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AHHOTaIA KnroueBbie ctoBa

PaccMoTpeHa 3ajjaua obecriedeHns HaieXKHOCTH JUINTENIbHO-  Pobomusuposantas 6ubnuomexa on-
TO XpaHeHNA apXMBHONM MHGPOpPMaIMM Ha PpoOOTU3MPOBAH-  MuuecKUx OUCK08, ONiUmenvHoe XpaHe-
HBIX OMONMMOTEKAX ONTHYECKMX JUCKOB IIPU OOBEVHEHUM  Hue UHEOPMAUUY, ONmuveckue HOCU-
aTuX JucKoB B MaccuBbl RAID-6. IlocTpoeHa maTematu- menu — uHgopmayut, — HAOEHHOCHIL
YecKash MOJE/b HA[EXKHOCTYM XpaHeHus MHpOpManmyu Ha xpaenus ungopmayuu, RAID-6
ONTMYECKMX JAMCcKax Ay MaccuBoB RAID-6 ¢ pasHbIM 4nc-

JIOM JVICKOB, IIPEeIIO>KEeH KPUTepuil MpueM/IeMOCTI 3Have-

HMSI BEPOSATHOCTY IIOTEPY YacTy MH(OPMAIN, COXpaHsie-

Mot B 6ubmorteke. Ha mpumepe pacueToB mist po6OTH3U-

poBanHoll 6ubmoreku Panasonic LB-DH8 moxasao, 4To

st obecriedeHVs] HAIEXHOCTV XpaHeHus MHQpopManum

HEJJOCTATOYHO IIPOCTOrO0 OOBENUHEHNS AVICKOB B MACCUBbI

RAID-6. Heobxopumo co3maHme 3amacHbIX Kommit MHGOp-

MalMy, YMC/IO KOTOPBIX OIpeNeAeTcs 3aJaHHbIMU IIpK

HPOEKTUPOBAHUY XPAHIWININA MHPOPMALMY OKA3ATE/SIMU Iocrynuna B pegaxkumio 22.11.2016
HaJeXXHOCTH © MI'TY um. H.9. baymana, 2017

BBegenne. B HacTos1ee BpeMs Bce OoJibllle OpraHM3alMil CTAIKMBAETCS C HEOOXO-
AVMOCTBIO [JIUTENBHOrO (APXMBHOTO) XpaHeHWs: 6onpunx 06beMoB mMHbOpMALNN.
BypHo pasBuBaonuecsi obnaunble TexHonornu (B yactHocty, «IIpoexr O7») mo He-
KOTOPBIM IIPMYMHAM JJaJIeKO He BCerja sBJAIOTCS XOPOIIMM pelIeHeM 3TON IIpo-
6memst [1]. B cBsA3M ¢ 3TMM MHOTMe OpraHM3aI[UU IPEAIOYNTAIOT CO34aBaTh CBOU JIO-
Ka/lbHble XpaHwmma. CyllecTBYIOIM CTaHJapTOM B KadecTBe HOCUTenel MHpOop-
Mauuu i apXUBHBIX XPAHWINIL PEKOMEHYIOTCS ONITHYEeCKMe NUCKY OJHOPa30BOIl
3amucu [2]. B HacTosIee BpeMs Ha pbIHKe IIPeCTaBIeHO JOBOIBHO MHOTO pOOOTH-
3MPOBAaHHBIX OMOMMOTEK ONTMYECKMX [VICKOB, IIpe[laraeMbIX BeMyIIMMU IIPOU3BO-
purensimu (Hanpumep, Sony ODS-L10 [3], Panasonic LB-DM9 [4] u LB-DHS8 [5]).
Mogpens Panasonic LB-DHS8 co3gaBanach crienyanbHO ISl OTPeOHOCTEN POCCHii-
CKOTO pBIHKA. XapaKTepHOI 0COOEHHOCTBIO COBPEMEHHBIX MOJie/iell poOOTU3MPOBaH-
HBIX OMOINOTEK ABJIAETCS MaHUITYIMPOBaHUe He OMHOYHBIMY ONTUYECKVMU JIVICKa-
MI, @ KapTPUAXKaMM, COfIePKAIVIMI TPYIIIBI JVICKOB.

