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Beryn. [locranoBka mpo0JeMu

XmapHi 004MCIIEHHS 3MIHIOIOTh 3BHYANHI ysABIEHHS Mpo oOuucieHHs. Ll TexHomoris nae 3mory
OOuYUCIIeHHIM HaOyTH CTaTycy cepBicy iH(GOpMalifHMX KOMYHIKaIlid 3 MOXIIMBICTIO BUKOPHUCTAHHS Ha
BHUMOT'Y Y IIUPOKOMY CIIEKTPi MPHUCTPOIB, ¥ OYIb-TKOMY MiCIIi 32 JIOIOMOT0I0 Mepexi IHTepHer.

Lz HOBa Oi3HEC-MOEb Ja€ OpPraHizaiisM 3MOry 30UIbIITYBAaTH MPOAYKTUBHICTh HAJaHHs MOCITYT 3a
HUYKYOIO IIIHOO 1 3 OUIBINOIO JIeTKicTrO. CBITOBI OCIIHKEHHS TOKa3yIOTh, 1[0 BUKOPUCTAHHS XMapKOBUX
OOYMCIIEHb CIIPUSIE EKOHOMIYHOMY 3pOCTaHHIO MIITPUEMCTB.

[Ile ximbKa pOKIB TOMY B KOMIT FOTEpHIH Taiy3i MaHyBajia TOHHTBA 32 3POCTAHHSM TaKTOBHX YacTOT
MPOIECOPIB Ta 3pOCTaHHAM O0’€MIB TIaM’sITI HAKOMUYYBAILHHX TPHCTPOiB. [Iporpamu, siki IPUXOIMIH Ha
3MiHY CTapyuM, BUMAaraJii YNMaIiX 0OYMCITIOBATBHUX TIOTYXKHOCTEH, BTIM, sIK 1 HOBI OrepariifHi cuctemn. Ase
OCTaHHIM 9acoM, BCyIeped O4iKyBaHHSM, BCE IMIIDIO iHIIUM HUBIXOM. [3 BripoBa/pKeHHsIM TexHomorii Web 2.0,
OpIEHTOBAHOI Ha COLIAJbHY CKIaJ0BY IH(OPMAIIHHOIO CEPeIOBHIIA, IIoYaia OYpPXJIMBO PO3BUBATUCS
“¢pimocodis” mporpaM 3a 3amUTOM. lmes mporpam 3a 3aluToM ITOArae B TOMY, IO KOPUCTYBay, SIKHA Mae
3aco00M JOCTyIy 110 MEpekKi IHTepHET, MOXKE CKOPHCTATUCS CEPBICOM 3aJeKHO Bim cBoix morped. Jlai
KOpHCTYyBaya 30epiraloThbcsi Ha cepBepi, IKUH NMpUeTHaHN 0 Mepexi [HTepHer, Micliepo3TalyBaHHs SIKOTro He
BiJIOME KiHIIEBOMY KOPHCTYBauy, 8 KOPUCTYBATUCS HUMH MOXKHA 32 JIOIOMOT'OI0 Pi3HHX MPUCTPOiB. “XMapka”,
MpOCTillIe KaKy4H, 1I€ BiJaleHni aaTa—1eHTp, KU Hajae TOCIyrd Ui KiHIIEBOro KOpHCTyBada abo s
0i3Hecy, 110 OIUIAYYIOThCS 3a (PAKTOM BUKOPHCTAHHS CEPBICY.

VY craTTi aHaNMi3y€eThesl IHPPACTPYKTYpa CXOBHUIIL JaHUX, OPTaHI30BaHHUX Y XMapy.

AHAaJI3 0CTAHHIX TOCTiIKEeHD

XMapkoBa cucTeMa 30epiraHHs JaHuX, a00 30epiraHHs JaHUX SK IOCIyra — e a0CTPaKTHE MOHATTS,
sKe BIAMOBiae cHcTeMi 30epiranHs JaHUX, Ky MOXKHA aJIMIHICTPpyBaTH 3a BUMOTOIO 4Yepe3 CIelialbHui
inTepdetic. Llelt iHTepdeiic abcTparye 1 MiCLIE3HAXO/PKEHHS CHCTEMH, TaK IO JIOKajJbHAa BOHA, YU
BiJlanieHa, 4 TiOpHIHA — HE Ma€ CYTTEBOTO 3HAYCHHs. XMapKOBi iHPpacTpyKTypu 30epiraHHs JaHUX
YTBOPIOIOTH HOBI apXiTEKTYpPH, SIKi MATPUMYIOTH Pi3HI piBHI 00CITyroByBaHHS IMOBEPX MOTEHIIHHO BETHKOT
IpyIH KOPUCTYBaviB i reorpadiyHo po3MoIiIeHUX HAKOTUIyBaYiB.

3a TUX TeMIIiB, 3 IKUMHU ChOTOJIHI 3pOCTalOTh OOCSTH JaHUX, HE TUBHO, 1110 3pOCTA€E W MOMYISPHICTh
XMapKoBUX cHcTeM 30epiranHs. [lIBuamie 3a Bce 3pocTaioTh OOCSTH apXiBHHX JaHHX, SKi ilealbHO
MiAXOSTh Tt 30epiraHHs B XMaplli Py TOTPUMAaHHI PsIy YMOB, 30KpeMa YMOB €KOHOMIYHOCTI, YaCTOTH
3BepTaHb, 3aXMCTy 1 JOCTYNMHOCTI. AJjie HE BCI XMapkKoBl cHCTeMHu 30epiraHHs ojaHakoBi. OuH
MOCTaYaJIbHUK MOXE 30CEPEAMTUCh Ha BapTOCTI, TOMI SK IHIIMKA (DOKYCYeThCS Ha JOCTYIHOCTI abo
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nponykTuBHOCTI. JKoqHa apXiTekTypa HE Opi€eHTOBaHA Ha IOCH OJHE, 1 Mipa peaii3aiii apXiTeKTyporo
3aJ1aHo1 XapaKTePUCTUKU BU3HAYAE i PUHOK 1 IJIbOBI MOJIEN1 BUKOPUCTAHHSI.

