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FERRBEIRARSRN, KWAMHRELERERE, HE (GIWAFNEER. Web #l FTP iR 28N
BEAEXMH) FRBRFWES, X—ruBdERRXERS LW Btrfs FELM, FEAIM
TREBFRHERR, REEHAE], 1RIE YaST #iX, SUSE Linux Enterprise Server FHIBIABR X RS
HEBEETIFE. ATFUTERRA, EflsMNREBHHERR,

/boot/grub2/i386-pc. /boot/grub2/x86 64-efi. /boot/grub2/power-
pc-ieeel275. /boot/grub2/s390x-emu
TEEEIRS I SMEAREFIE, tEVIHNEREEMEREER. AR TBERLT AMD64/
Intel 64 i+ EAH L, BFHRIMERD LT IBMPOWER A IBM Z £,

/home
MRMIPXFKZE /home , B2 ZBRHRURERIRN LS EHIEEX,
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/opt
FBZFFmBERESR /opt T HRIEERZE N T B LIEERIRRES XN HiEF.

/srv

B& Web 7 FTP BRS3280VEHE. REFRIEBREN T HLIEERIRR A EHIEER

/tmp
BE IR X HNBEREFHIFTE B RE SRR RERTEEZ 5,

/usr/local
EFILERGNAIITER. 2428128 REABRURERIRITENE XL 2RERIER
%,

/var
IHEREESTFZTEXH (B1FAE. EBERERE. /var/opt FNE=/m) ,
REIMVBRGASIRENRIAMIE. Alt, 1B FERN T MIREBHHIFRFTE XL TS
1, BEZHR “BARESF ,

Warning: BEliRZ#F
NBIEREBREATLIKENFEIY, SUSE ZIFA LR, A, EeILUERA YasT
DXEFRMFE.

1.2.2.1 BENEFEH Btrfs XH RS

Q Note: GRUB 2 /1 LZ0 E4EREF
GRUB 2 T7A3EEY lzo EAERBR. MRBEAESE, EFREIEBMI /boot X,

M SLE12 SP1 FfR, ZiE4sE Btrfs X &S, £ compress 3 compress-force &I,
FEREREE 1zo F zlib (BHA) o zlib EHRNEHEERES, M lzo WEHEREER, H
BFREM CPU faFiE /N

fBgn:

root # mount -o compress /dev/sdx /mnt
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MRECET — I XHHEEPBENEE, MEREHNERATFHETRELENOAN, U
KRR XA RITE NRIEG, Btrfs RIAEHLT £S48, MNRERFEEXMITH, EFER
compress-force %, M FEE—LYBRAIEREIIBENXHEME, HIETAIEERER.
BEE, FEEIRSERTHXE. NRER compress 3 compress-force EMEAXHER
%, WEREENBERTEANNXGRRA=ES . tIt, 88 nodatacow BEMXHHNAA
KA =ESE:

root # chattr +C FILE

root # mount -o nodatacow /dev/sdx /mnt
MESEAESERIEYTX. FDXPEN—LEHER, BITHNHAT:

root # btrfs filesystem show /mnt
btrfs filesystem show /mnt
Label: 'Test-Btrfs' wuuid: 62f0c378-e93e-4aal-9532-93c6b780749d
Total devices 1 FS bytes used 3.22MiB
devid 1 size 2.00GiB used 240.62MiB path /dev/sdbl

MREHBIIRERKAMRN, BE /etc/fstab BEEXHAHARIM compress ¢ com-
press-force %I, #la0:

UUID=1a2b3c4d /home btrfs subvol=@/home,compress 0 0

1222 BNTFE

£ SUSE Linux Enterprise Server £, MREB#H1TRALCLIRNIZF BT MIRES| S HEIT-
XEE—R, BEOIUESETEIRZA, EETHERNKERE, REBEENFSE, BaIULIM
RIS (BESHVE) -

B& T Section 1.2.2, “SUSE Linux Enterprise Server FMIRXHRFIEE” FIIHNFEZ
o, REHRREFEE—NEA @ 5. XZHRINNTFE, BEARSX (/) BN, HittFEEE
NEtEEA,

NIREBS ST, EANAE @ 76, MERE, REPEENXERFIBIRFURIZAREN
A /o EthFEHRUTEAFREANTIREF, WRSEIANIGEPRES, TRESISREER
RAINEE. EEFETRAKARS, 1EHIT snapper rollback <, XiFFEEFISISH
REBRENFNEAINFE, EESISZERRFERTE.
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1223 WEFRAZIE

BEOLETIETT df SFSREEXHRANAE. 7 Btrfs XGRS L, df NWEHAIEEIRS

%, BT BRBRBIESEHNTEILSN, Btrfs XERFAERSNTHIES BHERTIE
Ak, EMEER LEENBEARENTATIE, Btrfs XHFRABLAREIIRETERE. REXMER
B, ATEENENeETERHERR. ERUTHLANE Btrfs XRS5 LERMEI BN
i8]
btrfs filesystem show

tux > sudo btrfs filesystem show /

Label: 'ROOT' wuuid: 52011c5e-5711-42d8-8c50-718a005ec4b3

Total devices 1 FS bytes used 10.02GiB
devid 1 size 20.02GiB used 13.78GiB path /dev/sda3

ERXHRFENEXNNRERE, MIRKF—ITHHXHMELE, WRTIXHFRE LD
EEf=FEE E 2 Et X

btrfs filesystem df

tux > sudo btrfs filesystem df /

Data, single: total=13.00GiB, used=9.61GiB

System, single: total=32.00MiB, used=16.00KiB
Metadata, single: total=768.00MiB, used=421.36MiB
GlobalReserve, single: total=144.00MiB, used=0.00B

ERXHRFENEDE (total ) TRIMERZTENE. JNRTHIEDN total # used &
BEAREEF, NWRRTHENESTEEHEDEH X,

btrfs filesystem usage

tux > sudo btrfs filesystem usage /

Overall:
Device size: 20.02GiB
Device allocated: 13.78GiB
Device unallocated: 6.24GiB
Device missing: 0.00B
Used: 10.02GiB
Free (estimated): 9.63GiB (min: 9.63GiB)
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Data ratio: 1.00

Metadata ratio: 1.00
Global reserve: 144 .00MiB (used: 0.00B)
Data Metadata System
Id Path single single single Unallocated
1 /dev/sda3 13.00GiB 768.00MiB 32.00MiB 6.24GiB
Total 13.00GiB 768.00MiB 32.00MiB 6.24GiB
Used 9.61GiB 421.36MiB 16.00KiB

RREMT R on LM & HFTSREEE.

BEXEMER, 550 man 8 btrfs-filesystem # https://btrfs.wiki.kernel.org/in-
dex.php/FAQ @,

1.2.3 M ReiserFS 1 Ext X{F R T#%F Btrfs

eI LAER btrfs-convert TH, RK#iESMINE ReiserFS 3¢ Ext (Ext2. Ext3 Bk Ext4)
T E Btrfs X RGF. ZIBATFERREN (Bil) NXEHRFEHITIMMEER, HITIRE
AREREFEHEE btrfs-convert TENT5|SLEREK, ZTAKTERIEGXGRAN A
TIEINIDEE Btrfs X RS, HEZEZIHPEESHNHE. 8 L460E BBRATIE TR
MR A=iE, BWEHIEEK. REXGRARRERE, Btrfs XGERAFRSAEAATRT
B BENTEX/NVRTXHRZNAR, AJREAEFEENXGRA[R (HIGNSXH.
BR. VEBEM) #HEME. ATRAASERSRIE, XGRS LWBIEET R MR
FH=sial, BERRIPEZERAR/NET 2 KiB BISHFBRIM

ER R HRA IR R Btrfs XH RS, 1EEB1T:

root # btrfs-convert /path/to/device

o Important: ¥6& /etc/fstab
HifE, TR /etc/fstab PRREBXHRFENMESREBEIAE, NETREES
Btrfs {4 R %,

8 M ReiserFS # Ext XHZGEH%E] Btrfs SLES 15 SP2


https://btrfs.wiki.kernel.org/index.php/FAQ
https://btrfs.wiki.kernel.org/index.php/FAQ

¥ikfg, Btrfs XFRFNABTREIRMEXGRFNRNS, BEXHRARK—BEREINEERT
£ fs root/reiserfs_saved/image FEIZERIMEXRIRME L, ZREX G LT EEH
H] ReiserFS X RFAN— “HRER” , 1&24 Btrfs XHFRARNFRERIZM G, BERRIZM
&, iB5XFR reiserfs saved F#&:

root # btrfs subvolume delete fs root/reiserfs saved

BERXHRATRIIRIEX RS, BEAUTHL:

root # btrfs-convert -r /path/to/device

Warning: EBUi§ &5k
BREXBRGEE ) Btrfs X RANPHEVERIERER ER. VI70E LRI TER
TERE, BN EERMEXHRSA,

1.2.4 Btrfs E1F

Btrfs 5 YaST 27 X#2/F# AutoYaST &%, SR ITELRERAEERAERABXHRARILBR
FR. REZE, EAILUER YaST 2 XERREEMEIE Btrfs £.

btrfsprogs 8F1RET Btrfs BT A, BX{EH Btrfs (s SHIEE, 1550 man 8
btrfs. man 8 btrfsck #1 man 8 mkfs.btrfs &<, Hx Btrfs IEEMEE, BEN
Btrfs Wiki, Bt http://btrfs.wiki.kernel.org 2,

1.2.5 Btrfs FETETIMLHF

Btrfs IRX R %4iF% /var/log. /var/crash # /var/cache EEEGEBE R TAES
FERFE R RANHEETE, ITESHAAHE, fBRHIMIEERR, SUSE Linux Enterprise
Server ITERM T Btrfs THECENZ . MREIREBMENA YaST BIGEKBERXHRS, RAR
ARG RAEHITHENES: FMEFENEEA (qgroup ) MBIRE. HERIGERNHRSA
RSN, BRIT TS E:

1. BRARH<:
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tux > sudo btrfs quota enable /
2. BISFEYIx:
tux > sudo btrfs subvolume list /
QNI EFEIRERT,

3. AE—FHRFIINER—NFHIEERH. FHILUAKEIRG (g /var/tmp) ,
WAl 0/F%% ID iR%B) (a0 0/272) . TEMISRHGIA /var/tmp iIRET 5GB Y

E&o
tux > sudo btrfs qgroup limit 5G /var/tmp

KNEAIET LI F T (5000000000). KB (5000000K). MB (5000M) 5% GB (5G)o AFT
RBMENERERRE, FHN 1024 F5 =1KB, 1024 KB=1MB %,

4, EEFHINBER, BEFEAU TS, max_rfer FILFHARMERECE,

tux > sudo btrfs qgroup show -r /

) Tip: BUHEER
MR EEEEIE R, HSETA/NEER none :

tux > sudo btrfs ggroup limit none /var/tmp

EEZREN X RERE FENERIZ T, 15FA btrfs quota disable:

tux > sudo btrfs quota disable /

EX4T5, 158 man 8 btrfs-qgroup 1 man 8 btrfs-quota., Btrfs Wiki (https://
btrfs.wiki.kernel.org/index.php/UseCases #) E#) UseCases TIEMIRE T EZEE,
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1.2.6 Btrfs &ix/#U

Btrfs A VFEMIRBRIBEIRANHFRFAIVIRS, 1490, Snapper BIfERIIIEEERAERZEIRZ
EEIBIRER, UEAFER, Fid, BRESAE/1ZWIHEEE S FRE o LUIETfE( & 62
I RAEREIA, Fi0, tIhEER B FRITIEEE%,

btrfs send EERIIHER—FEFRHNRIZREZENES, HEESKXINENXMHEE
STDOUT, btrfs receive #Z{E=#EW send SiSMER, FHIEENARIIREE,

1.2.6.1 S REMH
BEHAAX/IERINEE, BEREUTEXK:

Bim (&%) MBinm (iElk) FF—1 Btrfs X &ES.

Btrfs &ix/H2WRE I RIBNITRY, Et, HNAVHIEREIE R Btrfs FEH,

IR RV IR A LRI

SUSE Linux Enterprise 12 SP2 S{E=hR4s. FHEAMRASHY SUSE Linux Enterprise A3z #F
Rix W

1262 HEEEMD

USRI T Btrfs ZiX/ZBURIENEARRZL, EF/RSETUAIE /backup/data (B#x
im) HeliE /data (Rig) BEEHM. /data BIER—1PNFE.

PROCEDURE 1.1: #li&ig &

1. TRIRSIBMEREIR (FEARfIFEA snapshot_0) , HEBFRFGESNZHE

tux > sudo btrfs subvolume snapshot -r /data /data/bkp data

sync

BI=eIBE—N#F%& /data/bkp_data. ZFERBEELIEESEMHIENM, MEER
BNER,

2. BAaRERAIXE Binin. HTXZRINAE/IZWIRME, FILFERREENRR
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tux > sudo bash -c 'btrfs send /data/bkp data | btrfs receive /backup'

Bfrim LB 61— 1MNHF% /backup/bkp_data.

STERAIIRIRES, FILUBIREERS, FRIUMREBSAMRRZENERLEE BT &
B2 AR 2 HEFERY

1. 7ERIREIEFIRE,

2. BESZEEBirH.

3. At Eep R M/EREMIHEHAVIRE,
PROCEDURE 1.2: iTIEE& )

1. FERIHEIEMIRER, HMAERBEENZEE, £ TENRAIF, REEa%E A bkp_da-
ta_ SpiHHEA

tux > sudo btrfs subvolume snapshot -r /data /data/bkp data $(date +%F)
sync

BB F%E, W /data/bkp data 2016-07-07,

2. BB SEQENIREBZ BNERAXE BiRR. Ak, aILUERER -p
SNAPSHOT #&EFCrRiBVIRER,

tux > sudo bash -c 'btrfs send -p /data/bkp data /data/bkp data 2016-07-07
\
| btrfs receive /backup'

B8 —1#iF% /backup/bkp data 2016-07-07,
3. MEEFENBETHEMRE, SIHEER1:

/data/bkp data
/data/bkp data 2016-07-07
/backup/bkp_data
/backup/bkp data 2016-07-07
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IMTE, KT, @8 =MuksE:

o REMIFPRIFAERIE MRRAXMERE, ERILUEIREIMEFHIE—RE, [
NEFFrEHiE. FAEERITIIMEE. RITRAIEEENI, FICHERERK
B MRIBIEN IR BRI T,

o NRERRFORE—MRIE, REBREPHIFABRE. LI, RIFEIREIMIR
FRYE—IRER - ZEIRERRPRSERE, IEXNEMRBRITMABIRREIRIRR A
/R, TEIRIEHRITINER /IS ThiR(E

o RRBMImFNRE—MRIR. RAXMG L, EEBRREIE— &R, %&
ARKRREFERNRE—MRIBIVRS. RATEEIREIEMRE, TRENE
TR T BR/ RS i Fo

a. MRAVRBRFEFRIRE—TMRIR, BRITUTHL:

tux > sudo btrfs subvolume delete /data/bkp data
tux > sudo mv /data/bkp data 2016-07-07 /data/bkp data

F—FTEMERARIAVIRE, FHZBTHEHRIREBEREZ N /data/bkp_da-
ta, XOWEREHHNRERE—MREBIGZLE A /data/bkp_data. Flt, EE]
LR ER Lt FE R MENIGERIXIRERN RN,

b. MNRABREBFHPHRE—MRER, BHRITUTHS!

tux > sudo btrfs subvolume delete /backup/bkp data
tux > sudo mv /backup/bkp data 2016-07-07 /backup/bkp data

FE—ZnSBRIRERTNENRE, E-£aOBYUsRMIRBESZ N /back-
up/bkp_data. XAIMEREMNEHIRBIGE MR /backup/bkp data.

©) Tip: KXFVTIZE T
BRREBAXEIZIZITEN, E6ER SSH:

tux > btrfs send /data/bkp data | ssh root@jupiter.example.com 'btrfs

receive /backup'
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1.2.7 EEHUEMIPRSE

Btrfs ZIFESHURMIFRTIEE, BANEARUIEMBRMBEFUERIRE —RIARIZIEHEER
XRS5 LMEERIR, SUSE Linux Enterprise Server 12t duperemove T E R4
RAEPEEETESHEBRNS, 1F Btrfs XHRF LERN, WA LARBPBRXLESHR, M
MPAXH AR LNTE, RAELRIAFTELE duperemove, EFFILLINEERTA, BREE

duperemove .

Q Note: Ml EEMARISIEE
NREEMFEENARENH, BEER --hashfile FEIN:

tux > sudo duperemove --hashfile HASH FILE filel file2 file3

--hashfile MIMSRFAIBIEEXHNIGHREREE HASH FILE (A2 RAMH) ,
BrLE#ER RAMo HASH FILE PIEEMEMA - Sl EMEAMAEXHNYBETE, B
IR AR SRR EE E X

duperemove FILIst X —RTIXHREIE, WAIMULLEITHLNEEENER:

tux > sudo duperemove OPTIONS filel file2 file3
tux > sudo duperemove -r OPTIONS directory

EERMRIERIN: RIRMESHUERR. URRRLIETH EIRER -d 7X) , ea3
MOEXHRERTHEER, FRETEILR, WRNERTHREXHRS.

B S HIEMIPRENHIT duperemove X7 Btrfs X4 R L2 2, HRATEXHHIBERZ
&, BRRREERHITES BIERR.

BXFMEE, 732 man 8 duperemove,

1.2.8 MIRXFRGHHEFTFE

HTHERR, ERREFEMREXFRFETMEFE NI Btrfs F&. BRNZ—BRENTFE
(5140 @/home B¢ @/srv) HMpBIRRE EHIXHRG, UTIEERNARER Btrfs F

&
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1. BEEMFNFE (BIE0 @/opt) . FEE, REBFWVAEAFEID 5

tux > sudo btrfs subvolume list /

ID 256 gen 30 top level 5 path @

ID 258 gen 887 top level 256 path @/var

ID 259 gen 872 top level 256 path @/usr/local
ID 260 gen 886 top level 256 path @/tmp

ID 261 gen 60 top level 256 path @/srv

ID 262 gen 886 top level 256 path @/root

ID 263 gen 39 top level 256 path @/opt

[...]

2. ERHRERSXRISERR:

tux > sudo btrfs device usage /
/dev/sdal, ID: 1

Device size: 23.00GiB
Device slack: 0.00B
Data,single: 7.01GiB
Metadata,DUP: 1.00GiB
System,DUP: 16.00MiB
Unallocated: 14.98GiB

3. ERIMMEANSR (BIE0 /mnt) ERNEXHRSE (DR 5HFE)

tux > sudo mount -o subvolid=5 /dev/sdal /mnt

4. MNENBIIRXHRZFPHIFR @/opt DX

tux > sudo btrfs subvolume delete /mnt/@/opt

5. HIEUAERNBIRX RS

tux > sudo umount /mnt

MR ARG F&
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1.3 XFS

SGI 7£ 20 tH42 90 FAHFWBF & XFS, &=AiTXIIE XFS /EA IRIX OS IXE RS, Fr& XFS HY
BHNZEE— SN 64 (I B IEXH AR B EMN T ERNINREER, XFSESIRMKE
X, EEimEG ERMES. XFS 2 SUSE Linux Enterprise Server F#E S XM BIAX 4 &
Ho

TRIR[EIET XFS B X BINBERI RN T AL X HFRAEIBESHITEFEEEMBIEXHRA
R AT F,

1.3.1 {ERADELASSIN S A ERgEE

TEEIEE XFS X RGN, XHFRGREFRIZER D 8 T3 8 MU LABEA/NEILME K,
XL A e, BN ECABEEECH inode MATATE, KfFL, AILRDECHEE
XHERFPNXGRG, RAPERAMERIT, FURZAEIRERNZ MO EE#HITI . 1)
RERE XFS ILRIVEI B X RZ AT, BMUNRANMSEARAEEZVIERRANTE,

1.3.2 B BENEEMET ERIESEhE

B A=EM inode EHIECHNAI B MAMERY, A B MIFAKIGIR XFS RUPEREFN B 648
Mo XFS ERIEESED, ERILUEIRHED AR D MAEEDE. FIEEESMEEFE RAM
HRBELHHENTE, XFS{HARENFEEFHRENEBUE BITELEXHRFR) . WRE
RRIEREIRERNZl, FEEFRRENGNSIEREXZAREFIHE L, X2EAN
£ XFS RERFENRIKLIAMIERN, XEHIREAEEEIN T, XA, XFSERTE %
REF B T X RG DR, FENERDESESEMBMRILEMX R S5 BT FHRR
2R, FMUNRGREREIRER GRS, NHIEERUTEIEM™E,

133 #TRHELUBE X R

ERBIES N RSH1, XFS{RE (MDE) XHFABHAAZE. XFSIAKNBLXHERS
HARNEB. BAXAHABTFIZDBEBIXARSGH, FrUEERFURES.
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Q) Note: 89 XFS HE£H& =
M 12 kRFF#4, SUSE Linux Enterprise Server 32335 XFS X R 4iH0H “HEERR”
(V5). H YaST BRI XFS XH ARG ERXMHIER. XMRANEBMSEIE, B
XFS TeEIEN B0 B RS, XHXRBEZRHURZRIXGESHENHRIEHYIR,
EEE, BT 3.12 hikA9 SUSE Linux Enterprise 1%, 1&F 3.2.0 A9 xfsprogs, MUK
SUSE Linux Enterprise 12 Z g1& %8 GRUB 2 R4S AL XM R, WRERHEEM
RS LRFDRFHNRRRERZXE RS, MBI,
NRIEFEEARIA SUSE RETEM Linux XK1TEMS XFS X RS 2B B2E
M, BEA mkfs.xfs TFEAUXH RS, XELIE—RABIARIHI XFS X4
24 (PRIEEER -m cre=1 %&mM) .

1.4 Ext2

Ext2 BYRBFILUEME] Linux [ISEVERE. HAEIBR T RXHRE" , T 1992 F 4 AL,
EERLTE Linux 0.96¢ o MBXHRAZN T HRIE, BRAMN Ext2, BERLSEREZIK
WEY Linux XF&RG. BReE BIEXHRFRIIZUNREMETERIZEE, Ext2 WERMEZH
3o

BESLE X2 NAREBTETHEAMAEUNRE (EREMIIAENRE) WS Linux BFR&
EWERAB Linux XHRT,

AJSEEAERE

Ext2 @—1 “BEOE" , &N TIFSCUHAMMERNIL. XAJsERANEERZNED
BANXHRGNER, ERGFEE, MRTEVREEXHRS, N e2fsck FFian
WX RGEIE, RAETEERE —BEVRE, HFEENXGSEHIERE A NEENE
F (87 lost+found) . SHEXHRSMELL, e2fsck OB IXHRYE, MAX

BT ER P RITER AL, XMIRIFFRE BRI NERiE X 4R AR S
PEFRERIETE, RIBEXHRFHIA/N, IIZFIREFE/NRHEKNE, Eit, XFE
AEKRSAIAMRARSEE, TEER Ext2, B2, F Ext2 R4 Ric BERNREFE

Eh, FRUEREFRFIRTEMXAERS
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A5 AR
E9 Ext3 LA Ext2 UhS AR BH = Ext2 AR ERRTNAITEESTN, PrUAM Ext2 A
RE Ext3 FEB o

1.5 Ext3

Ext3 B Stephen Tweedie igit. SFABEMT—AXAHRSARE, Ext3 HXEXRAEHNIR
TR, ERTE Ext2 WEA LigitH. XM MXXERFEYIREK, AILIGEMTE Ext2 XHRSE

3BT Ext3 XHERS, Ext2 fl Ext3 REEMXFIZ Ext3 £FHIE. 22, EXX3E=1NEEMR
=

1.5.1 AHEASERFEHM Ext2 A%

Ext2 B9fUES N Ext3 BaE 7 RSEpyEM, EEERANREBEITNMHN T —AXHRSE. £ Ext3
F, EMNAEENRESESHREXARGNARTEEGTE—HE. MEEREEMBIEXH
4t (FISNXFS) AT (FMBEIXHRG, ARMEKFREMEIR) , HiRE Ex3 RFE
Lo shediEl, ALRE Ext3 B REE, RAMKERIBEINXHRS AT hIEE, ZEEE
FHAREBIEXHRENIE Ext2 RENHE, MREZHBNHA XS WIFZRHAEER
KGNLEE, M Ext3 FFRE Ext2 SHE—FEE, ¥ Ext3 XHRSATEHE, AREHRE
NB Ext2 X ZRGENE],

1.5.2 AJEeEAN1%ERE

RLHMBIEXGRARA “UTidR” WEIEAZE. XEKRETHIRRARE RIS,

BEEERIEXGRABIES T, Ext3 B&iTBERI LUABBREI TR, X aJLUBRmEIEK

B, “B” MRETIUBEENX. £ data=journal ARXHER Ext3 Al LURMHEANZ 24
(BURTEN) , BEEAEETHIEMBUETICABRIE, FIURERBRRAKNERE, — M
MBI EERA data=ordered A, XMARHRT EIEMTHRIENTEYE, BRI
TR FERABIE. XGRARDIEFWES —RTEIBEI NN APTEEIER, XLEHIERTE
ERTHIEZ AW E NEET, X, ETERLENERT, TEBEMBEN—HERIUE
W, B=NBFEAETE data=writeback , AFSIEEETHIEELRXRERIZEBS
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ANEEXHRY, TEMHEAE, WRIMTERIAANRRER, EBEELIFNISXGRATEN
HER, AFUEINBIEERFE RHMEGEERXHMENXEF, Ext3 #H data=ordered
EDE R BRINES

1.5.3 ¥ Ext2 XFRGALIRA Ext3

R Ext2 X ARG IR T Ext3:

1. ¥ER root FAFIETT tune2fs -j E6IE Ext3 Hido
tban LR FARINS B Ext3 Bido
EIEE HicHI AP BRVISE, 1B0RIETT tune2fs -], EIRMEAFIENARICIE
Il size= # device=, tune2fs FMTIFEXT tune2fs EFMNEZES.

2. 8 root AFPREXH /etc/fstab, URBABENIXIEENXXHRAFZILEEM ext2
B ext3, REHFREEH.
XHRA LUEFIRAIE Ext3 XERS, EXUSEE N RES ISREK.

3. B3|IFEBIREN Ext3 PEXRIRXHRYE, BE initrd FRMER ext3 A jbd, #
RSB

a. FIHEE)E /etc/dracut.conf.d/10-filesystem.conf HFMUTIT (B

AEBRISER) -
force drivers+=" ext3 jbd"

b. JAIGi51T dracut -f 4%,

4. E5|FRG
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1.5.4 Ext3 X ZE%: inode K/ inode 2

inode BFEHEXHNEXEEREEXGERATIRIME, AT itk inode BFE A UBHY
BREMLUR ACL, Ext3 BYZAIA inode A/NM SLES 10 £FY 128 15184027 SLES 11 £#Y 256
FT, 5SLES 10 #8tb, HMETE SLES 11 ERIEHEY Ext3 XH RS, AEREKER Inode 7l
RDEMNBIANTRABRERIEMN—E, XGRFPXHFNT AT RN ENNEE. AL,
BERYNS SLES 10 LY Ext3 XHRLFIHEMEER inode XX, EBHAFEREANS X,
LGOI Ext3 XHRFARY, RFAGIRIETIIEN Inode SEFAL D EC Inode RIEHI=T
o & inode MFTTEELEUR XA RFANA/IVRE T A LIEIER inode E, BUNHRSA
B, $$1RIES inode FHEHIEITEIRIE inode:

number of inodes = total size of the file system divided by the number of bytes

per inode

inode BIM BISHIE I RARABHIIRAR: — A — inode. J#RR inode A/
TR AIEE L HINE, 6 inode WFTIRELIEBIAEE SLES 10 LAY 8192 FH511]
BT SLES 11 £ERY 16384 F 11, LbEEMEEARE T UCIRRIXHHERRE SLES 10 £ Ext3 X
RO R BB,

o Important: EE{IRE Ext3 X RSH Inode K/),
inode HERSREE, BIEBEH inode ANWIRERS inode FHIRILE, MBTME
REMREEHANRIHRS, U BXHRS, WEERM Inode, 5 inode BA
HEN, REMRE S XGA EEX GRS IR X5,

W Ext3 X RFRY, EEILUERE inode K/HIE inode FTHLLER, LUTHINXHRSL L
AIB4 inode TEIGAEURXHHE, NRKIEERA/. inode K/NZLUAKE inode HFT
ELEE, WA /etc/mked2fs.conf FHEIAE. BEXEE, BFEN mke2fs.con-
f(5) FML.

fERLLTEIR:
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e inode X/ BRIAMY inode A/ 256 T, IEEFETE, BINTF 128 FT (&) FiR
A (&) ZIEIWI 2 MSkA{E, 80128, 2560 512, LUtkEH, RHEY Ext3 XHRS% L
RERAT EBME ACL RABI{ER 128 =¥,

° Finode WFETEHELE: ZHANE inode WETHELE N 16384 T, B
MHVE inode WF L REMNEATEHFET 1024 F1H9 2 B95kFA1E, M0
1024, 2048. 4096. 8192. 16384, 32768, LULLEH, ZERM/NFXHERFAHIIRK
N, AARKNERFEEIBIENRNTEIAR, Ext3 XHRFRIIARIIRA/NA 4 KB,
tesh, FEREZEMEEFNXXGHRERK D, I, MRENXGRELRESFTE/I\X
%, WaILEE—MBUEIE inode NFTELELER, XESIEM inode NEE, INRXH
AR EFBARENM, EAILIEE— N RANE Inode WFTEELER, XiFRTR/AI6E
89 Inode #4,
BEELT, RFERIEEREZH inode AlE[H, R inode HEd/DBXHR/N,
MrTgeH#E FINHHESERRAENEF EEEANTEERET, R inode 3% BEXHR
K, WelgeRARSNHBERIATIE, BALEER, XREAANELETEAN inode BT
B FRETE S

NRETE Ext3 XHRFZ L FERYT BEMS ACL, NEIEXH AR EL@EI R inode K/MVE
EN 128 13, H¥E inode IFTERELRISE N 8192 F13, FKIMEE SLES 10 1T, fEH
AMMER—M75 751K E inode K/NAK & inode BYFTIEREL R

o BEEAFREHEY Ext3 XHFRIZHIAIRE: TEXAYRIEESP, 82K /etc/mke2fs.conf X
B defaults &%, LA inode size #1 inode ratio IKEFFEMRIAME, XLEE
BN AEIFREFM Ext3 X RS, Fi0:

blocksize = 4096
inode size = 128
inode ratio = 8192

o EHTITR: HEExt3 XHUHARSN, inode A (-1 128) LIRS inode IF Tkt
(-1 8192) &L mkfs.ext3(8) T mke2fs(8) <. flaN, FEAUTE—
me:

tux > sudo mkfs.ext3 -b 4096 -i 8092 -I 128 /dev/sda2
tux > sudo mke2fs -t ext3 -b 4096 -i 8192 -I 128 /dev/sda2
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o {EfEF YaST RicHAiE]: EREHE, ME Ext3 XGRRNELE inode K/NHIF in-
ode FFTIERLER(E, EMRIVWEIN FRYSRIES XTAUEBY YaST D XEFH, EEBEIL
PXEXt3, ARBEET, MXHRFETIHEERBIRA/N (B). & inode BFIFTERLL
K Inode Z/NTFHMER, EEFRFENE,
fugn, A (B) FHIAEFIERE 4096, £ inode HYF T2 FHIERIESE 8192, 1£ In-
ode Z/NVTFRIMEFIER 128, AFREHE
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SRR

IREPBISIE(L)

‘HDHE |

RAN (B)S)

| auto - |

& inode FIFETIE()

| auto v |
77 root FREBVRBI B TEE(R)

5.0 |
v EEENGE

Inode A1)

| default - |

v BRE3IHEED)

- EEH) | | WE©O | | ®mEO |

o TEfER AutoYaST R2&HAiE]: 7£ AutoYaST ELEX A, ERILIER fs options #Rid
Fi&E opt_bytes per_inode tbF{E (-i /98192) LUK opt_inode density f&
(-179128) :
<partitioning config:type="list">
<drive>

<device>/dev/sda</device>
<initialize config:type="boolean">true</initialize>
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<partitions config:type="1list">
<partition>
<filesystem config:type="symbol">ext3</filesystem>
<format config:type="boolean">true</format>
<fs options>
<opt bytes per inode>
<option str>-i</option str>
<option value>8192</option value>
</opt bytes per inode>
<opt_inode density>
<option str>-I</option str>
<option value>128</option value>
</opt _inode density>
</fs _options>
<mount>/</mount>
<partition id config:type="integer">131l</partition id>
<partition type>primary</partition_ type>
<size>25G</size>
</partition>
</partitions>
</drive>

<partitioning>

BXBAXER, BFEN https://www.suse.com/support/kb/doc.php?id=70090752 (SLES11
ext3 X HEEfETE SLES10 ERIfiETFRISZ 20T 50% [BARE B3 7009075]) »

1.6 Ext4

2006 £, Ext4 9 Ext3 B9E&AET. EXFRAKXNA 1EB NS, &AKNA 16 TiB X
HMERNFER, HRT Ext3 EEF LN—LH/R. ©E5INT ZmitaEg5aTheE, Fl0
IERR D ECAEE RIEMIRNOX G RANEGIFR, Extd BZHFHICREMN, HAREUNTDE
EMETEEL, AMEMAISE. Extd4 T2RARE T Ext2 M Ext3, ERNXGRSERUEN
Ext4 2N
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1.7 ReiserFS

SUSE Linux Enterprise Server 15 522 AR T ReiserFS 2#f. BERIA DX EH%E Btrfs,
1E& M Section 1.2.3, “M ReiserFS # Ext X &R F1TF5 % Btrfs” o

1.8 XFFHVHMNXFRS

Table 1.1, “Linux YRS ZEA” 3¢ linux TENEM—LEXHRFEHITT B8, FX
EXHRGETERN THRSFAREENERNRIRERRRIFRB NIRRT,

TABLE 1.1: LINUX FRpySZ RGeS EY

X RgpEE

cramfs
hpfs
1509660

minix

msdos

nfs

ntfs
smbfs

Sysv

ufs

25

R

[E480) ROM X &4 —MEEREIIRIE ROM XHERS,
SR RS IBM OS/2 tEX RS, RERFRIN .
CD-ROM _ERYRAEX R4

X HRGREEXFERAENFEARTER, 27 Linux PEARIE—
MRS B, ERAERENXHRT,

fat (Z#JH DOS ERANXHARS) MEERSTRERAXRA,

MLEX RS FIXXHRGF, AL SIEEEEMNSPREMAT
BL, HeETLUBI &R T 1A RR,

Windows NT XHZE4%; Rik
Windows &= mEARSE 28 B IRR 1@ WK B X iR,

7£ SCO Unix. Xenix #1 Coherent (FBF PC BYE A Unix &4t) L&
==

f£ BSD. SunOS # NextStep £/, RAEREA N FZHFUEXFHR

4t
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X ZGi5E ik

umsdos MS-DOS ERY Unix: 7E45nE fat XHERSZ ENA, @3 012 H%
XH3RTF Unix TheE (IXPR. HEBFEXHR) o

vfat REPAFAT: fat XHRFNT R GHFRXMHR) -

1.9 Linux ':Pi(ﬂtjtﬁﬁﬁﬁig’ﬂi'ﬁ%

A, Linux TRRIRAXHARNA2GIB 2 FWH) o BRIFXGRFZIFAEXHE, &M 32
RS ERIRAXHFARNA 2 GiB.

