c);

. IOPS: Bumiproetbcs sik ornepaiiii 3a CeKyH/Y;

. MPOINyCKHA 3JaTHICTb Mepexki: BumiproeTrbcs B MeradiTax 3a CEKyHIY
(M6iT1/c) abo rirabitax 3a cexkynay (I'6it/c);

. yac BIATYKY: BUMiproeTscs B MUTICEKYHIax (MC).

MartemaTuyHuil Bupa3: 3arajdbHa NPOIYKTHUBHICTH P MynIbTHXMapHOi CHCTEMU

30epiranHs Moxe OyTH 3MOJIeIbOBaHA SIK (PYHKIIISI KUTbKOX MOKA3HUKIB MPOAYKTUBHOCTI:
P=f(T,IB,R), (2.2)

ne 7T mnpencraBisie TPOMYCKHY 3AaTHICTh, [ mpexactaBise IOPS, B mnpencrasisie
MPOMYCKHY 3/IaTHICTh MEpeX1, R IpeACTaBsi€ yac BITYKY.

JInsi  KOHKpETHUX  JOAAaTKIB  MOXHA  BU3HAYUTU  3BaXEHI  IMOKA3HUKU
MPOAYKTUBHOCTI:

1
PW=WT'T+WI'I+WB'B+WR'E, (23)

e W, Wy, Wg Ta Wy — II€ Baru, IIpM3HauYeHl Ha OCHOB1 BIJTHOCHO1 BaXKJIUBOCTI KOKHOTO
MOKA3HUKA JJIsl KOHKPETHOTO JI0JIaTKY.
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MacmradoBaHicTh
Buznauenns: MacmitaboBaHiCTh — 1€ 3/IaTHICTh MYJIBTUXMApHOi CHCTEMU

30epiraHHsi MiATpUMYyBaTU a00 MOKpAIyBaTH PiBHI MPOAYKTUBHOCTI MPH 30LIbIICHHI
po00oYOro HaBaHTaXXKeHHs a00 00CATYy TaHHX.

OnunuIll BUMIpIOBaHHS: MacmTaboBaHICTh MOKHA BUMIPIOBATH 3a JOIIOMOTOIO
KUTbKOX MOKa3HUKIB:

. koe(dimienT wmacmraOyBaHHa: CHIBBIJHOIIEHHS NPOAYKTUBHOCTI MpHU
301JIbIIIEHOMY HaBaHTaXKE€HHI 10 MPOAYKTUBHOCTI Mpu 0a30BOMY HABAHTAXKEHHI;

. edexTuBHICT, pecypciB: [lpupicT NPOAYKTUBHOCTI Ha  OJUHUILO
JI0JIATKOBUX PECYPCIB;

. yac BIATYKY Ha macmitaOyBaHHs: Yac, HEOOXiAHMM s MacluTaOyBaHHS
pecypciB y BIJINOBI/Ib Ha 3017bIIECHHS MOMHUTY.

MaremaTuuHuit Bupa3: MacmtaboBaHICTh S MyJbTUXMAPHOI CUCTEMU 30epiraHHs

MOXXHAa BUPA3UTH K

B P(n-L)
" n-P(L)’ (2.4)

ne P(L) — ue npoyKTUBHICTh MPU HaBaHTaKeHH1 L, P(n-L) — 11€ MPOAYyKTUBHICTb MPHU N-
KpaTHOMY HaBaHTaXXEHHI, 7 — 1€ Koe(dillieHT MaciITa0yBaHHS.

[neanpHa niHiliHa MaciTaboBaHICTh Mpu3Bena 6 10 S = 1, 110 BKa3zye Ha Te, 1110
MPOAYKTUBHICTh MacIITa0y€eThCsl MPOMOpIIiHO pecypcaM. Ha mpaktuiii S yacto MeHIe
1 yepe3 HakJIaHI BUTPATH Ta KOHKYPEHIIIIO 32 PECYPCH.

JIist MyJIbTUXMapHUX CEPEIOBUII MOKHA BUSHAUUTH crieliu(ivHi 11 mpoBaiiepa
(haxTopu MacmITabOBaHOCTI:

_P(n-Ly)
i = m (2.5)

ne S; Ta P; mpencTaBifiOTh MacimTabOBAaHICTh Ta MPOAYKTHUBHICTH JJISI XMapHOTO
poBaunIepa i.

2.2.2 Kpurepii HagiiiHOCTI Ta JOCTYNHOCTI

Kpurepii HanmiiiHOCTI Ta AOCTYMHOCTI 30CEpPEIXKEHI Ha 3JaTHOCTI CHUCTEMU
MIITPUMYBaTH Oe€3MepepBHY pOOOTY Ta JOCTYMHICTh JAHUX, HaBITh y pa3i 300iB abo
nopyuienb. L{i kputepii 0coOJMBO BaXKJIMBI B MYJIbTUXMApHUX CEPEIOBUINAX, JI€
CKJIQJHICTh PO3MOIIICHUX CUCTEM BBOJUTH JOAATKOBI TOYKH MOTEHIIIHHOTO 30010.
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HaaaummkoBicTh Ta 10CTYNHICTD

HannuimkoBicTe BIAHOCUTBCA 110 AYONIOBAaHHS KPUTUYHUX KOMIIOHEHTIB abo
(GyHKIIN cucTeMH Ui MiABUIIEHHS HAAIMHOCTI, TOJI SK JOCTYMHICTh BUMIPIOE YaCTKY
4acy, KOJIM CUCTEMA € Tpale3aaTHO0 Ta JOCTYIHOIO.

BusnayenHs: HaqmuimkoBIiCTh y MyJIbTUXMApHOMY 30€piraHHi — 1€ cTpaTeriyHa

peruTikalis JaHuX y KUTbKOX XMapHUX MpOBaiepiB aiid 3a0e3neueHHs: 0e3rnepepBHOro
JOCTYITY Y BUMAJKYy 300iB KOHKPETHOTO mpoBaiiaepa. JlocTynHICTh — 1I€ BiJICOTOK 4acy,
KOJIM JJaH1 JOCTYMHI MIPU 3amuTI.

OnuHUII BUMIPIOBAHHS:

. JOCTYTHICTh: BUMIPIOETHCS Y BI1ICOTKAX, YaCTO BUPAXKAETHCA B TEpMiHAX
"neB'sTok" (Hanmpukiaz, "m'saTe AeB'sTok" ab6o 99,999% noctynHocTi);

. KoeIimieHT HAIIUIKOBOCTI: CIIBBIIHOIICHHS 3araIbHOI'O BUKOPHCTAHOTO
CXOBHIIIA 0 PO3MIPY OPUTTHATBHUX AaHUX.

MatemaTtnyHuil Bupas: JlocTynHicTh A MyJIbTUXMapHOI CUCTEMH 30€piraHHs 3 n

HE3aJIe)KHUMU XMAapHUMU MPOBaiiepaMu, KOXKEH 3 IOCTYIHICTIO A; (3 pO3MIPHICTIO Bij
0 mo 1), MOXHa OOYHCIIUTH SIK:

n

A=1- 1_[(1 —4). 2.6)

i=1

s dhopmyna mpunyckae, 10 J1aHi TOBHICTIO PEIIIKOBAHI Y BCIX MPOBaMEpIB 1
JOCTYIIHI, SIKIIIO X04a 0 OJMH MpoBaiep NTOCTYIHUM.

Jlnst cuctem, 110 BUKOPUCTOBYIOTH HAJJIMIIKOBE KOayBaHHs 3 k (parmentamu
JAHUX Ta M HAJJIUIIKOBUMU parmMeHTaMu (MoTpioHO OyAb-sKi k 3 k+m pparMeHTiB AJist
B1IHOBJICHHSI JJaHUX ), IOCTYITHICTh MOKHA BUPA3UTH SIK:

k+m

A= Z (k * m) Ab(1-a,) 2.7)

- l
i=k

ne A, — e cepesiHs JJOCTYMHICTh XMapHUX TIPOBaiIepiB.
Yi3rogxeHicTs JaHUX
BusHayeHHs: Y3ro/keHicTh JaHMX Y MYyJbTHXMapHOMY 30€epiraHHi — Le

BJIACTUBICTD, sIKa 3a0e3Meuye, 110 BCl PEIUIIKU JAaHUX Yy PI3HUX XMapHUX MPOBaiiliepiB
B1100pakaroTh OJJHAKOBHUI CTaH Ta 3HAYEHHS B 33JaHUH MOMEHT 4dacy abo micis cepii
omeparii.

OnuHuUIl BUMIPIOBAHHS:

. pIBEHb y3ro/KEeHOCTI: SIKicHa Mipa (CHJIbHA, OCTaTOYHA, TPUYMHHA TOIIO);
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. BIKHO Hey3rojukeHocTi: Ilepion yacy, mpOTAroM SIKOrO PEIUIiKH MOXKYTh
OyTH HEY3rOJKEHUMHU (BUMIPIOETHCS B CEKYHAAX);

. 3acTaputicTh: Bik JaHUX MOPIBHSIHO 3 HAWHOBIIIO BEPCI€I0 (BUMIPIOETHCS
B OJIMHUIISIX Yacy a0 PI3HUILIAX BEpCiil).

MarematuuHuii Bupas: Jljisi cucteMu 3 n peIulikamu, piBeHb y3rojkeHocTi C

MO’KHa KUTBbKICHO BH3HAYUTHU HA OCHOBI KUIBKOCTI PEIUIIK 7, K1 MOBHHHI MIATBEPIUTH
OTepaIliio 3amucy, Nepil Hixk BOHA BBAXKaTUMETHCS 3aBEPIICHOIO:

r (2.8)

ne C =1 npencrasisie CUIbHY y3TOKEHICTh (BC1 peIuliku MOBUHHI TiaTBepauTn), C < 1
MIPEICTABIISIE PI3HI CTYIIEHI TOCIA0IEHO1 Y3rOI)KEHOCTI.
BikHo Hey3romkeHocti W 7151 OCTaTOYHOI y3roJKEHOCTI MOYKHA MOJIETIIOBATH SIK:

W = max(Pij) + max(Ppmc) , (2.9)

ne P;j — ne 3aTpuMKa NMOIMMPEHHSA MK PEIUIIKAMHU I Ta j, Pyyoe — 1€ 3aTpUMKa 00pOOKH
Ha KOKHIM peruiii.

iz Touku BigHoBJIeHHS (RPO)

Busnauenns: [{ine Touku BimHOBIeHHS (RPO) — e MakcuMallbHO JOMYCTUMUMN

nepiof yacy /10 30010 a00 1HIUJEHTY, IPOTITOM SIKOTO JaHl MOXKYTh OyTH BTpadeHi 1 HE
B1IHOBJIFOBAaH1 B MyJIbTUXMapHOMY CEPEIOBUIIII.
Onunuii  BumiptoBanHsi: RPO 3a3Buuail BUMIPIOETBCA B OAMHUIAX 4Yacy:

CEKYHJIaX, XBUJIMHAX, TOJIMHAX a00 JHSIX.
Marematuunuii Bupas: EdpektuBauiit RPO B MynbTUXMapHOMY cepeoBHUIIII

MOXHA OOYHCIIUTH SIK:

RPOeffective = max(Tbackup + Ttransfer) ’ (2'10)
ne Tpackup — 1€ YaC MDK TOCIIIOBHUMH PE3EPBHUMH KOMIAMH, Tirgnsrer — L€ HAC,
HEOOX1AHUY JJIsl IepeIadl pe3epBHUX JaHUX MK XMapHUMHU MPOBaiepamu.

Jlns cucteM 3 Oe3nepepBHOIO perutikaiiero RPO MoxkHa BUpa3UTH 3 TOYKU 30py

3aTPUMKHU peruIiKaIii:

RPOcontinuous = max(Lreplication) ’ (2'1 1)
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1€ Lyepiication — 11€ MAKCUMAIIBHUIH Yac 3aTPUMKH B IIPOLIECT PETUTIKAILT y BCIX XMapHUX
MpOBaKIepiB.

Hisnb yacy BigHoBiaeHHs (RTO)

Busnauenns: [{ine vacy BimHoBienHsi (RTO) — 1me MakcumanbHO JOMyCTHMA

TPUBAIIICTh MK MEPEPUBAHHAM OOCIyrOBYBaHHS Ta BIJIHOBJICHHSIM OOCIYrOBYBaHHS B
MYJIbTUXMApPHOMY CEPEIOBHIIII.
Onunuii BumiptoBaHHsa: RTO BUMIpIOETECS B OJUHHUISIX Yacy: CEKYyHHAaX,

XBUJIMHAX, TOAWHAX a00 THSIX.
Marematuunuii Bupas: EdbektuBanii RTO B MylnbTUXMapHOMY CepeIOBHUIIII

MOYHA OOYHUCIIUTH SK:

RTOeffective = Tdetection + Tdecision + max(Trecoveryi) ’ (2'12)

1€ Thetection — 1€ Yac JJisl BUSBICHHS 30010, Tyecision — 1€ YacC ISl IPUUHSTTS PIllICHb
010 BiTHOBIEHHSA, Trecopery; — L€ YaC BIIHOBJICHHS JUIS KOKHOIO KOMIIOHEHTA I B
cucTemi

Jlnst cucteM 3 aBTOMAaTUYHUM MEPEKIIOYEHHSIM MDK XMapHUMH IpoBaijepamu
RTO moxHa BUpa3UTH SIK:

RTOfailover = Tdetection + Tfailover + Tpropagation ’ (2-13)

1€ Trqitover — L€ YAC I BAKOHAHHS MIPOLIECY MEPEKTIOYEHHSA, Thropagation — L€ YaAC LIS
MIOITUPEHHS MEPEKIIOYEHHS IO CUCTEMI

YacToTa pe3epBHOIo KONMilOBAHHA TaHUX

YacToTa pe3epBHOT0 KOIMIIOBaHHS JIaHUX BU3HAYAE, SIK 4aCTO JaH1 PE3ePBYIOTHCS,
Oe3nocepenHbo BiunBatoun sik Ha RPO, Tak 1 Ha akTyallbHICTh BIIHOBJIIOBAHUX JTaHUX.

Busnauenns: YacTtoTa pe3epBHOTO KOIIIOBAHHS JaHUX — II€ MIBUIKICTH, 3 SKOIO

JaHl KOMIIOIOThCA Ta 30€piraloTbCsi y BTOPHUHHMX MICHAX Yy KUIBKOX XMapHHX
MpOBaKIEPiB JIJIsl 3aXUCTY Bij BTpaTH JaHUX.
Onunuili BUMiptoBaHHs: YacToTa pe3epBHOTO KOMiIOBAHHS 3a3BUYAll BUPAKAETHCS

K KUIBKICTh PE3epBHUX KOIMiM 3a mepioJl 4Yacy (Hampukial, MIOTOJAWHM, UIOIHS,
HIOTH>KHS ) @00 YaCOBHM 1HTEPBA MIXK MOCTIJJOBHUMH PE3EPBHUMU KOMISIMHU.
Marematuunuii Bupa3: OntuManbHy 4acTOTy PE3€pBHOrO KOMiOBaHHS F MoxHa

BU3HAYUTHU, 30aJJaHCYBABIIIN BapPTICTh NOTEHIIMHOI BTPATH JaHUX 3 BApTICTIO BUKOHAHHS
PE3EPBHOTO KOIIIOBAHHS:
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2.14
Closs ) Rchange ( )

)

Foptimal = Coack
ackup

e Cjpss — 1€ BAPTICTH HA OJMHHMIIIO BTPAYEHUX JAHUX, Repgnge — L€ IBHUAKICTH 3MiHU
naHux, Cpackup — 1€ BAPTICTH HA OMEPALI0 PE3EPBHOIO KOMIOBAHH.

VY MyJnbTUXMapHUX CEPEIOBUINAX MOKHA BUSHAYUTH crienu(ivHi A mpoBaiiepa
YaCTOTH PE3E€PBHOTO KOTIIOBAHHS:

F 1 (2.15)
i = m
Tbackupl-
ne Tpackup; — 1€ YACOBUH IHTEPBAJT MDK MOCIIJIOBHUMH PE3EPBHUMHU KOIISIMH IS

XMapHOTO IpoBauaepa i.
HaaammkoBicTh CXOBHIIA Pe3epPBHUX KO
Buznauennsi: HainmumikoBicTh CXOBHINA PE3EPBHUX KO — 1€ CTYIIHb, 10 IKOTO

pEe3EepBHI JlaHI PEIUIIKOBAaHI y KUIBKOX MICISIX 30epiraHHs, cUcTeMax ab0 XMapHHUX
npoBaiiepax AJig 3aXUCTy BiJ 300iB 30epiraHHsl.
OnuHUII BUMIPIOBAHHS:

. KoedimieHT HamMMIIKOBOCTI: CHIBBIAHOIIIEHHS 3arajJlbHOIO CXOBHIIA
pPE3epBHUX KOIII 10 pO3MIPY OPUTIHATBHUX JAHUX;

. reorpadiuauii posnonaut: KinbkicTh pi3HUX TeorpadiuHMX pETIOHIB, e
30epiraloThCs pe3epBH1 KOIIii;

. pI3HOMAaHITHICTH  mpoBaiaepiB:  KidbKICTh  HE3aIEKHUX  XMapHUX
MpoBalIepiB, 110 30epiraroTh KOIIi pe3epBHUX KOIIM.

MarematuyHuii Bupa3s: PiBeHb HaJIIUIIKOBOCTI pe3epBHUX Komiki R MoxHa

OOYMCIIUTH SIK:

S 2.16
R = —hackup (2.16)

Soriginal

1€ Spackup — L€ 3arajibHe CXOBMIIE, BUKOPUCTAHE JUIS PE3EPBHUX KOMIH, Sorigingr — L€
PO3MIip OpUTIHATLHUX JaHUX.

JIist MyIbTUXMApHUX CEPEJOBUII 3 71 MPOBaiiepaMu ePEeKTUBHY HAIJTUIIKOBICTh
MO’KHa BUPA3UTH SIK:



57

n
Reffective = Z R; - Psurvivali ) (2.17)

i=1

ne R; — 1e xoediienT HaUIMIIKOBOCTI Uit NpoBaniepa i, Psyyyiyq), — 11€ HMOBIPHICT

TOTO, 1110 CXOBUIIE MPOBaiiepa 1 3AIUIIUTHCS JOCTYTHUM IT1/] 4ac CIEHAPII0 KaTacTpodu.

2.2.3 KpuTepii 0e3nexku Ta BianmoBiagHoCTi

Kpurepii 0Oe3nexku Ta BIANOBIIHOCTI CTOCYIOThCS 3aXUCTy JaHUX BIJ
HECAHKI[IOHOBAHOTO JOCTYMNy, MOIIKO/KEHHS abo BTpaTH, a TaKOX JOTPUMaHHS
BIIMOBIHUX HOPMATUBHMUX akKTiB Ta crtaHaaptiB. Lli kputepii ocoOIMBO Ba)kJIHMBI B
MYJIbTUXMApPHUX CEPEAOBUINAX, /€ JaHI MPOXOJATh uepe3 1HPPACTPYKTYpPH KUIbKOX
MpOBaKIepiB.

Hlu¢ppyBanHsa 1aHux

Busznauenns: [lludpyBanHs gaHux y MyJabTUXMapHOMY 30€piraHti — 1€ MpoIec

KOJIyBaHHS JIaHUX 3a JOMOMOTOI KpUOTOrpadiuHUX ajIroOpuTMIB MJI 3aXHUCTY 1X
KOH(1EHIIMHOCTI Ta IIJTICHOCTI MiJ1 yac 30epiraHHs y KiIbKOX XMapHUX IpOBaiepiB.
OuHUII BUMIPIOBAHHS:

. cuna mudpyBaHHa: Bumiproerbcs AoBXKUHOIO Kioya (0ith) abo
00YHCITIOBATILHOIO CKJIAHICTIO AITOPUTMY;

. MOKPpUTTS U pyBaHHs: BiicoTok nanux, siki 3amu@poBaHi;

. 4acTOTa pOTallii KIto4iB: SIK 4acTO 3MIHIOIOTHCA KJTH0Ul ITU(PYyBaHHS.

MaremaTuuHuii Bupa3: PiBeHb Oe3neku S cxeMu mudpyBaHHS MOKHA KUTbKICHO

BU3HAYUTH Ha OCHOB1 OOYUCIIIOBAJILHUX 3yCHJIb, HEOOX1THUX I i1 3J1aMy:
- ) ( . )

ne k — e eeKTHBHA JOBXKHMHA KJIFOYa B O1Tax.
st MyJIbTUXMapHOTO CEpelOoBHINA 3 PI3HUMH BUMOramMu A0 mU(pyBaHHS
3arajibHa cuia mu@pyBaHHs MOXKe OyTH BUpaXeHa fK:

Soverau = Min(Sy, S, ..., Sp) , (2.19)

ne S; mpeAcTaBisie cuily muppyBaHHS 1 XMapHOTO MpoBaiiiepa i.
[Mokpurts mmdpyBanus C MOxKHA OOUUCIIUTH SIK:

Dencrypted (2.20)

)

C =
Dtotal
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1€ Dencrypted — 1€ KUIBKICTh 3aMIM(PPOBAHUX TaHUX, Diorq — 11€ 3arajibHa KiIbKICTb
JaHUX.

IIpoTokoau Ge3nexn

Busnauenns: [Ipotokonu ©Oe3neku B MyJIbTUXMapHOMY 30epiraHHi — 1€

dbopmanpHi mpaBuia Ta HOPOUEAYPHU, SIKI PETyIIOTh, SK 3aX0au Oe3meKu
BIPOBA/IKYIOTHCS Ta 3aCTOCOBYIOTHCS Y KUTBKOX XMapHUX MPOBaiiepiB.
Hetanpuuii onuc: [Tporokonu 0e3neku B MyJbTUXMApPHUX CEPEIOBUINAX MOBUHHI

BUpINIYBAaTH MNHUTaHHS ayTeHTu(ikamii (mepeBipka 1JEHTUYHOCTI), aBTOpU3ALlii
(BU3HAYEHHS IpaB JIOCTYIY), 00JIKY (BIJICTEKEHHSI BAKOPUCTAHHS PECYPCIB) Ta ayAUTY
(nepermsia noaii 0e3nexu). L{i mpoToko MOBUHHI (PyHKLIOHYBATH MOCIIIOBHO Y PI3HUX
CepeloBUIIAX MPOBAKEPIB, IKI MOXKYTh pPEai30BYBATH O€3MEKY MO-Pi3HOMY.

[Tommpeni npotokonu 6e3nexku BrI04YaoTs OAuth mis aBropuzaiii, SAML nms
ayrentudikamii, TLS/SSL ans 3axuimieHux KOMYHIKaliii Ta pi3HI CTaHAApTH
mudpyBaHHsa. Y MyJIbTUXMapHUX CEpPEIOBUINAX OpraHizaiisiM 4YacTo MOTPIOHO
BIPOBA/I’)KYBATH J0JIaTKOBI PIBHI O€3MeKU NJis 3a0€3MeUeHHs MOCIIJOBHOTO 3aXUCTY Y
pI3HUX MPOBaiiIepiB, Taki K Opokepu Oe3neku noctyny 1o xmapu (CASB) abo cucremu
yrpasiiHHs 1H(dopMaliero Ta noaisiMu 0e3neku (SIEM).

OnuHuUIl BUMIPIOBAHHS:

. cuja MPOTOKONy: SIKiCHAa OlIHKa Ha OCHOBI BIJJOMUX Bpa3JIMBOCTEH Ta
NPUIHATTS B rajy3i;

. MOBHOTa BHPOBAKEHHS: BiAcoTOok 3axoAiB 0e3NneKu, BOPOBAIKEHUX
BIIMOBIAHO /10 crienudikaiii NpoTOKOIY;

. piBeHb BiANMOBiAHOCTI: CTymiHb JTOTPUMaHHS HEOOXIAHUX CTAHAAPTIB
Oe3MeKH.

Marematuunuit Bupa3: EdekTuBHICTh TpoTOKOIY Oe3neku E MoxkHa MoJIenoBaTH

K (DYHKI[1IO KUTbKOX (PaKTOpiB:
E=f(s1C1U), (2.21)

ne S mpencraBisie CHIIy MPOTOKONy, [ TMpencTaBisie TOBHOTY BOpoBaipkeHHs, C
MIPEJCTaBIIA€ PiBEHb BIAMOBIAHOCTI, U MpeacTaBiisie 3pyYHICTh BUKOPUCTAHHS (JIETKICTh
MPABUJIBHOTO BIIPOBAJIKEHHSI)

st MynbTUXMapHUX CEpeJOBUI 3arajbHa mo3ullis Oe3neku P moxe OyTtu
BUPAXKEHA SIK:

P =min(Ey, E,, ..., E,), (2.22)
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ne E; npencrapisie eeKTUBHICTh MPOTOKOITY O€3MEKU JIJIsi XMApHOTO MpoBaniepa i.
BignoBignicts HopmaTuBHUM BuMoram (Compliance)
Busnauenss: BiAnoBigHICTh HOPMAaTUBHMM BHUMOTaM Y MYJbTUXMAapHOMY

30epiranHi (7anal BIAMOBIAHICTE) — 1€ CTAH BIAMOBIAHOCTI BIAMOBIIHMM 3aKOHaM,
HOPMATHUBHUM aKTaM Ta CTaHJAapTaM, 10 PETYIIOThH 3aXUCT JJaHUX, KOH(D1ICHIIHHICTD
Ta 0e3MeKy y BCIX XMapHUX NpoBaiifepiB, Kl BUKOPUCTOBYE OpraHizailis.

OauHUII BUMIPIOBAHHS:

. [Tokpurtst BiAMOBIAHOCTI: BiICOTOK 3aCTOCOBHMX HOPMAaTHUBHHMX aKTiB,
SKUM BiJIIIOBIJIa€ CUCTEMA

. Po3pus BianosigHocTi: KiIbKiCTh HEBUPIMIEHUX BUMOT BIJITOBITHOCTI

. ['otoBHICTB 10 aynuTy: SIKicHa Mipa TOTOBHOCTI /10 ayAUTIB BIAMOBITHOCTI

Maremarnunuii Bupa3: PiBers BianoBigHocTi C 111 KOHKPETHOTO HOPMATUBHOTO

AKTy MO’KHa OOYHCIIUTH SIK:

Rmet

C, =

B Rtotal ’ (2'23)

1€ Ryer — 1€ KUIBKICTh BAKOHAHUX BUMOT, Ry ,tq; — 1€ 3aTalIbHA KUTBKICTh BUMOT.
JIns KUTbKOX HOPMATHBHUX AaKTiB 3arajbHUM pIBE€Hb BIAMOBIJHOCTI MOXHA
BHUPA3UTH SIK 3BaXKEHE CEPEIHE:

m

Coverall = Z wy - Gy, (2.24)

r=1

e m — 1€ KUIBKICTh 3aCTOCOBHMX HOPMAaTHMBHHUX aKTiB, W, — II€ Bara, mpu3HaueHa
HOPMATUBHOMY aKTy 7 Ha OCHOBI MO0 BaXJIMBOCTI a00 MOTEHIIIHHUX MITpadiB.
BaacHicTh JaHuXx
BusHayeHHs: BiacHicTh AaHUX Yy MYyJIBTUXMapHOMY 30€piraHHi BIJIHOCUTBCS /10

IOpUJIMYHUX TPaB Ta KOHTPOJIO HAJ JIaHUMU, 110 30epiraroThCsl y KUIBKOX XMapHHUX
NpOBailiepiB, BKJIOYAIOYM MOXJIUBICTh JOCTYNy, Mojau(ikaiii, BHIAJEHHA Ta
BU3HAYEHHSI MOJIITUK BUKOPUCTAHHS IUX JAHUX.

OnuHUII BUMIPIOBAHHS:

. SICHICTb BJIACHOCTI: SIKiCHa OLIIHKA TOT0, HACKIJIBLKHM YITKO BU3HAYEHI MpaBa
BJIACHOCTI;
. e(heKTUBHICTh KOHTPOJt0: CTYIIHb, 10 AKOTO TEXHIYHI 3aX0/I1 J103BOJISIIOTh

3a0e3IeueHHs IpaB BJIACHOCTI,
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. MOXJIMBICTh BHJIYYEHHS: 3AaTHICTb OTPUMYBATH JlaHi BiJ XMapHUX
MpoBalIepiB y MPUIATHUX JJIsl BAKOPUCTAHHS (hopMaTax;
Marematuunuit Bupas: EQextuBHU KOHTPOJIb BIacHOCTI O MOXHA MOJIETIOBATH

SK:
0 = min(L,T,E), (2.25)

ne L mpeacTaBiisie IOpUANYHI MPpaBa BIACHOCTI, BU3HAYEH] B KOHTpaKTax, 7 MpeIcTaBIIse
MEXaHi13MH TEXHIYHOT'O0 KOHTPOJII0, £ Mpe/ICTaBIsie MOKIUBOCTI BUITyYESHHS.

JIist MyJIbTUXMapHUX CEPEIOBUII MOKHA BUSHAUUTH crienudivHi 11 mpoBaiiepa
(hakTOopH BIACHOCTI:

Oi =wp - Li + W * Ti + Wg - Ei' (226)

e Wy, Wr Ta Wy — 1€ Baru, 1o BiJoOpa)katoTh BIIHOCHY BaXJIMBICTh HOPUIUYHUX,
TEXHIYHUX ACIEKTIB Ta aCMEKTIB BUJIYYEHHS JIJIsl TpoBaiiiepa 1.

224 ExonoMiuHi kpuTepii Ta kpuTepii ynpapjaiHHA pecypcamu

ExonoMiuHa e()eKTHBHICTH
Busnauenns: EkoHoMiuHa €(EKTUBHICTh Yy MYJIbTUXMAapHOMY 30€piraHHi — Iie

Mipa TOTO, HACKUIbKM €(QEKTHBHO BUKOPUCTOBYIOTHCS (PIHAHCOBI pecypcu s
3a/I0BOJICHHSI BUMOT J0 30€piraHHsi y KUIbKOX XMapHHUX MpoBaiijiepiB, OalaHCYyIOUH
BUTPATH 3 TPOJYKTUBHICTIO, HAJIHHICTIO Ta MOTpeOamMu OE3MEKH.

OnuHuUIl BUMIPIOBAHHS:

. 3aranbHa BapTicTh BoJoAiHHA (TCO): BumiproeTbcsi B OAMHULISX BaIIOTH
(manmpukian, USD) 3a neBHUM niepion yacy;

. BapTICTh HA OJUHUINO 30epiranHs: Onunuill BamoTH 3a ['b Ha Micslib;

. BapTICTh 3a onepaiito: Oaunuili Bamotu 32 API-Bukiiuk abo TpaH3akiiio;

. KOE(]IlI€EHT €eKOHOMIYHOI e(peKTUBHOCTI: [IpoayKTUBHICTH 30epiranHs abo

€MHICTb, MOJIJICHA HAa BapTICTh;
MaremaTuyHuii  Bupas: 3aranbHy BapTicth C  pillleHHS MYJIbTUXMApHOTO

30epiraHHs MOKHA OOYUCIIUTH SIK:

n
C= Z(Cstoragei + Ctransferi + Coperationsi + Cservicesi) ’ (2-27)
i=1
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ne Cstorage; — 1€ BapTICTh 30epiranus mis nposaiinepa i, Cirgnsfer; — 1€ BApTICTH
nepenayi ganux 1 nposanaepa i, Coperations; — 1€ BAPTICTh ONEpaLii 1y mpoBaiiaepa
I, Cservices; — 1€ BAPTICTh JOJATKOBUX IOCIIYT [JIs IPOBaiiepa i.

Koedinient exkonomiunoi ehekTuBHOCTI E MOXKHa BUpA3UTH SIK:

(2.28)

ne P npencrapiisie MOKa3HUK MPOJYKTUBHOCTI a00 eMHOCTi, C MpENCTaBIIs€ 3araibHy
BapTICTh.

Po3noain pecypcis

Busnayenns: Po3noain pecypciB y MyJlbTHXMapHOMY 30€piraHHi — L€ Ipouec
pPO3MOLTY Ta MPU3HAYEHHSI pecypciB 30epiraHHs, OOYMCIEHHS Ta MEpEeXl y KUIbKOX
XMapHUX MPOBaAEpiB A1 ONTUMI3alii NPOAYKTUBHOCTI, HaIIMHOCTI Ta €KOHOMIYHOL
e(EeKTUBHOCTI.

OnuHUII BUMIPDIOBAHHS:

. BUKOPUCTAHHS pecypciB: BiJCOTOK BHUAUIEHUX pPECYpCiB, IO aKTUBHO
BUKOPHUCTOBYIOTHCS;
. edexTuBHICT, po3noaury: CHiBBIHOIIEHHS BUKOPUCTAHHS PECypcCiB 0

BapTOCTI PECYPCIB;

. yac 3a0esneuyeHHs: Yac, HEOOXIMHUN JUIsl BUAUICHHS Ta HaJAlITyBaHHS
HOBHX PECYPCIB;

. €JaCTUYHICTh PeCypciB: 3JaTHICTh MacIITa0yBaTH PECYpCH Bropy abo BHU3
y BIJIOB1/Ib HA TIOMHUT.

Matematnunuii Bupas: [Ipobnemy po3noainy pecypciB 'y MyJbTUXMapHOMY

CepeOBUII MOKHA CHOPMYITIOBATH SIK 3a7]a4y ONTHUMI3AIIll:

n m
Minimize C = Z Z Cij * Xij - (2.29)
i=1

J=1
3a yMOBH:
n m
inj = 7"] V] € 1,2, ,mZxU < a; Vi € 1,2, ...,nxij >0 Vl,] ,
i=1 j=1

Jie C;j — L BapTICTh BHIUIEHHSA PECYPCIB BIJ NpoBaijaepa i JUld BUMOTH j, X;j — L€
KUIBKICTh pECYpPCiB, BUIUIEHHX BiJl MMpoBaiiaepa i JUli BUMOTH j, j — L€ BMMOra J0

pecypciB IS 3aBAaHHA j, a; — 1€ JOCTYIIHI pecypcH Bij MpoBaiiaepa i.
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yr[paB.JIiHHﬂ AKUTTEBUM ITUKJIOM JaHHUX

BusnayeHHs: YopaBiaiHHS JKUTTEBUM LUKIOM JIaHUX Y MYJbTUXMapHOMY
30epiraHHl — 1€ KOMIUIEKCHUM MiAX1J A0 YOPABIIHHS AAHUMHU IPOTATOM YChOIO iX
KOPUCHOI'O KUTTS, BiJ] CTBOPEHHS Ta MOYATKOBOTO 30€piraHHs /10 apxiByBaHHS Ta
OCTATOYHOTO BUAAJICHHS, Y KIJIBKOX XMApHUX MPOBalIEpiB.

OnuHuUIl BUMIPIOBAHHS:

. MOKPUTTSI TOJITUKH KUTTEBOTO IUKIY: BiICOTOK AaHUX, KEpOBAHUX
BU3HAYECHUMHU MOJIITUKAMHU KUTTEBOTO LIUKIY;

. edexTuBHICTH mepexoay: Yac Tta pecypcu, HEOOXiAHI JJIsl MEPEMIIIEHHS
JAHUX MDK €Tarnamu KUTTEBOTO LHUKITY;

. TOYHICTh 30epexkeHHs: CTymiHb, J0 SKOro (pakThuuHe 30€peKeHHS JaHUX
BIJIITIOB1Ja€ BUMOTaM ITOJIITHKH;

. BIIMOBIAHICTE, BUIAJICHHS: BigcoTOK HaHMWX, BHUAAJICHHUX BIOMOBIIHO IO
BUMOT TTOJTITHKH.

Matematnynuii Bupa3: CTaH XKUTTEBOrO HUKIY S 00'€KTa JaHUX Yy 4Yac ¢ MOXKHa

MOACIIOBATH AK:

S() = (A, V), R®),C®), (2.30)

1€ A(t) npeacTaBiisie 4acTOTYy AOCTYIY B 4ac ¢, V(t) npeacTasise Oi13HEC-I[IHHICTh B Yac ¢,
R(t) mnpencraBnse BuMord A0 30epexeHHs B dvac ¢, (C(t) TpeacTaBis€ BHMOTH
BI/IMOBIAHOCTI B Yac .

OntumanbHuM piBeHb 30epiranHs 7 s JaHUX Yy cTaHl S MOKHA BU3HAYUTHU 3a
JIOTIOMOT 010

T(S) =arg ierlnzinn(Ci + P; -A(t)), (2.31)

1y

ne C; — 11e BapTicTh 30epiranus 11 piBHA i, P; — 11e BapTICTh AJOCTYNY I PIBHA 1.
l 1 y
Knacudikauisa g1anux
Busnauenns: Knacudikamiss gaHux y MyJbTUXMapHOMy 30epiraHHi — L€

CUCTEMAaTHUYHa KaTeropu3ailisi JaHWX Ha OCHOBI iX YYTJIMBOCTI, HOPMATUBHUX BUMOT,
O13HEC-I[IHHOCTI Ta MA0JIOHIB JOCTYIY JJIsl IHPOpMYBaHHS PO BiJAMOBIAHE PO3MIIIECHHS
Ta 3aXMUCT Y KIJTBKOX XMapHUX MpOBalepiB.

OnuHuUIl BUMIPIOBAHHS:

. NOKpUTTS Kiacudikaiii: BiacoTok nanux, sxi Oynu kinacudikoBaHi;
. TOYHICTb KJacudikaiii: CTymiHsb, 10 SIKOTo AaH1 NPaBUILHO Ki1acu(iKOBaHi;
. rpaHyJIApHICTh Kinacudikarlii: PiBeHb neranizaiii B cxemi Kiacudikarii;
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. piBeHb aBToMartm3amii: BigcoTok gaHMX, KiIacu(PIiKOBaHMX dYepes
aBTOMAaTHU30BaH1 MIPOIECH.
Matematnunuii Bupas: Oynkuiro knacugikanii C ans o6'ekta nanux d MoxkHa

BHUPA3UTH SIK:
C(d) = f(Sd;Rd; Vd;Ad) , (2-32)

ne S, mpencTaBisie piBeHb UyTIUBOCTI aHuX d, R; MpeACTaBiisi€e HOPMAaTUBHI BUMOTH
s maHux d, V; mpencraBise O13HEC-LMIHHICTh NaHUX d, A, mpeacTaBisie MabIoHU
JOCTYIY JJIsl JaHUX d.

3icTaBlieHHs BiJl Kiacudikallii 10 XMapHOTO IIpoBaiiepa MOKHa MOJICIIIOBATH SIK:

1
P(C) =arg Jnax <WS -Si+wgp R +wp- P +w, E)'
1Ly 1

(2.33)
ne S; — 1e MOXJIMBICTh Oe3leKu mpoBaijaepa i, R; — 11e BIANOBIAHICTh HOPMATHUBHUM
BUMOTaM IpoBaiziepa i, P; — 11e MOXJIMBICTh NPOJYKTUBHOCTI mpoBaiiaepa i, C; — 11e
BapTICTh TpoBaiiaepa i, Wy, Wg, Wp Ta W, — II€ Baru, 1o BiJJOOpakarOTh BIJHOCHY
BAXJIMBICTh KOKHOTO (pakTopa.

dopMmar JaHUX

BusnayenHns: @opMar NaHUX y MYJbTHXMapHOMY 30€piraHHi BIJHOCHTHCS 0

CTPYKTYpH, KOJIyBaHHS Ta TMPEJICTABICHHS JaHUX, 10 BHU3HAYAE€ iX CYMICHICTbD,
1HTEeponepabebHICTh Ta BUMOTH J10 00pOOKH y KUIBKOX XMapHUX MPOBAMIEPIB.
OnuHUIN BUMIPIOBAHHS:

. crangaptuzamis  Qopmary: CrymiHb, 10 sKOro QopMatu JaHUX
BIJIIIOBIJIAIOTh rady3€BUM CTaHJIapTaM;

. HaKJIaJH1 BUTpATU HA KOHBepTailito: Pecypcu, HeoOXiiHI 11 KOHBEpTallii
MDK (popMaTamu Ipu NEPEMIILCHH] TaHUX;

. edextuBHICTh (Qopmaty: I[lpocTip 30epiraHHs Ta pecypcu 0OpOOKH,
HeoOX1aH1 AJist popmary;

. cymicHicTh (dopmaty: KinbkicTh cuctem abo MpoBaifiepiB, SIKI MOXYTh
HAaTHBHO MPAITIOBATH 3 (hopMaTOM.

