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raid - npaiisep qucka RAIDframe

CHUHTAKCHUC

device raidframe

OIIMCAHUE

[paiisep raid obecneunBaet noanepxxky RAID-maccuBoB yposreii 0, 1, 4 u 5 (u npyrux!) B FreeBSD. Oto
PYKOBOJICTBO IPEAIIOJAraeT, 4YTo YUTaTellb XOTs Obl HeMHOTr0 3HaKoM ¢ RAID-macciBaMu 1 COOTBETCTBYOLICH
TepMuHOJOTKel. Takxke npeonaraeTcs, YT0 YUTATENb 3HACT, KaKk KOHPUTYpHPOBATh AUCKH U NICEBJIOYCTPONCTBA B
SA7Ipax, Kak TeHEpUPOBaTh Apa U KaKk pa3duBaTh TUCKH Ha pa3ieibl.

YerpoiictBo RAIDframe nmonnepxuBaet Heckonbko ypoBHeit RAID, B Tom yncre:

RAID 0
o0ecrevnBaeT NpocToe pa3breHne JaHHBIX Ha MOJIOCHL, paclpeIeIeHHbIC M0 KOMIIOHEHTaM MacCHBa.
RAID 1
00ecIeunBaeT 3epKaTupOBaHHeE.
RAID 4
obecreunBaeT pa3OMCHIE TaHHBIX HA MOJOCHI M0 KOMIIOHCHTaM, ¢ COXPaHCHHEM HH()OPMAIIUK O YeTHOCTH
Ha BBIJCJICHHOM JIMCKe (B JaHHOM CiIyd4ae, Ha HOCJIEIHEM KOMIIOHEHTE MAacCHBa).
RAID 5
obecrevnBaeT pa30MEeHIE TaHHBIX Ha MOJIOCH 0 KOMIIOHEHTaM, € PaclpeaeieHueM HHPOpMaIHH O
YETHOCTH 110 BCEM KOMITOHCHTAM.

Hpaiisep RAIDframe mognep>xuBaeT MHOXKECTBO U Ipyrux ypoBHeit RAID, Bkiouas nposepky uemnocmu (Even-
Odd parity), RAID ypoBHs 5 ¢ rotated sparing, yenounoti dexnacmepuszayueti (chained declustering) un
dexnacmepusayueli ¢ vepeooganuem (interleaved declustering). IlogpoGHee 00 3THX pa3TUIHBIX KOHPHUTYPALUIX
RAID gurarens MoxeT y3HaTh B JokyMeHTannu RAIDframe, ykazannoit B paznene UCTOPU .

B 3aBHCHMOCTH OT CKOH(PUTYPUPOBAHHOTO yposHs napumema (parity level), npaiiBep ycTpoiicTBa MOXKeET
00pabaTeIBaTh cOOM JHCKOB-KOMIIOHEHTOB. KOMMYecTBO NOITyCTUMBIX COOEB 3aBHCHUT OT BRIOPAHHOTO YPOBHS
naputera. Ecnm npaiiBep MOXKeT cpaBUTHCS €O cO0EM JIHCKa, M 3TOT cOOW MMPOUCXOAUT, TO CHCTEMa paboTaeT B
"' merpaaupoBaHHOM pekuMe". B 3ToM pexrmMe Bce HeIOCTAIONHe JaHHBIE HeOOXOANMO PEKOHCTPYHPOBATh Ha
OCHOBE JIAHHBIX X HH(POPMAIMU O YETHOCTH, PEICTABICHHBIX B JPYTUX KOMIIOHEHTAX MAcCHBa. JTO MPUBOAUT K
3aMEIJICHHIO JOCTYIa K JaHHBIM, HO 03HAYaeT, YTo OOl He BHI3BIBACT MOJHYIO OCTAHOBKY CHCTEMBI.