B8, FMEMEXHRFERE LFS (REXHXHE) EE, B EAIXFHNRAXAR/NA
2 ¥, Table 12, “XHMXHRFHIRAKRN (HEREN, 4KBIRKXN)” BRT Linux
XEMX RS SaEE ERIVBIRE. RPNBFETXHRARER 4 KiB RA/NRILS
i, XEBRANINE, ERAFREIRK), ERUHMAR, ERBRMHBIAIRE, Table 1.2, "2
ARG A A/ (BAEETE, 4 KIBIRAN)” ARRAXARNAREEAT XA RS
KRR

Q) Note: =LK
A 1024 F75 =1 KiB; 1024 KiB=1MiB; 1024 MiB=1GiB; 1024 GiB=1
TiB; 1024 TiB=1PiB; 1024 PiB=1EiB (Fid&R NIST: #HFIEEEYEIZ (http://
physics.nist.gov/cuu/Units/binary.html) @)

TABLE 1.2: XX RFERRAKR N (BEMI, 4 KIBIRKD)

MXEHFSE (4 KiBIRADN) RAXFRFEK ) RASFR
Btrfs 16 EiB 16 EiB

Ext3 16 TiB 2TiB

Ext4 1EiB 16 TiB
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XHRE (4 KiBIRAN) RAXMHZRHK) RAXMHKR

OCFS2 (HrIAMMEH B+a  16TiB 1EiB
ERRSE BRI R E)

XFS 8 EiB 8 EiB
NFSv2 (& Fim) 8 EiB 2 GiB
NFSv3/NFSv4 (ZF i) 8 EiB 8 EiB

© mportant: FR%!
Table12, “SXHMXHRANBAAN MEHKR, 4KB AN NETEXME L
MRS Linux FIZE B HAIREIRESEA T BN AR RGEAN, TH
BT XEERH:

XK 41
E32URSG L, XHFEEI2TB 2 F1) o

X FRGER £
XHRFEAALUN2 FT, B2, BRiANEAEFAIBHX—IRH.

1.10 Linux RZMEERIPRES!

Table 1.3, “f&7F[EH]" S457 5 SUSE Linux Enterprise Server #8XEXpIE1ZHIAZ IR S,

TABLE 1.3: 7R

figfFIhiEE PR

X8 LUN K& 817 16384 1~ LUN,

51 LUN WRAREHE RINMBER T RERE. STBREME—E
M LUNo
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fifFIhaE

HBA MR K =E

FMRERFFER device-mapper-multi-
path WRAREHE (211

B—MRIGERIRAKN/N

1.11 XARGEEERES

PR
=1 B1R8 LUN BE UK S HBA IB 1R

WERTE T RPREIBRE] (FELt@iE HBA
16777215) o

BRo SERRFRFIENRT 2489 PClHERIER
=18

KA 1024, KRHEBURTEN LK
RFRBENEESFHERKE, BF multi-
path-tools ARy —MRIFETEIZEE, WRILE
[REI=SHR&E, NrREHEE,

5% 8 EiBo

ANTIGBAN A R Gy — L B A )3 AT BERYARIR T3 o

1.11.1 Btrfs F5i%:

& LR BFIREIE

fEF Btrfs XFRFRIR (/) PEFLEEZHE. BREIEIR “8& BgaRs=E" -
BB TIKERD, T A X IR A sER AT HERAE S

1.11.1.1

A RIREEN IR Z .

BRI LAM Snapper RARR—ERER, Fid, REAIILEMER, FIEFERKNEZTENTEE

o

=
EEM Snapper FIpR 4 :

28

Snapper [RER{E ARV E

R Snapper @3 Btrfs XHFRFIEITH, M “i8& LaaERLTE" NEBEERTRA

=[]

X RGEEXERRE
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1. ST —PERIREH&,
2. ISR, WA btrfs filesystem show, f30:

tux > sudo btrfs filesystem show

Label: none uuid: 40123456-ch2c-4678-8b3d-d014d1c78c78
Total devices 1 FS bytes used 20.00GB

devid 1 size 20.00GB used 20.00GB path /dev/sda3

3. BN

tux > sudo btrfs fi balance start MOUNTPOINT -dusage=5

e LR FREEMNEE TR TRVRIERS, NATFREIZEFIFHERN
A TR, IHIRIERTRERE—LATE (1 TB #UBAIRERERZ /) , R, 7ELLEA
B R GH A LAER

4. 5 Snapper HBVIRER, @A

tux > sudo snapper -c root list

5. M Snapper Ffifr— Z MR, @A

tux > sudo snapper -c root delete SNAPSHOT NUMBER(S)

S FMiFRIARVRR, REBERRIBSEEK, HS5ANZEmMER,

AT ERIEFELE, EAILER Snapper BEF%, BX4AT, 520 (E2EE) ,£71E
“@id Snapper HITRAZKIMEMIREBEIR” ,567.6.1.27 “FERZLR . iTHRBFENEKE
{&% EMPTY *. NUMBER * #1 TIMELINE *,

WNRIEX R GehigFE EEERER Snapper # Btrfs, BV RE RS TAREEERINAEE 8
BE, YaST D XIEFXBGHTE Btrfs EFRINF NIRX M RAR T ERET BINRER 2.

1.11.1.2 BE. BERMERFEXHEREEE

MRASGHLERIEHR 7HEE, EaIEiAM /var/log. /var/crash. /var/lib/sys-
temd/coredump #1 /var/cache FHIFR 14
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Btrfs i XH&LF%E /var/log. /var/crash # /var/cache EIEEREEERTHES
EAA T ANEETE, INESRARKE, FHEEHIMIEEKR, SUSE Linux Enterprise
Server 127 Btrfs FERAZF. BXRFMESR, 158 Section 1.2.5, “Btrfs F&EEZIE
oo

ENRMALTEN L, CEHESNARFMERHRGN, TogE8&EEF /var/lib/sys-
temd/coredump , RIZEREMBEEEE,

1.11.2 BHECRERNXFRIUR

EESHELR (SSD) MKEERENST, BRRERXXHRAFERNRZREM, SUSE Linux En-
terprise Server SE2XHFHEXHT BUHMT X BBk 77 ARFTE X RS EHRITXERIE,
BT iE1T /sbin/wiper.sh, R SUSE Linux Enterprise Server LZiFMI~ft
R4 (Btris BRIN) o TEIBTTULHIAZH, ESIRIE /usr/share/doc/packages/hd-
parm/README.wiper . MFAZHEENRS B[RS, SABRK—XEEE®. FH -0
discard EAXHRASMEEMERE, HATREX SSD MEMIEM AEF M, ERENERILL

P,

Warning: RE7E Btrfs {FH wiper.sh

wiper.sh BIEASBBENNIES Extd o XFS XHERSE, UNREN/RENBFIE Ex-
t2. Ext3. Ext4 F XFS XHFES, iB/)1E Btrfs X RS LFH wiper.sh, BNAEE
SHREEE, NiZER btrfsmaintenance BH# /usr/share/btrfsmainte-

nance/btrfs-trim.sh,

1.11.3 RE{E SSD H#H T |7 #iE

Linux X+ RSN ITGIR TR R&RERR, Rit@ESEUBERITHAEER, XY
ERZET, BUEEA TS, MAEEH TR B2 LR RIRE .
EMCENERTEARER, EERANFEFSIENESEER (SSD) 1, EfHRHENEER
UHAEEZRBIES NBES . BEEEDBERENEMIE, Rlt, X SSD #1Th HEIE
HABERGAFNNR, RMEAANBNTBERLBIEMZEE SSD BI%F a0,
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\}

HF ERFEE, SUSE 5EEMBINAZRS SSD #1THEH IR, EEHNBESEEWNEESHE
BHTEREREZERTENER. XEREEEERRETF
e HPE 3PAR StoreServ All-Flash

* HPE 3PAR StoreServ Converged Flash

1.12 HtER

FTENENENXGRAMBHEECHNER
e

A LEEFIREIEEFIIRER. BEXHENE
» Kernel.org £89 Btrfs Wiki: https://btrfs.wiki.kernel.org/ 2

» E2fsprogs: Ext2/3/4 File System Utilities: http://e2fsprogs.sourceforge.net/ 2

® OCFS2 Project (OCFS2ImE) : http://oss.oracle.com/projects/ocfs2/
Wikipedia InE _EAY “Comparison of File Systems”

(X RFLE, Wuk: http://
en.wikipedia.org/wiki/Comparison_of_file_systems#Comparison 7) HigET FEZF2H
A% (RUXRZE Linux XHRS) ERNBIELER

HAtE S

=N

SLES 15 SP2
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http://oss.oracle.com/projects/ocfs2/
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2 FRXHFRGA)

BEXGZRER) FESREBESXFEXNIVES) TRATRYES LNTETNETARE,
S fERYIEE LR AR EMIE,

2.1 fERZEH

SRZUEINEMER YaST P XIEFFRIAR S X BB EN AN, XEFE—F, XHERFEEMIAEN
PXEEMFIAND. FiY, EREBFRT, EEEFNARXERAENA/N, ER YaST Rk
=4

o JEHEEPMW Guest IR K/ Z 5.
o REMBMMEFFHIERNZE.

o FRNAENSX (Flan@ 3R fdisk 5¢ parted) ZiZiE%E (FlaN@SfEA
lvresize) MIK/NZfE,

o B4E/)\ Btrfs X RFRIA/NET (M SUSE Linux Enterprise Server 12 FF48, YaST {X2#%
1K Btrfs XF RS o

2.2 HEXKNMEZIEREN
XA RIA NS E— RN, FAESSRAER,

5 2R
HTREBIEEK, BREEFEMIEAMES 2 & HENRIE

IR HRAERNE, BERUTHESERN,

32 fERZEG SLES 15 SP2



221 ZFHEBKNIIXHZRS

X 4RGN R RN GEFI SR A IEIEMNTHEE, SUSE Linux Enterprise Server Fig
HTARTFXHRS Ext2. Ext3 fl Ext4 X RARBANLBERF. XLELARFZFOT
SEANFLRN KN

®2.1: XHRFEIFER DI

MRS LHAERF AKX (1EX) KAy (U4g)

Btrfs btrfs BEATL BX#L
filesystem
resize

XFS xfs_growfs BX#L Sz

Ext2 resize2fs BXAN SRR S BR AN

Ext3 resize2fs BXMLE AT AL S R RN

Ext4 resize2fs BXAN SRR AL S PRATAN

2.2.2 BEINXARGRIA)

TR RSB AR E LNRARATIE, SHEE—MERK/). BHERERIRIEIN
HRGNANZARE IR EHEEEN K.

AX A RGHEERBRANGT, IFHRRETA/INE R LT &4
o MRNBIARTFIMBHIENIAR/); SNWSEKEBIEER.

o HRNBIAFTFTINTFHINKEAND, RAXHERGERNFREBHRIATIE,

2.2.3  BUNXHFRFRIAR
LR B & LB RABIA N, ERRIIIA MR TR
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o IRNBRRTFMEBIENARN; BNEREHIEER.
o HRNOAFTINTFHENKEK/), RAXHERFERNFREBHPTAEIE,

NRE I ER/ N T REXHRENEZEENKD, BRAETESIHNA/NMSFIEEEHNAN/NZ
A SR NS REFERIAR N

O ==: xrs
XFS BRAXHRARNARNTERL, EA XFS Rz HFIINEE,

2.3 EX Btrfs XHRFRIK /)

N Btrfs X RSEfG, ERILUER btrfs filesystem resize Sp<$REHIZNGRFLM
Ko BNT XHRSDY, EINFGENKIIZ T

1. fFTA—MRIRERIG,

2. BAEBEEINXXERFEEEN.

3. £ btrfs filesystem resize m<EE FHIEHP—MAEF G RAERIA/N:
o ERXHRFEXN BARENRARITBAN, BHEA

tux > sudo btrfs filesystem resize max /mnt

 ERXGRET BAEEKRN, BRI
tux > sudo btrfs filesystem resize SIZE /mnt

¥ SIZE BAMEARN (UFETREL) . EEAUAEIRESRA, {30 50000K
(KB). 250M (MB) 3% 2G (GB). EtAIEERIEMNLNS (+) ZES (-), 25liE
EIgmnsiga/ N EBFi AR/

tux > sudo btrfs filesystem resize +SIZE /mnt

sudo btrfs filesystem resize -SIZE /mnt

4, BIHNUTEHL, REBEAXGREHIEER/NEILE
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tux > df -h

BRI A (df ) s EREERNE R\ ERRREUIANX 4 5H5: LRI ARIREL, -h FEDT
ZUAATHHARNARTIUVFIENAR/]Y, 01K 234M 5 2G.

2.4 FEXFS XTFRZERIA/N

BNXFS XH#SfE, ERILUER xfs_growfs sp<RIEMZXXERRRIKR N XFS XHERS

BIAR/NTTE R
1. fTA—&iRERIS.

2.

HRERBEBIHIXHFRAERE N,

. €M xfs_growfs sy<MENXAHREHAN. TEHNRAISEXHRFENA/IM THER

AR FB{E, 5580 man 8 xfs_growfs THEEZED,

tux > sudo xfs growfs -d /mnt

BZRAU TGS, REERAXARFRIFERKR/ NS

tux > df -h

BRI A (df ) s EREERNE X\ ERRREUIANX 454 LRI ARIREL, -h HEDT
SUAATHHARNARIUVFIENAR/]N, 11K 234M 5 2G.

2.5 B Ext2. Ext3 8§ Extd XHERSEI AN

TEEEENTHNMNOKX, ZelLifFEA resize2fs sm<$I18A0 Ext2. Ext3 # Ext4 XHERS
AN BERLD Ext XERFZEHNAN, EEEEIH,

35

1.

2.

3.

A — M RiRERIS,
NRBE DX RFRNK), IFREHE.
ERTINE EZ —ERXHRFERIAR/:
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o BERXHRFEXRI RBARA /dev/sdal RNIKERNRATAKR/N, BRI
tux > sudo resize2fs /dev/sdal
MRKIEERNSE, KIRERINRZDEBIR.

o EERXHARRERNTEXND, BHEAN

tux > sudo resize2fs /dev/sdal SIZE

SIZE BHUEENNXGRGIBERIEFTIAN. MNRFIEEEMEBN, NANSEH
BARXHRFHIRAN. W LUERERNSHEEN LT EP—FEAisR
. s RRO12FTHEX; KK KIKB (1KBA1024FT) ; MRRMB; G &R
R GB,

FERBEA/NTTRBHSE.

. MRRENEXG RS, WIMEENE,
BZRAU TGS, REERAXARFRIFERR/ NS

tux > df -h

BRI A (df ) S EREERN SR ERRREIAKRX R4 LRI ARIREL, -h EDT
ZUAATPHARNARIUFIENAR/]Y, 401K 234M 5 2G.
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3 A UUID ENIKE

KRENAFER UUIDs (2RBM—RIRTF) MABIREZM (B9 /dev/sdal) RiIRFIX MG
R4118% . M SUSE Linux Enterprise Server 12 748, BRIATESISMEIERFXXHEH /etc/
fstab XA UUID,

3.1 BA udev UK A 1ZFAFF

M Linux A% 2.6 798, udev EAKAMIREHRRBAN, AhSH /dev BRIEHT —MA
FPZERA R, EAPERAKN—E D, ERAFNMEMBERLGERNSHIT udev,
FERA—MINFIRREH IHFEIREZBEHITILA, udev FMNERILHE (£ /etc/udev/
rules.d BRPENX) NFFEHEEIRERETRENZM, TILENRAIRFHIZLEE
FREZWf, udev TENENIZEENARREISE S, FoissXB X HRANHis
BRSNS MERIRIEE. BXRAMEA udev EXEBCSHFMBES, ESW Writing udev
Rules (http://reactivated.net/writing_udev_rules.html) # (48 udev $N) .
MohSHRIZIRERIZE T B —IE, udev X1 /dev/disk BRPLEIFEIEMZIGEHNK
AT SHEEMNZEE, ZBRH—FPK by-id. by-label. by-path # by-uuid FEZES

%,

Q x=: vuID R
P27 udev ZHMNEMIERF (0LVMZE md) HET4ERL UUID, BE(I1FRTE /dev/
disk #5IH,

3.2 THEUUID

UUID (2IKM—IRIRTT) BRTAXGRAN 128 i#F, EAMAANEMASZHEBEH—
B, ERERSEGESMNE (BOVEMFHN—ED) MEER. UUID &% A TFHE—1EiRid
3-8
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FRIERAMN “F8° RSB (FIE0 /dev/sdal) mJREERMNEERERRLKHITE
SIS8ER. B0, WNREIR (/) I8k /dev/sdal , MITEHERE SAN G EMBREMARS
&, RATRESBCENISIRS /dev/sdgl, ERERT, FERAEBHNBEFEEN /
etc/fstab X, BNRFERTLESIF.

BRI BN — N AR ES | SMERFNE I FIREN /etc/fstab XHHER UUID, XE
B% 12 hRLASK SUSE Linux Enterprise FRIZRIANIGE, UUID @XHRZAEN—NEY, NNREH
MICIRENEE, UUID RE N, NRABFERISEBA UUID, B—MEAAH A2 ID iR
FIRFIE &

A B LUK UUID AR S BUE M RAID 1EBEN, ZHEUZ RAID BY, md RpiEF=N
ZIgEER— UUID, HRZEMREE nd BIRA,

&BILATE /dev/disk/by-uuid BRHPHEUEMIRIGEF UUID, UUID TERGISATAIR:

tux > 1s -og /dev/disk/by-uuid/
Trwxrwxrwx 1 10 Dec 5 07:48 e014e482-1c2d-4d09-84ec-61b3aefde77a -> ../../sdal

3.3 HitfER

BXEA udev KEEGEINFMES, BBU (E1EER) ,F 245 " udev #ITEIE
RIZKEEE

BX udev MSHFHAEE, iE2 W man 7 udev,
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4 ATFRIREFIR(ENZ EERERF

ZRBREFE—MESN/SHNBEET, EELEERTE. —TEHRERIBERNE
MEvIEEIRIgE (BR) ®5, B—1TEREES, BHRITEEEEREEER (630, SSD
NER) -

SUSE Linux Enterprise Server NINfFi% & Shekt iz & NEBEREF LM REINART

==

Z. bcache # lvmcache,

4.1 —RgARNIE
DN EN BB REFIERINEER S BRI LN ARBHITT 7R
T2
BEERINER AN —MEEZ IS — MK,
HLRk
MIERIGE T ENRIRIZE.

g
ABEIEFRRIGE, ERZVEEZERNBIE, ZBEIAAEEINHESBREFRE LN
BIRRISET (BURTREE) o

BREFLE
INEIRIRIS F o

TR E
—MNEgE, BTIRRMLERTEREEFSH. MERZMD, URMHREEXNRERRIM
MiET. WESARAEBEREFRE L, EREREAILIEEERNEHITAENEE,
fan, EEENFEURSRES. tHiEREREREMEREFREEM.

AR
MRENHEEFEEENBEREFFHENGER, MZBEREFHRBRATICHITIR,
EAZREEREFTERESR, FESMOERIBILE.
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BIRETFR R
/0 BIFERZ M EBREFRENEREF, WRHNAEEKNE, WIERES
BohEH, AEREZTIR, XMAEEREFRGT,

BREEHT
N R AR IS & MR BB RAE, WA LRI MR E, XHRNERsE
e,

REREE
MREFREEE (8 BSBBEEREFRGTHNEBRET. TRITEBREFRIZENIE
EdiEH, REBREFPIETHE, MMENEBERER,

BREEEF
BREF T —EEHFBARISFEEREF I T RBEEREF.

4.2 TBIRZEFEI
THEZEBREFFEANELABREFED: 5. EE. “5ME5,

5o
SEANEBEREFRNBIERSENERER, FEIZRBIFCHIER, XZHIANERE
TR

HE
REEFENSTREENBEREFREZRE, RAEEREFRNENT Z7M. FESIEB
BEFR, FARERFTHRS.

K5
XPFEEBREFN—MRA, T, 5 1/0 REESE NKAMLEE, HEIBRE
7o XAILMEBREEFRTS I/0 MiEH, SBAGRFAAIERRE, Y, RRENHl
SNIHRAVREUERZIER “BREFARST , AMEENERASEMHFFIREXLE
HIE, BEAERBIER,

BHi&
BERAEERI, BRETFUNETFI. FRIBERESR, NFKENIEIISREMHRR
5o BIEKRRFEREIRLE, EEREFR KK . BEATEAEEREFRERAL
ZISHE—EE, MXZAIULEFD. BETRENTENHT, BREFHZHTIINR
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o WMRELUFETURILEREFN—EME, HETLUGEA invalidate_cblocks
BREIIXM—EE, NAIUEBREFREDATRERSH, BETRIESRHE R
o &, AILAEYREIFAIBIEREFEIZE, AEFBEREFRNE,

4.3 bcache

bcache B—1 Linux RIZIREBEREF. EATER—IMEZ I EEREEENZE (140

SSD) fEA— 1M EE MEERIFZHIERREBREF. bcache XFHEEMEM, ARMAX

HRGNAR, BINERT, ERBEREEFREIIZIRMEAN, XHBE SSD K5I, EiXEs
a1l RSHENSiRMEFRET,

43.1 FEINEE

o AILfEASNEREFIREREREFESHRENEFINE. TETHATLIEENSER
ENLERFREEIRS.

s FFEEXNEME - REABREFSRBRE—BETTHE No
* SSD HRZERRFIZZE SSD B E,
s BMMERIKELR. HHIEREZRAIFINFS Ho

o REME, AIEESHERER.

4.3.2 i%E bcacheig&®
EBNBIGEMNEIE bcache IEENTE,
1. 2% bcache-tools :

tux > sudo zypper in bcache-tools

2. tIRE&ERE (BEE—MMER) . EERETURBMEE. —MOXIEMAE
AR EIRIZ & o
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42

tux > sudo make-bcache -B /dev/sdb

3. IEBERERFIRE (BER—1 SSDHE)

tux > sudo make-bcache -C /dev/sdc

ARBIER T EVARBRA/NFIEEFRE A, 735079 512 BH 128 KBo SRA/NS/EFIR
FHBRXAN (BEN 5128 4k) i, EFRA/NNSEREFIREIEERIRA/NIT
e, UERLDENBARR. B0, NREARE 4k BEXBEEMER 2 MB #EERIRA/N
#9 SSD, Mtkas< RN TFR:

sudo make-bcache --block 4k --bucket 2M -C /dev/sdc

O =BT 2REXHE
make-bcache AIFAIESEHIEM SN EHFRES —MBREF RS, TXMER
T, MEEAEERBREFREFERIEERE:

tux > sudo make-bcache -B /dev/sda /dev/sdb -C /dev/sdc

4. bcache IE&EETH
/dev/bcacheN

gl

/dev/bcache/by-uuid/UUID
/dev/bcache/by-label/LABEL

SO UGB —1F IE BV ILFIZEN becache 1&%:

tux > sudo mkfs.ext4 /dev/bcache0d
tux > sudo mount /dev/bcache@ /mnt

f&m]LATE /sys/block/bcacheN/bcache @it sysfs 14l bcache &
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5. IMBREFKENEEHIREE, EERERIREEEIEXNBREFET EEHBR
1z

tux > echo CACHE SET UUID > /sys/block/bcache®/bcache/attach
Hrh, CACHE SET UUID ®J7E /sys/fs/bcache A$kE|,

6. BIABRT, bcache EREBEREFRI. BEMRIN, f0, BEXABER, 5

BT

tux > echo writeback > /sys/block/bcache@/bcache/cache mode

4.3.3 {EA sysfs B bcache itE

bcache €& FEH sysfs EORMBEHEHETNECEE, XF, EEATLUEN bcache FHIZ
FNBREFHEENTH, IEERERAFKITEF.

BX bcache sysfs SIITETIK, EEEF /usr/src/linux/Documentation/
bcache. txt XHMAZR, EEEF SYSFS - BACKING DEVICE. SYSFS - BACKING
DEVICE STATS #1 SYSFS - CACHE DEVICE B4,

4.4 1vmcache

lvmcache @HZIES (V) AMBIBREFEVS. EFEA dn-cache WZRER, ZFE
5 (BN MELE@REFER. lvmcache A ARIEER LV NEBHEIBEIS TR TR, &
MLV, MNiREE M. BX LM BSERER, B80E |1 29 “ZES (LWM)

LVM 3/ NBURIR LV FRAEBIRZE M Ve RBUEE LV #RAE Ve BT dm-cache IEK, LVM
H—PRBREFM LV DEIRFHEMEE: BREFNE LV MBREFTHE V. XBRELVE
HIBREIAREEBREFIUE LV H, LIREERE, BREFTHE L RECKER, XL
= IS E B IVEEALE,
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4.4.1 B2E Lvmcache
ETNBONEFNEEET LVM NEBEREFNTE,
1. SR LV, BUERST LV, SUEREIE LV fERE LV:

tux > sudo lvcreate -n ORIGIN LV -L 100G vg /dev/SLOW DEV

2. BIEEEREFIUE Vo Ik LV EREFREIR LV BVEIER, It LIV X NEEREFHIKR
0N, FIRENEBEREEF M LV BIK/N

tux > sudo lvcreate -n CACHE DATA LV -L 10G vg /dev/FAST

3. SIEEREFTTEE LV, I LV RREFEEREREF ISR, 1t LV AR/ BEREF R
1 LV K£9/)V 1000 15, HE/VKR/NA 8MB.

tux > sudo lvcreate -n CACHE METADATA LV -L 12M vg /dev/FAST

5 G B AT LEFr IR A% |

tux > sudo lvs -a vg

LV VG  Attr LSize Pool Origin
cache data lv vg -wi-a----- 10.00g

cache metadata lv vg -wi-a----- 12.00m

origin lv \Ys| -wi-a----- 100.00g

4, QIEBFEEFM Vo BEIE LV TR LV S —NBREFM LV, FNHERILUEE
BIREEM LV BT,
CACHE_POOL LV 5 CACHE DATA LV R%&.
CACHE DATA LV ZE#s&A CACHE DATA LV _cdata, FESEILR,
CACHE META LV E#&A CACHE DATA LV _cmeta, HESEELR,

tux > sudo lvconvert --type cache-pool \

--poolmetadata vg/cache metadata lv vg/cache data lv

tux > sudo lvs -a vg
LV VG  Attr LSize Pool Origin
cache data lv vg Cwi---C--- 10.00g
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[cache data lv cdata] vg Cwi------- 10.00g
[cache data lv cmeta] vg ewi------- 12.00m
origin lv Vg -wi-a----- 100.00g

5. QIEBRER LV, @I FBREFM LV 5EEIR LV REIEBRERE LV
BRPERNEBRERF VSR LWVER, RLVIEEHRERSZA ORIGIN LV _corig B9k
5 LVo
CachelV 5 ORIGIN LV E®&o
ORIGIN LV Ef&HN ORIGIN LV _corig, HEXREHEFK,

tux > sudo lvconvert --type cache --cachepool vg/cache data lv vg/origin lv

tux > sudo lvs -a vg

LV VG  Attr LSize Pool Origin

cache data lv vg Cwi---C--- 10.00g
[cache data 1lv cdatal] vg Cwi-ao---- 10.00g
[cache data lv _cmeta] vg ewi-ao---- 12.00m

origin_ lv vg Cwi-a-C--- 100.00g cache data 1lv

[origin lv corig]

[origin lv corig] vg -wi-ao---- 100.00g

4.4.2 EREREFM

B ZMERH LV BRETF.

4421 MEBERERF LV DEEEREFM LV

TR LUMBRET LV B SBEEF N LV B0ER, BT —TREANERERN LVH—1XK
BREFRR LV, RERRIEFENEREF BT RIZIE LV,

tux > sudo lvconvert --splitcache vg/origin lv
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4.42.2 EIFRHBREFMLVERERFREIELY

UTaL R ERERBUENBREFLERIZR LV, AREREREFH LY, BTRERE
FHYIR LV,

tux > sudo lvremove vg/cache data lv

WA LER MU T EA G NEBRET LV BT SEEREFMIER, FHEREREF:

tux > sudo lvconvert --uncache vg/origin lv

4423 ERFEL FMEBEREFM LY
ERBIRERF LV 2R ERRIE LV MPEE8REFAN LV,

tux > sudo lvremove vg/origin_ lv

4424 TEZEER

BJLI7E lvmcache FMB1 (man 7 lvmcache) H3%E|HF X lvmcache BWEZ M, Fla0sz
FIBREFEN. TRNTFZIES. BREFRE, IERNE LV FIRANBREFEE,
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5 LVWMECE

AENASEESEES (VM) WRIE, URSHEITSIER FTEHERIEANERT)
BEo YaST LVM ECERJLUBH YaST ERADXIEFTM. b XTERFHIEFMMIERI
B XHGZBT LVM B9 5 Xo

Warning: X\f&

£ LVM AJRe 1B IN—LEXPE, FIUNSEERR, XEXLIEBEN AZFHER. BIRY
[ERBRENG T, XM VM XERESH], BREFHIE. RAIETSEEHHNER
Tk

5.1 THIZIELEEES

VM XHES MRS (R, 72X, LUN) ziEEitn iR =<iE,. AAZEEEERER
NAIRERBERERENGED Kl BREBRT RN DR, AATEESITHRSH
BRI XLIREME, VM R T EETERESE (BAKVG) , WIRFE, AJUMPERZE
55 (LV), BRIFRAKLRIXLEZEEMASYIES X, SHAIUBS MR, XES MEETER
DHEF MR — V6o LVM UM S TR T — MR = BIIHHSR , MTRETS ALY
BOoXKELE. EReENANEBEETREND K.

Figure 5.1, “MEEHXS LM LEBMIBESEX () #Mlvm 28 (B) . E£EM, F—N &
A 3 MRS X (PART), BNPKIERT —1MRESR (MP), UERERFRILUARIEN. 7
A, BWINEE, —MES N2 MWESX, B—MHESH I MWEIX, EXTED
LVM £ (VG1HMVG2) . VG1E& DISK1HHMFHN7XH DISK2 FH—1PM 92X, VG2 E8E
DISK 2 FHERA Mo
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FIGURE 5.1: #3253 X 5 LVM

£ UM, AHIIESAMYIEHEZ D XIFAYIES (PV), fEFigures5.l, “UESXS VM By
HEP, EXTOAMEES (WW1ELWV4E) , BRERFATLUBITXBEKNRZESR (MP) REAXL
BiEE, FEEESZENARFT—ERTARXBR. ESNARFIH LV 1MLV 2 ZE/a
Ho

LVM IfgE:

o AR SREEHZ N IXEHN—TRARZEES.
c IRECESGE, HAATEARRE, AT ALV (fFlW /usr) .

o BEEA VM, AJUEEESITHRARRFIERE LV, EXFERZRULERIERI I HE
RBVEEMF,

o FAIEUED ST, WWATUGBIETYIEERD LEEEHHRER. MRXEYESAT
TRIEVHEE L, NrAEEREEaE (MM F RAIDO) o

o ERARIBINEA UEEESITHRAFHIIT BNED (LHEERSEE) -

Q) Note: LVvM F1 RAID
RE LVM t1375F 0/1/4/5/6 &5I89 RAID, {BEI{EM MD RAID (GEBME 75 “Hit
RAIDEZE" ) o AiE, LVM AJLLS RAID 0 #1 1 #5FefERA, EJ RAID 0 KMUTFBAELE
HEE (SMZERIGMHNEYIERIGE FHR) o 72 RAID 1 £t EEAR LVM 7] LERER
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wRERY, HerBEERI IR, EAESH RAID KN, FEEH—NEETH
BFREIEENEENRES, AEREMETIHRENENEERR. VM &8XMsT
PiEF, BERBERIT (BHNRESE) , ZTIFEFTAESILE

Warning: IBM Z: LVM R4 R4t

SISEAEFE LVM SU8R RAID PEBIth R T IS 2S5, MAATUS /boot BT &3k
AY3E LVM B3E RAID DX £, BMRFRKTLIESIF. LD KAIEINA/ N 500 MB, &
WX RS Extdo

BT XLETHEE, /A LVM RS FERNRA PC S/NEIRSH[RER. NEEHNEHIEIEES
(NEIEE. SRENIAFER) FEHEEK, I WM BEEA. EXHFEERATYIERE

WXHRS. B2, FicE, #H VM SEREANS XKEATRE.

TR LUER YaST P XEF EEFMMNVHMEL LM fEEXN R, BXEE LVM BIERMIF4H(E

£, B2NEHM LVM HOWTO (http://tldp.org/HOWTO/LVM-HOWTOQ/) 7

52 gIZE&d

LVM %48 (VG) &% Linux LVM 53 XLALRE|—MBIETEHMA, Ea]UMAR T ATEHF LIS H
BiES, AHHY Linux LVM 2 XA] IEMEEISAEMEE £, ErTLURIN S KB EERYT K
HEIR/N

BEABRME, ZHETFEAEAPK, EFANKE, FEEADK, TERZXFME VG
B, YaST =BzhFENNZXERELA 0x8E Linux LVM,

1. #Cnh YaST HFT A9 XiE,

2. MREFREEMEENESXKIRE, FHIT TEHEE. BXAT, BER (BEEmM) ,
BIE EROXERF ,%1017T “EFRATRDXER" . MREIBERRERAN
HENEFENSX, BT E,

Warning: k77 XHEE RS
B LUEREN R P XHEEIENYIES (PV), iR ZHME T EREIRERAAI
&2, WARRRIERAMNF S| SHHE,
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HTFRDKEETERARFIERARER, RLREZHNE SR ERit
&o

a. ZEASESDKNENER, BMRZEE LB DX,
b. EFASFERANDX, BRENH,

3. EEMERT, EFEEE
aMERFEI=IT A A LRI,

4, 1 "BEE TIWETA, BHEFANEHE,

AMEH
HABHY)

R R
4 MiB
AIAEE: HEAREIRE

wE R & K2 & R s #8
/dev/vdbl 3.33 GiB Extd 5K

dev/vdb2 3.33 GiB Ext4 53X
Idevivdb3 3.34 GiB Ext4 X wm-

SEVARN >

< Blx
« IR

HAh: 10.00 GiB FEERAN: 0.00B

EEh(H) BLH(C) [BEB) | F—H#N)

5. INTAIRENXEA:

a. FEESHEZ,

WMRELENOESSE, BiIGHEES SUSE Linux Enterprise Server XHFRFH
GERBE system,

b. VIR A/,
YRR A NE X B A PYRERA KN BHEPRFEHETEHZ RN
RAFALIERY, ERILAZE 1 KB 2 16 GB (2 UBEI) - BERULLEIREN 4 MB,
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£ LVM1 /1, 4 MBI AFHIRA LV AR 256 GB, RAENRLZHE LV &
% 65534 MX1E, SUSE Linux Enterprise Server J:TEﬁHE’\J LVM2 A= RHI47IE X S5
HEE, XTI ZASEMEEEMN 1/0 %8k, BRERE VM TRIRE,

@ mportant: YR A/
BNVG FARMREE B RRMMERIE A KIHERIZEETRIER,

c. TERIAYEEEIIRF, EEBERNIEA TR Linux WM DX, ARREH
e 1B hE FmEYIEETIR,

d. BEHE5EM.
AR L IMESHTIRF.