Marematuunuit  Bupas: [lpugathicte Qopmary F  1gias  MynabTUXMapHOTO

CepeIOBHINA MOXKHA KIJTBKICHO BU3HAYUTH SIK:
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ne S mpencTaBise€ piBeHb cTraHaaptusaiii, C NOpencTaBisie CYMICHICTh MIX
npoBaiiepamu, E npeacTanisie eheKTUBHICTh y 30epiranHi Ta oOpooOili, / npeacraiisie
1HTEepoIepabenbHICTh 3 J0oAaTKaMU, Ws, We, Wr Ta W; — IIe Baru, 1o BIJI0Opa)karoTh
BIIHOCHY BQXKJIUBICTh KOKHOTO (haKTOpa.

BapricTe koHBepTalii Opu NEpEeMINIEHHI AaHUX MDK MpOBaiiepaMu MOXKHA
MOJIETIOBATH SIK:

Cconversion =V (textract + ttransform + tload) ’ (2'35)

ne V — 1e o0csr NaHuX, toyirqer — 1€ YaC JJISI BUWIYYEHHS JaHUX 3 BUXIJTHOTO (opMmary,
tiransform — L€ Yac JJisd NEPETBOPEHHS JAaHUX Y LIIbOBUH (popMar, t,5q — 1I€ Yac 1is

3aBaHTaXEHHS JAHUX y HOBOMY (opmari.

2.2.5 Kpurepii inTeponepade/ibHOCTI Ta IOPTATUBHOCTI

IopTaTuBHICTH JAHUX

[TopTaTUBHICT, AaHUX BIJHOCUTHCS N0 3/IaTHOCTI MEpeMilllyBaTH JaHl MIXK
PI3HUMHU XMapHUMHM MpoBaiiiepamu 6€3 3HaYHUX TeXHIYHUX a00 (iHaHCOBUX Oap'epiB.

Busnauenns: [lopTaTUBHICT, JaHUX Y MYJbTHUXMApHOMY 30epiraHHi — Ie

3IaTHICTh MEPEMIIYBATH JlaHi Ta JOJATKA MDK PI3HUMHU XMapHUMHU TMpoBaijepaMu 3
MiIHIMaJIbHUMH HOPYIIEHHAMH, BUTpATaMU a00 TEXHIYHUMHU 3yCUILISIMHU.
OnHUII BUMIPDIOBAHHS:

. iHgeKkc nepeHocumocti: KomriekcHa OIliHKa, 10 BiJOOpa)kae JETKiCTh
TepeMIIeHHS JaHUX;

. yac mirpauii: Yac, HeoOX1AHHM 1711 TEpEMIIIEHHS BKa3aHOTO 00CATy TaHHUX
MIDX MpOBaiiiepaMu;

. BapTicTh Mirpaiiii: @1HaAHCOB1 BUTPATH, TIOB'sI3aH1 3 MITpaIli€l0 JaHHUX;

. TOYHICTh AaHuX: CTymiHb, JO SIKOTO JaHl 30€epiraloTh CBOKO LIJIICHICTh Ta

MPUJIATHICTH 10 BUKOPUCTAHHS TICIISI MIrparliii.
Maremarnunuii Bupas: [loptatuBHICTh P maHWX MDK XMapHHMHU IpOBaiigepaMu

MOYHA KUIBKICHO BU3HAUYUTH SIK:

T-C-E’ (2.36)

ne 1T — 1e HOpMali30BaHUM 4Yac, HeoOXimHuM s Mirpamii, C — 11e HopMai3oBaHa
BapTICTh Mirpaili, £ — 1e HOopMaji3oBaHl 3yCWUId (T€XHIYHA CKJIAJHICTh) MIrpaiiii.
Buii 3HaueHHs P Bka3yroTh Ha OUIbIIY IEPEHOCUMICTb.

J1J1s1 KOHKPETHUX TUMIB JJAHUX MTOPTATUBHICTh MOKHA BUPA3UTH SIK:
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%
Py =—2—,
T, Cy (2.37)

ne V,; —ue o0csr nanux tumy d, Ty — 11e yac ajis mirpaiii ganux tuny d, C; — 11e BapTiCTh
Mirpauii JaHux TUIy d.

InTeponepadebHiCTD

Busnauenns: [aTeponepabenbHICTh Y MyJbTUXMAapHOMY 30epiraHHi — 1e

3IATHICTh CHUCTEM 30epiraHHs BiJ PI3HUX XMapHUX MOpPOBalAEpiB MpallOBaTH pPa3oM
0e3MepemKoHO, OOMIHIOIOUNCH JAaHMMHM Ta IOCIyramMu 0e3 cheliaJbHUX 3yCHIIb 3
1HTerpari.

OnuHuUIl BUMIPIOBAHHS:

. cymicHicTh API: Biacotok (yHKIINA, 10 SKUX MOXHA OTPUMATH JOCTYII
4yepe3 CTaHIapTHI iHTepdelicy;

. 3ycwiiss 3 iHTerpamii: Yac po3poOku, HeoOXimHuil mJisi 3a0e3MeyeHHs
CHLJIBHOI pOOOTU CUCTEM;

. e(dexTUBHICT, OOMiIHY AaHuMU: HakmagaHi BUTpaTH, 10 BUHUKAIOTH MHpPH
nepenadi JTaHUX MK CUCTeMaMU;

. (dyHKIIIOHATbHA €KBIBAJIIEHTHICTh: CTYMiHb, 10 SKOTO (YHKIIT MOCI1I0BHO
JIOCTYTIHI y PI3HUX IIPOBaNEPiB.

Maremarnunuii Bupas: [aTepornepabdenpHicTh | MK XMapHUMH IpOBaiigepaMu
MO’KHa MOJIETIOBATH SIK:

Fcommon

==
Ftotal

(2.38)

1€ F.ommon — 11€ KUIBKICTh (DYHKIIIH a00 MOXKJIUMBOCTEH, sIKI MOKHA BUKOPUCTOBYBATH
MOCHIOBHO Y PI3HUX MPOBaNIEPiB; Fyy¢q; — 1€ 3aTalibHA KITBKICTh HEOOX1THUX (PYHKITIHA
a00 MOKJTUBOCTEH.

EdextuBHa iHTEpOnepaOENnbHICTh Yy MYJbTUXMApPHOMY CEPEAOBHUII 3 7
npoBaiiepaMu MOxKe OyTH BUpaxeHa fK:

I ve = . min I;; 2.39
effective ij€12,..n ij ( )
nie Iy mpezcrasIisie iHTEpONepabenbHICTh MK IPOBANIEPAMU  Ta /.

3MeHIIeHHA NPUB'A3KHU 10 mocTavajbHuka (Vendor lock-in)
BusHaueHHs: 3MEHIIEHHS] NPUB'S3KK A0 MOCTAa4aJlbHUKA B MYJbTUXMapHOMY

30epiranHi — I1e Hallp CTPATETii, apXITEKTyp Ta MPAKTUK, PO3POOICHUX ISl SMEHIIIEHHS
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3aJIEKHOCTI BiJI KOHKPETHUX XMAPHUX MPOBANJEpiB Ta MIATPUMKHA CBOOOAM 3MIHIOBATH
MpoBaiIepiB 3 MIHIMAILHUMH MOPYIIEHHSMH Ta BUTPATAMU.
OnuHuUIl BUMIPIOBAHHS:

. OIliHKa pu3uKy npuB's3ku: KomriekcHa mMipa 3aeKHOCTI Bi cienudiaHux
JUTsl IpoBaiiziepa QyHKIIIH;

. BapTiCTh mnepekiatoueHHs: OIHeHl BUTpaTH Ha MIrpamilo BiJl OJHOTO
npoBaijiepa J0 1HIIOTo;

. TexHojoriyHa aoctpakiis: CTymiHb, 10 SIKOTO JOJATKU 130JIbOBaHI BiJ
crienuIYHUX IS TIpoBaiiaepa AeTaje;

. MOBHOTA cTpaTerii Buxoay: KoMIuieKCHICTh MJIaHIB JIJIs1 3M1HU MPOBAIEePiB.

MaremMatnuHuid Bupas: PU3nk npuB'a3ku 10 mocradaibHUkKa L 1ma XxmapHOTO

MpoBaiiepa MOXKHA KIJIbKICHO BU3HAYUTH SIK:
L=WP°P+WT°T+Wc'C+WD’D, (240)

ne P mpencraBnsie BUKOPUCTAHHS BIIACHUX TEXHOJOTiH; 7 TpeacTaBise dYac
nepexaodeHHsa; C TpeaCcTaBis€ BapTICTh MEPeKIoueHHs;, D mpeacTaBiisie oOcsAT Ta
CKJIQJIHICTh JaHUX; Wp, Wy, Wo Ta Wp — 1€ Baru, 10 BIJOOPaKarOTh BIAHOCHY
BaXJIMBICTh KOKHOTO (pakTopa.

3araJibHUM pU3UK NPUB'S3KH B MYJIBTUXMAPHOMY CEPEOBUII MOKHA BHUPA3UTHU
SIK:

Loveran = Z w;- L, (2.41)

ne L; — 11e pu3uK NpUB'SI3KH IS MpoBaiiepa i; w; — Iie Bara, 1o BigoOpakae BaKJIHUBICTh
a00 piBeHb BUKOPUCTAHHS MpOBaiiiepa i.
PenyTanisa nocrayajibHuKa

Busnauenns: Penyraiiiss mocravanbHHKa B MYJITHUXMapHOMY 30€pirani — Iie
OI[IHKa XMapHUX NPOBaWJepiB Ha OCHOBI iX HaAIMHOCTI, 1CTOPii MPOAYKTHUBHOCTI,
MpaKTUK Oe3neku, (iHaHCOBOI CTA0ITBHOCTI Ta 3a0BOJIEHOCTI KJI1E€HTIB.

OnuHUII BUMIPIOBAHHS:

. orinka pemnyTtanii: KoMmiaekcHU peUTHHT Ha OCHOBI KUIBKOX (PakTopiB
penyTarii;
. icTopist HaAIMHOCTI TOCHYT: ICTOpHUYHI MOKAa3HUKU Yacy Oe3nepeOiifHol

poOOTH Ta MPOAYKTUBHOCTI;
. yacToTa IHUMJAEHTIB Oe3neku: KIUIbKICTh Ta CEpHO3HICTh MUHYJIHX
MOPYILIEHb OE3MEKH;
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. 3aJI0BOJICHICTh KIIEHTIB: PEMTHHIM Ta BIATYKH BiJ] ICHYFOUHMX KIIIE€HTIB;
. MO3UIIISl HAa pUHKY: YacTka pUHKY Ta TPAEKTOPIs 3pOCTAHHS.
Marematuunuit Bupa3: Penyraiiito R xXMapHOTo mpoBaiiepa MOXHa MOJIETIOBATH

AK:
R=WA'A+Ws'S+WF'F+Wc'C+WI'I, (242)

ne A TmpencraBisie ICTOPUYHY JOCTYIHICTB; S MpeacTaBiisie icTopilo Oe3meku; F
npejacTaBiisie PpiHaHCOBY CTaOUIbHICTR; C mpeAcTaBiisie cepTU]IKaTH BIAMOBIAHOCTI; [
MIPEJICTABIIAE IHHOBAIIIHY 3IaTHICTD; Wy, W, WE, W Ta Wy — 11€ Baru, 1110 Bi100paxaloTh
BIIHOCHY BQXKJIUBICTh KOKHOTO (haKTOpa.

Bubip nposaiinepiB, 3BaKeHUN 3a penyTalli€lo, B MyJIbTUXMapHOMY CEpPEIOBHUIIII
MOHa BUPA3UTH FIK:

Pselectea = arg . max (Ri : Fi) ) (2.43)

i€1,2,...n

ne R; — ue penyTaiis nposaiiaepa i; F; — e GyHKI[iOHAIbHA BIANOBIIHICT IpOBaiiepa
i U1 KOHKPETHOT BUMOTH.

2.2.6 Kpurepii cTa;10ro po3BUTKY Ta €KOJIOTiYHOCTI

Kpurepii cTanoro po3BUTKY Ta €KOJIOTTYHOCTI CTOCYIOThCSI €KOJIOTTYHOTO BILIUBY
pillieHb MYJIBTUXMApPHOTO 30€piraHHs, 30CEPEIKYIOUHCh Ha €HEeproe(eKTUBHOCTI,
BUKOPHUCTAHHI PECypCiB Ta €KOJIOT1YHIN BiANOBIAaIbHOCTI [46,47,50].

BB Ha HABKOJIMIIIHE cepe0BUILE

BrniuB Ha HaBKOJMIITHE CEPEIOBHUINE BITHOCHTHCS OO E€KOJOTIYHUX HACIIIKIB
omeparlii XMapHoro 30epiraHHs, BKIOYAIOYU BUKUAU BYTJIELIO, CIIOKUBAHHS PECYPCIB
Ta yTBOPEHHS B1IXO/IB.

Buznauenns: BruinB Ha HaBKOJIUIITHE CepEIOBUILE B MYJIbTUXMApPHOMY 30€piraHH1

— IIe Mipa eKOJIOT1YHUX HACJIIJIKIB, 1[0 BAHUKAIOTh BHACIIIOK POOOTH CUCTEM 30€piraHHs
y KUIBKOX XMapHHUX MPOBaiiepiB, BKIHOYAIOUN BUKUIN BYTJIEIIO, CIOKUBAHHS PECYPCIB
Ta €JICKTPOHHI BIIXOIH.

OnuHUII BUMIPIOBAHHS:

. ByriieneBuit ciiji: ExBiBanentHi Bukuau CO2 (MmeTpudHi TOHHH) [56];

. edextuBHIcTh BuKOopucTaHHs eHeprii (PUE): CniBBigHOIIEHHS 3araibHOi
eHeprii HeHTpy OOpOOKHU JaHUX O OOUUCITIOBAIBHOT €HEPTiI;

. edextuBHicTh BuKOpuctanHs Boau (WUE): CnoxuBaHHsS BOJIM Ha
OJIMHUIII0 00YUCITIOBAIBHOT €HEeprii,
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. YTBOPEHHS €JNEKTPOHHMX BiAXOJiB: Bara eneKkTpoHHUX BIJIXOIB,
BUpOOJIeHUX 32 pik [59];

. BIZICOTOK BIJHOBIIOBaHO1 eHeprii: YacTka eHeprii 3 BIJHOBIIOBAHHUX
JOKeper.

MartemaTuuHuii Bupa3: BriiuB Ha HaBkonuinHe cepenoBuiie E  pimeHHs

MYJIBTUXMAPHOTO 30€piraHHs MO>XKHa OOUYUCIIUTH SIK:

n

i=1

ne C; — 1me BUKHIM BYIJIELIO Uil mpoBaiaepa i; W; — me cnoxuBaHHS BOIW A
npoBaiiaepa i; M; — 1ie MaTepiaibHl BIAXOIU IJIS MpoBanepa i; We, Wy, Ta Wy — 1€
Baru, 110 BiJ0OpakaroTh BIIHOCHY BaXJIMBICTh KOXKHOTO (hakTopa.

Byrnenesuii ciiji KOHKPETHO MOXHA BUPA3UTH AIK:

C = Z(Ei .EF)), (2.45)
i=1

ne E; — ue crnoxuBaHHs eHeprii 1is npoBaiinepa i; EF; — 1ie koedillieHT BUKUIIB JJIS
JDKEPEIT eHeprii, 10 BUKOPUCTOBYIOTHCS MPOBANAEPOM .
EneproegexkTuBHicTH

Busnauennsi: EHeproeekTUBHICTh y MyJbTUXMapHOMY 30epiraHHi — Iie Mipa
TOr0, HACKUIbKH €(EKTUBHO XMAapHI MPOBaii/iepyu NEPETBOPIOIOTH EHEPTETUUHUHN BX1J Y
KOPUCHMM BUX1J 30epiraHHs Ta 0OpOOKH JaHUX, MIHIMI3YIOUM BIIXOJIU Ta HEMOTpPiOHE
CIIO’KMBaHHS.

OnuHuUIl BUMIPIOBAHHS:

. EdexruBnicts Bukopuctanus eHeprii (PUE): CniBBiiHOIIEHHS 3arajibHO1
eHeprii o0'exta g0 eneprii [T-obnanHanHs

. Bart na Tb 36epiranns: Enepris, HeoOxigHa Ha TepabailT 30epiraHHs

. [IpoaykTuBHicTh Ha BaTT: O0uucIOBaNbHUNA BUX1] HA OJTMHUIIIO €HEPrii

. EdextuBnicte Bukopuctands Byriemo (CUE): Bukuaum Byriemio Ha

OJIMHUITI0 OOYUCTIOBAILHOT €HEPTii
Marematuunuii Bupas: EHeproeeKTUBHICTh 1| CHUCTEMHU 30epiraHHs XMapHOTO

MpoBaiiepa MOKHa OOUYHUCIIUTH SIK:

_S-P
n="g (2.46)
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ne S — 1e eMHICTb 30epiranss; P — e MOKa3HUK MPOJYKTUBHOCTI; E — 1€ CIIOKUBaHHS
eHeprii.

Jl7st IOpIBHSIHHA MPOBAKIEPIB Y MYJIbTUXMAPHOMY CEpPEIOBHINI HOpMasi3oBaHa
eHEepProePeKTUBHICTh MOXKE OyTH BUPAKEHA SIK:

n
Nnormalized = (2.47)

Nre ference

1€ Nyeference — 11€ €TAIOHHE 3HAYEHHS €(PEKTUBHOCTI, TAKE SIK CEPETHE TIO Taly3i.

CraJgicTs pecypcis

Cranicth pecypciB  BIJHOCUTHCS JO BIJNOBIAQAIBHOTO BUKOPUCTAHHS Ta
VIOpaBIiHHS pecypcaMu Juisi 3a0e3MedeHHs 1X JOBMOCTPOKOBOI JOCTYIHOCTI Ta
MIHIMi3alli BIUIMBY Ha HaBKOJIUIIHE CEPEIOBULIE.

Busnayenns: Cranicte pecypciB y MyJIbTUXMapHOMY 30€piraHHi — L€ MpaKTHKa

BUKOPUCTAaHHA OOUYHCIIOBAJIbHUX, MEPEXKEBUX PECypCciB Ta pecypciB 30epiraHHs
crnoco0amu, 110 MIHIMI3yIOTh BIIXOJIH, MAaKCUMIi3YIOTh €()EKTUBHICTh Ta 3a0€3ME€UyI0Th
JOBTOCTPOKOBY ~ JOCTYIHICTh, OJIHOYACHO 3MEHIIYIOYM BIUIMB Ha HABKOJIMILIHE

CepelOBHULIE.

OnuHuUIl BUMIPIOBAHHS:

. BUKOPUCTAaHHS pecypciB: BiJCOTOK BHUAUIEHUX pPECYpCiB, IO aKTUBHO
BUKOPHUCTOBYIOTHCS;

. KUTTEBUM 1WKa oOnagHanHs: CepeaHid TepMiH CaykO0u (PI3UYHOI
iH(ppacTpyKTYypH;

. piBeHb nepepoOku: BigcoTok MaTepiaiiB, nmepepoOIeHUX B KiHIl ) KUTTEBOTO
TUKITY;

. B1JICOTOK B1IHOBJIFOBAHUX pecypciB: HacTka pecypciB 3 BiIHOBIIOBAHUX 200

nepepoOIeHNX JIKEPEIT,
Maremarnuyauii Bupas: [Haekc cramocti S A XMapHOTO IIpoBaifjiepa MOXKHA

MOZACIIOBATH SIK:
S=Wu'U+WR'R+WL'L+Wc'C, (248)

ne U npeactapisie ePeKTUBHICTh BUKOPUCTAHHS PECYPCIB; R MpeICTaBIsi€ BAKOPUCTAHHS
BIIHOBJIFOBAHUX PECYpPCIB; L MpPEACTaBIsA€ JOBXKUHY XKUTTEBOrO IUKIY obOnannanHs; C
MIPEJCTABIIAE€ MPAKTUKHU IUPKYISIPHOI €KOHOMIKU;, Wy, Wg, Wi Ta W, — IIe Baru, 1o
B1100pakaroTh BIJHOCHY BaXJIUBICTh KOXKHOTO (pakTopa.
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3arajibHa CTaJICTh MYJIbTUXMAPHOTO PIIIEHHS MOe OyTH BUPaKEHA SIK:

n (2.49)

Soverall = Z w;-S;,

i=1

ne S; — ue 1HJEKC CTaJoCTl I mpoBaiifepa i; w; — lie Bara, 1o BigoOpa)ae 4acTKy
pecypciB, BUALICHUX MPOBAUIEPY i.

IncTpymMeHTH MOHITOPHHTY

[HCTpyMEHTH  MOHITOPUHTY  3a0€3MeuyloThb  BHUJIMMICTh  MPOJYKTHUBHOCTI,
JIOCTYIHOCT1 Ta BUKOPUCTAHHS PECYPCIB MYJIBTUXMAPHUX CUCTEM 30€epiraHHsl.

BusHayeHHs: [HCTpyMEHTH MOHITOPUHTY B MYyJIbTUXMApHOMY 30€piraHHi — L€

IporpamMHi pIlIEHHs, IO 3a0e3Me4YylTh BHIWMICTb MNPOAYKTHUBHOCTI, JOCTYHHOCTI,
Oe3leKh Ta BUKOPUCTAHHS PECYpPCIB CHUCTEM 30epiraHHs Yy KUIBKOX XMapHHUX

MpOBaNIEePiB.

OnuHuUIl BUMIPIOBAHHS:

. NOKpUTTSL: Bi1cOTOK 1HGPACTPYKTYpH Ta MOCIIYT, 1110 MOHITOPSTHCS;

. IpaHyJIApHICTH AaHUX: PiBeHb AeTanizallii B 310paHuX MOKa3HUKAX;

. Tounicts crosimeHb: CIIBBIIHOIIEHHS MIEBUX CHOBINIEHL 0 XUOHHX
CIIpalbOBYBaHb;

. yac BIAryKy: Yac Mi BUHUKHEHHSIM NMPOOJIEMH Ta 1i BUSBICHHSIM.

Marematuunuii  Bupa3s: EQexkTuBHICTh MOHITOPUHTY M MOKHA KUIbKICHO

BU3HA4YUTH AK:

1
M=CG (2.50)

ne C mpencraBisie MOKPUTTS (BIICOTOK CHUCTEM, $IKI TMOKPHUTI MOHITOPUHIOM); G
MIPEJCTABIIAE€ TPAHYJSPHICTh 310paHUX JaHUX; A MPEJCTaBIsiE TOYHICTh CHOBIIIEHb; '
MIPEJICTABIISE€ YAC BUSIBJICHHS.

JI71st MyJIbTUXMapHUX CEPEIOBUII MOKIUBICTH MOHITOPUHTY MOKHA BUPA3UTH SIK:

Mmulti = min Mi , (251)

i€1,2,...n

ne M; npencrapisie eheKTUBHICT, MOHITOPUHTY JIJIsi XMApHOTO MpoBaiiepa i.
3BiTHICTH
3BITHICTh BIIHOCHUTBCS [0 Te€Hepallli CTPyKTypOBaHOi 1H(OpMaIli Mpo CTaH,
MPOAYKTUBHICTh Ta BUKOPUCTAHHS MYJbTUXMAPHUX CUCTEM 30€piraHHs.
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Bu3zna4venHsi: 3BITHICTh Y MYJbTUXMapHOMY 30€piranti — Iie mpolec reHeparii
CTPYKTypoBaHO1 1H(popMalii nOpo CTaH, MNPOAYKTUBHICTb, BUKOPUCTAHHS Ta
BIIMOBIAHICTh CUCTEM 30€piraHHs y KUIbKOX XMapHUX MpOBailjiepiB ISl HIATPUMKH
MPUUHSTTS PillIeHb Ta Mi3BITHOCTI.

OuHUII BUMIPIOBAHHS:

. KOMIIJICKCHICTE 3BITHOCTI: BIJICOTOK HEOOXI1THHMX ITOKA3HUKIB, BKIFOUYECHUX
IO 3BITIB;

. TOYHICTb 3BITHOCTI: CTyIiHb, A0 SIKOTO 3BITHI JaH1 B110OpakatoTh (PaKTUUH1
YMOBHY;

. CBOE€YACHICTh 3BITHOCTI: YacToTa reHepailii 3BiTiB Ta 3aTPUMKa B JIaHUX;

. MO>KJIMBICTh HAJAIITYBaHHS: 3JAaTHICTb aJalTyBaTH 3BITH Uil PI3HUX

ayAUTOPIN Ta LIJIeH.
MaremaTuuauii Bupas: SJKicTh 3BITHOCTI R MOXKHA MOJEIOBATH SK:

R=Wc'C+WA'A+WT°T+Wu'U, (252)

ne C TmpencraBise KOMIUIEKCHICTh, A TpPEACTaBisi€ TOYHICTh; 1 TMpeCTaBIisie
CBO€YACHICTh; U MpeNCTaBIIsIE 3pDYUYHICTh BUKOPUCTAHHS; W, W4, W Ta Wy — 1€ Bary,
110 B1JJ0Opa)karoTh BIIHOCHY BaXKJIMBICTh KOKHOTO (hakTopa.

[{iHHICTh MIATPUMKHU NPUUHSTTS pillieHb D 3BITHOCTI MOKHA BUPA3UTH SIK:

D=R-I-A, (2.53)

ne R — e sIKicThb 3BITHOCTI, / — 1€ PeJIEBAaHTHICTH 1H(pOpMAIIli AJIsl pillleHb, A — 1€ A1€BICTD
3BITHOI 1H(pOpMAITii.

2.3 OHTOJIOTiYHA MO/IeJIb PO3NOAiTIeHOr0 30epiraHHs JaHUX Y MYJbTUXMAPHHUX

cepeaoBHIAX

CkiagHICTh MYJBTUXMAPHHUX CEPEIOBUII 30€piraHHsl BUMArae CTPyKTypOBaHOTO
MIJIX0Y 10 pO3yMiHHs Ta popMartizallii BIIHOCUH MK PI3HUMU CYTHOCTSMHU, MIPOIIECAMHU
Ta KpuTepiasmMu. OHTOJIOT1YHA MOEIb 3a0e3meuye (hopManbHe TPeACTaBICHHS JOMEHHUX
3HaHb, (PIKCYIOUM KOHIICMIii, BIHOIIEHHS Ta OOMEXEHHS, 110 PETYIIOI0Th PO3MOILJICHE
30epiraHHsl JaHUX y KUIbKOX XMapHux mpoBaigepiB [102-104]. ¥V mpomy pozaimi
MpEJCTaBICHa KOMIUJIEKCHA OHTOJIOTIYHA MOJENb, siKa 0a3yeTbCsi Ha KpUTEPIisX,
BCTAHOBJICHUX Y TMOMNEPEIHbOMY PO3/1i, MPOMOHYIOUYH KOHIENTYaJbHY OCHOBY IS
aHaJi3y Ta NPOEKTYBaHHS €(PEKTUBHUX PIIIEHb MYJIbTUXMAPHOTO 30€piraHHsl.
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2.3.1 KoHuenrtyajbHa 0CHOBA /ISl MyJIbTHXMAPHOTI0 30epiraHHs

KonnentyanbHa oOcCHOBa JUisi MYJbTUXMApHOTO 30€piraHHsl BCTaHOBIIOE
(dbyHIaMEHTaJIbHI €JEMEHTH Ta BIJIHOUIEHHS, 10 XapaKTepU3ylTb CEpelOBUINA
PO3MOIIEHOTO 30epiraHHs JaHUX, 0 OXOIUTIOIOTh KUIBKOX XMapHUX mpoBaiiaepis. s
OCHOBA CITY>KUTh 023010 JIJIsl pO3pOOKHU OUIBI A€TATIBHOI OHTOJIOTIYHOI MOJIEI.

MynbpTUXMapHi cepeAoBUIa 30epiraHHs € 3a CBOEI0 MPUPOJOI0 CKIAJHUMU,
BKJIIOYAIOYH B3a€MO/II1 MK PI3HUMHU 3al11KaBJICHUMHU CTOPOHAMU, CUCTEMAMU Ta TUIIAMHU
JTAaHUX Yepe3 opraHizalliiiHi Ta npoBaiiepcbki Mexi. KoHllenTyaibHa OCHOBA JI0NIOMarae
OpraHi3yBaTU IO CKJIQJHICTh NUISAXOM I1JeHTU(IKAI] KIOYOBUX CYTHOCTEH Ta iX
BIIHOCHH, BCTAHOBJICHHS CITUIBHOTO CIOBHUKA Ta HAJAHHS CTPYKTYPH JJI aHAT13y BUMOT
710 30epiraHHs Ta pilieHb.

3anpomnoHOBaHa KOHIENTyaJdbHAa OCHOBA [JIi MYJbTUXMApHOro 30epiraHHs
OXOIUTIOE KIJTbKa KJIIOUOBUX BUMIPIB:

1. ApxiTekTypHi KoMnoHeHTH: Di31UHI Ta JTOT1YHI €IEMEHTH, IO CKIIAJIal0Th
1H(PpacTpyKTYypy MyJIbTUXMApHOTO 30€epiraHHs, BKJIIOYAIOYM pecypcu 30epiraHHs,
MepeKeBi 3'€THaHHS, CACTEMHU YIIPABIIIHHS Ta MEXaHI13MU O€3MEKH.

2. 3anikaBJiieni croponu: Ocobu Ta opraHizailii, 3aJy4eHl A0 €KOCUCTEMHU
MYJIbTUXMApPHOTO 30€piraHHs, BKJIIOYAlOUM BJIACHUKIB JaHUX, MOCTaYaJbHUKIB MOCIYT,
aJMIHICTPATOPIB, KIHIIEBUX KOPUCTYBAYIB Ta PETYyJISITOPHI OPTaHHU.

3. XapakTepucTUKH JaHMX: BrjactmBocTi pgaHuX, M0 30epiraroThes,
BKJIIOUYAIOYH 1X THI, POopMaT, pO3MIp, UyTJIIUBICTh Ta €Tal )KUTTEBOTO LIUKITY.

4. Onepauniitni nmpouecu: JlisnbHICTE Ta poOOYl MOTOKH, 3alyy€Hi 0
YIpaBIiHHS JAaHUMU Y KIJTBKOX XMapHUX MPOBaiepiB, BKIIOYAOUH PO3MIIICHHS JaHUX,
MIrpallito, pe3epBHE KOMIIOBAaHHS, BITHOBJIEHHS Ta KOHTPOJIb JOCTYIILY.

3. AtpudyTn sikocti: HedyHKIiOHATBHI XapaKTEepUCTUKH, 110 BU3HAYAIOTh
€(DEeKTUBHICTh PIIMICHHS MYJIbTUXMAPHOTO 30€piraHHs, BKJIIOYAIOUU HPOTYKTHUBHICTD,
HAJ1MHICTh, O€3IEKY, EKOHOMIYHY €(DEKTUBHICTh Ta CTAIICTh.

6. AcnexkTn ynpapJinHs: [loniTuku, craniapTd Ta HOpPMaTUBHI BUMOTH, 1110
PEryJIOITh, K JaHl 30€piraloThCsl, 3aXMILAIOTHCS Ta JOCTYIHI Yy KIIBKOX XMapHHUX
MpOBaNIepiB.

I1i BuMipu B3a€MOIIOB'sI3aH1 Ta BIIUBAIOTh OJIMH HAa OJHOTO PI3HUMHU CITOCOOAMH.
Hanpuknaza, XxapakTepuCTUKHU JaHUX BIUIMBAIOTh HA apXITEKTYpPHI PIIIEHHS, SIKi, B CBOIO
4yepry, BIUIMBAIOTh HA OMEpalliiiHl MPOIECH Ta aTpUOYTH SIKOCTi. AHAJIOTIYHO, ACTIEKTH
yIpaBJiHHSI OOMEXKYIOTh apXiTEKTypH1 BUOOPH Ta omeparliiiHi NpoueypH.

KoninenTtyanbHa OCHOBa TaKOK BU3HA€ NUHAMIYHUN XapakTep MYJIbTUXMapHUX
CEepeloBUI, JI€ YMOBH, BHMOTHM Ta MOKIIMBOCTI €BOJIIOIIOHYIOTh 3 uacoM. Llg
JUHAMIYHICTh BUMAara€e aJanTUBHUX MIJXOAIB JI0 YIpPaBIIHHS JaHUMH, SIKI MOXKYTh
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pearyBaTy Ha 3MIHH B I1abJIOHAX poOOUYOro HaBaHTAXKEHHS, MPOIO3UIISLAX MPOBAIEpIB,
HOPMAaTUBHUX JIaH[adTax Ta Opra”izaiiHuX IpiopUTETaX.
dopMaibHO KOHIENTYaJIbHY OCHOBY MOKHA MPEICTABUTHU SIK KOPTEXK:

MCF = (AC,S,DC,0P,QA,GA), (2.54)

ne AC — MHOXHWHA apXITEeKTYpHUX KOMIIOHEHTIB; S — MHOXXHHA 3aI[IKaBJI€HUX CTOPIH;
DC — MHOXXHMHA XapaKTEePUCTUK AaHuX; OP — MHOXUHA onepaniiHux npouecis; QA4 —
MHOKHHA aTpuOyTiB IKOCT1; GA - MHOKHHA aCIIEKTIB YIPABIIIHHS.

Koxen 3 mux eneMeHTIB MoOxHa jaanm (opmanizyBatu. Hampukiaa, MHOXUHY
apXITEeKTYpPHUX KOMIIOHEHTIB MOHA BU3HAYUTH SIK:

AC = acq,acy, ..., ac,, (2.55)
JIe KOXKE€H KOMIIOHEHT acj Ma€ CBO1 BIACTUBOCTI Ta QyHKIII:
ac; = (id;, type;, cap;, func;) , (2.57)
ne id; — yHikaapHUH i1eHTH(IKaTOp KOMIIOHEHTA; type; — TUIl KOMIIOHeHTAa (HaIpUKJIaI,
CXOBHIIIE, MEPEKa, OOUUCIICHHS); Cap; — MOTYXHICTh a00 EMHICTh KOMITIOHEHTA; func; —
(yHKIIIOHATBHI MOXJIUBOCTI KOMITOHEHTA.
B3aemonii Mk BUMipaM# MOKHA MPEICTABUTH SIK BITHOIIEHHS MK BIATIOBITHUMH

MHOXUHaMu. Hanpwukiaa, BiTHOMIEHHS MK XapaKTepUCTUKaAMU JaHUX Ta aTpuOyTaMu
SIKOCTI:

Rpcoa € DC X QA, (2.58)

ne mapa (dc, qa) € Rpc g 0O3HaUaE, IO XapaKTEPUCTHKA JAHUX dC BIUIMBAE HA aTPUOYT

SIKOCT1 qa.
2.3.2 BixHomeHHs Mi’)K CYTHOCTAMH B MYJIbTHXMAPHUX CHCTEMAaxX
30epiraHHs

Cnuparoyuch Ha KOHIENTYajlbHY OCHOBY, L€ pPO3ILT JOCHIIKYE KIHOYOBI
CYTHOCTI B MyJIbTUXMApPHUX CUCTEMaX 30epiraHHs Ta BIAHOMICHHS M)XK HUMU. Po3ymiHHS
I[UX BIJIHOCHH € BOKJIMBUM JJIsl pO3pOOKH €PEKTUBHOT OHTOJIOTTYHOI MOJIe1, sika (IKCYye
CKJIQJIHICTh PO3MO/IIEHOT0 30epiraHHs JaHUX y KUTbKOX XMapHUX MPOBanIepiB.
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JloMeH MyJIbTUXMapHOTO 30€piraHHsl OXOIUIIOE PI3HOMAHITHUN HA01p CYTHOCTEH,
K1 B3aEMOJIIIOTH CKJIAIHUMU crioco0ami. L{i cyTHOCTI MOKHa KaTeropu3yBaTy Ha KUJIbKa
IpyIL:

CyTHOCTI JIaHHX:

. 00'extu 1auux: OyHgaMeHTanbH1 OJUHUIN 1H(DOpMAaIii, 110 30epiraroThes,
K1 MOXYTh BKJIIOUaTu (hailiiu, AOKYMEHTH, 3amucu abo 1HII CTPYKTYpOBaHiI YU
HECTPYKTYpOBaHI1 JaHi.

. Koaexuii nanux: Jloriuni rpynyBaHHs NOB'I3aHUX 00'€KTIB TaHUX, TaKl SIK
0a3u naHux, (aitioBi cucTeMu, 00'€KTHI CXOBHIIA 00 PENO3UTOPIi KOHTEHTY.

. Mertanani: I[adopmariis npo o00'€KTH HaHWUX, BKIIOYAIOYHM OITHMCOBI
aTpuOyTH, TEXHIUHI BIACTUBOCTI Ta IHPOPMAIlIIO PO YIPABIIHHS.

CyTHocCTi iHOPACTPYKTYPH:

. Pecypcu 30epirannsi: ®i3uyHi abo BipTyalbHI HOCIi 30epira”ss, MO

BUKOPHUCTOBYIOTBbCSl N1 30€pEXKEHHsI JaHUX, BKIIOYAIOYM AWCKU, TOMHU, OaKeTu Ta
KOHTEUHEPH.

. O6uucaoBaibHi pecypcen: MoxJIMBOCTI 0OpOOKH, 1110 BUKOPUCTOBYIOTHCS
JUIsL omepanii 3 JaHUMH, BKIIOYAIOYU CEpBEpPH, BIPTyaldbHI MAalIMHU Ta Oe€3CepBEpHi
GyHKIII.

. Mepe:xkeBi pecypcu: KomyHikaiiiiini nuisixu, mo 3a0e3neuyroTh nepenavy
JAHUX MIDXK KOMIIOHEHTaMH, BKJIIOYAIOYM 3'€IHAHHS, LUIIO3M Ta MEPEXl JOCTaBKHU
KOHTEHTY.

CyTHOCTI IPOBAMJIEPIB:

. Xmapni npoBaiinepu: Opranizaiiii, [0 OPONOHYIOTh MOCITYTH 30€piraHHs,
KOKHa 31 CBO€KO IH(PPACTPYKTYpPOI, MOMKIMUBOCTAMH, MOJIEISIMU I[IHOYTBOPEHHS Ta
yroJiaMmu Ipo piBeHb 0OCITyTOBYBaHHS.

. Cepsicni npono3unii: KonkpetHi mocinyru 30epiradssi, 1m0 HaJarOThCS
XMapHUMH TMpOBaiiepaMu, Taki Ak 00'ekTHe 30epiranHs, OmouHe 30epiranus, daitiose
30epiranHs abo nociyru 0a3 1aHuX.

. Perionn Ta 30HuM: ['eorpadiuni mnoaum i1HPPACTPYKTYpU XMapHOTO
npoBaijiepa, IO BIUIMBAIOTh HA JOKAJbHICTh JAHUX, 3aTPUMKY Ta BIANOBIIHICTD
HOPMATHBHUM BHUMOTaM.

CyTHOCTI yrpaBJiHHS:

. Honituku: IlpaBuna Ta KepiBHI MPUHLMUIM, IO PETYIIOIOThH, SK JaHi
30epiraroThCs, 3aXUIIAI0THCS, JOCTYIIHI Ta KEPYIOThCS.

. IIpouecu: IlocniToBHOCTI A1, 110 BUKOHYIOTHCS JJIs1 YIPAaBIIHHS JaHUMHU
MPOTATOM X JKUTTEBOTO ITUKITY.

. Incrpymentn: IlporpamHi cucTeMHU, 110 BUKOPUCTOBYIOTHCA  JJISI
MOHITOPUHTY, KOHTPOJIIO Ta ONTUMI3aIlll MyJIbTUXMAPHUX CEPEIOBUII 30€piraHHs.
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CyTHOCTI KOPHUCTYBAYIB:

. Opranizanii: Cy0'ekTu, sKi BOJOAIIOTH Ta BIANOBIAAIOTH 3a JlaHi, IO
30epiraroThCs.
. AnminictpaTopu: Ocobu, BiNOBIIalibHI 32 YIPaBIIHHS MYJIbTUXMapHUM

cepeoBUIIEM 30epiraHHs.