Ha mepmmii mormsii, XMapkoBi cucTeMH 30epiraHHs JaHWX MaloTh HU3KY IepeBar MOPIBHIHO 3
TpaJuLIHHUMK CHCTeMaMH 30epiranHs naHux. Hampukian, skino 30epiratoTh JaHi B XMapKOBHUX CHCTEMax
30epiranHs, TO OTPUMYIOTh JIOCTYII J0 WX JaHUX 3 OyIb-IKOTO MiCIlsl, B IKOMY € JOCTyIl A0 [HTepHery.
He motpibno HocutH 3 coboto (izmuHMid TpUCTpiii 30epiraHHs ab00 BHKOPHUCTOBYBATH TOW CaMHid
KOMIT 10Tep, mo0 30epertu i BiqHoBUTH iH(Mopmarito. [Tpy mpaBuibHIN opranizamii cucremu 30epiraHHs
MOYXHA HaBITh JIO3BOJIUTH 1HIIIUM OTPHUMATH JIOCTYI JIO JaHUX.

Ha camomy 6a3oBoMY piBHI XMapKOBHUM CHCTEMaM 30epiraHHs JaHUX MOTPIOCH BCHOTO OJIMH CEpBEp
JaHuX, min’ eqaannit 1o [areprery. KiieHT (KopucTyBad moCIIyrd XMapKoOBOT0 30epiraHHsi) HaJICHIIae KOrii
(atiniB yepe3 [HTepHET 10 cepBepa JaHUX, SKHi MOTIM 3anucye iHdopmailrito. Koy KIieHT Xo4e oTpruMaTh
iH(OopMaIito, BiH OTPUMYE JAOCTYII 10 JaHUX cepBepa uepe3 BeO-iHTepdeiic. [Totim cepsep abo Bigmpasise
(aiinu Ha3a KIEHTY, a00 TO3BOJISE KIIEHTY AOCTYII 1 yIpaBmiHHA (aiiiaMu Ha cepBepi.

AHani3 apxXiTeKTypH BUMarae BHpaxoBYBaHHs ii pobouux mapamerpis. [lix HUIMH pO3yMilOTh Pi3HI
XapaKTePUCTUKU apXiTeKTypH, 30KpeMa BapTiCTh, MPOAYKTHBHICTb, MOXIIUBICTh BIJIJaIEHOTO JOCTYITY
tomo. Ha »kanb, y HaykoBiii JiTepaTypi BiACYTHIH JeTalbHUN aHai3 BUKOPHUCTOBYBAHUX THPPACTPYKTYD
Ta Mojenel 30epiranas naHnx. OCHOBHI MaTepialii, B SIKHX BHCBITJIICHO CEPBiC XMapKOBOTO 30epiraHHs
JIAHHUX, OPIEHTOBAaHI Ha KIHIEBIX KOPUCTYBAUiB i OMHUCYIOTh ICHYIOUi CUCTEMH, IXHI TIepeBaru Ta HEAONIKH
3 TOrasmy KopuctyBada. st MPOEKTYBaHHS HOBHUX CXOBHII 1 YJOCKOHAJECHHS ICHYIOYHX JOIILHO
MpoaHai3yBaTH iH(PACTPYKTYPU TAKHX CXOBHII, MOJIEII 30epiraHHsl TOIIO.

BuKkJiaJ 0CHOBHOTO MaTepiajy

XMapkoBa apXiTeKkTypa 30epiraHHsi JaHUX — 1€ HacaMIiepesl JOCTaBKa pecypciB 30epiraHHs JaHUX
HA BUMOIY B BHCOKOMACIITAOOBAHOMY 1 MYJIBTUTEHAHTHOMY CEPENOBHIN (MOXIJIHBICTH i130JHOBAHO
00CIIyrOByBaTH KOPHCTYBayiB 3 PI3HUX OpraHizalliii y MeKax OJHOrO CepBicy). Y3arajJbHEHO XMapKoBa
apxiTekTypa 30epiraHHs JaHHMX SBJIsE COOOI 30BHINIHIN iHTepdeiic, skuit Hamae APl mias mocrymy a0
Hakonu4yBadiB (puc. 1).

Puc. 1. Xmapxoea apximexmypa 36epicannsi 0anux, nobyooearno 3a oanumu [ 2, 4, 5]

VY Tpamuuiitaux cucremax 30epiranHs ganux e nporokon SCSI [1], ane B XMapKOBHX CXOBHIIAX
3’siBuHCsT HOB1 mporokonu. Cepel HMX MOXKHA 3HAHTH 30BHIMIHI npoTokonn Web—cepsicis, ¢aiinosi
MPOTOKOJM 1 HaBiTh TpamuiiiHim 3oBHimHI iHTEepdeiicn (Internet SCSI, iSCSI Ta im.) [2, 3]. 3a
30BHIMHIM 1HTep(heiicoM pO3TalloOBYEThCS PIBEHb MPOMDKHOTO IMPOrpamMHOro 3a0e3reueHHsl — JIOTika

226



30epiranns nanux. Lleit piBens peamnizye Taki QyHKIII, sIK perutikailis JaHUX 1 CKOPOYEHHS 00CATY JTaHMUX,
3a TPaJAWIIHAMH QJITOPUTMAMH PO3MILIEHHS JaHWX 3 YpaxyBaHHSIM TeorpadiqHOro po3TanlyBaHHS.
Hapemri, BHyTpimHii iHTepdeiic opranizoBye ¢izuune 30epiranHs nanux. Lle moxe OyTH BHYTpilIHIH
MPOTOKOI, SIKAH pealtizye crienudivni GyHKIIT, a00 TpauiiHui cepBep 3 Qi3UIHUMU TUCKAMU.