Hpaiisep RAID nmognepxuBaet u TpeOyeT HCIONB30BaHUS "METOK KOMITOHEHTOB" (component labels). Memxka
KOMNOHEHmMA CONEPKUT BAXKHYI0 MHPOPMAITHUIO O KOMITOHEHTE, BKJIIOUas YKa3aHHBIH ITOJTb30BATEIEM CEPUITHBIN
HOMED, CTPOKY H CTOJOEI] U 3TOro KoMrnoHeHTa B Habope RAID, u siBnsttoTcs i gaHHbIe (M HHQOpMAIHS 0
YETHOCTH) Ha KOMIOHeHTe "ducThiMu". Eciu paiiBep omnpenenser, 9T0 METKH CYIIECTBEHHO HE COTIIACOBAHEI JPYT
C IpyroM (HarpruMmep, He COBITa/IaeT /IBa WK 0oJiee CEpUHBIX HOMEpa) WIIM YTO METKa KOMITIOHEHTa He
COOTBETCTBYET €ro MecTy B Habope (HanpuMep, MeTKa KOMIIOHEHTa YTBEPXKIIAET, YTO OH SIBJISICTCS] TPETHUM B 6-
JTIMCKOBOM Habope, Ho B RAID-MaccuBe OH SBJISIETCS TPETHUM B S-TMCKOBOM HA0O0peE), TO yCTPOICTBO HE OyIeT
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ckoH¢urypuposano. Eciu npaiiBep onpenessier, 4To HEeKOPPEKTHOM, BUIUMO, SIBJISIETCSI METKA POBHO OJIHOTO
KOMITOHeHTa, a RAID-Habop ckoH(uUryprpoBaH Kak criocoOHbIH MPOJI0IIKaTh paboTy MpH cO0e OHOTO
KoMmroHeHTa, To RAID-nabop OyneT ckoHpHUTypHpOBaH, HE KOMIIOHEHT ¢ HEKOPPEKTHOIH METKOW OyAeT MoMeUeH
Kak coOoitabiii (failed), m RAID-Habop HauHET paboTaTh B AErpagupoBaHHOM pexkuMme. Ecii Bce KOMITOHEHTH
COTJIacOBaHBI MeXIy co6o0ii, RAID-Habop OymeT HopMaTbHO CKOH(QUTYPUPOBAH.

MeTKk1 KOMIIOHEHTOB TaKXe HCHOJIB3YIOTCA IJId MOJAACPKKU aBTOMATUYCCKOT'O BBIABJICHUA U KOH(l)I/IprI/IpOBaHI/IH
RAID-na6opoB. RAID-Ha00p MOKHO MOMETUTH KaK aBTOKOH(HUTYPHPYEMBIH, K TOTa OH OyJeT
KOH(HUTYpHPOBATHCSI aBTOMAaTHYECKH B IIpoIiecce 3arpy3ku sigpa. Paitnoseie cucteMsl Ha RAID-Habope, KoTopsIit
KOH(UTYpHPYETCsI aBTOMATHUECKH, TAK)KE IPUTOTHBI TS MCIOIb30BaHMUS B Ka4eCTBE KOPHEBOI (haitmoBoit
cucTeMbl. B Hacrosiiiee BpeMst UMeeTCsl TOJIBKO OTpaHWYeHHas! IoyIepKKa (Ha apxuTekTypax alpha u pmax)
3arpy3Ku sjpa HermocpeacTBeHHo ¢ Habopa RAID 1, a 3arpy3ka ¢ mo0bix apyrux RAID-nabopos BooOIiie He
noanepkuBaercs. J{ns ucnonszoBanus RAID-HaOopa B kauecTBe KOpHEBOIt (hailyIoBO CHCTEMBI SIIPO OOBIYHO
noiydvaetcs ¢ Hebombmoro He-RAID pa3zena, mocie dero st KOpHeBOH (aiiioBoil CHCTEMBI MOKHO HCIIONIB30BaTh
0601 aBTOMaTHYeCKH KOHGHUTyprpyemsiii RAID-rabop. onoxanTensHy0 HHGOpMAHo 00 aBTOMATHIECKOM
koH(purypupoBannu RAID-HaO0poB cM. Ha CTpaHHIE CIIPAaBOYHOTO pyKoBozcTBa raidctl(8).