[ToHATHO, 4TO /ISl 0OeciedyeHnsT BBICOKON HA/IeKHOCTY COXpaHeHMs nHbopMa-
UMM B TaKUX OMOIMOTEKaX HEOOXOOVMMO CO3JaHue HECKONbKMUX UIEHTUYHBIX KO
MHPOpPMAIUY Ha Pa3HBIX 9K3EMIUIAPAX AMCKOB, YTO B UTOTE YMEHbIIAET pealbHBbIil
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06peM MHpOpMaLY, KOTOPBIN ClIocOOHA XpaHUTh 6ubIMoTeKa. /11 MHOTUX cOBpe-
MEHHBIX po6OTM3MPOBaHHBIX OubMNOTEK, B YacTHOCTUM Sony ODS-L10, Bo3aMOXkeH
TO/IBKO TAaKOJ BapMaHT obecledyeHMs] HafleXKHOCTY XpaHeHus (MaTeMaTmdeckas Mo-
Ienb, TO3BOJIAIOIASA OLIEHUTh HaJeXXHOCTh XpaHeHUsT MHGOPMAIUN ISl TAKOTO pe-
IIeHNsI, IOCTPOeHa U MCCIefoBaHa B pabore [6]). OmHAKO MHXKeHEPbl KOMIAHNUU
Panasonic B po6otusuposannbix 6ubmorekax LB-DM9, LB-DHS8 npennoxuin Bo3-
MO>XHOCTb OpPTaHM3aLlMM ONTUYECKUX AUCKOB B CTPYKTypbl RAID-6, 4ro, o nx MHe-
HUIO, JO/DKHO YBEIMYUTb HAJEeXXHOCTb XpaHeHMs MHGOpMauMy IpY YMEHbIIEHUK
HEOOXOIVIMOTIO YMC/Ia €€ KOIIMIL.

B Hacrosinee Bpems B Poccun yxe mMerotcst paboraroliiye CICTeMbl XpaHeH!sT Ha
6ase 6ubmmotexn Panasonic LB-DHS (7, 8]. ITockonbKy 0puIianbHO OMyOIMKOBaHHbIE
MaTepuasbl o 61O/IMoTeKe He JAl0T HUKAKOM KOHKPETHOM nH(pOpMaIm 0 Hage>KHOCTH
XpaHeHMs1 MHPOpMaLVM B OUOMMOTEKe, MHTEPECHO PACCMOTPETh 3TOT BOIPOC C Teope-
TUYeCKUX 1mo3uiuit. [TomyueHHbIe pe3ynbTaThl MOTYT OBITD IIOJIE3HBI /IS CIIELMA/IVICTOB,
IPOEKTVPYIOIIMX STeKTPOHHBIE apXVMBBI Ha ONTIYECKMX JVICKAX, II03BOJIAT UM IIPVHU-
MaTb 000CHOBaHHbIE PeLIeHN 10 CTPYKTyPaM CO3JaBaeMbIX apXIBOB.

Mopenp HageXHOCTM XpaHeHUs MHPOPMANUU B OMOTUMOTEKE ONMTHYECKUX
JMCKOB, 00bemMHEeHHBIX B MaccuBbl RAID-6. [l nocrpoennst Mopenu Oynem mc-
II0/1b30BaTh CeAylole o0o3HaueHs:: W — o01uit o6'beM JaHHbBIX, COXpaHsAeMblil B
OMOMMOTEKE ONTUYECKUX IUCKOB; V — eMKOCTb OMHOIO OITMYECKOIO AucKa; | —
YICIO ONTUYECKUX [UCKOB, HEOOXOAMMBIX i COXpaHeHMss uHPoOpMauumu obObe-
moM W. OueBnpHo, uto | = [W/V], rue 3Hak [.] o603HavaeT onepaunio OKpyraeHus
10 OOJIBIIIETO LIEIOTO.

CHavaja mocTpouM MOJie/Ib XPAaHWINILA, B KOTOPOM IMCKU OOBeIVHEHBI B Mac-
cuBbl RAID-6 6e3 3anacHbIx konmii (puc. 1).

EW it [T ittt ' roTmmooooees Co
| ! RAID-6 I 1 RAID-6 1 i RAID-6 i |
R B B B
O O 8
S e
i E 1-i1 maccuB i i 2-i1 maccuB i i L-11 maccuB i E
i L i

Puc. 1. CtpykTypa 6M6/1MOTEKN ONTUIECKNX OVCKOB, 00befHeHHbIX B MaccuBbl RAID-6,
6e3 3aITacHBIX KOIINIT
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ITycrp k™ — umcno puckoB B ogHoM Maccuse RAID-6 (k™ > 3); mOCKOIbKY 136bI-
TOYHOCTh MaccuBa RAID-6 cOOTBETCTBYeT eMKOCTM ABYX AMCKOB MacCuBa, Oymem
YCIOBHO IO/IaraTh, 4YTO MHGOPMALMsI XPAHNTCSA TONBKO Ha k UCKax, T. e. k' = k + 2,
k > 1. Torma pus coxpanenus Bceit mHpopmanuu o6bemom W nonagoburcs L = [l/k]
maccuBoB RAID-6, a cyMMapHOe 4iC/Io OITHYIeCKNX JUCKOB coctaBut [ =Lk™.