3aranbHi XapaKTepUCTHKU XMapPKOBOI apXiTeKTypH

[IpencraBnena 3araibHa apXxiTekTypa (AuB. puc. 1) mae 3MOry BHUIUIMTH JEIKI XapaKTEPUCTHKH
Cy4acHOi XMapKoBOI apXiTekTypu 30epiranHs HaHux. Lli XapakTepuCTHKH HE HalleKaTh BUHITKOBO JO
MEBHOIO PIBHS, @ MOXKYTh BiIIIOBIATH JEKiIbKOM (TadJ. 1).

Tabauys 1
XapaKTepucTHKH XMapPKOBOI apXiTeKTypH 30epiraHHs JaHuX, o0y 10BaHO 3a 1aHuMHU [2, 4, 5]
XapakTepucTuka Ornuc
Keposanictp 3aTHICTh KepyBaTH CHCTEMOIO 3a HasIBHOCTI MiHIMaJbHUX PECYPCIB
Merton goctymy [IpoToko, yepes sIKHii HaaloThCS MOCTYTH XMapKOBOI'0 30epiraHHs TaHUX
[IponykTuBHICTH BuMIpIOETHCS IPOITYCKHOIO 3JaTHICTIO 1 4aCOM 3aTPUMKH
BararokopucryBalpKicTh [MiaTpumka GaraTboX KOpUCTYBadiB (OpEHIATOPIB)
MacmraboBaHicTh MOXJIMBICTh MOCTYIIOBOT'O HAPOLTYBaHHS JUIS 33JI0BOJIEHHSI HOBHX BHMOT 200
00pOOKH i ABUIIICHOI0 HABAHTA)KCHHS
I'otoBHIiCTh JaHUX Bumiproetbcst yacom 0e3BiIMOBHOTI pOOOTH CHCTEMU
YnpagniHas MOXXJIMBICTh YIIPaBJISITH CUCTEMOIO — 30KpEMa, BUOUPAIOYH BapTICTh,
MIPOJYKTUBHICTH 200 1HIII XapaKTePUCTHKA
EdexruHocTi 30epiranns Mipa e(heKTUBHOCTI BUKOPHCTAHHS HAKOITUYyBaviB
Bapricts Mipa BapTocTi 30epirants JaHuX (4acTo B Joliapax 3a riradaiir)

PosrisiHeMo JneranbHINIE KOXKHY 3 IIMX XapaKTEPUCTHK 3 aHali30M ii BIUIMBY Ha apXiTeKTypy
CXOBHIIIA JJAHUX.

KepoBanicts. OpHi€I0 3 KIIOYOBUX XapaKTEPHCTUK XMapKOBOI cHcTeMH 30epiraHHs JaHWX € ii
BapTiCTh. SIKIIO KITIEHT 3MOXKE KYITYBaTH i KEPyBaTH pecypcaMu 30epiraHHs JOKaJIBHO, a HE OPEH/TyBaTH iX
y XMapiii, pHHOK XMapKOBHX CHCTeM 36epiraHns 3HUKHE. Moro BUTpaT MOKHA MOIIINTH HA JBi 3arabHi
Karteropii: BapTicTh camoi (i3W4HOI eKocucTeMu 30epiraHHs 1 BUTpaTH Ha KepyBaHHs Hero. Bapricth
VIIpaBITiHHS MPUXOBaHa, aje € JOBIOCTPOKOBUM KOMIIOHEHTOM 3aralibHoi BapTocTi. Uepe3 1e xmMapkoBa
cucrema 30epiraHHs IMOBHHHa OyTH 3HAa4YHOI MIpOI0 CaMOKEpOBAaHOI. BupiliaibHe 3HAYEHHS Mae
MOXIIUBICTh JIOJIaBaTH HOBI HAKOMUYyBadi, KOJIM CHUCTEMa aBTOMATHYHO 3MIiHIOE KOHQIrypamito s ix
PO3MIIIIEHHS, 1 3/IaTHICTh CHCTEMH 3HAXOJMTH 1 aBTOMATHYHO BHITPABIISTH MOMIIKA. Y MallOyTHROMY Taki
KOHIICMIIil, K aBTOHOMHI OOYHMCIIGHHSI, BIIIrpaBaTUMyTh KIIOYOBY pOJb y XMapKOBHX apXiTeKTypax
30epiranus [2].

Mertoa mocrymy. OpnHi€r0 3 HaWsACKpaBIIMX BIAMIHHOCTEH MK XMapKOBOK Ta TPaIUIIIHOIO
crcreMaMy 30epiraHHs € 3aco0W JTOoCTyny J0 HUX (puc. 2). BUlbIIicTh MocTadanbHUKIB MPOIOHYE pi3Hi
METO/IM JOCTYIy, onHak 3arajpHonpuitHATHMH € APl Web-cepBic. Binbiicte 3 HUX peajizoBaHi Ha
npunnunax REST [6], 1m0 ocHOBaHI Ha 00’€KTHO-OPIEHTOBAHIN cXeMi, po3po0sIeHil MOBEPX MPOTOKOIY
HTTP.