HpaiiBep monepkuBaeT "ropsiaee pe3epBUpoBaHue”: TOAKITIOYCHHBIC TUCKH, HE HCIIOJIh3yeMbIC aKTHBHO B
cymiecTByromiei ¢aitnoBoii cucreme. [Ipu cboe nucka, qpaiiBep MOKET epeco3IaTh COOMHBIN JUCK HAa TUCKE
ropsidei 3aMeHBI WM 00paTHO Ha 3aMEHEHHOM JAHcKe. Ecnu momyckaercst ropsaas 3aMeHa KOMIIOHCHTOB, MOYKHO
YIaIATh COOMHBIIN TUCK, YCTAHOBUTH HOBBIM BMECTO HETO, ¥ CKOIIMPOBATh NaHHBIC 00paTHO. Onepauus oopamuoco
rxonuposarnus (copyback), kak cienayer u3 ee Ha3BaHUs, OyIET KOMMPOBATH PEKOHCTPYHUPOBAHHBIC TAHHBIC C JIUCKA
TOPSIYEro pPe3epPBUPOBAHUS HA paHee COOMHBIN (a Teneps - 3aMEHEHHBIN) TUCK. JIMCKU ISl TOPSIUEro
pe3epBUPOBAHUS TOXKE MOKHO JOOABIATH Ha X0y C moMoInkio raidcetl(8).

Ecnu KOMIOHEHT He MOKET OBITh BBISBICH NPH KOH(GHUTYpHpOBaHUH ycTpoiicTBa RAID, 3TOT KOMIIOHEHT POCTO
nmomeuaeTcst kKak coorHsli (failed).

[Tonb3oBarenbekas yTHIMTA JJ1sl BBITOJHEHHS BCEX ACHCTBUI 10 KOHPUTYpUpOBaHHIO Taid u Ipyrux JeHcTBUil ¢
HabopoM - raidctl(8). Camoe rimaBHOe, uTo yrrmuTy raidctl(8) c onmmeit -i HeOOX0AMMO HCTIOTH30BATH IS
nHAIManu3anun Bcex RAID-HabopoB. B yacTHOCTH, 3Ta MHUIMAIN3AINS BKIFOYAET MIEPECO3TaHNE TAaHHBIX O
YETHOCTH. DTO MEPECO3/IaHne JaHHBIX O YETHOCTH TaKkKe He0O0X0anMO, KoTaa HoBoe ycTpoiictBo RAID 3amyckaercs
BIIEPBbIEC WM TIOCJIE HE YUCTON ocTaHOBKH RAID-ycTpoiicTa. Yka3siBas onmuio -P yrunuts! raidetl(8) u Bemonsss
9TO MEPEBBIYUCIICHUE BCEX JAHHBIX O YETHOCTH nepea BoinogHenrneM koMana fsck(8) v newfs(8), moxxno
rapaHTHPOBATh IEJIOCTHOCTD (haiIoBOM CUCTEMBI U IAHHBIX O 4YeTHOCTH. CTOUT NOBTOPUTD, YTO IEPEBBIYHCIICHBIC
JIAHHBIX O YETHOCTH 00s13aTeNIbHO MePe CO3JaHueM WM UCTIOIb30BaHNUEM JIF000H (aiiyioBoii cucTeMbl Ha
ycrpoiictBe RAID. Ecin naHHbIe 4eTHOCTH HEKOPPEKTHBI, HEJb3st OyIeT PaBHIBHO BOCCTAHOBUTH HEJOCTAIOIIUE
JTaHHBIE.

Yposau RAID moxxHO KOMOMHMpOBaTh Hepapxuuecku. Hanpumep, ycrpoiictBo RAID 0 MokeT cOCTOSTh U3
HECKOJIBKHX ycTporcTB RAID 5 (KOTOpBIC, B CBOKO OYEpe/lb, MOTYT COCTOSATh U3 (PU3NYCCKUX JUCKOB HITH JTFOOBIX
npyrux ycrpoiicts RAID).