[TpyHIMINATbHO Ba)KHO, 4YTO, B OT/IMYMe OT MaccuBoB RAID (mo6oro tuma),
00BEeAMHAIOINX JXEeCTKIMe AMUCKY, ITOCTOSHHO IOAKIIOYEHHBbIe K KOMIIBIOTEpPY, Ife
BO3MO>XXEH NPAKTUYECKM HEeIPEPbIBHBI KOHTPOJb LIEIOCTHOCTY MaccuBa (KakK M-
HIUMYM, 32 C4eT HEeIIPepbIBHOTO KOHTPOJIS UCIPABHOCTY BXOJAILINX B MacCUB IVICKOB
Ha almapaTHOM YpOBHe), ONTMYECKMe AMCKM B apXMBHOM XpaHWIMILEe OOJIbIIYIO
9acTb BPEMEHM) XPAHATCS BHE ONTUYECKOrO IPMBOAA KOMIIbIOTepa (T. €. HUKyZ#a He
HO/IK/TIOYEHBI), ¥ IO9TOMY KOHTPOJIb MX UCIPABHOCTH (YUTaOETbHOCTH, LeTTOCTHOCTI
yHpOpMaLMY Ha HUX) BO3MOJKEH JIMIIb IPU IePUOANIECKIX, CIIeI[Ma/IbHO OPTaHU3Y-
eMbIX IIpPOBepKax.

ITycTh ¢ — BEPOATHOCTD BBIXOZA U3 CTPOA OJHOTO ONTUYECKOTO JVICKa B T€YEHIE
Hepuoja MeX/y KOHTPOISIMU MCIpaBHOCTU. Torga 1 — g — BepOATHOCTDb TOTO, YTO
OVICK B Te4YeHMe 3TOTO JKe Mepyuoja BPeMEH! OCTaHeTCA MCIPaBHBIM, T. €. COXPAHUT
BCI0 MH(}OpMAIMNIO, 3aIMCAHHYIO Ha HeM (fasiee JJisd KPaTKOCTY YIIOMUHAHMe [epuofa
BpPEMEHM OIYCTUM).

Il maccusa RAID-6 nH(popManys He OyaeT HOTepsiHA B OFHOM V3 TPEX C/Iy4aeB:

1) Bce IMCKY COXPAHMIM UCTIPABHOCTD C BepoATHOCTBIO (1 — q)F";

2) OAVIH 3 QVMCKOB BBIIIEN Y3 CTPOSI C BEPOSITHOCTBIO

k“q(l—q)(k“‘l) — k”q(l—q)k“;

3) nBa MIOOBIX [UICKA OHOBPEMEHHO BBIIUIN U3 CTPOSI C BEPOSTHOCTHIO

ok

k- k
Ch.g’(1-q)" *=Ch.q’(1-q)",

roe Co. =k™ !/(2 ! (k“ —2) !) =(k+2)!/(2'k!) — xonudecTBO codeTanmit kK~ FUCKOB
B COOTBETCTBUM C II. 2, T. €. BEPOSATHOCTb COXpaHeHUs MH(OPMAIMM Ha OJHOM Mac-
cuBe RAID-6 cocTtaBut

K - k k
(1-q)" +k"q(1-q)" +Cp2g* (1-q)" =

=(1-q)*(1-q)" +(k+2)q(1-q)+4* (k+2)V/(21k!)) =
=(1-9) (1+kq—(k+1)g> +q* (k+2)!/(2!k!)) =
=(1-q)" (1+kq—q (1+k—(k+2)1/ (21k))),

a BepOATHOCTb IoTepy nHpopMannu (¢ yaerom 2!=2) —

Qram-s =1-(1-q)" (1+k-q—q? (1+k—(k+2)1/ (2k1))).
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B mpocreitiem crydae apXmB ONTHYECKUX AUCKOB o6beMoM W comepxut L Mac-
cnBoB RAID-6, m0aTOMY BEpOATHOCTb COXpaHeHus Bcell MHpopManuy o6beMom W
MOXeT OBITh OTIpefienieHa Kak

((1-q)* (1+kq—q? (1+k—(k+2)1/ (2K1))))

a BepOSITHOCTD ITOTepu XOTs 66 yacTu nHpopManuy u3 ob6bema W — Kak

Qs =1-((1-0)" (1+kq-q (1+k~(k+2)/ (2K1)))) .