Meromu nocrymy 3a REST-API 6e3 3amam’satoByBaHHsS CTaHy mpocTi Ta edektuBHi. Ll MeToam
peami3yloTh 6araTo mocTadalbHUKIB XMAapKOBUX MOCIYT 30epiranHs, BKItodatoun Amazon Simple Storage
Service (Amazon S3) [7], Windows Azure [8] i Mezeo Cloud Storage Platform [9, 10].

Opnnak npobnema API Web—cepBiciB mosisirae B ToMy, 1110 JIJIS TOT'O, {00 CKOPUCTATHCS ITepeBaraMu
XMapKOBOI CHCTEeMH 30epiraHHs, BOHM BUMAaraloTh iHTerpaiii 3 JoAaTkoM. ToMy pa3oM i3 XMapKOBHUMH
crcreMaMu 30epiranHs ais 3abe3nedeHHs 0e3nocepeiHbol iHTerpallii BAKOPUCTOBYIOTHCS TAKOXK 3arajibHi
MeTo/u JocTyiy. Hampukiaza, mporokony Ha ocHOBI ¢aiinis, Taki sk NFS/Common Internet File System
(CIFS) [11] abo FTP, abo mporokonu Ha ocHOBI OyiokiB, Taki sk iSCSI. Taki MeTomu AOCTYyIy HaIaloTh
Nirvanix, Zetta, Cleversafe Ta iHIIi mocTa4aabHUKH TOCITYT XMapHOTO 30epiraHHsL.
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Puc. 2. Memoou docmyny 0o xmapkosux cucmem 30epicanisi 0anux, nodyoosano 3a oanumu [ 2]

BuiezasnadeHi mpoToOKoIM HAWIIOMMPEHINTi, ale JjIsi XMapKoBOro 30epiraHHs MiaXoaTh W 1HII.
Onun 3 HaimikaBimmx — Web—based Distributed Authoring and Versioning (WebDAV) [12]. WebDAV
takok Oazyerbcst Ha HTTP 1 nosBonsie BukopucroByBaTH Web sk pecypc ais uuTaHHs 1 3amucy. Jo
MOCTavaNbHUKIB, 0 BUKOPHCTOBYIOTh WebDAYV, Bxoasarte Zetta, Cleversafe Ta iHmi.

MokHa 3HAHTH 1 Taki pillleHHs, SKi MIATPUMYIOTh KiJIbKa MPOTOKONiB goctyny. Hampuknax, IBM
Smart Business Storage Cloud nae 3mMory BukoprcToByBaTH IpoTokonn Ha ocHOBI daitniB (NFS i CIFS) i
npoTokoiH Ha ocHOBI SAN B ofiHiH 1 Tilt camill iHpacTpyKTypi BipTyamizallii cucrem 30epiraHHs JaHuX.

MponykTuBHicTs. [IpogyKTHBHICTP MOXXKHA aHAI3yBaTH 3 0araThbOX acIeKTiB, ajlieé OCHOBHE
3aBJIaHHS XMAapKOBOI CHUCTeMH 30epiraHHs OaHWX — II€¢ TEpeMIllleHHs JaHWX MDK KOPHCTyBaueM i
BITAJICHUM TOCTAa4YaJIbHUKOM XMapKoOBUX MOCiyr. IIpore icHye mpoOiema B TPaHCIOPTHOMY HPOTOKOIII
TCP, sxuii € ronoBHUM pobounM mporokonoM I[HTeprery. TCP kepye NOTOKOM JaHWX Ha OCHOBI
MiATBEP/UKEHHS MPHUHOMY TMAaKeTiB 3 BiJJIaJieHOro By3la. BTpata abo 3aTpuMKa MakeTiB JT03BOJSIIOTH
KepyBaTH TEpPEBaHTAXCHHSIM, IO IIe OuIblie 0OMEXye MPOMYKTUBHICTH IS YHHUKHEHHS TIIOOANBHUX
Mepexepux mnpodsiem. TCP ifgeanpbHO MiAXOMUTH A TNEPEMIIICHHS HEBEIMKHX OOCSTIB JaHUX Yepes
ro0aibHy Mepexy IHTepHeT, ajle He NPUWHATHUN JJi1 JOCTaBKHU BEIMKUX OOCSATIB JAHUX — y IBOMY
BumnaKy yac oominy nanumu (RTT) 36inbiryeThes.

Amazon 3a J0IOMOror IporpamMHoro 3a0esnedcHHs Aspera Software Bupiimia 10 mpooiemy,
BuwiayuyuBi piBeHb TCP. Hoeuii mporokon Fast and Secure Protocol (FASP) 6yno pospobiieno s
MPHUCKOPEHHS TepenaBaHHsl PI3HUX JaHWX B YMOBaX BEIMKOIO Yacy BIATYKYy i BTpaTH makeTiB. ba3zoro
ciyrye UDP, 1m0 € qonoMibkHEM TpaHcnopTHUM rpoTokosioMm TCP. UDP nae 3Mory kepyBaTu 3aTopami,
MepeIaroyH el aclekT A0 MPOTOKoNy npukiaaHoro pisas FASP (puc. 3).

Puc. 3. Apximexmypa npomoxony Fast and Secure Protocol,
nobyoosaro 3a danumu [ 2]
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[pamtotoun 3i craHAapTHUMH MepekeBuUME anantepamu (0e3 mpuckopenns), FASP edekruBno
BHUKOPHUCTOBYE JIOCTYIIHY JUIS JOJATKIB CMYTY MPOIYCKAHHS 1 BHITy4da€e TOJIOBHI BY3bKi MICIIsl TPaIUIIHHAX
CXEM MacoBOi Iepeaayi JaHuX.