. Kinnesi kopucryBaui: Ocobu abo cucrtemu, siki CTBOPIOIOTh, OTPUMYIOTh
JOCTYT Ta BUKOPUCTOBYIOTh 30€pexkeH1 JIaHi.

dopMaIbHO Il CYTHOCTI MOKHA MPEACTABUTH SIK MHOXUHHU:

oD =d,,d,, .., d, (MHOXHHaA 00'EKTIB JaHUX)

oDC =dcq,dcy, ...,dc,, (MHOXMHA KOJIEKI[IN JAHUX)

eMD = md,;,md,, ..,md, (MHOXHHa METaJlaHUX)

oSR = s1y,S7, ...,ST; (MHOXHHa pecypciB 36epiraHHs)

oCR = cry,c1y, ..., 1 (MHOXHMHA 00YHCIIOBAJIbHUX PECYPCIB)

oNR = nry,nry, ...,nr;  (MHOXXHWHA MepeXeBUX PeCYPCiB)

oCP = cpy,cpy, ..., cp; (MHOXMHA XMapHUX NPOBai/iepiB)

¢S50 = 504,505, ...,50,, (MHOHHA CEPBICHUX MPOMO3UILiN)

®RG =71g41,79>, -, 79, (MHOXHHA PerioHiB)

oPL =ply,pl,, ...,pl,, (MHOXHHA NOJIITUK)

oPR = pry,pTy, ..., PT,  (MHOXKHHA MPOLECIB)

oTL = tly, tly, ..., tl, (MHOXHHA IHCTPYMEHTIB)

*ORG = org,,07rg,, ...,0rg, (MHOXHHa OpraHisaniin)

®ADM = adm,,adm,, ...,adm, (MHOXHWHa aJiIMiHiCTpaTOpPiB)

oUSR = usry, usry, ..., usr, (MHOXHHa KiHIIEBUX KOPHUCTyBayiB)

Ili cyTHOCTI MOB'si3aH1 4epe3 pi3HI BIAHOIICHHS, $Ki BH3HA4YalOTh, K BOHU
B3a€EMOJIIIOTh B €KOCUCTEMI MYJIbTUXMapHOro 30epiranHs. @opManbHO 111 BiTHOUIECHHS
MO>KHA TPEJICTABUTH SIK:

BigHoiieHHs BIaCHOCTI Ta BIANOBIIATBLHOCTI:

. owns € ORG X (DU DC) - BigHOIIEHHS BIIACHOCTI Opragisamiii Haj
JTAHAMH;

. operates € CP X SR - BijHOIIEHHS eKCIUTyaTalli mpoBaijaepamu
pecypcis;

. responsible € ADM X PL — BIJTHOIIIEHHS BIJIITOB1QJIbHOCTI

aJMIHICTPATOPIB 32 MOJITHUKH.
BigHoIeHHA BMICTY Ta KOMIOO3HIIIL:

. contains € DC X D - BifHOIIIEHHS BMICTY KOJEKI[IH JaHUX;
. hosts € SR X (D U DC) - BigHOIIEHHS PO3MIILEHHS PECYPCaMU JIaHMX;
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. includes € RG X RG - BimHOIIEHHS BKIIOYEHHS PETIOHIB (HAPUKIIA,
pErioH BKIIIOYAE 30HU).
OmnepalliifHi BiIHOIIEHHS:

. governs € PL X D - BiiHOIIIEHHS peTyIIOBaHHSA MOJITUKAMU JJAHUX;

. allocates © SR X D - BigHOIIEHHS BUIIJICHHS PECYPCIB IS TaHUX;

. connects € NR X (SRU CR) - BigHomIeHHsS 3'€QHAHHI MEPEKEBUMU
pecypcamu.

BigHonieHHs yrpaBIiHHSA:

. restricts € PL X (D X RG) - BigHomIEHHsS 0OMEKEHHS PO3MIIIIEHHS TaHUX;

. controls € PL X (USR X D) - BigHOIIIEHHS KOHTPOJIIO JOCTYITY JI0 JaHHX;

. influences € QA X SR - BigHOmEeHHS BIIUBY aTpUOYyTIB SKOCTI Ha
pecypcu.

YacoBi BIIHOIICHHS:

. evolves € D X T X LC - BigHOIICHHS €BOJIONII JaHUX Yepe3 eTalu
xutTeBoro nukiay LC y gaci T;

. provisions € SR X T - BigHOI1IeHHS 3a0€3M€YEHHS PECYPCiB y Yaci;

. schedules € PR X T - BigHOIIIEHHS MJIaHYBaHHSA MIPOLIECIB y Yaci.

[li BigHOIIEHHSI MOXHA (DOpManbHO BU3HAYUTU K (DYHKIII a00 BIHOLIECHHS 3
BIAMIOBIIHUMH BJIACTUBOCTSAMH. Hampukiaz, BITHOIIEHHS BIaCHOCTI MOXXHA BU3HAYUTH
SIK:

owns: ORG X (D U DC) - true, false,

ne owns(org, d) = true o3Hauae, 1110 OPraHi3aIlis org BOJOIIE 00'€KTOM JaHMX d.
AHAaJIOT1YHO, BITHOIIIEHHS PO3MIIIIEHHSI MOXHA BU3HAYUTH SIK:

hosts: SR X (D U DC) — true, false,
ne hosts(sr, d) = true o3Hauae, 110 pecypc 36epiranss s» po3MiIrye 00'eKT TaHHX d.
Jlns OUIbIN CKJIQAHUX BITHOIIEHb, TAaKUX SK EBOJIIOLIS JaHUX Yepe3 eTallu
KUTTEBOTO ITUKITY, MOKHA BUKOPUCTOBYBATH (PYHKITIi 3 4ACOBOIO 3aJICKHICTIO:

evolves:D XT - LC,

ne evolves(d,t) = lc o3nauac, mo 00'exT HaHUX d 3HAXOAMUTLCA HA €Talll KMUTTEBOTO
nuKiy lc y yac t.
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233 dopmaJiizalisi NpoueciB Ta NpeAcTaABJICHHs PO00YUX IOTOKIB

Jlnst  edeKTUBHOrO YIMpaBIiHHSA JaHUMH B MYJbTUXMapHUX CEPEIOBUINAX
HEe0OX1HO (popMatizyBaTH MPOIECH Ta poOOUl MOTOKH, 10 PETYIIOITH NEPEMIIICHHS,
30epiraHHs Ta JOCTYyH [JI0 JaHUX Yy KUIbKOX TpoBaiiepiB. [lani mnpeactaBieHO
CTPYKTYypOBaHUM MiAXia A0 Qopmainizailii IpoleciB, BHU3HAYAIOUYM KIIOUYOBI poOoui
MOTOKHU Ta iX KOMIIOHEHTH.

[Iponecu MyIbTUXMAPHOTO 30€piraHHs OXOIUTIOITh ITUPOKUN CIIEKTP AISILHOCTI,
B/l MOYATKOBUX pIII€Hb IOJ0 PO3MIIIEHHS JaHUX 10 MOTOYHOTO YIpaBJIiHHS Ta
OCTaTOYHOTO BUBEJEHHS JaHUX 3 eKcIulyaTaiii. L{i mpouecu NMOBHHHI BpaxoOBYBaTH
PI3HOMAaHITHI MOXJIMBOCTI, OOMEXEHHS Ta 1IHTepPEeNCH Pi3HUX XMApHUX MPOBANIEPIB,
3a0e3Meuyoun Ipu [bOMY MOCTIOBHY 00pOOKY JaHUX BIJIMOBIAHO O OpraHi3aliiiHux
BuMor. dopmainbHO mpouec P MoxkHA IPEICTaBUTH SIK KOPTEXK:

P=(,4,00C), (2.59)

ne I © U — MHOXHHA BXIJJHUX JaHUX Ta MapaMeTpiB 3 YHIBEpcalbHOI MHOXUHU U, A =
a,, a,, ..., A, — BOOPpSAKOBaHAa MHOXKHMHA JIiit abo omnepariii, 0 € U — MHOXHHA BUX1THUX
pe3ynbrariB, C — MHOKHUHA 00MEXKEHB, 110 3aCTOCOBYIOTHCS JI0 MPOLIECY.

Koxna nist a; € A Mmoxe OyTu nmpeacTaBieHa fK:

a; = (pre;, op;, post;, res;, dur;) , (2.60)

ne pre;:U — true, false — mpenauwkaT, MO BU3HAYA€E TMEPEAYMOBH ISl BUKOHAHHS
onepatlii; op;:U —» U — ¢yHKIS NEepeTBOPEHHS, L0 MPEACTaBIs€ camy OIMEpallio;
post;:U — true, false — mnpenukar, MO BU3HAYAE MICISYMOBH TICIS BUKOHAHHS
omepailii; res; € R — MHOXUHA pecypciB, HEOOXIIHMX JJis BHUKOHAHHS oOIeparlli,
dur;: R*— TpuBaicTh BUKOHAHHS OepaLlii.

OcHOBHI Ipouecu MyJIbTUXMAPHOTI0 30epiraHH:

1. IIpouec po3mimenns nanux: BuszHavae, e 1aHl MOBHMHHI 30epiratucs Ha
OCHOBI PI3HUX KPUTEPIiB.

DopManbHO LEU NMPOLEC MOXKHA IPEICTABUTH SIK:

Pplacement = (Iplacement: Aplacement; Oplacement' Cplacement) ’ (2'61)
ne Lpiacement = Dreqr Sreq» CPeap — BXIIHI HaHi, 10 BKIKOYAIOTh BUMOTHU JIO JaHHUX,
BUMOIM 0  30epiraHHs  Ta  MOXJIMBOCTI  NpOBaWuEpiB;  Apigcement =

analyze, evaluate, optimize,decide  —  nocmimoBHicTs  HiH;  Opigcement =
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DPlacement, SAllocation — BuUXimHI pe3ydbTaTH, MO BKJIIOYAIOTH PIMIEHHS TIPO
PO3MIILEHHS JAHUX Ta IUIaH po3noainy 30epiratbs; Cpigcement = Ceosts Cperfr Ccomp —
OOMEXEeHHS, 10 BKJIIOYAIOTh OOMEXKEHHS BapTOCTi, BUMOTH 1O NPOJYKTHBHOCTI Ta
0OMEe)XEeHHS BIAMOBITHOCTI.

2. IIpouec 3aBanTa:xenHs nanux: [lepenae nani 3 ix mkepena 10 BUOpaHUX
MICIIb XMapHOTO 30epiraHHs.

(2.62)

Pingestion (Iingestion; Aingestionr Oingestion' Cingestion) ’

1€ lingestion = Dsourcer Ttarget» Pparams — BXIIHI JiaHi, 0 BKJIIOYAKOTh BHUXIIHI JaHi,
IUTLOBI MICHA Ta MapameTpu nepenadi; Aingestion = pPrepare,transfer,verify —
NOCHIAOBHICT 1M, Oingestion = Dstoreds Ltransfers Rverify — BAXUIHI PE3yJIbTaTH, WO
BKJIIOYAIOTh 30€PEKEH] JIaHi, JOTH Nepenadl Ta pesyinbTartd NepeBIpKd; Cingestion =
Cow: Ctimer Crormar — OOMEXKEHHS, 110 BKIKOYAIOTH OOMEKEHHS TIPOIYCKHOT 3/1aTHOCTI,

4acoBI BIKHA Ta CYMICHICTh (pOpMaTiB.
3. IIpouec pemikanii nanux: CTBOPIOE Ta MATPUMYE KOIIIi TaHUX Y KUIBKOX
MpOBanIepiB.

(2.63)

Preplication (Ireplicationr Areplication» Oreplication' Creplication) ’

1€ Ireptication = Dsourcer Ppoticys Ttarger — BXIIHI JlaHi, M0 BKIKOYAIOTh BUXIIHI JaHi,
MOJITUKY peruikaii Ta JIHOBI MICIIS; Areplication =
initial,.eplication, detect hanges, synchronize — nocminoBHicTb Mil; Oreplication =
Dyeplicatedr Sconsistencys Lreplication = BUXIIHI PE3YIIBTATH, 110 BKIIIOYAKOTH PEILTIKOBAHI
JIaHi, CTaTyC y3roJUKEHOCTI Ta JOTU permikauii; Crepiication = Ceonsistencyr Cowr Ceost —
OOMEKEHHS, 110 BKJIKOYAIOTh BHMOTM JO Y3TOJDKEHOCTI, OOMEXEHHS HpPOIyCKHOI

3IaTHOCT1 Ta OOMEKEHHS BapTOCTI.
JIJIsi KO’)KHOTO TIPOIECY MOKHA BHU3HAYUTH TOTIK BHUKOHAHHS SK OPIEHTOBAHWU

rpad:
Gp = (AE), (2.64)

ne A — mHoXxuHa Aid mporecy P; E € A X A — MHOXUWHA CIPSIMOBAaHUX pedep, 110
MPEJICTaBJISAIOTh TOCTIOBHICTh BHUKOHAHHS. Pebpo (ai, aj) € E osnauae, mo mis a;
BUKOHYETBCS MICISA All a;.

Jlns mpolieciB 3 YMOBHUMHU PO3TATY’KEHHSIMA MOXHA BH3HAYUTH (PYHKIIIIO
nepexoy:
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§5:A XC > A, (2.65)

ne §(a;, ) BU3HAYAE HACTYITHY [IifO MICIIA a; IPH YMOBI C.

Touku NPUITHATTSA pillleHb Ta NPaBUJIA:

Touku NPUUHATTS PIlIEHDb Y MPOIecax MOXKHA (opMati3yBaTH SIK MPEAUKATH, 1110
BU3HAYAIOTH IUISAX BUKOHAHHS:

decision: U - true, false .

Hanpuknazn, pimeHHsS Opo 3acTOCyBaHHA WU(PYBaHHS HAa OCHOBI YYTJIMBOCTI
JaHUX MOYHA IPEICTaBUTH SIK:

true, {sakmo} sensitivity(d) = threshold
false, {inakiue}

)

encrypt_decision(d) = {

ne sensitivity: D — R — ¢ynkiis, mo Bu3Hauae piBeHb Yy TIIMBOCTI JaHUX, a threshold —
MIOPOTOBE 3HAUEHHS JJIs 3aCTOCYBaHHS IN(PYBaHH.

IToka3HUKM MpoueciB Ta ONTUMI3aLis:

J171s1 o1iHKY €(heKTUBHOCTI MPOIECIB MOKHA BU3HAYUTU MHOXXHUHY METPUK:

M =mq,m,,..,my, (2.66)

Jie KO’)KHa METpuKa m; € (PyHKIII€0, 10 BiJoOpakae BUKOHAHHS MPOIECY HA YKCIIOBE
3HAYCHHS:
m;: P X Execution — R.

Hanpuknaa, MeTprika yacy 3aBepIlIeHHS IIPOIIECy MOKe OyTH BU3HAUYEHA SK:

completion,ime(P,e) = Z duration(a, e), (2.67)

aEAp

ne duration(a, e) - TpuUBaTiCTh BUKOHAHHS JIii ¢ Y KOHKPETHOMY BUKOHAHHI e.
Onrtumizaiisi npouecy Moxe OyTu chopmylsibOoBaHa K 3ajada MiHimizalli abo
MaKCHMI3allii BIAMOBITHUX METPHUK:
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k
optimize(P) = arg ,‘L‘é‘; Z w; -m;(P"), (2.68)

i=1

ne P — MHOKMHA MOKJIMBUX Bapi1aHTIB MPOIIECY; W; — Baru, 10 BiI0OpaxarTh BITHOCHY
BAXKJIUBICTh KOKHOI METPUKHU.

2.2.4. 3an1pOoNIOHOBAaHA OHTOJIOTIYHA MO/IeJIb HA OCHOBI KOMILIEKCHUX KPUTEPIiB

Cnuparounch Ha KOHLENTyaJlbHY OCHOBY, BIJHOIIEHHS MIXK CYTHOCTSIMHU Ta
dbopmamizallito npoieciB, 00roBOpeHi B MONEPEAHIX Po3iiaxX, TeHep NpeacTaBIsSEThCS
KOMIIJIEKCHA OHTOJIOTTYHA MOJIENb JUIsl MyJIbTUXMapHOro 30epiranss aanux. Ls monens
IHTErpy€e KpuTepli, BCTAHOBIIEHI B po3iii 2.1, Ta 3a0e3neuye hopMaabHe IpeaCcTaBICHHS
JOMEHHMX 3HaHb, HEOOXIIHMX [UJIs aHaji3y, MPOEKTYBaHHS Ta ONTHUMI3alli pillIeHb
PO3MOIIEHOTO 30€epiranHs y KiJIbKOX XMapHUX pOBaiepiB.

®opMabHO OHTOJIOTTYHY MOJIENIb MOKHA MPEICTABUTH K KOPTEXK:

0 = (C,R,A I, Ax), (2.69)

ne C — MHOXXKHMHA KJaciB (KOHIEMIi#), R — MHOXXWHA BIHOIIIEHb MIXK Kiacamu, A —
MHOHHA aTpUOYTIB KJaciB, | — MHOKMHA €K3eMIUISIPIB KJaciB, AX — MHOXKHHA aKCioM,
[0 BU3HAYAIOTh OOMEKEHHSI Ta PaBUJIa BUBEICHHS.

MuoxwuHa kiaciB C BKJIIOYa€e BC1 KOHIIETINT, BU3HAUYCHI B MOMEPEIHIX pO3aiiax,
OpraHi30BaHi B TAKCOHOMIIO 3 BIHOIIIEHHSM HacliayBaHHs is, € C X C:

C = Data, DataClassification, Datalifecycle, StorageResource,
CloudProvider, StorageService, Region, StoragePolicy,
PerformanceMetric, SecurityControl, ComplianceRequirement,
CostComponent, DataPlacement, DataOperation, ...

Jlist koxHOTO Kitacy ¢ € C BU3HAUEHO MHOXXHUHY aTpuOyTiB A, € A :
AData
= datalD, size, format, sensitivity, creationDate, lastAccessDate, ... Acioudrrovider
= providerID,name, serviceLevel, reputation, costModel, ... As;orageservice
= servicelD, type, capabilities, limitations, pricingStructure, ...
BigHomienHs Mk KjacamMy R BKIIFOYAIOTh P13HI TUITH 3B'A3KIB:
R = classifiedAs, hasLifecycle, placedln,
undergoes, providedBy, partOf, locatedlIn, offers, operates,
governedBy, usesResource, measuredBy, securedBy, characterizedBy,
pricedBy, implementedBy, enforcedBy, ...
Koskne Bigaomenss r € R mae gomen dom(r) € C i miamason range(r) < C:
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dom(classifiedAs) = Data,range(classifiedAs)
= DataClassificationdom(providedBy)
= StorageResource,range(providedBy)
= CloudProviderdom(of fers) = CloudProvider,range(of fers)
= StorageService
Axciomu AX BU3HAa4alOTh 0OMEKECHHS Ta TIPABUIIA BUBEICHHS, 110 3aCTOCOBYIOThHCS
710 KJIaciB, aTpUOYTIB Ta BIAHOCHH:
1. KoxeHn 00'ekT maHnX MOBHHEH MaTH MPUHAWMHI OJIHY Kiacudikamiro:Vd €
Data,3c € DataClassification: classifiedAs(d, c)
2. Koxen pecypc 30epiranisi Haa€ThCsl pIBHO OJJHUM XMapHUM IIPOBaNIEepOM:
Vr € StorageResource,3! p € CloudProvider: providedBy(r,p)
3. Ski1o naHi po3MmileHi B pecypci 30epirants, TO BOHH HiAMOPSIAKOBYIOTHCS
BCIM MOJIITUKAM, 1110 3aCTOCOBYIOTHCS JI0 I[OTO PECYPCY:
Vd € Data,Vr € StorageResource,Vp
€ StoragePolicy: placedIn(d,r) A appliesTo(p,r)
= governedBy(d,p)
4. JlaH1 3 BHCOKOIO UYTJIMBICTIO MOBHHHI 30epiratucs Julle B pecypcax 3
BIIMOBIAHUM piBHEM UG PYBaAHHS:
vd € Data,Vr
€ StorageResource: (sensitivity(d) = threshold)
AplacedIn(d,r)

= (encryptionLevel(r) > requiredLevel(sensitivity(d)))

OHTOJIOTIYHA MOJENh TaKOXX BKJIIOYAE TpaBWjIa BUBEIACHHS, SIKI JO3BOJIIOTH
OTPUMYBATH HOBI 3HAHHS 3 ICHYIOUUX (DAKTIB:

1. TpaH3UTUBHICTH BiIHOIICHHS PO3MIIIEHHS Yepe3 KoJekiii maHux: Vd €
Data, Vc € DataCollection, Vr € StorageResource: partOf(d, c) A placedIn(c,r) =
placedIn(d, r)

2. BuBenenns BiamoBimHOCTI HOpMaTUBHMM BuMoram: Vd € Data, Vr €
StorageResource, Vp € CloudProvider, Vreg € Regulation: placedIn(d, r) A
providedBy(r, p) A compliesWith(p, reg) = compliantWith(d, reg)

3. OOuucrmeHHs  3aragpHOi  BapTocTi  36epiramms:  totalCost(d) =
YrestorageResource PlacedIn(d, r) - size(d) - costPerUnit(r)

InTerpanis KOMIUIEKCHUX KPUTEPIiB:

OHTONOr1YHA MOJIETh BKJIIOYA€ KOMIUIEKCHUM HAO1p KPUTEP1iB, BCTAHOBIEHUX Y
pozaim 2.1, muisaxoM ix BigoOpakeHHs Ha BIAMOBIIHI KJIaCH Ta BIAHOIIICHHS:

1. Kpurepii, noB'si3aHi 3 NpOAyKTHBHICTIO:
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o Kinac PerformanceMetric 3 migknacamu LatencyMetric, ThroughputMetric,
IOPSMetric

o ATtpubytu threshold, unit, currentValue

o Bignomenns measuredBy mixk DataOperation ta PerformanceMetric

o Bignomenns characterizedBy mix StorageService ta PerformanceMetric

dopManpHO:

PerformanceMetric € C
LatencyMetric, ThroughputMetric, IOPSMetric < PerformanceMetric
threshold, unit, currentValue € Aperformancemetric
measuredBy € DataOperation X PerformanceMetric
characterizedBy < StorageService X PerformanceMetric

2. Kpurepii HagiiiHOCTI Ta JOCTYIHOCTI:

o Knac ProtectionPolicy 3 arpubyramu redundancyLevel, availabilityTarget,
backupFrequency, rpo, rto

o Bignomenns protectedBy mixk Data ta ProtectionPolicy

o Bignomenns implementedBy mixx ProtectionPolicy Ta StorageService

dopManpHO:

ProtectionPolicy < StoragePolicy
redundancyLevel, availabilityTarget, backupFrequency,rpo, rto
€ AProtectionPolicy
protectedBy < Data X ProtectionPolicy
implementedBy < ProtectionPolicy X StorageService

3. Kpurepii 0e3nexku Ta BIANOBIAHOCTI:

o Kiac SecurityControl 3 migknacamu EncryptionControl, AccessControl,
AuditControl

o Kinac ComplianceRequirement 3 atpuOyTtamu regulation, jurisdiction,
controlMapping

o Binnomenns securedBy mixx DataOperation Ta SecurityControl

o Bignomenns enforcedBy mixk ComplianceRequirement ta StoragePolicy

dopManpHO:

SecurityControl € C
EncryptionControl, AccessControl, AuditControl < SecurityControl
ComplianceRequirement < C
regulation, jurisdiction, controlMapping € Acompiiancerequirement
securedBy < DataOperation X SecurityControl
enforcedBy < ComplianceRequirement X StoragePolicy
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Ha puc 2.1 3006paxkeHa aiarpama uUIlOCTPY€E€ OCHOBHY CTPYKTYpY 3alpONOHOBAHO1

OHTOJIOTIYHOI MOJIEII.

Data
+datalD
+size
+format
. +sensitivity
+creationDate !
+lastAccessDate
1
1
classifiedAs hasLifecycle undergoes placedin
1.0 | 1 \ 0. [
DataClassification DataLifecycle DataOperation N . DataPlacement
ComplianceRequirement
+classificationID +lifecyclelD +operation|D B +placementID
L +requirement|D
+sensitivityLevel +currentStage +type +regulation +dataReference
+regulatoryRequirements +retentionPeriod +timestamp . g. o ;.. tresourceReference
) . B +jurisdiction | =
+businessValue +archivalPolicy +status B +placementDate
Y ¢ 1.8 N +controlMapping N
+accessPattern +deletionPolicy +metrics 1.0 +placementRationale
N TS
1
_ 2
governedBy enforcedBy securedBy [ e
ol
0. )
- ¢ StorageResource
N StoragePolicy SecurityControl
- — - +resourcelD
+policylD +controllD +type
+objective +type +capacity
+constraints | +strength +performance
+priority +implementationStatus 1,4 +cost
+location
providedBy -
1
CloudProvider
ProtectionPolic: I -
PlacementPolicy o N
+providerID
. o +backupFrequency +name
measuredBy +optimizationCriteria A a locatedin | N partOf
) +encryptionRequirements +serviceLevel
+constraintSet .
+redundancyLevel +reputation
+costModel
S
1
operates
StorageService
n +servicelD
+regionlD .
+geographiclLocation | oc):)abilities
+jurisdictions \imitati
+limitations
+availabilityZones L
+pricingStructure
characterizedBy pl"icedBy
1.
1.0
PerformanceMetric / CostComponent
‘metriclD |
" 1 +componentID
+name - P
+unit
+threshold | ramount
+billingPeriod
+currentValue

Pucynok 2.1 3anponoHoBaHa OHTOJIOTYHA MOJIETIb CUCTEMU

[st miarpamMa mpeacTaBiisie OCHOBHI KJIacH Ta BITHOIIEHHS B OHTOJIOT14HIN MOJIEII.
dakTHYHA peati3allis BKIOYaTHME J0JaTKOBI KJIacH, BJACTHBOCTI Ta BIJHOILICHHS JJIs

MOBHOTO  (DIKCYBaHHS

MaremaTtuuaO

BITHOIIIEHHS

CKJIAJHOCTI

MK  KJIacaMH

MYJIbTUXMAPHUX

CepPEeIOBHIII
MpeICTaBICHA

30epiraHHs.

B Tabmum 2.1



84

Tabauys 2.1 Onuc Kpoxie 3anponoHO08aHO20 KOMNJIEKCHO20 Memoody ma ix 6njiue

N MareMaTH4Hi BUPAa3H BIIHOILIEHb MK KJIACAMHU
1 classifiedAs < Data X DataClassification

2 hasLifecycle < Data X DatalLifecycle

3 placedIn < Data X DataPlacement

4 undergoes < Data X DataOperation

5 providedBy < StorageResource X CloudProvider

6 partOf < StorageResource X StorageService

7 locatedIn < StorageResource X Region

8 of fers € CloudProvider X StorageService

9 operates < CloudProvider X Region

10 is,(PlacementPolicy, StoragePolicy)

11 is,(ProtectionPolicy, StoragePolicy)

12 usesResource < DataPlacement X StorageResource

13 governedBy < DataPlacement X StoragePolicy

14 measuredBy € DataOperation X PerformanceMetric
15 securedBy < DataOperation X SecurityControl

16 characterizedBy < StorageService X PerformanceMetric
17 pricedBy < StorageService X CostComponent

18 implementedBy < ComplianceRequirement X SecurityControl
19 enforcedBy € ComplianceRequirement X StoragePolicy

JI7s KOKHOTO BITHOIICHHS MOXXHA BH3HAYWTH JOJATKOBI BIACTHBOCTI, Takl SIK
KapIMHAJIbHICTh, TPAH3UTUBHICTh, CHMETPUYHICTh a00 pedaekcuBHicTh. Hanpukian:

. Bignomenns providedBy Mae kapauHanbHICTh "06arato 10 o1HOro" (KOXKeH
pecypc 30epiraHHsi HaJla€TbCsl PIBHO OJTHUM XMapHUM MPOBANIEPOM)

. Bignomenns locatedln € TpaH3UTUBHHM (SIKIIO pecypc pO3TAIlllOBaHUU Yy
30H1, a 30Ha pO3TaIlIOBaHa B PEriOH1, TO peCypc PO3TAIIOBAHUN Yy PETI0H])

. BigHomieHHs 1S_a € TpaH3UTUBHUM 1 peIEKCUBHUM

OHTONOT1YHA MOJIeNIb TAKOX BKJtOUae (QyHKIT IHTEpIpeTallii, ki BijoOpakaroTh
KOHIIEMIIIi Ta BITHOIIIEHHS Ha KOHKPETHI €K3EMILISIPH B IOMEHI:

[(Data) < Al
I(classifiedAs) € I(Data) x I(DataClassification) ,

ne Al - nomen IHTepIpeTaIllii.

AKCIOMH OHTOJIOT11 MOHA BUPA3UTH 32 IOTIOMOT0I0 JIOT1KHU MEPILIOro NOpsIKy abo
JECKpUNTUBHOI Jioriku. Hanmpukiaz, akcioma, 110 BUMarae mu@pyBaHHs ISl Yy TIUBUX
TAHUX:
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Vd € Data, Vr € StorageResource, Vp
€ DataPlacement: (sensitivity(d) = highSensitivity) A placedIn(d, p)
A usesResource(p,r) = 3Ic
€ EncryptionControl: appliesTo(c, r) A strength(c)
> requiredStrength(sensitivity (d)).

s dbopmanbHa OHTOJIOTIYHA MOJIENb 3a0€3Meuye MOTYKHY OCHOBY Il aHATI3y
MYJIBTHXMAPHUX CEPENOBHIN 30€piraHHs JaHWX, JO3BOJISIOUM aBTOMATH30BaHE
BUBEJICHHS, IMEPEBIPKY Y3rO/KEHOCTI Ta MIATPUMKY MPUUHATTS PIlIeHb 1100
ONTUMAJBLHOTO PO3MIIIEHHS Ta YIPABIIHHS JaHUMHU.

IlepeJiik onepauiii Ha OCHOBI OHTOJIOTTYHOI MO/IEJII:
3anponoHoOBaHa OHTOJOTTYHA MOJIETh MIATPUMYE PI3HI TUIIK ONEpalliii Ta 3amuTiB,
K1 MOKYTb JOTIOMOI'TH B aHaJI131 Ta ONTUMI3ALi PillIEeHb MYJbTUXMAPHOIO 30€pIraHHs:

1. Bu3znavenns kjacy 30epiranisi nanux: BuzHaueHHs BiIMOBITHOTO KJIacy
30epiraHHs AJid JaHUX Ha OCHOBI iX XapaKTePUCTUK Ta BUMOT

2. IlepeBipka BinmoBignocrti: IlepeBipka, 4YM 3aJ0BOJIbHSIE KOHKPETHE
PO3MIIIIEHHS JaHUX BCIM 3aCTOCOBHUM HOPMAaTUBHUM BUMOTaM

3. Onrumizanisa Baprocti: BuzHaueHHss HalOUTbII €KOHOMIYHO €()EeKTUBHOL
KOH(irypaiiii 30epiranHs, o BIJMOB1Ia€ BAMOTaM MPOJYKTUBHOCTI Ta HAIIMHOCTI

4. Ouinka pusuky: OIlHKa [OOTEHUIMHUX PpU3HUKIB, IOB'S3aHUX 3
KOHKPETHUMH BapiaHTaMH 30epiraHHs

5. AHauni3 BILIUBY: BU3HaueHHs HAC1JKIB 3MiH Y BUMOTax a00 MOJIMBOCTSIX
npoBauepa

[{i MOXITMBOCTI omeparii J03BOJAIOTh OUIBII CKIAIHI MIIXOAHW JI0 YNPABIIHHSA
MYJIbTUXMApHUM 30€piraHHsM, J03BOJSIOUM OpraHizallisiM MpuiiMaTH OOTPYyHTOBaHI
pILIEHHSI HAa OCHOBI KOMIUIEKCHOTO PO3YMIHHSI CBOIX JaHUX, BUMOT Ta JOCTYIHHUX
BapIaHTIB.

Homansmia aganrTamis OHTOJIOTIYHOI MoOAeJdi Mg 3MIHHI  yMOBH
MYJbTHXMAPHOTO CepeI0BUINA:

3anpomnoHOBaHa OHTOJIOTIYHA MOJEIb HE € CTaTUYHOIO, a po3polOsieHa st
MOXJIMBOCTI TOJAJIBIIOTO BIOCKOHAJIGHHS Ta JOMOBHEHHS B MIpPy 3MIHH JOMEHY
MyJIbTUXMApHOTO 30epiranHs. HoBi XMapHi NOCIyrd, HOpPMAaTHBHI BUMOTH a0o
TEXHOJIOT1YHI MOKJIMBOCTI MOXYTh OyTH BKJIIOYEH! HIJISAXOM PO3IIMPEHHS OHTOJOTII
J0JTaTKOBHMH KJlacaMu, BITHOCHHaMH abo aTpuOyTamu.

[TinTpMKa OHTOJIOT1I BKJIIOYAE:

1. Perynapui ormsagm st 3a0e3ME€UeHHS  Y3rOJKEHOCTI 3 MOTOYHUMU
TEXHOJIOT1SIMU Ta TPaAKTUKAMHU

2. BxitoueHHs BIITYKiB 3 MPAKTUYHUX 3aCTOCYBaHb



86

3. Banigariist npoTu peaibHUX ClieHapiiB

4. [HTerpanis 3 HOBUMM CTaHIapTaMU Ta HAKpaIMMU NPaKTUKAMH

[linTpuMyrour Ta pO3BHUBAIOYM OHTOJIOTIYHY MOJENb, OpraHi3alii MOXYTb
3a0€3MeUnTH, 110 1X MIAX1A A0 MYJIbTUXMApPHOTO 30€piraHHs 3aJIMIIAETHCS €PEKTUBHUM
Ta aKTyaJbHUM Yy IIBUJIKO 3MIHIOBAHOMY TE€XHOJOTTYHOMY JaHAIMA]TI.

3acTocyBaHHSI OHTOJIOTiIYHOI MOJEJII:

3anponoHOBaHa OHTOJIOTIYHA MOJIEIb MOXeE€ OyTH 3acTOCOBaHa pPI3HUMU
criocobamu JJisl HIATPUMKH YIIPABIIHHS MYJIbTUXMAPHUM 30€piraHHsIM:

1. Cucremu miATpUMKN NPUHHATTA pilieHb: KepyBaHHs pillleHHSIMU 100
po3MillieHHs 30epiraHHsl Ha OCHOB1 KOMILUIEKCHUX KPUTEPIiB

2. 3a0e3neuyeHHss MOJITHK: 3a0€3MEUEHHs TOTO, 10 MPAKTUKH 30epiraHHs
BIIMOBIAAIOTH OpraHi3alliiHUM MOJITUKAM Ta HOPMAaTUBHUM BUMOTaM

3. ABTOMATH30BaHe yHpaBJiHHA: 3a0€3M€UEHHs IHTEIEKTyalbHUX CHUCTEM
JUTSl YIPABJIIHHSA JJAaHUMH Y KIJTBKOX XMapHUX IIPOBaiiepiB

4. IIpencraBienns 3Hanb: Haganus ¢opmManbHOi OCHOBH Iisi OOMIHY Ta
1HTerpalli 3HaHb PO MYyJIbTUXMapHE 30epiraHHs

5. OcBita Ta HaBuanHsa: [liaTpuMKa PO3BUTKY €KCHEPTH3U B YIpaBIiHHI
MYJIbTUXMApPHUM 30€piraHHsIM

L1 3acTocyBaHHSI JE€MOHCTPYIOTh HMPAKTUYHY I[IHHICTh OHTOJIOTIYHOI MOJENl Y
BUPIIICHH] BUKJIUKIB PO3MOAIIEHOTO 30€epiraHHs Ta JOCTYMy [JI0 JaHUX Yy
MYJIbTUXMApPHUX CEpeOBUIIAX.

2.4 MaremaTH4YHa MOA€CJIb 3ﬁepiFaHHH JaHUX Y MYJbTHXMAPHHUX CEPECAOBHIIIAX

EdexTruBHE ynpaBiiHHA JaHUMHU y KITBKOX XMapHUX IpOBalJepiB BUMarae He
JUIIE KOHUENTYaJbHOIO PO3YMIHHS JOMEHY, fK 1€ 3a0€3[eUYEeHO OHTOJOTIYHOIO
MOJIEJIIO, ajleé TAaKOXX MAaTeMaTUYHOI OCHOBH JJIsl IPUMUHSATTS ONTUMAJIbHUX PIlIEHb. Y
bOMY pPO3/1Jl MpeJCTaBlieHa KOMIUIEKCHA MaTeéMaTW4yHa MOJENb I ONTHUMI3alii
30epiraHHs JaHUX y MYJbTUXMapHUX CEpPEAOBUIAX, CHOUPAIOYHUCh HA KpUTEpii Ta
KOHIIEIIIii, BCTAHOBJICHI B MOMEPEAHIX PO3/ILIaX.

24.1 DopMyJIIOBaHHS NPO0JIEeMU

[IpoGnema edexTuBHOrO 30€piraHHs JAHUX Y MYJBTHXMapHOMY CEpeIOBHILI
pPO3MISAAETRCA, SK 3aJadya BU3HAYEHHS ONTUMAIBHOTO PO3MIIICHHS, perutiKaiii Ta
YOPABIIHHSA JaHUMHU Yy KUIBKOX XMapHUX MpOBaiJiepiB JUIsl 3aJ0BOJIEHHS BUMOT
MPOAYKTUBHOCTI, HAJIMHOCTI, O€3MEKU Ta BAPTOCTI. Y LOMY PO3JALIl BCTAHOBIIOIOTHCA
MaTeMaTH4yHl MO3HAYE€HHS Ta CTPYKTypa MpoOjiemu, skl OyAyTb BUKOPHUCTOBYBATHUCS
MPOTATrOM YCi€l MOJENI.



87

MHOKHUHHU Ta IHAEKCH:
Bu3Haummo HacTyIHI MHOKMHHM Ta 1HJIEKCH:

. D = 1,2, ...,d: MHOXuHa 00'€KTIB TaHUX, IKi MIOTPIOHO 30epiraTu;

. CP = 1,2, ..., cp: MHOX1HA XMapHUX MIPOBaNIEPIB;

. S=1,2,..,s: Mxoxuna mnociyr 30epiraHHs, M0 HPOMOHYIOThCS
NpOBaKIEPaMU;

. R =1,2,...,r : MHOXHHA PET10HIB, i€ TOCTYIHI MOCTYTH 30epiraHHs;

. T =1,2,...,t: MHOXHHA YacCOBUX MEPIOMIB Y TOPU3OHTI IJIAHYBaHHS;

JU1s 3py4HOCT1I BU3HAYUMO HACTYIIHI CKJIaJI€H] 1HAEKCH:

. (i,j,k): BigHocuTbes 10 TOCIyrd 30epiraHHs j, MO IPOMOHYETHCS
MPOBaKIEPOM i B PETiOHI £;

. (1, m): Bignocutscs 10 00'ekra manux / 3 kaacudikariero m.

3MiHHI pilIeHH:

OCHOBHUMU 3MIHHUMM PIllICHHS B 3aIIPOTMIOHOBaHIN MOJIEN] €:

. Xijk: biHapHa 3MIHHa, 1110 BKa3y€, 4i 30epira€Thcsi 00'€KT HAaHUX / B OCITY31
30epiranHs j, 10 MPONOHY€ETHCS TPOBANUIEPOM [ B PETIOHI £;

. Vijki: HemepepBHa 3MiHHA, 110 MPENCTABIIsE YACTKY 00'€KTa NaHuX /, 1m0
30epiraeTbesi B MOCTy31 30epiranHs j, 0 IPOMOHYETHCS MPOBAAEPOM i B perioHi k (aiis
HAJIJTUIITKOBOTO KOAYBaHHS a00 YaCTKOBOTO PO3MIIIEHHS );

. z) : biHapHa 3MiHHa, IO BKa3ye, 4u 30epiraroTbes 00'ektu ganux / ta /'
pazom

. Wijk: biHapHa 3MiHHa, 110 BKa3ye€, Y4 BUKOPUCTOBYETHCS B3araii mociyra
30epiranHs j mpoBaiiziepa i B perioHi k.