Il yBenu4eHMs HafieXKHOCTI COXpaHeHMsI MHPOpMaIK B apXyuBe HeOOXOAMO

L
>

CO3/IaHIe 3alacHBbIX (pe3epBHBIX) KONMII apXUBHBIX AMCKOB. CrIefyeT OTMETUTD, YTO
pesepBHbIe KONMM, CO3[jaBaeMble NI/l apXMBHBIX [IMCKOB, IPUMHIMINAIBHO OT/IMYa-
I0TCA OT pe3epBHbIX Konmii cucteM Tina NAS, SAN u 1. . ITockonbky pesepsupyer-
cs1 MHGOpMAIVsL JJINTe/IbHOTO XpaHeHVsI, KOTOpasi HUKOTa He JO/DKHA MI3MEHAThCS,
06BbeM 9Tl MHGOPMALINY IOCTOSHHO YBE/IMYUBACTCS, B CBA3M C YeM OeCCMBICTIEHHO
3aHMMATbCA €€ IepUOAMYECKUM pe3epPBHBIM KONMpOBaHNMEM. PesepBHble Kommu Ta-
KOJl MH(pOPMaLIMU CO3[AI0TCA OFHAXK/ABL U B [albHelIIeM OTKIafIbIBAIOTCA Ha JJIN-
TelIbHOe XpaHEeH)e TOYHO TaK e, KaK ¥ HOCUTE/IM C pe3epBUpyeMoil MHpopMaLueit.
@akTudecKy, OHU ABJIAIOTCA IPOCTO 3aIllACHBIMU KOMMAMU. B 3TOM cMbIc/ie Bce KO-
Y MTHPOPMAIVY ABJIAIOTCSA PABHOLIEHHBIMM, B TOM YNCTIe U C ITO3VIMN BEPOATHO-
CTM BBIXOfla U3 CTpos mMcKoB. Ilosromy mcrnonbsoanme maccusoB RAID-6 nnsa
CO3JJaHM 3aIIaCHBIX KOIMIl BIIOJIHE OIIPAaBJaHO CTpeMJIeHMeM K IIOBBILIEHUIO Bepo-
SITHOCTY COXpaHeHMs MHpOopMaLum.

IIna crpykryp RAID-6, opranusyemsix B 6ubmoreke Panasonic LB-DHS, Bos-
MO>XXEH TOTbKO OJVH BapMaHT CO3MAHMA TaKMX KOIMI — Kaxkpasa rpynna RAID-6 ns
k™ muckoB paccMaTpuBaeTCs U UCIIOIb3YeTCsl Kak Hefenumoe 1enoe (Maccus RAID-6
MOXXeT OBITb CO3[jaH TOJIBKO B Ipefiesiax KapTpuiKa, CofiepKalero 12 onTudecKnx
IVICKOB); CO3MAIOTCS 1 KOIWI Kol rpymmsl RAID-6 (puc. 2).

W 1-s1 Kommust

-

Jo =k + 2

RAID-6 - RAID-6
1-ii maccus 8 L-ii maccus 8 8
W n-51 KOS

| RAID6  —— {1 RAIDS

Puc. 2. CrpykTypa 6u6/IMOTEKN ONTUYECKIX AVICKOB, 00BeIHEHHBIX B MaccuBbl RAID-6,
PV CO3[JAHVM 3aIIaCHBIX KOIIMIT Ha 9TUX MacCHBax

68 ISSN 0236-3933. Becthux MI'TY um. H.9. baymana. Cep. IIpu6opocrpoenne. 2017. Ne 3



MOI[eIIb HaJZe>KHOCTY XpaHEHNA I/[Hdr')OpMaLH/H/I Ha COBpEMEHHBIX 6MOIMOTEKaX ONITUYECKUX JOVCKOB...

BeposTHocTh moTepy MHGopManuy Ha ogHOM MaccuBe RAID-6 npu n xommsax
pasra  (Qram-)" =(1—(1—q)k (1+kq—q* (1+k—(k+2)!/(2k!))))n , BEPOATHOCTD
coxpaHeHusi MHpOpManuy Ha n Kommsax MmaccuBa RAID-6 — 1- (QRAID-6 )" ,
BEPOSITHOCTb COXpaHEHNs MOTHOro obbema nHpopmaruu W Ha L maccuBax RAID-6
C 11 KONUAMU — (1—(QRA1D_6 )" )L , @ BEPOSATHOCTb IOTEPU XOTs ObI YacTy MHPOpMa-

¥y B TaKOM apXnBe

L

Qen =1_(1_(QRAID-6 )n)

:1—(1—(1—(1—q)k(1+kq—q2(1+k—(k+2)!/(2k!))))nj

Taxkum 06pasoM, MOJie/Ib HafieXXHOCTM XpaHeHusA MHOpManyy Ha ONTUYECKUX JNC-
KaX, OpraHM30BaHHbIX B MaccuBbl RAID-6, mocTpoena.