BaratoxopucryBaubkictb. OnHa 3 KIIOUYOBHX OCOOIMBOCTEH XMAapKOBOi apxXiTeKTypu € ii
0araTokopHCTyBallbKICTh. Lle 03HaYae, MO CXOBUIE BUKOPHCTOBYEThCS OarathbMa KopucTyBauamu (abo
“openpapsmu’). Ll 0coONMHBICTh apXITEKTYypH CTOCYETHCS PI3HUX PIBHIB XMapKOBOI CHCTEMH 30epiraHHs,
BiJ PIBHS J0OJATKa, ¢ KOPUCTyBayaM BHAUISIOTHCS 130JbOBaHHUI MPOCTIP iMEH, A0 PIBHS 30epiraHHs, I
OKpEMHUM KOpHCTyBayaM a00 KaTeropisiM KOPHCTYBadiB MOXYTh BWAUIATHCS OKpeMi (Qi3uuHi
HaKoNM4yBadi. BukopucranHs ©OaraThbMa KOPHUCTYBA4aMH TMOIIMPIOETHCS HABiTh HA MEPEKEBY
IHQpaCTpYKTypy, fKa 3’€IHYy€ KOPHCTYBadiB 3 HAaKOMMUYyBadaMH, 3a0e3MEUyOYd TapaHTOBaHY SIKiCTh
00CITyroBYBaHHS 1 BUJIUJICHY CMYTY MPOITYCKaHHS JJIsl KOHKPETHOTO KOPHUCTYBAYa.

MacmtagoBanictb. MacmTaboBaHICTh MOYKHA PO3IIISIATH 3 KUTBKOX TOYOK 30pYy, ajie CTOCOBHO
CXOBHII] JIAHUX PO3TIISIAETHCS SIK BUJUICHHS XMapKOBHX pecypciB 30epiraHHsi Ha BUMOTY. MOXIIHBICTh
HapoIllyBaTH pecypcu 30epiraHHs (AK JOropd, TaK 1 JOHH3Y) O3HA4Ya€ IMOJIMIICHY EKOHOMIYHY
e eKTUBHICTH JUUIsI KOPUCTYBAYa 1 MiABUILEHY CKIAIHICTh JIJIS MOCTavya bHUKAa XMapKOBUX MOCTIYT.

MacmraboBaHicTh TMMOBHHHA 3a0e3nedyBaTHCS HE TUIBKH JUIsi caMoi CHCTeMH 30epiraHHs
(pynkuioHansHe MacTaOyBaHHsI), ajne W ISl 11 MPOITYCKHOT 31aTHOCTI (MacmTa0yBaHHSI HABAaHTAKCHHS).
[Ile omHa KiIFOUOBa OCOOIUBICTE XMapKOBOTo 30epiranHs — reorpadiqHuil po3monin nqanux (reorpadivyna
MaciTaboBaHICTh), sIKa JTa€ 3MOTY PO3TAIIOBYBAaTH JIaHI B MaKCHMANbHIH OJIM3BKOCTI O KOPUCTyBada
3aBJISIKK TPYIIi IIEHTPIB XMapKOBOTO 30epiranHs JaHuX (IUIIXOM Mirpariii). Y BUMagKy JaHUX “TUTBKH JUIS
YUTAHHS MOXIIMBI TaKOXK PEIUIiKaIlisl 1 PO3MOBCIOJKEHHS (K B MepeXaxX PO3MOBCIOPKEHHS aymio /
BiieokoHTeHTY). Lle mpoimtocTpoBaHo Ha puc. 4.

Puc. 4. Macuumabosanicmo xmapkoeoi cucmemu 30epicanms oanux, nooyoosano 3a oanumu [2, 9|

Bucoka roroBHicTh. Komu mocrauanbHUK XMapKOBHX TOCITyr 30epirae JaHi KOpPHUCTyBada, BiH
MOBHHEH MaTH MOMJIMBICTh MOBEPHYTH IIi JIaHI KOPUCTYBadeBi Ha BHMOTY. 3 ypaxyBaHHSM MPOCTOIB
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MEpexi, MOMUJIOK KOPUCTYBAYiB Ta IHIIMX 0OCTAaBUH BUKOHAHHS I1i€1 YMOBU HAAIHHUM 1 JI€TepMiHOBaHHM
CIIOCOOOM MOJKE BHUSIBUTHUCS CKJIaTHHM.

IcHyroTh miKaBi HOBI cxemH 3a0e3le4eHHs] BUCOKOI TOTOBHOCTI, Taki SK pO30CEpEIKECHHS
inpopmanii. Kommanis Cleversafe, ska Hagae mocmyru 30epiraHHs JaHHX Yy TPUBATHIH XMapiii,
BHUKOPHUCTOBYE airoputM posocepemxents iHdopmamii (Information Dispersal Algorithm — IDA) mis
MiZIBHICHHS JOCTYITHOCTI JaHMX Npu (i3MYHHMX BiAMOBax i mpocTosix Mepexi. Anroputm IDA, sxwmii
CIOYaTKy PO3pOOMB Ui TEICKOMYHIKAIliiHMX cucreM Maiikin PaOin, mae 3Mory “HapizaTtu” mAaHi 3a
noromororo koiiB Pima—ComoMoHa i iX BIIHOBJICHHS Y BHIAJAKy BTpaTH YaCTHHM AaHuX. KpiMm Toro,
IDA nae 3Mory HacTpowBaTH KUIBKICTh YacCTOK JaHHUX, TaK 00 3aJaHui 00’€KT JaHUX MOXHa OyJo
po3pi3aTH Ha YOTHPHU YaCTKH MPH OAHOMY JAOMYCTUMOMY 300i a00 Ha 20 4acTOK pH BOCEMU JOMYCTHMHUX
300sx. Sk i RAID, IDA 3a0e3nedyye BiAHOBJICHHS JaHWX 3 MIIMHOXXHUHHU BHUXIAHHMX JaHUX MPH JCIKHX
HaKJIaJHUX BUTPaTaX Ha KOAM ITOMMJIOK (3aJISKHO BiJl KUIBKOCTI AonycTUMHUX 3001B). Lle imtocTpye puc. 5.