[Mapamerpu:

Mogens BKIIIOYA€E pi3HI TapaMeTpH, SIKi MPEICTABISIOTh XapaKTEPUCTUKH 00'€KTIB
JAHUX, TIOCIIYT 30epiraHHs Ta BUMOT:

Ilapamempu, nos'sizani 3 oanumu:

. s; : Po3mip o6'ekta nanux [ B I'b;

. aj : Yacrora goctymy 10 o0'ekTa gaHux / (onepariii 3a OAMHUIIIO Yacy);

. C; : PiBens kpuTuyHOCTI 00'€KTa MaHMX / (3a MIKajI010, HampuKiIad, 1-5);

. 17 : HeoOxiiHMi piBeHb HAAJIUIIKOBOCTI AJist 00'€KTa TaHuX /;

. e : Bumora no mmudpysanns s o0'ekta ganux / (OiHapHa abo piBEHb);

. t"?%: MakcuMasbHO JOIyCTHMA 3aTPUMKa JIJIst TOCTYITY 10 00'€KTa TaHux /

(mc).
Ilapamempu nposatioepa ma nocuyau:
. Cisjk : BapTicTb 30epiranns 3a I'b nyst mocinyru j npoBaiiiepa i B perioHi k;

(0] . . e . (v . . . .
. Cjjx: BapTicTs omepariii 3a 3amuT 71 OCIIYTH j IpOBaiiiepa i B PErioHi k;
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. Cit]-k : BapricTts nepenaui nanux 3a I'b nns nociyru j mpoBaiiiepa i B perioHi
k;

. pijk : [loxasuuk npoxykruBHOCTI (Hampukian, [OPS) i nociyru j
npoBaijiepa i B perioHi &;

. ajjk : JIOCTYIHICTb TOCIYTH j IPOBai/iepa i B PErioHi k (BiICOTOK);

. lijk : Cepenns 3aTpuMKa JUIst IOCIYTH j TIPOBAaiEpa i B PETioHi k (MC);

. ejjk: MOKIMBICTh MU(pYBaHHS MOCIYrW j MpoBaijepa i B PErioHi k
(6iHapHa abo piBEHB);

. capjjk : EMHICTB OCIYTH j TIpoBaiijiepa i B perioHi k (I'b).

llapamempu, nos'sizani 3 mepedxrcero:

. by : [Ipomyckna 31aTHICTE MK perioHamu k ta k' (M0it/c);

. lyr : 3aTpruMKa Mepexxi MixK perioHamHu k Ta k' (Mc);

. Ci - BapricTs mepenadi mo Mepesxi Mix perionamu k ta k' 3a I'B.

Ilapamempu 6ionogionocmi ma ynpaeiiHHs:

. g mk - BIHapHUI mapaMeTp, 10 BKAa3ye, Y4 MOXKYTh J1aH1 3 Kllacudikaliero m
30epiratucs B perioHi k;

. compj,, : biHapHuii mapamerp, 1m0 BKa3ye, 4d BIANOBIAA€E MpoBaujep i
BUMOTaM JiJis Kiacudikalii TaHux m.

Crykrypa 3a1a4i onTuMizauii:

3agady onTuMi3allii MyJIbTUXMapHOTO 30epiraHHs JTaHUX MOXHa CTPYKTYypyBaTu
AK 3a7a4y 0aratouiab0BOi ONTHUMI3alli 3 HACTYITHUMHA KOMIIOHEHTAMH:

1. HinboBi ¢pynkuii: MaTtematuuHi BUpa3u, M0 KUIbKICHO BU3HAYAIOTh 11111,
Kl TOTpPIOHO ONTUMI3YBaTH, TakKi SK MIHIMI3alld BapTOCTi, MaKCHUMI3aIlis
MPOAYKTUBHOCTI 00 MakcuMi3allisi HaJiHHOCTI.

2. Oo0me:xkenHsi: MaTeMaTuuHi BHpa3u, 1O MPEACTABISIOTH OOMEXEHHS Ta
BUMOTH, $IKI MOBUHHI OyTH 3aJ0BOJICHI, Takl SIK OOMEXEHHS €MHOCTi, BUMOTH [0
MPOAYKTUBHOCTI Ta MpaBuia BiMOBIIHOCTI.

3. Ipoctip pimenb: MHOXHMHA BCIX MOXJIMBHUX KOMOIHAIIA 3MIHHHX
pILIEHHS, 110 TPEACTABISAIOThH PI3HI CTPATET1i pO3MIIIECHHS JaHUX.

4. Metpuku ouinku: OyHKIIT, 10 BUMIPIOIOTH SIKICTh PIIlIEHb 3 TOYKU 30PYy
pI3HUX KpUTEPIiB, TaKUX SK €KOHOMIYHA €(EKTHBHICTb, 3aTPUMKA, JIOCTYIHICTH Ta
Oe3rmeka.

CkrnagHicTh 1i€l 3ajJayl BUHUKAE 3 HACTYMHUX (DAKTOPIB: JEKIIbKa, YacTo
KOH(IIKTYIOUMX I[1JI€H; HeNH1IHI BITHOIIEHHS M1 3MIHHUMU; IUCKPETHI Ta HEMIEPEPBHI
3MiHHI PIlIIEHHS; HEBU3HAYEHICTh Y 3HAUYCHHSX MMapaMeTpiB; AMHAMIUHI 3MIHH Y BUMOTaxX
Ta XapaKTepUCTUKAX MPOBaKIepa.
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2.4.2 HisboBi pyHKUII 1)1 MYJbTHXMAPHOI ONITHUMI3 ALl

OnTuMizalis 30epiraHts JaHUX y MyJbTUXMapHUX CEPEIOBUIIAX BKIIOYAE KUIbKa
iJIed, $AKI YacTo KOH(IIKTYIOTh MDK co0oro. Jlami BU3HAUMMO MaTeMaTHYHI
(dopMyIIOBaHHS IUX LUIEH, K1 Mi3HiMIEe OynyTh 00'€qHAHI B OCHOBY 0OaraToLIJIbOBOI
ONTHUMI3allli.

s minimizanii BaprocTi

3aranpHa BapTICTh 30€piraHHs Ta JOCTYIy 1O JaHUX y KUIBKOX XMapHHX
MpoBalIepiB BKIIIOYAE BUTPATH Ha 30epiraHHsi, BUTpATU Ha Omepallli Ta BUTpATU Ha
nepeavy nanux. MeToro € MiHiMi3allis 1€l 3arajibHOi BapTOCTI:

n
mlnfcost = Z ZZZ l]k © 51 Xijki + Cl]k ap - Xijki + Z Crk' " St

iECP jES KER lED

(2.70)
“apc Xijk Z Z Xi'i'k'L | -

i'ecp j'es

st minboBa (hyHKIIIS BpaXOBYE:

. Butpatu Ha 30epiraHHsi Ha OCHOBI po3Mipy OO'€KTIB JaHUX Ta BapTOCTI
OJIMHUII1 30€epiraHHs KOXKHOI MOCIyTH

. ButpaTtu Ha omepaiiii Ha OCHOBI YacTOTHU JOCTYHy 10 OO'€KTIB JaHUX Ta
BapTOCTI OJJUHULI ONepallii KOKHOI OCIYTH

. Burtpatu Ha nepenady AaHMX Ha OCHOBI pO3MIpy Ta YacTOTH AOCTYIY /0
00'eKTIB IaHNX Ta BapTOCTI Mepeiadl o Mepexi MK perioHaMu

Jl1s1 crieHapiiB HAAJIMIIKOBOTO KOYBaHHS, /e JaH1 PO3AUIEHI MIX ITpoBaiiepamMu,
(yHKIIIS BApPTOCTI CTaE:

: — S (0] n
min fose = Z ZZ Z Cijk " St Yijkl T Cijk ~ A~ YVijkr T Z Crk' Sl

IECP j€ES k€ER leD k'er

(2.71)
ap - Yijkl - Z Z YVi'i'k't | -

i'ecp j'es
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isie Makcumizanii NpOAYKTHBHOCTI

[{i1b TPOAYKTUBHOCTI CIIPSIMOBaHA HAa MAKCHUMI3allil0 3arajJbHOi TPOYKTUBHOCTI
omeparii AOCTymy A0 JaHHUX, BPAXOBYIOUM MOMJIMBOCTI MPOAYKTUBHOCTI MOCTYT
30epira”Hs Ta MAOJIOHU JOCTYIY 10 00'€KTIB JAHHX:

maXfperf = Z Z Z Zpijk “apc Xijgg - (2.72)

iECP j€S keR lED

g pyHKIIA 3Ba)Ky€e MOKA3HUK MPOJYKTHBHOCTI KOKHOI MOCIYTH 30€epiraHHs 3a
Y4aCTOTOIO JOCTYITY 0 O0'€KTIB JaHUX, IO 30€piraroThCsl TaM, IPIOPUTE3YIOUU BUCOKY
MPOAYKTUBHICTh JJIsl TAHUX, IO SIKMX YaCTO 3BEPTAIOTHCS.

AnbTepHaTHUBHE (DOPMYITIOBAHHS, [0 BPAXOBY€E MIHIMI3alliI0 3aTPUMKH:

minflatency = Z Z Z Z lijk “Apc Xijgg - (2.73)

iECP j€S kER lED

s Makcumizamii HagiMiHOCTI

[{ine HAAIAHOCTI 30CepelkeHa Ha MaKCHMi3allii JOCTYMHOCTI JaHUX IUIIXOM
BpaxyBaHHs XapaKTEPUCTUK HAJIMHOCTI MOCIYTr 30€epiraHHs Ta KPUTUYHOCTI 00'€KTIB
TAHUX:

Max freliapitity = Z a-|1- 1_[ 1_[ 1_[(1 — Qijr - Xijrr) |- (2.74)

leD i€CP jeS keR

s dbyHKIis 00YUCTIOE UMOBIPHICT TOTO, IO MPUHANMHI OJTHAa KOs KOXKHOTO
o0'ekTa MaHUX [JOCTyIHA, 3Ba)XK€Ha 3a KPUTUYHICTIO o00'ekta nanux. JloOyTok
MpEJCTaBIIsA€ MMOBIPHICTh TOTO, IO BC1 KOIIi 00'€KTa JaHUX HEOCTYIIHI, a BIIHIMAHHS
BiA 1 gae IMOBIPHICTH TOTO, 1110 TPUHAWMHI OJIHA KOs TOCTYITHA.

JIJIss HaaUIIKOBOTO KOMyBaHHS 3 mapamerpamu (n, k) ne k& 3 n dparmentis
NOTP1OH1 AJIsl BITHOBJICHHSI TaHUX, (PYHKIIISI HAAIHHOCTI CTa€ CKIIAIHIIIO:

=
MaX fretiapitity = Z Cr- Z (m) 1_[ Ajjk 1_[ (1 - aijk), (2.75)
leD  m=k (i, k) EFy, (i, )EF \Fyy,

ne F — 1e MHOXHHA BCIX po3MmilleHb ¢parmMeHtiB, a F,, — e miaMHOXUHA m
(parMeHTiB.
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ins makcumizanii 0e3nexu
[ Oe3mexu crpsiMOBaHa HA MAKCUMI3AIIIIO 3aXUCTY JaHUX HUJISIXOM BpaXyBaHHS
MO>KJIMBOCTEN O€3MEKHU MOCTyT 30epiraHHs Ta YyTJIIMBOCTI 00'€KTIB TaHUX:

mastecurity = Z Z Z Z €ijk " €1 " Xijki - (2.76)

iECP j€S kER leD

st ¢dyHKIIS BUHATOPOMKYE PO3MIIICHHS, /€ OO0'€KTH JaHUX 3 BHUCOKUMU
BUMOTaMH /10 mudpyBaHHs 30€piraloThCs B MOCIyrax 3 CUIBHUMH MOXJIMBOCTSIMHU
mudpyBaHHS.

Binapin koMIIeKCHa 11 O€3MEKH MOKE BKJIIOYATH JOAATKOBI (paKTOPH, TaKl SIK
peryTaitisi mpoBaiepa o0 0e3neku, cepTudikaTh BIANOBIIHOCTI Ta 3aX0Au (H13UYHOT
Oe3IeKu:

mastecurity = Z Z Z Z(We Cejjk T Wy T W Ci) "€t Xijkl Q2.77)

i€ECP j€S kER lED

1€ We, Wy, Ta W, — II€ Baru Jjisg paktopiB mudpyBaHHs, penyTallii Ta BiJIlOBIAHOCTI,
BIJIIIOBIJTHO.

iss Makcumizamii BiANOBIAHOCTI

[ine BiamoBiAHOCTI 3abe3reuye, MO PIIMIEHHS MO0 PO3MIIIECHHS JaHUX
JOTPUMYIOTHCSI HOPMATUBHUX Ta YIPaBIIHCHKUX BUMOT:

maXfcompliance = Z Z Sim - Z Z Z Imk * COMPim * Xijki | (2.78)

lED meM iECP j€S kER

ne O;,;, — ue OiHapHUI mapaMmeTp, o BKa3ye, 9u Mae 00'eKT maHux / Kimacudikarito .
st pyHKIIIE BUHATOPOJIXKYE PO3MIILIECHHS, /1€ 00'€KTH JaHUX 30€piratoThesl y BIAMOBIAHUX
perioHax BiJMOBIIHUMH IIpOBaiiiepamMu.

i onTuMIi3anii JJOKAJIBHOCTI JaHUX

{116 TOKaNBHOCTI TAaHUX CIIPSAMOBAaHA Ha MIHIMI3AIlIIO BIICTaH1 MK TIOB'SI3aHUMH
00'eKTaMU JaHUX, 10 MOXE MOKPALTUTH MPOAYKTUBHICTE JJIsI OIepalliil, siki OTpPUMYIOTh
JOCTYTI J10 KIJIBKOX 00'€KTIB:
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min flocality = Z Z relll’ ’ Z Z Z Z Z diStkk’ " Xijki (2.79)

leD1'eD IECP jeS kERi'eP j'eSKk'eR

. xiljlklll ,

ne rel;; mpencrasise cuity 3B's13Ky MiX 00'ektamu ganux / ta /', a dist,, ' npeacrapise
BijicTanb (p13udHy a00 MEpeKeBY) MK perioHaMu k Ta k.

Hiss MiHiMi3anii BIVIMBY HA HABKOJIMIIHE Cepel0BHUILE

OCKUIBKHM CTaJICTh CTa€ BCE OUIBII Ba)XJMBOK, MOKHA BU3HAYUTH IIJILOBY
(dyHKIIIIO 17151 MiHIMI3allli BIUTMBY 30€piraHHs TaHUX Ha HABKOJIUIIHE CEPEOBUIIIE:

min fo,, = Z Z Z Z eiejr]zv “ 81 Xijkl (2.80)

iECP j€S keR leD

ne eiej',l{” npeacTaBiisie (PakToOp BIUIMBY HA HABKOJIUIITHE CEpeIOBUIIE (HAPUKIIAA, BUKUIN

Byrielto Ha I'B) nist mocimyru 36epiranss j mpoBaiijiepa i B perioi k.

243 ®opMyJIIOBaHHA 00MeKeHb

Onrtumizaiiist 30epirans JaHuX y MyJIbTUXMapHUX CEPEAOBUIIAX MIISATaE PI3HUM
OOMEKEHHAM, 5Kl 3a0e3Me4yl0Th 3A1MCHEHHICTh Ta MPAKTUYHICTh PIMIEHb. Y LBOMY
o311 GOPMYITIOIOTHCS 111 OOMEKEHHSI MaTEMAaTHYHO.

O0MexeHHS €EMHOCTI 30epiranus

3araibHUM po3Mip 00'€KTIB JaHUX, TPU3HAUCHUX KOXKHINA MOCITy31 30epiranHsi, He
MO>K€ MEePEBUILYBATH ii EMHICTD:

ZS{'XijleCClpijk ViEP,jES,kER.

£ (2.81)
Jliist cueHapiiB HaUIMIIKOBOTO KOTYBaHHSI:
Sy Vi < cap;i, Vi€EP,jeES k€ER.
Z l yukl pl]k L ] (2.82)

leD

OOMekeHHSI pO3MIllIeHHS TaHUX
Koxen 00'ekT naHuMx MOBUHEH 30epiratucsi NMpUHANMHI B OAHOMY Micili (a0o
OlbIIIe, 3aJ7I€KHO B1Jl BUMOT HAJIJTUIIKOBOCTI):
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ZZZ?CUMZT[ VIED. (283)

iECP j€S kER

JI7st HaJUTMIIKOBOTO KOJIYBAaHHS 3 MapaMeTpamu (1, k):

ZZZyifkl:n vieD. (2.84)

iECP j€S kER

OO0mekeHHS POAYKTUBHOCTI
3aTpuMKa Uil IOCTYIY 10 KOXKHOrO 00'€KTa JTaHMX HE IMOBUHHA MEPEBHILYBATU
HOro MakCUMaJIbHO JOIYCTUMY 3aTPUMKY:

lijk-xijkl Stlrnax'xijkl ViECP,jES,kER,lED. (285)

Lle oOmexeHHs 3a0e3neuye, 0 00'€KTH JAHUX PO3MILLYIOTHCA JIUILIE B OCIyTax
30epiranHs, siki MOKYTb 3aJ0OBOJIBHUTH X BUMOTH JI0 3aTPUMKH.

O0MexkeHHSI HANIHHOCTI

JIOCTYNHICTh KOKHOTO 00'€KTa JaHWX MOBHUHHA BIJIMOBIAATH a0 MEpPEeBUILYBATH
Horo HeoOX1JHUM PIBEHB:

1_1_[1_[1_[(1_aijk°xijkl) Za{nin Vi ED, (286)

i€CP jeS keR
)i (S a{ni” — 1Ie MiHIMaJbHA HEOOXiHa AOCTYIHICTh AJis 00'€KTa NaHUX /.
OOMexxeHHsI 0e3NeKH
O0'exTH JaHUX 3 BUMOTaMHU J10 U} pyBaHHS MOBUHHI 30€piraTucs B MOCIyTax, 110
3a0€3MeuyIoTh aiekBaTHE MUGPyBaHHS:

eijk-xinZel-xijkl ViECP,jES,kER,lED. (287)

Lle oOmexeHHs 3a0e3neuye, 0 00'€KTH JAHUX PO3MILLYIOThCA JIUILIE B OCIyTax
30epiranHs, siki BiIMOBIIal0Th a00 MEPEBUILYIOTh IX BUMOTH J10 ITU(PYyBaHHS.

OO0Me:xeHHH BianoBigHOCTI

OO0'exTn maHUX TOBMHHI 30epiraTucs B pErioHax Ta MOpoBaiiaepamu, sKi
BIMIOBIIAIOTh 1X HOPMATUBHUM BUMOTaM:
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Xijrl = Z Oim * Ymk - comp;,, Vi€CP,jeES,k€ER,IED.

meM

(2.88)

Lle oOmexxeHHs 3amo0irae 30epiraHHio 00'€KTIB JaHUX Y HEBIAMOBIAHUX PErioHax
a00 HEBIJMOBIIHUMU MTPOBaNIEpaMHU.

BrogkerHi oOMekeHHs

3aranpHa BapTICTh pilIeHHS 30epiraHHs HE NMOBMHHA MEPEBULIYBAaTH AOCTYIHUMN
Oro/IKeT:

Yiccp 2 jes LkeR ZleD(CiSjk © Sy Xijr t Clik At Xijia + Lk'er Cri’
Syt Ay Xijki - Xi'ecp Zj’esxi’j’k’l’) =B,
(2.89)
ne B — 1e 3aranbHUi JOCTYIHUM OOKET 1Jid 30epiraHHs JaHuX.
O0MexxkeHHS Pi3HOMAHITHOCTI IpoBaiigepiB
{06 yHUKHYTH HAJAMIPHOI 3aJIEKHOCTI BIJl OJHOTO IMpoBaiijiepa, MOXKHa TOAaTH
oOMexxeHHs 7151 3a0e3MeUeHHsI piI3HOMaHITHOCTI:

Z Z Xijiu < d*** Vi€ CP,LED. (2.90)
JES KER

ne d*** — 1e MakcuMasbHa KiTBKICTh KON 00'eKTa qaHuX [, sIKi MOKYTh 30epiraTucs
y OAHOTO MpoBanaepa.

O0MexeHHS CIVIBHOTO PO3MillIEeHHS

Jlesiki 00'€KTH JaHUX MOXKYTh NOTpeOyBaTH 30€piraHHs pazoM abo OKpPEMO:

Xijki = Xijrr Vi€ CP,j €Sk ER, (L,1") € Crogether
Xijrg + Xy <1 Vi€ CP,j €S,k €R, (L") € Cseparate » (2.91)

1€ Crogether T Cseparate — 11€ MHOKMHM T1ap 00'€KTIB JaHUX, SKI OBUHHI 30epiraTucs
pazom abo OKpemMo, BiJIIOBIIHO.

O0MexkeHHSI BUKOPUCTAHHS MOCJIYT

Skiio nmocimyra 30epiraHHs BUKOPUCTOBYETHCS B3araji, MOXYTh 3aCTOCOBYBATHUCS
(hikCcOBaHi BUTpATH:

xijleWijk ViECP,jES,kER,lED

_ _ (2.92)
injklzwijk VlECP,]ES,kER,

leD
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e Wijj — e OiHapHa 3MiHHA, 10 BKa3ye, Y4 BUKOPHUCTOBYETLCS MOCIYra 30€piraHHs j

npoBaijiepa i B perioHi k.

2.4.4 IMigxix xo 6araTouijiboBoI onTHMI3aIil

[Ipobnema onTuMizalii MyJIbTUXMApHOTO 30€piraHHs JaHUX BKIIOYAE KIUIbKA,
4acTo KOH(MIIKTYroUux Ied. Jlam mpencraBieHl MigXoad 10 OOpoOKM IUX KUIBKOX
IUJIEH IS 3HAXOKEHHS PIIIeHb, K1 MPEICTaBISIOTh XOPOIIl KOMIIPOMICH.

MeTtoa 3Ba:KeHOI CyMH

OnuH mOmUpEeHni MiaAXia A0 0araTomiar0BOi ONTUMI3AIlT — 1€ METO] 3BaXKEHOI
CyMHU, SIKUM 00'€IHY€ OKpeMi ITbOB1 (QYHKIIT B OJJHY 11JIb, BUKOPUCTOBYIOUYHU Baru, 1o
B1J100pakaroTh iX BIJIHOCHY Ba)KJIUBICTh:

min fcombined
= Weost - fcost + Wperf - (_fperf) + Wyer - (_freliability)
T Weec (_fsecurity) + Weomp * (_fcompliance) + Wipe

) flocality + Weny fenv ’

(2.93)

€ Weosts Wperfs Wrels Wsecs Weomps Wioe T8 Wepy — 1I€ HEBII'€MHI Bar, cyma sKUX
nopiBHioe 1. 3ayBaxkumo, IO I, $KI CIOYATKy € MpodlieMaMu MakCHUMi3allii,
MEePETBOPIOIOTHCS HAa MIHIMI3AIlIIO MIIAXOM iX 3allepeUeHHS.

BHKIMK 3 UM MIIX0I0M MOJIATae y BU3HAUYEHHI BIANOBIJHUX Bar, OCKUIBKU BOHU
3HAQYHO BIUIMBAIOTh HA OTPUMAHE pIllIeHHS. AHaANI3 YyTJIIMBOCTI MOXHA BUKOHATH,
3MIHIOIOUHM Baru Ta CIOCTEPITal0u, sIK 3MIHIOIOTHCS PIIIICHHS.

Metoa g-00MeKeHHs

Meton €-00MeXeHHs ONTHMI3y€e OJHY LiJIb, OOMEXKYIOUM 1HIII B MeXax
MPUMUHITHUX JIIMITIB:

Min fpg - (2.94)

3a yMOBH:

fperf = Sperffreliability = Srelfsecurity = Esecfcompliance = Scompflocality =

glocfenv < €env >

€ Eperfs Erel> Esec> Ecomps Eloc T Eeny— L€ TIOPOrOBI 3HAYEHHS JIUIS BIAOBIHUX ILICH.
CucTeMaTUYHO 3MIHIOIOYHM Il MOPOTOBI 3HAYEHHS, MOXKHA 3Te€HEpPYBaTU HaOIp

[Tapero-onTUManbHUX PIlIEHb, KOXKHE 3 SIKUX MPEACTABISE PIZHUM KOMIIPOMIC MIX

IUJTSIMH.
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HisiboBe mporpamyBaHHs
[linboBe mporpaMmyBaHHs NparHe MIHIMI3YBaTH BIIXWIEHHS BIJ BKa3aHUX
UJILOBUX 3HAYEHD JUIST KOYKHOI LI1JI1:

n
min Z(W;' df +w - df). (2.95)
i=1

Baymosu: fi(x) +df —df =g; Vi€el2,..,ndf,di =0 Viel2..n.

Je:

. f;(x) — ue i-Ta ninboBa HyHKIis

. g; — 1€ IUIbOBE 3HAUYCHHS JJIs 1-TO1 1

. di'" Ta d;i — IIe MO3UTUBHI Ta HETATUBHI BIAXUICHHS B L1

. w;" Ta Wi — Ile Baru 1Sl IO3UTHBHUX Ta HETATUBHUX BiJIXUJICHbD

Ie#t miaxig 0ocoOaMBO KOPUCHUM, KOJIM KOHKPETHI IIJIbOB1 3HAUYCHHS IS KOXKHO1
L1711 MOKYTh OyTH BU3HA4Y€H1 HA OCHOBI BUMOT ab0 NepeBar.

OnrTumizauis 3a Ilapero

Ontumizamis 3a [lapero cnpsiMoBaHa Ha 3HAXOJ/KEHHS HAOOPY HEIOMIHOBAHUX
pillIEHb, JIe )KOJAHE PIIIEHHS HE € KpalluM 3a 1HIIe 3a BCiMa IUIsIMU. PilieHHs X JoMiHye
Ha/J[ HIIUM PIIIEHHSM Y, SIKIIO:

1. X IpUHANUMHI TaKe X XOpollie, sIK Y, 32 BciMa IIISAMHU

2. X CTPOro Kparmie, HiXk y, IPUHANMHI 32 OJTHIEI0 IIJUTIO

Ha0ip ycix HepomiHoBaHux piiieHb hopmye dponT Ilapeto, sikuil mpeacTasise
MOBEPXHIO KOMIIPOMICY MIXK PI3HUMU LUISAMHU.

Pi3Hi anropuTMu MOXyTh OyTHM BUKOpPHUCTaHi AJisi HaOmmkeHHs: ¢ponty [lapeTo,

BKJIIOYAIOYH:
. OararoniiboBi eBooiiiiHi anroputmu (NSGA-II, SPEA2);
. 0araroliyiboBa ONTUMI3AIlI POI0 YACTUHOK;
. 0araTolJILOBUN IMITAIIMHUNA Blamal.

[li anropuTMu reHepyloTh HaOlp pilieHb, Akl HabmwxkawTh (pout Ilapero,
J03BOJISIFOYM 0c00aM, 0 MPUUMAIOTH PIlIEHHS, BUOpATH pIIIEHHS, SIKE HaWKpalie
BIAIMIOBI/Ia€ IXHIM MepeBaram.

Iepapxiuna onTumizanis

VY nesxkux BUMaAKax Il MOXYTh OyTH MPIOPUTE30BaHI 1€PAPXIYHUM UUHOM, JI€
OUIBII BayKJIUBI L1711 ONTHUMI3YIOThCSI CIIOYATKY, @ MEHIII Ba)KJIMBI LILJI1 ONTHUMI3YIOThCS 32
YMOBHU 30€peKEeHHSI ONTUMAJILHOTO 3HAYEHHSI 1[I BUILOTO MPIOPUTETY:

1.  Poss'szatu: min f; (x) 3a yMOBH OpHUTiHAIBHHX OOMEKEHb, OTPHUMYIOUN
ONTUMAaJIbHE 3HAYCHHS f;

2. Poss'ssaru: min f, (x) 3a yMOBH opHTiHATEHIX 0OMEKeHb Ta f;(x) = fi
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3. [TpoaoBXUTH IS PELITH 1I1JIeH

[eit miaxix MiIXOAWTh, KOJM ICHYE UITKE BIOPSJIKYBaHHS MPIOPUTETIB cepell
L[IJIeH, HAMTPUKIIal, KOJIU BIAMOBIAHICTh € O€3KOMITPOMICHOIO, 32 HEIO CIIIYIOTh Oe3MeKa,
HaJIINHICTh, a TTOTIM BapTICTh.
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BUCHOBKHA

Po3po6i1eH0 KOMIUIEKCHY CHCTEMY KpPHUTEpIiB OLIHIOBaHHSA €(QEKTHUBHOCTI
PO3MOAUIEHOTO 30€piraHHs JaHUX Y MyJIbTHXMAapHOMY CEPEAOBHILII, SIKa OXOILTIOE
MOKA3HUKU MPOJYKTUBHOCTI, HAIIMHOCTI, O€3MeKH, EKOHOMIYHOI €(EeKTUBHOCTI,
1HTEepoIepabeNbHOCTI Ta €KOJIOTIYHOI cTamocTi. [l KOXKHOTO KpHUTEPito
BU3HAYCHO BIAMOBIHI METPUKH, OJIMHUIII BUMIPIOBAaHHS Ta MaTeMaTU4YH1 BUpa3U,
o0  JO03BOJIAIOTH  3AIMCHIOBAaTHM  KUIBKICHY  OLIHKY  PI3HHUX  aCIIEKTIB
(yHKIIIOHYBaHHS CUCTEMH.

3anmpomnoHOBaHO OHTOJIOTTUHY MOJIETh MPOIIECY PO3MOIICHOr0 30epiraHHs JaHuX
y MyJIbTUXMapHOMY CEpPEeIOBHIIII, sKa (hopMalizye CTPyKTypy IOMEHHUX 3HAHb Ta
BiloOpakae KIIOYOBI CYTHOCTI, iX aTpuOyTu Ta B3aemMo3B'si3ku. Po3pobriena
OHTOJIOT'1s1 3a0€e3Meuye €IMHe KOHIENTyalbHEe MPECTABICHHS CKIIaIHO1 B3a€MO11
MDK JTaHUMH, pecypcamu 30epirantsi, XMapHUMU MPOBaiiepaMu Ta MOJTITUKaAMU
YOPABIIHHS, IO CTBOPIOE TEOPETUYHY OCHOBY JUI MOJAJIBIIOI ONTHUMI3alli
MPOIIECiB 30epiraHHs Ta JOCTYITY 0 JaHUX.

ChopmynboBaHO MaTEMaTUYHY MOJENh PO3MIIIECHHS JaHUX Y MYJIbTUXMAapHOMY
CEepelIOBUIIl K 3ajady OaratokpuTepiaibHOI ONTUMI3alii 3 UIbOBUMU
GyHKIIsIMH, 10 BiJOOpa’KkarOTh BapTICTh, MPOAYKTUBHICTh, HAAIWHICTh, O€3MEKY,
BIIMOBIAHICTh PETYJSITOPHUM BHUMOTaM, JIOKAJBbHICTh JAHUX Ta EKOJIOTIYHUMN
BIUIUB. Bu3zHaueHo cucteMy OOMEXEHb, 110 3a0e3MeUyl0Th MPAKTUYHY
peali3oBaHICTh OTPUMAHHUX PIIEHb, Ta 3alPONOHOBAHO METOJU PO3B'SI3aHHSA
OaratokpuTepiaabHOI 3a/1adi, BKIIOYAOYU METOJ| 3BaXKEHOI CyMHU, £-00MEXEHb,
UJILOBOTO MporpamyBaHHs, [lapeTo-onTumizailii Ta i€papXiyHOi ONTUMI3ALII].
JlocnipkeHO MeToAM  po3B'A3aHHS  cOPMYJIBOBAHOI 3ajadl  ONTUMI3AIll],
BKJIIOYAIOYM TOYHI METOAU (3MIIlIaHE ILUIIOYUCETIbHE JiHIMHE MPOrpaMyBaHHS),
€BPUCTUYHI Ta METACBPHUCTHUYHI aJITOPUTMHU, METOAN ASKOMITO3HIN Ta MIIX0AU Ha
OCHOB1 MAaIlIMHHOTO HaB4YaHHsA. [IpoBeeHO MOPIBHSUIBHUM aHaJi3 IIMX METOIIB 3
TOYKH 30pYy X OOUYMCITIOBAIBHOI CKJIAIHOCTI, TOYHOCTI Ta MacIITabOBaHOCTI, IO
J03BOJIsIE OOMPATH HAMOUIBII BIAMOBIIHUNA METOJ 3aJI€KHO B1J KOHKPETHUX YMOB
3aCTOCYBaHHS.

3anponoHOBaHUI KOMIUIEKCHMM MIAXIJ MOEAHYE SKICHUM aHali3 3 KUIbKICHOIO
ONTUMI3AIIEI0, IO JI03BOJISIE OpraHi3alisM NpUiAMaTh OOIPYHTOBAHI PIIICHHS
I0JI0 PO3MOJIIEHOT0 30epiraHHs JaHuX, $KI OalaHCYIOTh MIDXK KUIbKOMa
KOHKYPYIOUMMHU LUISIMU Ta 33J0BOJIbHAIOTH PI3HOMaHITHI 0OMEKEHHS.
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PO3/ILI 3
KOMIJIEKCHMIA MIAXIA 010 EGEKTUBHOIO PO3MNOAIIEHOTO
3BEPITAHHS TA JOCTYITY 10 JAHUX

3.1 I'iopuaHa cTPYKTYypa NiAKPINJIIOBAJIBHOI0 HABYAHHA Ta 0araTouiibOBUX

eBOJIUINHUX AJITOPUTMIB

CKJaiHICTh PO3NOAIIIEHOr0 30€piraHHs JaHUX y MYJIBTHXMapHOMY CEepelOBUII
BUMAarae MiJIXoay, SIKMil Moxke €(EeKTUBHO OMNepyBaTH y OaraTroBHUMIpHOMY MPOCTOPi
pillIeHb, aaNTYIOYUCh MPU LBOMY 0 3MIHHUX yMOB. [55,57] Jlami B upoMy po3miii
3apPONOHOBAHO HOBUM MiAX1J, SAKUM MO€JHYE aJalNTHUBHI MOKJIMBOCTI HaBYaHHS 3
ninkpimieHHss (Reinforcement Learning - RL) 3 xapakTepucTukamu onTumizailii
OaraToniboBUX eBooLIiTHUX anroput™MiB (Multi Objective Evolutionary Algorithms —
MOEA). Ils iHTerpamis CTBOPIOE CHUCTEMY, 3[aTHY HOpuUiiMaTH OLIbII ONTUMAalbHI
pILIEHHS II0JI0 PO3MIIIEHHS TaHUX CEPe/l KUIbKOX XMapHUX MPOBaiepiB, BPaXOBYHOUH
KOMIUIEKCHUM HaO1p KpUTEPiiB, BCTaHOBJIEHUX y Po3mimni 2.

3.1.1 DopMyJIIOBAHHS NIPOCTOPY CTAHIB Ta il

KoMmnoHeHT HaBYaHHS 3 MOIAKPIIJICHHS Yy 3alpONOHOBAHOMY IMIIXOJ1 BHUMAarae
peTenbHOi PO3pOOKK MPOCTOPY CTAHIB Ta i A7 €PEeKTUBHOIO OIMKCY CKIATHOCTI
pillieHb MO0 30epiraHHs JaHWX y MyJbTUXMapHOMY cepenoBuill. IIpocTip craHiB
MMOBUHEH MPEJICTABIATH TOTOUHY KOH(DITypallito po3noAiIeHOi cCucTeMu 30epiranHsi, Tl
SK MPOCTIP il MOBUHEH OXOIUIIOBATH BCl MOKJIHMBI PIIIEHHS HIOJ0 PO3MIIIEHHS Ta
YIOPaBIIHHS JAaHUMHU.

[IpocTip craniB S MOXKHa BU3HAYUTU SIK 0araTOBUMIPHUN BEKTOp, SIKUM (Pikcye
MOTOYHUI CTaH 00'€KTIB JaHUX Ta PECypciB 30€piraHHs cepel yCiX HasABHUX XMapHUX
MpoBalIepiB:

S =541,52,,5n - (3.1)

Jle KOKEH CTaH S; MPEICTaBICHUN SIK:
s; =(D,CP,P,U,T). 3.1.1)

Y upomy Bupaszi D = dy,d,, ... d,, npeacrasmisie Habip 00'€KTIB TaHUX y CHCTEMI;
CP = cp1,Cpy, .., CP MO3HAUAE HAOIPp JOCTYNHHMX XMapHUX TNpoBaiiepis; P =p;; €
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MaTpPHUIIEIO, 10 BKAa3y€ Ha PO3MIilIEHHs 00'€KTa JaHuX d; y XMapHOro npoBaiaepa cp;;
U= uq,uy, ..., U, Gikcye mabIoOHU BUKOPHUCTAHHSA Ta YACTOTY AOCTYIY JO KOKHOTO
ob0'exta manux; T = tq,t,, ..., t,;;, TPEACTABISAE YACO3ATICKHI XaPAKTEPUCTUKU 00'€KTIB
JaHUX.

[IpocTip nmiit A OXOIUIIOE BCi MOKJIHMBI oOrmepailii, siki MOXHAa BUKOHYBaTH 3
00'eKTaMU JTaHUX Cepe]l HASBHUX XMapHUX MPOBaiiepiB:

A=ay4ay..,a4. (3.2)

Jle xoxxHa Jig a; MOKe OyTH OJHIEIO 3 HACTYITHUX OIEpaLllii:

l. Po3mimenns: Place(di, cpj) - PO3MICTUTH 00'€KT JaHUX d; y XMapHOTO
npoBaiizepa cp.

2. Mirpauisi: Migrate (di, cp;j, cpk) - TEPEeMICTUTH O00'€eKT maHux d; BiX
npoBaiiepa cp; 10 npoBanaepa cpy.

3. Penntikanis: Replicate(di, CDj, Cpk) - CTBOPHTH PEIUTiKy 00'€kTa JaHuX d;
BiJI IpOBaiiziepa cp; 10 NpoBanjiepa Cpy.

4. Bunanenns: Delete(di, cp j) - BUJIAJTUTH 00'€KT AaHuX d; Bij mpoBaiaepa
cp j-

Po3mipHiCTh TIPOCTOPIB CTaHIB Ta 1A 3pOCTa€ 3 KUIBKICTIO 00'€KTIB JaHUX Ta
XMapHUX MPOBaNEPiB, CTBOPIOIOYM CKJIAJHE CEpPEIOBUILE MPUUHATTA pilieHb. s
YIpaBIiHHS II€10 CKIIAHICTIO 3alPONOHOBAHO 1€papXiuHe MPEJCTABICHHS CTaHIB, SIKE
arperye moiiOHI 00'€KTH JaHUX HA OCHOBI iXHIX XapaKTEPUCTHK Ta BUMOT. 3 I[bOTO
BUILIMBAE, IO TAKUW MiAX1]] 3MEHIIIY€ IPOCTIP CTaHiB, 30€piraroyu Mpu bOMY BaXKJIUBY
1H(opMallito, HeOOXIAHY JJIsi MIPUUHSTTS PIIICHb.

®yukuis nepexony T(s,a,s’) Bu3Havae WMOBIpHICTH HEpEXOmay 3i CTaHy S 10
CTaHy S’ Micisl BUKOHAHHSA Jii a. Y TakoMy KOHTEKCTI U (PYHKI[iSl Iepexoy BKIIOUYAE
CTOXACTUYHY MPUPOAY XMApPHUX CEPEIOBHII, BKIIOUAIOYM Bapiallii MEpEeKEeBUX YMOB,
MPOAYKTUBHOCTI MPOBAIEPIB Ta JOCTYITHOCTI PECYPCIB:

T(s,a,s") = P(s¢31 =S'|sy =s,a;, = a). (3.3)

DyHKLIS Nepexo1y 3a3JaJer1Ib SBHO HE B110Ma, ajie MOCTYIIOBO BUBYAETHCS YEPE3
B3aEMOJIII0 3 cepeloBuIleM. [00TO, Takuil MpolleC HaBYAHHS JI03BOJISIE CUCTEMI
aJanTyBaTUCS A0 JUHAMIYHOT IPUPOIN MYJIBTUXMAPHUX CEPEIOBHIN Ta MOKPAIlyBaTH
MPUUHSTTS PIIEHb 3 YACOM.
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3.1.2 Po3poOka ¢pyHKuii BHHATOPOAU HA OCHOBI 0araTOKpUTEPiaIbLHOI

onTHuMizamii

@DyHKIIIS BUHATOPOJIU € KPUTHUUYHUM KOMIIOHEHTOM 3alpONOHOBAHOIO MIIXO0IY
HaBYaHHS 3 MIJKPITUICHHSIM, OCKIJIBKH BiH CIIPSIMOBY€ MPOIEC HABYAHHS 10 ONITUMAIbHUX
pillieHb  1M0J0 po3MilleHHs JaHux. [lpu 1mpomy, TOTPiIOHO BpaxoByBaTH
OaratokpuTepiaibHy MNPUPOAY BHU3HAYEHOI 3ajayl onrtumizamii, moo QyHKIs
BUHAropoau 0anaHcyBajiga MK KUJIbKOMA, 4YaCTO CyNEePEeUwIMBUMU LHITISIMU.