6. £ “BEE WL, BEH T, RIERSIIHTHEAH, ARBEEHETH.

1. ZREMEYIRERTEAEAN 7, AERESITHNRSEHFITH YaST nXiERF,
FREEEE > fFHiE > ViEinE. BEPILEBEBFLES.

ERDXER
BaE #4: /dev/DATA
~ M 5les15spltwd
N % eiﬁ;p o B0) FES() WEEP)
: "2; w& ~“RY F &\ %R
E\;}AID /devivdbl 3.33 GIB DATA h¥11B%
-0 oaEE /devivdb2 3.33 GIB DATA f§1B%&
T E) R DaTa il
| Bcache
£ NFs
Btrfs
vda2
isEER
ZERE
28
&L
#E(H) HIE(R) SERL(F)

FIGURE 5.2: 477 DATA HY%& A Ey4iRs
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53 gIZiZiES

EiEESRM— I TE, tTEhSEREHITENNE M. Eittk=ETA, FEEXEE
o PHREXMNTF—TEEDK - EAUHTRIVMHBEEANRS

£ YaST D XREFMIEEACIREES, BASTMEEAEVER—ZEE. ERIURES
BeIEMZES, BIEAPHNEIRATEEAT N, FJLOEREMEERE— LVM
ZiEE, UERANBHATATENEZEE (BXIFEAER, 5 sSection5.3.1, “HEELE
BRZHEE ) o

e ZiEE: (N RASUANEEHNTEL
o Eith: FIEEEMEMESEANTEM, EEr]URENENDEEIEN=ZIE,
o BE: ZESWEENRHRE. BEIRTMNEBDERENTIE,
e HiffE: IEMNEPESEXHBENERRK.
PROCEDURE 5.1: ig BiZ8%
1. ) YaST HITH D XiEF.
2. FEMERF, EFEEEE, AMERFPEISITAREGEHNTR.
3. ERETEHPRIRENSEA, ARREZES > HZES,

4, REENET, AREEFEEE BEXKEREEEENEXER, 155 HSection5.3.1,
REEEENZEE" ) o Bl T —IHE,
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72 DATA E#INZAEE

=4
EBe

LocaL

Esid)
o BElE

BEEE

FE(H)

5. EEENXINMELERZ PR

BRH(C)

mRE) [ T-5W)|

ERHEXEN, BESTMWEESZENREE NMRXEYESEEEAENERZE, U
BESIRERERE (5 RAID0EM) , ATAFXENSRABENNEENHE. A

B(1) ®RFMERZ T HEX S,

BIEZEE
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7£ DATA LAINZEE

R+
° §hRt(9.99 GiB)
O BEMRT

FH
ws RY
1~| 4kiB

FEIH) ERH(C)

mEe |[T-swm]

6. ERENAE. EEILLFRERRSEIPEEITHRIMNEENAIAME, XEERET—
NEERPENR, MRAFHWE, BEFERIEE CREIUL) o

£ DATA LiRINZEE

At
BIFRA

SR 1SV B

BE 3 e
EFIS|IF5HEK

o EHE (RHETHK)

BEI(H) BH(C)

=

tIEZEE
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7. FERIUGETTT, EERIUDX, ARERFRY, ETRENATERTXHR
4. BEAHEEENAIAME.
TEENETR, EERENDX, AREERER, B Fstab %01, AERIFHRENE
T

8. BHTTAko

9. BEHET—%, WIEREYIH TMEBVEDR, ARBEEHTTH.

53.1 f15FRIAEERIZES

LVM IZIEERIFEHITIREEE. BEEELESIERANBHITATENZES, LolEs
BXREATE MBHESKENEEFER) NEl, EE3WIENERS, HIRERE
MBI BR8], A LIRIBRESY A, ULIEEZ NSO . BEiRENET
XHFIRER (RILAGEA Snapper #1TEIE) — AXIFMAER, BEN (BiEEE) 718 B
iZ Snapper HITRAMENIREBEIE ,

B ERRBERENZES, BiRProcedure 5.1, “EEIZIEE" AR BIRME, ERELT
B, FERIFZES, MEBEFESHE M,

ER
EEEEMBHESERNTE ], EEr] UIRENE D EEEIIPIERN=E,

e
ZESWEBNERE, EERRFENENDEPIER=E,

@ 'mportant: B EPERENS
EFERBEPNBEELRES, FRENEMIESHATEENEERRPER, MitaE
BEMEBEMREAER— M TR LU EFEN.
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53.2 tIERGRE

AILRIRBEE S MNEERNEEE. VM SRERBEANREYESHVSIEREE TN ENYIES,
Eit, EMEXMIESES, ELehEEEE LHE. WM ESRE— M ESEXHRTE
ERED IR, BSFEsEXPEEXKEYRMEESHERTIIER. RIAERT, BEMHEE
EHME L, SRRAATH, SEFESHEETENEE L. A2, EAUANEEEE—TTE
MIE, flW, EEZKIERNE,

BRIFTLUERRMERNREER:. “EE” B (Fraid) $6g ZEEM raidl FESE.

BIERGEEERE, AIMNXESHITIRERE, FIIECE. ¥ RAMER.

53.2.1 1KERKIE raid IS

ZeIEREE, BEA Lvcreate &%, THEHRTRARKEEIE— 500 GB X/MEREH vgl BY
ZiEE, HREEmINEN vl B35 K.

tux > sudo lvcreate -L 500G -m 2 -n 1lv1 vgl

RIPEEE—MENS (T7ER) , AEEXEGRZN=1EIZN n EZTHEERENIT

o L ETHEEZEENAR.

BEERNDAIANERIAKNA 512 KB HXIF, NRFEARRANIXE, EER -R ETH
ERPRRENXIE AN (LU MB REMI) . &, AIUTE Lvm.conf XHHYRIE mirror_re-
gion_size JETURECE BIERIXIE AR/,

5.3.2.2 &E raidl BiE5E

FF LVM 3<#5 RAID, ER]LUEA RAIDL KK KR, Sk raid $RKAELL, XMLHEABLUT
s

° VM SABITHREMELEIF — N2 NARNUERX, KRS T HSELEES.
o ATV MIESR DRI REME, RAERElEMEH,
o [E5IA] LUAMEE IR,

e LVM RAID 1 SLhEs7 1R EE,
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BES—FHE, XHEBENREGRLEARITERESATCRSES,
EfEMA RAID IRERE, BRHUT®<:

tux > sudo lvcreate --type raidl -m 1 -L 1G -n lvl vgl
Hop gkl / S 8eE XU

° --type - EEIETE raidl, BSNZayFERRINSERSEE nirror HEIEIE raid 57
Bo

-m - FEERERAITER.

-L - IEEZBESHIARN.

-n - ERALLETHEEZEEHIZ T,

vgl - BEESEANEARNRT.

LVM FAMEFIFR S MRS Z— KB A/ NEES, MREERINRES, WM KH5
IR NE R T HEF TR,

Bl RAID ZiEE 5, BAUGERSERNEZEE—FERZE. BAUREHE TR, F
Fo

5.4 BohEyE3E root LVM &H4H

JER LVM BAEBBCEIT AR /etc/lvm/lvm. conf X#HAHHY auto activation vol-
ume_list S¥dzHl. BINERT, ZSHAT, RSN, SEEFRES. MRREBBEX
L5H, BRBMIEESISH, HAESHERBW, .

auto activation volume list = [ "vgl", "vg2/lvoll", "@tagl", "@*" 1
YNR7E auto activation volume list BEHABENTIIR, BEAELUTER:

1. BASRERTIRIOESNEES,

2. NRMEAFLE, NRFEFZEES.
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BRINBERT, £ Dracut EBEIRSAHN, IFIR LVM BARBEMEE. BAUERLSHERAE
BNAEEFBEEAH, HAUEEERNIFR LVM &4,

5.5 RABUWBEHAHRIK/

ERERYER B FE IE BB T A AR RINMIEE R BEARENTE, MASEIRS Fl, X
AR EERNEIAS, HiNSection 5.6, “JHEZIESN A/ REFRY KNG ERK
.

B LU IR YIRS R4/ VEA AN YaST Rairlis NaikERANYIES, BT R
YIREYRIEEER, BBT Y& $,. PE Ranges FIH5EMNSX WiEE) BI2ERT
oKX

tux > sudo pvs -0 vg name,lv name,pv name,seg pe ranges

root's password:

VG LV PV PE Ranges
/dev/sdal

DATA DEVEL /dev/sda5 /dev/sda5:0-3839

DATA /dev/sdab5

DATA LOCAL /dev/sdab /dev/sda6:0-2559

DATA /dev/sda7

DATA /dev/sdbl

DATA /dev/sdcl

1. #Cnh YaST HFT A2 XiE,
2. TEMERF, EFEEEE, ANERPEISITAIE AR,

3. EREFENNEA, BEVESRNR, AEREEN
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AEELH A /dev/IDATA
Al AIEE:

brictacliofita-H
&g R & £8 & R+ mE K5

/dev/vdbl 3.33 GiB DATA B0#E%
fdev/vdb2 3.33 GiB [% DATA WIHIEE:
fdev/vdb3 3.34 GiB DATA 2%

&Fm- |

2B

B

|« &E5l
A 0.00B FEERIAN: 9.99GIiB
Ed:ul(a)]

WHO || EEE)
4. PITUTIBZ—:

o &M BYREBAN), BR—HEMIEE (WM DKX) MABEYIEETIRE
HEIFmEIEE TR,
o B BRENEANK), TS MES (WM DX) MFmEYIEETIR
BE A BYIEETIR,
5. BTk

6. B T—%, WIEREIHE TAMBEVEDR, ARBEEHTTH.

5.6 FEEEEHIKR/)

MRESHEPEREAVAIATE, WERTLUEREZEEUIRMESAATE, EERILRKEERN
RWNED hEMEZIEE A R EARN TR ZIE,
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@ Note: “BX#Il” HEEX/

BDEHNARNEY, YaST ZENBEIREEEXHRFNA/N. HHEEANNERES

Py

BN (BMRRFEENRTS) BAEXNEURTFEX 4 ZSE, Btrfs. XFS. Ext3

Ext4 STFFEAAT B R4t

1X Btrfs XHFEAN48/ X R G, B48/)\ Ext2/3/4 X+ &4YE, TEFHEH,
XFS & UHE, BN XFS RIFFXERFLE )

1. &z YaST HFT A7 X2,
2. FEMERF, EFEEEE, AMERPEISITAREGEENTR.
3. EEFEFAREES, ARBHFER).

%L /dev/DATA/LOCAL A/

R~r
® BmARY (9.99 GiB)
B/\R<F (124.00 MiB)
BEXRT

WA\ 9.99 GIB
LUFIEMA: 36.02 MiB

FEIH) IH(C) BiEE) || FT—FN

4, ERATIERZ —IREFRFEA/N:
o BRKND. T REBEENANAEAESHPNFRERRZIE,
o K. RZEERIA/IVED BIBHEN X 4+ R TT EHERT & BRI/

HAK. M. G. TR KB. MB. GBF1TB ({540 20G)
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5. BEHAE,

6. BEHT—%, REFSBIIHTENR, ARRETH.

5.7 MIFFEHEEES

() wamning: #tiE =%
irESERETHEHS T HAS XPHRELHIE. HifZESamFiZzE LEFNREH
=

1. #Enh YaST HFT A XiE.
2. TEMERF, EFEEEE, ANERPEISITAIE AR,
3. EERERGNEARTIES, AEBEHHER.

4. RIFERNER, RAZIBETRESIEE, BEHEURIANIEE,

5. BET—%, RESSFIHTRENEER (BABFAERTHR) , ARRETH.

5.8 {FH LVM &<

B VM SONES, BERTRIFMENSSNTHRT. FEHSHBERE root 12
PR BT, M sudo COMMAND (RBGRFILEAT) , REEMHELL root SHITXEE

LVM 8%

pvcreate &%
e (B1g0 /dev/sdbl) , £ LVM RIEMIES, MNREENSE LBEEAXGR
%, BHIES, FicHE, XHEERE blkid B (BAIAERE) , pvcreate I=iE
MEXH RS, R blkid AoJAH, pvcreate Fe4MEMAES, FLEATRESELX
XGRFANEREEAES,
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pvdisplay i&#&

£ LVMYNESEEXER, IS ERSEEEZEEPER,
vgcreate -c y VG NAME DEV1 [DEV2...]
RS MEERIRECIEEEEA,
vgcreate --activationmode ACTIVATION MODE VG NAME
FEESHBER. ATLUEE MlEZ—:
* complete - REEEUERRMRKRYIESTMNEIES, BMERENEESEBEAITX
MR AL,
* degraded - BUIABVEUEIRTL. MNRAE BB TTREFKEBEXE NEES, NEMERR
DRELEYNRES, WEEREZEES.
e partial - EMFERR/DELEMES, WM 22 RXBEEH, IRENEAREES
ROEENYNIES, WBELEHEZEES, HEReEAERERHITAIE,
vgchange -a [ey|n] #&E4BZ7
BUE (-a ey) HfEA (-a n) EAREZBEENEN/ .
AUEBEPHNENER, ESHAER ey &, LETERIAEREHZRPFER,

vgremove &0 FR
Miks&EH, BEERLS < ZaMREES, AEERAEA,

vgdisplay #4H&7R
EREESAHANEXRER,
BT REANYIEXIEEA/N, BRI

tux > vgdisplay VG NAME | grep "Total PE"

lvcreate -L SIZE -n LV NAME VG NAME
BIZRBIEEXNNIIEIES,

lvcreate -L SIZE --thinpool POOL NAME VG NAME
BETFEH V6 NAVME SIZEBIEEA/NREM myPool,
TERNRAISMELS LOCAL BIEK/INA 5 GB HIEH:

tux > sudo lvcreate -L 5G --thinpool myPool LOCAL
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lvcreate -T VG NAME/POOL NAME -V SIZE -n LV NAME
£ POOL NAME HhelEEiZiES, TEHNRGISMEL LOCAL a9 myPool B
27 myThinl B9 1GB E%:

tux > sudo lvcreate -T LOCAL/myPool -V 1G -n myThinl

lvcreate -T VG NAME/POOL NAME -V SIZE -L SIZE -n LV_NAME
ERTLOEE — 5 an < [F AT QA IZ AR 5 |

tux > sudo lvcreate -T LOCAL/myPool -V 1G -L 5G -n myThinl

lvcreate --activationmode ACTIVATION MODE LV NAME
FCEEESHEIRI. PILUEE FlEZ—:
e complete - (NHZESHNMEYNESHA TEIREN A BERUEZEES,
e degraded - BRARVAUEIRTL. WIRBEBNUREANRBERETZES, NEMER
DRSS, MBI ZEES.
e partial - BMERR/DELYIESE, IVM EESZRAES. NMREESE 00
A, ERALLETR R SEEIEERKR, BENMEALLEDT, BEmEEIER, ©rlEE
=8H.
SR LUBETE /etc/lvm/lvm. conf H3EE activation mode FEEIRMAY EiREZ
—, FIEEBERT.
lvcreate -s [-L SIZE] -n SNAP VOLUME SOURCE VOLUME PATH VG NAME
BIRIEEIZEENRES. MRKREEX/IET (-L 5 --size) , NREBSHKEIER
IR,
lvremove /dev/VG NAME/LV NAME

BFFZES,
FERLE<Z A, ELMFER umount SHLTHEZESIEHEXH.

lvremove SNAP VOLUME PATH
HERIRIE S

lvconvert --merge SNAP VOLUME PATH
RZEER R IRERRIAR S,
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vgextend VG NAME DEVICE
RKieErigsE (WEE) HNEIMEEH,

vgreduce VG NAME DEVICE
MILE ESHPRIFFEE YIRS,
RIRYIES SFIRRIZESEM, WRETERAF, WLIHER pvmove siLREIEEE
S—MEE,

lvextend -L SIZE /dev/VG NAME/LV NAME
T RIEEZEENKRN. BEE, EEBIENMT KX GRFUTTHF BT T8,
BXEFMES, BENE2E “FAEXGREZAN
lvreduce -L SIZE /dev/VG NAME/LV NAME
BEEZEERIR.
TERINEZE, BRRERDXERANAN, SNAERERNE. BX¥AEE, 5
SNE2E “WEXHRAKI o
lvrename /dev/VG NAME/LV NAME /dev/VG NAME/NEW LV NAME
RIE LVM ZiEE, HEFASENREHR

©) Tip: BlEEERLLE udev
NREREA LVM AR udev MINRERE LV IGET ST S5EE, AIUERTYAEZE
Z—3REIE udev ZHEH:

* 7£ /etc/lvm/lvm.conf #HfZE activation/udev rules = 0 1 acti-
vation/udev sync = 0,
BAR, &5 lvcreate m<18E - -nodevsync IR S5IRE activa-

tion/udev sync = 0 #H[E; HFHIKE activation/udev rules = 0,
° KEMIETE DM DISABLE UDEV:
export DM DISABLE UDEV=1

XEFMEE I udev X HEH. LtkIh, /etc/lvm/lvm.conf HFFRE udev HXIE
BERBw R,
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58.1 Hm<TPEEEEX/N

lvresize. lvextend #1 lvreduce Sp<ATFEBEEEKR]. BXREENMETEE, &
BN HITHFEMR. EYE LY, VG _EXNE BBHNEIARDETIE.

BIER YaST DX RIG A4/ NEHES. £ YaST B, EHXGRFENA/IMESABLNZI#
TEhAE,

LV aJ AEBRAPRE T HITFE AT 4E)y, ERE LMXGRAT M2 AR, I BRKE
LV A= EMEREPXGRANK N FBEEHAEREMBIEANGRT,. BXARXHZR
FZARNNER, BENE LS FEXHRGAN

FapiEEE LV K/NBY, I5HfREER EMRVIREA

o MR RIZEE, WAITEREEAXGREZAT REES,
o WNIRGNEEE, WA ELSE NEEEZ % NXHERT.
T REEENAN.
1. fTA—T&IRERIG,

2. NRZIEBEES Ext2 3 Extd XHFRS, NAISERANIER, BREHNT. WREEER
REPAML (B30 Xen VM) FHEERXHZRSE, BHRXHZ VM,

3. ERIRITHI BT, WAL TS LUEMNZEE A/

tux > sudo lvextend -L +SIZE /dev/VG _NAME/LV_ NAME

XF SIZE, BIEEEMNFEEENTESE, 51801068, & /
dev/VG NAME/LV NAME #7838 E/ Linux B&84E, 5130 /dev/LOCAL/DATA, i
.

tux > sudo lvextend -L +10GB /dev/vgl/vl
4. FEXGRANKD. BXRFAER, BENE 25 “AEXGRZAN o

5. IRMTTXHZRG, BREEREN.

Bgn, ¥EE (BEENFHREGE) Btrfs B9 LVH A 10GB:
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tux > sudo lvextend -L +10G /dev/LOCAL/DATA
tux > sudo btrfs filesystem resize +10G /dev/LOCAL/DATA

BH/NEERIA), IBHRITUTRE:

1. fTA—&iRERIS.

2. MRZBIEEFES Btrfs XF RS, BREHT. MREEEHAEMIL (190 Xen VM)
ENXHRS, BAXAZ VM, HEE, T8 XFS XHRFEHEREERM DR/,

3. EEXMGRZGAND. BXREFHMER, BERE 2E "HEXXHFRZXN o
4, ERIHEHQRTAR, WA TGS LR ZEENRNE NG RGEBAN:

tux > sudo lvreduce /dev/VG NAME/LV NAME

5. MRHMFTXHZRGE, BRHEEHREN.

5lan, J&5E Btrfs B9 LV 48 5GB:

tux > sudo btrfs filesystem resize -size 5G /dev/LOCAL/DATA
sudo lvreduce /dev/LOCAL/DATA

@ Tip: EA—Fn T ABEMIXHRARIKR/N
M SUSE Linux Enterprise Server 12 SP1 /%4, 1lvextend. lvresize # lvre-
duce XZ#f --resizefs &M, ZAMANAIAERENK ), MEXRERBXGRS
AN Eitt, EEFRE Lvextend 1 lvreduce TR A AR

tux > sudo lvextend --resizefs -L +10G /dev/LOCAL/DATA
tux > sudo lvreduce --resizefs -L -5G /dev/LOCAL/DATA

BEE, UTXHRSSIF --resizefs: ext2/3/4. Btrfs 1 XFS. BRTZAETE SUSE
Linux Enterprise Server L{EItbiEINIAZE Btrfs B9AK/)N, FEA Ehss RIEZILIET,
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5.8.2 & lvmetad ShACE LVM TTE

REBS LM sn S EPRE AW BB EFERANEE RS LAY LVM THUE, X a1 LVM i
it, WREESRATA, W LVMBITHRBARPOFEYEERIRE, TEATSHENRS
B, XEBREWN /0 ##F. MRBET AW, LVM 3L alaeBESF RN LA LB,

Eid lvmetad shACE LVM se#dBERIRRLLRIE, lvmetad SFFREFBEIESRIZERS
BRI S CETHBEER, REVHEFENTEE, XEEM4ET udev MNE Lvmetad &
5. MRTFIFIERREIT, U VM SMEBHRITHARE,

RINBER TBALET, MRZEMEEENARFALEEZA, THRITUTRERBRTE:

1. fTA—MRIRERI&,

2. =1k lvmetad FIFIER:
tux > sudo systemctl stop lvm2-lvmetad

3. 4wig /etc/lvm/lvm.conf H¥F use lvmetad REH 1:
use lvmetad =

4. EFE) lvmetad SFHPIER:

tux > sudo systemctl start lvm2-lvmetad

o Important:

R lvmetad SFFIEFIETEIETT, MTEHIT pvscan --cache device @<Hf, R
KNA /etc/lvm/lvm. conf XHHH filter = 8B, BLIEIRE, BAER the
global filter = i&&. WM AITALETIERBENIEE, KRR mXLE
&

EREHRYINITA, 15817 Llvmconfig -1 | grep global filter compat &
%, MNRERETR global filter compat EWFERIEEN 0, NMEMALRTT
Ho MRBIZAMAFEHIKEN 1, WITHFREFRE,
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5.8.3 f£MH LVM BREFE

LVM XHHEREERRIZE (FI90 SSD k&) (FARREAERRENELHNESTERET. %
BREFEHEREFERNESTE LV KIESAR SR LV B4,

BIRE VM BREF, FEEREFRELBRMNEESE. RANEATEREEFELS, B
NERTHEFBREETHE. M MEERTRAEEAENE—ITEH, SIEXESS,

FEFHRMDBRERMN, FRIZUERTIRGE:

PROCEDURE 5.2: i& Eif8iREFIZIEE
1. FIERIKE LOIRBEREE WREAEFE) o

2. BEE (NRZEIRE) ARG ERBHE—EE, AREYES L6/ZBRER
TS,

3. SIBEREFTHIES. RENANNABREFHRIFEEA/G 1/1000, &/NA/NA8
MB.

4. BEREFHIEENMTHIEEHGN—TBREFLE!

tux > sudo lvconvert --type cache-pool --poolmetadata VOLUME GROUP/
METADATA VOLUME VOLUME_GROUP/CACHING VOLUME

5. FEREFHEREIRIGE:

tux > sudo lvconvert --type cache --cachepool VOLUME GROUP/
CACHING VOLUME VOLUME GROUP/ORIGINAL VOLUME

BX LVM BREFIFMES, 1BEMW lvmcache(7) FHT,

5.9 #rig LVM2 fEERIR

RICBR LR BF RIS RAEEN RITEIENARIE, ERMRICIHEER LIRABZINNERNA
VBT FRIARIEFIRMNEI LVM BN RcEdE, MM EENRESHTHE,
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5.9.1 f{£HR LVM217id
R VM2 fEE KRG, RAILAESR <R EEAARICHKRTTR L TES:
o RIFEHTIERICIEFEZLIER LVM R,
o EREEXFHRIRE, ERIERS S LEMESANIZES.
o BIEBLHIEENIS, BEEREETRIRE.
A LERREABERR U TR E A& L1T VM HRESE !
* WRIIFE
o BPNR, REMFICH REIEITHR

Bal, EEMUERAZIFRNRBIERAINS. TEREXER, JIRTHNEERTERE
AHFEE B REMRES T BT ENE — M EHIRER,
NERETEXRA[EAHBIMUE, MAIERCHEM LD (@) F5F, b emy-
tag., AHEHMUBERESER ‘@ mIRIFAHERN,

5.9.2 €& LVM2 frigBIEX
% LVM fERAFIER, U TER:

RIFNFRT
LVM #RiZERIEAR B E ASCH KREFRF AR Z. /NEFFaFlz. HF0F 9. T
(). IS (+). EEF () 9= () BIRRELEERFR. RAKERN 128 MER.

SEREENR
A LAARIE LVM2 ¥38%. B4, ZEENESEEIER. PVINCHEEFEEEANTHE
o MFFESAERIERA L AVIEEHRIIRIC, RIEREEIRIC, (BRIRIRAI LTI,
LVM1 M RABEFRIE, FENHEERIAFFILEINEE.

5.9.3 @ 1TIRIcIEE

- -addtag #ridE 8
BAne A mnE (84r12) VM2 fEER R, Rl
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tux > sudo vgchange --addtag @dbl vgl

--deltag 17258
BiFR (BREUEIRIZ) LVM2 (XN RABIRIS. o).

tux > sudo vgchange --deltag @dbl vgl

--tag 1RIEfER
EE AT EREERANEATIRIZEERNITIC.
INREHIRIC SIRABIITTCE, WRMAUTHSRENE (RF) -

tux > sudo lvchange -ay --tag @dbl vgl/vol2

59.4 EBEXHEE
USRS T HEBOIRAIRE,

59.4.1 7 lvm.conf XEHEHAENBZRE

B TEAREARMNEl /etc/lvm/lvm. conf X, UBBAEMNL /etc/lvm/lvm <HOST-
NAME>. conf XA EME X ENAFIC,
tags {

# Enable hostname tags

hosttags = 1
}

SISECERIEE T EN LR /etc/Tvm/lvm <HOSTNAME>. conf X&H, FBM Sec-
tion 5.9.4.3, “EXEE" o

5.9.4.2 1£ lvm.conf XA FEHNRAE XIFIE

tags {
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tagl { }
# Tag does not require a match to be set.

tag2 {
# If no exact match, tag is not set.
host list = [ "hostnamel", "hostname2" ]

5.9.4.3 TENXECE
BRI LUMERR /etc/lvm/lvm. conf X4, LURIEIRICECE LVM 2185,
EXAgERET, FUATRERNEISHH:

activation {

volume list = [ "vgl/lvol0", "@database" 1]

}
RERc B @database, £A "@*" RIBEN LIGENEFARICLELEARIC,
Rt S LA EAMNZESNTHIBEFIRER VGNAME . VGNAME/LVNAME S @ TAG, R
BHUERICILERRY, AREEANTESE, RIANBERT, WRALENASEHE,
WE volume list A%FE, BENEEBEXIRE, WREFVWRESTEIBERIC LA, 7
SECEELAFTES,
YR volume list BENXEAT, HEFN EREXFEAIRE, WASHEE.
WREKE X volume_list, MAR=HEMNEM LV BCERS (RFFAERR)

59.44 #EZTEVBEEXGFHRENXEE

7£ lvm.conf X ERAENINCE, ERIEFEVEEXXH (/etc/lvm/
lvm <HOST TAG>.conf) ERBIERE, Flg0, — M BRSERE /etc/lvm/ BRHEHEN
BoE X5

lvm.conf
lvm _<HOST TAG>.conf
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BEhBY, =3EE /etc/lvm/lvm. conf X, HAEZXHFHHEMFIFCIZRE. WREXT
FEEENIFIE, EEHMERXM /etc/lvm/lvm <HOST TAG>.conf Xff, EEIFEEEX
BB, BEEREVIFIEXE, AGEER lvn.conf X, HEKREIE—ITE BT
FLEHER, £ lvm_<HOST TAG>.conf XHH, EASMgINCIRFERIIRE, XEFEA]
M REFISEFICHXH. FVARIEXHHRIRERNITCE AL ZNINYEDE X4,

5.9.5 FricATEETHERFEIES
EeILUBIR7E /etc/lvm/lvm. conf XHH/ZA hostname tags ETURIGEE £ EHN B
EiEEl. RERXHRTEETNE—AITEN L, UERILFIRE,

1. EXAYRIESET, KLLTAREARME /etc/lvm/lvm. conf XHH:

tags {
hostname tags = 1

}

2. BXHERIZIBSETHIPTE EN L
3. MBEEREMITENL, 3§ dbl FINERECE vgl/lvol2 Bt EHTIRSF:

tux > sudo lvchange --addtag @dbl vgl/lvol2
4. 71 dbl ARSSE L, WMAUTABLAEE:

tux > sudo lvchange -ay vgl/vol2

59.6 ERAFCAUEBSETEEEN LNEA
AESPHTBIRT T R FESHFR:

o ICHCEAIEREA dbl A db2 ER9EA vgl.

o ACHEXHARS BRI Fs1 LB vg2.

o RUIEXHIRS[/BEMEN fsbl EREETMELR, EXNERTESZUMHERSZEE
N fsl ZEHH,
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5.9.6.1 &M 1: ERUEEMENEFSEEES
EUTRRAERS, EIMREXHEHESEENH,

1. ¥ @database tRCHMEIBA vgl HTEIEP. FLIHEHE L, WA
tux > sudo vgchange --addtag @database vgl

2. ¥ @fileserver tREHAMEIELE vo2 iR, EXRIFTHIE L, WA
tux > sudo vgchange --addtag @fileserver vg2

3. EXARIEEEFR, AUTARBER /etc/lvm/lvm. conf X, LUENX @data-

base. @fileserver #] @fileserverbackup #xig.

tags {
database {
host list = [ "dbl", "db2" ]
}
fileserver {
host list = [ "fs1" ]
}

fileserverbackup {
host list = [ "fsbl" ]

activation {
# Activate only if host has a tag that matches a metadata tag
volume list = [ "@*" ]

4. BEHEH /etc/lvm/lvm. conf XHEFEIMEENF: dbl. db2. fsl
fsbl,

5. NRXHARSZS I ENEIMHE, WEKHEHEEAT R ERMALTHLEIAE fsbl
LERB5h vg2:

tux > sudo vgchange --addtag @fileserverbackup vg2
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tux > sudo vgchange -ay vg2

5.9.6.2 &I 2: AV EIEMECE

TEUTRRAAREF, 868 FNERMREFEREMLLFINENES,

1. ¥ @database #RIZHFMEIEA vgl BTEiEd. ELRIREHELE, BA
tux > sudo vgchange --addtag @database vgl

2. %% @fileserver #RIZHMEIEA vg2 HTEHIEFR. ELIHEHIELE, BA
tux > sudo vgchange --addtag @fileserver vg2

3. 7 /etc/lvm/lvm.conf XHEFHEAEVNARC:

a. EXAZRiEsEd, ALUTAREENR /etc/lvm/lvm. conf X, LUBRAENIRC
Ao & X5

tags {
hosttags = 1
}

b. MBS /etc/lvm/lvm. conf XHFEFIFIW™EENLE: dbl. db2. fs1 M
fsbl,

4. TEN dbl £, BIBEIEEEAN dbl BBUEERENH. EXAIESRT, S /etc/
lvm/lvm_dbl.conf X&FHRMEL T

activation {
volume list = [ "@database" ]

}

5. EEMN db2 £, BIEFIBEZN db2 FBIEERENH. EXARIERT, S /etc/
lvm/lvm_db2.conf XHHARMULTRES:

activation {

volume list = [ "@database" ]
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76

}

6. EEM sl £, SIEXHARSIREIN fsl NEEREN S, EXAHFERT, CIE /

etc/lvm/lvm _fsl.conf XHFHRMLLTHES:

activation {
volume list = [ "@fileserver" ]

}

7. MRX RS BFEN sl LR, BEREANXMRSSEEMN fsbl (AR 2!

a. EEM fsbl £, QIEEN fsbl RUBUEREX M. EXAYRIESET, I /

etc/lvm/lvm_fsbl.conf XHHARMULTRE:

activation {
volume list = [ "@fileserver" ]

}
b. ERipizHE L, MAUTGHLZ—!

tux > sudo vgchange -ay vg2
tux > sudo vgchange -ay @fileserver
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6 LVM &IRER

EIEEEES (VM) ZEERBE—MEANEFIEAR, EcEiZNEEHIERNENR, UE
ENEF—PMRUITENEEN, FHITRBIGRPVEEFZIRBE. XiF, FrIREEEN
Btal mElZds, BEEIRIBREMERALL,

6.1 THREEIRIR

XHRFRBEEE X B BSNTHEUAREERRREEIREESHHRIER, BIRR
RN, BRBRIEFRKFEZEENIE R, FEEMNENEREMESENES ESLIRY
iz

O ==: ERERBEANS
EIRBEMHAA, BIITRENRRE, ARABEREANERREZES,

LVM BREAIATFMX GRS B RAE IR S0, REBEANEZHXAREN, HEIE
REMERALLE, ERIUMRBED XGRS, MEASNAISSHAFER. RESVEESE
SHEXB—ETRE, ENESKREEEHEIRIE. RBERSHNERRAERIBHIER
FREBIER EBARTEITRN, SRIBEPFIRBRRIBN, EEFFIEE0E, AR
TERRIRPEFRIEIE, MERFREZEE LEESRENHRIE, REXNERIER,

BBEREBANY, FEERREZEEPEELNRIEE, UNEREREANNE, EHRES
PENZREIEFRUTRARMR: KREEEEHA. HHRERREVESE, LUREREEMHA
PR E AR BUEIR S, RIBECIRETEEREAR N MR LW, NEIZE—ISRGE
BER 10% BIRERS, WMREFVERERRERR, KREBEESTHETRBIEDEL—

X, MREBHBAEEDVABIS T HRRZEBENSTEM L OTFSN=E, HpaERTHEFRE
SHIRX TR, MRBUEER AR AME MR A ERAE B, WHEEN=ERD,

£ LVM2 F, REBEGANR/ G, BERFEIES ANREN, ZREFIIMRBRPIIRAER, =
MERFEZEEDES, ERIUEHRES, HEIERRBIESNRBERMANAENR, &
BILUET EIEIRIR. AFRIRER, AREWREIRREES, BMEFEN.