Puc. 5. ITioxio Cleversafe oo sabesneuenns sucoxoi comognocmi oanux, no6yoosano 3a oanumu [ 2]

MoXIUBICTh Hapi3aTH JaHi 13 3acTocyBaHHsIM KomiB Kopekmii Piga-ComoMona pae 3mory
reorpaiyHO pO3MOAUIITH HakonmuuyBadi. [Ipy KiIBKOCTI 4acTOK P 1 JIOMYCTHUMOI KUTBKOCTI 300iB M
PE3YNbTYIOUI HaKNaJHI BUTPATH CTaHOBJATH P/(P—M). Tak, y BHIAAKy, MOKa3aHOMY Ha pHUC. 5, HAKJIaHi
BUTPATH JUIsl CHCTEMH 30epiranust npu p=4 i m=1 ckimanarots 33 %.

3BopotHuit Oik IDA — iHTeHCHMBHA 00poOKa Oe3 amapaTHOTO MPUCKOPEHHS. Permikaiis — e oJuH
KOPUCHHU METOJI, SIKHH BHKOPHUCTOBYIOTH 0araro MmocravajbHHUKIB XMapKoOBHX mociyr. Bin mpoctuii i
eexTuBHUIL, X04a 1 HAKIaIHI BUTPATH BENHKI (IpsAaMyIoTh 10 100 %).

Yupasainuga. BaxnuBe 3HaueHHS Mae€ 3/1aTHICTh KIIIEHTa KOHTPOJIIOBATH 1 YIPABISATH THM, SK
30epiraloThCst 0ro JaHi, i MOB’I3aHUMH 3 IIUM BUTpaTamMu. UHCIIeHH] oCTavyalbHUKA XMApKOBHX MOCITYT
MPOMOHYIOTh 3acO0M YNpaBIiHHA, SKi 3a0e3MedyloTh KOPHUCTyBadaM TMiJIBUIIEHUH KOHTPOJIb Haj
BUTpPaTaMH.

Amazon, 11100 HaJlaTH KOPUCTyBa4aM 3acoOM MIiHIMI3allii 3araJlbHUX BHUTpAT Ha 30epiraHHs JaHUX,
3actocoBye Reduced Redundancy Storage (RRS). [lani pertikyrotbest B iHppacTpykTypi Amazon S3, ane
RRS nozBonsie perutikyBaTH iX MEHIIY KUTBKICTh pa3iB 3 MOXKIIMBICTIO BIIHOBIICHHS Y BHIIJKy BTpPAaTH
nanux. lle imeanpHO WIAXOMUTH I JaHMX, SKI MOYKHA BIITBOPIOBATH, a00 KOJIM KOIMIl JaHUX
PO3TAIIOBYIOTBCS B Pi3HUX MicisiX. Nirvanix Takoxk 3a0e3rneuye perulikaiilo Ha OCHOBI IpaBwHII,
JONYCKAIOYX JETABHININN KOHTPOJIb HAJl THM, 1€ 1 K 30epiratoThCs TaHi.

EdextuBnicrb. EdekTuBHICTE 30epiraHHs JTaHUX — BaXJIMBA XapaKTCPHCTHKA XMapKOBOI
iHpacTpyKTypH 30epiranHs, 0COOIMBO BPaXxOBYIOUH ii aKI[CHT Ha 3arajbHy €KOHOMIIO.

1100 3pobuTn cucTemy 30epiraHHs epeKTUBHIIION, TOTPIOHO 30epiraTH OUIbIIE JaHUX. 3arajabHUM
PIIICHHSAM € CKOPOUYCHHS 00CATY BUXIIHUX JaHMX, 00 BOHHU 3aiiMaiii MeHIe (izuyHoro npocropy. [sa
CIIOCOOM JOCSTHEHHS Ii€] METH: CTUCHEHHS — YIIaKyBaHHS JaHUX IIIIXOM iX KOIyBaHHS 3 BAKOPHCTaHHIM
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PI3HUX MpeNCcTaBleHb — 1 AeayOiikallis — BHIYYEHHS BCiX IyOmikaTiB JaHUX. Xodya OOHMJIBA METOIH
KOpPHUCHI, CTHCHEHHS Tependadae oOpoOKy (IepeKkoayBaHHs JaHMX B iHGpacTpykTypy i1 3 Hei), a
nenyOrikallisi — OOYMCIICHHS CUTHATYP IS MOIIYKY yOmiKaTiB.