L

O6ocHoBaHMe BBIOOPA MOTETHHOTO 3HAYEHNSI BEPOATHOCTU OTKa3a OHOTO OII-
TUYECKOTO AVicKa. [Ipy BBINOHEHUM PeaIbHbIX pacyeToB IO IIOCTPOEHHON MOJeIn
HanOO/bIIYI0 Ipo6IeMy IpefcTaB/sieT BHIOOP 3HAUEHVS BEPOSTHOCTY OTKasa OfHOTO
OITUYECKOTO JMCKa (3Ha4eHNs mapameTpa ¢). PasidHble IpoN3BOANTENN ONTUYECKIX
[VICKOB YTBEP>KMHAIOT, YTO J/IsI OSHOKPATHO 3aNChIBA€MbIX OITHYECKMX JVCKOB (KOTO-
pble, KaK IPaBWUIO, U JO/DKHBI NPUMEHATBCS B 9TIEKTPOHHBIX apXMBaxX) CPOK >KM3HU
cocrasniAeT npuMepHo 30-50 ner. OfHaKO MpaKTMKa MOKa3bIBaeT, YTO 1O Pa3TMIHBIM
npyyrHaM (OT HellpefcKas3yeMbIX OTKIOHEHNU I B TEXHO/IOTUY MIBTOTOBJIEHNS JO HapyIlle-
HMS YCTIOBUIA XpaHEHNs) IVICKY MOTYT BBIXOJMUTbD U3 CTPOs ropasfo ObICTpee.

VccnenoBaunus, onyonukoBaHHble B XypHane PC Active (Hupepnanner) B 2001—
2003 ropmax, I0Kas3any, 4YTO B TeYeHMeE JIBYX jIeT XpaHeHN: 3anucaHHbIX Anuckos CD-R
(emxoctpio 700 M6) npumepro 10 % M3 HUX TOTEPAIN YNTAEMOCTb BC/IE[CTBIE CTa-
penus [9], T. e. B ganHOM ciy4ae q = 0,1. [Tpy ToM, 4TO IPOU3BOAUTENN TAKUX IUC-
KOB 00ellan, YTO BpeMs UX XXU3HU OyaeT HuKak He MeHee 50 yieT (YacTo Ha3bIBalnoCh
maxe 100 ter).

CoBpeMeHHbIe ONTUYECKMe AUCKM MMEIOT 3HAYUTeIbHO OOJNBIIYI0 eMKOCTh U
MIPOM3BOAATCS MO 3HAYUTENILHO YCOBEpIIEHCTBOBAHHBIM TexHonornaM. OgHako yBe-
NUYeHNe eMKOCTH B TeX JKe (pu3nuecKux pasMepax AucKa o3HavaeT, 4YTo MHpopmarus
3aMMChIBAeTCA 3HAYNTE/IbHO IUVIOTHEE Ha JOPOXKKAX CyL[eCTBEHHO MEHbIIEN IMPYHBI,
YTO aBTOMATUYECKV O3HAyYaeT IOsIBJIeHNe HOBBIX (aKTOPOB, BIVSIOUINX HA Ka4eCTBO
BOCIIPOM3BENICHNA.

B nHacrosiee BpeMs MMEIOTCS TOJbKO TeOpeTUUYecKue, MOJe/IbHble pacueTHbIe
[aHHble BPEMEHN >KM3HU ONTUIECKUX AMUCKOB Oosbinoit emkoctu (25 I'6 n 6omee)
[10]; sxcmepyMeHTa/npHBIE [JAaHHbIE PeaNbHO IPOJODKUTENBHOCTY UX JKM3HU He
ny6nukytoTcs. OZHaKO, IO MHEHUIO aBTOPA, IIPY OLieHKe HaJ|eX)KHOCTY XPaHeHMs VH-
¢dopmanyy B 6u6IMOTeKe ONTUIECKNX AMCKOB 3HaYeHMe napamerpa q = 0,1 aBnsercs
BIIO/THE 0OOCHOBAHHBIM, 110 KpaiiHell Mepe, KaK «HauXyjllee» 3HaueHle, ONMChIBAIO-
1jee Harbosee HeOTArONMPIUATHYIO CUTYALHIO.
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IIpakTiyecknii pacyer ¢ MpUMEHEHNeM IOCTPOECHHOI Mofemn. VicnonpsyeMm
IIOCTPOEHHYIO MOJie/b J/IS pacyeTa HaJIeXXHOCTY XpaHeHMs MH(opMauy B 6ubmmo-
TeKe ONTUMYEeCKUX AUCKOB Panasonic LB-DHS8 mpu ycrmoBum opraHmsanyy ONTHYe-
CKMX IMCKOB B MaccuBbl RAID-6 (TeopeTndeckyt 3TO JOKHO IOBBIIIATH HAZIEXKHOCTD
XpaHeHus JNaHHbIX). PaccMoTpuM 6a30Byr0 KoMInteKTanyo mopenu. [Ipu Heobxomm-
MOCTY MCIIO/Ib30BaHMA OMO/IMOTEKY C MOAY/IIMY paclIVPeHUs YUTATe/IN CMOTYT BbI-
IIOJIHUTD PAacyeThl C IPVYMEHEHNEM ITIOCTPOEHHON MO CAMOCTOATENIBHO.