Jnst HopmanbHOTO QyHKIMOHMpOoBaHus RAID-ycTpoiicTBa BakHO, YTOOBI AUCKH OBUTH KECTKO NMPHUBSA3aHBI K
COOTBETCTBYIOIUM asipecaM (T.e. He OCTaBaINCh B ""CBOOOAHOM IUTaBaHUK", B pe3ysIbTaTe KOTOPOTo JAUCK C
unentudukaropom SCSI ID 4 moxet oxaszarbes yeTpoiicTBoM /dev/dalc). 3To BepHO IS BCEX THIIOB TUCKOB,
Bkitovast IDE, SCSI u t.1. st muckoB IDE ucnons3yiite ommmio ATAPI_STATIC_ID B daiine korduryparmm
aapa. JJna SCSI noakmodats ycTpoicTBa ciefyeT B nopsiike, coorBeTcTByomeM ux ID. IIpumeps npuMeHeHus
9TOTO MOAXO0/a CM. Ha CTPaHHMIIE CIIPABOYHOTO pykKoBoacTBa cam(4). [IprurHa GpuKcanny agpecoB ycTpoiicTB
crenytomasi: Paccmorpum cucremy ¢ Tpemst SCSI-muckamu, nmetonvu SCSI ID 4, 5 1 6, 1 COOTBETCTBYIOIINME
komnoHeHTtaM /dev/dale, /dev/dale u /dev/da2e naGopa tTuna RAID 5. Ecnu auck ¢ SCSIID 5 cOout u cucrema
meperpyxaercs, ctapoe ycrpoiictso /dev/da2e cranet moctymHo kak /dev/dale. [IpaiiBep RAID MoeT BEISIBHTS,
YTO MTO3UIMH KOMIIOHEHTOB H3MEHWIINCh, M HE TTO3BOJIUT HOPMalIbHO CKOH(UTypHpoBaTh Habop. Eciu agpeca
YCTPOMCTB XKeECTKO "3aMThl", 01HAKO, ApaiiBep RAID BBISBUT, YTO HEAOCTYIIEH CPEAHUN KOMIIOHEHT, U CMOXKET
3amyctuTh Habop RAID 5 B nerpanvpoBaHHOM pexXuMe. YUTHTE, YTO KOAY aBTOMAaTHUECKOTO BBISBICHHS U
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KOH(UTYypUPOBaHUS HE BaXKHO, 1€ HAXOAATCS KOMIOHEHTHI. Ko/l aBTOKOH(UTYpHpOBaHUS TPABUIIBHO
CKOH(HUTYPUPYET YCTPOWCTBO JaXKe MOCIIE MEePEMELICHHS JTF000Tr0 KOJIMUECTBA KOMIIOHEHTOB.

IepBrrii mar npu HCIOIB30BaHUH JpaiiBepa raid - mpoBepUTh, YTO OH MPABWIHHO CKOH(PHUTYPHPOBAH B sIpe. ITO
JIETIAeTCs C TTOMOIIBIO CTPOKH CIIEAYIOIIETO BU/A!

pseudo-device raidframe # ImcxoBoe ycTporcTBo RAIDframe

B (aiine KoHPHUTrypanuu sapa. KoandecTBo yCcTpoicTB yKa3bIBaTh HE HYXKHO, IIOCKOJIBKY ApaiBep aBTOMAaTHYECKU
CO3J1aCT ¥ CKOH(UTYPUPYET HOBBIC SK3EMILISIPBI YCTPOHCTB MPH HEOOXOMMOCTH. J[i1s BKITIOYEeHHS
ABTOMATHYECKOT'O BBISBICHHS ¥ KOH(OUTYpHpOBaHUs KOMITIOHEHTOB RAID-Hab0poB, mpocTo 100aBbTE CTPOKY:

options RAID AUTOCONFIG

B (haitn koH(pUTypaimu sapa.

Bce paznensi-komnonenTs! gomxHbI 06Th THIIA FS_BSDFFS (nanpumep, 4.2BSD) wnu FS_RAID. Mcnons3oBanue
MOCJIETHETO THIA HACTOATENIFHO PEKOMEHIYETCsI, M 003aTeNbHO, ECITH HaJ0 00eCIeunTh aBTOMAaTHIECKOe
koHpurypuposanne RAID-nabopa. [Tockoneky RAIDframe ocTaBisieT MecTo 11 METOK AMCKA, KOMIIOHEHTaMHU
RAID moryT 651Th ipocTO HehopMaTHpoBaHHBIE TUCKH (raw disks) Wi pasaesnsl, 3aHIMAIOIIHE TIeIIBIH TUCK.