BuszHaunmMo KOMMO3UTHY (PYHKIIIFO BUHArOPOJH, sIKa BKJIKOYAE BCl KPUTEPIl, AKI
OyJi0 BU3HAYEHO Ta onucaHo B Po3nimi 2:

n

R(s,a,s") = Z w; -1;(s,a,s"), (3.4)

i=1

ne 1;(s,a,s') € KOMIOHEHTOM BHHArOPOAM JJIs KPUTEPIIO i; W; € Barol, IMPU3HAUYEHOO
KpUTEpito i, 3 Yy w; = 1.

Okpemi KOMIIOHEHTH BUHATOPOIU (POPMYITIOIOTHCSI HACTYITHUM YUHOM:

1.  Buuaropoma 3a 3aTPUMKY (174:): 14:(S,a,s") = mg—:i(ni:, ne L(s') e
CEpPEeAHBOIO 3aTPUMKOIO B CTaH1 §', @ Ly,qy T Lyyiy € MAKCUMAIBHUMHU Ta MIHIMAJIBHUMHU
MOXJTMBUMH 3HAYCHHIMU 3aTPUMKH.

2. Bunaropoga 3a eKOHOMIUHY e(eKTHBHICTD (Topst): Teost(S,a,s') =
Crmax—C(s')

Cmax—Cmin

ne C(s') € 3araabHOIO BapTIiCTIO B CTaHI §'.

. A(s")—Ami
3. BuHaropoma 3a IOCTYHHIiCTb (T5,4i1): Tavait(S, @, S") = AE)"Amin ne
Amax—Amin
A(s') € piBHEM JOCTYIIHOCTI B CTaHi 5.
S(s")=Smi
4.  Bunaropoga 3a 0e3meKy (Ty..): Teec(S,a,s') = 56 ) Smin 4o S(s")

Smax—Smin
MpEJICTaBIIsA€ PIBEHb OE3MEKHU B CTaHI .

3. Bunaropoaa 3a BiTnoBiaHicTs (7¢omp):
1, "{sik110 BCi BUMOT'U BiINOBi/ITHOCTi BUKOHAHi}

!
T, s,a,s') = .
comp(5,,5) {—1, "{B iHIIOMY BUIIQJIKy}.
6.  BuHaropoga 3a eHeProe(eKTHUBHICTb (Tonergy): Tenergy(S, a,s') =
Emax—E(s")
Emax—Emin

Baru w; He € ¢ikcoBaHMMHU, ajie AMHAMIYHO KOPUTYIOTHCS HA OCHOBI KOHKPETHHUX

ne E(s") € crioxuBaHHsM eHeprii B cTaHi s'.

BUMOI PI3HMX THUIIB JaHMX Ta KOHTEKCTIB 3acTocyBaHHs. Lleil aganTUBHUN MeXaHI3M
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3Ba)KyBaHHS JIO3BOJISIE CUCTEMI MPIOPUTE3YBaTH Pi3HI KPUTEPli HA OCHOBI MOTOYHUX
omepalifHuX IUJIeH Ta 00MEKEHb.

Jlns  BupilieHHs TOpoOJeMU BIAKIAJEHUX BHHAropoJ Yy MYJIbTUXMapHUX
cepeOBUIIaX BKIIOYAETHCS MiAX1/1 HABUaHHS 3 YACOBUMHU PI3HULISMHU, SIKUM BPaXOBYE SIK
HeraifHi, Tak 1 MallOyTHI BUHArOpOIu:

Rtotal(s' a) = R(S' Cl,S,) + Y- qu Q (S,r a,) ) (34)
a

1€ Y € KOe(IUIEHTOM JHCKOHTYBAaHHS, SKWW BH3HA4Ya€ BAXIJIMBICTh MaHOYTHIX
suHaropox; Q(s’,a’) € ouikyBaHOIO MaiibyTHHOIO BHHArOPOJIOK0 38 BUKOHAHHS Jii a' B
CTaHi s,

Ile GpopmymnroBaHHS J103BOJISIE CUCTEMI MPUUMATH PIIICHHS, K1 ONTUMI3YIOTh K
KOPOTKOCTPOKOB1, TaK 1 JIOBFOCTPOKOBI IIlJIi, CTBOPIOIOYM OUIbII 30aJIaHCOBaHy Ta
e(heKTUBHY CTPATETII0 PO3MIIICHHS TaHUX.

3.1.3 MexaHi3M NOKpalieHHs NOJITUKH Ha 0cHOBI MOEA

VY To#l yac sK HaBYaHHS 3 MIJKPIILUICHHAM 3a0e3leuye aJanTUBHI MOXKIJIMBOCTI
NPUUHATTS  pillleHb, OaraToniiboBi eBomdtomiitHi  anroputmu (MOEA) BingMiHHO
3HaxXoJATh llapeTo-onTuManbHI PIIEHHA Yy CKJIQJAHUX 3ajadax OaraToKpuUTepiaibHOI
ontumizauii. 3apoNOHOBAHUNA MIiAXIJ BUKOPHCTOBYE L0 OCOOJMBICTH, BKIHOYAIOYU
MeXaH13M MOoKpalieHHs noJiTuku Ha ocHoBl MOEA, sikuii migsuiye nomtuky RL uepes
€BOJIIOLIIHY ONTHUMI3aLII0.

KomnonenT MOEA mnpatifoe 3 monyJisii€ero KaHAUIaTHUX MOMITHK, KOXKHA 3 SIKHX
MIPEJCTABIIAE PI3HY CTPATErito JUIsl pO3MIIIEHHS Ta YOpaBIiHHA JaHUMH. EBomtoiiHuiA
MPOLIEC BKJIKOYAE HACTYITHI KPOKH:

1. Inimianizanmia: ['eHepaiis Mo4YaTKOBOI  MOMyJALl MHOMTHK P =
Ty, T3, «, Ty, 1€ KOXKHA TOJITHUKA TT; BIAOOpaKa€ CTaHU Ha Aii: 1;: S — A.

2. Ouinka: O1iHKa KOKHOI OJITUKH TT; HA OCHOBI KIJIBKOX IT1JIE€H, OTPUMAaHHX
3 3ampomoHoBaHoro Habopy kpurepiis: f;(m;) = E [rj (s, m;(s), S’)|S ~ D] ne D ¢
PO3IOIIIOM CTaHIB, 3 IKUMU CTUKAIOTHCS 11 4ac POOOTH.

3. Bin6ip: BuOip nonituk ass penpoayKiiii Ha ocHOBI ix [lapeTo-noMiHyBaHHS
Ta PiI3HOMAHITHOCTI: Pggpcteq = Selection(P, fi, fo, .., fr).

4. CxpemyBanHsi: ['eHepallii HOBHX MOJITUK MUISXOM KOMOIHYBaHHS
BUOpPAHUX MOJITUK: Ty = Crossover(ni,nj).

3. Myraunisa: BBegeHHs ~— BUNAAKOBUX  Bapiamid Uil OIATPUMKH
PI3HOMAHITHOCTI: Ty rateqa = Mutate(myey).
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6. 3amina: OHOBJIEHHsA  MOMyJALIl  HOBUM  MOKOJMIHHAM:  Ppyq =
Replace(Ps, Pyey,).

[Tponiec MOEA renepye [Tapeto-ppoHT HEAOMIHOBAHHUX MOJITHK, KOXKHA 3 SIKUX
MIPEJCTABIIAE PI3HUM KOMIPOMIC MK KpuTepiamu ontumiszaiii. Komnonent RL nmotim
BUOMpae HaOUIbII BIATOBIAHY MOJITUKY HA OCHOBI IOTOYHOTO ONEPALITHOTO KOHTEKCTY
Ta BUKOPUCTOBYE 11 JUIsl KEPYyBaHHS MPUNHATTSM PIllICHb.

InTerparis MOEA Tta RL nocsraetbest 3aBasiku 3a0€3M€4YEHHIO IBOCTOPOHHBOTO
MOTOKY 1H(opMaIii:

1. Komnonent RL namae MOEA pani npo mepexojyd CTaHIB Ta CUTHAIH
BUHATOPOJIH, SIKI BAKOPUCTOBYIOTHCS JUIsl OI[IHKY KaHIU/IaTiB TOJIITHK.

2. MOEA Hanae xomnoHeHTy RL mokpalmieHi MNOMITHKH, SIKI KEpPYHOTh
JOCJIIIDKEHHSIM Ta €KCIUTyaTalli€lo B IPOCTOP1 CTaHIB-iil.

Taxki B3aemo/1ig popMye e(peKTUBHY CUCTEMY ONTUMI3AIlli, III0 OEAHYE aJalTUBHI
BJIACTMBOCTI HABYAaHHS 3 MIJKPIUICHHSIM 13 TMepeBaramMu TJI00adbHOT ONTUMI3allii
0araTolIbOBUX €BOJIOLINHUX AJITOPUTMIB.

3.14 MexaHizMu aganTanii Ta HABYaAHHA

EdexTuBHICTS 3ampoOnOHOBAHOTO TMIAXOMY 3al€XHUTh Bl HOro 3JaTHOCTI
aJanTyBaTUCS 10 3MIHHUX YMOB Ta BUUTUCS HA JIOCB1/I1. 3alIPONIOHOBAHO BIIPOBAKEHHS
KUIbKOX MEXaHi3MIB aJalTallii Ta HaBYaHHs JJIs M1BUILEHHS MTPOAYKTUBHOCTI CUCTEMHU
3 4acOM.

IHoBTOpennss mocmimy: [lns mokpaieHHs €(EeKTUBHOCTI BUOIPKM Ta PO3PUBY
KOpEJsilif y MOCITIAOBHOCTI CIOCTEPEKEHbh BUKOPUCTOBYETHCS MEXaHi3M IMMOBTOPEHHS
IOCBiny, skuii 36epirae nepexonu (s, a,r,s") y 0ydepi mosropenns D. ITix yac HaB4aHHS
MiHI-IaKeTH MEePEXO/IiB BUMAJIKOBO BUOMPAIOTHCS 3 1IbOro Oydepa:

(sja;,75,s"))j =18 ~D. (3.5)
Q-dyHKIIIA TOTIM OHOBIIIOETHCA 3 BUKOPUCTAHHSM 1IMX BUOPAHUX MEPEXOJIIB:

Q(s,a) <« Q(s,a) + a - [r +v-mgxQ (s',a") — Q(s, a)] , (3.6)

7€ @ € MBUJKICTIO HABYAHHS.

IIpioputeTHe moBTOpEeHHs A0CBiny: 15 30cepeKeHHs] HABYaHHS HA HalOUIbIII
1H(QOpPMATUBHUX MEpPEeXoJaX BIPOBAIKYETHCS MPIOPUTETHE MOBTOPEHHS JOCBILY, €
Mepexoiu BUOUPAIOTHCS 3 UMOBIPHICTIO:
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N i (3.7)
PU) = kal?,

ne pj = |6j| + € € IpIOpPUTETOM Nepexony j, 3 §; AK NOMHUIKOK YacOBOI PI3HMII Ta €
MaJIor KOHCTaHTOIO JJis1 3a0€31eUeHHs] HEHYJIbOBO1 HMOBIPHOCTI.

Tpauncdepne HaBuanHs: J[Ji1 IpUCKOPEHHS HABYaHHS B HOBUX CepeIOBUIIAX a00
JUIsl HOBUX THIIIB JIaHUX BIIPOBA/KYETHCSI MEXaHi3M TpaHC(HEpPHOrO0 HABUAHHS, SIKUM
BUKOPHUCTOBY€E 3HAHHS, OTPUMAaHI 3 ONEPEAHBOTO TOCBIY:

Qnew(sr a) = ﬁ ) Qold(sx a) + (1 - ﬁ) ) Qinit(sr a) ) (3-8)

7€ [/ KOHTPOJIOE CTYIIHb Mepeadi 3HaHb.

KonTekcTHi 0anauTn: /11 crieHapiiB 3 oOMexeHo0 1HGOpMaIIi€r Ipo cTaH abo
KOPOTKOCTPOKOBUMH IIUISIMU ONTHUMI3AIlli BUKOPUCTOBYETHCS TMIJX1J] KOHTEKCTHHUX
O0aHAUTIB, SKWUI BUOMpAE M1l HA OCHOBI TOTOYHOT'O KOHTEKCTY X:

a* =arg max Q(x,a). (3.9

Q-byHKIII OHOBIIOETHCS 3 BUKOPUCTAHHSM M1JIXOAY Ha OCHOBI IpaJIl€HTA:

VoQo(x,a) = E[(r — Qo(x,a)) - VgQo(x, a)]. (3.9_1)

MeTta-nHaByanHs: JIisg TOKpamieHHS —ajanTaiii 0 HOBUX  CEPEIOBHII
BIPOBA/IKYETHCS TMIJIX1J] METa-HABUAHHS, SKUW ONTUMI3YyE CaM IMPOIEC HaBYAHHS:

0" =arg . min [LT(f6)], (3.10)

Er-pm

ne T mpenctaBisie 3aBIaHHS (HAIPUKIAJ, ONTUMI3allis 30epiraHHs i1 KOHKPETHOTO
Ty ganux), p(T) € po3moaiioM 3aBab, a L+ € GYHKIIEH BTPAT [Ist 3aBIaHHs 7.

[{i MmexaH13MU afanTalli Ta HABYaHHS NPAIIOIOTH Pa30M JIJIsl CTBOPEHHS HAIIITHOTO
Ta THYYKOTO MIAXOMy, SIKUM MOXe €()EeKTUBHO OPIEHTYBATUCS Y CKIATHOMY MPOCTOPi
pillieHb ONTUMI3allil 30epiraHHs Ta IOCTYIY /10 JaHUX Y MYJbTUXMAPHOMY CEPEOBUIIII.

3.2 AJuroput™m ontuMizauii po3MillleHHs Ta JOCTYIY 0 JaHUX

Crnuparoduch Ha 3alpOBOHOBAHUM METOJ HaBYaHHS 3 MiAKpimieHHsIM Ta MOEA,
OMMCAHUN paHille, Jajal MPEICTABICHO aJITOPUTM JJisi ONTHUMI3allii PO3MIIICHHS Ta
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JIOCTYIy J0 JaHUX Yy MyJIbTUXMapHUX cepenoBuinax. Lleit aiaroputM iHTEerpye
TEOpPETUYHI OCHOBH, BCTAHOBJICHI paHillie, 3 MPAKTUYHUMH 1€sIMU JJisI CTBOPEHHS
pileHHs 1711 €PEeKTUBHOTO PO3IMOIIJIEHOTO 30€epiranHs Ta A10CTYIy A0 JaHUX.

3.2.1 IMouaTkoBa kiacuikamisa TaHUX Ta AHAJTII3 BUMOT

[Ipornec onTumizallii HIOYMHAETHCS 3 PETEIHHOTO aHATI3Yy XapaKTEPUCTUK Ta BUMOT
nanux. [{eit mouaTkoBU KPOK € BUPIIIAIBHUM JIJIs BCTAHOBJIEHHS 0a30BUX MMapaMeTpiB,
AK1 KEpyBaTUMYTh MOJAJIBIIMMH PIILIEHHAMH ONTUMI3AL].

IIponiec knmacudikaiii JaHUX BKJIIOYAE KaTerOpU3alliio 00'€KTIB TJaHUX HAa OCHOBI
KUIBbKOX BUMIPIB, BKJIIFOYAIOUU:

1. PiBenb uyrimBocTi: J[ani knacudikyroThCs BIAMNOBIIHO A0 iX YYTIHUBOCTI
Ta BUMOT KOH(IAEHUIMHOCTI, BiJ MyOIIYHUX JO BUCOKO KOH(DimeHmiHuX. ILls
kiacudikamis GopMani3yeThes AK:

L(d) = SLy,SLy,SL3,SL,, SLs , (3.11)

ne SL, npencrasise myOniuHi AaHi, a SLg npeacrapiisie BUCOKO KOH(IAEHIIINHI AaHi.
2. HIa6s0n goctymy: O0'€eKTH TaHUX KATETOPU3YIOTHCS Ha OCHOBI X TUIIOBHUX
1a0JIOHIB JOCTYITY, SIK1 BIUTMBAIOTh HA PIIICHHS II0JI0 PO3MILIEHHS:

AP(d) = (fri fW' Ps» pr) ’ (3.12)

1€ f, € 9acTOTOI0 YWTaHHSA, f,, € YaCTOTOI 3aIMHCYy, Ps € WMOBIPHICTIO MOCIIIOBHOTO
JOCTYIY, a P, € UMOBIPHICTIO BUMIAJKOBOT'O IOCTYITY.

3. Po3mip Ta mBuakicts pocty: I[loTouHuit po3mip Ta MNPOrHO30BAHE
3pocTaHHs 00'€KTIB JaHUX MOJIETIOIOTHCS SIK:

5(d,t) = So(d) - (1 + ga)*, (3.13)
ne Sy(d) € mouaTKOBUM pO3MIpPOM, g, € MIBHIKICTIO POCTY, a £ € TIEPIOOM dacy.
4. Crania surreBoro mukiay: KoxxHoMy 00'€eKTy OaHUX NPHU3HAYAETHCS
CTalisl )KUTTEBOTO IUKITY, SIKa BIUIUBAE HA MOTO BUMOTH J0 30€piraHHs:

LC(d) = Creation, Active, Inactive, Archive, Deletion . (3.14)

5. Bumorn BinmosimHocTi: PerymsatopHi Ta  ynpaBiiHCBKI  BUMOTH
B1100pakaroThCsl HA KOKEH 00'€KT TaHUX:
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CR(d) = cry,cry, .o, CTy (3.15)

Jle KOXeH CT1; mpeiCcTaBisie KOHKPETHY BUMOTY BIATIOBITHOCTI.

daza a”anizy BUMOT Iepekiagae 1l kiacudikamii y KOHKPETHI TEXHIYHI BUMOTH
JUIsl KO’)KHOTO KPUTEPII0 B 3apONOHOBAHOMY KOMIUIEKCHOMY HaOopi. llelt mepexnan
BUKOHYETHCS 3 BUKOPUCTAHHAM (PYHKIIIT B1TOOpa>KEHHSI BUMOT;

RM: (SL,AP,S,LC,CR) - (Lat,eq, Redyeq, CONSyeq, .., SUStreq) (3.16)

JIe KOKEH KOMIIOHEHT MPaBOpyY MPEICTABISE PIBEHb BUMOT 71 KOHKPETHOTO KPUTEPIIO
3 BUBHAYEHOT'0 KOMILIEKCHOTO Habopy.

{06 dopmanizyBaTu HaHuil BUpa3, sl KOXKHOTO 00'€KkTa JaHUX d BU3HAETHCS
BEKTOP BUMOT BUMOT R ;:

Ry = (r, 1y, ..., 1), (3.17)

JIe KOXEH 7; IPEACTaBIIsi€ PIBEHb BUMOT JJIsI KPUTEPIIO i.

PiBHI BUMOr He SBIAIOTbCS OIHAPHUMH, ajle iX MOXXHA MPEICTaBUTH Ha
Oe3nepepBHil IIKaJl, 110 JO3BOJISIE€ B CBOIO UEPry MPE/ICTABICHHS BUMOT 3 ypaXyBaHHSIM
pi3HUX HI0AHCIB. Hampuknaa, BUMOTH 10 3aTPUMKH MOKYTb OyTH BUPaXKEHI SIK:

Lat_{req}(d)

< 10 mc, ko AP(d) BKasye Ha JOCTyN y peaJibHOMY 4aci
< 100 Mmc, akuo AP(d) BKa3ye Ha iIHTEPAaKTUBHUM JOCTYI
< 1000 Mmc, skio AP(d) Bka3ye Ha aKETHY 06pOOKY

[Tponec mouatkoBoi kiacu@ikalii JaHUX Ta aHajli3y BUMOT PO3pOOJICHUU st
MEepP1OAUYHOTO OHOBJIICHHS, TOOTO HE € CTATUYHUM, OCKUTBKU XapaKTEPUCTUKHU Ta BUMOTH
JAHUX EBOJIIOLIOHYIOTH 13 yacoM. Lledl nuHamiuyHuit migxin 3a0esnedye, M0 MPOILEC
ONTUMI3AI] 3aJIUIIAETHCS Y3rOIKEHUM 31 3MIHHUMH O13HEC-OTpeOaMu Ta TEXHIYHUMHU
0OMEKECHHSIMH.

PesynbTaTom 11i€i (pa3u € KOMIUIEKCHUN KaTaJlor JaHUX, IKUI BKIIIOYAE:

1. MetanaHi mpo KOKEH 00'€KT JaHUX

2. [adopmartiro po kmacudikariiro 3a KJIbKOMa BUMIpaMU

3. KonkpeTH1 BUMOTH JJIs1 KOKHOTO KPUTEPII0 B BU3HAYEHOMY KOMILIEKCHOMY
Habopi

4. 3a1eKHOCT1 MK 00'€KTaMM TaHUX

5. IcTopuyH1 11a0J0HU TOCTYIy Ta CTATUCTUKY BUKOPUCTAHHS
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[eit kaTanor CiIy>KUTh OCHOBOIO JJI1 HAcTyNMHUX (Da3 onTUMI3allli, HAJAl0uH MPU
bOMY HEOOX1THUI KOHTEKCT JIJIsi IPUUHATTS 1HHOPMOBAHUX PIIIEHB 1010 PO3MIIIEHHS
Ta JOCTYIy JI0 IaHHUX.

3.2.2 JIlnHamiyHa cTpaTerisi po3MillleHHs 3 BAKOPUCTAHHAM HABYaHHS 3

MiIKPiNJIeHHAM

HactynHum KpokOM € BIPOBAJKEHHSI TUHAMIYHOI CTpaTerii po3MIILIECHHS, fKa
CIIUPAETHCS HA MOYATKOBY Kiacu(iKallilo JaHUX Ta aHall3 BUMOT, 1 K4 BUKOPUCTOBYE
HaBYAHHS 3 MIAKPUIUICHHSM JUIsl TPUUHATTS aJalTUBHUX PIIICHb 00 PO3MILICHHS
nanux. L{g cTpareris MOCTIHHO ONTUMI3y€ PO3MIIICHHS! 00'€KTIB JAHUX Cepel KUTbKOX
XMapHUX TpPOBalJepiB HAa OCHOBI 3MIHHHUX BHMOT, MIA0JOHIB JOCTYNy Ta YMOB
CepeloBULIA.

SlnpoMm 3amporoHOBAaHOI AMHAMIYHOI CTpaTerii po3MilleHHS € anroputm Q-
HaBYaHHS, SKUW BUBYAE T 3HAXOAUTH ONTUMAIIbHY MOJITHKY PO3MIIIECHHS JAaHUX Yepes
B3a€EMOJII0 3 MYyIbTHXMapHUM cepefoBuineM. Q-¢yukmis Q(s,a) upeacrabise
OUIKYBaHy JOBTOCTPOKOBY BHHAropojay 3a BUKOHAHHS [li @ B CTaHl S 1 OHOBIIFOETHCS
BIJIIIOBIJTHO J10:

Q(s,a) « Q(s,a) + a- [7” +vy- n}friXQ (s’,a") — Q(s, a)] : (3.18)

st oOpoOKM BHUCOKOBUMIPHUX MPOCTOPIB CTaHIB Ta 1A y MYJIbTUXMapHHUX
cepeloBUIIIAX BIPOBaIXKyeThcs rmooka Q-mepexxka (DQN), sika ampokcumye Q-
(YHKIIII0 3 BUKOPUCTAaHHSAM HEHPOHHOI MEPEXi:

Q(s,a;0) = Q*(s,a), (3.19)

ne 6 npencrasisie mapaMeTpu HEUPOHHOT MEPExI.
Meperxa HaBYa€TbCs MiHIMI3YBaTH (YHKIIIO BTPAT:

L(O) = E(s,a,r,s") ~ D [(r +v - maxa’' Q(s',a’;67) — Q(s,4;8))°] . (3.20)

ne 0~ mpeacTaBisie TapaMeTpH IIIJIOBOI MEpeXki, sKa MEPioJUIHO OHOBIIOETHCS IS
cTabiizallii HaBYaHHS.

JlunaMiuHa cTpaTerisi pO3MIIIEHHS TaHUX MPaLIOE B IBOX pPEeKUMAaX:

1. Pexxum pocaimkenns: Ilin uvac 1miei ¢asm cucrema IOCHIIKYE Pi3HI
BapI1aHTH PO3MIILIEHHS JIJIs1 300py 1HGOpMAIlli PO IX XapaKTEPUCTUKHU MPOTYKTUBHOCTI.
JlocnipKeHHsS! KepY€EThCsl €-KaA10HOK0 MOTITHKOIO:
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arg max _a Q(s,a; 8), 3 uMoBipHicTIO 1
—€ BUMAAKOBA Jlisl, 3 UMOBIpHICTIO €

n(als) = {

HIBUAKICTH AOCIIIKEHHS € TOCTYOBO 3MEHIIIY€ETHCS 3 YACOM BIJIMOBIAHO J10:

E(t) = €min T (Emax - Emin) : e_lt .

2. Pexum excmiyaranii: ¥ 1boMy pexuMi CHCTEMa BUKOPUCTOBYE BUBUEHY
MOJITUKY JUISl TPUUHATTS ONTUMATbHUX PIIIEHB MI0JI0 PO3MIIIECHHS:

a* =argmaxQ (s,a; 0) . (3.21)
a

3miHa a0o mepexig MK HUMHU peXHUMaMu B1IOYBA€THCS 3a JTONOMOrOK (DyHKIIT
MJIaHYBaHHS, sIKa BPIBHOBAXKYE MPOIECH JOCIIIKEHHS Ta BAKOPUCTAHHS HAasIBHUX 3HAHb,
BpPaxOBYIOUHU PiBEHb JOCTOBIPHOCTI CUCTEMHU IIOO ii HOTOYHOI CTpaTerii Ta CTablIBHOCTI
CepeloBULIA.

Jlns BKIIIOYEHHs OaraTOKpUTEpiadbHOI MPUPOAM JIaHOI 3ajadl ONTUMI3aIlil
BIPOBA/IKYETHCS IEKOMIO30BaHUM miaxia Q-HaBYaHHA, SKUN MIATpUMYyeE OKpemi Q-
(GyHKIT 7151 KOKHOTO KPUTEPIIO:

Qi(s,a;0;) = Qi (s,a) . (3.22)

3aranbHa Q-(QyHKIiS OTIM O0YUCTIOETHCS SIK 3BayK€HA CyMa:

Q(s,a;0) = Z w; - Qi(s,a;0;), (3.22)
i=1

Jie Bard w; JTUHAMIYHO KOPUTYIOTHCS HA OCHOBI MOTOYHUX BU3HAYEHUX MPIOPUTETIB Ta
0OMEXEHB.

JlunaMmiuHa CTpaTerist po3MILIEHHS TaKOX BKJIIOYA€ KOMIIOHEHT MPOTHO3YBaHHS,
AKUU nependayae MaiOyTHI IA0JIOHU TIOCTYIy Ta BUMOTH:

P(AP¢11|AP, APy, ..., AP ) . (3.23)
Jlana 31aTHICTH JO MPOTHO3YBaHHS JI03BOJISIE CUCTEMI 3a3/alierilb KOPUTYBaTU

PO3MILIEHHSI JaHUX BIAMNOBIAHO IO OYIKYBAHMX 3MIH y CX€Max JOCTYyIMy, L0 CIpUsIE
3MEHIIICHHIO 3aTPUMKH Ta I1ABUIIEHHIO 3arajJbHOi €()eKTUBHOCTI pOOOTH.
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PimienHst moa0 po3MilleHHsS HE NPUHMAIOThCA 130JIbOBAHO, ajie BPaXxOBYIOTh
B3a€EMO3AJISKHOCTI MK o0'ekTamMu JaHuX. Jladl MOJENIOITHCS Il 3aJ€KHOCTI 3
BUKOPHUCTAHHSM TpadoBOi CTPYKTYpH:

G={,E), (3.24)

Jie BepIIMHU V mpeACcTaBlsaOTh 00'€KTU JaHUX, a pebpa E MpeACcTaBlIsOTh 3aJI€KHOCTI
MDK HUMHU. AJITOPUTM PO3MIIIEHHS BpaxoBYy€e 1€l rpad Npu NPUNHATTI pIllECHb,
3a0e3Meuyloud, 110 TMOB's3aHl O0'€KTH JaHMX PO3MINIYIOTbCS TAKUM YHHOM, 100
MIHIMI3yBaTu JOCTYI MIX IpOBaiiiepamu.

JlunaMmidHa cTpaTerisi po3MIILIEHHS peali3yeTbesl K Oe3nepepBHU MpolieC, KUl
MOHITOPUTH CEPEIOBHUILE, OHOBJIIOE CBOIO MOJITUKY Ta BIANOBIIHO KOPUTYE PO3MIILIEHHS
nanux. Lleit miaxin 6e3nepepBHOI onTHUMI3allll 3a0e3neduye, M0 CUCTEMA 3aJIUIIAETHCS
YyTJIUBOIO IO 3MIHHUX YMOB Ta BUMOT.

3.23 BbararouuiboBa ontuMizauisa napamerpis 30epiraHus

Y TOil yac SK JOUHAMIYHA CTpATEris PO3MIIICHHS BHU3HAYA€ ONTUMAIbHOTO
XMapHOTO TIpoBaijiepa IS KOXXKHOTO 0O0'ekTa MaHWX, OaraToIlIbOBAa OMNTHMI3AIlis
napaMeTpiB 30epiraHHs 30CEPEIKY€EThCS HA HANAITYBaHHI KOHKPETHUX XapaKTEPUCTUK
30epiraHHsg B MekaxX KOXKHOTO mpoBaijaepa. llei mporec onmTumizalili OXOIUTIOE TakKi
napaMmeTpu, Ak (aKTop permiikaiii, piB€Hb Y3TOJXKEHOCTI, METOJ IudpyBaHHS,
KOe(]illIEHT CTUCHEHHS Ta PIBEHb 30€piranHs.

3agada 0araToniIbOBOI ONTHUMI3allil GOPMYITIOETHCA SIK:

minF (x) = [, 00, -, frnCOTT (3.25)

32 YMOBHU:
gi(x)<0,j=12,... h(x)=0k=12, .., xf <x;<x/,i=12,..,

Jie X — I1€ BEKTOP 3MIHHHX PIIlI€HHs, 110 IPEICTABIAIOTH ITapaMeTpu 30epiranns, F(x) —

BeKTOp LinboBuX QyHKuiit, g;(x) Ta hy (x) — HepiBHOCTI Ta piBHOCTI OGMEXKEHS, a X' Ta

x! € HIKHIME Ta BEpXHIMH MeaMH 3MiHHUX JUI KOXKHOTO BapiaHTy PillleHHS.

[Ilo6 BupimuTH 110 3a7a4y O0araToliIbOBOi ONTHUMI3AIl MPONOHYETHCS
BrpoBakeHHs: HepominoBanoro CopryBansHoro ['enetuunoro Anroputmy II (NSGA-
II), sxkuit noOpe miAXOAUTH AJis 3HaXOKeHHs [lapeTo-onTUManbHUX PIllIeHb Y 3aJa4ax
31 CKJIAJHUMH MPOCTOPaMU pillieHb. AJTOPUTM MPALIOE€ HACTYITHUM YHHOM:

1. Inimianizauia: ['eneparris moyaTkoBoi MomyJsiii pimeHs Py po3mipom N.
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2. Ouinka: OOuucneHHs 3Ha4eHb UIHOBOT (PYHKIIIT JIsT KOKHOTO PIIIECHHS B
MOMYJISALIT.

3. HenominoBane copryBannsi: Knacudikaimiss momysnsiiii Ha pi3HI pIBHI
HenoMminyBaHHs (pponTH [1apeTo).

4. Bincranb ckynyenHsi: Po3paxyHOK BiJICTaH1 CKyMYE€HHS AJIsI KOKHOTO
pILIEHHS 17151 MIATPUMKHU PI3HOMaHITHOCTI.

5. Bin0ip: Bubip O0aTbKIBCBKMX pIlllEHb 3 BUKOPHUCTaHHSAM O1HApPHOTO
TYpPHIPHOTO B1I0OPY Ha OCHOBI PaHT'y Ta BIACTaH1 CKyITYEHHS.

6. Bapiauia: 3acTocyBaHHS OmepaTtopiB CXpEIlyBaHHS Ta MyTalii it
reHepaii nomymsuii Hamaakis Q.

7. Komo6inanis: O0'eqnanns 6aThbKiBChKOT MOMYJIALIT Ta MOMYJIALII HAIIAAKIB:
R, = P U Q.

8. Enitusm: Bubip naiikpaniux N pimens 3 R, Ayt GopMyBaHHS HaCTYITHOTO
MOKOTHHSA Py q.

9. 3aBepmiennsi: [loBTopeHHsT KpOKiB 2-8 110 J[OCSITHEHHS KPHUTEPIIO
3aBEPILIEHHS.

[inboB1 (yHKIII B 3aMpONOHOBaHIM 0aratouuIbOBIM ONTHUMI3aIlll OTPUMaHi 3
KpUTepiiB, BcTaHoBieHux y Pozaimi 2. Hanpuknan:
. . .. _ n k
1. Hiabosa dynkuia BaprocTi: froo(x) = X1 X1 Cij-x;jaec;; €
BapTICTIO 30epiranHs 00'ekTa AaHUX I 3 KOH(ITYpaIli€l0 MapaMeTpiB j.
2. HitboBa ¢yHKUiA 3aTPUMKH: flarency (X) = n%?x(lij -xl-j) me lj; e
3aTPUMKOIO, MOB'SI3aHOI0 3 JJOCTYIOM JI0 00'€KTa TaHUX i 3 KOH(PITypalli€ro mapamMeTpis ;.
. . . — \'n k
3. HinboBa ¢ynkuis Gesnmeku: foocyriry(X) = XL, max (0, Sreqi — 2j=15j °
Xi]—) JI€ Sreqi € BUMOrOK O€3leKW I O0'€KTa JaHuX I, a S; € piBHEM Oe3IeKu,

3a0e3reueHnM KOHDIrypaliero napameTpis j.
Jlam BM3HAYAIOTHCSI OOMEKCHHS B JaHIM 3a7adl ONTHMI3allli, K1 BKIIFOYAIOTh B

cebe:

1.  OOmexeHHS OIOTXKeTy: Z?zlzle Cij*X;jj <B ne B € 3aranbHuM
OIOKETOM.

2. OOMexReHHs1 NPOXAYKTHUBHOCTI: lij - X;j < Lypgx; Vi,j, 1€ Lpgyi €

MaKCHUMAJIbHO JJOIYCTUMOIO 3aTPUMKOIO JJisl 00'€KTa TaHUX i.

3. OOmexenns BimmoBimmocti: Y'_, comp; - x;; = comp,eq; Vi, 1ne
COMPyeq,; — BUMOTA BIAMOBITHOCTI JIJ1s1 00'€KTa TaHUX i, a COMP i~ PIBEHB BIIMOBITHOCTI,
3abe3rneueHnil KoH(pIrypaiierw napameTpis .

PesynbTaTomM OaraTomiaproBoi ontumizamii € @pont Ilapero HemOMIHOBaHUX
pillIeHb, KOXKHE 3 AKUX MPEJICTABIISIE PI3HUN KoMITpoMic Mixk tuiamu. 1106 Bubpatu ogHe
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pimeHHs 3 uporo ¢Gpouty [lapeTo BIpoOBaIKYETHCSA MPOLIEC MPUUHATTS PIlICHb, SKUI
BpPaxOBY€ MOTOYHI MPIOPUTETU Ta OOMEKEHHS:

m .
(x) — fmin
x*=arg minZwi . fil®) = fi (3.26)
i=1

YEN max __ fmin ’
i i

ne £ € Habopowm IlapeTo-onTUMaLHUX pillleHb, W; — Bara, npusHadea i i, fi™" Ta

[ — MiHiMabHI Ta MaKCMMaJTbHI 3HaYEHHAMM 1111 i y pponTi [Tapero.
Barn w; BH3HA4arOTBCAd HA OCHOBI NOTOYHOIO KOHTEKCTY 1 MOXYTh OyTH
JUHAMIYHO 3MIHEHEHI Ta 3KOpEeroBaHl [isi BigoOpa)K€HHsT HOBUX TMPIOPUTETIB

KOpHUCTYyBaua.

3.24 AlanTHBHE PO3MI3HABAHHA TAa ONITHUMIi3alis MIA0J0HIB JOCTYILY

EdexTuBHUI TOCTYI 10 TaHUX Y MYJIbTUXMApPHUX CEPETOBUILAX BUMArae He JIUIIE
ONTUMAJBLHOIO PO3MIIICHHSI JaHUX, aje MW 1HTEJEeKTyaJbHOro pO3Mi3HABaHHS Ta
ontumizauii mabsoHIB Aoctymy. Jlaji OpencTaBleHO 3almpolOHOBAHMN MIAXIT 0
aJanNTHUBHOIO pO3Mi3HABaHHS Ta ONTHUMI3alli [MAOJIOHIB JOCTYMy Ui MiHIMI3alil
3aTPUMKH, 3MEHIIEHHS BUTPAT Ta MOKPAILEHHS 3arajJbHO1 NPOAYKTUBHOCTI.

[Ipouec po3nizHaBaHHs a0JOHIB IOCTYITY IOYMHAETHCS 31 300py Ta aHaII3y JIOT1B
JIOCTYMy BiJ YyciX xMmapHux npoBaiaepi. Lli norm wmictars iHdopMalio mpo:
[nenTnyHicTh 00'€KTa AAHUX, IO SKOTO 3/IIMCHIOETHCS NOCTYyM; Tun onepailii (YUMTaHHS,
3amMc, OHOBJIEHHS, BUAANEHHA); YacoBy MITKy noctymy; J[xkepeno 3amuty IOCTymy;
TpuBanicte onepaittii foctyny Ta KulbKiCTh nepeiaHuX JaHUX.

3 1uX HEOOpOOJEHHX JIOTIB BUHOCSTHCA INAOJIOHM JOCTYIy BHLIOTO PpIBHS,
BUKOPUCTOBYIOUM KOMOIHAI[II0 CTAaTUCTUYHOTO aHalizy Ta METOAIB MAIlUHHOTO
HaBuaHHs. [Iporiec po3nizHaBaHHs Ma0JIOHIB JOCTYITY BKJIIOYA€ HACTYITHI KPOKHU:

1. Ionepennsi 06podka nanux: OUuieHHS Ta HOpMaTi3alis HeoOpoOIeHUX
KYpHaJIIB JOCTYITy JJIsl BUJAJIEHHS IIIyMYy Ta HEBIAOBIAHOCTEN.

2. Butsar o3nak: Butar BiinoBiIHUX O3HAK 3 TONIEPEAHBO 00POOICHUX JaHUX,
BKJIIOYAIOYH:

o Yacosi 03Haku (4ac 100U, I€Hb TUXKHS, CE30HHICTh)

o [IpocTopoBi 03Haku (reorpadiyHUi PO3MOILT 3aAMUTIB JOCTYIY)

o OmneparniitHi o3HaKu (CIIBBIHOIIEHHSI YUTAHHSI/3aMUCY, CIIBBIIHOIIECHHS
MIOCJI1IOBHOTO/BUMNaAKOBOT'0 IOCTYILY)

o Pensiuiiini o3Haky (11a0J0HM CIUTBHOTO JOCTYITY MK 00'€KTaMU JJaHUX )

3. 3HaxomKeHHs1 MMIA0JOHIB: 3aCTOCYBaHHS aJTOPUTMIB 3HAXOJKEHHS

MOCHIJOBHUX IIA0JIOHIB NSl 1IeHTU]IKAIlT TOBTOPIOBAHUX MOCIIIOBHOCTEH NOCTYyMYy:
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P(dj|di,di_1, ...,di_k) IO NPEJCTABIsA€ WMOBIPHICTh JOCTYIly JO 00'€KTa JaHuX d;
micyst MoCHimoBHOCTI d;, dj_1, ..., d;_k.