Bapricts. OnHa 3 HalMOMITHIIIMX OCOOIMBOCTEH XMapKOBOr'o 30epiraHHsl JaHUX — 3JIaTHICTh
3a0e3nmeynTy ekoHoMmiro. Lle ekoHoMish Ha mpuIOaHHS HAKONMYYBAyiB, iX €HEPronocTavyaHHs, PEMOHT, a
TAaKOXX Ha YNpaBNiHHA 30epiraHHsM. SKImo po3mismaTH XMapkoBe 30epiraHHs 3 I[bOTO  TOTJIISLY
(Bxmovaroun SLA i migBuieHy eheKTUBHOCTI 30epiraHHs), BOHO MOXKE BHSIBUTHCS BUTITHUM 32 MEBHUX
MOJIENEN BUKOPUCTAHHA.

LikaBuii mpukiIan BUPIMICHHS XMapKoBOro 30epiraHHs mpencraBisie kommanis Backblaze. Bona
nmoOyayBana HEIOpPOry CHCTeMy 30epiraHHs CIelialbHO Ui XMapKoBHX mponosuiii. Backblaze POD
(monmmuka Hakonmu4yBadiB) MicTHTh 67 TH nuckoBoro nmpocTopy B kopiryci Bucororo 4U 3a [[iHOK MEHIIIO
3a $ 8000. Kommieke cknamaerses 3 koprycy 4U, cucremuoi wiati, 4-I'6 O3V, 40THphOX KOHTPOJIEPIB
SATA, 45 xopcrkux nuckiB SATA emnictio o 1,5 Th i nBox OnokiB >xuBieHHs. Ha cucremuiil mmati
Backblaze npairoe Linux (3 JFS B sikocti ¢aiinoBoi cucremu) i mepexxeBi agantepu GbE sik 30BHIIIHIN
inTepdetic 3 BukopucranusM HTTPS i Apache Tomcat. ¥ nporpamue 3a0e3neuenns BackBlaze Bxoasars
3acobu pemyriikaitii, mudpysanns i RAID6 nis 3axucty nanux. I3 3anporonoBanoro BackBlaze onucy ii
POD (me B neramsix moka3aHo, sSIK MOOYIyBaTH CBIM BJAaCHHi) BHIHO, SKOIO MIpOIO KOMITaHis MOXe
CKOPOTHUTH BapTiCTh 30epiraHHs, II0 POOUTh XMapKOBe 30epiraHHs MaHMX JOIUIBHUM 1 €KOHOMIYHO
edexruBHUM pimennsM [9, 13].

Ipn posrmsaai iHPpacTpYKTypH XMapKOBHX CXOBHII JAHWX JOLUUTBHO 3BEPHYTH yBary Ha Mojedi
IHTerparii 11X CXOBHIL, Y OUIBIIOCTI BUIAJKIB 1€ TPOBOANTHCS 32 JOMOMOIrOI0 IPOrpaMHuX iHTepdeiicis. [13]

API noctymy 10 CXOBHIIA € HaWBaXIMBIIIUM KOMIIOHEHTOM IOCIYT. baraTto moAaTkiB BUMararmTh
JOCTYIY IO CXOBHIIA MOCIYT 3 BUKOPUCTaHHIM API, sikuii onTHMi3oBaHUN JUIS 1i€] KOHKPETHOI CUCTEMHU
30epiranHsi JaHuX, ab0 Ha BIacHOMy oOmajgHaHHi, a00 xMapHUM. Tak, XMapkoBa cucrema 30epiraHHs
Amazon S3 API namae pospoonuxkam SDK mms .Net i Java, a Takox OiOTiOTEKH I TOJATKOBUX
wiatpopm 1 MoB. Lli iHTepdeiicn 3a3BUuYaii BUKOPHCTOBYIOTH IMPOTOKOIU BeO—CEpBICIB TepenaBaHHS
penpesentatuBHoro crany (REST) Ta/abo mpoctuit mporokon gocrymy 1o 06’ekris (SOAP) [11, 14].

Puc. 6. Mooeni xmaproeoi exonozii, nobyoosano 3a oanumu [2, 9, 11]

Bararo mnposaiinepiB xmapkoBoro 30epiraHHs TIOYaid 3ampoBaJpKyBaTh Bimkputi API, ane
OUIBIIICTh 3 HUX TUTBKU PYXa€ThCs B IbOMY HampsMKy. KopucTyBau Moke MpOCTO NepeTsryBaT daitim 3
JIOKaJBHUX CHCTEM JIO TIpOBaiiiepa XMapKoOBOro 30epiranus i Haszaj. Bci mpoaiiiepy XMapHHUX CHCTEM
30epiranHsi JaHWX TPOIOHYIOTh 3pO3yMUTHU iHTepdeiic KopucTyBaua, sSIKUi momiOHui 10 iHTepdelicy
OIepaIiifHOT CUCTEMH.
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[Tnanyroun peanizaiiro, CIiJ KepyBaTHCS OCHOBHMMHU NpuHIMNamMu. CTaHmapTHE oOJIagHaHHS Ta
MPOIIECH OIEPATHBHOIO aHaii3y SKOCTI HEOOXiJIHO BHUKOPHCTOBYBATH SIK OCHOBY, Ha sKili OymyBaTh
iHQpacTpyKTypy IIEeHTpY 0O0poOkM naHux. lle 3MeHIye po3pOCTaHHs, 3HIKYE BHUTPATH 1 CIPOIILYE
yrpasminas. [IporpaMue 3a0e3neueHHs a€ 3MOTy, HE MOPYUIYIOUM MaciiTaOyBaHHS JaHWUX, CTBOPUTH i
JIETKO TIepeMillyBaTH MOAyNi 30epiraHHs Ta 3MiHM KoH(]irypamii Uit 3pocraHHsS. [HCTpyMeHTH, sKi
MOJIETIIYIOTh ~ YIPAaBIiHHS —Yepe3 CcepBepH, CUCTEMH 30epiraHHS Ta MEpPekKi, MarTh MHIMPOKO
BHKOpHCTOBYBaTUCh [11].