TERE Guest IFIRHR, ERILUERRIRINEER TERS [V E IR LVM ZAEE, malE
YIERRSS 88 £ —#%

L T HREIRE SLES 15 SP2
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FEEINENIRES, ERLUERRBIASRE B BTG, S EMsE ()
MATEAMEFRTER) HITHER, MABEBCEREES, EIWIATIE LVM BI85 m
HigtzEn, UREmEREr, CRLEEE LVMBES, ST Rl R ks
EWIBME; AT LUETR LVM SBIRS MRS, LIS EIN IS TS NRIE,

M SLES 11 SP3 FF#4, LVM BIBEIRIEAE USRS, MEENEREEIEEANIRE, Nk
BERE. RNESNREERENERERSE, RREEME S AR EEHE
Fo EEILURTHEES. RS, BHEs. £hE, EETLRENRE,

O == pEhERENS

%Eﬁ%ﬁ%ﬂlﬂrﬁﬂﬁﬂﬁ’ﬁéﬁ” KFEHEMARBUTERTBFERTRPER, XA
BRERBER—IT R LRI SRR,

HATRRGE, —EEREMRFFRER. EERFZEE LHIERIVTEEDN, REBARKT
EIE#H, HANMSATRERRS, SHETAENMRIKREES,

MREN—PHKREZEELESNRIR, EEFRECIZRRZA, BABBRRIBIRE,

6.2 {EH LVM €% Linux [REE

Al LUERIZIESEIESE (LVM) BIZEX MR AR,
IALmEERIE, ARBAN

tux > sudo lvcreate -s [-L <size>] -n SNAP_VOLUME SOURCE VOLUME PATH

WMRFIBEKR], REZCIBNEIRE,
flan:

tux > sudo lvcreate -s -L 1G -n linux0l-snap /dev/lvm/linux01

IREBEWOIZESN /dev/lvm/linux01-snap Ho

6.3 AR

AL EERIE, ARBA
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tux > sudo lvdisplay SNAP VOLUME

fBugn:

tux > sudo lvdisplay /dev/vg0l/1linux@1-snap

--- Logical volume ---

LV Name /dev/lvm/1linux01
VG Name vgol
LV UUID

LV Write Access
LV snapshot status

QHVJIYh-PR3s-A4SG-s4Aa-MyWN-Ra7a-HL47KL

read/write

active destination for /dev/lvm/linux01

LV Status available
# open 0

LV Size 80.00 GB
Current LE 1024
COw-table size 8.00 GB
COw-table LE 512
Allocated to snapshot 30%
Snapshot chunk size 8.00 KB
Segments 1
Allocation inherit
Read ahead sectors 0

Block device 254:5

6.4 MIFR Linux [RE&

FIAKIRER S, ARBA

tux > sudo lvremove SNAP VOLUME PATH

fBgn:

tux > sudo lvremove /dev/lvmvg/linux01-snap
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6.5 TEREHAEM _EEREIMLRYIRAR

NERFE LVM ZIEEAMEIMNNEHMET, JLULRAREMEBEEMIGSE, fINERELE
IEER. BIRREBMEMEIE. EoILEEE LM B1EE, HEERMCUE R REER
PR ; WRAILIEIR LVM BIESMAYIEHE, WEREMABUGEHITE NI, &L
£ LVM 245 L IZ IR, AR LVM 1RER,

& 8] A FRIRERAVIE/ S ThRE QR I RESER, HIEX L SEF A B 45 E AL SEFIAYIR
BB, TR LTE LM B1E5 LR EINEEMER. SIERIFIZIESE Y IREE USRI E BRI
KHIRIRIR, XA LISIERRIFEZEEMN S — MR, FHESOZIRER UBS R B EIALE G,
FEIEIASE GBI AR 2 $E S MG —EMEEERRIZES L.

£ Guest IR, 1SR AT LAFIFAIRIBAYIE/ SR E EINEE A, I EMERSFA
K. TRIZEEMEHN LVM HHIRE, ZAETEREBAUBSITEM. REZESERFAE, Xt
MBHFEESIENIRE, AT MEIEIWIMGHRRIZES, EEEXARMI, ARG
MEKRIZIELERERIRE, EEEHAR, BFEMCIRIRE. EHIRE, AETEREMREG LS
B TNEE AL

THIFEFFE BB BN R MR Xen BREIETER, 3F7E SUSE Linux Enterprise ¥ & £
EITHNEHMBREIRERR (B0 KVM) , ERLUERAT R, BEMNRBEDEITXS
BRI, EEIT YIS E:

1. HIRERNBEXHEEMNGRIRRIZIES, flilEgk=xs /var/lib/xen/
images/<IMAGE NAME> ZEN,

2. SIREA BB ERMEFIHAESB LVM ZAEEIRIE,
tux > sudo lvcreate -s -L 20G -n myvm-snap /dev/lvmvg/myvm
MRTEER), REZSIBNEIRIR,

3. SIBRER, ATENRES,
tux > sudo mkdir -p /mnt/xen/vm/myvm-snap

4. EFREIBMRERENREE,

tux > sudo mount -t auto /dev/lvmvg/myvm-snap /mnt/xen/vm/myvm-snap
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5. EXAgRERT, EFKREEMVBNEEXY, BEIismZENREE X HE B G
MERIR, REEEXHE, 530 /etc/xen/myvm-snap.cfg,

6. EREIMBEENRIREBEIEML.

tux > sudo xm create -c /etc/xen/myvm-snap.cfg

7. (FIE) RRRRER, ARERREZEESERRERXNEMIRE,

tux > sudo umount /mnt/xenvms/myvm-snap
tux > sudo lvremove -f /dev/lvmvg/mylvm-snap

8. (FI%) RIEFEEEIIEF.

KIFZHEEEH IR REN[EIRES

6.6 ¥
RIBPIRTS

NREFERE LHBRIERIRIERELFVRE, RERAE #%Eﬁoﬂw MRAEER
KR, IRRABLREHIALLKEILLE, SEHELNEN, EAIEFEETULER,.

SR LAEHA Lvconvert --merge fpiREXS LVM BEEEMNEN, SHIZRWTAIRALA:

II\\

o MRFRZEEMIRBEIIRITH, SHFEILEIFIE,

o MRFRZEERRBEESTH, SHRERREEEHRBESE RSB XHF
FHi8,

o WIRFKIFZBEAREEXE (PIIIRXHRYE) , RASHIREI T —XIRSB[ESISHIE
FRZESNIHERSH.

o MRFRZEEESEIMTIRG, BRI RAEM, FRAKREZEENRRE (En2
FRRITXEE) , ARAKHEHHBC, RARFEEESBEMEN, MEASHTTK
RMERRIES, FRIUAESHTMZANBZIERIEM . SGHTRZE, EALER
HYIZEEE A T eI Lo

BHFBZE, RARERSBERMZEHREEH, HEIGHTM. T&HEE, TENK
RIZEE IR,
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GHHE, RAFANKRZEEIZNHNENREREAMEBERZEESHIORE, ELLAR
RESSIRIEBMIHRERE, MEINEIZREN—1F, FUFEGHTM.

BHTME, KREZEERESSEEBRBIERNGE, NLaHFIaENEIENERE
o ERRIZEESLA T RKFZEENBR. REBEHRSH UUID. RASBMEMENKIFRZIE
%, HERRES,

82

1. FTAKIRESS, ARBA

tux > sudo lvconvert --merge [-b] [-i SECONDS]
[SNAP_VOLUME PATHI...snapN]|@VOLUME TAG]

TR RS LIT EEE—SE MR, WalLERBERESRERFIE S M RRZES, A
EESLITLEIERE @<VOLUME TAG>, #ri2EMIEMRESZEHEIHEZBRKFZES
B, BXIFEEEENIEXER, ESNSection 5.9, “Irid VM2 HEFH ST o

IR ELEE!

-b,
--background

EESEPRITFIPER, XETUHTEH S MEENIRE,
-i,
--interval < SECONDS >

HEIERIEFRELUE DR S HE, faERVIBIRRIATD S 8B,

BEXUmSHIFEMAEE, 12 lvconvert(8) man TiH,
fi4n:

tux > sudo lvconvert --merge /dev/lvmvg/linux01l-snap
& <$¥ /dev/1lvmvg/1inux01-snap &F B EFKRZBEET,

tux > sudo lvconvert --merge @mytag

MR lvoll. lvol2 # lvol3 £#BLL mytag /72, B8 NMREBEEHEBRKFSHKZEMFK
FZEESH,; Bl lvoll, B lvol2, ZAfG lvol3., WIRIEET --background
I, MEMANMSERZEENRBEHITRE & H.
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2.

3.

(D) MRKFEEEMRBEHEITA BT UXA, WERTUFHERARHERIR
BiEE, UELLEHIIEIFFIE,

tux > sudo umount ORIGINAL VOLUME

tux
tux

tux

fBugn:

tux
tux
tux

tux

>

>

>

sudo
sudo

sudo

sudo
sudo
sudo
sudo

lvchange -an ORIGINAL VOLUME
lvchange -ay ORIGINAL VOLUME
mount ORIGINAL VOLUME MOUNT POINT

umount /dev/lvmvg/lvolol

lvchange -an /dev/lvmvg/lvolol
lvchange -ay /dev/lvmvg/lvolOl
mount /dev/lvmvg/lvol01 /mnt/lvolOl

(i) MRFFEEESNRBEHESTHFARRZEEFEEXRA (IR XHHR
) , NERTUERMIRSBHENKFZIES, DILEHEERZEILAIFIR.

RBRIB S KFZEE S H UERENHERELABRE
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11

12

R4 RAID

{4 RAID BCE 85

HNRDXECEXH RAID 93

BUEEZRM RAID 10 i&%& 97

B RAID P51 111

£/ mdadm JEEHHE RAID FEFIRIA/N 113
iEFF MD 34 RAID RYfiE7EH178 LED SEAER 121



7 B4 RAID B &

RAID (I EEERTTRIEY) NARERZMERESXEHM—MAREINER, UERLMEE
M/HEBIEL 2. KZEK RAID I=HI28FE M SCSI Y, R KEHER, ©AFALL IDE hilE
BN ANFU, FEFHSHNHTRE, FE—LHF IDE 5 SATA FERRY RAID 12488,
f£ RAID AF RAID ZZNLE, RIVEEREMH RAID ITHISSHNEIMRE, BEEXFE—LL CPU
BHEIARANE, FMURERTFERESMENITEN.

O == HEXHRZLEHRAD
TEFHBEEZRE (5 MD) RIGEHEXHRS THHHE RAID, FS
W {SUSE Linux Enterprise High Availability Extension &EI2#5r/) (https://
documentation.suse.com/sle-ha/15-SP2/html/SLE-HA-all/cha-ha-cluster-
md.html) 2,

SUSE Linux Enterprise 12 7 & FERLAEH— 13K RAID RARNET, RAID BRI ZIREE
HEM— RAID REN SRR, XLEHREIET. MEFRERER, XETUEER
FRYE RAID Z551,

7.1 T RAID £l

ATHHARE LAY RAID &30 0. 1. 2. 3. 4. 5FIHREHI RAID &5,

7.1.1 RAIDO

RGBT IE TN IRR OB Z MR £, RE 7 HIBARMEE. WRANEPR EHRZE
RAID, EREARRHIKIESD, B RAID 0 ERNAXMAAZLENITERZ IR, £H RAIDO, AL
KRR ZIRERBA ST, XFUEEARY, BUREEMA—IREZHIKE, IR
7 RAID RAHEREIE
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7.1.2 RAID1

HERANNEBIERE T RO L 2N, ANEREER 1.1 EFEISRER L, XMGEMNE
2. WRTIRWERIF, WAILERS RBGHE AR EIAF, EREXEEEH,
RBEREELGEHIF, EHRERTZER. B2, MRLERNEHRT, HIFaREe
RERIREEIEMVEE, HUXMANRITELYE. SERR M HEINRELL, SRS
HIIEPHEEHE (18 10% £ 20%) , BRAEEREZAKXNRT EA—REBYIEER, R
HEXNEIEHIT T EH, NTAILFHTEEEN]. RAID 1 @ERE/IFANBETHEIRFSZER
MERER, EESERSBEPEETLFHEE,

7.1.3 RAID 2 #1 RAID 3

XERZHAIFY RAID KB, K7l 2 EU—RMARR—ENBUEHITOR. %33 WFBEA
MRWHEETEF T —REITHER, BRERNAES MER, XMMER5 &R MER.

7.1.4 RAID4

&5l 4 5450 0 —1F, BRER—EHTHER, BEGERAT TANKRNHEE, WR—IRUIE
HAERW, BEREHERUEIEIREREE., Td, XREFBRHEEIREKT HIRR
M, REWLL, BRNERLS 4

7.1.5 RAIDS5

RAID 5 @45/ 0 M1k7 1 TR REM TR AELMENITRE R, BETEF T EANEEL
Lo BIEDHEXLER E, X—=5RAID 08E. BHFLRERER, EEF—PX L
BT EERIIR, XERET XOR EAR R, AEARLIAEN, @2 RENRRIIRE
HEAR. T RAIDS5, ERE—HEREE—REZHIHKE, MR IRERBIMKEE, W
AEBRAVFIPREER, LB EREEE.
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7.1.6 RAIDG6

RAID 6 /2 RAID 5 B9 &, Bl RS MR DHINEHERIRT (NEEFERIL) KIEM
Bihae ). AMEREIEMEIEFRMERLIMMIE, RAMBHRIET, BEFEER.
RAID 6 RAIAR Z M HITIREHARHIE, MMEHIFESHBIESEILE SABEARMLER
ERMAZERERE. LI, ©EFE N+2 MEEZEREFHES T N MEREHE. EED
FEMNMEE.

RAID 6 RYIEREFRIIR—LE, BEEEBENM BHERIERIL TS RAID 5 5%, BENMEE
BERINTIFEIE, RAID 6 ECERELABEIESZH CPUEINAE, BTEANEE.

# 7.1 : RAID 5 #1 RAID 6 EJLb%:

Ihie RAID 5 RAID 6

R N+1, ZE/D34 N+2, ZE/D 44

BRI am, B n#I, W

g EEMEMEZSFEAEHRER LRAIDSERITEAEEM
1] X

A —MAHIGERE AR B BIEE

7.1.7 #REMEZ RAID %37

MESFAH T Hith RAID 51, 5190 RAIDn. RAID 10. RAID 0+1. RAID 30 #1 RAID 50, &
L BN IR E AN, €132 RAID 10 EBERIRFIRIES 9 = “GIE04 RAID 10 1%
&= BREE

7.2 f£F YaST BEd& %X RAID

B LUEE YaST EX S XIZFiHiA] YaST 2 RAID it &, b9 X TEFRAFHIEMBBIME DX,
FOIZER T RAID 9 X, TFHIEATEIZE RAID £&5%!) 0. 1. 5716 KhEMA, i&E RAID 10
BEEMAEWE O “0IEZF RAID 101257 Bk,
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1. &) YaST HFT A XiZF.

2. MRFE, FEENZS RAID ELEREFERND X, B7RENENL, HEoXAER
B OxFD Linux RAID, RIIANXEY, FHEEENXENINSXEER — YaST =BT
. BXFHAES, BEN (BEEE) ,F10E “ERPXERF" ,$£10.17 “fF
BERIXER
SBEEINEERMEEEEMER FNOK, UERRYEF—MERRFE (RAID 1
5) BR¥IBHIXEE, HL RAID 0 BY4ERE,
¥F RAID O, BELEEHR MK, RAID 1 ZEEHRMNSX, M RAIDS EDEE=1S
X. RAID 6 IEEEVHFEMNMO X, BiERXNMIENSX, RASMENAIEER
W= EIEEN R NKNBIF X,

3. EEMERF, ¥ RAID,
AMNERFPEISFTAIE RAID B BRI,

4. 7 RAID TTEINA T 7, B 7400 RAID.

5. FEERAID A H M AT IS EINEERHAINE L HBNS X,
@a] LR M9 RAID 35Ik— RAID &7, X#, RAID IZIRIEE /dev/
md/NAME . BXIFMER, BEWE 7.2.1 7 “RAID ZF” o

700 RAID /dev/mdO

RAID %8 RAID BT (A1) (N)
RAIDO (&%) myRAID
RAID1 (B)

® RAIDS (MFE®H)
RAID6 (EAREFL)
RAID 10 (B&RIEF )

FIAIRE: HEPIGE:
igE R & #8 & Raf g Xa
0> /devivdc  5.00 GiB myRAID - TREe
: fdevivdd 5.00 GiB myRAID #-
EFFM| | jgeunde 500 GiB myRAD - | AL
<HR AT
« £EpIEME 2B
BA: 0.00B PAEIKN: 9.84 GIB
FEIH) AVH(C) [FB(B) | F—#H(N)

7.1: RAID 5 Ee &Rl
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10.

%fﬁ—F—iéﬂéﬁo

CEBRAIRA)N, NRER, BEERGFERLE R, RERRRA/NLEIERZEEA]

RAID BIREME. BXFMES, BB https://raid.wiki.kernel.org/index.php/
RAID_setup#Chunk_sizes 7, BXFBREBEZMNIFHAREFS, BEEER --layout ik
AN E man 8 mdadm. WIRAHE, BEZIIAME

EFRENAE, EEEAREERISIFMEEITARMNEENRIAME XEERET—

NEBRRENR, MRFHE, FiEEREE R o

L FERIVGETTT, EERI MK, AREEXFRY, EURBNATIURTXHR

49t BEAFEELFRIME,
FEENEIR, ERENDX, AREERER, B Fstab 01, ATRMMFHRENE
Tlo

. BE 5.

BET—%, WIEREYH TFMREVEDNR, ARBETEM.

O ==: BEEHMRAD

BACEAPKEFAUEERE (MARHX) BINEEIE RAID, BHFSMIRE, (]

FREWERLETT R, AZFFELLE RAID LRESISMERRF, RILEFEEERRIRAK
FiH1T51F. M fdisk M parted ZZEMT AL RAID EEEE TR, AER
RAID FEIREMNAREEAXLET AN, AIGESMHIBIRAVIZETSRITHEIRAVIRIE,

7.2.1 RAID &R

4 RAID IREBINEE mdN RXEEZIR, HP N B%F. Fit, U md127 B, ©8
Bz /dev/md127 XiFEMARH#HITIAM, HHE /proc/mdstat f /proc/partitions

=HIHF md127 . EXLEZIRASHEFH, Ak, SUSE Linux Enterprise Server it 7 7
MERR T A

89
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RItEMISHE AR i8E
LIE(ER YaST HEHm <17 LFA mdadm --create '/dev/md/ NAME '8l RAID i&
BT, BILLEER RAID IFIEE— 1B M. IEBMNAZE mdN, ERARCIE—1 5
% /dev/md/NAME :

tux > ls -og /dev/md
total 0
lrwxrwxrwx 1 8 Dec 9 15:11 myRAID -> ../md127

®ETE /proc MBERA md127,
RIEARIZE
FIRER, MREMEEFNAEBEZRNATESE, 1FE1T o<1 CREATE

names=yes 1T/ NIE /etc/mdadm.conf :

tux > sudo echo "CREATE names=yes" >> /etc/mdadm.conf

ERILRSAE myRAID ZEMBZTAM “BEX” ILEBF. §&REILUE /dev/
myRAID Hifia], MBWMRTE /proc F7A myRAID, FFE, REEEXREEXHZ
&, WIMAERTF RAID. TEHRY RAID 44 mdN BFR, BHEFXLE RAID FIEHE
MR AL,

Lo THRENIA
FRFETAMALULISAS RAD %&. MBETEIAN— RAD BERHEHR
mdN , EREHRIIZIEE.

7.3 34 RAID SBMERRE

EFE /proc/mdstats XHUME RAID PXEBEZH. WNREZLIMMKE, BEXHE Linux
AGHRAUREAR S XNHERSRBIAEANER, AEESHENRGHIMAGS
mdadm /dev/mdX --add /dev/sdX., ¥ X BitAEHNRFEIGEITIRTT. XSBHRER
EAE RAID ZAHHTEEME (ER TR RAID 0 LUSMIFRE RAID £31) o
REa U EWEHAEAIRFFEEIE, {B7F RAID T2 EWE A, HARREBREI—LEEaER

o
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713.1 BELEHEZ EHITTIRE

RAID B FTAE S th T S AR A A, FEIIH T 8% UHRE:
© BESIRRHILE.
o BASRIREHIR NI KM,
o SHEBRHGEZTF

TR LRI ASITHISRNEN, FEERFEEILE. MRKTT RAID PEEEAREH, NFRE
FanFlo

MFE—MIER, AIUEEEEE (EsEmMEE) 2/E, A ndadn < BohERMRIL
4 HPERIR .

BT md/mdadm REERSEMAIMTRAR A EHIENREA, ALSENELETmENHREIR, H
—BEREAAEIRERMANEEMNEHRIE, BRIRMmEEMNZIEETENL,

FEREEERT (B, #ELEEEAE RAID FF) , EEnEFFRIgE L EBIENER,

EXMIERT, RIS mdadm , FIREHIGE, ATUBOHER --re-add BEIEHR

MizigsE. Ak, ERILE TE—1THRMEl /etc/mdadm. conf A

POLICY action=re-add

BAEE, XY udev MNISE mdadm -I DISK DEVICE NAME f£BHAHMAEIEE LT
7 (BUANTH) , HEBEE write-intent iIE (FHASEE) B, ASEREFERENZE
B EFANIZIEE.

NREFEMNRENNU AT EEGEM AN AEERIEE, I path= ETURMNE /etc/
mdadm. conf B POLICY —1T, LUGIEERIMRIERSIAN RIHEEMISENIT, ATLUERBAT
IRIRFNEGEH, EXFMEE, 1520 man 5 mdadm.conf,

74 EZEER

UFFHIMIER HOWTO XA 73X RAID WECE BRI AE B .
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e Linux RAID wiki: https://raid.wiki.kernel.org/#

* /usr/share/doc/packages/mdadm/Software-RAID.HOWTO.html XHEABIZHF
RAID HOWTO

HEIMNEIRM T Linux RAID BB45IZR, 180 linux-raid (http://marc.info/?|=linux-raid 7).
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8 NRDXECEF RAID

£ SUSE Linux Enterprise Server 1, 1&&IETTERF RAID TEBEME YaST #KEFH, &
ENTUFERILSXEFABEER (/) PRNAFAIGECERMG RAID, REER /boot HXf#
fF7EF% RAID 1 LASMAY RAID 73X ko

8.1 FtXRIXERITF RAID I RISTRFMF

BWREERE U TEX:

° BIE RAID 1 (RIS FREGRRIER ., XMRERNA/NNAEL, RAID ERABR/NIRENZE
Ko REFEE O UARAMIGE TENPHEREZINTEN) « XHREEETR
,JL_E iSCSI 11%7??%41.3’]&?2ﬂ

° WNSRTE MBR FRES|SMEIER, NWAFEN /boot RIRMI DX, SARTETE MBR
RLEES|ISMEIER, W /boot FEEHBETRMMSX L,

o XF UEFI BN, FBZIRETAR /boot/efi DX, ZAXFEBERIVUI VFAT, AL
HEERAID 1i1g&E L, LIBESE /boot/efi MUYBRHAR & EHIZETHILS | R,

o NRBEAEM RAID &%, BABREHLZHIETTIM RAID,
o WNREERA iSCSI Bnigs, HEELIRZE RAID & ZA1BAX iSCSI RiinAT o

o NRMEEFFRAAERSHBNEERERNAMIGE. HABEIRFHETIM RAID HfE
FABYiSCSI & ZEIRMZ 1 1/0 B12, MTEEVE RAID KEZAIERBAZREXR.

8.2 MR (/) nXiIgEEABTF RAID IKEHI RS

1. £ YaST Ba%iE, HIRR (HEEE) , B8 EF "RESE” hRRRARESIRE, B
FREIENH D X T BALE,

2. BEERSXIEFLITHAEEX I KER,
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94

3.

(BT3i%) MNREEER iSCS| BIFgs, NEEMNREA TSNS TRFLE, iE
ISCSI, FaMISCS| KM, BRELMT, EBMChapter 14, £6 1P AN AS S
figf®: iSCSl,

(A1) MREBFKEERAZ N 1/0 BE, WEEBBINERA THNEDFEEFL
5>REZRE 2, BRAZRES.

(FNE) WIREEEARECE iSCSI N KRKEZHRE, WRETRMANENRE, RHEDME
s UERE o

. NEBRTFHMH RAID IS MEFISE 0xFD Linux RAID #Xo NiZH /. /boot/efi I§

X ER RAID,

a. EAMERD, EREE FERBFERNEE, RABRRHFND X,
b. P XEET, #ETHX, ARBRET—D,

c. WIHHARANT, EEEEANKD, ARRE T,

d. ZAGBT, EFREHE (KRB .

e. EETEINM, HIEXHRYS IDIRE A OXFD Linux RAID,

f. BEHTHN, ANE-ITIXEEXESRE,

PR (/) PEKIRBERBIM RAID IREN RS SLES 15 SP2
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1. 3 / BXEIE RAID i&%&o

a. TAMERE, EFERAID, SRFIEZFFN RAID,
b. 1 / PXiIGEFRTFER RAID 22!, Hi& RAID ZFFZEN system,

c. MRS SRS PEREE E—PFESIFRIARD RAID IREHFAINEN

%EE—F_iér_*égzo

d. 7£ RAID TN T, MTHAERIEFEARRKN. RERINKBERRENHE.
e. TABTREIRERS, ARRETHRAE,

f. ERHAFAHRRERIREN /. B i BHZIEE,

8. M4 RAID IRBRFEERISEMHNIEFIEIR, H=7E /dev/md/system BETRIE—

9.

Jhog::
(FI%) X+F UEFI B, ERAXMIPEREIZE /boot/efi BEADK, HigE, /

boot/efi {¥3#5RAID 1, FEEEMA FAT XHRFEREA XX,

PR (/) PEKIRBERBIM RAID IREN RS SLES 15 SP2
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10.

11.

8.1: RAID k&Y /. /BOOT/EFI fI3z#E 5 X

BRESERIKER.
EINE 7 XE LS BRI

MEERE, WTFEEMIL /boot/efi PXB UEFI HEMN, BELZERERS BT
S, AERBSISNMEZEFILEN GRUB2 for EFl, ERRAZE5|SZFHIATETEM
o

QEEH5|SRSEEE, KREMPEFMEESISHEE), UEBIRGIMG RAID, HAJE
1R (/) P X _EBhRER S

PR (/) PEKIRBERBIM RAID IREN RS SLES 15 SP2



9 BIEH RAID 10 1&%&

E PRI B RREME 22 RAID 10 1%, RAID 1018 B &HRE RAID 1 (581%) #1 RAID
0 (9E%) B&E%Hl, #RE RAID RILUKBNEHHES (RAID 1+0) S B/ E (RAID 0+1), &2
RAID 10 iEBEXIHESHEIERAS), AEGRSDERFS, HEREEZNEIERSE,

9.1 {£F mdadm €lIZE#E RAID 10 1%

#RER RAID IKEFHERS—1 RAID f&%| (MAEYIBHE) FAHEREARITEREMN RAID f554A
. ECERBEIREiES RAID BMHREFBRIEEES I, YaST AXFHEEHHRE RAID 45!, BRILLE
id mdadm d3<1T T AL,

BIEBREMIRE, AILUEER N AREBIERE RAID, &AXERT THIARE:
* RAID 1+0: cHE RAID 1 (%) B&E5I, ARHEESHRL RAIDO (Z®) P&,
* RAID 0+1: i RAIDO (k) 5%, AAFASH R RAID1 (5i1%) &5,

TRERERES 1+0 # 0+1 BY RAID 10 BIE /MR R, RELEEBIIEFIRITBEER BRI
2L, SMEETARNI/0 N8k,

#9.1: #REHRI RAID 43

RAID £&51 R HEEMNB S

10 (1+0) fEFARAID1 (58f%) PF RAID 1+0 {RIHSHR5189 1/0 tEEe. HUELAR. M
HIMEBI RAID O (%% MRS, [FA RAID 0 FHE M RIZEE D5
%) #E%, ALTURZRZS N EEKRRE, HERERK

R ETERERRES, BIRMARA.

B LLERAS TN RENREEIIEE— T ERR
&, WEE— T ERAKERIARSTHRERENE
FA4R,
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RAID &5 P HEREFEER

10 (0+1) fEFA RAID O (5 Hf)  RAID 0+1 I2HtEZR5IRY /O MREMEIE TR, B
FEFIMERIRAID 1 (58 Lb 1+0 B HERE, MREFREN—mE MR
%) KW, WE—MRERTA. B2, WREREHMA

ImER ERERE, NWFABHERER.
XMRRFEL 1+0 RS REEREE, BR
MR FEBEARRBIL SR THEIP LN TSR, W
MUBEHRGIEAN—mEA, FNAUERSESHN
E1Fi18%. FBY, MNRELFHE NS ZEEE,
BN LSRRI ST, MRETHESRSD
B, MARBXMER, EAXERGERMESR
TEE,

MR—MEERM, ZHHEGEUSKEK, ER
RAID 1 A&%E, BIEHFHY RAID 0 ISR —
i, AEEMRTEXEHEE.

9.1.1 f{#EH mdadm €IEZEFERY RAID 10 (1+0)

HRER RAID 1+0 WIS AR, IEMITHES RAID 1 (5f%) , AREAENENRAIDO
PRYA IR E.

O == zxz
NRBEEEIEAGENS R, NEREXLE RAID BE 24, KARESHE
0. BRMES, FEMChapter 17, EERREHSHE /0.

ATRNIEER TRPETIRER, BEREAEECHIKEITEXLEIRERT,

9.2 : BEITERERIZ RAID 10 (1+0) BYIEHS

RigieE RAID 1 (§&f%) RAID 1+0 (FH{LiR{&)
/dev/sdbl /dev/mdo /dev/md2
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[Ri&ig& RAID 1 (§%1%) RAID 1+0 (FH{LiE&)

/dev/sdcl
/dev/sddl /dev/md1
/dev/sdel

1. FIA— 1 RIRIEHIS,

99

2.

3.

WRFE, FH parted FHEE D XIERFEIZI N A/ERBY 0xFD Linux RAID 73X,

BUEF NI RAID 118%, AE RAID IKEFEAFM N ARRENIEE, EHIRTRATL, M
ANATHEI L

tux > sudo mdadm --create /dev/md0 --run --level=1l --raid-devices=2 /dev/
sdbl /dev/sdcl

sudo mdadm --create /dev/mdl --run --level=1l --raid-devices=2 /dev/sddl /
dev/sdel

. BIEEREMR RAID 1+0 18T, EmIRAFTL, BREEL—SHEIEROMY RAID 118&

WMANUAT <!

tux > sudo mdadm --create /dev/md2 --run --level=0 --chunk=64 \
--raid-devices=2 /dev/md0 /dev/mdl

FRIAKIRA /N 64 KBo

. 7£ RAID 1+0i&%& /dev/md2 ERIEXHZRSE, B0 XFS XHEZRLS%:

tux > sudo mkfs.xfs /dev/md2

BEAEMXERS, BEZHL.

. YR48 /etc/mdadm.conf Xff, MIREAREFE, NelBizXH (FlIN@ETIzTT sudo

vi /etc/mdadm.conf) . FMTFIT WREXHEFE, WE-TRAUEELEZZ
) -

DEVICE containers partitions
ARRAY /dev/md@ UUID=UUID
ARRAY /dev/md1l UUID=UUID
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ARRAY /dev/md2 UUID=UUID
FMEEH UUID AJUERU TR
tux > sudo mdadm -D /dev/DEVICE | grep UUID

7. Ymi8 /etc/fstab XMELURHN RAID 1+0 &% /dev/md2 B9, FHIRGIER T HRA
XFS XM AZLHLL /data AR E SR RAID IEFRIIL,

/dev/md2 /data xfs defaults 1 2
8. Z\ RAID &%

tux > sudo mount /data

9.1.2 fEF mdadm AIEZERER RAID 10 (0+1)

#RERI RAID 0+1 B9 S ERE, SIERNEITEN RAIDO (9E) 8%, ABRBENHRGR
RAID 1 FRYAHISE,

O == zxz
NRFEERILEARENS NS, NAREXLE RAD BE A, KARESHE
0. BXEE, BB W Chapter 17, EIEIEEMNZHEE /0,

FUIECER, FEENKER RAID 0 K& IEEEAIRE, EA RAID 0 REERRIREER, WMRE
BREN—IR—MRERY, WHMEE—1ER RAID 018%, ARRKERMNZIHRE.
ATRNIRER TRPETRIRER, BEREAEECHIREITEXLEIRERT,

£ 9.3 : BIHEREGIZE RAID 10 (0+1) BYIEHS

[F4i8& RAID 0 (&) RAID 0+1 ($R{§&1L)
/dev/sdbl /dev/mdo /dev/md2
/dev/sdcl

/dev/sddl /dev/md1l
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[Riigs RAID 0 (£ 1k) RAID 0+1 (§R{&&wH1L)
/dev/sdel

1. sTA— 1M RIFIEHI&,

2. NRFE, (FH parted FHERHXEFEIZEDNA/IVERB 0XFD Linux RAID 73X,

3. BN RAID 01&%, AE RAID 0 IREFEAMNRENIZE. TEaSRRAFA,
BWAUTRAN GRS

tux > sudo mdadm --create /dev/md0 --run --level=0 --chunk=64 \
--raid-devices=2 /dev/sdbl /dev/sdcl

sudo mdadm --create /dev/mdl --run --level=0 --chunk=64 \
--raid-devices=2 /dev/sddl /dev/sdel

FRIAKIRA /N 64 KB
4. BIEERER RAID 0+1 188, EMLRTTR, EREEL—PHEIZEM RAID 018&
MNUT <!

tux > sudo mdadm --create /dev/md2 --run --level=1l --raid-devices=2 /dev/
mdO /dev/md1l

5. £ RAID 1+0 i&#& /dev/md2 EBIEXHERYSE, B0 XFS XHERS:

tux > sudo mkfs.xfs /dev/md2
BEREMXERS, BERIZGD,

6. ‘miE /etc/mdadm.conf X, WIREAREFE, NelEizxXHEF (FlaEdiE1T sudo
vi /etc/mdadm.conf) . FMTHIT WMREZXHEFE, F—1TRAURBLESRE
1) o

DEVICE containers partitions
ARRAY /dev/mdO@ UUID=UUID
ARRAY /dev/md1l UUID=UUID
ARRAY /dev/md2 UUID=UUID

FMEEM UUID AT LMERU T H<RE:
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tux > sudo mdadm -D /dev/DEVICE | grep UUID

7. YREE /etc/fstab XFLURN RAID 140 i&% /dev/md2 M, THIRGIERT R
XFS X RZFHILL /data MARE SR RAID I&EHIIN,

/dev/md2 /data xfs defaults 1 2

8. T RAID i&#&:

tux > sudo mount /data

9.2 flIEE% RAID 10

YaST (LUK --level=10 WM mdadm) mJSIEEER—S 244 RAID 10, B44E 7T RAID
0 (9F) S5RAID1 ($81%) B9ThEE. FRAEEIBRINZ P EIRER— D EENESZ MRS L
Y, BHFIRERAIER.

B2 RAID 10 58%E RAID 10 (1+0) MBI, BEUTAERE:

# 9.4 . E£%: RAID 10 5f7E RAID 10 BYLLEE

151 SEZ&RAID 10 #7E RAID 10 (1+0)
REH AR RERATHIHE ERAHFLEHRNEE
#
ARG E EREA RAID ISR EIE ERNWE RAID I8EEIE
DE FERMSEMNARRZIRE EHREFREZEESLRESD
BHREESE, %

i iR AR IR IR G 2R 2K
(MAZ RAID 1 3% 48HK

BERITIREMLE,
HIENZ M EIE MIREZRIE, RZAE  SMRERENEIE
FIRBIRELL
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514 Z% RAID 10 72 RAID 10 (1+0)

AERIRE BENERREIURS TR A TRERREGETIEE
BAMRE — 1 ERKE, HEE—
ERIRERIRS TAER

BREVE AL,

9.2.1 EZ*RAID 10 VIS EME %K

ECEE 7 RAID 10 [£5IBY, HIUHSERENES M EIERNESK, BIAERHE 2, BRERTU
2 2 BIFES Rig &Mz B E AT,

HREMERIEENERHAMILE, B2, RAID 10 PEFIFMAFIZEHTHEESMEUER
MERHER. BREERNBIREHIRUE LR,

fian, NRAMEA 5 MAMKECIRIIETHEE 2 ME4, NEMRBBIEEFERNARER
8E . FIBEIEN— T RIARIBERMEFANE 5/2 31 2.5 RLUBHIZERIR/.