4. Kaacrepusanisi: ['pynyBanHs 00'€KTIB JaHUX 3 MOAIOHMMU IIabJIOHAMU
JOCTYIy 3 BUKOpUCTaHHSM anroputmiB kinactepuszaiii: C = Cq,Cy, ..., Cy, 1€ KOXEH
kyactep C; MICTUTH 00'€KTH TaHUX 3 MOAIOHUMH XapaKTEPUCTUKAMHU JTOCTYILY.

5. Kanacudikania: I[lpusHaueHHs HOBUX OO0'€KTIB MaHUX JO ICHYIOUYHUX
KaTeropii mabIoHIB TOCTYITy 3 BAKOPUCTAHHIM Moenen knacudikarii: f:x — 1,2, ..., m
JIe X € BEKTOPOM O3HaK 00'€KTa TaHUX, a BUX1J € IPU3HAYEHHSM KJIacTepa.

6. BusiBsienns anomadiii: [nentudikanis He3BUYaHUX IAOIOHIB JOCTYIY,
AKi MOXYTh BKa3yBaTH Ha 3arpo3ud Oesmeku abo 3miHHI Bumoru: A(d_t) =

1, akmo |d_t — u| > a-o
{O, B {HIOMY BUIIALKY , Je d; € MOTOYHMM MIabIOHOM JOCTYIy, L Ta O €
CepelHIM 3HAYCHHSIM Ta CTAaHJAPTHUM BIJIXWUJICHHSAM ICTOPUYHUX IIAOJIOHIB, a O €
napameTpoM MOPOrOBUX 3HAYEHb.

Ha ocHOBI po3nizHaHuX Ma0JOHIB TOCTYNY BIPOBAKYIOTHCA KUJIbKA CTpATerii
ONTUMI3AIlIi:

1. IHonepeniii BuGip: [IpoaktuBHE OTpUMaHHS 00'€KTIB JaHUX, K1, HMOBIPHO,
OyIlyTh NIOCTYIIHI B HalOmmxkuyomy MailOyTHboMy: PF = dj|P(dj|di, di_1, ...,di_k) >
Opf 1€ B¢ € MOPOrOM TONEPEIHBOTO BUOOPY.

2. KemyBannst: [linTpumka yacTo NOCTYNMHHMX OO'€KTIB JaHUX y IIBUAIIMX
piBusx 36epiranus: Cache = d;|fyccess(di) > Ocacne 1€ faccess(di) € HacTOTOMO
nocTymy 10 00'ekTa MaHux d;, a O.4cne € TOPOTOM KEIITYBAHHS.

3. Peopranizanis nanux: Pectpykrypu3zaiis 00'€KTIB JaHUX JJIS Y3TOJKEHHS
3 11a0J0HaAMU JJOCTYMY:

Partition(d_i), axumo AP(d_i) BKa3dye Ha 4aCTKOBUH JJOCTYII

R(d_i) = Merge(di, dj) {akmo } P(d_j | d_i) > 6_{merge}

Replicate(d_i), {axkmo } f_{access}(d_i) > 0_{replicate}.

4. Onrumizanis Mapumpyrty aocryny: Bu3HaueHHS ONTHUMAJIBHOIO HUIAXY

JUTSL TOCTYTY 10 O0'€KTIB MaHWX: ' = aryg rrnellgl Yo, l;(r) ne R € HabOpOM MOMKIMBUX

MapuipyTiB, a [; () € 3aTpUMKOIO CEerMeHTa i B MapILIpyTi 7.

[Iponec ananTUBHOIO pO3Mi3HABAHHS Ta ONTHUMI3AIli IA0JOHIB JOCTYITY MPAIO€
0e3nepepBHO, OHOBIIOIYH CBOT MOJIEJI1 Ta CTPATET1 MO Mipi HAJIXOI>KEHHSI HOBUX JIAHUX
noctymy. s Ge3nepepBHa amanTaiisa 3a0e3nevye, Mo CUCTEMA 3aTUIIAETHCA Yy TIUBOIO
710 3MIHHUX IIa0JIOHIB IOCTYMY Ta BUMOT.

s popmanizaiiii mporecy aganTailii BU3HAYAETHCS MPABUIO OHOBIICHHS s
Mojieni abIoHIB 10CTYyMy:
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My = (1_,8) "My + B - Myew (3.27)

ne M; € MOTOYHOIO MOAEIT0, My, € MOIEIII0, OTPUMAHOK 3 HOBUX JaHUX, a f§ €
IIBUJIKICTIO aianTaIli.

[IBuakicTes anmanramii ff He € (IKCOBaHOW, ajie KOPUTYEThCS HA OCHOBI
CTaO1ILHOCTI IA0JIOHIB AOCTYIIY:

1
b= (327 1)

ae V e Miporo BOJIaTHIBRHOCTI MIaOJIOHIB TOCTYITY, a A € mapaMeTpoM MaciTaOyBaHHS.

[eit aganTUBHUIN MiAXiJ 3a0e3medye, 10 CUCTeMa MOXKE IIBUIKO pearyBaTh Ha
3HaYHI 3MIHM B IIA0JIOHAaxX JOCTyIy, 30epirarodu CTaOUIBHICTh IMiJI 4Yac IepioAiB
MOCHIOBHOT TOBEIIHKU JOCTYITY.

3.2.5 BupimeHHss KOHQUIIKTIB Ta yHpaBJiHHA KOMIIPOMicaMu

VY ontuMmizanii 30epiraHHs JaHUX y MYJbTUXMAPHOMY CEpEJOBHILI YacTO
BUHUKAIOTh KOH(IIKTHU MDK PI3HUMH KpuTepisMu onrtumizauii. Hanpuxnan,
MakcuMi3allisi 0e3neKku TaHux 4yepe3 MuppyBaHHSI MOXKE 30UTBIIUTH 3aTPUMKY, TOJI SIK
MIHIMI3aIli1 BapTOCTI MOX€ 3MEHIIWTH HAAMIPHICTh Ta JOCTYNmHICTh. LleWt pozain
MpEACTaBIA€ JaHWM TMIAXiJ A0 BHUPIMIEHHS I[UX KOH(MIIKTIB Ta yHOpaBIiHHS
KOMIIPOMiCaMU CUCTEMaTUYHUM Ta MPO30PUM YUHOM.

IIpouiec BupilieHHs KOH(IIKTIB IMOYHMHAETHCA 3 1MeHTUIKAII MOTEHIIHHUX
KOH(IIKTIB MIXK KpUTepisiMu ontumizaiii. Jlani Bu3zHayaeThcss MaTpuio KoHMIIKTIB C,
JIe KOXKEH €JIEMEHT Cjj MPEJCTABIISE CTYMiHb KOHPIIKTY MiXK KPUTEPIAMH i Ta j:

C=0 ¢ = €cipCz1 0 - cypt P ™ fcCyy Cpp - 0
3HaYeHHS B 11 MaTPUIll BU3HAYAIOTHCA Yepe3 KOMOIHAI[IF0 TEOPETUYHOTO aHATI3Y
Ta eMIIPUYHOTO crocTepexkeHHs. Hanpukian, KOHQIIKT MK piBHEM MHGPYBaHHS Ta
3aTPUMKOIO IOCTYITy MOX€e OyTH KUTbKICHO BUBHAUEHUH SIK:

ALatency
Cencryption,latency — AEncryption ’ (3.28)

10 BUMIPIOE 301IBIIIEHHS 3aTPUMKHU Ha OJIMHUIO 301IBIIIEHHS PI1BHS MU(PYBaHHS.
[licns  imentudikamii KOHQIIKTIB BIPOBAIKYETHCA l€papXiuHa CTpaTeris
BUPIIICHHS KOH(IIIKTIB, sIKA MPAIO€ HA KUIBKOX PIBHSX:
1. BupimienHss Ha ocHoBi oOMexeHb: Ha HaliOuibm 0a30BOMYy piBHI
KOH(JIIKTH BUPIIIYIOTHCS IUIAXOM 3aCTOCYBAaHHS >KOPCTKUX OOMEXEHb, SIKI MOBHHHI
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Oytu 3am0BoieHi: Vi € I 4q: 7 (x) < 0 ne I4rq € HAOOPOM KOPCTKUX OOMEKEHD, a
r;(x) € dyHKIiEr0 0OMEKEHHS.

2. Bupimiennss Ha ocHoBi mnpiopurteriB: Konu XKOpPCTKHX OOMEXKEHb
HEJIOCTAaTHbO, 3aCTOCOBYETHCS X1 HA OCHOBI IPIOPUTETIB, J€ KpUTEPli BHOPSAKOBaHI
32 BaxaumBicTio: min f; (x) saymoBu fj(x) <€;,j =2,3,..,m ge xpurepii
BIIOPSAKOBAHI TAKMM YWHOM, 1110 f; Mae HaBUIIUI TIPiOpUTET.

3. Onrtumizanisa Ilapero: i KOHQIIIKTIB MDK KpUTEpisIMH TOAIOHOL
BKJIMBOCTI BUKOHYETHCS TIOMIyK [apeTo-onTuMaabHOTO PillleHHS:

mxinF x) = [A(x0), (%), ..., frn(x)]T 32 ymOBH 0OMEsKEHD.

4. Bupimennss Ha ocHoBi kopucHocTi: Ha HaiiBuilloMy piBHI BUPIIIYIOTHCS
KOH(UIIKTH HUISIXOM MakcuMizalii (yHKIIi KOPUCHOCTI, sIka NPEACTaBIsi€ 3arajibHy

uinnicts pimenns: max U (x) = Y72, w; - w;(fi(x)) mew; e dynxuiero kopucHocti ast
X

KpUTEPIIO i, a W; € HOro Baroxo.

[Iponec ympaBiiHHS KOMOPOMICAMH BKJIIOYAE MPUUHSTTS SBHUX PIMIEHb PO
MPUUHATHI KOMIIPOMICH M1 KOH(QIIKTYIOUMMU KputepisimMu. Jlani BOpoOBaKy€EThCS LIeH
MPOIIEC 3 BUKOPUCTAHHAM CTPYKTYypH OaraTokputepianbHoro anamizy pimenb (MCDA),
SKa BKJIIOYAE:

1. KinbkicHe BH3HAYeHH KOMIpoOMiciB: BupaxeHHsS KOMIOPOMICIB Yy
. o . . . d f i/ax
TePMIHAX IIBUIKOCTEH 3aMIMICHHS MDK KpUTEpisMu: SR;; = o7,/ox O TPEICTaBsie
J

KUIBKICTh KPUTEPIIO I, SIKY HEOOXIJHO TMOXKEePTBYBaTH, MO0 OTpUMATH OJUHUIIIO

KPUTEPIIO j.

2. Kpugsi 0aiigyxocti: BusHaueHHsI KpUBUX Y IPOCTOPI IITIEH, B3IOBXK SAKUX
ocoba, mo mpuiimae pimenns, € Gaiayxoro: IC = f|U(f) = k ne k € KOHCTaHTHUM
3HAQYEHHSIM KOPUCHOCTI.

3. Meton onmopHoi Touku: [lopiBHSHHS pillleHb 3 OMOPHUMH TOYKAMHU, SIKi
NPEACTABISIIOTE  1€aJbHy  a00  NpUMHATHY  HPOAYKTUBHICTB: d(f,r) =

JIP w; - (fi —11)? Her € ONOpHOK TOUKOIW.

4. MeToau paH:xkyBaHHSl: BCTaHOBJIEHHS BIJHOCHMH TEpeBard  Mix
pillIEHHSAMY Ha OCHOBI IIONAPHMX HOPIBHAHL: X1 > x2 & Y i€ Ctw; > Y i € C™w; ne
C* € HabopoM KpHUTEDIiB, I AKUX X; Kpallle, HiXK X,, a C~ € HaOOpoM, Ul SKHX X,
Kpauie.

[Ipomnec BupiieHHsI KOHGIIKTIB Ta YIPaBIiHHS KOMIIPOMICAMU HE € OJTHOPA30BOIO
JISTIBHICTIO, ajie IHTerpoBaHuil y Oe3nepepBHU UK onTuMi3zaiii. [To Mipi 3MiHM yMOB
Ta BUHMKHEHHS HOBUX KOH(IIKTIB CHUCTEMa aJamnTye CBOi CTpaTerii BUPILMIEHHS s
MIITPUMKHU ONTUMAIIbHOI MPOAYKTUBHOCTI 3a BCIMa KPUTEPISIMHU.
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BUCHOBKHA

1. Po3pobiieno QopmaiibHy MOJENIb NOPOCTOPY CTaHIB Ta I 11 3ajadl
onTuUMizalli 30epiraHHs JaHUX Y MYJbTUXMApPHOMY CEpPEIOBHINI, IO JI03BOJISIE
e(heKTUBHO MPECTABIATH CKJIaJH1 KOH(ITypallii po3MoA1JIEHOr0 30€piraHHs Ta MOXKJIUBI
omepariii 3 TaHUMHU.

2. 3anpornoHOBaHO KOMIO3UTHY (PYHKIIIIO BUHATOPOJIH, KA IHTETPYE BC1 KPUTEPIi,
BU3HAUeH] B Po3nuni 2, 3 aganTUBHUM MEXaHI3MOM 3Ba)KyBaHHs, 10 J03BOJIE CUCTEMI
JMHAMIYHO TIPIOPUTE3YBATH Pi3HI KPUTEPIi, 38 SKUMH BUPINIYETHCS 3a7a4a ONTUMI3allii
BIIMOBIHO /10 XapakTepy Ta 3MICTy JJaHUX Ta BUMOT IIOJ0 iX 30epiranHs.

3. Po3po0iieHO MexaHI3M TMOKpallleHHs nojiTuku Ha ocHOBI MOEA, skuit
edexkTuBHO 3HaxoauTh [lapeTo-onmTUMalibHI pilleHHS B 0araTOKpUTEpPiaIbHOMY
pocTopi, 3abe3neuyroun 30a7aHCOBaHI KOMIIPOMICH MK KOH(PIIKTYIOUUMH IIISIMU
onTUMI3aIli.

4. BnpoBapkeHO HaOlp MeXaHI3MIB ajanTaiii Ta HaBYaHHS, BKJIIOYAIOUH
MOBTOPEHHS JIOCBiAYy, TpaHCcpepHEe HaBUaHHS Ta MeETa-HaBYaHHS, IO IiABUILYE
e(heKTUBHICTh HAaBYAHHS Ta aJJAlITUBHICTh CUCTEMH JI0 3MIHHUX YMOB.

5. CTBOpEHO KOMIUIEKCHUI METO ONTUMI3allii pO3MILIEHHS Ta IOCTYIY 10 JaHUX,
AKAA BKIIOYAE TM'ATh B3aEMOMNOB'A3aHUX (a3: MOUYaTKOBY KIIAcH(IKAIIIO JaHUX,
JUHAMIYHY CTpaTerilo PO3MIllleHHs, O0aratouiibOBy ONTHUMI3allil0 MapaMeTpiB
30epiraHHs, aJlaliTUBHE PO3I13HABaHHS IAOJIOHIB IOCTYILYy Ta BUPIIIEHHS KOH(IIKTIB.

6. Po3po0iieHO MeTOoAM aJanTUBHOTO PO3Mi3HABAaHHSA Ta ONTUMI3allii MIa0JIOHIB
JOCTYIy, SIK1 I03BOJISIFOTH CUCTEMI pearyBaTH Ha 3MiHHM B IMOBEJIHLII JOCTYMIY 10 JaHUX,
3aCTOCOBYIOYM TaKl CTpaTerii ik momnepeaHe BUOMpPAHHS, KEUTyBaHHS Ta peopraHizallis
JaHUX.
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PO3/LT 4
AHAJII3 E@EKTUBHOCTI PO3POBJIEHOIO KOMILJIEKCHOTI'O METOIY
E®EKTUBHOI'O PO3NOJIEHOIO 3BEPITAHHS TA JOCTYITY 10
JTAHMX

4.1 YaockonaneHuil miaxia: IHTe/ieKTyaJlbHUH OPKECTPATOP XMAPHUX JAHUX

(ICDO)

J17ist BUpIIEHHS CKJIAITHUX TpOoOIeM ONTUMi3allii 30epiraHHs Ta I0CTymy 10 JaHUX
Yy MyJIbTUXMApPHOMY CEPEAOBUII, BU3HAUEHUX Y MOMEPEAHIX PO3/ALIaX, Y TPOMOHY€ETHCS
miaxin nig Ha3Boro [nrenekryansauit Opkectparop Xmapuux Jlanux — Intelligent Cloud
Data Orchestrator (ICDO). Ileit ¢peitMBOpk TmpeacTaBisie €000 KOMILUIEKCHY
IHTErpalilo OHTOJOTIYHOI MOJielNi, po3podseHoi B Po3aini 2, 3 mepenoBUMU METOJaMU
onTUMI3alli 3 BUKOPUCTaHHSAM HaBuaHHs 3 migkpimieHHsM (RL) Ta OararouisiboBux
esontomiitnux anroputMiB (MOEA), onucanux y Po3aini 3. Iligxig ICDO 3abe3neuye
CUCTeMATHUYHUN MiAXiAg 10 OallaHCyBaHHS YHUCIEHHUX KPUTEPIiB, 110 BIUIUBAIOTH HA
PILIEHHS 1IOJ0 PO3MINIEHHS TJAaHUX Y PO3MOAUIEHUX XMAPHUX CEPEOBUIIIAX.

4.1.1 Oruasj apxitekrypHux kommnoHentis ICDO

OpeitmBopk ICDO ckiagaeTbest 3 TpbOX OCHOBHUX PIBHIB, KOKEH 3 KUX MICTUTh
Creliaii3oBaHi KOMIIOHEHTH, IO MPaIIOIOTh Pa3oM IS JTOCATHEHHS €(EeKTUBHOIO
PO3MO1IEHOTO 30epiraHHs Ta A0CTyIy 10 nanux. Ha puc 4.1 300paxxeHo apXiTeKTypHUI
ornsin pperimBopky ICDO, 1m0 migkpecitoe B3a€MO3B'I3KA MK KOMIIOHEHTaMU Ta TOTIK
iH(opMallii uepe3 cucremy.
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e

Core Orchestration Layer

User Inteface

Ontology Manager

Intent & Policy
Resolver

Cloud Provider Monitoring
Catalogue

T

Optimization & Decision Layer

Optimization Engine Solver

Execution Layer

Data Placement Manager

Data Storage Adapters

Cloud Provider 1 Cloud Provider N

Pucynok 4.1 Apxitektypa dpeiimBopky ICDO, sika ckinagaeThes 3 TphOX PiBHIB
(PiBen» ocHOBHO1 OpkecTpailii, PiBeHb onTumizalii Ta IpuUHSTTS pillieHb, Ta PiBeHb
BUKOHAHHSI Ta YIPABJIIHHS) Ta IXHIX KOMIIOHEHTIB 3 B3a€MO3B'sI3KaMU.

ApXITEKTypa Cllilye PIBHEBOMY MIIXOIYy 3 YITKUM PO3AUICHHSIM OOOB'SI3KIB, L0
JI03BOJIsSIE MOJIYJIbHY PO3pOOKY Ta po3ropTaHHs. KoxeH piBeHb BUpillye crenudiuni
aCmeKTu MpoOJieMH YOpPaBIIHHS MYJIbTUXMApHUMU JaHUMHU, BiJ B3aeMoOAll 3
KOpUCTYBaue€M Ta BHU3HAUEHHS TMOJITHK JO ONTHUMI3allii Ta BUKOHAHHS CTpaTeriii
PO3MIIIIEHHS JaHHX.
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4.1.2 PiBensn opkectpaunii (Core Orchestration Layer - COL)

PiBeHnb opkecTpailii Caykuth iHTEphEUCcCOM MIK KOPUCTyBauyaMHU Ta CHUCTEMOIO,
(iKCyIO0UMd BUMOTH Ta MEPETBOPIOIOYH iX Y (pOopMalibHI MOJITUKH, IKI MOXKYTh KEpyBaTH
PILIEHHSIMU TI0JI0 ONTUMI3AIlIi.

Intepdeiic kopucryBaua (User Interface - Ul)

Komnonent intepdeiicy kopuctyBaua 3abe3reuye KOMIUIEKCHUN 1HTepdenc s
B3aeMO/Iii kopucTtyBauiB i3 cuctemoro [CDO. Bin niaTpuMye Kijibka peXKUMIB B3a€MO/II,
BKJIIOUaOuUM TpadiuHuil BeO-iHTEpdelc, IHCTPYMEHTH KOMaHaHoro psiaka ta API-
EHNOIHTHU AJisl mporpamMHoro aoctymy. Ul 1o3Boisie KopucTyBadam 1mojiaBaT 3aluTH Ha
30epiraHHs Ta OTPUMaHHS JaHUX, BU3HAYATHU MepeBaru Ta 0OMEKEHHS JJI PO3MIIIEHHS
JAHUX, BIJACTEXKYBAaTH MOTOYHUM CTaH PO3MIIICHHS JaHUX Yy PI3HUX XMapHUX
npoBaiiepax, neperisiiaTi MOKa3HUKUA MPOJTYKTUBHOCTI Ta aHAJITUKY BUTPAT, @ TAKOXK
HaJAIITOBYBATH 3araJiIbHOCUCTEMHI MOJIITUKHU Ta MEPEBari.

UI nepeTtBOproe BBEJIEHI KOPUCTYBAueM JaHl y CTaHJapTU30BaHUN dopmat, IKun
Moxe OyTu oOpoOsiennit MexaHizMoM HaMipiB 1 momiTuK. el mpouec nepeTBopeHHs
BKJIIOYAE BIJIOOpaKEHHSI BUPaA31B HaMipy MPUPOIHOIO MOBOIO (HApUKIa, "3a0e3neunTu
BHCOKY JIOCTYIHICTh IIUX JaHuX") y popMasibH1 crienudikaiii momaiTukK.

Mexanizm HaMmipiB i mojituk (Intent and Policy Engine - IPE)

MexaHi3M HaMmipiB 1 MOJITHK MPEACTaBIIsIE 3HAYHUN TMPOTpPEeC MOPIBHIHO 3
TPAIULIMHUMU CHUCTEMaMHM Ha OCHOBI MPaBWI, BKIIOYAIOYM CEMAHTUYHE PO3YMIHHS
BUMOT KOPHUCTyBauiB. BiH BHUKOpPUCTOBY€ MeTOIM OOpPOOKH MPUPOIHOI MOBU IS
1HTepIpeTalii HaMipiB KOPUCTYBauiB 1 MEPETBOPIOE iX Yy (QopMalibHI MONITHKH, SKi
MOXKYTbh KEpYBaTH PILICHHIMU 100 ONTUMI3AIlii.

IPE mpartoe Ha ¢hopmanbHiii MOBI OJITUK, BU3HAYEHIH SIK:

P=CW,R,T. 4.1)

He C - ue HaGip KpUTEPIiB 13 KOMIUIEKCHOTO HA0opy, BU3HaueHoro B Pozaim 2; W - ne
HaO0lp Bar, MPU3HAYEHUX KOXKHOMY KPUTEPit0; R - 11e HaOip 0OMeXeHb, sIKl IOBUHHI OyTH
3amoBosieHl; T - 1e HaOlp 4acoBUX YMOB, SIKI MOXYTh BIUIMBAaTH Ha 3aCTOCYBaHHS
TTOJTITUKH.

[Iponiec mepeTBOpEHHS MOJITHKH BKIIFOUYAE K1JIbKa KPOKIB:

l. Amnaini3 Hamipy: BuiydeHHs KIIFOUOBUX BUMOT 3 BBEJECHHS KOPHUCTYBada

2. CemanTuuHe BijoOpaxkeHHs: 3B'si3yBaHHA BUMOT 3  (GOpMaIbHUMHU
KPUTEPISIMU B OHTOJIOT1{

3. [Ipu3HayeHHs Bar: BusHaueHHs BIZHOCHOT BaXKJIMBOCTI PI3HUX KPUTEPIiB
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4. ®opmyntoBaHHS OOMeExeHb: [neHTudikailis >KOPCTKHMX OOMEXKEHb, SKi
MOBUHHI OyTH 3a/10BOJIEH1

5. CxmananHga mnomrtuku: OO'€enHaHHS BHILE3a3HAYEHUX EJIEMEHTIB Y
dbopmanbHy cenu@ikaiito moJiTUKU

IPE migTpumye peno3utopiid MOJITHK, SIKMM 30epirae sk 3aralbHOCHCTEMHI
MOJIITUKY, TaK 1 MOJITHKH, crietu(iuHi 1y JanuX. L1 HoMITHKY BEpCIOHYIOTHCS 1 MOXKYTh
OHOBJTIOBATHUCS 3 YACOM, KOJIM 3MIHIOIOTHCSI BUMOTH.

Menen:kep onroJorii (Ontology Manager - OM)

Menempkep  OHTONOrIT  MIATPUMYE  KOMIUIEKCHY  OHTOJIOTIYHY — MOJEIb
MYJIbTUXMApPHUX cepefoBull] 30epiranHs, po3pobieny B Poszgini 2. 1ls ounTonoris
3abe3reuye CeMaHTUYHY OCHOBY sl BCi€i cTpykTypu [CDO, no3Bossitoun MipKyBaTH
PO MOXJIMBOCTI XMAapHHUX MPOBAAEpiB, XapaKTEpPUCTUKU JAaHUX Ta KpUTeEpii
ONTHUMI3allli.

OM TicHo B3aemoxie 3 Katamorom XmapHHUX MpoOBaiiiepiB, 100 3a0e3neyuTH
B1JI0Opa)KE€HHSI OHTOJIOTIEI0 MOTOYHOIO CTaHy IOCTYIMHHX XMapHHX CEpBICIB Ta IXHIX
XapaKTePUCTHUK.

4.1.3 PiBenb onTuMiszauii Ta NPUAHATTS pilllIeHb

PiBenb onTuMizaliii Ta IPUNUHATTS PillleHb MICTUTh OCHOBHUM 1HTEIIEKT CTPYKTYpHU
ICDO, peanizyroun mnepeaoBl METOAM ONTUMI3Zalli, po3pobsieHi B Po3zmimi 3, ang
BU3HAYCHHSI ONITUMAIbHUX CTPATEriil pO3MIILIECHHS TaHUX.

Mexamnizm ontumizauii (Optimization Engine - OE)

MexaHizM ontumizailii peanizye (GopMaibHy MOJEIb MPOCTOPY CTaHIB Ta i,
po3pobiieny B Pozmimi 3, dopmynooud npodieMy  pO3MIIIEHHS JIaHUX Yy
MYJIbTUXMAapHOMY CEpEJOBUIIII SIK 0araToluIbOBY 3aJa4dy onTumizauii. BiH nepeTrBoproe
nomituky, orpumani Bif IPE, y mMaremarnuyny 3amauy onTumizailii, sika Moxe OyTu
BupinieHa BupimryBauem RL/MOEA.

3agava ontumizailii GOpMYIIOETHCS SIK:

r)rclg)?(F x) = [f100), LX), ..., [,(O]T, (4.2)
3a YMOBH:
g](x) < O,] = 1, 2, v, m hk(x) = O,k = 1, 2, -, P. (42_1)

Jle X mpeACTaBisi€ CTPATETII0 PO3MIIICHHS JaHuX; X - 1€ JOMYCTUMUN MPOCTIP PIIIEHb;
F(x) - me BekTOp I[iIBOBHX (YHKI[H, IO BiAMOBITAaIOTH KPHUTEPIAM, BH3HAYECHUM Y
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Posgimi 2; g;(x) Ta hy(x) mpemcTaBisAioTh HEPiBHOCTI Ta PIiBHOCTI OOMEXEHS,
OTPUMAHMX 3 MOJITHK.

OE peani3ye KiJbKa KJIOYOBUX QPYHKIIIH:

1. ®opmymntoBaHHs 3ajadi: [lepeTBOpeHHs MONMITUK y MaTeMaTU4H1 3ajadi
OnTUMI3aII{

2. Ouinka pimenHs: OLiHKa SKOCTI 3aIPOINOHOBAHUX PIIIEHb 3a KUIbKOMA
KpUTEPIsIMU

3. VYupasninas agantaiiero: KopuryBaHHs nmapamMeTpiB oNTUMI3aIlli HA OCHOBI
3BOPOTHOTO 3B's13Ky BiJl CepBiCy MOHITOPUHTY Ta 3BOPOTHOTO 3B'SI3KY

4. [losicnenHss pimeHs: ['eHepyBaHHS TOSCHEHb, 4YOMYy OYyJIM NTPHUIHATI
KOHKPETH1 PIIIEHHS 100 PO3MIIICHHS

OE BUKOpHUCTOBYE KOMIO3UTHY (PYHKIIIFO BUHArOpoau, po3podiieny B Pozaini 3,
SKa IHTETPY€E BCl KPUTEPIi 3 aJallITUBHUM 3BaXKyBaHHSIM:

R(s,a) = Z w; - 1i(s,a), (4.3)
i=1

7€ S TPEACTaBIs€ MOTOYHHN CTaH CHCTEMH; A MPEACTaBise i (pIlIeHHS II0J0
posMimieHHs ganux); 1;(s, a) - e (QyHKIis BUHArOPOAU JUIS KPUTEPIO [; W; - 1€ Bara,
MpU3HaYCHA KPUTEPIIO i

Bupimysay RL/MOEA (RL/MOEA Solver - RMS)

BupimryBau RL/MOEA peanizye nepeaoBi allropuTMu oNTUMI3a1lii, po3p00JIeH] B
Poznini 3, moeaHyoun HaBUYaHHS 3 MIJKPIMICHHSIM 3 0araToliibOBUMU €BOJIOIHHUMHU
anroput™MamMu It €EeKTUBHOI HaBiramii y CKJIaJHOMY MpPOCTOpi  pIlleHb
MYJIBTUXMAPHOTO PO3MIIIICHHS JaHUX.

RMS peanizye riOpugHuil miaxig A0 ONTUMIZAIli, SIKUM BUKOPHUCTOBYE CHUIIbHI
croponu sk RL, Tak 1 MOEA:

1. KoMmnoHeHT HaBUaHHS 3 MiAKPITIICHHSM:

o IlpencraBiaennss crany: s = (D,C,U,T), nmne D upencrasise
XapakTepucTuku pAaHux, C TpeAcTaBisie XapaKTEPUCTUKU XMapHOTO
npoBaiiaepa, U mpeactaBise mabJIOHM BUKOPUCTAHHS, a 1 TMpeacTaBlIse
4yacoBi (paktopu

o Ilpoctip miii: A = aq,as,, ..., a,, A€ KOXHaA [is MOPEACTABISE KOHKPETHE
PIIICHHS 11010 PO3MIIICHHS JaHUX

o Hapuanns mnomituku: w(als) = P(A; = alS; =s), wmo mnpencrasise
WMOBIPHICTh BUKOHAHHS [Iii @ y CTaHI §
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o AmnpokcuMmartis Gpyskuii inaocti: V,(s) = E;[R;|S; = s], mo npexncrasise
OUIKyBaHE MOBEPHEHHS 31 CTaHy S 3@ MOJIITUKOIO T
2. Kommnonent MOEA:
o IlpencraBnenus mnomynsuii: P = X1, X2, ey Xp, N€ KOKHA ocoOuHa
X;IIpeACTaBIIsA€ KaHAUAaTa CTPATEril pO3MIIIEHHS TaHUX
o T'enernuni omeparopu: Omnepatopu BHUOOpPY, CXpEIlyBaHHS Ta MyTallii,
aJanToBaHi U1 3a1a41l PO3MILIEHHS JaHUX Y MYJIbTUXMAapHOMY CEpeIOBUII
o AmnpokcuMmarisi ¢ponty Ilapero: IliaTpumka HaOOpy HEIOMIHOBAHUX
pillIeHb, K1 MPEJCTABIAIOTh PI3HI KOMIIPOMICH M1XK IIJISIMU
RMS peanizye Mexani3m nokpaiieHHs noiaituku Ha ocHoBl MOEA, po3po0ienuii
y Posmimi 3, skuit edextuBHO 3HaxoauTh [lapero-onmTuManbHi pIIEHHS Yy
OaratokpuTepialbHOMY MpocTopi. BiH Takox BKIIOYA€E MEXaHI3MM aJamnTaiii Ta
HaBYaHHS, omucaHi B Po3mimi 3, BKIOYAlOUM MOBTOPEHHS JIOCBiAY, TpaHcdepHe
HaBYaHHS Ta METa-HaBYaHHSI.

4.1.4 PiBenb BukoHaHHsA Ta ynpasiainHaa (Execution Layer - EL)

PiBeHb BUKOHAHHS Ta YIpPaBIIHHS BIJANOBIJAA€ 3a peajizallilo pillleHb 1010
PO3MIIlIEHHS JaHUX, PUUHATUX PiBHEM onTUMIi3allii Ta IPUNUHATTS PillleHb, Ta HAJIaHHS
3BOPOTHOIO 3B'SI3KY 1010 IXHKOI €()eKTUBHOCTI.

Menemxep po3mimenns ganux (Data Placement Manager - DPM)

MeHemxep po3MIllIEHHS JaHUX BUKOHYE CTpaTerii po3MillleHHs JaHUX, BU3HAYEH1
MexaHnizMoM ontumizailii. Bin o0po0iisie mpakTUyUHI aClIEKTH MEePEMIIIEHHS, peTuTiKallii
Ta yIpaBJiHHS JaHUMU Y PI3HUX XMapHUX IpoBaiepax.

DPM peani3ye HaCTyIHI KJIIFOYOB1 PYHKIII:

1. Opkectpamis nepenadi ganux: KoopawHais mepeMillieHHs MaHUuX MK
XMapHHUMU MpOBanepaMu

2. VYropapninds mu@pyBaHHAM: 3a0e3MedYeHHs HaJIEKHOTO IMHUPPYBaHHS
JaHUX Tiepes 30epiraHHsSM, BUKOPUCTOBYIOUM BIAMOBIAHI CXeMU MU(pyBaHHS IS
PI3HUX THUIIB JAaHUX T4 BUMOT O€3MEKH

3. VYopasniaas periikamiero: [liaTpumka BKa3aHOro piBHS HAJIMIPHOCTI y
PI3HUX XMapHUX MpOBaiiiepax

4. IlepeBipka uinmicHocti: IlepeBipka mMpaBWILHOCTI 30€piraHHs AaHUX Ta
MOXJIMBOCTI iX OTPUMAaHHS

3. 3abe3neueHHst KOHTPOJIIO A0CTymy: Peanizailist MOIITUK KOHTPOJIIO IOCTYITY,
BU3HAYCHUX JUISI JAaHUX

DPM npairtoe BiATOBIIHO A0 (POpMaNbHOI MOJI€TI BUKOHAHHS:

E=T,SV,M. (4.4)
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Jle T - ne HaOip omeparliii nmepeaadi gaHux, S - 1e HaO1p omepalliii 30epiranus, V - 1e
Hallp onepailiit mepeBipku, M - 11e HaOip onepalliii ynpaBiaiHHS METaJaHUMH.

Anantepu xmapHoro 30epiranns (Cloud Storage Adapters - CSA)

Apnantepu xmapHOTo 30epiraHHs 3a0e3neuyioTh yHi(ikoBaHUM iHTEpdenc A0
pI3HUX MPOBaii/IepiB XMapHOro 30epiraHHs, adCTparyr4yuch BiJl BinaMiHHOCTEN B API,
MexaHi3Max aBTeHTH(IKaIli Ta Moaensx cepBicy. Llelt abcTpakTHUI piBEHB J103BOJISIE
DPM BukoHyBaTH cTpaTerii po3MillleHHs JaHUX 0€3 ypaxyBaHHs crienuiuHuX aetaieu
KOXHOTO XMAapHOTO MPOBAK/IEPA.

Koxen anantep peanizye crannapTHuil iHTepdeiic:

Iesa = Oput: Ogetr Ogeteter Otist) Ostat - (4.5)

Jle xoxHa omeparis O BigoOpakaeTbcsl Ha BiAMOBIAHI BUKIMKA API, criemudivni ams
npoBaijiepa. Ampantepu oOpoOJsiOTh aBTEHTU]IKAIlII0, 0OPOOKY MOMHIOK Ta JIOTIKY
MOBTOPHUX CIPO0, crienudiuHy AJisl KOXKHOTO ITpoBanepa.

PiBenp CSA Takox peanidye METOAM ONTHMI3alii NMPOAYKTHBHOCTI, TaKl SIK
napajeibHl Tepenayi, (QparMeHTOBaHI 3aBaHTaKEHHS Ta NYJIHT 3'€JHAHb A
MakcuMi3allii MPOMYyCKHOI 3JaTHOCTI Ta MiHIMI3alli 3aTpUMKHA TPU B3aEMOJIl 3
XMapHUMU MPOBaKIepaMHu.

Cepsic MOHITOPHHTY Ta 3BOPOTHOIO 3B's13Ky (MFS)

CepBiC MOHITOPUHTY Ta 3BOPOTHOTO 3B'SI3Ky MOCTIMHO 30HMpae MOKa3HUKHU
MPOAYKTUBHOCTI, IaH1 PO BUTPATH Ta ONEPAIIiHY CTATUCTUKY BiJ AIanTepiB XMapHOTO
30epiranns. Lls iH@opMalliss BUKOPUCTOBYETHCS [JIsi HaJaHHS 3BOPOTHOTO 3B'SI3KY
MexaHizMy ontumizaunii, JO3BOJSIIOYM HOMY BJOCKOHAIIOBAaTH CBOi MOJENl Ta
aJanTyBaTUCS 10 3MIHHUX YMOB.

MEFS 30upae koMmmiiekcHU Hab1p METPHUK:

M = Mperfr Mcost; Mreli Msec' Mcomp . (4-6)

He Myers TpencTaBisie METPUKM MPOJYKTHBHOCTI (3aTPUMKA, MPOITYCKHA 3/1aTHICTB);
M ,s¢ TpPEACTaBIsiE METPUKU BUTPAT (BapTICTh 30epiraHHs, BapTICTh mepenaui); M,
MPEJCTABIII€ METPUKU HATIMHOCTI (JOCTYMHICTh, AOBTOBIUHICTB); M., MpeacTaBiisie
METpUKU Oesmeku (craryc wmmppyBaHHs, Ccnpodu noctyny); Mgomp NpPEICTaBIIsE
METPHUKH BIJIMOBIAHOCTI (pO3TAlllyBaHHS JaHUX, CTATyC 30epiraHHs;).

MFS peanizye nuka 3BOPOTHOTO 3B'SI3KY, SIKUM MOCTITHO OHOBIIOE MexaHi3Mm
onTuMizauii NOTOYHUMHU JaHUMH NP0 MNPOAYKTHUBHICTH, 3a0€3MeUyl0uYd aJalnTUBHY
ONTHUMI3alio:
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Ft == f(Mt, Mt_l, ...,Mt_k), (4.7)

ne F; - 1e 3BOpOTHUI 3B'SI30K, HaJIaHWI y 4Yac f, HA OCHOBI MOTOYHUX Ta ICTOPUUYHUX
METPUK.

Karajor xmapuux nposaiiepis (Cloud Providers Catalogue - CPC)

Kartanor xmapHux mpoBaiiiepiB MIATPUMYE aKTyalbHy 1H(OpMaIilo Mpo
JOCTYTHUX XMapHUX TMpOBaijiepiB, iXHI CEPBICH, MOJENlI I[IHOYTBOPEHHS Ta
XapaKTePUCTUKU MPOAyKTUBHOCTI. L{s1 iHpopmaIliss BUKOPUCTOBY€ETHCS ISl HATIOBHEHHS
Ta OHOBJICHHSI OHTOJIOT1i, SIKOI0 Kepye MeHeKep OHTOOri.