Bbu6moTeka B 6a30BOII KOMIUIEKTAINY OCHAIIleHa 76 KapTPUIKaMU C OITUYECKVIMU
nyickamu. Kaptpumk comepkut 12 ontmveckux AucKoB eMKocTblo V = 100 6. Takum
00pasoM, ec/m He MCIOMb30BaThb OObefVHEHNe NUCKOB B MaccuBbl RAID-6, eMKOCTH
OffHOTO KapTpumka cocrapyer 1,2 T6, a Bcero 6mbmmoTexa Moxxet xpaunTb 91,2 T6 uH-
¢dopmanym. (IIpousBogurens 0cob6o mogYepKMBaeT, 4To B omvicanyy 6ubmorexu 1 T6 =
=1-10" 6aiir.)

[Ipy 06benyIHEeHNN ONTUYECKUX AUCKOB B MaccuBbl RAID-6 cymMMmapHast eMKOCTb
OMO/MMOTEKY, eCTECTBEHHO, CHIDKAeTCs. [10CKO/IbKy MaKCMa/IbHOE VC/IO IUCKOB B Off-
HOoM Maccube RAID-6 mo TexHMYecKMM IpMYMHAM OTPaHMYEHO E€MKOCTBIO OJJHOTO
KapTPUIKa, BO3MOXKHO BCETO HECKOIBKO BapMAaHTOB OOBEVIHEHNS ONITUYECKIX AVICKOB
B MAacCCHBBI, ITO3BOJIAIOLINX JCIIOIb30BaTh eMKOCTb KapTpUXKa MOMHOCTbIO (Tabm. 1).
ITpu sTOM IpOM3BOAUTENb B PacIIPOCTPaHAEMBIX MaTepMalaX yKasbIBaeT TOIbKO O Mac-
cuse RAID-6, opranusyeMoM Ha KapTpujpKe B LIeJIOM, T. €. Ha 12 aMcKax.

Tabnuya 1

BapMaHTLI 06’I)CJII/IHCHI/I$[ ONTUYECCKUX TUCKOB B MAaCCUBBI

Yucno [UCKOB B Yncmo MaccuBoB Yucno MmaccuBOB V36 b1104- MaxkcumanbHbI
MaccuBe RAID-6 RAID-6 o o6beM 6MbIO-
RAID-6 k™ B KapTpUmKe B 6ubmoreke L HOCT®, % texn W, T6
4 3 228 50,0 45,6
6 2 152 33,3 60,8
12 1 76 16,7 76,0

Pacuers! ObIIM BBIOTHEHBI 71 1 = 1 (HeT 3armacHbIX Komuii, MHGopMalus xpa-
HUTCS B eIMHCTBEHHOM 3K3eMIULApe), a TaKXKe st 1 = 2 U 1 = 3 (co3paercsi OfHa U
IBe 3amacHble Kormmyu nHQopMmanuu). B rpadudeckoir popme pesynbTaThl pacyeTos
IpUBEEHBI Ha puUC. 3, d.

Jl/1 olleHK!M IO/Ty4eHHBIX Pe3y/lbTaToB 3aJafiM KPUTEpPuUil, YTO UTOTOBOE 3Ha-
JyeHe BepPOATHOCTY NoTepyu nHPopManmu Qs JODKHO OBITh He Xy>Ke 3HaUeHNU Bepo-
ATHOCTM OTKa3a OJHOTO ONTMYECKOro AucKa q: Qs < q. S3HaueHMe q Ha puc. 3, a MokKa-
3aHO TOPM3OHTATBHON IITPUXOBOI MuHMelr. [Ipu BoiOpanHOM 3HaveHuu q = 0,1 6e3
3aIlacHBIX Kommil (n = 1) He ymaeTcAd MOCTUYb Y[ OBIETBOPUTENbHON HaJeXHOCTU
XpaHeHVs MHpopMauyy — 3HadeHne Qs mpuobmKaeTcs K 1.