9.2.2 il

E 7% RAID 10 KB} 3 MAENGR, XERREX T EHE EHFIHERN G, TR%
BAE (BUAME) « ENREE. eflfEaEEESTEE, FitEaEREsBcIFiuE
GREE) S

9.2.2.1 EHE

fERIEE, BERHNBIAIEANRRAMLE LRILPEEFL. B, — P ESERNZ
BIAEREIREFIREER M. AR RAID 10 WERINTEF. 60, MNRERTEHNALFIL
BURSENHENEIAS, N—ERIARREEREN—TARRF,

EFEIRThEE £, &2 RAID 10 BN BTEIRE 14AE LS RAID 0 34,

BB MEN RN EXEHE:

sdal sdbl sdcl sdel
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o o B~ N O
o oo B~ N O
© N U1 W =
© N U1 W =

BEHFH I HENR N ERERE:

sdal sdbl sdcl sdel sdfl
0 0 1 1 2
2 3 3 4 4
5 5 6 6 7
7 8 8 9 9
10 10 11 11 12

9.22.2 &H/E

T BEFME RS FIEE D &K H IR, AEEMBERIRNEEIN D FHHEIENS —
HEIZAR, UHFRRNAEREISERENIENEE . E-MEESEAGE RN EF R,
FRIEMAE, E% RAID 10 AUIREN M REXR AT FREIRTh2E LAY RAID 0, {EE NRELL RAID 0 18
8%, AAREREEZMIE I RENEEL, AT EREEMRE, FlRIEHIRSS.

RAID 10 95 NERER T EMiE(R RAID 288! (FIgNERIL7/EAI RAID 1 #1 RAID 10) , EXN
EXHRANBHRERUREARMARRBEANAFNAES N, FATME RAID 10

RIEEHREEANNBRER.
BEEBHMMEENB N ELRNZRE:
sdal sdbl sdcl sdel

0 1 2 3
4 5 6 7

BEHFHMEENRINEXNITHE:

sdal sdbl sdcl sdel sdfl

104

wmE SLES 15 SP2



9.2.23 1RZMAE

REMAREH DR, MMEREEARRNSITEISEESARNESE EUERRBEITHR. F
KL, EFESTTRARAZREMEEHTRE. IREAEIRANARNNEFTEL
SANBFEXRD, MRS T EEMBIRFE,
BERHBMEENRINEXNREHRE:

sdal sdbl sdcl sdel
0 1 2 3

3 0 1 2
4 5 6 7
7 4 5 6
8 9 10 11
11 8 9 10

BEHFHMEENRINETNREHRE:

sdal sdbl sdcl sdel sdfl
0 1 2 3 4
4 0 1 2 3
5 6 7 8 9
9 5 6 7 8
10 11 12 13 14
14 10 11 12 13

9.2.2.4 {#M YaST fl mdadm {EEEARENE/H

EXREMGF/TE YaST FiffEAA mdadm B - -layout SIS AT ERNE £, EHEZHEN
e
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nN

N

oN

S

SHEMBIEE n, HEASAHEIR N, n2 BRIAME, EREEGRBMELRLEIER,

MIZBIEE f, FAERBER N,

MRIZEHMBIEE o, HAERWER N,

AR B
YaST BIEhA 5 (815 H A B AP AT ERO IR G T 2645

9.2.3 fE£A YaST N XFIERFEIEEZ* RAID 10

106

. 25N YaST HT A D KZRF-

. SNRFE, BLIENIZS RAID EEEREERERANIX. BZRENERRL, HFBEIXEE

B OxFD Linux RAID, ERMIERKXE, FHREENENINSXEE —YaST =EHH
B, BXIFMAER, BEBN (HEED) ,B 108 “ERHOXERF ,H101TH “&F
BERIXRER

3F RAID 10, EVREANS X, @B N EERBEFEARER LNSX, MU ES
HAp—MAIFREBERIIBIIRG, BIERXIMERNS X, RASNEXERFERN
FEEFEARNAK NS X,

. EEMERA, %E3F RAID,

EMERFPEISITHILE RAID EEEMTIR.

. £ RAID TNERYAE T, B A0 RAID,

. £ RAID Z£8!F, #%EE RAID 10 (BBHEMDER) -

AT LK M 9 RAID $5k— RAID 277, X#E, RAID WEZITEE /dev/
md/NAME o BXIFMER, IBEWNE 7.2.1 7 “RAID BT o

. R AREVIRFERAEN 2K, ARRGHAN, BEBEIFNEEEYIRP.
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#i0 RAID /dev/md0

RAID 28 Raid ST ( ®T4E ) (N)
RAID 0(7+#7)(0) DATA
RAID 1(&1%)(1)

RAID 5(T#A 7 #)(5)
RAID 6 ( TTT#7rE2 ) (6)
@ RAID 10 ( EfsfI4E) (1)

B RiEE Bt .
e Fh BIIE £ e o Efnd #®  TRER
il — Jdev/sda2 4.00 GiB (= | -
= Jdev/sdbl 4.00 GiB G Ak
SEEm — Jdev/sdcl 4.00 GiB | -
Jdev/sddl 4.00 GiB € YR
e A
— 2FREE
; a3
B/ OB Eit): 8.00 GiB
SAI(H) iR (B 5 F(R) [F—%N)

7. (L&) BEHHZE, IBERHETE RAID FEFIFREEIRR .
HNFARZZENERNINFF MY RAID 2888 (5190 RAID 10) , &R LUIEE AT
FRIEE. XERFR—FNEITE—MEEFREL, 3—FEINES— M HEFRESA
o B80, MB—NMEEFRALIKE, WRANDALUEE E - MELRFRAMSIS
7o

a. REREMELE, AREHEHP— XL, ERXRRBRERGHENT S,
AAKNEA A B. C. DHAE, BRZBEATEENERZLLRD (Bla0, XFZ A
B) o MtFAIHEIRFAE TR RAID Hi&,

AIL3R ctrl By shift FEERZMNGE. WA UARELPMEREHFMIFIRREH
EEREERIR,

b. EFE L TEA— SIS E IR &R
HiF: KPR A RIKERIFTERRE B RIg&EZA0, HLULEHE, §Ig0: AABBCC,

ZHE RRBRARAXNE—NRE, AREBENE—TIRE, MUEEETHT
FREtEIK T REENIRE. BARRE A XNE-_MIRE, BENEZMLE, U
Kift, KBRMFMEIRERHEIREYIRNKE, fl40: ABCABC,
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10.

11.

12.

B ®EFE—NEEZTHNIEXY, HPNS—THE— N ENRALL
R—PERIR ("sda.* A" ) FIESZENRAR RIS RIEIKAGIZIT
EENZE, ENFREXSMKRERNZBIR (/dev/sdal). udev BRIZHTR (/dev/
disk/by-path/pci-0000:00:1f.2-scsi-0:0:0:0-partl)# udevID
(dev/disk/by-id/ata-ST3500418AS 9VMNSX8L-partl) #fTtb3t, SNRIE
FEMEZ PN ENREHXLE, NSEAEMTRETSRRE XK,

c. TEXIEERNRSES, SEHE, UHINERF.

%) =&
/dev/sdbl A
/dev/sddl B
/dev/sda2 A

/dev/sdcl B

* A %8 *C *D HE

AN (H) Sorted (AAABBBCCC) | | Interleaved (ABCABCABC) | | Pattern File

RUA(C) #E(0)

. BET

. TE RAID IEINT, IWEARK/NDMEERIE L, ARBREF—Do

XF RAID 10, BHMERIETEEn G8) « f (Z) Mo (RHE) . BFRTATHNED
BIERNERL, FINMEN 2. BXER, BBHAE 2227 "HE"

R RFEMENETURINE RAID 125, ARBETTH.
BEHET—%,

HIABHITIERL, ARBETTALALIE RAID,

M YaST D XFZFEIZE % RAID 10 SLES 15 SP2



9.2.4 {EAH mdadm 8JEEZ+ RAID 10

AHHHNEEERATRPETNEER. BREREE ST RIMENXEIZEF AT,
£ 9.5 . A MDADM g% RAID 10 BYi1ER

[FRiieg& RAID 10

/dev/sdfl /dev/md3
/dev/sdgl
/dev/sdhl
/dev/sdil

1. fTA— P &iRERIS.

2. MRFE, FH parted FHE P XERLIEE /DI A/VERAY OXFD Linux RAID 73
X,

3. WAL Tas<8# RAID 10,

tux > sudo mdadm --create /dev/md3 --run --level=10 --chunk=32 --raid-
devices=4 \

/dev/sdfl /dev/sdgl /dev/sdhl /dev/sdil

BHEMIRIBIEISEIEZE - -raid-devices HEMNDXFIR,

Zin X2 BRAEHBHERNELRES, EFSXMMEFHEA—1, 1§
£ 9.2.

2475 “ERA YaST #ll mdadm 5 EEARLANME" RFHRER --layout,

7
4, £ RAID 101&%& /dev/md3 ERIEXHEHRSE, B0 XFS XHERS::

tux > sudo mkfs.xfs /dev/md3

EEREHMHERS, BEBZGHT,

5. 4g48 /etc/mdadm.conf X, SAREAREE, MelEEXH (FlE0@ETIE!T sudo
vi /etc/mdadm.conf) . FMNTFHIT MREXHFE, F—ITRAGEELE
) o
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DEVICE containers partitions
ARRAY /dev/md3 UUID=UUID

REHY UUID B LAER LA e 105

tux > sudo mdadm -D /dev/md3 | grep UUID

6. ‘miB /etc/fstab XELURNN RAID 10 i%#% /dev/md3 BYINE, TFHIRFIERT XA
XFS XEERZHLL /data MR E SR RAID I&EHII,

/dev/md3 /data xfs defaults 1 2

7. B\ RAID g%

tux > sudo mount /data
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10 6IEEFEZR RAID BES

PRIGPETI 2R DG ZIFED], {3 RAID 1. RAID 4. RAID 5 #1 RAID 6 % 13&4%
FE5l, XLE RAID REMIGIT NENBRINEEN—205, BRI —LiGHK, BE,
H—MGEEKWME, SZERRMEY, o] LIESIE—ELES,

RAID 33! FEVFERDEYIEER

RAID 1 BR—MIREINIFRBIRE
RAID 4 — Mg

RAID 5 — i

RAID 6 — PR ME

ERIRR D FEIGRIRERIES, IEMEAEIA nissing BRIGERENT, XSS mdadm
RS R A R B T,

B RAID 5 F&%1BY, mdadm = BaEREIMIE AR CIZEFERET,. XERAKER
RER AR ESE R LR EREENEY LERRSFERREER, EAILUFER
- -force EMEBEZ1ZINEE,

TFEEIE RAID, ERFEAMN—MEE LELBIIEN, CIERAMAYIFEER, EXMHER
T, FEREMSEIE—EEES, RERPIIGE LIRS HIR UERIEIETTH RAID
£, Bizi&&5RMNE RAID &, SASERF RAID EMELUEZEIEDBIEFIEIRET. UTHE
BN IR — NG

1. ZB2ERAETERNEE /dev/sd 1 BIZEBERM RAID 118 /dev/md0 , BTEBLIRTAN
I T8 <

tux > sudo mdadm --create /dev/md® -1 1 -n 2 /dev/sdal missing

ZIREHARNNFFHAR TR ENZIR &L E.

2. NREARMNEFREISEEEESE RAID fE5FAIEEE, MTBESEHIFINMFEREDR
A9 RAID P&,
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3. BEMPEFEIRENIRERNIERS. HI90, Em RAID F7RM /dev/sdbl, <R
TR T <!

tux > sudo mdadm /dev/md0@ -a /dev/sdbl

B—RRERM—TRE. BAFEIARWRREHFEHTEEH, TS —T5R

4, EHRLIRTALMALU TGRS, WIMETRE:

tux > sudo cat /proc/mdstat

BESVRMEREENEERILHE, Bl

tux > sudo watch -n 1 cat /proc/mdstat
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11 R mdadm EE%F RAID FEFIRIA/

AERANEAERZIREERE (mndadm(8) ) TRIBNSUE/)VEH RAID 1. 4. 586

REHAK N

AEMERY RAID IREHNA/IE RIS MRS N AG S XIREITE, £ RAID EHBHX

HRAMDTEEBREER/N, UFEHFIAILE LTATEMER,. 7 SUSE Linux Enterprise

Server A, XHRAFIKEA/NLHERATRATF Btrfs. Ext2. Ext3. Ext4. FXFS XHFHS
(RPRIGIIAR/NN) « BXEZER, BEEE 25 "“FEXHRZAN

mdadm T 2{XZHFIAEERM RAID &5 1. 4. 5706 BIK/N XL RAID RAIRHIHEER,

XEETEIAEANS, AJU—RET—MAESX, BEAR LR, a3 RAID 5 XHITHRIAEKX

N, BRXFEMEY, HAFINER TR,

Lo ERENNZEINEENIUE
BEEASRAHRANANSRATELSHMES LIRS, NTREKERX, 5
WRIRIEFHLEBEA/ MES 2 B & HIERISUE.

JA%E RAID K/NERLATES . ITXEAESHIIRF IR T ZEINER R K/
£ 11.1 . JA% RAID K/ RAYIES

£5 P00 YEmMAA RK
IR  BYIRREE

BESMEGSXHN  EMsSUR NS MG S KES RN —R 1 2

Ko XA IBE—NMAG DX, BeREKD, AR

R HER[EZ] RAID,

HERH RAIDZEXE  RAID AF=BEmHEENEKRAGF X KRN#H 2 3
BRI, ITRUIE NS R MRIE, AR E SR

Ko
BEEXHRFNK WA ERTE RAID LI RARIAR/N 3 1
o MR ERERFRETHEFEREANTIA

X 4R,
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THIRE D FRIEFERE FTRFARIIRERT, HRERLER CHNIRERRERXLESR
o

®11.2 : EINAHS KBIADIIER

RAID i&& P

/dev/mdoO /dev/sdal
/dev/sdbl
/dev/sdcl

11.1 EA0%4 RAID BYK/

HERERMH RAID BYR/INE BARLGTEIRFF 1T T7ESS . 1BANFRAE4ERL RAID BIFRE 73 XAIAR/,
Y200 RAID ZRBRIK/)N, REEINXARZERIKR ]

L5 BREHEEX
MR RAID BEMBES, XARF—H, NENREEASRNERT, $LSBME
Rk, BHSEBNEER D, HBREIRNKEED,

11.1.1 EBMAHFZ XK/

N ABAT RS FELUEIN RAID 1. 4. 58 6 89K/ 3FF RAID HEEMAM X, M RAID #
bRZA X, BeREXD, FHIREE RAID, fARERF RAID 2E TRUME, MbF—T2X
Bf, RAID RLABRRIENIETT, SEUMEREIFRUERE. AMENTRIUSRBES N HITHER
HEERY RAID, MARE—XRRIBRZNMAH DX, EEENM RAID BHSKHK/N, ERITFIS
&R

1. s TA—MRiRIEHIS.

2. BIRALTE<, HiR RAID 5 —HHRSD

tux > cat /proc/mdstat
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NRIRIELL AR SRV, RAID PEFINAAERRY, NAMFRRD TR, 7 ELUEE,
M RAID P57 HIBR—MNEAH DX B30, EMER /dev/sdal, BHAN

tux > sudo mdadm /dev/md® --fail /dev/sdal --remove /dev/sdal

FRIRIERT, WAHEERWA &2

. AT TR EZ —, BINTEL—THERHNZEKBIK/N:

o ERMESXIERF (FI30YaST HXIERF) Hap<1TIA parted 10153 XAIA/,
ZIETR I8 § LT,

* ROXEENHEEEMNSEERE. NIRRT HRRGBHEE R EMEMX A
ARG, ZABA A A, FBIISERME RAID B, RFZHIEFENVNEKRS
%, FHNRRIRE LA SRR ERE.

. Bz XEFAINE RAID F551, 140, EARM /dev/sdal, BRI

tux > sudo mdadm -a /dev/md0 /dev/sdal

FE| RAID AFH—E, RAEBHET 10X

. MRS M RIREAFREEERITXES R, BRIZBEBRNAGIKENRGL.
. MRFBE—NER, SNERZAEERERAID NOXEKR, NHMTERAZMRE S XK/

B35 BN, LERSIEMD KR,

M5 11127 “tE0 RAID PEFIRIR/N o

11.1.2 3EA0 RAID BEFIRI AR/

JAE RAID FME MR AKX ZE (BEIE 111171 “ENAEGS XA/ ) , RAID FEF
EERRSERRIRMETIA/N, BRERGEIHE T B ATE,. &rIL RAID H8EAR/NEE
RARAAA=E,

ATIRRIIEN RAID IREEAIKESR /dev/md0, HWRERERSHIKEZMIERZMN,

1. fTA—P&iRERIS.
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2. WIRAU TS, W#R RAID FE5I—EHRAS

tux > cat /proc/mdstat

SNRIRIB M En LBV, RAID FEFUNALEERY, N AFRIED 5T, 7 BEHEL,

3. BEBANUTEGS, BT ERRIFETIAR/NIRERN

tux > sudo mdadm -D /dev/md@ | grep -e "Array Size" -e "Dev Size"

4. PATUATERIEZ—:

o BIRANLU TSRS, KEFIA/NMEMEIRART AR

tux > sudo mdadm --grow /dev/md0 -z max

o BIWAUTESL, FEFIA/MEMEIRAXRTAAN

tux > sudo mdadm --grow /dev/md® -z max --assume-clean

M ERERNIEIREFREATIE, BEFRIEDTIL=E. Zil3d RAID 1 AL
2, ENZEINFFERT, MRMNFIKLIKETHZEETLES, NHNE
ft RAID 3! AJgeth B Ao

o BIHALTE®S, RKEFIA/IMEMEEEE

tux > sudo mdadm --grow /dev/md0 -z SIZE

¥ SIZE BARTEIEAN (KB, 8 KB T 1024 1) MEBHE,

5. BEMANUTEGS, ENQERSTTREEIBMETIRNNZERN

tux > sudo mdadm -D /dev/mdO@ | grep -e "Array Size" -e "Dev Size"

6. FITUUTR(EZ—:

o MMREMINFEREMEFIR/, BHEEE 11,137 “EIIHERGFHIARN o

o NRREEMFNAA—FIFRMETIXR), MWBESIT, AREHIZIR.
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11.1.3 IBIMXHFRSERIAR/N

IEINREFIAR/NZfE GREIME 11.1.2 7 "800 RAID [EFIET AN ), ERUESIFRABXXHR
FRINT -

TR LU X R AR/ MENBIRAR A RSHEERR AN AXHRFIEERHRAN,
B RITAINE R AT R4

o HRNBARTIMBIBIENIAR); SMNZEEBIEER.
o FAR/NIFT I/ NTF ZET RAID K/, EAXHRFER/NAEEBL A A=E,

BXREM, HENE 2E “FEXHRFRN o

11.2 B hE(F RAID BYK/)

DB RAID BYR/INE BARIRF5e i F7ESS : B RFERIARD, BOFREHR DX
RAID BYX/)N, BR/EiE RAID B BIHIAR /N

5 BRHEEX
R RAID BEMAEE, XRRF—H, NENBREEASRNERT, BLSBME
Eok, WHHEEEIER D, HBRETRNIIESEH.

O ==: xrs
XFS IR XU RANANTE AL, B XFS RtFitine. Bk, FEERLER XFS
X RF RAID BIA/N

11.2.1 BN RFRIK
2 RAID &8 _ERIXHRAANEY, BEHERFBIA/INEHE LT EMH:
o MIR/NAIAFIMBEEIENAR); BlsREHIEEE
o FARNAIETFHNF H 7T RAID Ky, EAXHRFR/NREEBH T A8,
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BXREM, HENE 2E FEXHRFRN o

11.2.2

/)N RAID BEFIRI AN

BEXGRGNAN GBBIE 11217 "B/ HERZHAN ) ZE, RAID FEYIREESY
SEREFRBETIR), BRIEEFIER/rIETE. #H8 ndadm --grow =I3&H RAID £
BR/NBEEKRN Ak, EHRER -2 ETEE RAID PRS- MEE LRERNTEIZE (£R
KB) o WWAR/NATZARIRA/NEIEE, BT EES NIZEHRY RAID HBIRTIE ALY 128KB B9

=(alo

ATRBEIEN RAID IR EEMAIRER /dev/md0, HIRERERCHIRERMEX LR

Lo

118

1. I A RigiEHa
2. BIRANUTEGS, BEEST BRI NIZE RN

tux > sudo mdadm -D /dev/md® | grep -e "Array Size" -e "Dev Size"
3. WAUTSHSREIINEEAIVR LD EIRER

tux > sudo mdadm --grow /dev/md0® -z SIZE

¥ SIZE BMARTIRIBERNNEBRE (BAINKB) - (1KB=ZE 1024 FT5, )
g0, LATFan<FE 1 RAID IRERERA/NMEENAKREL] 40 GB, HAKIRA/NA 64 KB,
BB E /9 RAID FBIRTIERY 128 KBo

tux > sudo mdadm --grow /dev/md2 -z 41943168
4. BIWMAU TS, ENEERETTHEZIRETIRNIZERN
tux > sudo mdadm -D /dev/md@ | grep -e "Array Size" -e "Device Size"

5. PUTUAT#IEZ—:

o MREMTHAREMEFIR/, BHEE 11237 B NAGHSEEAN 6
o NRRBEMFNI—FFIFRMETIKR), MBESIT, ARERIZIR.
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11.2.3 R/NMNAGFZXBIR/N

/N RAID A MEEERANEBNA/NZE BSWE 11.2.27 "/ RAID 7189

/), RAID BARERASMAHIXRIRTIE. BRI LIS XAERESFIAN, LI RAID
ReRAVE KB H=IE), 30E AT LAOBOXE S FiRERR=E,

Z[Ee==iEl, EENEDAGD K NFEMGSKHRITUTSE: M RAID RRIFRE, &
INEDXKN, Rz XELOER RAID, AREEFEIRAID BE. BRIFTTEHEIE, NNIEELE
ES 11,227 "Ry RAID 7897/ g RAID $8RERIA/NEREIA/ME,

BIER—1 X8, RAID ZLRRIEINETT, REHMESHNEREERE, BENTAIUAR
ENHITHERER RAID, BARE—RBERZ MAG DK, HER/ RAID AHSEKN,
BRIT YT R

1. I RigiEH &,
2. BEBANLTERS, #R RAID 5 —XHRS
tux > cat /proc/mdstat
NRIRIBLL A HAL, RAID BEFINAEERY, WHAFRRDTTR, A HedLL,
3. M RAID [&5IFRRIBR—NAB DX, BIg0, ZMFR /dev/sdal, BN
tux > sudo mdadm /dev/md0 --fail /dev/sdal --remove /dev/sdal
FMBIRIGIERLTY, WIHETE RIMA KRR,

4, FMEE—FHRERMOXHA/N, LLEHERKTFARIGENAN ZANREAIRA
BUfZ%L, FH9 RAID HBIRTNEE 128 KB HI=(a], ERME D XER (gl YaST P XIEF)
e 1T LA parted B/D O XBIA,

5. ¥z XEFHAMNE RAID &I, fIg0, EARM /dev/sdal, BN

tux > sudo mdadm -a /dev/md0 /dev/sdal

FE| RAID AFH—E, RAEBHET 10X

6. WEFIFHNESMRIRAFREESHITXES R, BRZBERNARHS KBRS,
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7. MREI—NMEE, SHMEAZTEEIR RAID WAXR, NEKNEERRREEREA
AKX NEESIFIHEN.

8. (Aif) ¥ & RAID IXHRFHIA/N, UEAHIBNAKSEKFNEARTEE, HE
IEREMXHFRERIAR N BXES, BBNE 11.1.27 "800 RAID [F789 RN o
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12 &EFF MD 34 RAID BfiE7F41#8 LED SLHTER

fE7ZH1F8 LED MANSE 2R (Lledmon ) 1 LED %4 (ledctl) SEAIERFE T Linux
RARP=EINAER, el MERZMZOMMICRITHIEFYRE LED. FEZAEEMN
R RER mdadm SEAERFEIER Linux MD 3 RAID iIR&HVIRES. ledmon
TIFEFS BN FFIRVRES, ARHENEHIEEhEE LED BUIRE. ErILAER
ledctl SLAERHIEEENIZSEIZE LED R,

XL LED SERIZF R SGPIO (GBREBTRN/Aat) MSE (A (SFF) 8485) LUK SCSI HlF&
ARS5 (SES) 2 thilz# LED., E{155HE SGPIO BY SFF-8489 ;e RYEFRIAINFRTUARRE (I1BPI) 12
o IBPI EX T SGPIO FRAR iNAI AR FR IR s 28 LA K AR E R HEEHVRT, WURIEIRIE I{aE
i3 LED M5 B RIRES

BLMEFNFFAR™REE SFF-8489 fIE. VIFEMIERAIRERIES IBPIRN, BR=RE
SFF-8489 #SEIRME LED, & AMIBASATAEIN S F#F264) IBPI #E3L,

ledmon L% ledctl SEA#ERFA#F LED EIE(AHCI) A SAF-TE 7%

ledmon # ledctl MARFAREIEALIAT Intel AHCI 3ZHI25 LU Intel SAS 541283 Intel
fETFIEHI2R, BN EZIFER PCle-SSD (EZSHER) MFE LED RiZHIEF MD 4 RAID 55—
ER7H PCle-SSD g ERIEENFANRT (EH. MIE. ETEERE) LED, XENAEFBAIEER

AT HMENERMNSES IBPI BUfEFIEHIEE (1552 SAS/SCSI f=Hgs) ; A HMME
B R H SR AR E T M st

ledmon 1 ledctl #EF ledmon €, ZBEBRINMKE TAFLE, #1T sudo zypper

in ledmon AIZLEE,

12.1 f&FA4E LED ImARARSS

ledmon WAREFE—1TiFiEFHE %”, ERRFEE MD 34 RAID &K HEEZNFEH
IEh2E IR FRIGEEPRS. —RRAEBIT—TMZTIFEFBER, ledmon FIFIERZ Intel
¥\#8 LED SERRERH—& 7.

W&EBE SEEFETINAESIREIBEVER PRI S TMEN WA LED MR ET. NMARERF =S
BEM RAID REHMRUERERS, TEETZNARRFNEREEIRM RAID &,

fEi
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ledmon SFIPIEE L EMIE LED £45: W LED &4 (& LED FIRAS LED) 5= LED &4
(GERp LED. ZE#K LED F0#%P& LED) . kT E7Ei48) LED BN EB RS MK,
EERBTH ledmon, FEN

tux > sudo ledmon [options]

Hrh [options] @ F5I—a¢ %I

ledmon BY3EIR

-C %Té ’
- -confg=f&iz
EEEM ~/.ledctl 8 /etc/ledcfg.conf (FNR7FE) DiEEY. FEALLETRISEE

HKVECE X5
BEIEDTY, EAMKEENEEXHFNEE. EX4AT, 1583 man 5
ledctl.conf,

-l 5812,

-log= iz
RERMBAEXGNRER. NREELAFEXHXG, WRFr=2ERLRBBEXH /
var/log/ledmon.log,

-t %ﬂ‘?& ’
--interval=f)%
®E sysfs HAEIFREE, ZEUMN R, &IMERN 5. FEERKE.

--quiet. --error. --warning. --info. --debug. --all
BETKEN. KAETIZMNEERIZRFAEENINFIEE. NRAFMEREE, WER
--quiet %D, WRBIERFMBERS, WEA --all &I, WREESNITKIED,
M= A< PRRE—TED,

-h,
--help
KoL ERITNERERG, AEEREH,
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_V,
--version

£ ledmon BIRRALUSIFENENEXRER, AERH,

Q = BmiEm
ledmon SFIFIEF T EIRF! SFF-8489 #MEAHY PFA (BIETNESMT) KRS, FULLTEM
T E R PFA R,

12.2 f&ZH58 LED =4I HIZF

M\#6 LED L FATER (ledctl) R—HAFTRINARER, ATEHSEE AR

FMEBIEXEXHY LED, ledctl MARERFRE Intel #1585 LED SERZFHIARM IS

EREHGS, I8EIREN LED BKiEBERIEERE, HEMBHEMMA LED ME XA, &

TN AREFEE root MR, AT ledmon RAEIEFESIE LED HREBRSMEE, Al

SNR ledmon SFPIEFIEMEETT, M ledct REBMNFEARRTTEERNEER ( B EXk

a8 o

ledctl NAEFZFMAE LED £4t: Z LED &4t (GE5h LED AR LED) LU= LED &4t
(7EBh LED. #%P% LED #0Z&E$KX LED) o

EE25) ledctl, BHA

tux > sudo [options] PATTERN NAME=list of devices
Hrh [options] @ F5—Z %I

-C B2,

--confg=g4fz
REAMEEXGNEEZT. MRIEELED, NeFHEEX4HAFEE X GEREY.

-l BBR

—-log= iz
RERMBAEXHNRERE. NRECLAFEXNXG, WRFr2ER2RBEXHE /
var/log/ledmon.log.,
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--quiet
XHFAEM stdout LM stderr ZXEBVER, BEARMHEH syslog EERNI=IE
%izgi‘ﬁ,I%\o

-h s
--help
Rap L ERITENEITHIE, AFERH,

-V’
--version

2R ledctl BURRABLURIFANERNAEXRER, AERL.

1221 RARAMR

IRHE SFF-8489 #3E, ledctl WMARERFEIESZ LT pattern_name BLEME R,

locate
I SEEIRENTIERXIE LED, RSB FARIRFESIREIES,

locate off
KA SIEEIREHTIEHEXAZEX LED,

normal
XA SIEEIREEXAVIRZS LED. P& LED UAKEH LED,

off

XA SIEEIREMHERAVIRZ LED F#KFE LED,
ica,
degraded

AL ER In a Critical Array &=,

rebuild ,
rebuild p
AL ETR Rebuild R, BATFHRAMEMIBMRER, ZFEFHRHPEWERS.
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ifa,
failed array
AL ER In a Failed Array &=,

hotspare
BIfI{L 2 Hotspare &=,

pfa
AL 2R Predicted Failure Analysis #z.

failure ,
disk failed
AL ER Failure =,

ses_abort
SES-2 R/R ABORT

ses rebuild
SES-2 REBUILD/REMAP

ses ifa
SES-2 IN FAILED ARRAY

ses ica
SES-2 IN CRITICAL ARRAY

ses _cons_check
SES-2 CONS CHECK

ses hotspare
SES-2 HOTSPARE

ses rsvd dev
SES-2 RSVD DEVICE

ses ok
SES-2 OK
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ses ident
SES-2 IDENT

ses _rm
SES-2 REMOVE

ses insert
SES-2 INSERT

ses missing
SES-2 MISSING

ses dnr
SES-2 DO NOT REMOVE

ses active
SES-2 ACTIVE

ses enable bb
SES-2 ENABLE BYP B

ses enable ba
SES-2 ENABLE BYP A

ses devoff
SES-2 DEVICE OFF

ses fault
SES-2 FAULT

Rk SES-2 RALEENERINLERN, 2R B 6% EEPIRRY SCSI AFEARSS (SES)
2 183

#®12.1: JFSES-2 1R 5 SES-2 RN ZiEIAYGE R

3E SES-2 150 SES-2 &3

locate ses_ident
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JE SES-2 5z SES-2 12X

locate_off ses_ident
normal ses_ok

off ses_ok

ica ses_ica
degraded ses_ica
rebuild ses_rebuild
rebuild_p ses_rebuild
ifa ses_ifa
failed_array ses_ifa
hotspare ses_hotspare
pfa ses_rsvd_dev
failure ses_fault
disk_failed ses_fault

12.2.2 g&®EYIER

EEAL ledctl s<BY, IEEIKER LED BHRIKENEERIRI, HEFEHMBY LED #
RexiHlo REFIRARA LU TRME VR —ihiEH

° LESHRALTERINIZETIR
o UERDRERRESHEERNIRETIR

MREFEF—ILPREESMEN, WE—MENBNLET IR UERBEBA B UERT
E. BXERMMTIRBIEIRE, BSRE 12237 107 o
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wEMEEm /dev BRE /sys/block BRAXHERIEEZR, ZEEZAILURIARIGE. MD 3R
f RAID IR BB AR, WTHMH RAID IREHARIRE, SNABEXEKIRIREIREFRS
A9 LED K7

list_of_devices A%t i&&H LED E#igENIEERT pattern_name H BFrE H M LED &3
X,

12.2.3 Al

BB MRILE:

tux > sudo ledctl locate=/dev/sda

BEXARMRIZERN “Ef LED” , BRITUTIE:

tux > sudo ledctl locate off=/dev/sda

& MD 2 RAID i MR, HEARMRISEREEWER:

tux > sudo ledctl locate=/dev/md127 rebuild={ /sys/block/sd[a-b] }
KHANBETEIRER “IR& LED” 1 “BXf& LED”

tux > sudo ledctl off={ /dev/sda /dev/sdb }

HERI=1REE, BETUTHSZ— (BN ERER)

tux > sudo ledctl locate=/dev/sda,/dev/sdb,/dev/sdc
tux > sudo ledctl locate={ /dev/sda /dev/sdb /dev/sdc }

12.3 HMER

BX LED iR UKL EMTEMNFAESR, BHEINUTRR:
e GitHub.com £BJ LEDMON FF/EIH (https://github.com/intel/ledmon.git) &
e SGPIO #I5E SFF-8485 (https://ftp.seagate.com/sff/SFF-8485.PDF) 2

e |IBPI #5E SFF-8489 (https://ftp.seagate.com/sff/SFF-8489.PDF) &
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13 iSNS for Linux

fEFXIEMZ (SAN) AJ B S D HEERNREITFSHELRNR. XFIRELKMNILEME
WZIEE R, iSCS| AttimiNaeisiRzl SAN RIVEERR, HRER S X Hi#Tihm,

A MEEFRMRARSS (ISNS) B—TEFIRERIARSS, ERAER B TCP/IP M4 L iSCSI 1R&HY
BRI, EEMEE, ST @EMNSKTRIRSELL, ISNS ARt sepfEF A M EIEAR
5o

NREA ISNS, EHTEEFRFRBFIENES N T RENRE IP ik, eI, HIERIIE
EHITIRSNG, BITFNEEML L iR hP) L B i,

O == wezRFEE
RTFRERERNE, RETELEHAERMBZIFEREER iSNS.

13.1 iSNS RYT{EIRIE

iISCSI RiimE &I iSCSI Bin, FEIRFIMERNML IS ERMEFERRUSIFRIXLEHRE
EMPLE IP sk, 37 iSNS BRSZBHE MR EIR EIHERIA R — iSCSI BARA IP #itikay51
o

WA EF ISNS, EEUE iSNS &I, B iSCSI Bt Ricin A s AH R XL H, &
SRMEET RO, SRS ENBAIHERZREINE iISNS FEMNESENBRF
&, XEREFENESEIFRENLEN KRB RE ST ENERILAI X RISTEEERIEE]
MRLEHIZERR. X BRI LRSI & (s & B B AR & im BV o
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o

r—
Ll Eh
LTk .
fire .