Jotenep Oysio pO3IJISHYTO T'OJOBHMM YHHOM IIOCTaYaJbHUKIB XMAapKOBHUX IOCIYr 30epiraHHs
JIaHHX, aJie ICHYIOTh XMapKOBi MOJIEINI, SIKi Jal0Th 3MOT'Y KOPHCTyBauaM 30epiraTé KOHTPOJIb HaJ| CBOIMH
JaHUMH. XMapKoBe 30epiraHHs PO3BUBAETHCS B TPHOX HAMpPSIMaX, OAWH 3 SIKMX JIOMYCKAE 3IUTTS JBOX
IHIIMX JIJIS TOCATHEHHS €KOHOMIYHOT e()eKTUBHOCTI Ta Oe3reku [4].

[NocTauanbHUKHK 3aTabHOJOCTYITHHX XMapHUX CHCTEM 30epiranHs JaHNX HaJaloTh iHQPaCTPYKTypy
Ha yMOBax OpeHJu (pecypcH Ui JOBIOCTPOKOBOI'0 ab0 KOPOTKOCTPOKOBOTO 30epiraHHs JaHHUX 1 CMYTy
npormyckanHs Mepexi) [13]. IlpuBatHi XMapu BHKOPHUCTOBYIOTH Ti cami KOHUeMmii, mo H
3aralibHOIOCTYIIHI, aJie B Takiil (opmi, mo iHppacTpykTypa Moke OyTH HaailiHO BOy/IOBaHA B IPUBATHY
Mepexy KopucTyBada. Hapemri, riOpuaHi XMapHi CUCTEeMH 30€piraHHs IalOTh 3MOTY 3’€IHATH OOMIBI
MOJIeNTi, BU3HAYAIOUH MPABHJIA, IO PETYIIOIOTh Te, SIK1 JaH1 HeoOXiHO 30eperTy B IPUBaTHOMY BOJIOJiHHI,
a SIKi MOYKHA 3aXUCTUTH B MEXKax MyOJiuHUX XxMap (puc. 7).

Puc. 7. Xmapxosi mooeni 36epicanns danux, nobyodosano 3a oanumu [ 2]

Ha puc. 7 xmapkoBi Mozeni mokasaHi rpagivuno. Jlo MmocTadaJibHUKIB 3arajibHOJOCTYITHHX XMap
30epiranHsi JaHuUX HalexaTh Amazon i Nirvanix (SKi NpONMOHYIOTH 30epiraHHs JaHUX SIK TOCIYTH).
[Mpuknagamu ocTayaabHUKIB IPUBATHUX cHCTeM 30epiranHs ciayryioth IBM, Parascale i Cleversafe (sika
MPOTOHYE TporpaMHe 3abe3rnedeHHs Ta / abo oOmajgHAHHS A BHYTPIMIHBOI XMapku). Hapemri,
MOCTavaNbHUKY TiopumHuX xMap — 1ie Nirvanix, Egnyte Ta ixmii.

BucHoeku

Xwmapka 30epiraHHs JaHHX — I[I€ TEPCIEKTUBHUM 1 IIKaBUH HaANpsSMOK PO3BUTKY MOJeNeH
30epiranHs, KM BiIKPUBAE HOBI MOXIUBOCTI Ui TOOYZOBH, JOCTYIY Ta aJMIiHICTPYBaHHS CHCTEM
30epiraHHs JaHMX Ha MIAMPUEMCTBAX Ta yCTAHOBAaX. Xod4a ChOI'OJHI XMapKOBa CHUCTeMa 30epiraHHs —
MEPEeBKHO CIOXKMBYA TEXHOJIOTIs, BOHA IIBHJIKO PO3BHBAETHCS B HANPSAMKY mianpueMmct. ['10puaHi
MOJIENII XMap Jar0Th 3MOTYy OpraHi3allisaM 30epirati KOH(IACHIIHHICTh CBOIX JaHUX Y MEXKaX JOKaJIbHUX
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HEHTPIB O00pOOKM JaHWX, Iepefalodd MEHII KOHQIACHIIHHI JaHi B XMapKy Jjis SKOHOMii BHTpAaT i
reorpadiyHOro 3axXuCTy.

Sk mokazaHO B aHaNi3i Pi3HUX MIAXOJIB O THPPACTPYKTYpH CXOBUII Ta 3aCTOCYBaHHS MOJIEINCH
30epiraHHsi, CbOTOJHI BH3HAYEHO JIEKiIbKA OCHOBHHMX HAIPIMKIB NMPOCKTYBAaHHS XMapKOBHX CXOBHIIL.
Bubip ontumaneHOro BapiaHTa peaiizaiii MmepeBaXKHO 3aJeKHUTh B JIOTTYHOI pealizallii CXOBHUINA Ta
PO3paxyHKy HaBaHTa)KEHHS, OCKUIBKU MBUIAKUH PO3BUTOK 3aC00IB KOMYHIKAIIii MOCTIHHO 3HUXYE I[IHU Ha
MiKMepexeBi 3B’s3KH. CBOE€IO 4Yeproro, JIOTiYHA CTPYKTypa XMapKOBOTO CXOBHWINA BH3HAYAEThCS ii
(YHKI[IOHAJIBHUM MPU3HAYCHHSAM — ONECPATHUBHMM 1 MOMIMPEHUHN JOCTYI J0 JaHUX, HE3aJSKHO B MicIe
nepeOyBaHHS KOPUCTyBaya JIAHUX.
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