CPC peanizye aBTOMATHM30BaHI MeEXaHI3MHU 300py MaHUX Ui 3a0€3MEUeHHS
aKTyaJIbHOCTI1 CBO€T 1H(OpMalIii:

1. 36ip Ha ocHOBiI API: Otpumanns iHdopmailii npo cepsicu Ta miHu 3 API
XMapHUX IpoBaiepiB

2. Be6-ckpaninr: Bunyyenns iHpopmaiiii 3 BeO-caliTiB XMapHUX MPOBaIepiB,
ko API nenoctynHi

3. PesynbTaTu TecTyBaHHsA: BKiIIOUEHHS JaHUX NOpO MNPOAYKTUBHICTH 3i
CTaHIapPTU30BaHUX TECTIB

4. Hani, Hanmani kopuctyBauamu: J[O3BOJSI€E CHUCTEMHUM aJMiHICTpaTOpam
BpPY4YHY OHOBIIIOBATH 1H(OpMaIio

CPC npepncraBiisie KOKHOTO XMapHOTO MpoBaiiepa K CTPYKTYpOBaHY CYTHICTb:

P=S5S,CL,PR. (4.7)

ne S - e Hallp 3ampoNoOHOBAHUX cepBiciB 30epiranHs, C - e Hablp MOXKIUBOCTEH Ta
(byHKIH, L - 11e HaOip MiCIb, JIe TOCTYIHI cepBicH, P - 11e Halip Mojiesiel IIHOYTBOPEHHS,
R - 11e HaO1p XapaKTEepUCTUK HATIMHOCTI Ta MPOAYKTUBHOCTI

Ile cTpykTypoBaHe MpeACTaBICHHS 103BOJisie MeHeKepY OHTOJIOTIT BKIIOYATH
iHpopMalito Tpo MpoBaiijiepa B OHTOJOTIYHY  MOJENb  MOCIIIOBHUM  Ta
aBTOMATH30BAHUM CITIOCOOOM.
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4.2 ExcnepuMeHTAJIbHE T0CTIIKeHHS e(DeKTUBHOCTI 3alIPONIOHOBAHOI0

KOMIIJICKCHOI'O IIiIlXO)]y

4.2.1 HajlamryBaHHA eKCIIEPUMEHTY

Jns ominku edexruBHOoCcTl migxoay ICDO Oyno po3poOieHo Ta MNPOBEIECHO
KOMIUIEKCHE E€KCIEpPUMEHTalbHEe JOCHiKeHHs. EkcrnepuMeHTalbHa ycTaHOBKa Oyia
peTenbHo po3podiieHa AJisi 3a0€3MeUeHHs] PETENbHOTO TECTYBaHHS BCIX KOMITOHEHTIB
(peliMBOPKY B pEATICTUYHUX YMOBaX, JO3BOJISIOUM TPU I[BOMY KOHTPOJIHOBaHE
MOPIBHSIHHS 3 AIbTEPHATUBHUMM M1X0JAMH.

ExcnepuMenTajibHa iHppacTpyKTypa

ExcnepumenTtanbHa  1HQpacTpyKTypa  CKIajgajnaci 3  MYJIbTUXMapHOTO
cepeaoBUIIa, [0 OXOIUTIOE TPhOX XMapHUX MPOBaiiiepiB, aHOHIMI30BaHUX sk [IpoBaiinep
A, Tlpogaiinep B ta [Iposaitnep C st uporo pociimkeHHs. s KoKHOTo mpoBaiiepa
Oynu 3a0e3nedeHi cepBicM 30epiraHHs B KIUIbKOX TeorpapiyHuUX perioHax mis
3a0€3IeUeHHs TECTYBaHHS ONTUMI3allll JIOKATBHOCTI AaHUX Ta 3aTpuMKu. Y Tabnui 4.1
JIETaIbHO OMKUCAHI XMapHI PECypPCH, BUKOPUCTAH] B EKCIIEPUMEHTI.

Tabnuys 4.1: Xwmapui pecypcu, 6UKOpucmaui 6 eKCnepUMeHmMaibHOM)
00CNIOMHCEHH]

XMapHuu . . . . .
P . Cepsicu 30epiranus Perionn Tunu iHcTanciB
nposaiiep
O0'exTHe 30epiranns, biaoune CrangaptHa VM, VM
IIposaiinep A 30epiranHs, ApxiBHe Perion 1, Perion 2 3 BEJIMKUM 00'€eMOM
30epiranHs RAM
VM 3aranbHOro
. Blob-36epiranns, daitnose ) ) npu3HaueHHs, VM
IIposaiinep B ) P Perion 1, Perion 3 P )
30epiranHs OIITUMI30BaHa JJIs
004YHCIIeHb
. Cranpmaptaa VM, VM
. OG6'extHe 30epiranss, bioune . . P \
ITposaiinep C . Perion 2, Perion 3 3 BEJIMKHM 00'€eMOM
30epiranHs CPU

OkpiM XMapHHX pecypciB, Oyia CTBOpeHa KOHTPOJbHA IHPPACTPYKTypa st
po3MilieHHs: KOMIMOHEHTIB cTpykTypu [ICDO Ta koopaunaiii excnepumeHTiB. Lls
iH(ppacTpyKTypa ckiaaanacs 3:

1. Kinacrepa 3 3 BucokonponyktuBHux HoAiB (8-saepuuit CPU, 32 I'b RAM
KOXKEH).

2. MepexeBoro 3'eqnanns 1 ['61T/c 3 ycima XMapHUMU MPOBaiiiepaMH.
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3. Buainenoi iHQpacTpykKTypu MOHITOPUHTY JUisi 300py TOKa3HHKIB
MPOTYKTUBHOCTI.

4. besneunnx VPN-3'eqHanb 3 yciMa XMapHUMH pEriOHAMH JIJIs1 TTOCIT1IOBHOTO
JIOCTYIy.

TecToBi HA0OpHU HaHUX

VY ekcnepuMeHTaX BHUKOPHUCTOBYBAIUCA TpH KaTeropii HaOOpIB JaHUX IS
3a0€3MEeUeHHs] KOMIUIEKCHOI OI[IHKM PI3HUX XapaKTEPUCTUK JIaHMX Ta I1a0JIOHIB
BUKOPHUCTAHHS:

1. CunteTnuHuii HaGip manumx: 3reHepoBaHuii Hablp JaHUX 3
KOHTPOJILOBAHUMH BJIACTUBOCTSIMH, IO JO3BOJISIE CUCTEMATUYHY Bapialliio MapaMmeTpis,
TaKuX SIK pO3Mip JAHUX, YaCTOTa JIOCTYIy Ta BUMOTH 0 y3rojkeHocTi. CHHTEeTHYHUI
HaOip ngaHux MaB po3Mip 20 I'b 1 mictuB ¢aitiu pi3HUX PO3MIpIB, IO CJIIAYyBaIH
JOTHOPMAJIbHOMY PO3IOILTY.

2. Ha6ip npanux BeO-momaTky: HalGip nmanmux posmipom 15 I'b, mro
Mpe/cTaBss€ TUMOBUN BeO-momaTok, BikIodaroun HTML-daiinu, JavaScript, CSS,
300pak€HHS Ta KOHTEHT, CTBOPEHHMI KopucTyBauamu. Lleii HaOip paHux
XapakTepu3yBaBCs YaCTUMHU UWUTAHHSMU Ta BUIAJKOBUMM 3alucaMH, 3 PI3SHUMHU
po3mipamu ¢aitmiB Big kutbkox Kb 1o kiapkox Mb.

3. HaykoBuii naoip nanux: HaGip manux posmipom 10 I'b, mo wmictuth
HAayKOB1 JaHI 3 TMPOEKTY JOCHIIKEHHS TE€HOMIKH, XapaKTEPU3YETbCS BEIUKUMHU
po3mipamu ¢aiiniB (3a3Buyait 50-500 Mb) Ta mabioHnamMu A0CTyIy TaKeTHOT OOPOOKHU.

VY Tabnuii 4.2 y3araqibHEHO KJIIOYOBI XapaKTEPUCTUKU TECTOBUX HAOOPIB JaHUX.

Tabnuysa 4.2: Xapakmepucmuku mecmosux Habopie Oanux

] . Cepenniii
. . Kiabkicrs . Ila6a0H Bumoru 10
Haoip nanux | Posmip o . po3mip
(daiini - AOCTYILy 0e3nexn
daiiny
Cunternunuii | 20 I'b 50 000 400 Kb KOHTp?.H boBa HanamroByBani
Bapiari
IIepeBaxkHO
Beb-momatox | 15TH 120 000 125 Kb YUTaHHS, Cepenni
IHTepaKTUBHHM
Haykosmii | 10 TB 50 200 MB Haxerna Bucoxi
00poOKka

I'enepamnisi po0040ro HABaHTAKEHHS

Jns cumynsinii  pealicTUYHUX 11a0JIOHIB BUKOPUCTAHHS Oynna po3pobrieHa
CTPYKTypa TeHepallii poOou0oro HaBaHTAXKEHHS, SIKa MOTJIa CTBOPIOBATH KOHTPOJIbOBaHI,
aje penpe3eHTATHBHI MIA0JOHU JOCTYNy JMJisi TECTOBUX HaOOpiB naHuXx. [ eHeparop
po00OYOro HaBaHTAXKEHHSI peasizyBaB HACTYIHI (DYHKIIIT:
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1. Yacoi madaonu: J[000B1 ITMKIN, TH)KHEBI MIA0JIOHHM Ta CE30HHI Bapiallii B
4acTOTI JOCTYITY

2. IIpocTopoBi madaonu: CuMyab0BaHHIM JOCTYN 3 Pi3HUX reorpadiuyHux
MICIIb 3 PEATICTUYHUM PO3MOILIIOM

3. Tunm pocrymy: Cywmimn omnepairiii 4WTaHHS, 3alUCy, OHOBJIEHHS Ta
BUJIAJICHHS 3 HAJIAIITOBYBAHUMHU CITIBBITHOIIIEHHIMU

4. PiBni mapasenizamy: 3MiHHa KUIBKICTh OJIHOYAaCHMX KOPHCTYBadiB Ta
omeparii

5. Hyascanisa: KonTpoaroBaHe BBEIEHHS palTOBUX CIUIECKIB aKTUBHOCTI

['enepaTop poOOYOro HaBaHTaXXEHHsSI CTBOPIOBAB IIA0JIOHM JOCTYILY, OIKCaH1
HACTYITHOIO MOJIEILIIO:

W(t,1,0,c) = B(t) - S(1) - 0(o) - C(c) - R(t,1,0,0), (4.8)

ne W(t, 1, 0,c) - ue iHTEHCUBHICTH pOOOYOro HABAHTAKEHHs B 4Yac f, MICIIi /, JJIS THITY
omepariii o, 3 piBHeM napaneiismy c; B(t) - me 6a3oBuii yacoswmii ma6mon; S(I) - e
daxTop nmpocToposoro posmoiny; 0(0) - ue posmnoxin Tuiy oneparii; C(c) - e dpakTop
MmacmiradyBadHs mapanenismy; R(t,[,0,¢) - Lie BHIAAKOBH# (hakTOp, IO BBOIUTH
peaNiCTUYHy BapiaTUBHICTD.
Bbyno Bu3HaueHo Tpu pi3HI Opodini poOOYOro HABAHTAXKEHHS ISl TECTyBaHHS
pi3Hux acnektiB cTpykrypu ICDO:
1. CrabinbHe HaBaHTaxeHHs: [lochigoBHI malJIOHM  AOCTYymy 3
MIHIMAJIBHOIO Bapiarfi€ro
2. JloooBe HaBaHTa:keHHsi: CwiIbHI JCHHI/HIYHI IUKJIM 3 S5-KpaTHOIO
BapIalli€l0 MiXK IMKOM Ta CIaioM
3. Ilyabcyroue HaBaHTaxKeHHs: ba3oBa aKTUBHICTh 3 pATOBUMU CILIECKAMHU
10 10-kpaTHOro0 HOPMaJIbHOTO HABAHTAKEHHS
Ioxka3HuKM NPOAYKTUBHOCTI
Ha ocHOBI KOMILIEKCHOrO Habopy KpuTepliB, BU3HaueHUX y Poznim 2, OyB
BU3HAUYCHUM HAOIp KUIbKICHMX MOKA3HUKIB JUISl OI[IHKK MPOAYKTUBHOCTI CTPYKTYpH
ICDO. 111 noka3zHuku OyJiv OpraHi3oBaHi B M'SITh KaTETOPii:
1. IHoka3HukM eeKTUBHOCTI:
o EdextuBHicTh BapTOCTI 30€piranHs: BapTicThb 3a I'b 30epexenux qaHux.
o EdexktuBHIiCTh BapTOCTI Mepexi: BapTicTh 3a I'b nepenanux nanux.
o EHeproeeKkTUBHICTh: CIIOKUBAHHS €HEPTii HAa OINEpallilo.
2. IHoxa3HMKH NPOAYKTHBHOCTI:
o 3arpuMKa YWTaHHS: 4Yac IS OTpPUMaHHsS JaHux (cepeadidt, 95-i
MPOIEHTUIIb, 99-1 IPOIIEHTHUIIB).
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o 3aTpuMKa 3amucy: yac Jjis 30epiranus Janux (cepeaHi, 95-i mporeHTUb,
99-ii IPOLEHTUITB).
o IlpomyckHa 31aTHICTB: ONEpalliil 3a CEKyHIy Ta IIBUKICTh ITepeaayl JaHUX.

3. IHoka3HukM HAAIHOCTI:

o JloCTymHICTB: BIACOTOK YCHIIIHUX CIIPOO JOCTYIyY.
o JlOBroBiUHICTh: 30€pEKEHHS TaHUX MIPU CUMYJILOBAHUX CIIEHAPIAX BIIMOBHU.
o Y3romKeHICTh: 4acTOTa Ta TPUBAIICTh BIKOH HEY3TOKEHOCTI.

4. IToxa3Huku 0e3MeKH Ta BiAMOBIAHOCTI:

o IlokputTts mHU(pyBaHHIM: BIJCOTOK JaHUX, 30€PEKEHUX 3 BIAMNOBIIHUM
mudpyBaHHSIM.

o OuiHKa BIANOBIOHOCTI: CTYIIHb JOTPUMAHHS HAJAITOBAaHUX BHUMOT
BIIMOBIAHOCTI.

o CyBepeHITeT JaHUX: BIJICOTOK JaHUX, 30€peKEHUX Y BIAMOBIIHUX
FOPUCIUKITISIX.

3. IToka3HUKM aIaITUBHOCTI:

o Yac KOHBepreHiyi: dyac, HEOOXITHUM JJI JOCSATHEHHS ONTHMAIbHOI
KOH(Diryparii micist 3MiHH YMOB.

o HaxknagHi BUTpaTH Ha aJlalTaIlil0: JOIATKOBE CIIOKUBAHHSI PECYPCIB M1 Yyac
ajanTari.

o EdexTuBHICTh HABYAHHS: TOKPAIIEHHS SIKOCTI PIIIIEHb 3 YaCOM.

JI71s1 KO’)KHOTO TMOKa3HMKa Oyjia BU3HAU€HA HOpMaiizoBaHa (DYHKIIISI OIIHKHU ISt
Bi1oOpakeHHs HEOOpOoOJIeHNX BUMIpIOBaHb Ha mikary [0,1].

MeT0/10J10Tis1 eKCIIEPUMEHTY

Merononoris  €KCIepUMEHTY  CllilyBaja CHCTEMaTUYHOMY MIAXOAy s
3a0€e3Me4eHHs] KOMIUIEKCHOI OLIHKM cTpyKTypH ICDO:

1. BcranoBienns 6a3oBoi Jjinii: [TouaTkoBi BUMipioBaHHS OyJIM IPOBEACHI 3
BUKOPHUCTAHHSAM TPAJAMIIMHUX TMIAXOMAIB 3 OJHIEKD XMapow Ta CTaTHYHHUX
MYJIbTUXMAPHUX M1IXO0/1B AJIsl BCTAHOBJICHHS 0a30BOi MPOAYKTUBHOCTI.

2. TecryBaHHs Ha piBHI KOMIIOHEeHTIB: KokeH koMnoHeHT cTpykTypu ICDO
OyB MPOTECTOBAHUM OKPEMO Jisl IEPEBIPKU HOro (PyHKIIIOHAIBHOCTI T4 BUMIPIOBAHHS
HOro BHECKY B 3arajibHy NpOJyKTUBHICTD.

3. InTerpoBane TecryBanuns: [losuuii ppeitmBopk ICDO 6yB npoTecToOBaHMI
SK IHTETPOBaHA CUCTEMA 3a PI3HUX YMOB pOoO0OYOro HAaBAaHTAXKEHHS.

4. HopiBusiibamii  anaaiz: [liaxin ICDO  OyB  mnopiBHeHHH 3
aTbTEPHATUBHUMU MIAXO0JAMU 3 BUKOPUCTAHHAM 1ICHTUYHUX POOOYMX HABAHTAXKEHb Ta
iH(}pacTpyKTypH.

5. Crpec-tectyBanHs: Cucrema Oyna mifaHa €KCTPEMAJIbHUM YyMOBaM,
BKJIIOUYAIOYM BUCOKUI Tapasielii3M, BIIMOBH MTPOBaiIepiB Ta MIBUIKO 3MIHIOBaH1 BUMOTH.
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6. JloBrocrpoxoBe TtecTtyBaHHsA: Po3liupeHe TeCTyBaHHA MPOTIAIOM 7-
JIEHHOT'O MEePi0y AJIS OLIHKYA MOXKJIMBOCTEW HABYAHHS Ta aJIanTallii 3 4acoM.

Koxen ekcriepuMeHT OyB MOBTOPEHUM KiJIbKa pa3iB 3 PI3HUMH BUIAJKOBUMU
3epHaMu IS 3a0€3MeUeHHs CTATUCTUYHOI BaJIIHOCTI, 1 O0yJiu po3paxoBani 95% moBipui
IHTEepBAJIU JI BCIX MOKa3HUKIB. EKCrIepuMEHTH POBOAMIIMCS MPOTATOM TPHOX THUKHIB
JUTsl BpaXyBaHHsSI MOTEHIIMHUX Bapialiil y MpOJAyKTUBHOCTI Ta I[IHOYTBOPEHHI XMapHUX
MpOBaKIepiB.

4.2.2 Ouinka egeKTHBHOCTI 3aIIPONIOHOBAHOI0 IHTErPOBAHOI0 MIAXOXY

Y upoMmy po3auni TpeACcTaBlieHI pPe3yibTaTh EKCIEPUMEHTATbHOI OIIHKU
ctpyktypu ICDO, 30cepekyrouuch Ha ii 3araibHiid e(eKTUBHOCTI Ta MPOAYKTUBHOCTI il
KJIFOYOBUX KOMITOHEHTIB.

3arajibHa NPOAYKTHBHICTH CHCTEMU

3arasibHa TPOAYKTUBHICTH CTpykTypu ICDO Oyna olliHeHa 3 BUKOPUCTAHHSIM
KOMIIO3UTHOI OIIHKH, sIKa arperyBajia HOpMaji30BaH1 MOKa3HUKHU 32 BCIMa KaTErOpisIMHU.
Ha puc 4.2 noka3zana eBOJIOIIs 111€1 KOMIIO3UTHOI OL[IHKY MPOTSITOM 7-A€HHOTO MEePI10y
TECTYBaHHS, JEMOHCTPYIOUU MOMKIJIMBOCTI CUCTEMHU JI0 HABYAHHS Ta aJarTaiiii.

1.0

—e— ICDO
Single Cloud Optimal

—— Static Multi-Cloud

—8— Hybrid Optimization

0.8 1

0.6

0.4 1

Composite Performance Score (0-1)

0.2 1

0.0

1 2 3 4 5 6 7
Days

Pucynok 4.2 I'padik, 1110 moka3ye eBOJIOII0 KOMIIO3UTHOI OI[IHKU
MPOAYKTUBHOCTI MPOTATOM 7-JIEHHOTO Mepioay TecTyBaHHs st cTpykTypu ICDO Ta
0a30BHX MIJIXO/IB.

I'padix nokasye Bucxigny tenaeHuito s ICDO, nounHaroun npudiusHo 3 0,65 1
nocsraroun 0,85 mo 7-ro gHS, ToAl K 0a30B1 MIIXOIM BUXOIATH HA IIJIATO HA HIKYHMX
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sHaueHHsX. [ligxig ICDO gocsr kiHieBoi KOMITO3UTHOI ominku 0,85, 110 mpeacTasise
38% moKpalleHHs1 MOPIBHIHO 3 MTOYaTKOBOI 0a30B0I0 oIfiHKor0 0,62. HaiiOinbmr 3Ha4H1
MOKPAILEHHS] CIIOCTEPIralicsl MPOTATOM MEepIIuX 3 AHIB, KOJMU CHUCTEMa HaByaiacs 3
JIOCBIJy Ta BJOCKOHaNIOBaJia CBOi Mojeni omtumizaiii. Ilicis 1poro moyaTkoBOTro
nepiofy HaBUYaHHS MPOAYKTHUBHICTh MPOAOBXKYBajda MOKPAIyBaTUCS MOBUIBHIIIE,
JOCSATAI0YH TIJIaTO MPUOIU3HO HA O- IeHb.

Komno3utHa oninka 0yiia po3paxoBaHa sIK 3Ba)K€Ha CyMa OLIHOK KaTeropi:

CS =0,25- Sefficiency + 0,25 - Sperformance +0,2- Sreliability + 0,2 (4-9)

) Ssecurity +0,1- Sadaptability ’

JIe KO’KHA OLlIHKA KaTeropii caMma 0yJia 3BaXKEHUM CepeHIM HOpMaTi30BaHUX MOKa3HUKIB
y 1i{ KaTeropii.

AHaJIi3 NOKa3HUKIB eeKTUBHOCTI

[Tigxing ICDO npoaeMoHCTpyBaB 3HAUHI MOKPAIIEHHS B MOKAa3HUKAX €()EKTUBHOCTI
MOPiBHSIHO 3 6a3oBuMU miaxonamu. Y TaOmuii 4.3 npeacTaBieH1 cepe/iHl 3HaUYCHHS IS
KJIFOYOBUX MOKA3HUKIB €(DEKTUBHOCTI 32 PI3HUMHU NMPODUISIMU POOOYOTr0 HABAHTAXKEHHS.

Tabnuysa 4.2: Ioxkasnuxu echexmusnocmi 015 pisHUX NPoghinie pobo1oco

HABAHMAdJMNCEHHA
b potere | B o g, wpe 55
CrabinbHe 0,021 0,058
Jlo6oBe 0,024 0,067
[Tynecyroue 0,027 0,082
Cepenne 0,024 0,069

ITlinxin ICDO pocsar cepeaHbOro 3HIKEHHS BapTocTi 30epiranHa Ha 28%
MOPIBHSIHO 3 MiAXOAaMU 3 OJHIEID XMaporw Ta Ha 16% MOPIBHSHO 31 CTAaTUYHUMH
MyJIbTUXMApHUMH Tiaxonamu. Baprticte Mepexi Oyna 3HuxkeHa Ha 25% Tta 14%
BI/IMOBIAHO.

Ha puc 4.3 npencraBieHo Bi3yajdbHE MOPIBHSAHHS MOKAa3HUKIB €()EKTUBHOCTI 3a
PI3HUMU M1IXOJaMHU.
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—8— Energy Efficiency (operations/kWh)
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Pucynok 4.3 I'ictorpama nopiBHSAHHS NOKa3HUKIB €()EKTUBHOCTI (BapTIiCTh
30epiranHs, BapTiCTh Mepexki) 3a pizuumu nigxonamu (ICDO, Onna xmapa, CtaTuuHui
MYJIbTUXMAPHUM M11X1]T)

Hiarpama nokasye, mo ICDO mae Halinnxyi BuTpatu. [lokpanieHHs epeKTuBHOCTI
MO>kHa noscHUTH 3aatHicTio [CDO:

1. JIMHAMIYHO KOpPUT'YBAaTH PO3MILLEHHS JaHUX HA OCHOBI 3MIHHUX CTPYKTYp
BapTOCTI.

2. OnTuMi3yBaTH LUISIXH Nepeaadl JaHUX JUIs MIHIMI3alli MEpEeKEeBUX BUTPAT.

3. banancyBatu po0Ooui HaBaHTaXEHHSI M1 MaKCHMI3allli BUKOPUCTAHHS
.pecypcis

AHaJIi3 NOKA3HUKIB IPOAYKTUBHOCTI
OuiHka TMOKa3HUKIB NPOAYKTUBHOCTI 30CEpeKyBajacsi Ha 3aTpuMIl Ta
MPOITYCKHIM 3aTHOCTI 32 pI3HUX yMOB poOodoro HaBaHTaxkeHHs. Ha puc 4.4 nokazana

kyMyssiTuBHa ¢QyHkuiss posnoauty (CDF) 3atpumku uutanHHs ans ctpykrypu 1CDO
MOPIBHSAHO 3 0a30BUMU IMIIXOJaMHU.
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Pucynok 4.4 I'padik kymynstuBHoi Qynkiii posnoauty (CDF) 3aTpuMku ynTanus s
ICDO Ta 6a30BHX MiIXOMIB.

Ha rpadiky Bumno, mo ICDO pocsria 3Ha4HO HUXKYOI 3aTPUMKH 3a BciMma
MPOIIEHTUIISIMU, 3 HAUOIBIIT BUPAXKEHUMH MOKPAIIEHHSAMH Ha BUIIUX MPOLEHTUIAX (95-
i Ta 99-i1), mo Bka3zye Ha Kpamle o0poOKy Haifripuux cieHapiiB. CepenHs 3aTpuMKa
YUTAHHS CTaHOBWJIA 38 MC, MOPIBHAHO 3 76 MC AJig HalKpamoro 6a30BOro miaxoay, 1o
npenactapisie 50% MokpaiieHHs.

3aTpuMKa 3anucy nokasana noji0Hi nokpaiieHss, npu ubomy niaxig [CDO nocsr
CEepeAHBOT0 3HaUYEeHHS 72 MC MOpiBHSIHO 3 132 Mc At Hailkpanoro 6a3oBoro miaxomuy,
1o € 45% moKpaleHHsIM.

BumiproBaHHsT OpOIyCKHOI 3[aTHOCTI MPOAEMOHCTPYBAIM 3[IaTHICTh MIIXOIY
ICDO edekTuBHO BUKOPUCTOBYBATH JOCTYIHI pecypcu. 3a mpodiieM MyJbCyHuoro
poOOUYOTrO HABAaHTAXKEHHS, SKUU MPEJCTaBlg€ HANUOUIBIIMN BHUKIUK JJIS PO3MOJALTY
pecypcis, niaxig [CDO niaTpumyBaB cepeiHio MpOonycKHy 3aaTtHICTh 420 omepartiii 3a
CEKYH]ly, TOPIBHAHO 3 245 omepallisiMu 3a CEKyHAY JJIsl HAUKpaoro 6a30Boro miaxomuy,
o € 71% mokpalieHHsIM.

Ha puc 4.5 mpointocTpoBaHO MPOAYKTUBHICTH MPOIMYCKHOI 3JaTHOCTI 3@ PI13HUX
PIBHIB Mapajenizmy.
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Pucynok 4.5 I'padik npomyckHoi 37aTHOCTI (omeparliii 3a CeKyHy) BiTHOCHO PiBHS

napanenizmy s [CDO Ta 6a30BUX MiAXOAIB.

[TokpaiiieHHst TPOIYKTUBHOCTI MOKHA MOSCHUTH:

1. [HTEenexkTyanbHUM PO3MILIEHHSIM JaHUX, 1110 MIHIMI3Y€ 3aTPUMKY JTOCTYIY.

2. [Iporuo3yrouuM KenryBaHHSIM Ha OCHOBI PO3MI3HAHUX IIA0JIOHIB JOCTYITY.

3. JInHaMIYHUM KOPUTYBaHHSM PIBHIB peIlIiKallii HA OCHOB1 YaCTOTHU JIOCTYILY.

4. EdexktuBHUM  OallaHCyBaHHSM  HAaBaHTAXEHHS  MDK  XMapHUMU
MpOBAAEPAMH.

AHAaJII3 NOKAa3HHUKIB HAAIHHOCTI

HaniifHicTh € KpUTUYHUM ACTIEKTOM MYJIBTUXMAPHOI0 30€piraHHs AaHuX, 1 MiaXiJl
ICDO npoaemMoHCTpyBaB BIIIMIHHY MPOAYKTHUBHICTH y Wi obOnacti. Y Tabmuui 4.4
MpEJCTaBJICH] TOKA3HUKHU HA/IIITHOCTI 3@ HOpMaJIbHOI pOOOTH Ta MijJ Yac CUMYJIbOBaHUX

CIICHap1iB BIJIMOBH.

Tabnuys 4.4: [lokaznuku Haodiinocmi 3a Pi3HUX YMO8

V3romxkenicts (%o
- 0 .
YmMmoBa HoctynHictb (%) Hosrosiunicts, (% oriepaiiu 3
30epesKeHuX TaHUX) NpPaBHJILHUMH
pe3yJibTaTaMHu)
Hopmansaa po6ota 99,997 100,000 99,995
Bi

VAMOBA OAHOTO 99,980 100,000 99,982

npoBaiizepa
PerionanbHuit 306iit 99,972 100,000 99,968
Jerpanaiist Mepexi 99,990 100,000 99,985
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[Migxia ICDO niarpuMyBaB BUHSITKOBY HaA1MHICTh HaBITh 32 yMOB BigMOBH. [1in
yac CILIEHApII0 BIAMOBHU OJHOTO MpoOBaiijiepa, KOJW OJWH OCHOBHHMI mpoBaijep OyB
MOBHICTIO HEAOCTYIHUI, cucTema Bee e gocsrana 99,980% noctynHocTi Ta 30epirana
100% nanux.

Ha puc 4.6 BizyanizoBaHO OKa3HUKHU JOCTYITHOCTI 3@ PI3HUX CLIEHapiiB BIIMOBHU.
100 = -

T T

B ICDO

@ Single Cloud
B Static Multi-Cloud
I Hybrid Optimization |

99 A

98 A —

Availability (%)

97 A —

96 —

95 -

Normal Operation Single Provider Failure Regional Outage Network Degradation
Failure Scenario

Pucynok 4.6 I'ictorpama nopiBHAHHS TOCTYITHOCTI 3a PI3HUX CLIEHAPIiB BIAMOBH JJIs
ICDO Ta 6a30BUX HiAXOMIB.

3 pucyHka BUJIHO, 1m0 noka3Huku [CDO 3anumaroTbesi MOCTIIOBHO BUIIUMU, 3
OUTbII BHUPAXEHUM pO3PUBOM y OUIBII CEpHO3HUX CUEHapisax BiAMOBU. CHIIbHY
MPOIYKTUBHICTh HAIMHOCTI MOKHA MOSCHUTH:

1. [HTENEeKTyalbHUM YIIPABIIHHSAM HAJMIPHICTIO, 110 OalaHCye BapTICTh Ta
HaIIHHICTb.

2. [IpoakTUBHOIO MIrpalli€0 JAaHUX BiJ IPOBAMEPIB, IO NOKA3YIOTh O3HAKU
HECTA0lIIbHOCTI.

3. CkiagHUM  yOpaBIiHHSAM — y3TOJUKEHICTIO, 1[0  MIHIMI3ye  BIKHA
HEY3TO)KEHOCTI.

4. AJTaITUBHUMM MEXaHI3MaMU BIJIHOBJIEHHS, 110 IPIOPUTE3YIOTh KPUTHYHI

JaHl.



AHAaJII3 NOKAa3HHUKIB 0e3l1eKH Ta BiANMOBIAHOCTI
besneka Ta BIANOBIAHICTE € BC€ OUIBII BaXXJIMBUMH MIPKYBaHHAMM IS

MyJIBTUXMAapHOTO 30€piraHHsl JlaHUX.

MPOIYKTUBHICTh Y LUX 00NacTsX, K Noka3zaHo B Tabnuui 4.5.
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[Minxin ICDO npoaeMoOHCTpyBaB CHIIbHY

Tabnuys 4.5: [lokaznuku 6e3nexku ma 8i0n0GIOHOCMI 018 PI3HUX MUNI8 OAHUX

Tun nanux Toxpurrs O.Ilil-[K‘i.l . ]c;;ﬁg]()):lifi[;[ei;;bnaﬂnx
mudpyBanusaMm (%) Bianmosinnocri (0-1) (%)
CHHTETUYHUH 99.8 0,96 99,9
Beb-momatox 100,0 0,97 100,0
HaykoBuit 100,0 0,98 100,0
Cepenne 99,9 0,97 99,97

[Minxin ICDO pocarna wMaiibke 11€albHOTO TOKPUTTA IMHGPYBAHHIM Ta
BIJIIOBIJTHOCTI CYBEPEHITETY JIaHUX, 3 CEPEIHBOIO OIIHKOO BianoBiaHocTi 0,97 3 1,0. Lle
MPEJICTABII€ 3HAYHE MMOKPAIICHHS MOPIBHAHO 3 0a30BUMHU MiAXOAAMH, SIK1 JOCSTIIH

cepeanix omiHok BiamosigHocTi 0,83 (ogHa xmapa) Ta 0,88 (cTraruuHuHiA

MYJIbTUXMAPHUI).
Ha puc 4.7 npouttocTpoBaHO OILIIHKM BIJMOBIJHOCTI 32 PI3HUMH MIJIXOJaMHU Ta
TUTIAMU JaHUX.

__Data Sovereignty
ICDO
7 Single Cloud
Static Multi-Cloud
Hybrid Optimization

-Regulatory Compliance

Pucynok 4.7 Panapna giarpama 3 OliHKaMH BIJITOBIIHOCTI 3a KIJIBKOMa KpUTEPisiIMU
(mmdpyBaHHA, CyBEpPEHITET JaHUX, KOHTPOJb JOCTYILY, &y IUTOPCHKUMA OOJIIK Ta
perynaropHa BianoBigHicTh) 115 [CDO Ta 6a30BUX MiIXOMAIB.
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[I’stukytHuk ICDO oxomuroe OuTblIy IUIOINLY, 11O BKa3ye Ha Kpally 3arajbHy
BIAMOBIAHICTh. CUIBHY IPOJYKTUBHICTH O€3IMEKHU Ta BIIMOBIAHOCTI MOYKHA MOSICHUTHU

1. KommuiekcHoO0 1HTerpaliero KputepiiB 0e3neku Ta BiAMOBIIHOCTI B IIPOILIEC
onTUMI3aIli.

2. ABTOMAaTHUYHUM 3aCTOCYBAaHHSIM BIJIOBIAHOTO IIH(PYBaHHS HAa OCHOBI
Kiacudikaiii T1aHux.

3. [TocTiiHUM MOHITOPUHIOM PETrYJATOPHUX BHMOT Ta cepTU(iKaliif
MpoBalIepiB.

4. [IpoakTHBHOIO MITpaIli€l0 JaHUX MPH 3MiHI BUMOT BiTIOBITHOCTI.

AHAaJIi3 NOKAa3HHUKIB aJaliTUBHOCTI

AnantuBHicTh  cTpykTypu ICDO  Oyna  omiHeHa  HUIAXOM — BBEIEHHS
KOHTPOJIBOBAHUX 3MIH Yy CEPEJOBHUIIE Ta BUMIPIOBAHHS TOTO, HACKUIBKH €(PEKTHUBHO
cucreMa ananrtyBanacs. Ha puc 4.8 mokasaHo yac KOHBEpPreHIlii Ta HaKIaAH1 BUTPATU Ha
aJanTalliio sl pI3HUX THUIIIB 3MiH.

16
ICDO Convergence (min) —8— ICDO Overhead (%)

Best Alternative Convergence (mii) Best Alternative Overhead (%) 8
14 A

12 4 L7

10 A

Convergence Time (minutes)
(o0}
1
Adaptation Overhead (%

Worklolad Shift Providerl Change Complianlce Update
Change Type
Pucynok 4.8 Jliarpama 3 noBiifHOIO BIiCCIO 3 Yac KOHBEPIeHIlii (CTOBMII) Ta HaKJIa (H1
BUTPATH HA aJianTallito (JIiHii) AJs pI3HUX THUIIB 3MiH (3MiHa poOOYOTr0 HAaBaHTAKEHHS,
3MiHa MpoBaiiepa, OHOBJICHHS BIAMOBITHOCTI) 32 PI3HUMU MiIXOJaMHU.

[Minxin ICDO npoaeMOHCTpYBaB BIAMIHHY aJalTUBHICTh, 3 CEPEIHIM YacoM
KOHBEpreHili 7,8 XBUIMH 3a Bcima Tunamu 3MmiH. lle npencrasnsie 42% mnokpaiiieHHs
MOPIBHSIHO 3 HAWKpaluM 0a30BUM MiIXOJ0M, SIKWW BUMaraB y cepeHbomy 13,5 XBUIIUH
JUTsl KOHBEPTEeHIIil 10 HOBOI ONTUMAaIbHOT KOH(DIryparii.
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Haxnaani BUTpaTH Ha ajamnTalliio, BUMIPSHI K BIJICOTOK JOJAaTKOBUX PECYPCIB,
CHOKUTHX MiJ Yac ajantauii, Takox Oyyiu 3Ha4HO HbkunMH it miaxony ICDO (3,8% y
cepeaHbOMY) MOPIBHAHO 3 0a3oBuMH miaxonamu (7,2% aiist Hallkpaioro 6a3o0Boro).

EdextuBHicte HaBuaHHs nigxony ICDO Oyna oliHeHa IUISXOM BHUMIPIOBaHHS
MOKpAIIEHHS SKOCTI pillieHb 3 yacoM. Ha puc 4.9 mokazaHa HopMasii3oBaHa OIIHKA SKOCTI
pilieHb (Ha OCHOBI OJIU3BKOCTI JAO TE€OPETUYHOTO ONTHUMYMY) B MIpy HAKOIHWYEHHS
CHUCTEMOIO JIOCBITTY.

1.0
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—8— Hybrid Optimization
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@ IL

( X 2
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Pucynok 4.9 I'padik ouiHku aKocTi pimeHs 3 yacoM (1) st [CDO ta 6a30Bux
M1JIXO/IiB.

Jlinis ICDO 3pocTae kpyTilie 1 Jocsirae BUIIOTO IJIATO, IO BKAa3ye Ha IIBUJIIIE
HaBYaHHA Ta Kpamy KiHueBy mnpoaykTtuBHicTh. Iliaxin ICDO mnpoaeMoHcTpyBana
IIBUJIKE HABUYAHHS, 3 MOKPAIIEHHSM SIKOCTI pillieHb B1Jl moyaTkoBoi ominku 0,67 mo 0,91
nicng 7 AHiB po6oTu. Lls kpuBa HaBuaHHs Oyja 3HAYHO KPYTILIOK, HIXK JUIsi 0a30BUX
MIJIXO/IB, SIK1 JOCSTIIM MaKCUMAJIBHOI SIKOCTI pitieHb 0,76 Mmiciist TOro % Mepiofy.

Buiy ananTuBHICTh MOKHA MOSICHUTH:

1. MexaHi3MoM mokpainieHHs: noaitTuku Ha ocHOBI MOEA, sikuit epextuBHO
JOCJIIKY€ TPOCTIp PIllIeHb

2. MetonaMu TOBTOpPEHHS JOCBily Ta TpaHcEpHOTO HABUAHHS, SKi
MPUCKOPIOIOTh HABYAHHS

3. MOoXIMBOCTSAMH METa-HAaBUYAHHS, SIK1 JO3BOJSIOTH CUCTEMI1 BUUTHCS TOMY,
SIK BUUTUCS €(EKTUBHIIIIE
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4, lepapxiunoto cTpaTeri€ro BUpIMICHHS KOHMIIKTIB, $SKa CHCTEMAaTHYHO
BUpILIY€ KOHKYPYIOUI 11T

AHaJIi3 NIPOAYKTHUBHOCTI HA PiBHI KOMIIOHEHTIB

JUis pO3yMiHHS BHECKY KOXKHOTO KOMIIOHEHTa B 3arajlbHy INPOAYKTHBHICTh
ctpykrypu ICDO Oyiio npoBeneHO TeCTyBaHHS Ha piBHI KOMIOHEHTIB. Y TaOmumi 4.6
MIPEICTABIICHO BIJIUB HA MPOJYKTUBHICTh KO)KHOI'O OCHOBHOI'O KOMITOHEHTA.

Tabnuys 4.6: Bnaue na npooykmusnicmos komnonenmise I[CDO

BnuinB Ha NpOAYKTUBHICTH .
KommnonenT o OcCHOBHUIT BHECOK
(%)
. . . TouHe nepeTBOPEHHS BUMOT
MexaH13M HamiIpiB 1 IOJITHK 13 P p . Y
(dbopmanpHi MOMITUKA
KomiekcHe npeacraBieHHs
MeHekep OHTOOT 1T 16
3HaHb PO XMAapHE CEPEIOBHIIIE
EdexTuBne hopmymoBaHHS Ta
Mexani3M onrruMizarii 27 BUPIIICHHS 0araToIiibOBUX
3aJ1a4 oIrTuMizarii
EdexruBHe nocmimkeHHs
. IPOCTOPY pIIIeHb Ta
BupimryBau RL/MOEA 23 P Py P
inentudikaris [Tapero-
ONTUMAJIPHUX PillICHb
) HaniitHe BUKOHAHHS PillIeHb
MeHexep po3MILLEHHS TaHUX 9 .
1010 PO3MIIEHHS TAaHUX
. . CBoe€vacHuli Ta TOYHUN
CepBic MOHITOPHHTY Ta .
, 12 3BOPOTHUH 3B'S30K JJIs
3BOPOTHOT'O 3B'SI3KY . O
aJIalTUBHOI ONTHMi3aii

Mexanizm ontumizauii Ta Bupimrysau RL/MOEA manu HallO11b111 3HAYHUN BILIUB
Ha 3arajibHy MPOAYKTUBHICTb, MIJAKPECTIOIYN BaXJIUBICTh CKIAJHUX METO/IIB
onTHUMi3alii B ypaBiHHI MyJIbTUXMapHUMU JaHUMH. OJJHAK, CYTT€B1 BHECKH B1J] IHILIUX
KOMIIOHEHTIB JE€MOHCTPYIOTh IIHHICTh I1HTETPOBAHOIO TIJIXOAY, PEalli30BaHOrO B
ctpykrypi ICDO.