Hir X&iElF His Hix MRl

13.1: ISNS &Ilig

iSCSI B4R iSCSI & iECinER AT LAEFAE iSNS & Fimidid iSNS il &i#25 iSNS BRS5 28 ZBIVE
Fo AR, EffE2f&XMEREMKERIEER. THAEXAMEIMZFAHIES, UkiE
WHIER X MR EGHF T B,

iISNS ARS32RMARZEH iSNS B U fEFS ISNS T EHAY iISNS thNEIWHIIER. iSNS IRSZ2RE5H
iSNS TSRS EERA, FHIEMGETFH ISNS BEEFRUEMEKRIEZMN S HINIEES.
IEA T Linux BY iSNS {2 R E4E:

o REERIREUMIM. KM EEHKNEEFHT.
* 5 DNS ERtiZ5 195k

o 4i—iSCSI fiEfzRvEM. RIMMEE,

o BLEEFEESLE,

o SHthRMAEMREL, BUH T Al e,

iSNS E&EZMEEMNE,

g0, EEE 100 4™ iSCSI ZifLinAN 100 4~ iSCS| BIRAVIZER, FrE iSCSI Riin#rl =it A
BLANER 100 1 iSCSI BARRER—1 BIFLERM Bn AR AT, ErTLRIERED
ZRI7JRY iSCS| & itcim &R L EthERI IR iSCSI B1Ro
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fEM ISNS NS —TABET, iSCSI R IHIFANE iSNS RSS2V ENREL IP sk, AL
FESE 100 MRS SRHIEN AN IP ik,

13.2 ZZE ISNS Server for Linux

iSNS Server for Linux BEHIF SUSE Linux Enterprise Server, {BERARSXMEIN RIS
B, BEELEM open-isns HigE iSNS RS,

Q ii&: isNsHiSCSI ER—BRS B L
FILIERE T iSCSI BAREX iSCS| &R ttimt fHRIE—ARSS 88 L L% iISNSo A FHER—
3588 LEIBYREE iSCSI BRI iSCS| R ECimERfFo

L4 iSNS for Linux:

1. B5h YaST FHikZFMLEARSS > iISNS AR5 28,
2. MRHEERLZE open-isns , WREAAZMAERRTEHITLRE, BIRELEMIATE,
3. “iISNSARE5” EcEXMIEEZ BT HH BRI ED+R,
iSNS 55
i iSCSI 5= R
RESEE
LHERE:  BES
BEANEERE:
FRIFLURRE -
EBE:
FiER -
PASEREE
B ERS T A
*isns (FAFR)
EEREENRERSAEREMHAE,
FEN(H) EUH(C) HE(Q)
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4, EEHRSH, EFRUATERZ—!
* S|SB iSNS AR5 TEARSS SRR ThEY B RNB B,

o Fzj (BA) | MAEATRE ISNS [REBHARSIMEFHI G FohiEAN sudo
systemctl start isnsd KRBz iSNS RS,

5. EEUTMERE:

o FIABMERIRA: EFREEELGFTHAE, HAFMNITETENIEIZR
5o ENNBRT, BiAEROZXHN.

o BAASBATS: WMRITAMAERD, RINER TSERBENEED EFTHZE0.
BEGMIEAT LUEFET A2 ORED, EREERNMKED, RS2
REo
6. BEHERNAREREHTTHRE.

7. #4555 1337 “ECE ISNS 2

13.3 FEZE iISNS &g

EiL iSCSI RECimAMBEARMER iSNS iRSS, EIUAETENLZIEH,

O == iSNS RSB TRTERTRS
WM LEHIZITISNS IRSS, ABEIEE iISNS £WH, BXELR, BEELE 134T B
& iSNS ARSZ” o

13.3.1 Al iSNS &I

LEISNS fRSSE, KEBEIIR— MR AL DD HBALIE. ERENEER iISNSHIIME
iSCSI Bfrfl & Eime B shAINEIRIARY & B,
IR A I

1. BN YaST, ARTEMLEARSS Tk ISNS fks5E5.
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2. BERIEETR,
RIS T PRI AENAIE. ERILGIELIE, BlFIaENAIE. 1FE
=, MR RFRPRIFRED iISCSI TRRABKEMEFRER, MASHERZISCSI T
2 IR 51 IR IR P A B BYFR A iSCSI Ti o EEARBNAIMASIERZLK
IIERIRY RRIHTZT R R ATEFME L IS FARANAMIER iSCSI T = MIBR iSCSI =
SMEHFRERZT =R, ERSMERZ iISCSI TR,
Bl32 ISCSI TR R AVPR RAREMBI T RN LIRS, 3 iSCSI &icimal B mE
HET =B, ESMARERN—E7.
3 iSCSI &ZCimiT A IIEREY, iSNS BRSB=REENRE—A IR SZIHIFAE iSCSI T

BT
isns PR
RS 1SCSIF5 LT
b3
EIEE
Bl A i) 23
ENERR

iSCSI AT TaE

AINEART SCSI T8 | | gl iSCSI TR A iillia
#BI(H) mEo | | #=o |

3. BEHeIEAIEEH,
EALUEFEIMB IR, PAR RS bRz L T,

4. FEECIBIAIIRNRI, ARBEHFHE,

5. #4E%¥ 13.3.271 “mAIARMISCSI TR o
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13.3.2  [A&RILEARN iSCSI T =

1. 35 YaST, AARTEMLEARSS Tk iISNS fzs525

2. B iSCSI I kIR,

| BRS 1SCSI 524 | £

IscsI B

iISCSI B~ TafE

isns.control Control

L OERR |

| mBH

7

tux > sudo systemctl restart iscsi
BRIk CH, FIETT
tux > sudo systemctl restart target-isns

ERMBT.

HiSCSI TRHEMHERR, X+2ER.

135

tux > sudo systemctl restart iscsid.socket

B | | BRo |

3. BT RYIRUMBARTIE T Z26EHH iSNS BRS38Y iSCSI BAntl &ittin.
YNSRARFIL iSCSI BIRsi A, FIRERBEE TR LERBEDISCSI RS, Alt, ERILGE

BILUEEI iISCSI T, ARREMIFIZEM iISNS BUEEFRERZT R, MWRAEER
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PRIEMBRE ERR I iSCSI BRESXHFAY iSNS 28453, BN, EERBDNiSCSI REHES|IFRSE
250T, iSCSI BB XBRMEITIR (ISNSEIRBE) -

4, BEHEIIERT-RHEZEREN A IE.
5. BEAINIA ISCSI Tim, EFEAMEFPHTR, ARRIHANT o

6. NAMERAMENTREEL—D, SETRANTRE, BRETH.
HAER, — 1N ISCSI HRAIBTZ 1M &M,

13.4 JB5hiSNS RS

NIERZE ISNS URSEZ 2R LETIE. MREBRBEIRENESISHB (BX4AT, 58
MEE 13.27F “Z23EiSNS Server for Linux” ) , 5ERIEBIEHISREAUL TS S

tux > sudo systemctl start isnsd

&R LAXS iSNS fEF stop. status # restart &I

13.5 BEZER
UTINBRHETHEXISNS F iSCSI WEMEE
e JEFAF Linux IER iSNS BREZ23F1F F i (https://github.com/open-iscsi/open-isns) 2

e JEMATF Linux LIO iSCSI BAREY iSNS & i (https://github.com/open-iscsi/target-

isns) <
e I&FTF Linux BYiSCSI T A& (http://www.open-iscsi.com) 2

BXISNSH—RRIEE, 1528 M RFC 4171: Internet Storage Name Service (RFC4171: [F4¥
METFIRE R MRS, ML https://tools.ietforg/html/rfc41712) o
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https://tools.ietf.org/html/rfc4171

14 22/ IP MBRIARB=ETF: iSCSI

REZENHAESERTENP ORI RS BT ABANEEETS 22— BEALEHNE

FBtAF@E, iSCSI (R SCSI) fRAARIRME T HABENRRAEZTHAR, AIURLHA
RS 2B FN LK MEXMIE &, Linux iSCSI #2# iSCSI &#Lim iSCSI LIO BfriktE, BFH

Linux RSS2 &2 2P OMEER SR

CEERS AR ) 22 ] M EF

fR&58% 1 AR%5aE 2 k%= 3 MR55E% 4 AR%5=% 5 k5525 6

H L
i SCS | i SCS |
LERF AR 55 2%

iSCS| iSCS| iSCS|
REEF REEF RERF

MR&EE 7
UKW
= e
iSCSI SAN LA ) 3z 3L : ['
iSCSI LIO
Birfrgese (HEFHEE

FIGURE 14.1: {5/ ISNS BR3528RY ISCSI SAN

Q Note: LIO
LIO (http://linux-iscsi.org 7) & Linux i& ARIREFREZ Y SCSI B4R, LIO L Lin-
ux N1% 2.6.38 NESAE STGT (SCSI BHF) EZRMA Linux FRIRESR—EFB
¥ro TE SUSE Linux Enterprise Server 12 51, iSCSI LIO BErARSZ 284 T JeaihRA Y

iSCSI BtrARSS5 88,

iISCSI B—ThtiEZEXMNIY, AIfEUIERMEFIREFARSS 88 Z 8@ TCP/IP L83 1THY SCSI &
SRS, iSCSI BARMFEBMRIRS 2 LiB1T, FHREEBITENX N iSCSI BiFig &, iSCS
AR EARRS 2 LI THEREI BrgE, MEIARS S EREFRER A,
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http://linux-iscsi.org

iSCSI LIO BEItniRS3 285 iSCSI ZiCimARZ5 28 2 BIEE7E LAN B9 IP 451 _E&IX SCSI B3R TiE
WMo HEXREHARS 28 LETHR AEFB5IE X iSCSI LIO BiRngENEAN, BRERAR
A ER) SCSI 7%, 7RG, SCSIMSaMBRAE IP B HEZERNBHREHITNSG, RS
B ISCS| &itin, BLHNES IP MEEREIMERE iSCSI iTfglh, ZILFFA iSCSILIO Bk
525 (fEFFAiSCSI BR) o

LB R A R AVFEE iSCSI #1TiAR, (B2 EILUSTTIRM iSCSI B4R Linux ARSS28.
FRERT, YEHNXERLARSHAIH Linux IRS[HITIZESREEN, EXRADK
BZER, BENETE “UHERADEE"

14.1 %% iSCSILIO Btrhks52840 iSCS| % iEim

RESBINRE ISCSI X2l (8 open-iscsi #1 yast2-iscsi-client) , iSCSILIO B
HENEEFHRE,

@ 'mportant: KBTI TE—BRSES
REAUER—RZFPIETARIHEMB R, BEFRENEAIIEE,
BLIE SCSI LIO BAFIRS S, BELREHATETUTHS:
tux > sudo zypper in yast2-iscsi-lio-server

MREFELLE iSCS| LicimH A FIIm, 155176 < sudo zypper in yast2-isc-
si-client,
WA AR YaST MG BIRRHRHTI TR,

BRT EREZ, EAFSINFENERBAREREF BN, HEEEE RISITHEKBY YaST
IRIRET 22

14.2 & iSCSILIO BiriRs2:

AE BRI fER YaST ECE iSCSI LIO BARARS5 28 LU AN E iSCSI LIO BARik&E. ErRILUE
FA{E{R] iSCSI &R imiain B iR,
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14.2.1 iSCSI LIO BtrBRSZ B A LS 1%

iSCSI LIO BRARSZINNECE N FEIRE. SR LU ZIRSECE NES IS BaIAT. MRRS
g2 LERPIALE, FERERILISCSILIO B EMHENAA, NaABERTBEIRLE
F— M EECTAMAERRIR O, TCP im0 3260 2 IANA (ESM SO ENME) FiENXB
iSCSI thilRYIRA S

1. BrhYaST, AGEIMEEARSS > iSCSILIO BEfFo

2. YIREIRRSSEIRo

Yast iSCS| B#R
({53 2K BiR

REES

YETRE:  RBUES
SANEEGE:
RFLARS ~
EBE:

FEE

firewalld AOFF MBI E

B EEEEA

HEH) FIER) FiB(B) FERE

3. TS AT, $E%E iSCSILIO BiFiR5SEEIAR:
° 5|20 RSB EREIIBEIERS.

o F@h: (BN BRESB[EBIZE, ZBHIE1T sudo systemctl start tar-
getcli HLRFEIBNZIRS. RERBMIRSEA T LUFERBIFEE.

4, MIRTERS 2 EEMAMALE, HEAFZEISCSILIO BinxdEMitEN IR, HAERTE
RipRNE MERSRZE DT A AIEPRIRO 3260, WNRixOX FFAAE MO X
A, NEITEAIGTIAER iSCSI LIO BiF.

NREKRERS S LERIALE, WHAMHKESHRAR. FLIERT, BRI TEHNS
B, ARG BHEEMNEE, SUREIS—MNER-RREEE,
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a. EARSSERFR L, EHRTAAMETEOEEE, UBRMAERE,

b. BEHEFAEAT, EENEEERREAINEED. JILAAERAINEED, HE
AINEENER, BUHEETANITANmO ERFrERZO. BhREREENIRE,

5. BE5E, UREFMEA iSCSILIO BiriRSBIgE,

14.2.2 BgE iSCSI LIO BAnAl &itCim A IMAY B 174w IiE

iSCSI LIO BfriRS5 2848/ 245 PPP-CHAP (Xt =il -FrifiEF B AR IIENIYN) , ZHhiNE
Internet TA2ES34H (IETF) RFC 1994 (https://tools.ietf.org/rfc/rfc1994.txt ) FEX HN—Fh=
MERIIEG %, RS SREALSHIIERERLI iSCSI LIO BffS %L, FARTFAHRE
r LRI, MRAHLERSIFEZIMAVIAR, WERLENHIIE, FFHTAI S5 R
INETFERRS. FEEEITFMHIIE, ARS8 EFRE iSCSI LIO BArERR] BE—R4% LAY
fEfaT iISCSI &iCin & Ho

MREBNTENRENEEEMREZZHWIE, el UAERENSHRIE. FHSMWIE, 52
EEFER, mAREHATTEMIIEER ISCSI AfELimiEBREBNE %t iSCSI LIO BAFfEIT4 M.
Riim s AR ENAFRZNOL, ZEMHTSMIIEERISCSI LIO BirmAELinIERE 2
FRHARY B 4T, iSCSILIO BArasim iSCSI LiimigtE AR 2O, AFEANMELLZIN
HNOLSHIARE. MNRBAKXKIMSMIE, NWEIGERKRNEZIFTE iSCSILIO Bird.

© mportant: &4
NRSED, BWEHEFIARNEIR S R ERETER S BRI,

B2E iSCSI LIO Bir B4 BFxISE
1. BrhYaST, SAGENMLEEARSS » iISCSILIO BEfro

2. R 2 FEET R,
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https://tools.ietf.org/rfc/rfc1994.txt

iSCS| LIO H#rtihid
% (S £/ BiFD

v FHHTRINEHAESE O

1% EARHTEHAYNE @
fF ID(U)

iR TRAMIE©
AP ID()

) fb® | [ R |[ #ZRe |

3. BMEIERNARTFERRS (RHTRISHNIE) . BRASHWIE, BEFEELChE
BT B 0 JIEA /1% H B 3IE,

4, RIFFMESHIIEFENSHEIE. EANMEHARBNARZMALSHABARE,

5. BETEMREANAIIRE,

14.2.3 EHEEETIE

7£79 iISCS| BFrRSZ23ECE LUN 281, HIVERTEFERNEETE. JUEENRELLB

HIGERIEEA LUN, el —81I8& D RN REX U DX, HFES DX AERM

B9 LUN, iSCSI BtrficE =¥ LUN S E! iSCSI &ittim,

ERILUERA YaST PP XIEF R SITRIEES X, BXHT, B8N0 (FEEE) ,F10=E
“BERDXER ,$£10171 “FRERSXIER" . iSCSILIO BirnlEREXUHNPXBF

Linux. Linux LVM 8% Linux RAID X1 %% ID,

o Important: 7Z%& A\ iSCSI Birig&
RESTAEISCS| BMINgE NP XGE, YI7mETHAMBRREERNEHITIAR. FEE
BIFRS R EEADK,
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14.2.3.1 FEEMUHFERIFIESESX

e UG WL guest ARS3287E7 iSCSI LIO BARARS 28 (EA. ATIBAINAL Xen RIS K
P, EFEILAER SUSE Linux Enterprise Server ki EL B INIF IR,

£ Xen EHIRIER, HIUGEAT iSCSI LIO BIRGEMNEEFETEIEIRE guest ML, RARF
EA guest IR BN ISR Z T8, S EINEEIA U — MBS, MEBME
. PXeiE, FEATUR—MNETFTXHHEME, HEhEiliEE Xen THIRS R LKA
YREHGE FRVR NG, A TIRGEREMNRE, EMNYIBRER S XEES M EINEE. A
guest IV BSTEINHRS, BB guest IRZ588, ARIRBYIEIRSSERFIANRE—IEE
IS RN ATE 7 iSCS| BIR&HE.

£ Xen ENARS 2R LOIREFXHRIBEMER, ARRKEIEKE Xen guest fRES28. EIAE
T, Xen BETFEMIHLEIMEIETZEE /var/lib/xen/images/VM NAME B&H, Hrh
VM NAME REIMHBIRFR,

14.2.4 &% iSCSILIO BirH

el LA YaST B2 & iSCSI LIO BARi&%E. YaST £/ lio-utils ZNHAHZMHAY API, iSCSILIO
BARaIfER XA Linux. Linux LVM 3% Linux RAID X4 £%: ID B9 X,

© mportant: KX
TEFEZE, FERERTRREENSX, F—EERHXLESX: iSCSI EFima]
MEEES XE#THRIL, HESREIEREI.

1. B&hYaST, AERMMEEIRS » iSCSILIO Hifo

2. YIRE|EREI R,
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iSCSI LI0 Birikit
[ [ 2R BiF

Btz v NP4 TPG K&

i1

) (H) kR || T2 || 2=mE

3. BEHIN, AREXHBISCSILIO BirA RIS
iSCSI LIO BAREARR BERTE Ein. AR, [JFH 1P HIEBIRIGE O SFER. RIS
EREER S 110k,

a. MREEZIMEEO, BER IP it THERERZ AT I BRAR MO IP
Hoht, BEARSISIREFAEMULTE AR, BERLERAE IP Hilk,

b. MNREARBX I EFAHRITRERSMINIE, BEUEERERASHIIE (REIL
M%) o

C. BEHEAM. BWMNKERDXHERE, HEEIDRNXEBZ. BAILIEERNR, A
[FREHE. RIKGEIEMLUNS (MOFR) . IRKZFEREABAE, &
BEhERE TR,

d. (Eh%) ESRTENS BRBERANEITBIRE,

]

. BFrEFENENANENZAR, BT TF—%,

4, 7EIECRISCS| BfnAiink ENE L, BEEAIHIRERAES LUN BRREIREIES
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2R isCS| BEfnRcinig &

BiR IRIRET Jigk:l

|2016-08.com.example | [2-9e3a-2d7f16639c16| [1 |

KR T LUN BRES SIE

| & | N [pEssnil | B || =5 |

| men) | | kR || BEE® | F-Hn

TERERAREE T EV—MREiRG, HiELUN, FESHINIE. HENEFRET =R
Fo 18R] LAGER 7RISR E FIK N B ARE AN &Sl -

{&2g 1SCSI BiR: %
o RN J9ETAY iISCSI LIO BARAT NIRRT,

o 4538 LUN: FECEXRE iSCSILIO BARAFRIML LUN B ELEE R iin, A LIRS
FCRYE—1 BARERBREY B BNk Ry & tis.

o RIBEMISE: NEEREREEEESNRIESE EAUEELTSHIIE, 1
A LERERANSDINIE. FHEHIRIEN—E SiE.

o MBR: RhEE RERTM 2 ERL BIRAR KRR TIRPER.

o 8l RMEESEELEHIER LUN BRESH SAIIEIS B AT, il
e, EET LIRS HEBENEE LUN B—DERABETNE— M =,

a. BEHAN, EEARLRZIR, ERHECHERM TPG HFN LUN BE4E, ARE
HifEREFIRE.
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b. ERLCHI, BERIE LUN, 188 LUN BRES, LUERER iSCSILIO BARA A
L LUN D ECAIETE Litdls, AERTEHEREFEN.
YNSR iSCSI LIO Btr¢AE %4 LUN 4AR%, EalLIE—1 3% LUN DERLLIETE &Ritc
e BUABRT, RZATRHE A LUN EIEIRGE LR LUN.
E{E28 LUN 282, IBFER A T —Ins 2 R E:

o B{N: B|HISNMOEFMARE LUN IR, SREEHAEXTFRES—MNER
LUN BREFEIZ I,

o MIBR: EFELEIE LUN BT, ARBEMFREFRBIR LUN RS,

o B SR LUN I, RARERAEN THHEERES ZRSHIBR
LUN,

HAR BRI B EE

o BPERSBIIAN—P AR, KERATFIE LUN DE4AE.
TR AERLtE 2 ARER, NIEEMRSS 28 ZE D4 iSCSI SAN fE#F.

o LIRS RIVIAZ TR, B—THZ DB LUN DELEES— RS
22, BE LUN RoEta— 1 ARSS 25,

EEI LAER L ARG, AEURRORRIEE S8 1SARS X518 B 548 iSCSI
SAN f&f7o

o BENSITRIIAN—1M AR, KFAEHZENE LUN DEESE—1T T o
FRE T RERRERRNIRE, BNTRSEXGRS, BERASIUERER
WLENRRE, FE—RRE—ITTRLEENZIRS. HENXHERS (GI4
OCFS2) AItZMTRERENAERRIXAEN, HLREHRRITAERX
o
ERILMERLL D EREE, FisERRSSSREEZE DA iSCSI SAN fiETF.

C. EERREIHRM, BERFES NI, BEEAECKRNSMNIIERE, ARREHER
A=
ERIUERAH T RIS, WRAIEE L & in it T 2 0 EM/s = B 510
Ok, EXFIAB T AEREE —MNAPRZMAOL. NFAEiRHEAMELSH
IIE, SHFEUERTUEMAE. S1AERNSHRIBIARE.
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d. X NEILLARILEBEARAR iISCSI RiEREES LIRS,
e. KERRIERIERE, BEH TP,
5. BRTRREANAIRE,

14.2.5 {24 iSCSILIO B1r4H
el URERIN T A B IE iSCSI LIO Bnd:
o EERAFRIMMEREAR LUN &&
o N BERERINEERARR
o NBEMANREREULERR LUN ZIE4F LUN BYBRSY
o BRARRSMHINIE (BN, FHKZH) WAFZMOLEHEIL
EBWIEELISCSI LIO BIrARNIRE :
1. 35 YaST, AEERMLEHRSS > iSCSILIO EiTo
2. YHRE B AREDR.
3. EEEERAYISCSILIO Bind, RERERE,

4. 7 “ErRiSCSI B4R LUNIRE” TIE L, R LUNZMNEIB4R4E, W38 LUN f5REM AR
MIFRE#R LUN. TEXNATHFIERENENRG, BE D
BXREER, BBRELISCSI Bin: %,

5. £ “BRiSCSI BifRiEEimigE” NE L, EERIFAEERAF LUN BREIRRIES.
EXATERFMERENENE, BE TP,

6. BEHTAREHNAIIRE,

14.2.6 PR iSCSI LIO B4r4A

MIER iSCSI LIO BARA R ERRABE X AR R RiRAIEXRIKE, € LUN BREHM S {IIER
IE ZBREASHERD X LR EERE T RERHRNRR, ERILUGETR LUN SELE R
EREFHERAE, HAHEEEREHRARINR,
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1. BEhYaST, AREMLEARS > iSCSILIO Bifo

2. YNEEIE LR,

3. IEEFEERIPRRY iISCSILIO Bind, SARREHMPR.

4. RYURTEY, BEASHIAER, SKETEUETFUBUE.

5. BETERREAHNAIRE,

14.3 ECE iSCS| &ittim

iSCS| &itcimn] B F&EZEHER iSCSI Bir. HEARBRFSection 14.2, “1&= i1SCSILIO EinfR
5257 WEAM iSCS| Bfrfi#iR 53, iSCSI RKiEiRfcEER N EESL R — RINAIA iSCSI B
FIEE iSCSI =iF, XM BEEB @ YaST Feflo

14.3.1 fER YaST $17 iSCS| XicimAcE
FEYaST#, “iSCSI REMIA" SIE=PETF:

AR5 :
Bl AR SSIETRKES I SR B iSCSI kiR, EXEAITIREM—I & LimHE7F iSNS
AR5 28 AR T Ao

2iEZBa .
EIEZEIRET DR T YETEEER iSCS| Bff. S5EAUEMEMERMN, TifisH
BT ARSI B FRAYEIT,

exMmBs:
B A I BRI -EEEREBF o A ML HY iSCSI BHF.

14.3.1.1 E2& iSCS| %&itcim

1. BaEhYaST, ARERMLEEARS > iSCSI AZittim,

147 BCE iSCSI & icin SLES 15 SP2



2. IHREIARSSET R,

iSCSI kitehnits
fR% BiEEET BRUE

REERE
LS BORUEN

SANREGE:

RIFLAIRE ~

EBRE:

RELHEE -
REWEI(0) (D)

iqn.1996-04.de.suse:01:63a71aed9018 A (B =
iSNS Hifit iSNS #]
LG BUH(C) HE(O)

3. EEMARS T, 8 iSCSI RiCimARSHIBEIA
° 5|F8: ARSB/ERTNS BEIETIARS

o Fri: (BN REB[BERDIZGE, BHIIEIT sudo systemctl start isc-
si iscsid @< RFHBINIZARS

4, 57 AL AL IR o
FbARSS 28 LAY iSCSI RSt EARTVIEMRY iSCSI FRERTR (IQN). A S im A FRIE RIS
A EEREE— . IQN ERUTEMER:

ign.yyyy-mm.com.mycompany:nl:n2
Hep, n1#n2 BFHHFFN. Flu:

ign.1996-04.de.suse:01:a5dfcea717a

Eitin TG HARS S X /etc/iscsi/initiatorname.iscsi FHIMERN{EBED
1878,
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WNRARSS 28421 iBFT (iSCSI Boot Firmware Table) %, M %i2inZ 71§ IBFT Ay
MEREEE, FREFEELARPERLEREM. FI, EEILUFER BIOS i§&EXRi#H
1T, iBFT RIEEEEMITISCSI 5|SHEERANSHNERR, SiEH RSN
iSCSI Bin5 & iCimiaiR,

5. FRUTAZEZ—RZIMWE LR iSCSI BiF.

* iSNS: ZEFH iSNS (Internet Storage Name Service) 3R & iSCSI B¥r, &
¥gSection 14.3.1.2, “fEF ISNS &I iSCSI EHr” HFmRd*EH424E,

o BAMBR: EFohAIiSCSI BIni&kE, B#&kSection 14.3.1.3, “Fr& I iSCSI
BEin" TR SIRE,

14.3.1.2 {EHF iSNS &I iSCSI B#r

NRERIER EREHEE iISNS iREe8E, AREMFERLIED, BXER, BERE 135
“ISNS for Linux” o

1. 7£YaST /1, ¥ iSCSI &icis, FAIRERERARSSEH+R,
2. 87 iSNS BRS588R7 IP #iiEAIR O, FAINIRE 79 3205,

3. BEHEREHNAER,

14.3.1.3 Fnp&I iSCSI B

WHEMBIRE iSCSI RILHHIARS SIHIENE N iSCS| BAFRSBREE M TFigiz.
1. 7£ YaST 1, ¥ERiSCS| &g, ABERE LY EIRETE,

2. BFH LT iSCS| itk & HIHEE,

3. B P RIBEEEEXIEO. BIARORA 3260

4, IREBXRHAITHMIIE, WEUHER AT RIS HIIE, ARAELERETEHE
IEEZ B AR T B (0 JIEE RE B 7R

5. B TP BEh&MHAERE iSCSI BinRSS 28,
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6. MMREBRZEMB MR, ERIIAIG, BEREEEEB T
AR SRS PO RIERIELERPME iISCSI Bir.

1. BEHE T —PEMEcE.
ZEMSUBHIECEEZEETF, MEERIEREMISCSIIRE T

8. BHHEREHNAEN,

9. IEAILAER Usscsi ap< & iSCSI Birg &N IZ & IRIZ,

14.3.1.4 7iSCSI Birg&iwERtHHIXIZE

1. 7£YaST /1, & iSCS| &Ricis, FAREHREEZBIMENRUEE SaEREIRS 2/
iSCSI BtRg &R,

2. EEFBEEER ISCSI BinigE.
3. BEHUMEMMERIRE:
Bzh: IEIATF iSCSI RS A5 BBt EiERERY iSCSI Bin. XEHARE,

SISt LA T 5| SHAREEZR iSCSI BAR; Bl, HRBR (/) irF iSCSI LAY,
XHE, iSCSI BIRgEERSS 285 SHPRIM initrd ##1TiTME, HIRTTETEM iSCSI 1%
BFa (BlWIBMZ) LB, Rit, EXEFE EANERZED, MmERE
o

4, BEHHEREHNMAER,

14.3.2 FohigH iSCSI &t

KZIMMECE iSCSI FEZFHENK iscsid IEEIBIT. BRBITAMY, BT /etc/iscsi/ BRH
BIF2 iSCS| ZiinRI B &R,

MRRIZOLHEP, WE iscsid IREFHIIEES. AFEXRITAMNAZBEIBEEHTF

£, FLTAERNERSIERE, Bk, HAREBELREXMH /etc/iscsid. conf LUREE
Bo. BAXMAMOLEE, B /etc/iscsid. conf RERMUTIT:

discovery.sendtargets.auth.authmethod = CHAP
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USERNAME
PASSWORD

discovery.sendtargets.auth.username

discovery.sendtargets.auth.password

OB ERBEINEREE—TREMSAKEESR, 1, EIERFRBERNEIRETR.
ERLUTa<LEBITIAIL:

tux > sudo iscsiadm -m discovery --type=st --portal=TARGET IP
WA TR

10.44.171.99:3260,1 ign.2006-02.com.example.iserv:systems
BRI iSNS Akss2: LRVRTABEM, IBERUTH<:

sudo iscsiadm --mode discovery --type isns --portal TARGET IP

FF iSCSI B LEX SN BiR, BETR—17. BXEFHIENEZER, 50 Sec-
tion 14.3.3, “iSCSI ZiCIwEIEE" o
iscsiadm BY4F% --login EMRCIEFMEEEMNIKE:

tux > sudo iscsiadm -m node -n ign.2006-02.com.example.iserv:systems --login

MERISERERE Usscsi MiaHPR, MAEFETENZILE,

14.3.3 iSCSI Ritim#i#EE

iSCSI Ri2im A MAFRE 5 EEMETZEIENLT /etc/iscsi BRI NEIBEXHF, — MR

FERTAMNER, S— 1M EERTRAINT R, HREEER, BAXOTERERREMR
IIRENEEIR M T SR IRENE B, AI{EMA iscsiadm FYE%L -m discovery #1 -m

node RAITIIR(E, FH iscsiadm BEEHEA—INSH, miREEFICROOER:

tux > sudo iscsiadm -m discovery
10.44.171.99:3260,1 ign.2006-02.com.example.iserv:systems

RPN BERZFRA ign.2006-02. com.example.iserv:systems ., SitiFrkEIEER
XIFTERERRBEEL 2R, EREID A iqn.2006-02.com.example.iserv:systems
HIBIERHAR, aIERAUTHS:
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tux > sudo iscsiadm -m node --targetname iqn.2006-02.com.example.iserv:systems
node.name = iqgn.2006-02.com.example.iserv:systems
node.transport name = tcp

node.tpgt =1

node.active conn = 1

node.startup = manual

node.session.initial cmdsn = 0
node.session.reopen max = 32
node.session.auth.authmethod = CHAP
node.session.auth.username = joe
node.session.auth.password = *¥*¥fkkx
node.session.auth.username in = EMPTY
node.session.auth.password in = EMPTY

1l
(o}

node.session.timeo.replacement timeout
node.session.err timeo.abort timeout = 10
30

node.session.err timeo.reset timeout
node.session.iscsi.InitialR2T = No

node.session.iscsi.ImmediateData = Yes

EREXLETEMNE, AR iscsiadm 5 S R1F—EFER. Fli0, NRFE iscsid THIA
AT EF iISCSI BiR, MPEZE node.startup MEIEEN automatic :

sudo iscsiadm -m node -n iqn.2006-02.com.example.iserv:systems \

-p ip:port --op=update --name=node.startup --value=automatic

£ delete Z(FRIBRIBIRIEIREE. AREMNR ign.2006-02.com.example.is-
erv:systems FHEEEXIER, BEAUTHSTLUMIER:

tux > sudo iscsiadm -m node -n iqn.2006-02.com.example.iserv:systems \
-p ip:port --op=delete

0 Important: REEIA
(ERILETE SN, EAE LM% MEEAMMNTIART,

SRV EE AWM BIRRTIFR, 15317 sudo iscsiadm -m node &%,
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14.4 {#H targetcli-fb IEEREFBEIR

targetcli AT EE LinuxIO (LIO) BirnFRALLENINR. EBHIURE AR ERZINS,
WA UG IEERNINERBHESRIT—FH L. BUTFERIINF, EBAILUER cd RN
targetcli ThEeERREEHT, HERA s SLTIHRE

AANGLERTHBER. BAS T ERMEESEHNMSE, BEUE—Lo<aEMER
FHEA (B cd A s &) o

targetcli spTHIETNANT:
[DIRECTORY] command [ARGUMENTS]

ERILEEMBERPERA help L KEFTAB IR, HEEEXGTIHERS.

targetcli TETE targetcli-fb 8HiEMH, LLEBEEES SUSE Linux Enterprise Server
MEMEFEPIRM, AIERUTaHITRE:

tux > sudo zypper install targetcli-fb

R targetcli-fb &fF, BA targetcli fRS:

tux > sudo systemctl enable targetcli
tux > sudo systemctl start targetcli

EHEE targetcli 9h5%, BLL root 511517 targetcli:
tux > sudo targetcli

SRE, PILULETT s S REERINEE,

/> 1s

O- /i e [ |
0- backstores ................. [...]
| o- block ..... [Storage Objects: 0]
| o- fileio .... [Storage Objects: 0]
| o- pscsi ..... [Storage Objects: 0]
| o- ramdisk ... [Storage Objects: 0]
| o- rbd ....... [Storage Objects: 0]
0- 1sCSi .....vvivn... [Targets: 0]
o- loopback ............ [Targets: 0]
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/>

o_

........... [Targets: 0]
.......... [Targets: 0]

M s LM FPAR, HAREETAGR. BEit, F—FREE—SZIFRGBT.
targetcli X#FLA T aks:

o fileio: ZSHhBg&E 4

block : TREENDX ERRET

pscsi: SCSIB#@ig&

ramdisk : EFRENEIR

rbd : Ceph RADOS HRi&#&

AT

7 targetcli BUIHEE, IBHERA create sARAMRGE XS E NG BIR:

/backstores/fileio create test-disc /alt/test.img 1G

XSERENMUE (FEAXFIHAH /alt) CIE 1IGBH test.img MR, iE1T 1s, WRNNEE

/>
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........................................................... [...]
backstores . ... e [...]
block ... ... [Storage Objects: 0]
fileio ..t e [Storage Objects: 1]
o- test-disc . [/alt/test.img (1.0GiB) write-back deactivated]
0- AlU@ ...t e [ALUA Groups: 1]

o- default tg pt gp . [ALUA state: Active/optimized]
PSCSI vttt it e [Storage Objects: 0]
ramdisk .......iiiiii i i e [Storage Objects: 0]
Fbd . [Storage Objects: 0]
180 vttt e e [Targets: 0]
loopback ... e e [Targets: 0]
- Vhost L e e [Targets: 0]
XEN-PVSCSL v vttt sttt ittt ettt s [Targets: 0]
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WitHtst, B7E /backstores/fileio BRTEIE—1&AN test-disc MEFXHR
BiwfEfE, HEHZeIENXE /alt/test.img, EER, WHNEIREFRERBE.