Bonee perampHOE omucanne PaKTHIECKOTO HCIOIH30BAaHUS YCTPOHCTBA raid mpeacTaBieHo Ha CTPAHUIIE
cnpaBouyHoro pykopojctsa raidctl(8). CucremMHOMY aIMUHHCTPATOPY HACTOSTEIBHO PEKOMEHIYETCs pa3o0paThCes,
KaKHe Iard Heo0X0UMO IPEINPUHATE JJIs IePeCco3aHusl, KOMUPOBAHUS JaHHBIX Ha 3aMEHEHHBIN TUCK U
MEPEBBIYUCICHUS HH(DOPMAITHH O YETHOCTH, JI0 TOT0, KaK MPOU30MaeT cO0il KoMmmoHeHTa. HempaBuibHbIe ASHCTBHS
npu c0oe KOMIIOHEHTa MOTYT IPUBECTH K TIOTEpe TaHHBIX.

HPEAYHPEXIEHUSA

Hexotopsie yposau RAID (1, 4, 5, 6 u gpyrre) MOTYT 3alIUTUTH OT OTEPH TAHHBIX IPH cO0€ OJHOTO KOMITOHEHTA.
OpHako moTepst IBYX KOMIOHEHTOB cucteMbl RAID 4 nnm 5, mnbo moTtepst oqaOoTro KoMmoHeHTa cructeMsl RAID 0
MPUBOJAUT K OTepe Bee (aiinoBoii cucreme Ha 3toM RAID-ycrpolictBe. RAID - He 3ameHa npogyMaHHOM
CTpaTeruy pe3epBHOrO KOITMPOBAHMSI.

HepeBbmncneHHe YETHOCTHU A0JZKHO BBITNIOJIHATHCA B JII000# CUTyaluu, Korjga €CTb HIaHC, 4YTO OTHU JaHHBIC MOT'YT
OBITh OBPEKACHBL. K 3THM CHUTyaIMsaM OTHOCATCS cOOM CUCTEMBI HJIM JOOABICHNE paHee He HCIIO0Ib30BaBIIETOCs
RAID-ycrpoiictBa. HekoppekTHas nH(pOpMAIs 0 YeTHOCTH IPUBEET K KatacTpode B cirydae o0oro coost
KOMIIOHEHTA - JIy4Ille HCIoib30BaTh RAID 0, M TOIyYUTh JOIMOTHUTEILHOE MECTO M BBIUTPHIII B CKOPOCTH, YeM
XpaHUTh HHYOPMALIUIO O YETHOCTH, HO HE 00ECIIeUMBAaTh ¢ KOppeKTHOCTh. Mcnonb3oBanne RAID 0 xotst Gbl He
CO3/1aeT BHAUMOCTb MOBBIILICHHOH 3aLUThI JaHHBIX.

DANJIBI

/dev/raid*
crenyanbHbIe (aiabl YCTpOUCTB raid.

CCBIJIKM

config(8), fsck(8), mount(8), newfs(8), raidctl(8)
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NCTOPUA

Jpaiisep raid 8 OC FreeBSD - sto nopruposanusiii RAIDframe, MexaHu3m /i1t ObICTPOro NPOTOTHITMPOBAHHMS
RAID-ctpykryp, pazpabortanHslii cotpyqaukamu Parallel Data Laboratory yansepcurtera Kapueru-Masiona
(Carnegie Mellon University - CMU). RAIDframe, B ToM Bu/e, Kak OH HCXOHO pactpoctpansics CMU,
npenoctasisieT RAID-cuMmynaTop 1 psijia pa3nudHbIX apXUTEKTYD, a TakXkKe ApaiiBep ycTpoicTBa
MIOJIB30BATENILCKOT'O YPOBHS U JpaiiBep ycrpoicTsa siapa ainst Digital Unix. [paiisep raid - Bepcus ypoBHS siipa
Mexanm3ma RAIDframe v1.1, ocHoBaHHas Ha moptupoBanHOi ['parom Octepom (Greg Oster) B OC NetBSD Bepcun
RAIDframe.

Bonee nonHOE onmcaHne BHYTPEHHETO YCTpoicTBa U Bo3MoxHOCTel RAIDframe MoXHO HaliTH B cTaThe
"RAIDframe: A Rapid Prototyping Tool for RAID Systems", by William V. Courtright II, Garth Gibson, Mark
Holland, LeAnn Neal Reilly, and Jim Zelenka, ony6nukoBannoii Parallel Data Laboratory yuusepcurera Kapueru-
Mbinnona. Jpaiisep raid snepssie nossuiics B OC FreeBSD 4.4.

ABTOPCKHE ITPABA
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