Temarnune gocaigxkenusi: Hadip nanux Be0-1oaarky

Jlns imrocTpaiii npakTuaHuX nepesar crpykrypu ICDO Oyro mpoBeeHO AeTanbHe
TEMaTUYHE JOCIIKEHHS 3 BUKOPUCTAaHHAM HaOopy naHux BeO-gonatky. Lle remarnune
JOCHIJUKEHHST 30CEpeKYBaJIOCsl Ha CILEHapli, [0 BKIIOYAE€ CHCTEMY YIPaBIIHHSA
KOHTEHTOM 3 pI3HUMH 1Ia0JIOHAMU JIOCTyny Ta 3MIIIaHUMU BHUMOTaMH [0
MPOJTYKTUBHOCTI.

Po6oue HaBaHTakeHHs BEO-10/1aTKy Majio HACTYIIHI XapaKTEPUCTHKU:

1. 15 I'b BeG-KOHTEHTY 3 pI3HUMU PIBHSAMH Yy TIHUBOCTI.
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2. 3mimaHuil mWabNoOH 4YHWTaHHsS/3amucy 3 nepeBaxaHHsAM yuTaHHSI (90%
yuTaHb, 10% 3amucis).

3. JloOoBuii mabI0H TOCTYMY 31 CMIBBIIHOIIEHHSAM MKy 10 craxy 5:1.

4. ['eorpadiunuii po3noain KOPUCTYBaviB y TPhOX PET1OHAX.

5. [TomipHi BuMoru a0 3atpumkH (1iyib: <100 mMc nms 95% 3anuTis).

Ha puc 4.10 nokazana npoaykTuBHICTh cTpykTypu ICDO mnopiBHSHO 3 6a30BUMU

M1JIX0AaMU JJIsI IIbOTO POOOYOro HABAHTAKEHHS, BUMIPSIHA 32 KUIbBKOMa BUMIpaMHu.
Cost

1 ICbo

Single Cloud

Static Multi-Cloud
Hybrid Optimization

Availabiljty

Compliance

Adaptability

Pucynox 4.10: ITaBytunHa aiarpama nopiBHsiHHA [CDO Ta 6a30BHX NIAXOAIB 3a M'sThbMa
KpUTEpisiMHU (3aTpUMKa, BapTICTh, JOCTYIHICTb, BIAMOBIIHICTh Ta aJJaTUBHICTD) IS
TEMATUYHOTO JAOCIIJKEHHS pO3pOO0IEHOTO MPOTPAMHOTO 3a0€3MeYEHHS.

I[I’stukytHuk ICDO mpoctaraeTbcsi Aajili y BCIX BUMIpax, IIO0 BKa3y€ Ha BHILLY
npoayKkTuBHICTb. [liaxig ICDO pocsr 3HauHMX MOKpAaIleHb 332 BCIMAa BUMIpaMu:

1. 48% 3HMKEHHS CepeHbOI 3aTPUMKH 3aBAaHTAKEHHS CTOPIHKH (35 MC mpoTH
67 Mmc).

2. 32% 3HWKEHHs BUTpaT Ha 30epiranHs Ta nepemady ($0,022 3a I'b nporu
$0,032 3a I'B).

3. [Tokpaiiena AOCTYIHICTH MiJl Yac MIKOBUX HaBaHTaxkeHb (99,995% mpotu
99,92%).

4. IToBHa BiaMoBIIHICTE BUMOTraM cyBepeHiTeTy aanux (100% mpotu 92%).

3. 58% 3HMkKEHHS yacy aJanTailii Ipu 3MiHi a0JIoHIB 1ocTyny (6,5 XBUIUH

npotu 15,5 XBUIHH).
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[li mnokpameHHss OyJad JOCSATHYTI NpH 30€peKEHHI BKa3aHUX BUMOT IO
MPOAYKTUBHOCTI Ta JOTPUMaHHI OIOJKETHUX OOMEkeHb. TeMaThdHe MOCIIKEHHS
JEMOHCTPY€E TMpaKTU4HY IIHHICTH miaxoxy ICDO B peanicTHUHOMY cCleHapii 3i
CKJIaJIHUMH, 4aCTO KOH(QIIKTYIOUUMMU BUMOTaMHU.

4.2.3 Ouinka eeKTHUBHOCTI aJIbTEPHATUB y MOPiBHSAHHI 3 32aNIPONIOHOBAHUM

KOMIIVICKCHUM l'[iI[XOIlOM

Jlns 3a0e3nedeHHsT KOHTEKCTY g NpoAykTuBHOcTl miaxoxy ICDO Oy
MPOBEJICHUIM MOPIBHSAJIBHUM aHami3 3 KUIbKOMa aJbTEPHATUBHUMHU MIIXOAAMHU [0
YIOpaBIiHHSI MYJbTUXMAPHUMHU JaHUMHU. Y [BOMY PO3AUTl MPENCTaBICHI pe3ylibTaTH
[bOT'0 MOPIBHSJILHOTO aHAII3Y.

AJIbTEepHATUBHI MiAX0AH

Tpu anbTepHATUBHI MiAX0aU OYyJIM peai3oBaH1 Ta OI[IHEH] 3a 1IECHTUYHUX YMOB:

1. OntumanabHa ogna xmapa (SCO): Jlani 30epiraroTbCs MOBHICTIO B MeKax
OJIHOTO XMapHOT0 MpOoBaiiiepa, 3 ONTUMAILHOI KOH(ITYpaIli€lo Uil [IbOTO MpoBaiiaepa.
Ieit miaxia npeacTaBise TPAAUIIMHUHN MIAX11 10 XMapHOTO 30epiraHHs.

2. Craruunuii MmyabTuxmMapuuii posnogist (SMCD): /lani po3noaiieHi Mix
KUIbKOMa XMapaMHu BIAMOBIHO 10 (P1KCOBAHOI MOJITUKU HA OCHOBI Kiacuikallii JaHuX.
[eit miaxin npeacrapiisie 0a30B1 MyJIbTUXMApPHI cTpaTerii 0e3 TMHaMIYHO1 afanTallii.

3. liopuauuii migxin ao onmrtumizamii (HOA): Cxnagauii miaxin, sSKdAi
MOEAHYE KIJTbKa METOAIB ONTHUMI3allil, ajie HE Ma€ KOMILIEKCHOT OHTOJIOTTYHOT MOJIEI Ta
aJanTUBHUX MeXaHi3MiB HaB4yaHHs niaxoxy ICDO.

Kosxna anpTepHaTuBa Oyia peangizoBaHa 3 BAKOPUCTAHHSM TI€T 3K IHPpaCTpyKTypu
Ta MiaJaHa 1JSHTHYHUM HaBaHTakeHHM, gk 1 miaxig ICDO.

IopiBHAJBLHMH aHAJII3 NPOAYKTUBHOCTI

Ha puc 4.11 npeacraBineHa pajapHa jiarpama, 1o MOPIBHIOE MPOAYKTHUBHICTh
nigxoay ICDO Ta anpTepHAaTHBHUX MIAXOAIB 3a M'ATbMa KJIOUYOBUMHU BUMIPAMHU:
e(heKTUBHICTb, TPOAYKTUBHICTh, HAJIHHICTh, O€3I€Ka/BIANOBIIHICTh Ta ATAITUBHICTD.
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Pucynok 4.11 Papgapua niarpama nopiBHsiHHS ICDO Ta anibTepHaTUBHUX MIAXOIB 3a

'aTbMa KpUTEPIIMH (€(EKTUBHICTD, MPOAYKTHUBHICTb, HAA1HHICTB,

Oe3rneKa/BiMOBIIHICT Ta aJalTUBHICTD)

II’stukyTHEK [CDO 0oXxommitoe 611bI1y 1011y, 3 0COOJIMBO CHIIBHUMHU II€peBaraMu

B afganTuBHOCTI Ta 6e3neni/BianosiaHocTti. [Tiaxin [CDO nepeBepiuB BCl albTepHATUBU

3a BCIMa BHMIpamMH, 3 HaWOLIbII 3HAYHUMHU IepeBaraMu B ajaantuBHoOCTI (65%

MOKpAIEHHsI OPIBHSIHO 3 HAUKPaIllOI0 aJbTePHATUBOO) Ta Oe3neni/BianoBiaHocTi (40%
nokpaiieHss). Haitmenia nepesara Oyna B HaaiitHocTi (19% nokparieHHs), Ae HaBITh

0a30B1 MIJXOIU JOCAINIM BIIHOCHO BUCOKUX OLIHOK 3aBISKH IPUTAMAaHHUM IepeBaram

HAJ1MHOCTI MyJIbTUXMApHOI0 30€epiraHHs.

VY Tabmuui 4.7 npeAcTaBleHO AETalbHE MOPIBHAHHS KJIIOYOBHX IMOKAa3HUKIB 3a

BCIMa O1AXOJaMHU.

Tabnuys 4.7: lopisnanbuuil ananiz K1oyo8ux NOKA3HUKIG

IToxa3Huk ICDO SCO SMCD HOA
Bapricts 360epiranns ($/I'b/micsip) 0,024 0,033 0,028 0,026
3arpuMKka 9UTaHHS (MC) 38 87 72 58
3arpumka 3anucy (Mc) 72 135 118 98
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HoctynHictb (%) 99,997 99,94 99,96 99,97
Orminka BignoBigHoCcTi (0-1) 0,97 0,83 0,88 0,90
Yac koHBepreHilii (XB) 7,8 H/ H/ 11,5
Sxicte pimens (0-1) 0,91 0,67 0,72 0,76

AHaJI3 MAacIITA00OBAHOCTI

MacmtaboBaHICTh KOXHOTO MiAXoAy OyJjia OI[lHEHAa NUIIXOM BHUMIPIOBAaHHS

MPOAYKTUBHOCTI 1HTEHCUBHOCTI

npu 30UTbIIEHHI O00CAry JaHuX Ta poOouoro
HaBaHTaxeHHs. Ha puc 4.12 moka3zaHo, SIK €BOJIOI[IOHYBajda KOMIIO3WTHA OIIHKA

MPOAYKTUBHOCTI npu 301biieHH1 Maciitady Binx S I'b 1o 45 I'b nanux.
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Pucynoxk 4.12 I'padik KOMIIO3UTHOI OIIHKY MPOAYKTUBHOCTI BITHOCHO OOCSTY JaHUX
JUTSL KOYKHOTO MIIXOY.

Bci nigxoam noka3yoTh JesKe 3HUKEHHS 31 30UIbIIeHHSIM 00cAry, ane niHis [CDO

3QJIMIIAETHCS  HAMBUIIOW 1 TOKa3dye HakMmenme 3HmwkeHHsA. [liaxim ICDO
INPOJEMOHCTPYBAB  BHIY  MacCIITA0OBAHICTh, MIATPUMYIOUH  BHCOKY  OI[IHKY
MPOAYKTUBHOCTI HaBITh MpH HalOUIbIIOMYy TecToBaHOMY MaciiTabi. [lepeBara

MPOAYKTUBHOCTI HaJl aJiIbTepHATUBAMM 301bIIyBanacs 3 macuradom, Bia 8% mpu 5 I'b

no 16% mnpu 45 I'b, mo Bka3zye Ha kpamie oOpoOKy CKJIaAHOCTI, sIKa MPUXOJUTH 3
OUTBIIMMU PO3TOPTAHHSIMU.
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[TepeBary macmraboBanocti ctpykTypu ICDO MOKHA MOSACHUTH:

1. EdexTtuBHUM pO3MOAITIOM pecypciB, IO 3amo0ira€ By3bKUM MICIHSAM MHpH
301IbIIIEHH] MacITady.

2. lepapxiyHuM MIIX0A0M A0 ONTUMI3ALIIT, IKUI PO3KIIaIa€ CKIIaIHI TpoOIeMHu
Ha KepoBaH1 MiAMPoOIeMH.

3. AIanTUBHUMHM MEXaHI3MaMH HaBYaHHS, SIKI MOKPAIIyIOTh SKICTh PIlICHb
MIPU HAABHOCTI OUTBIIOT KITBKOCT1 TaHUX.

4. Po3noniieHo0 apXITeKTypOlO BUKOHAHHS, SIKa J03BOJIAE€ TMapajeiabHy
00poOKy 3a/1au ONTUMI3allii.

AHaJi3 BUTPAT i BUTOU

ByB nmpoBesieHnii KOMILJIEKCHUN aHali3 BUTPAT 1 BUTOJIU JIJIs1 OLIIHKA €KOHOMIYHO1
I[IHHOCT1 KOKHOTO MIX01y. AHaI3 BpaXOBYBaB SIK PsiMi BUTpATH (30epiraHHs, Mepexa,
OOYHCIIEHHs), TaK 1 HENpsMl BUTpAaTH (HAKIAIHI BUTpPATH HA YMPABIIHHSA, PHUBHUK
MIPOCTOI0).

V¥ Tabauui 4.8 npencTaBiieH] pe3yJIbTaTH aHali3y BUTPAT 1 BUTOJIH, 1110 MOKa3yOTh
3aranbHy BapTicTh BoJoAIHHA (TCO) npoTsAroM oHOPIYHOTO MEPIOTY JJIsl PO3TOPTAHHS
45 I'b Ta BianoBiaHy peHTaOenbHICTh 1HBecTUlIN (ROI) BigHOCHO MiAXOAYy 3 OJHIEIO
XMapoxo.

Tabnuys 4.8: Aunaniz sumpam i eueoou (posecopmanns 45 I'b, 1-piunuii nepioo)

Mixxin Hpsami Henpsami 3aranbHi Buroa (9) ROI (%)
putpatu ($) | Burpatu ($) | BuTparu ($)

ICDO 1296 720 2016 984 48,8

SCO 1782 1218 3000 0 0,0

SMCD 1512 1068 2 580 420 16,3

HOA 1 404 864 2268 732 32,3

Ha puc 4.13 Bi3yanizoBaHo po30uBky Butpat ta ROI ajyist koxxHOTO migxomy.
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Pucynok 4.13 CroBnuacta aiarpama 3 IpsIMUMH Ta HENPSIMUMU BUTPATHU JJIs1 KOKHOTO
MIJIX01Y, 3 HAKJIAJEHUM JIIHIMHUM rpadikom, 110 nokasye BicoTok ROIL.

Crosrnenps ICDO nHaiikopoTmiuil (HaWHUKY1 3arajibHI BUTPATH) 1 Ma€ HalBUIIE
sHaueHHs JdiHli ROL Iliaxin ICDO pocsr naiiBumioro ROI (48,8%), He3Baxkaroun Ha
JIENI0 BHII MPsMI BUTPATH, HIK y CTATUYHOTO MyJbTUXMapHoro mniaxoay (SMCD). Ile
MOSICHIOETHCA  3HAYHUM 3HUKEHHSM HENPSIMUX BUTpAT, JOCSITHYTHUM 3aBJSIKU
aBTOMarTH3allii, MOKpalleHii HaJIMHOCTI Ta 3HWKEHHIO HAKJIQJHUX BUTpPAT Ha
YIPaBJIIHHS.

SIkicHe MOpPiBHSIHHSA

Ha nonaTok A0 KiJIbKICHUX MOKa3HUKIB, OyJjia MpOBeeHa SIKICHA OLlIHKA Ha OCHOBI
BIITYKIB CUCTEMHUX aJMIHICTPATOPIB Ta XMapHUX apXiTEKTOPiB, Kl Opajii y4yacTb B
owiHml. Y Tabnumi 4.9 y3araabHEHO SIKICHE IOPIBHSAHHSL.

Tabnuysa 4.7: Axicue nopisusanis nioxooie

AcnekT ICDO SCO SMCD HOA
: Hyxe
Jlerkicth HamamTyBaHHSA Bucoka Cepenns Hwusbka
BHUCOKa
. . Hyxe
IIpo3opicts pimieHs Bucoka Cepenns Hwusbka
BHUCOKa
. Hyxe
I'nyuxicTh Husbka Cepenns Bucoxka
BHUCOKa
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ITom'sIKIIIEHHSI TPUB'A3KHU 10 xKe xKe

p A Ay Ay Bucoka Bucoxka
NoCTavyaIbHUKA BHCOKA HU3bKa
3axucT BiJy MaiOyTHIX 3MiH Bucoxka Huzbka Cepenns Cepenns
CknasHicTh 1HTErpamii Cepenna | Husbka Cepenns Bucoxka

Ha puc 4.14 Bizyai3oBaHO SKICHE NOPIBHSAHHS 3 BUKOPUCTAHHIM TEIIOBO1

KApTH.
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Pucynok 4.14 TenoBa kapTa IKICHOI OI[IHKH 32 PI3HUMH aCHEKTaMU JJIsl KOKHOTO
MIJIXOY.

CroBreup ICDO noka3ye nepeBakHO TEMHI KOJIbOPH, 3 CBITIIIIMMHU KOJIbOPaMHU
mume B psaaky Ckmannicts iHTerpamii. Iliaxing ICDO oTpuMaB BHCOKI OLIHKH 3a
OUTBIIICTIO SKICHUX aCIEKTIB, 3 OCOOJMBO CHJIBHOIO MPOJYKTHUBHICTIO B THYYKOCTI Ta
NOM'SIKIIEHHI TPUB'A3KK 0 NocTadaibHUKa. OCHOBHUM BHUSIBIIEHUM BUKIHUKOM Oyia
CKJIAQJHICTh 1HTEerpamii, sika OyJia OLIHEHa SK CEepeaHs 4Yepe3 CKIaJHHMM XapakTep
CTPYKTYpH.

[Minxin 3 onniero xmaporo (SCO) OyB oOIllHEHWI HaWBUINE 3a JETKICTIO
HaJallITyBaHHS Ta IMPO30pICTIO, ajie HAaWHWKYE 32 THYUYKICTIO Ta MOM'SKIIEHHSAM
NPUB'A3KKA /0 MOCTAYaJIbHHUKA, [0 MIJKPECIIOE€ KOMIPOMICH, MOB'i3aHi 3 BHOOpOM
MPOCTIIUX MIAXOMIB.

OO0MekeHHS Ta TPAHUYHI YMOBH

Xoua migxig [ICDO mnponeMoHCTpyBaB BUILY HPOAYKTHUBHICTh y OUIBIIOCTI
CLIEHapiiB, BaKJIMBO BU3HATH MOr0 OOMEXEHHS Ta YMOBH, 3a SIKUX HOro e(peKTUBHICTh
MOKe OyTH 3HUKEHA.
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1. Craaanicts moyarkoBoro HajdamryBanHs: [liaxin ICDO Bumarae
OlnbIIEe MOYaTKOBOI KOH(QIrypallii, H’K MPOCTINI MiJAXOAHW, MOTEHUINHO 30UIbIIYyI0UH
Oap'ep U1t TPUUHATTS AJI1 MAJIMX OpraHi3ailiil 3 00MeXEeHUMH TEXHIYHUMU PECypcaMu.

2. O6uucaoBanabHi HakiaaaHi BuTpaTH: CKIaJHI METOAU ONTUMI3allli, 110
BUKOPUCTOBYI0ThCS MiaxoaoM [CDO, BBOASTH 00UMCIIIOBANIbHI HAKJIA[HI BUTPATH, SIKi
MOXXYTb OyTH 3HAUHUMHU JJIs Jy’K€ Majgux po3ropranb (meHuie 5 I'b nanux).

3. Ilepion naBuanHsi: AgantuBHi kKoMnoHeHTH migxony [CDO BumaraioTh
MMOYaTKOBOrO0 MEpioAy HaBYaHHA (3a3BMyail 2-3 1AHI) Al JAOCSITHEHHS ONTUMAJIbHOI
MPOAYKTUBHOCTI, IPOTSTOM SIKOTO IepeBara HaJi MPOCTIIIUMU MiJIX0AaMU 3MEHIITY€ThCS.

4. ExcrpemajibHa rereporeHHicTb: Y cepeloBHIaX 3 EKCTPEMAIBbHOIO
TETEPOTEHHICTIO 3 TOYKHU 30PY TEXHOJOTiM 30epiraHHs Ta MOJeENed LIHOYTBOPEHHS
CKJIAIHICTh 3aJadl ONTHMI3alli CyTTEBO 30LIBIIYETHCS, MNOTEHLINHO 3MEHIIYIOYU
nepeBary miJIxomay.

5. HMyxe maai ¢gaitam: [ poOoYMX HaBaHTaXEHb, 1€ MEPEBAKAIOTH TYKE
Mani Qaitnmn (<10 Kb), HaknmagHi BUTpaTH Ha YyOpaBIiHHS METAJaHUMH CTalOTh
MPONOPLIIHO OUTBIIUMU, 3MEHIIIYIOUH MPUPICT €PEKTUBHOCTI.

[{i oOMmexeHHs cBiqyaTh mpo Te, mo miaxia ICDO Moxe He OyTH ONTUMaIbHUM
BHOOPOM JIJ151 BCIX CLIEHAP1iB, OCOOIHMBO JJIs Iy KE MAJIUX PO3TOpTaHb ab0 THX, 1110 MAIOTh
eKkcTpeMaiibHl oOMexxkeHHs. OHaK, A1 OUIBIIOCTI MAJIUX Ta CEPEIHIX MYJIbTUXMapHUX
pO3ropTaHb NepeBaru 3HaYHO MEPEBUIIYIOTH 111 OOMEKEHHS.

VY Tabnuui 4.10 npeacTaBiIeHO KOMIUIEKCHE y3arajJbHEHHS aHAI3y €(EeKTUBHOCTI
ctpykrypu ICDO Ta 1i BIIIIOBIIHOTO BILJIUBY.

Tabnuys 4.10: Y3acanvnenns ananizy epekmusnocmi ma niu8y

Moxpamennst
] TOPiBHSIHO 3 .
AcmekT Kiro4oBi mokazHnkm N OcHoBHMII BIJINB
HaliKpauow
anbTepHaTUBOIO (%)
BapricTs 36epiranns, 3HIKEHHS ONepalifHuX
. . . BUTpAT T
EdexruBHicTD BapricTts Mepexi, 16 pat Ta BILIMBY Ha
. HaBKOJIUIITHE
EneproedexruBHicTh
CEpEIOBHIIE
3arpumka, [IpomyckHa [MokpameHuii J0CBiT
[IpoayKTHBHICTB 3aTHICTh, BUukopucTanus 23 KOpHCTyBaua Ta BiATyK
pecypciB JIOJIATKIB
. JoctymHicTh, JIOBrOBIYHICTS, HlﬂBI@meHa.
Haniitaicts . 19 Oe3nepepBHiCTh Oi3HECY
VY3roxeHicTh o
Ta HUTICHICTh TAHUX
. 3HIKEHHS
Mudpysanns, Ouinka
Besneka Ta . k . . PETYISTOPHOTO PUBKKY
. .. BiAnoBiAHOCT1, CyBepeHITeT 40 o
BiJIIIOBiAHICTD AHIX Ta MOKPAIIEHUH 3aXUCT
JaHUX
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UYac kouBeprentiii, Hakmamni Kpamma peakriis Ha
AanTUBHICTD BUTPATHU HA aJanTaIlito, 65 3MiHHI YMOBH Ta
EdexTuBHICTh HABUAHHS BUMOTH
. 3naTHiCTh 00pOOIITH
[IpoaykTuBHICT TIpH .
. . 3pocTaroui 00cAru
MacmraboBaHicTb MacmTadyBaHHi, 16
) . IaHuX Ta 6a3u
EdexruBHicTh pecypci .
KOPHCTYBaviB
) . TTokpaieni piHaHcoBi
Exonomiuna TCO, ROI, Haknagni pameHi ¢ .
.. . 30 pe3yabTaT Ta PO3MOALI
LIHHICTD BUTpPATH HA YIPaBIiHHSI :
pecypciB
Kommnekcue
MTOKPAIICHHS 32 BCiMa
3aranom KomnosuTHa ominka 14,9 acreKTaMH yTpaBIliHHS

MYJIbTUXMAPHUMHU
JAHAMU

[Minxin ICDO mpexactaBisie 3HAYHUNA MPOTPEC y raiay3l YNPaBIiHHS aHUMU Y

MYJIbTUXMApPHUX CEpPEIOBUINAX, 3a0€3Meuyl0our KOMIUIEKCHE PIIIeHHS, SIK€ BUPILIYE

CKJIaAHI MpoOJeMU pPO3MOAUIEHOr0 30epiraHHs Ta naoctynmy 1o pgaHux. llnsxom
IHTeTpallii OHTOJIOTITYHOTO MOJICJIFOBAaHHS 3 MEPEIOBUMH METOAAMU ONTUMI3AIl, T1IX1]T

JI03BOJIsI€ OpraHizalisaM OUTbII AKICHO pealli3yBaTy NepeBaru MyJbTUXMAPHUX CTPATETii,

MIHIMI3YIOUYH 1XH1 HETOMIKH.
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BUCHOBKHA

Y umpomMy po3dinl  MPEACTaBICHO  KOMIUIEKCHUM — aHami3  e(eKTUBHOCTI
InTenexkryansnoro Opkectparopa Xmapuux [lanux (ICDO), ynockoHaneHoro miaxomay
70 oprasizamii po3MOAIJIEHOT0 30epiraHHs Ta AOCTYNY 10 JaHUX 3 JAUHAMIYHO-
3MIHIOBAaHMMH YMOBaMU iX 30epiranHsi B MyibTuxmapHomy cepenonuiii. [linxing ICDO
IHTETPY€E OHTOJIOTIYHY MOJENb, po3pobieHy B Po3aim 2, 3 mepenoBUMU METOJaMU
onTuMizarli, omucanumMu B Po3mim 3, s 3a0e3reueHHss KOMIUIEKCHOTO PIIIeHHS s
YIpaBIiHHS JaHUMU Y MYJIbTUXMapHUX CEPEIOBUINAX.

ExcnepumenTtanbHa oiiHka mnpojaeMoHcTpyBana, o niaxig ICDO  3naunHo
MepeBepllye albTEPHATUBHI MIIXOAM 32 IMHPOKUM CIEKTPOM MOKA3HUKIB Ta CIEHAPIIB.
Ki11040B1 BUCHOBKH BKJIIOUAIOTh:

1. Migxig ICDO nocsr 44,1% nokpaliieHHs 3arajibHOi TPOAYKTUBHOCTI TOPIBHSHO
3 TpaJUIIHHUMH TIIXO0JaMH 3 OJIHI€l0 xMaporo Ta 14,9% mnokpalieHHs MOPIBHSHO 3
HalKpalyM albTePHATUBHUM MYJIbTUXMAPHUM IT11X0IOM.

2. PeanizoBaHO 3HAYHE 3HWKEHHS BUTPAT, 3 CEPEIHIM 3HIKEHHSIM BapTOCTI
30epiranHs Ha 28% MOPIBHSAHO 3 MIIX0/IaMH 3 OJIHIEI0 XMapoto Ta Ha 16% MOpiBHSIHO 3i
CTaTUYHUMH MYJbTUXMAPHUMU T1IX0IaMHU.

3. Iloka3HUKH TPOJYKTUBHOCTI MPOJEMOHCTPYBalM CYTTEBI MOKpAIIEHHS, 13
3aTPUMKOIO YWTaHHS, 3HWKEHOI Ha 50%, Ta mpOIyCKHOIO 3/IaTHICTIO, 301JIBIIIEHOI0 Ha
71% TOpPIBHAHO 3 HAUKpAIIUM Oa30BUM ITIAX0IOM.

4. HaniiiHiCTh 3aiuiiajiacsi BUHSATKOBOIO HaBiTh 3a yMOB BIiAMOBU, 3 99,94%
JOCTYTHICTIO, 110 MIATPUMYBaJacs Mij 4ac CEpUO3HUX CIIEHAPIiB BIIMOBH.

5. Tloka3Huku Oe3MeKu Ta BIAMOBIAHOCTI MPOJIEMOHCTPYBAIM Mailke ifeanbH1
pe3yabTatu, 3 99,9% nokputtsam mudpyBaHHIM Ta OIliHKOO BianosigHocTi 0,97 3 1,0.

6. [loka3HuKM aganTUBHOCTI TMoOKa3anu 3aaTHicTh migxoay I[CDO mBuako
KOHBEPTYBaTH J10 HOBUX ONTUMaJIbHUX KOH(DIryparii, 3 cepeHiM 4acOM KOHBEpPTreHIIil
7,8 xBUIMH, 1110 Ha 42% MmIBUIIIE, HIXK HalKpala aJbTepHaTHBa.

7. Anani3 Butpar 1 Buroj BusiBuB npoektoBadi ROI 48,8% npoTsrom ogHOPIYHOTO

nepiody st po3ropranss 45 I'b, 110 3Ha4HO BHUIllE, HIXK YC1 aTbTEPHATUBHI IT1JIXO/IH.
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8. AHaJi3 Ha PiBHI KOMITIOHEHTIB MiJKPECIUB BaXJINBICTh KOkHOT yactuHu ICDO, 3
MexanizmoM ontumizanii Ta BupimyBauem RL/MOEA, mo 3a0e3neuyroTs HalOUIbII
3Ha4YHI BHECKM B 3arajbHy NPOAYKTHUBHICTh. OJHAK, CYTT€BUN BIUIUB I1HIIUX
KOMIIOHEHTIB JIEMOHCTPY€ MIHHICTh 3alpPONOHOBAHOTO KOMIUIEKCHOTO TIIXOJYy.
TemaTtuuHe NOCHIIPKEHHS HANAI0 KOHKPETHUN MPUKIAJ MPAKTUYHUX MEpeBar MixXomy
ICDO B peanbHOMY clieHapii, TOKA3yOUX 3HAYH1 MOKPAIIEHHS B KJIIOUOBUX MOKA3HUKAX
pu 30epeKeHH] BIAMOBIIHOCTI BUMOTaM Ta OFO[KETHUM OOMEKEHHSIM.

9. Xoua miaxin ICDO wmae nesxi OOMEXEHHs, OCOOJMBO Uil JyXKe Malux
po3ropTaHb a00 THUX, IO MalTh E€KCTpPEeMallbHI OOMEKEHHs, HOro InepeBaru 3HaA4YHO
MEPEBUIYIOTh 111 OOMEXKEHHS il OUIBIIOCTI MalluX Ta CEPEIHIX MYJIbTUXMapHHUX

pPO3TOpTaHb.
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3AT'AJIBHI BUCHOBKHA

VY nuceprauiiiHiii poOOTI pPO3B’SI3aHO aKTyalbHY HAyKOBO-IPAKTUYHY 3a]ady
M1JIBUIIIEHHS €(DEKTUBHOCTI pO3MOJILIEro 30epiraHHs Ta J0CTYIy 0 JaHUX 3 JUHAMIYHO-
3MIHIOBAHMMH yMOBaMH iX 30epiraHHsi B MYyJbTHXMapHOMY CEPEIOBHUIIl 3a PaxyHOK
3aCTOCYBaHHS KOMILIEKCHOTO MiAXOY 1010 €PEKTUBHOTO PO3MOILIEHOr0 30€epiraHHs Ta
JOCTYIy J10 IaHHX.

B nuceprariiiniii po60oTi OTpUMaHi Taki TEOPETUYHI PE3yJIbTATH:

1. Anam3 cneuudikamiii Ta pekomeHganii MiXHaApOJHOrO COI3y €IEeKTPO3B'sI3KY
(ITU), €Bponeiicbkoro 1HCTUTYTY TenekomyHikauiiHux crtanaaptis (ETSI) ta
HamionanbHoro inctutyty crangaptiB 1 TexHousorid CIIA (NIST) no3zBonus
BU3HAYUTU OCHOBHI BHUMOTH JIO CHUCTEM PO3MOAUICHOTO 30epiraHHs AaHUX Yy
MYJIbTUXMApPHOMY CEPEIOBUIIII.

2. Amnam3 crangaptiB ISO/IEC 27017, ISO/IEC 27018 ta CSA STAR no3BoiuB
BUJIUIUTH KJIFOUOBI TOKa3HUKH €(EeKTUBHOCTI Tpolecy 30epiraHHs JaHUX:
HAJ1MHICTb 30€piraHHs, IIBUJKICTb JOCTYIY, BApTICTh 30€pIiraHHsl, piBEHb O€3MEeKU
Ta BIATIOBIHICTh PETYJISITOPHUM BUMOTaM.

3. Ha ocHOBI 1MX TMOKa3HUKIB Ta JITEPaTypHOro Onsiay chopMyIbOBaHO
KOMIUIEKCHUM Ha0lp KpuUTepiiB 30epiraHHs JaHUX Yy MYJIbTUXMapHOMY
CepelloBHUILl, KM 3a0e3neuye OUIbII O00'€KTUBHY OIIHKY CHUCTEM 30epiraHHs
JAHWX XMapHUX MOpPOBaiifiepiB 3a paxyHOK PO3IIMPEHHS CUCTEMU KPUTEPIiB Ta
BCTAHOBJIEHHS X B3a€MO3AJIEKHOCTEN.

4. HaOyB moJanplioro po3BUTKY MiAXiA 1oa0 ¢gopmainizalii mporecy po3noaily i
30epiraHHsl JaHUX MUIAXOM TOOYJOBH OPUTIHAIBHOI OHTOJOTIYHOI MOJEeNl
mnporecy, ska ¢opmaiizye Ta CHUCTEeMaTU3Yy€ CKJIAgHI B3a€EMO3B'SI3KU MIXK
MOKAa3HUKAMU €(PEKTUBHOCTI Ta 3MIHHUMU (DaKTOpamu, 10 BIUTMBAIOThH Ha MPOIEC
pO3MOLTy 1 30epiraHHs JaHUX B 3aJI€KHOCTI BiJl IPIOPUTETIB KOPUCTYBayiB Ta
CTaTUCTUYHUX TMOKA3HMUKIB €(EeKTUBHOCTI HaJaHHSA TMOCAYT XMapHUMH

NpOBaKIEPaMH.
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5. YIOCKOHaJIeHO MaTeMaTU4YHy MOJIeNIb CHUCTeMHU 30epiraHHs JTaHuX B
MYJIBTUXMAPHUX CEPEJIOBUINAX, sIKA BIIPI3HAETHCS Bl BIIOMUX TUM, 1110 BPaXOBY€
JMHAMIYHO-3MIHIOBaHI YMOBHM 30epiraHHsi JaHUX 3a paxyHOK IHTerparii
CTaTUYHUX Ta JIMHAMIYHUX KPUTEPIiB, HAJa€ MOXJIHUBICTb aBTOMATHU30BAHOTO
BpaxyBaHHsI 3MiH MapaMeTPiB CEPEIOBHUILA B PEKUMI PEAIbHOTO Yacy.

6. 3ampornoHOBaHO MIAXiA, SKUKA 0a3yeTbcs Ha YAOCKOHAJEHId MaTeMaTH4HIM
MOJIENTi, 3aCTOCOBY€ TMOEAHAHHSA AJITOPUTMIB HaBYaHHSA 3 MIJKPIIUICHHSM Ta
0araToliIbOBUX €BOJIIOIIMHUX aITOPUTMIB, 110 JA03BOJISE €(PEKTUBHO 3HAXOIUTHU
[TapeTo-onTUManbHi pillIEHHd Ta aAanTyBaTHCS 10 3MIHHMX YMOB 30epiraHHs
JaHWX 1 BOJHOYAC aBTOMATU3YyBaTH MpolleC BHOOPY MpoBaiiepa, a TaKoXK
M1JIBUITYBaTH €(PEKTUBHICTh IPUNHATTS PIIEHb Y MYJIbTUXMAPHOMY CEPEIOBUIIII
3 IUHAMIYHO-3MIHIOBAHUMHU YMOBAaMU 30€piraHHs JIaHUX.

[IpakTuuHi pe3yiabTaTh OTPUMAaHI B IUCEPTAIliiiHIi poOOTi:

1. Po3pobneno kommiexkcuuii ¢perimBopk Intelligent Cloud Data Orchestrator
(ICDOQ), sixuit peainizye TeOpETUYHI PO3POOKH TUCEPTAIIil Ta TO3BOJISE IMiIBUIIUTH
e(EeKTUBHICTh 30€piraHHs Ta OOCTYIy 10 JaHUX 3 JAMHAMIYHO-3MIHIOBaHUMU
yYMOBaMH iX 30epirants y MyJbTUXMapHUX cepenoBuinax. peiimMmBopk 3a0e3neuye
aBTOMATH30BaHE VIPABIIHHSA JaHUMU 3 YypaxXyBaHHSM 3MIH Yy BHMOTrax
KOpUCTYBauiB Ta MapaMeTpax XMapHUX @poBaijepiB. AHali3 Ha piBHI
KOMITOHEHTIB MIATBEPIUB, 1110 X04a neBHi eneMeHTr ICDO MaroTh O1bIIINI BIIJIUB
Ha 3arajbHy MPOAYKTHUBHICTh, caMme iX I1HTerpaiisi 3a0e3nedye Hailkparrli
pe3yJbTaTH.

2. Ha ocHOBI po3po0JIeHUX OHTOJIOTIYHOI Ta MaTEeMaTHYHOI MOJEJIEH CTBOPEHO
MporpaMHe 3a0e3MnedeHHs JJisl ONTUMI3AIllT PO3MIILIEHHS Ta YIPABIIHHS JaHUMHU.
ExcnepumeHTanbHa OIlIHKA MIATBEpAUIa CYTTEBI MEpeBarv 3amporOHOBAHOTO
MiIX0AYy B TEpMIHaX NPOAYKTHUBHOCTI, BapTOCTi, HAAIWHOCTI, Oe3meKu Ta
aJanTUBHOCT1 MOPIBHSHO 3 ICHYIOUMMH PIILICHHSIMU.

3. BukoHaHO MpakTUYHE BIPOBAIKEHHS PO3POOICHOr0 MPOrpaMHOTO 3a0€3MeUeHHS
JUISl YOpPaBIIHHS JAHUMH 3 JUHAMIYHO-3MIHIOBAaHMMHU YMOBaMu iX 30epiraHHs B

MYJIbTUXMAPHUX CEPEIOBUIIAX Y KOMIAHISIX, IO CHEHIali3yI0ThCcsl Ha 00poOII
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BEJIUKUX OOCATIB JaHUX. Pe3ynbTatu BOpOBaIKEHHS MIATBEPAUIN €()EKTUBHICTh

3alpONOHOBAHUX PIIIEHb Ta iX BIJAMOBIAHICTh Cy4aCHUM BHMOTaM JI0 CUCTEM

30epiranns ganux. [liaxig ICDO HaiiOuibi eeKTUBHUM Il MaJIMX Ta CEPEHIX

MYJIbTUXMAPHUX PO3TOPTaHb, TOML SK JJISI IyKEe MaJIuX po3ropTaHb abo TUX, 110

MalTh €KCTpeMajibHI OOMEXEHHS, MOXYTh OYyTH IOLUIbHUMHU ajJbTE€pPHATHUBHI

M1JIXO/IH.

Pe3ynbTaTu q0CHIIKEHHS BIAKPUBAIOTh NEPCHIEKTUBH JIJISl MOJATBIIOTO PO3BUTKY
METO/IIB ONTUMI3allii 30epiranHs Ta JOCTYITY 0 AaHUX Y MYJbTUXMAPHHUX CEPEAOBUIIAX,
30KpeMa B HalpsSMKax YJOCKOHAJIEHHS MEXaHI3MIB aJanTailii J0 3MIHHUX YMOB,
1HTerpaii 3 TexHojorisiMu edge computing Ta po3poOKH CHel1aNi30BaHUX PIlIEHb AJIs

KOHKPETHUX I'aJly3€BHUX 3aCTOCYBAHb.
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