[Ipn cosmanuy opHOI 3amacHOM Kommu (n = 2) MOABIAIOTCA KOHMUIypanumn
(k"= 4 u k"= 6), pns koropbix kputepuit Qs < g BoimonHsAercs. OHAKO HEOOXOTUMO
IPU3HATD, YTO IIPU 3TUX KOHQUTYpAIMAX eMKOCTb OMOMNOTEKN ONTUYECKNX AVICKOB
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Puc. 3. 3aBUCUMOCTD BepoATHOCTH oTepy nHGpopManun Qs OT YMC/Ia JUCKOB kK~ B MacCuBe
RAID-6 mpn g = 0,1 (a), 0,05 (6) 1 0,01 (6) pan=1(1),2(2) u3(3)

JICIIOJIb3YETCsl JOBOIbHO Hea(p(PeKTUBHO — BeMKa M30BITOYHOCTb MHPOpMAIy (cM.
Ta6m1. 1). [la ¥ HACKOIbKO IpMEM/IeMO NOTy4MBLIeecs 3HaUeHMe Qs — TOXKe OObLION
BOIIPOC, KOTOPBIIT JO/DKEH PeIaThcs MPOeKTMPOBIIMKAMI C YY€TOM MHOXKECTBA CO-
HyTCTBYIOIIUX (PaKTOPOB.

[Ipy n = 3 mra mo6o0il AOMYCTMMOI KOH(MUIypaumyl BBIIOJHAETCS KpUTEpUit
Qs < g. OpHaKo 11€1ecO06Pa3HOCTb MPUMEHEHNS Ha TIPAKTUKe KOHpurypaumm kK = 12
BBI3bIBaeT 6O/IbIINe BOIPOCHL. ClieffyeT OTMETHTb, YTO C YMEHbILeHNeM 3HAUYeHNA q CU-
Tyalys 3HAYUTEIbHO YIy4IIaeTcs. 3aBUCYMOCTI BEPOATHOCTY NOTepy MHPopMarmu Qs
oT uncma muckoB k- st g = 0,05 (oTkasbiBaer Kaxknpiii 20 auck) u g = 0,01 (oTKasbiBaer
KaK/bIiT COTBII AMCK) IIPUBEEHbI Ha PUC. 3, 6, 8. 3aBUCUMOCTH TIOCTPOEHBI B TEX JKe Ca-
MBIX JIVaIla30HaX 3HAYEHMUIT, YTO ¥ 3aBUCUMOCTD, NIPUBEleHHasA Ha pUC. 3, d, IOITOMY
HEeKOTOpble TOYK! Ha HuX He BUupHbL. Hanpumep, nmpu g = 0,01 xpurepuit Qs < g BBIION-
Haerca wis k =4k =6 yxenpu n =1, a npu n = 2 naxe pia k= 12 3navenne Qg
OKasbIBaeTcst MeHble 107, BOIPOC 3aK/II09aeTCs TUILDb B TOM, He SB/ISIETCS /I 3HAYEHIe
q = 0,01 cIMIIKOM ONTYMUCTIYECKIM?

Il TOJTHOTBI KapTUHBI HEOOXOMMO OTBETUTDb Ha CIIeAYIOIIMII BOIIPOC: Kak Oy-
ieT obecrieunBaThCA HeOOXOAMMOe YICIIO 3alTaCHBIX KONt 71?2 BO3MO>KHBI BapMaHTHI.

1. Koy 3anmchIBaroTCA Ha OT/E/NIbHbIE KAPTPUPKY, KOTOPBIE 3aTeM U3BIEKAITCA
13 poOOTU3VPOBAHHON OMOMMOTEKY, 3aMelasACh YMCTBIMU KapTPUIKaAMM, U XPaHATCA
OTJIe/IBHO OT Hee. B 9TOM ciTydae COXpaHseTCs eMKOCTb OMOMMOTeKM, HMpuBefeHHas
B TaO. 1, HO UTOTOBasI CTOMMOCTD XpaHeHMsI MHPOPMALMM KPATHO YBe/IMIMBAETCS 3a
CYeT CTOMMOCTY KapTPUAXKeJl C 3alacHbIMY KOMMAMM M OpraHM3alMy MecTa /IS MX
XpaHeHMs.

ISSN 0236-3933. Bectauk MI'TY um. H.9. Baymana. Cep. IIpu6opoctpoeHne. 2017. Ne 3 71



A.B. Yepnblos

2. Bce 3amacHble KONMU BBIIOTHAIOTCA TOMBKO 3a CYeT KaprI/IJI)KeI‘/‘[, pacmoio-

JKEHHBIX B 616/1MOTeKe, 6e3 X M3B/IeYeHNs U 3aMelleHNs] YUCThIMI. B aToM crydae
KPaTHO YMEHbIIIaeTcsi 00beM COXpaHsAeMoll B Oubnmoreke MHGOpManmum M 3Ha4IM-
TE/IbHO IIOBBIIIAETCS ee U3OBITOYHOCTD (TabI. 2).