T—F2R—1iSCS| BirainER R ZzaiRERF. ST EREBLME— IQN (iSCSI RER

&) . REAKIQN XM
ign.YYYY-MM.NAMING-AUTHORITY : UNIQUE - NAME
R IQN BILLTERS :
© YYYY-MM: B sZHMEEGTAE G
* NAMING-AUTHORITY : gn&#AHRIEFRIEE B R RIS
° UNIQUE-NAME : sp&NIAgEiERymE—isS
540, F+FIE open-iscsi.com, IQN BJLARE:
ign.2005-03.com.open-iscsi:UNIQUE-NAME

Bl iSCSI B#rBY, targetcli s AFEIEKRECHIIQN, REZ IQN &
A, SRR TECIZBEMRITEERRTR, 1LiZm<SHELIEE IQN, Fa0:

/> iscsi/ create

BXisfT 1s

EfRIEERIIETUAD

/> 1s

O /e e e [...]
0- baCKSTOresS ..o e [...]
| 0- block ... e [Storage Objects: 0]
| 0- fileio ..ttt e [Storage Objects: 1]
| | o- test-disc ....... [/alt/test.img (1.0GiB) write-back deactivated]
| ] @= BB coooooooabobanab0000000000000000000000ADC [ALUA Groups: 1]
| 0- default tg ptgp ......ovvvt. [ALUA state: Active/optimized]
| 0- PSCSL wii it e [Storage Objects: 0]
| 0- ramdisk . ... ... e [Storage Objects: 0]
| 0- rbd ... e [Storage Objects: 0]
0T I o [Targets: 1]
| o- ign.2003-01.0rg.linux-iscsi.e83.x8664:sn.8b35d04dd456 ... [TPGs: 1]
| O ) (] S L Y [no-gen-acls, no-auth]
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0- ACLS ittt i e e e e et [ACLs: 0]

I

| 0- LUNS ottt e [LUNs: 0]
| 0- portals ... e [Portals: 1]
| 0- 0.0.0.0:3260 ...ttt e [0K]
0- LoopbacK ... vt e [Targets: 0]
0- VhOST . i e e e [Targets: 0]
0- XEBN-PVSCSL ittt ittt ittt it [Targets: 0]

/>

WMHEREET ISCSI Bints, HEWAEER IQN ign.2003-01.0rg.linux-isc-
$1.e83.x8664:sn.8b35d04dd456

WAR, targetcli BEIBHBRETRIANEBRIIFA tpgl . XRAEANUTFIREFINEE au-
to add default portal # auto enable tpgt BRIAIREA true,

ZmTIEfER 0.0.0.0 IPVvABECRCIETRIAIIF. XEKE, @ IPv4 tilbER el LA E)ED
BN BT,

T—HZ R iSCSI BREIZE LUN (BEETS) . MITHHRENREMIERIL targetcli BoniE
IREZHMES. tIREiSCSI BIirFrERIE R, BT lun BRPER create NG
fi#7Z$57Kk LUN,

/> cd /iscsi/iqn.2003-01.org.linux-iscsi.e83.x8664:sn.8b35d04dd456/
/iscsi/iqn.2003-01.0rg.linux-iscsi.e83.x8664:sn.8b35d04dd456> cd tpgl
/iscsi/iqn.2003-01.0rg.linux-iscsi.e83.x8664:sn.8b35d04dd456/tpgl> luns/
create /backstores/fileio/test-disc

/iscsi/iqn.2003-01.0rg.linux-iscsi.e83.x8664:sn.8b35d04dd456/tpgl> 1s

O- PGl L e e e [no-gen-acls, no-auth]
0- ACLS ottt e [ACLs: 0]

0- LUNS oo e [LUNs: 1]

| o- tun® ....... [fileio/test-disc (/alt/test.img) (default tg pt gp)l

0- POrTAlS vttt e e [Portals: 1]

0- 0.0.0.0:3260 ...ttt e [0K]

m7E, BRIET—TAEE 16B EFXHNEIRETER iISCSI Bin. ZBRINEIRA
ign.2003-01.0rg.linux-iscsi.e83.x8664:sn.8b35d04dd456 , A MARGHIE(IK
KimOBHRE,
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&G, EERFRARIREBRAREENER. EXWLEN, —MAEBNEI L ﬁ'JL—
PARVTEEZZIERN ACL AU, EXMIERLT, “IERHE IQN JIES MR RER

PATE /etc/iscsi/initiatorname.iscsi X EIME LEEiwEY IQN, ﬁFHL){"an SR
MFREM AR (EZ4SFIA ign.1996-04.de.suse:01:54cab487975b) :

/iscsi/iqn.2003-01.0rg.linux-iscsi.e83.x8664:sn.8b35d04dd456/tpgl> acls/ create
ign.1996-04.de.suse:01:54cab487975b

Created Node ACL for ign.1996-04.de.suse:01:54cab487975b

Created mapped LUN 0.

/iscsi/iqn.2003-01.0rg.linux-iscsi.e83.x8664:sn.8b35d04dd456/tpgl>

EB A IEARRGNARBVERMEN FIETER. A ENREMRIE, BEGFETE/, Ha
UTEHFANMERIET. BRARERTEN, BEAU TSRS

/iscsi/iqn.2003-01.0rg.linux-iscsi.e83.x8664:sn.8b35d04dd456/tpgl> set attribute
generate node acls=1
/iscsi/iqn.2003-01.0rg.linux-iscsi.e83.x8664:sn.8b35d04dd456/tpgl> set attribute
demo_mode write protect=0

Ria—4 2ERARB R AN saveconfig i SRELIENAE:

/> saveconfig /etc/target/example.json

MREENEREFTEMNFENXGHMERE, FRABMRARESE, HicE, FRELRE
&, SNERINEESSBERERR. ERUTHLBRAEMENEIE:

/> clearconfig

As a precaution, confirm=True needs to be set

/> clearconfig confirm=true

A1l configuration cleared

/> restoreconfig /etc/target/example.json
Configuration restored from /etc/target/example.json
/>

ENREENENEREERELE, BERRE—RALLEN open-iscsi iSCSI LicimiEiEE!
ZBIr (5% HOSTNAME BNzt it EMMENZ) :

tux > iscsiadm -m discovery -t st -p HOSTNAME

e SRR BRIV B RFIR, Fl40:
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192.168.20.3:3260,1 iqn.2003-01.0rg.linux-iscsi.e83.x8664:sn.8b35d04dd456

SAIE, AJLAGER login iSCSI s EREEIFIHRIBIR. Xt BERA BIEARtEER,

14.5 LEMER iSCSI &

fEFSZHF iSCSI MEHHRY, Z#FM AMD64/Intel 64 F1 IBM POWER A& 451y _ERY iSCSI #E& 5|

BAEREIEPRER iSCSI 2, HIFUTSHRINEIS|IFSHIT!

withiscsi=1
ZEIAREPSTINE T — N ER, ILEAILUE iSCSI AEIEZTI RS, HIERE IR
Ao

@ Note: RE R 5
2|SHAIE, iSCSIBEHES R, B initrd ARERAIEHRAERIEE XSRS,
BN FREAEMXERAEHLZES (FIE /usr) , HEERIE, Fib, FRARAER
ES (g0 /usr 3 /var) BAZXZH., EFAXEIRE, ARFRERRBSHEMEAR

FMEEo

14.6 iSCSI&E%a

AT NE—LEERMIBEM X iSCSI BARA iSCS| &itinminlry rl1TRIERTT 5o

14.6.1 7xiSCSILIO BirhiRZ 28 LiIgE BT LUN BN &% JFEEIR
AI0Sk4mEE iSCSI LIO BARART R EHiIR:
Problem setting network portal IP ADDRESS:3260

/var/log/YasT2/y2log HEXHEES LU THEIR:

find: " /sys/kernel/config/target/iscsi': No such file or directory
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# iSCSI LIO BtriRS B MH HRiREITNS A £, BRRILEE, 17IRE YaST, HE
BYITHER systemctl start targetcli ®<FENBEHISCSILIO, REER,

BHAUMAULTHRARICE configfs. iscsi target_mod #1 target_core_mod 2
IZZI:EJZ)\O fﬁﬁﬂﬂmﬂ'\ﬂfﬁ]mﬂ'\mo

tux > sudo lsmod | grep iscsi

iscsi target mod 295015 ©

target core mod 346745 4

iscsi target mod,target core pscsi,target core iblock,target core file
configfs 35817 3 iscsi target mod,target core mod

scsi mod 231620 16

iscsi target mod,target core pscsi,target core mod,sg,sr mod,mptctl,sd mod,
scsi dh rdac,scsi dh emc,scsi dh alua,scsi dh hp sw,scsi dh,libata,mptspi,

mptscsih,scsi transport spi

14.6.2 iSCSILIO BirEEMITEN EAREIN

MR BFRIRS 28 EEABASE, NAFTHEFEREL ISCSI %O, LAﬁﬁEﬂtﬁrEME ] iSCSI
LIO Bfr. BXER, &M Section 14.2.1, “iSCSILIO EMFRS Bl MESE"

14.6.3 EZFiSCSIENNEIES

INRFIMERIC, AJRESEFE. SUSEHMERUNN=DHEEFE. MRELRIMISCSI@IR
PEEREF, BE B SUSE BIMBEE N NITIRE SRS, MAREFEN

14.6.4 5 iSCSI&HTF LVM
FEiSCS| B4R LA LVM BY, JBEAASSMERIET,

14.6.4.1 WEMESIFFREEHITISCSI Kiin LI

IRE iSCS| &itimfy, WIRSISNBERAAI, LUE udev E5IFHRILIAIL ISCSI 18E, HiRE
B LVM fERBYIZE.
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14.6.4.2 @ZEiSCS| BIR{E5 | FHTREG WA

BIEE, udev IMKERMIINLE. BREBIKENMENAEFHERESITHER, X
£ udev ERABCIINBEAREN BRFIRFIEHIEKESE. MRNAEFHRSEHREAE
&, W udev FRGRES|IFHHEFBEIRIRIRE

14.6.5 EEXHRENFIN, =N ISCSI BirR
MNRIEZRIFEERT /etc/iscsi/iscsid.conf BREXM, B4, BMEEZXEFE
node.startup ETKEAF5H, Open-iSCSI BofftEEENB T

& /etc/iscsi/nodes/TARGET NAME/IP ADDRESS,PORT/default X, EEEE
= /etc/iscsi/iscsid.conf XH node.startup &E. IR YaST EEEN
WU B AFR), FSSRTE /etc/iscsi/nodes/TARGET NAME/IP ADDRESS,PORT/de-
fault X#Hi&E node.startup = manual.,

14.7 iSCSILIO BH1rAIE

E&iEE
e iSCS| in R IKERYSEFREFYIEEF N R

CDB (#<$#iiRTIR) )
SCSI FaSHtRENR . CDBB@BEEKEN 6. 103 12 MFY, BHaLUAE 16 PMFIER
BEETTKE,

CHAP (Challenge Handshake Authentication Protocol)
R RN (PPP) BAIEGZATFRAS—a BRI —a BN G M5, R
Y (LCP) EZM A1+ ENHHE CHAP FiifE, BRRIEERRANEFELIERENIE
mle RARIZMNEFEBIEGNUNRZRLHUEHENZBENNE. BHSHIIEELERRA
AR A EE ST EHNER N ZB AN EZHITRIE, LURAEEHRIAS MHIIEEEHRE
%, CHAP 7£ RFC 1994 F7E X,

CID (EZHRIAT)
R&ARREMD 16 (RS, BTMHE—IRFIMT iSCSIIRFZEMER. ERMBRIETIL

HWSo
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iSCSI B#r&#R5 iSCSITPG (IQN +4xid) WIAE.

EUI (" REYME—HRIATT)
EECEREAM—RREMLERN 64 IFES. ERINHIEEATRNM—R 24 (IHSHH
BB D ECLAFTER S ML ER 40 (U4 S HM.

AitSin
SCSI R1ER AR, BRI ENFTHIZE.

IPS (BRI X fiETF)
5 IP AR F MBS T IR — RN I&E. FCIP (BT IP BOCLTE
8) . iFCP (RHFMyeLh@Eihil) L iSCSI (F4FM SCSI) #BET IPS 1hi¥o

IQN (iSCSI FREHIRTR)
ELIKEEAR—IRMRE MEER iISCSI RAREL (1
#: iqn.5886.com.acme.tapedrive.sn-al2345678) .

ISID (&EHZIERIAFT)
RARREMRB— 48 iIfFS, ATHIRIIAERSBIRZENRIE. HEEERID
BHEIE, EMNERSER PDU —EAELL BT,

MCS (B SIESEERE)
B2 iSCSI MEERIARER D, AFRERS BinZBfFESZ 1 TCP/IP &,

MPIO (ZE81F1/0)
— e ERSZ B AEF IR B AR Z N REIBREN A%,

-l
iSCSI iR 5 IP #sik X TCP (fefaizhithil) ImORILAS. TCP im0 3260 2 IANA (E
WMSHBIECHM) FREXR iSCSI hiXBImHA S,

SAM (SCSI{ARLEMIETY)
U—REARIEWER SCSI {TAMXRY . EXFARERAIGE BT I BHITE.

Birn
SCSI IER WIS, BE WAL, HHKaSR N FRE.
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Bi54 (TG)
B AEFXN R SCSI BirmOMFIR, eIZMERIEE L LUN (ZiER
TS) S, SMIETEE —1ERE. ENAUR— LUN.

BinimO
— 1 iSCSl Im R 55— Z 1 LUN BIH S,

BxrisO4 (TPG)
IP 3ER] TCP in OS5I, BTFHRERE iSCSI BARREMITAYEL,

BF&IiERIRE (TSID)
HEMRERDN 16 (4RSS, BTFH—MRkRiEMERZENRIE. LEEERIEFRE
2, £EREES5ERMN PDU (MXEIBETT) —AXL KL,

14.8 HEE

iISCSI Y EEtZE, BiFZHiLH iSCSI 5 SAN RS RIELLIR. TENM4ERE, ttoMNEE—
P NXAIRERRE ARG R, BXIFHAEE, B8N http://www.open-iscsi.com/ 2 LB Open-
iSCSI B F* 11,

ttoh, 5N iscsiadm. iscsid BIFMTT, MUKRBIECEX Y /etc/iscsid. conf,
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15 LAKXMycet@ieligfz. FCoE

WE R EIEFOR LAN AEBHEREE R T LIKK , mHEEFEM NIRRT T t4HEE N
2o FIRLAKMFEETI®BIE (FCOE) Aitinih i AIFECH IAKMIEACE RIARSS 2342 B LUK 48 %
BOTEEETE T RS MEUR, RAWEAE A EEEERINAREMICTBESRMHET
. FCoE RABIZFIMER SR T HIEFONERE., XEMTRIFEEATBERE
Bt m mrIERE, HREMEERE,

LA R L
2% T S 24 T

Jis5 4 1 [ g5 &% 2 5% 3 ko5 e 4 k554 5 k554 6

UARH 9‘ ¢ ﬁl ¥ ﬁ‘i § xgﬂi , gi ¥ gi 10 Cops BUK
4 s . o y y

Open FCoE Open FCoE Open FCoE Open FCoE Open FCoE Open FCoE
KRR KRR KRR KRR KRBT P KT

.
LA ] S { SRAFEIE SAN ]
Z AR SAN Sy, ~ : '
ok eF i AT R B 1 5 Wl'
WIGZ 18 0 4 |
10 Gbps LAKMZZHetl ! FC L' '

15.1 : FFRLAKFI SAN FE4Ti@iE

Open-FCoE AJitEE XN EMAREN S LSE S LN T BEN LT @Eml. BT H
F 10 Gbps (BFFIKML) LAKMIEECES, BHREAFEAFFEEMAILUAMEEES. Lt
IRER R T @IE IS IR DU BT LUK E 4R, Open-FCoE #R3R7E 5 SCSI #Y
RRIFEHFER. Open-FCoE fZ4afEMA net_device &KiXFliEWE, HIEA.LMFE (DCB) IRzh
21t FCoE MARSSRE.

FCoE B—ME NN, Er LUBE UAKMERE LT BENIURE ML HE LT BERE
Ml WNLE—3K, ERINER MRS EEEMILEME LUIGRERC@E —# M FCoE,
MREFETINER, ERILOEREERE I FERE FCOE:

o RV BEBNFBERETFRS, FHHBEERNTBEREMAIRNEERER,
o IBHIMLEHEPERIRZ 10 Gbps LUK,
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AE BRI R BRI i E FCoE,

15.1 REIREFEE FCoE =M

NRTER I EARSBRE T BEBEREMEM Z BREZBAT FCoE, MAILLETIER
F SUSE Linux Enterprise Server B YaST R{EIRERAREHR (B E FCoE M, BHLRR
BYZ % BIOS Refiz BahiiNE] FCoE M4, HM YaST REMGRS ZHE. BREFMERE

Y BIOS #B2#F FCoE MR BnntaMl. FIIER TEERBENQN, EolUEHRRENR
withfcoe ETURMEIAZEL1T:

withfcoe=1

HICME FCoE MR, YaST REFSTEHTIEMHAIE FCoE LHIRNEIN, £ “MEEE ™
mt, FEEAE FCoE ##0, LUAIR FCoE Bi2E, BKAE FCoE EOMEER, 1BBME 1531
“fEF3 YaST &1 FCoE BRSZ” »

s
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Q #E: A%
5|SHAE], FCOEIREERFET. B initrd IR NBEX GRS EMEEXLEGE,
B FEAEMXGRARRER FIW0 /usr) , HELERIE, ALk, FARSAR
£ (F190 /usr 5 /var) B AZZE., BEAXLIRE, ERFREBRDSERIR

SR

15.2 %3= FCoE #1 YaST FCoE & F i

A OB 7E A _E N AR SS 23RV EIZ B FCoE, RTFEFEMIEMTIRE FCOE Mz, 40
S7EZRE SUSE Linux Enterprise Server #21ER %Y FCoE BRI, RARTEAN BRI
FCoOE &iCimikfto

g05R FCoE &i2umsX Al YaST FCoE BFP I fHIARRE, BREATIEFBI TENGLF
MREEA]:

tux > sudo zypper in yast2-fcoe-client fcoe-utils

WETLAGEF YaST - BRI R LR UL EFRFIEL,

15.3 {#H YaST E1E FCoE A5

ERILAERA “YaST FCoE BEFIRALE” RN AT BEMEFEMISHTAY FCoE A, AC
EMMIFR FCoE 0, EEMALLE, HMEEHIEIT FCoE kifLimARs ( fcoemon P4
2F) M “SEREERMBNIN RIEEFFIERE (1lpad), FEMMIEHF FCoE MI3THss B
FCoE ﬁﬁ%o

1. #Cnh YaST HiEFEMLEARS > FCoE B IR E,
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IR T EERE
B el BE(C)

FCoE RERH
O 3|26
@ Fxm

Lidpad RSB
O 3|26
@ Fxm

(1) mao | | ;R |

2. ERZETR L, AIREFEEEERWNEN FCoE FRSAH Lidpad (55R&E & ILIMYACIESFIFE
) BRS3EnhediEl.

* FCoE lRSREN: IEEREMRSR5ISHBIMUKXMNLTEERS fcoemon iR
EFREEFoIB. ZTIFEFATIEH FCoE #0, H#A5 llpad TiFiEFEIE
EE, AITRENSISH (BUA) F6.

* Lldpad lRSSEEN: (EERERSRSISHER “ERELIMY AE Ulpad 57
PiER, ERFHBIZTIFER. lpad FiFiEFSME fcoemon SFFEFIRE
LR OMHEETNRER FCOE O EMMXES. AIAENSISHI (RBUA) ;Fl,

NRERRE, NRGHHEREFEANAEN.

3. EEOED+LE, IEEBEXRSSE LAERNEINMEEEENER, E2FFHX VLAN
N FCoE FLEMIE S, ErILIBIE FCoE VLAN 20, FE2XINE FCoE EOMILE, M
B% FCoE &M,
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LIRS TR IERCE

| HH() | #00 RE©

128 MAC il s VLAN FCOE VLAN #[0 Sf FCoE HE DCB HEf VLAN 32i¥DCB WapfEfs 47 FCoE
ethO 00:0¢:29:5b:42:55 82545EM Gigabit Ethernet Controller (Copper) &

ethl 00:0c:29:5b:42:5f 82545EM Gigabit Ethernet Controller (Copper) AaTH F el000 fKigF{
eth2 00:0c:29:5b:42:69 82545EM Gigabit Ethernet Controller (Copper) ENDE:] & el000 fig®
eth3 00:0¢:29:5b:42:73 82545EM Gigabit Ethernet Controller (Copper) AATH & el000  kigE
eth4 00:0c:29:5b:42:7d 82545EM Gigabit Ethernet Controller (Copper) AATH F-3 e1000 fKigFH
eth5 00:0c:29:5b:42:87 82545EM Gigabit Ethernet Controller (Copper) ENDE:] & el000 fig®

| EmrE) | | FxieE) || o rcor 0@ | | BrREOr) |

| me | | mHo | | #mEO

JEfER FCoE VLAN ##[5IKHaE FCoE @& RIA:

BO#
YNRFE ethd.200 ZRBMIEIREAGIEO, N FCoE MM LAIA, HEINWIZEE
28 80& FCoE #0,

KECE:
MBIRE RIS, MRREIA LB A FCoE {Bi&k iSRS E5E FCoE £,
ERRIEECRE, AEETOIE FCoE VLAN #0, LAfEEEi2s EarEiEO.

A8A:
MBREAAETH, WRTRDKEEREN EZEEF R FCoE, FTLL FCoE Xf
&2 A rl Ao

. BRRERZIREMZF FCoE RUEHECES, FLUER, ARBEEHEE FCoE VLAN £#0,

LAY RIS B 2 A
ZIEECSRIME = U MEORFRFITE FCoE VLAN 55,

. FEFNERBEEERNLE, BEVIRPERE, ARBHENLE,

AN E Y&

J&F FCoE
BRSRZBE &R 2SI FCoE 241,

=% DCB
EEGKEEESFEMEFOTE BERFR) -
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Bz VLAN
18 fcoemon SFFIEF 2 E BENAIE VLAN #0,

MREBHLE, WEEF T —PREHNAENR. REEE N /etc/fcoe/cfg-ethX X
%, fcoemon FHFIZEFTEVRWETIRENE FCoE EOMECE XA,

6. EEXMRERERNEO, BMIIRPREFE, BEMFFED, ARREH45HIN. FCoE
EOERESAKREE,

1. FEEEETF L, AIEFREN FCoE RAFRSHEMIKE. EAILIM FCoE ARSSHIZ
fcoemon SFFREFHFEASZRAREEHNE, HAUEERTHNEAEZERZAS.

LIARXAi@iEEiE
| (E15) | #0() RE(©
EEiRE
iER(D)
= ;
ERREEEQ)
= >
| @mee | | BHO | | BEO |

8. BHHEREFHNMAES.

15.4 {Efa<HECE FCoE

1. fTA— P R&iRERIS.
2. fEF YaST FEE AKX #EO+R, B9 eth2,
3. By “HEEEAMMY RETFRER (1lpad).
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tux > sudo systemctl start 1ldpad

4, TEUAKMIEECER LB REIER O,

tux > dcbtool sc eth2 dcb on

Version: 2

Command: Set Config
Feature: DCB State
Port: eth2
Status: Successful

5. BRFIEHER OHENR AR RERS] (PFC) IRE,

tux > sudo dcbtool sc eth<x> pfc e:1 a:1 w:1l

BEEIREEN:
e:<0|1>

=HIThRERN B A
a:<0|1>

R A SR DR SR N R A A HE T ThRE,

w:<0|1>

EHITIRER & % B IRIEM N TR U B BY = Ik B e E IR FECE

6. ERIEEROTE, LIRS FCoE LRIt E,

tux > sudo dcbtool sc eth2 app:fcoe e:1

Version: 2

Command: Set Config
Feature: Application FCoE
Port: eth2

Status: Successful

7. BEIAW FCoE BEEXHERIZ| /etc/fcoe/cfg-eth2,

tux > sudo cp /etc/fcoe/cfg-ethx /etc/fcoe/cfg-eth2
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8. B&f FCoE & ictimAksS

systemctl start fcoe.service

9. ¥ “WEERIMIN RIEFIFER (11lpad)  FCoE AiimARSSIEE N5 SE B,

tux > systemctl enable llpad fcoe

15.5 f£F FCok EIE T AEIE FCoE Ll

fcoeadm LFHEEF UKW L BIE (FCoE) BIET R, rIIFERZTAANE. HERMNEE
IEEMLZIEO LR FCoE 325, fcoeadm SLHEER B EEFIZEOBHG S RIXLIETEITH

fcoemon ##E, BXx fcoemon FIHEXIEE, &0l man 8 fcoemon,

fcoeadm SLAREFAIILEEIR FCoE ERIRLATHEXER:
e 0
e B4R LUN
o WHOFKITEF
fcoeadm LAHRERFE fcoe-utils BRAMERSD, ZpSH—MRIEENTFIR:

fcoeadm
[-c|--create] [<ethX>]
[-d|--destroy] [<ethX>]
[-r]|--reset] [<ethX>]
[-S|--Scan] [<ethX>]
[-i|--interface] [<ethX>]
[-t]--target] [<ethX>]
[-1]--lun] [<ethX>]

[-s|--stats <ethX>] [<interval>]

[-v]--version]

[-h|--help]

BXHT, 155N man 8 fcoeadm,
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ANt

fcoeadm -c eth2.101
£ eth2.101 £ @I% FCoE 326,

fcoeadm -d eth2.101
ffiB& eth2.101 £AY FCoE 5=,

fcoeadm -1 eth3
80 eth3 LFrE FCoE LHINEXRER. MNIRKRIsEEMEO, NEERFAEEL!
#£ FCoE LfIMZEOMMEXER, TEHNRGERER eth0.201 BIEXEERE:

tux > sudo fcoeadm -i eth0.201

Description: 82599EB 10-Gigabit SFI/SFP+ Network Connection
Revision: 01

Manufacturer: Intel Corporation

Serial Number: 001B219B258C

Driver: ixgbe 3.3.8-k2

Number of Ports: 1

Symbolic Name: fcoe vO.1 over eth0.201
0S Device Name: host8

Node Name: 0x1000001B219B258E

Port Name: 0x2000001B219B258E
FabricName: 0x2001000573D38141
Speed: 10 Gbit

Supported Speed: 10 Gbit

MaxFrameSize: 2112

FC-ID (Port ID): 0x790003

State: Online

fcoeadm -1 eth3.101
ERTEER eth3.101 LA I EIBIFAE LUN B9IFER. MNRFKIEEEMEE, NEER
7EPRE FCoE H#E E A M EIBIFRE LUN B9HEXER,

fcoeadm -r eth2.101
Ei%E eth2.101 Y FCoE 324,
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fcoeadm -s eth3 3

=R E)EFR 2R EA FCoE SEAIRITE eth 3 I OMSIHER. BRE—RNEISE
m—ﬁéfﬁl‘l'é‘&—?o HRIEE MR, WERARIAME—,

fcoeadm -t eth3
ETMEE FCoE LHIRERE eth3 in ORI EIRIPAE BIsIEXER. 8— 1 EXIBIR
A% T B XEXBY LUN. EXRIEESRA, NETRFKEERSR FCok EAIRFIAIRORE
T TEBRFIEREKE eth0.201 EZHBERNEXER:

tux > sudo fcoeadm -t eth0.201

Interface: eth0.201

Roles: FCP Target

Node Name: 0x200000D0231B5C72
Port Name: 0x210000D0231B5C72
Target ID: 0

MaxFrameSize: 2048

0S Device Name: rport-8:0-7
FC-ID (Port ID): 0x79000C
State: Online

LUN ID Device Name Capacity Block Size Description

40 /dev/sdqgi 792.84 GB 512 IFT DS S24F-R2840-4 (rev 386C)
72 /dev/sdpk 650.00 GB 512 IFT DS S24F-R2840-4 (rev 386C)
168 /dev/sdgy 1.30 TB 512 IFT DS S24F-R2840-4 (rev 386C)

15.6 HMWER

BXER, BERUTXHE:
* B Open-FCoE fREFIFERFNEER, 158M fcoemon(8) FAATI,
* HX Open-FCoE BIEETAMEE, 12N fcoeadm(8) FHI,

o BXREROTEEETAMNER, 52 dcbtool(8) FMIT
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o BXERERMMUARIETIFIEFNESR, B30 Lldpad(8) FHI.

o HEX—MRIER, 5B MW Open-FCoE EM: http://www.open-fcoe.org/dokuwiki/
start <,
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16 NVMe over Fabric

AENBWEIEE NVMe over Fabric A BHi%.

16.1 #EA

NVM Express (NVMe) @B XIARIIEZRMEMERE (BEE SSD #A) rIZOMTE. 5 SATAME
tb, NVMe XEFHREESRESE, HEEREIN,

NVMe over Fabric @ AFBI REIMLLEITIHE NVMe EEFEINE RSN, XEMELELEE
RDMA SREFHLHEIER NVMe (FC-NVMe) %, NVMe over Fabric BOfERZEMATF iSCSI. AiE
=AIEHEES], NVMe over Fabric RE T 12X #F. NVMe over Fabric ZEEAEBETEHRN
DM Z &%,

NVMe EH1235EZEE] NVMe BIrEUITENL. NVMe Eir2isEEE NVMe BIEERIITENL.
SUSE Linux Enterprise Server 15 SP2 5 NVMe, 127 A HF NVMe RiEF LUK NVMe
over Fabric BIrfl EHBIARIZIRIR,

EEERLNBHRSHEEARKEIESI, BBNRE 1647 "HHRENHLE" o

16.2 & E NVMe over Fabric 4/,

E{EF NVMe over Fabric, #07EBir LERSZIFNEMGE, IRHNAEZEEETHAEE
B9 NVMe #1 RDMA, AT BN B ENZEZEE NVMe Biro

e

24 AU AL ALl
16.2.1 ZTEMGIITEF i
EfFEF NVMe over Fabric, FERE nvme <17 E, EEH zypper REiZTA:
tux > sudo zypper in nvme-cli

£ nvme --help AIFIHFAIETANFGHS, HIHRMT nvme FHSHFEMIL, HIT
man nvme-SUBCOMMAND AJERMEXIFMI, a0, EEE discover FanrSTHIFAMA,

iEHIT man nvme-discover,
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16.2.2 &I NVMe over Fabric Bfr
E5IH NVMe over Fabric Bi5 EBIBIH NVMe F &%, BEEGAIMITHI2EHHFIARS ID.

tux > sudo nvme discover -t TRANSPORT -a DISCOVERY CONTROLLER ADDRESS -
s SERVICE ID

¥ TRANSPORT B AKEZIEAE: loop. rdma T fc, ¥

DISCOVERY CONTROLLER ADDRESS &k IicHggayMitt, T RDMA, LbitititiviE
IPv4 #tiit, & SERVICE ID B#EAEHARS ID. WIRRSETF IP (%0 RDMA) , MARSS ID
BERAS., MFAFEE, FEERMEMRS D,

NVMe ENRSBIENENEENF RS,

NN
tux > sudo nvme discover -t rdma -a 10.0.0.1 -s 4420

EXEZMT, 520 man nvme-discover,

16.2.3 &1 NVMe over Fabric B#x

0% NVMe F &%/, ErJLAER nvme connect a$FiEIETE,

tux > sudo nvme connect -t transport -a DISCOVERY CONTROLLER ADDRESS -
s SERVICE ID -n SUBSYSTEM NQN

¥ TRANSPORT B#EANKEEFWIEA: loop. rdma 3 fc. &

DISCOVERY CONTROLLER ADDRESS Ei#A&IMITHISEAMLL, XF RDMA, LhEthtRE
IPv4 sthib, & SERVICE ID B#EAEHARS ID. MRRSETF IP (%0 RDMA) , Mtk ID $5
EimOS, ¥ SUBSYSTEM NON BN AWM e SR EINFIRTFRSH NVMe FREZ#F. NON
2 NVMe [EEZ R (NVMe Qualified Name) F9485 ., NQN @ATME—,

AN

tux > sudo nvme connect -t rdma -a 10.0.0.1 -s 4420 -n
nqn.2014-08.com.example:nvme: nvm-subsystem-sn-d78432

@&, {FH nvme connect-all EZZILMBFIERIT=E, BXa&EZ%, S man

nvme-connect ] man nvme-connect-all.,
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16.2.4 ZRiZ

NVMe AN ZEERIAR T BARS. BEITHZRRIGENER, BFEHAHS nvme list-
subsys . EZHF NVMe Z&HZKEZE, &1 nvme-core.multipath=N HFINH3 IS,

< multipath -1l BRAEEX, AIER NVMe ZERFEE,

16.3 i&E NVMe over Fabric B#x

el

16.3.1 REMIJ(TEFIn
ZFCE NVMe over Fabric BiR, HFEXEE nvmetcli m<iTTHE, BERA zypper £&ZT
B

tux > sudo zypper in nvmetcli

LiRtT nvmetclihttp://git.infradead.org/users/hch/nvmetcli.git/blob_plain/HEAD:/

Documentation/nvmetcli.txt @ BIRETSCHY.

16.3.2 EEDE

TEE 225 H AN IZ & NVMe over Fabric B#r,
BoEMEFEENELENTD, 8 cd TS FH s AFHNR, EAILUEA create 6l
BN R,

1. B5) nvmectli KXEYM%:
tux > sudo nvmetcli
2. SIEFIRO:

(nvmetcli)> cd ports

(nvmetcli)> create 1
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(nvmetcli)> 1s 1/
o- 1
o- referrals

0- subsystems

3. B NVMe FHR%:

(nvmetcli)> cd /subsystems
(nvmetcli)> create
ngn.2014-08.org.nvmexpress :NVMf:uuid:c36f2c23-354d-416c-95de-f2b8ec353a82
(nvmetcli)> cd
ngn.2014-08.org.nvmexpress:NVMf:uuid: c36f2c23-354d-416c-95de-f2b8ec353a82/
(nvmetcli)> 1s
0- Ngn.2014-08.0org.nvmexpress:NVMf:uuid:c36f2c23-354d-416c-95de-
f2b8ec353a82

0o- allowed hosts

0- namespaces

4, SIRFRIRM=(E, HEHPIRE NVMe 125§

(nvmetcli)> cd namespaces

(nvmetcli)> create 1

(nvmetcli)> cd 1

(nvmetcli)> set device path=/dev/nvme@Onl
Parameter path is now '/dev/nvmeOnl'.

5. BRLRIEZNRM=TE:

(nvmetcli)> cd ..
(nvmetcli)> enable
The Namespace has been enabled.