Tabnuya 2
BapuaHThI 00ecriedeHNs 3aacHbIX KOMUIA
Yucno guckoB Hucno maccnsos MaxkcumanbHbIN
B MaccHBe Yucno 3a1}ac1—1b1x RAID-6 W36piTOY- obben G6II0-
RAID-6 k™ KOTINit 1 B 6M6HMOTueKe 6e3 HOCTB, % rexu W, T6
Kot L
1 228 50,0 45,6
4 2 114 75,0 22,8
3 57 83,3 15,2
1 152 33,3 60,8
6 2 76 66,6 30,4
3 38 77,8 20,3
1 76 16,7 76,0
12 2 38 58,3 38,0
3 19 72,3 25,3

CrepmyeT OTMETUTD, YTO B IOC/IEHEM C/Tydae BBUIY YMEHbIIEHNA MaKCUMaIbHO-
ro obbema 6ubmmorekr W Takxe M3MEHUTCS B JIYYIIYI0 CTOPOHY U 3Ha4YeHUe mapa-
Metpa Qs. OIHAKO B HACTOsIEll paboTe pe3yIbTaThl COOTBETCTBYIOLINX PACUeTOB He
IIpUBEMIEHBI.

3axmioyenne. IlocTpoeHa MaTeMaTuyeckass MOJe/b, ITO3BOJIAIOIIAS OLIEHUTD
Ha/Ie>KHOCTb XpaHeHUs1 MHDOPMaI[MU Ha COBPEMEHHBIX pOOOTU3MPOBaHHBIX OMOTIO-
TeKaX ONTMYECKUX [VCKOB, MAaHUIIyIMPYIOIINX KapTpUAXKaMy AMUCKOB, C OpTaHM3a-
I[ueil IUCKOB B KapTpumkax B Maccusbl RAID-6. Ha nmpumepe po60oTn3upoBaHHOI
6ubnmorexu Panasonic LB-DHS8 mokasaHo MCIIONb30BaHME MOLENIM IS OLIEHKU
HaJe)XHOCTM XpaHeHMsI MHQOPMAIUM NPU Pa3IMYHOM 4YKCIe OUCKOB B MacCUBax
RAID-6. YcTaHOBJIEHO, 4TO HEOCTATOYHO CYUTATh, 9YTO OO'bENHEHNIE NUICKOB B MAC-
cuBbl RAID-6 cyllecTBeHHO IOBBILIAET HA/IEKHOCTb COXpaHeHus MHPopMauuu B
oubmmoreke. [l CyIeCTBEHHOTO IOBBIIICHNs HAaJEXXHOCTY HEOOXORMMO CO3[aHue
3allaCHBIX Kommil MHpopManuy. Yncno 3anmacHbIX KOMMIL, a TaKXKe YMCIO JJUICKOB B
MaccuBax RAID-6 ciemyer BbIOMpaTh, MCXOAS U3 JOIMYCTMMOTO I KaXJOTO KOH-
KpeTHOTO apXuBa 3HaueHusA mapamerpa (s, IpeAIonaraeMoro 3HadeHns IapaMmerpa
¢> @ TAaKXXe psfia COIMYTCTBYIOIUX TapaMeTPOB, TAKUX KaK JOIMYCTUMast U30bITOYHOCTD
nH(pOpMaIuK B apXuBe.
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Abstract Keywords

The article focuses on the problem of ensuring the reliability ~ Robotic library of optical discs, long-
of long-term storage of archival information on robotic term storage, optical storage media,
libraries, optical disks when these drives are combined in reliability of information storage,
RAID-6. The study proposes the following organization of RAID-6

the disk memory, in particular for Panasonic in its modern

library of optical discs LB-DH8. In the library the infor-

mation is stored on a cartridge, each containing 12 optical

disks that can be configured for RAID-6. We built a mathe-

matical model of reliability of information storage on optical

disks for RAID-6 with a different number of disks. We

propose an acceptability criterion for probability value of loss

of information stored in the library, and the probability of

information loss in the library should not exceed the proba-

bility of failure of one optical disk. For example, calculations

for robotic library Panasonic LB-DH8 show that to ensure

the reliability of long-term storage of information, simple

combination of disks in RAID-6 is not enough. It is neces-

sary to create backup copies of information, their number

being determined by reliability indices specified in design of

information repository
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