6. EREIBRIRIR=IE):

(nvmetcli)> cd ..
(nvmetcli)> 1s
0- nqn.2014-08.0rg.nvmexpress:NVMf:uuid:c36f2c23-354d-416¢c-95de-
f2b8ec353a82
o- allowed hosts

0- namespaces
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178

1. RTFFIBEENERZFRR. REEREWREHA BT,

(nvmetcli)> set attr allow_any_ host=1
Parameter allow any host is now '1'.

HE, AURATFRENENEILER:

(nvmetcli)> cd

ngn.2014-08.o0rg.nvmexpress :NVMf:uuid: c36f2c23-354d-416c-95de-f2b8ec353a82/

allowed_hosts/
(nvmetcli)> create hostnqgn

8. FILBIBRIFIE R

(nvmetcli)> cd /
(nvmetcli)> 1s

o- /
0- hosts
0- ports
| o- 1

| o- referrals
| 0- subsystems
0- subsystems

0- nqn.2014-08.0rg.nvmexpress:NVMf:uuid:c36f2c23-354d-416c-95de-

f2b8ec353a82
0- allowed hosts
0- namespaces
o- 1

9. fEBEtRAJET RDMA

(nvmetcli)> cd ports/1/

(nvmetcli)> set addr adrfam=ipv4 trtype=rdma traddr=10.0.0.1 trsvcid=4420

Parameter trtype is now 'rdma’.
Parameter adrfam is now 'ipv4'.
Parameter trsvcid is now '4420'.
Parameter traddr is now '10.0.0.1"'.

RESE
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&, EEIRAEShEEER:

(nvmetcli)> cd ports/1/
(nvmetcli)> set addr adrfam=fc trtype=fc
traddr=nn-0x1000000044001123:pn-0x2000000055001123 trsvcid=none

16.3.3 HFHpMmEBIrELE
AIERA U THSE JSON XEFREZEBIRECE :

tux > sudo nvmetcli

(nvmetcli)> saveconfig nvme-target-backup.json

BEMEEE, BEM:

(nvmetcli)> restore nvme-target-backup.json

TR R LR RIECE |

(nvmetcli)> clear

16.4 45RBEFECE

16.4.1 R

BLEHRERHNEEABERIF BNEUTENRNE, BELEEER TR
IR BN,

16.4.2 Broadcom

INERATAEME A Broadcom Emulex LightPulse Fibre Channel SCSI IREhTERF, iB1E Lpfc &Rk
B BARA EN R AR AZECE S5
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tux > sudo echo "options 1lpfc lpfc_enable_fc4_type=3" > /etc/modprobe.d/
lpfc.conf

H{X Broadcom &2 B EMIARASE /D 9 11.4.204.33, BIMAR O LERFARAH nvme-
cli. nvmetcli MR,

ERANABEERAEN NVMe Bin, FEFMIMNEE—MERSE: pfc_enable_nvmet=
COMMA SEPARATED WWPNS, IBHINTHEHIE 0x B WWPN, {40

lpfc_enable nvmet=0x2000000055001122,0x2000000055003344 , RLER=NBHR
RXEBEFIHAY WWPN, mI 4T @iE i O a8 7 B 4530 & i,

16.4.3 Marvell

QLE269x #1 QLE27xx i&figes E#BZ#¥F FC-NVMe, Marvell® QLogic® QLA2xxx Ft4F @& IRz
FFREIA=E R FC-NVMe X §¥,

BHIANVMe BEERBH, BEITUTHL:
tux > cat /sys/module/qgla2xxx/parameters/ql2xnvmeenable

MBS 1, MEFHNMe EEA, B 0 &5 NVMe B2,
RS, REUTHSHEE, BE Marvel ;ERZEHHIRATRET 8.08.204,

tux > cat /sys/class/scsi host/host0/fw version

BE, BIREBLEZERT SUSE Linux Enterprise Server BIE#iiRZs ( nvme-cli .
QConvergeConsoleCLI) MR, fla0, &EeILUETT

root # zypper lu && zypper pchk

K0 E B HMZFo
BXRZENEZAT, ESETFI Marvell BFR1EEFH FC-NVMe 353

¢ http://driverdownloads.qglogic.com/QLogicDriverDownloads_Ul/ShowEula.aspx?
resourceid=32769&docid=96728&ProductCategory=39&Product=1259&0s=126 <

e http://driverdownloads.qglogic.com/QLogicDriverDownloads_Ul/ShowEula.aspx?
resourceid=32761&docid=96726&ProductCategory=39&Product=1261&0s=126 <
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16.5 EZEERE

BX nvme STHITHEENEZA T, 7§5%E nvme nvme-help,

LA TEEEI2 T NVMe 1 NVMe over Fabric B9{E7Y:

e http://nvmexpress.org/a
e http://www.nvmexpress.org/wp-content/uploads/NVMe_Over_Fabrics.pdf #

e https://storpool.com/blog/demystifying-what-is-nvmeof #
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17 EEIENZREZEI/0

AENTAWMFAER SR /0 (MPIO) REEMRSS BMIREF IR &8 Z RIZHHK BB RE A
T8

17.1 THEZH?F1/0

ZRIEERSBEBESMIERETE (XEREZERSHBPHENELSE BN IREEFITHIZE
zZi8) ME—YRESZERGEFIRE®INREES, BERELLTEE (FC) 5 iSCSI SAN IR
Fo HEMEEAAN, SR USSIS B ERNETFRN S NEE,

Linux WZREFRMUEERE, HAUBS MEmhERRMARTE, SSRFEEEHAER
Z178, ESEMREMIRNIREERRE, HERE /0 TERE,

wIERIR GRS, BATUEHISENE, SN—MKERESKE /08, SBREREE
FRERIREZEINENER, SZREIEDIEFQNE—EDREZLI /0 #HiRN, ER
RIS RIZIeENIEEE AR, HEERERXERNR, EHNRSROZIEERZ.

17.2 M2

ZIRIZIXEIFEFM T A #F SUSE Linux Enterprise Server @RMFIE A RLEN, EI1%EFA
LZHEEEY, ERZBRFRIGENEEETIRNMEIFZRE, FeEERZRARRNERMLT
B, FEEEEIHNEREECHNZSREABIET R, 155 HN RS LIS E ZE MW

LigE,

17.2.1 HohiallE] 235 % RS EFES
multipath-tools S ENEI A TEERES:

3PARdata WV

AIX NVDISK
AIXVDASD

APPLE Xserve RAID
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COMPELNT Compellent Vol

COMPAQ/HP HSV101. HSV111l. HSV200. HSV210. HSV300. HSV400. HSV 450
COMPAQ/HP MSA. HSV

COMPAQ/HP MSA VOLUME

DataCore SANmelody

DDN SAN DataDirector

DEC HSG80

DELL MD3000

DELL MD3000i

DELL MD32xx

DELL MD32xxi

DGC

EMC Clariion

EMC Invista

EMC SYMMETRIX

EUROLOGC FC2502

FSC CentricStor

FUJITSU ETERNUS_DX. DXL. DX400. DX8000
HITACHI DF

HITACHI/HP OPEN

HP A6189A

HP HSVX700

HP LOGICAL VOLUME

HP MSA2012fc. MSA 2212fc. MSA2012i

HP MSA2012sa. MSA2312 fc/i/sa. MCA2324 fc/i/sa. MSA2000s VOLUME
HP P2000 G3 FC|P2000G3 FC/iSCSI|P2000 G3 SAS|P2000 G3 iSCSI
IBM 1722-600

IBM 1724

IBM 1726

IBM 1742

IBM 1745, 1746

IBM 1750500

IBM 1814
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IBM 1815

IBM 1818

IBM 1820N00

IBM 2105800

IBM 2105F20

IBM 2107900

IBM 2145

IBM 2810XIV

IBM 3303 NVDISK

IBM 3526

IBM 3542

IBM IPR

IBM Nseries

IBM ProFibre 4000R
IBM S/390 DASD ECKD
IBM S/390 DASD FBA
Intel Multi-Flex
LSI/ENGENIO INF-01-00
NEC DISK ARRAY
NETAPP LUN
NEXENTA COMSTAR
Pillar Axiom

PIVOT3 RAIGE VOLUME
SGI IS

SGI TP9100. TP 9300
SGI TP9400. TP9500
STK FLEXLINE 380

STK OPENstorage D280
SUN CSM200_R

SUN LCSM100_[IEFS]
SUN STK6580. STK6780
SUN StorEdge 3510. T4
SUN SUN_6180
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—RgsR, HtaMEFEFISHE I LR, S EeNRI#EFESIE, BN A SEENEIAL
B, NMRBEFHIERINLE, WA FohelZMECE /etc/multipath.conf X, X

M AREEE TN EIREGHIER. BXER, ESWSection 17.6, “GIEsUECL /etc/multi-

path.conf X%~

BB FYIED:

o H3EFRE BrhUNEIRE7ZRE5IERE7E SUSE Linux Enterprise Server EZidMidX, FBi5
£ Section 17.2.2, “Midd T IFLRENEERS”

o REAEFIETIARER RN ENBALIERER, BALEEFE— AR, STRRE
AFNRIE 1/0 SERBHITIRE TEGHRIIRME. BXER, BSMSection 17.2.3, "HEH
ERE AN IEIZ BB

o HRIELR /etc/multipath.conf XHfE, #HIIEIT dracut -f ERSAE LEFHEC
2 initrd. ARESISRFZUFEELREN.

17.2.2 MRS B2 RIEMEFET

THMEN A= RE7ZRESI B 7 SUSE Linux Enterprise Server 223353 :

EMC

Hitachi

Hewlett-Packard/Compagq

IBM

NetApp

SGl

H N SRR S BT LR, BEEHNBIXELEREEXES. BX multi-
path-tools BRILURBIMIEIAEZIESIRYFIR, 1S Section 17.2.1, “HipilE=Z %
RIZRVETFEIE
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17.2.3 FEREEFLIERFEFRES

ERFFFHEp S RFIT N RIEA S —RIEHERBIETERET S ERFHRITER RO IERIAE
ZrEY, AIREBEKRESF. B, KEMRHNEFZRIZRSERTRALEREFNEF.
g0, B79 EMC CLARIiON CX R7IBIREFIRM T — M ERE T

© mportant: ESER
BEEBMUNENXEURE ST ANEEMRNEF L RIELREEGLIERERE,

multipath -t < ER—I"ERERRFEEGLIEZFHITIRHLBENRNIBEFEIR. 2
THIIRFERZZHHEFEIIN S ETIR, FIHERFHRGIEH BT TR LHAE multi-
path-tools F& A SR LUAIRIAVARLERES,

@© mportant: Figh
HIEZFEDN (T Z R IPETI AR EREFRIE, Frll multipath -t GTARTIH

Efls

multipath -t RANFIRFA—ERTEZIEEMS LMK SUSE Linux Enterprise Serv-
ero WFEMRXIHMEEETINGIR, ESMSection 17.2.2, “Itid 252 R NMEEE
507

17.3 #MxIZ IR
LWHRIZEREZF /O fRAF R, FERATRRYEN,

17.3.1 FoRFEMH
© SBEEREHIHTEE,

° BT ZRBRENEERTIOTXIFZHE. BXFMES, HSMSection 17.2, “HEHF
SEE
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o (REERSHFFHENSLSERBMIREFIREN NS EITHIBR Z EFES MERRI
iy, Z7EBEEZRIZ. EAURKEZERENSRERENMNIRSS AT L.

o WTFELEAMEEFNT, HUBREEBSHNSBRERHUEEZETWIENZEIRENZR
2o AXMIBERT, BNEBHRNEXTAXEREICEZRZAIRA,

o HEEMEIFRRERZREIZN, SRIFEIVIRSB[IFEFRIZG, LRERENSR
12, BIRHEIERAGEM Guest 1B

17.3.2 HEEEES
ZRABSITRENYIENEERERESREZA, BRITUTHEERES:

c FRE=FTERYIBEREZI N NBNNEERE,

o FRF=AIARYESZEEES X, IRTETHRAGTERSK, RERFEFZ
B&1Z (DM-MP) #RIR A= B ah il & BUX L E LY, DM-MPIO AAEHFIAK, XBHEE
KE5|Fo

o EA%E =7 SAN (45| EIET AGZMECERM RAID 1&&

o EFA%E =7 SAN [E5IEIET AIEEM LUN MiZiEIRE. LEMTISZIFNEEREEE
BURTF BEFIH N o

17.3.3 %% RAID

Linux 3k RAID B ELRENEM 517, W FABZ 1/0 BEUKREITRITERYE
RAID FERNEMEHE, BIRZISEIRENZIHZRE, TR Y RAID €&, R
EEEMAMZREFIRE. B4 RAID HR THRERBETHZBREEE,

BXAUBRMG RIAD KEZREMER, 1BSWSection 17.12, “NILEH RAID BLE 2
Z1/0” 6

17.3.4 SrRMEBRALE

HEER NS AR RETE I TR NS RERSET. BEREIMTRLEN /
etc/multipath.conf XHHFHEEERETENHEPHREF—F.
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HBRZBRZKEEMEIREPHIZEER. BXFMARES, BSMWSection 17.9.1, "HAESE
PRZRZIKERM o

FFE LAN $55I§EN DN EFIRIZE (DRBD) S A AR S RIE L BEENEM HiE1T,
XNFRBEZ /0 BZHBEITLITE DRDB fBRAEREANE MRS, YIS RIREEE
AXFFZE, HBECE DRBD,

17.3.5 M®R&iL initrd 5&REEFRRRD

FERAZEENREEN—TEXRE, FHRRTERXHRAKRIISRAFMENFAEEMX GRS
HE, initrd SERENRFITA—H. IRERGTERTZHRE, BABFEERRE ini-
trd FERAZRBE, RZTAR. BXIFMAER, HSNSection 17.5.1, “EH. ZH. Bl
FIEZERZ 1/0 BRSS” -

R initrd SRGAREY, RERFLEERSR, BoIdBERERERINR. BXRMMAET
HIESLEIE R, EEMSection 17.15.2, “BHAZRENZZES|SHEEFELIIER

T o

174 ZRITEETA

SUSE Linux Enterprise Server PR ZEREZ 1L Linux RIZRNIS HREITEF Z B IR IR
multipath-tools AR ZFEIEANEM, ErRIUFEAZIEEEELAIER (multipath) &E
ZREIGHENRS.

17.4.1 1B MREIEF ZRIZIRIR

R EMRIZRF S IRIZ (DM-MP) 3R Linux IR % &12IhE8E. DM-MPIO Z1E SUSE Linux En-
terprise Server L BIFNEIRFRA R, EB % mMEMNE—— N SEBFED, TL
5 SUSE &#%,

DM-MPIO AJ AN EMIZE BBl E ZHREFAF. B MEERZARE 8 MikR. ZRPESH/F
SER (—MNRIZERN. HMRIRTES)) SUEH/EN FRERRESER, SEIAMETE)
ECE.
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DM-MPIO EZRrI#ZmF AT B

o FRBEBEHNIEIEF, BXER, B8 MSection 17.2.3, “EEETEEAFVNIERRFHME
ZrE5)

o ERLLEREEAERENOHTER L.

DM-MPIO WA i fa R B e R A M D AU KR BB EEMNE, UERFIKKAEE
EMEERRFIUBMERBR. XAIUSAREEMFREERNEFFRNXE,

DM-MPIO (RIFISEBRRZUSIKE I AILEE, NR—EHRIEER (Bl, —PMNKE
FCas 1/0 B s cer g ififg) , 1/0 SEEREIRIRIER. MR EEZEDD/ A&, N
BRESHEEERBE I NEMREZE. MREEEABRMAHTEEE, WRERRESRKRE
FENRNE, MRFIEEMBREHIRK, N AMRENEENHEERKE, RIEFLIALI30F
HUIER Z fa 7 IR tRFEE:T5.

MR—MEEFEFIE S MEFLIESE, EHRR SAN TV ERZABE EIARIN LUN BIMEFR0IE
2o EZSWHEFET L, P LUN BT XA MEFIERS, FrUM N ERSEEE0.

@ Note: iz IESS
RIS L, B MR REEEN, UE— RN — M EERE
82, —MMEREEIN, BRI, ENAEHE, NREEEEIREE
BRIER (AATEHRENBDY) , WEEETAEFEN LUN, RETAE XL
LUN, {BfESiRina el Ie it s,

TABLE 17.1: i&75f55IR9Z 8812 1/O Thek

i zediet oy 3 E1:pU
IR SEREAL — MEHISREEMN, NFAE LUN 2RSS, E2MEHIZsRY

SIS, ETMIHISRIEE LUN A SBREEN, LUE
BIERGT MASKE, MBTEHIREN, B MEHRSE
&, H#ETHFE LUN RERS.

FEREEIESIR, LUN BTLUSTRATRMEEISE, AT LUN 15
AT M E R SR I — MEHIEE, — MEHIR—REI A
LUN $04T048E 1/0, B MEHISRER LUN & Missse, $=
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fEfF RS RIThEE

SEDh/JETNIEHIZR

AETE

I HISR RS

SIS/ RIS FF

E1::pU

MRS BRAXLERR, BARRTHRITHE /0. A% LUNR
S5 8RR 1% LUN BUHEIRAVITHIRS. WISR—4H LUN Ry
2R, B MEHBEZEE, FEEHPIE LUN ZEARSS.

MMZHIZEY 2 PE LUN B9, HERTLICEIER LUN BYEE
£ 1/0, WMR—NMERIBWAW, FoNERZENIEFIER
o

RERNIZF Z RIZIKEIIZF B o i E & shER 2 PRV E T
A

HIEDNIEH SR RRB RN ER TR (ARSI M, %
FHIRNIEF ZREREHIEF S B hEUE TV & AT 88 Z B/
Bz, EelliAER.

7£ SUSE Linux Enterprise Server 10 f1EShkas, 18 (/) 1&&
XL HRIT. ENRS[OIEREEIS| IGE SRDENNITHI2E
M7 L8R,

£ SUSE Linux Enterprise Server 11 f1EShkZA<+, /boot &
BXFHEZREZ.

IREMETIEF Z AR ZRFIRENE N ERERNIRIIH SCSI i&HF. SCSIEERMIERR /
dev/sdN, HFF N BRZig&EBEHERNFE, MaFis, HEig&EeIERIRFELZR, Fi /
dev/sda. /dev/sdb %, WMIRIGEHEL 26, WFEAMNFE, XHE /dev/sdz EW
T—M&ERHB A /dev/sdaa. /dev/sdab &,

MRKBEEENEIZERZ, MERLIE /etc/multipath. conf XEFFEHEEEN]. mul-
tipath.conf XHEELIBMNEEZHIRRFEEN. BXER, BB W Section 17.6, “gliE
S IELR /etc/multipath.conf XX ,
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17.4.2 ZRFI/OEETH

multipath-tools #l kpartx SRMET HBRHNITENREAIMIENTERE, EII=EH
B, X, ZAXMNEREREMEEER, ErEMNENBEH. X URAEEM
PR EIE RN E BN KT,

TABLE 17.2: MULTIPATH-TOOLS T A

IR/

multipath
multipathd

kpartx

mpathpersist

ik
AEREPHNSRIREFHELCT
FIRMRESEM, FAEHIT multipath,

B devmaps MR ZBRRFIRE EMNH KX, FEEBAKE
P XEIEZREEM,.

IS B MR Z 812 devices.ppc EEFE SCSI K ARE

17.4.3 MKz FEA MDADM

udev 2RINERNIEIRF, RABHMEIRENESIKID MARKRETRB. THRT LIF]
hixZs#9 MDADM #1 LVM H#inlEs, BPEEEXH (mdadm.conf # lvm.conf) REEIEFAHIRF!

ZRIZIRE,

5 LVM2 —#%, MDADM tHhZEKi@d ID MIEIRET = KRih01&%E, Ak, /etc/mdad-
m.conf HfY DEVICE NI FIgE :

DEVICE /dev/disk/by-id/*

MRBEAAFAREFNRN, BRUTATEEREE, UETEEZRIEEMNNIRERIIER

AT

DEVICE /dev/disk/by-id/dm-uuid-.*-mpath-.*
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17.4.4 multipath #5%
M Linux B9 multipath(8) SEMENEELSRRIEE. & SH—IIEEWTR:

multipath [-v verbosity level] [-b bindings file] [-d] [-h|-1]-11]|-f|-F]|-
B|-c|-q|-r|-w|-W|-t|-T] [-p failover|multibus|group by serial|group by prio|
group by node name] [DEVICENAME]

BX4T, 155 man 8 multipath,

BB

multipath
FCEFE ZHEI%E.

multipath DEVICENAME
RERNTE ZHREIZHE,
MM /dev/sdb (30 udev B9 SDEVNAME ZZE2rhFrR) MISETSREEMA ma-
jor:minor MINE M DEVICENAME » HA]LAERIZIREHI L ERIZMET &R

multipath -f
eI 25 PR AR BR AT K HIZ S BRETRY 73 X o

multipath -d
HoE, B REBEZRIFIRE, BRREMEE, UAERMEIRIT,

multipath -v2 -d
ETRRETHEESRFIEENZREMINER, -v2 BTN RAERE, XMiFMAR
AMFTEN QIR EMZERIZEIR, FAT 0 kpartx ZEBEM T AR HEN.
NRiGFELFEEKRFEENR, MLk, A multipath -11 IUEERLENZ R
RIgEFHIRE,

multipath -v2 DEVICENAME
EREEEZREREHETENSRBEMIER. XMIFMARFN(FTENRIZRSEH
HZERERFR, LUAXA kpartx ZEHNEM T EREHBEN,
NRIGFEEFEEKREEN, Nk, A multipath -11 AIUEERLENZ R
RFIgEFHVIRE,
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{EAEM /dev/sdb (40 udev B SDEVNAME TE2HFFR) MISETSZHEA ma-
jor:minor MIEH DEVICENAME » AT LUMERIZIE S Z IRIZIRETZ TR,

multipath -v3
EATEZHRFRZEHETENZHREMNER. XMIFMLFIFTENFIEHNEIRYES
F. ZREMLZEMESS, WWID #1 devnode FINEZEIZEEHSE T

multipath -v3 DEVICENAME
RERNEEEZRRREHETHARER, V3 EMETTENERRTIR, XihFMAH7
TENFRBINEINEER. ZEREFMIGEMET, WWID 1 devnode FINEBRERIGHES
T
fERIEW /dev/sdb (31 udev #Y SDEVNAME ZTEFHFR) MIEET AR KA ma-
jor:minor #&=XE#% DEVICENAME . WE]LUMERIZIZENZ REFMGFZ,

multipath -ll
ETFEZREILEIIRS.

multipath -ll DEVICENAME
ETFEZRBISEIRS,
&M /dev/sdb (30 udev B SDEVNAME TEHFR) MRS T AR KA ma-
jor:minor MILEHR DEVICENAME o tA]LUEAEIZIEEHIZ IR METZ R,

multipath -F
RIFFRBE R ZRFIREMS . ERETZERE, BERRRESE.

multipath -F DEVICENAME
RIFFE ZBRRIRENARAZRFZIGEMS, STBAZREZE, BRRBRIEE.
fEREW /dev/sdb (41 udev #Y SDEVNAME ZTEHFR) MIGETARTEA ma-
jor:minor MINEH DEVICENAME » HA]LAERIZIR YL ERIZMET &R,

multipath -p [ failover | multibus | group_by_serial | group_by_prio | group_by_n-
ode_name]
FERE FRPTARBE A — A SRR IE TR 1% B 20 56K
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TABLE 17.3: MULTIPATH -P &< HY4A SRR %EI5

ER BRI R

failover (BRIN) S MUEFANN—NEER. E—RREEFERA—IEE
o

multibus —MEFER AP R,

group_by_serial MM SCSI YIS (ITHIBRTREKES) —MUER
4,

group_by_prio S BRERERE—NMERA. EEHRRARNERER—

RAERAR, MERBALEZEFTE /etc/multipath. conf
ECE XI5 E N global. per-controller 2% per-multipath i%

TSR EAE
group_by_n- SPMEFRTRE— ML A. BFFTTREBRETE /sys/class/
ode_name fc_transport/target*/node name {iE&E3IREXHY,

multipath -t
ETASEHRIENNZRIZEE. BXEESHNAT, SN man multipath,

17.4.5 mpathpersist SEFERF

mpathpersist LHEEFAARERIGEMRSFTIER ZHRFIZE LR SCSI AARE, ZHSTH
—MRIE AW AR

mpathpersist [options] [device]

XTS5, 15280 man 8 mpathpersist,

BIEARERS /etc/multipath. conf XHHHRSIZEREET (reservation key
B) BiER, 188 SCSIHZENKARE, RMNBRTA=ERZEY. IRKIZEIZE
%, multipathd FHFREFFASEEHAINEREEEHBANREINKARE,

reservation key <RESERVATION KEY>
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eI LUEZB MRSl defaults 5% multipaths 4%, HI40:

multipaths {
multipath {
wwid  XXXXXXXXXXXXXXXX
alias yellow
reservation_key 0x123abc

REFMEEAKABENZIRIZIZEMN reservation key 28, ARBITUTHSERL)
multipathd FiP1ERE:

tux > sudo systemctl restart multipathd

REBEZE, BALE mpathpersist sp$HiEERE A,

ANl

mpathpersist --out --register --param-sark=123abc --prout-type=5 -d /dev/map-
per/mpath9
i /dev/mapper/mpath9 &&EMIRSIZEREZEH,

mpathpersist -i -k -d /dev/mapper/mpath9
J¥EEY /dev/mapper/mpath9 &EMIIRSIEEREZH,

mpathpersist --out --reserve --param-sark=123abc --prout-type=8 -d /dev/map-
per/mpath9
RE8 /dev/mapper/mpath9 &EHRZIZIERBZZH,

mpathpersist -i -s -d /dev/mapper/mpath9
3%£EY /dev/mapper/mpath9 i&EHIREIRS.
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175 NAZRREEERS

17.5.1 3H. ZH. BoiflELEZEE 1/0 RS
BAUSBERSIES SN, BETUTHS:

tux > sudo systemctl enable multipathd
SHEEEETNRATTHRDES, REREELRS, FRALTEF— 6

tux > sudo systemctl start multipathd
tux > sudo systemctl status multipathd

BREYAISIERELEZRRRS, UNBZAZRSUBERATRSIENABEHE, BB1T
U<

tux > sudo systemctl stop multipathd
tux > sudo systemctl disable multipathd

@ 'mportant: EtGEE initrd
BRERANZERAZRERSN, EREEME initrd, BURAKFRIELEESIS. B
REBERSN, EEETUTHSUEMIE initrd:

tux > dracut --force --add multipath
P RARSE, MEiTUTa<UEME initrd:
tux > dracut --force -o multipath

(AIi%) Itoh, MNREFRHENKEZREFZIRE BMEFHBET ZKRE) , BEEN
2 initrd Z &0, BUT/UTHRME /etc/multipath.conf HIKE:

blacklist {

wwid " . k"
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17.5.2 HZHFTES SAN IKF

BCE SAN IZEMZ IR 1/0 280, BREBMITUTIRIEES SAN 188!
o FRAMNETARE SAN HIZREXE,
o FRAMNETRNEFES] ERFEN LUN BEEEIHRINPR.

* L& Linux HBA IREIRZF RN, LRFIER/G, WEiiRF=BEIAM HBA, LUAIMIZE
MBI PRAVESR SAN i&&. ERXLE SAN ig&iRHL TN UH I TH—PHERE,

Q) Note: EAMZHEZ
HRRIEGEFERRN HBA B2 & B BAANZREZ,

BXEZAT, B NHNBEERR.

n
o BRHREFERZ G, KIMIERLFEMEY] LUN RO XBNIZET Ro

o WNRIF SAN IREREARSS S8 LAVIRISE, 1B Section 17.14.9, “IRig&ENZRIZHHY
SAN B E” RFmAMEILEEIIZE.

9N HBA IRchiZF & B BFIXLEE LUN, MRTLER Usscsi MERERAR ST ERERIXE
SCSI &%, R HBA IRapiZF & B BEXLE LUN, F1E SAN WKIHIZE., IR ERE
LUN B ES a0, UKREEER LUN [EfiEKkEARSS 28,

9NR HBA IRTHZFFEEIXLE LUN, BREHENIRIGE, WFEEHMRNIZSEHREN
SCSIE&ERMITA, BIENRT LUN RELES. BXER, 1BEN SUSE FIiREE (https://
www.suse.com/support/kb/doc.php?id=3955167 @) Y TID 3955167: Troubleshooting
SCSI(LUN) Scanning Issues (SCSI (LUN) 3f#iREEE)

1753 RZREIFiwEIX

FENEREFEZSTRIENDXIRE. /A kpartx TRALHFESISAAESRIFZIRET
SIS X, WAIUERHECEZRIZZAT, A YaST 8 “DXiZF" haEsERE =77 KX
TEMEEDXK.
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ZHRRISERIGTEMNERIEST. BRAGEHAGSITIAR (HIU0 parted. kpartx 3 fdisk) AL
BHIZEMNERILE, BXHAT—EIEREREMBAAFERN udev E. MGHMNIERIE
BOX2ZE, BRZKEZREMRE, BEREMEHEEMFAER LS. NRFRMHNEN], &A]
MEMMHNZREFILE, HESITRSE, UNEZREMNTHARAETRDX,

ZRFRE LN— P KINSEMRREFSE AR T — MG E. FRABMEEEIE LM IE
EER, BIEEFNEERXKNIEE. IRKSZEEIKIEEN VM ZEENEITEE, N
VM KINHNRBMIEISEE DK, BIEBRRK. NRFEHMS SAN &&, ALK SAN 1%
F LA LUN, 81D LUN FARTNSZRFIREETAIRS .

17.6 BIEKEER /etc/multipath.conf 314

RBGIE /etc/multipath.conf, BEXHASEET. FRIEEEIEZSRIEEXXHHHATD
MAIRE, TNEEITFIPIERF multipathd B, SEINARIANZEREIZELE,

© 'mportant: MR RA A MR /etc/multipath. conf FIEY
X
TICE RSO IER /etc/multipath. conf X, HRFZXERERSBEIN
FREN. X, BEIUERRENZH, S TIRETURKXLEE, NRMELRT
FIGERR, FrJiZSection 17.6.4, “NFH /etc/multipath.conf X4 ERUIEFHZEKEF
BRET” HR PR SR B8 T % BR 1R BRAY

17.6.1 gl /etc/multipath.conf X4
1. FEAUTHS, M—E—RENEEREETF:
multipath -T > /etc/multipath.conf

XA eEPERXIEE,

2. BEIEXH /etc/multipath.conf, BENEEZXXHNUTIN S SENEEI
fic:
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device. &% SAN BN E X THREHANIEE, iEEE, FEAHSAN EELIHH

device 9.

blacklist. HAFECESHENNFAEIESZREIFIEE. BXFAES, BEEMSec-
tion 17.8, “FIEZHRFIREIINERE” ,

MEBEETREXHHPRMNELZE . EXEENSA, FSF Section 17.6.2, “/etc/
multipath.conf ZFHREEES” o @17 man 5 multipath.conf RNSEEZAT
Al Fo

3. i/, #7F /etc/multipath.conf Hi&Section 17.6.3, “K%0 /etc/multi-
path.conf XFHHZEFIEE" PEARMIKEIZE.,

4, DIRIECES, Bk Section 17.6.4, “[F Jetc/multipath.conf X B LIEFZ 5
ZIRE” MR BECE.

17.6.2 /etc/multipath.conf X{FHRIERS

/etc/multipath.conf XHATIIESEK. BXHAT, iESM man 5 multi-
path.conf,

defaults
ZER /0 NEMBRINEE . NREHENISERZREBOPRIEHE, NSFERXL
B, BXER, iEBSection 17.7, “FeEKEHN. HEPA KM IEE] S AIZAIATREE”

blacklist
SIHTMEARIEZ BIEMEFNIREEM. PILUBTIRET KRB (devnode). 2&
WWID (wwid) & EHNEH~mFRE (device ) RiRFILE. KBEFESZE
EZERIFIKE, B0 hpsa. fd. hd. md. dm. sr. scd. st. ram. raw #l
loop. BXFMMEEMNTREI, ESWSection 17.8, “BIEZRFEEIINEZE"

blacklist_exceptions
FIHEMfEE TR R2PMANEEZS RENIGEINZE R, JLUBIRET RBFF
(devnode). 3&& WWID (wwid) SiS &N H~RFRFE (device) FKiRF)iEE, &
WIERRZ RRERNERXEFIEEANIINIGE. Fli, NRETEZBPIIGERE
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BT X%#F devnode , NIERHFFEAXEF devnode ERZBEFIIMNPHEIFR—LEIGE,
&I AFEA devnode XBIFFIKEMAERE, WLEFER wwid KEFHBREHFL
8E. BXEFEMEENTRME, FEMWSection 17.8, “FIEZRFIGEIINEZH |

multipaths
EBEBRNZHRFIKENLE, MAZHEMIENREN, XEESEEREXMHH de-
faults # devices ZBHHHEMIEEE,

devices
EERMEFITHIRNIRE, XEESEEREXHH defaults HHPEENE. N
RIEEARINER T AR ZFFMEERS, MWeILeE devices FE57, MUIEEZERE
FEFIRNERIANIRE. NRXBF T, WILEARNZRIFIRENISEEETXEE,
BXER, BEIUTRE:

e Section 17.9, “EcERAF BFMIRIRTHIR”

e Section 17.14.6, “EcE IBM Z iEFMEINILE”

17.6.3 & /etc/multipath.conf XM ZHRIFISE

TR EAIBY BIERSRIEER /etc/multipath. conf X, HEFZXGNBASEMNNAE
o BRIUEEMSBRERNZANTZIREHRIT RizlT , UMREZREFIRE,
TERRSS BRan SRR T A

tux > sudo multipath -v2 -d

AL TELE, AEERNRIERBLSERENRR. ZonRISEREBK /etc/
multipath.conf XHFHHITRIEITH, FHHIEF multipathd EEAIEN (HEIN) ZEE
RIREIE1T. NREXAER, BHET—F,

HREHEMFNTAR:

26353900102796769

[size=127 GB]

[features="0"]

[hwhandler="1 emc"]
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\_ round-robin 0 [first]
\_ 1:0:1:2 sdav 66:240
\ 0:0:1:2 sdr 65:16

\_ round-robin 0
\ 1:0:0:2 sdag 66:0
\ 0:0:0:2 sdc  8:32

[ready ]
[ready ]

[ready 1
[ready 1

BEADASMUERB, —RRBE—MUARARENN. BEREDENERERR, FIEHK
REEDNE—1H. BWEER/FEHMECE, FHEENREERE/L TN TREALSR

Hrp, XEIRBLRITEEBEIAE,

Wb EREHERARTE /0 IRF. BRELAERBULEMUEREANRER. NTFETRE,

SREYERIE (host:bus:target:lun). BT RBIF. TBEXRERS USRS,

ERETPERALI 3, DASERERNINER. SHEMNEENS. CANER

WWID fli&E T R YINEB R BN,

UTRFIERTERD Qlogic HBA E#ZE! Xiotech Magnitude 3000 SAN #Y 64 {if SLES 11 SP2
ARs52s0Y -v3 Hth. AT EWRG, BT —EZEI

tux > sudo multipath -v3 d

dm-22: device node name blacklisted

< content omitted >

loop7: device node name blacklisted

< content omitted >

md0: device node name blacklisted

< content omitted >

dm-0: device node name blacklisted

sdf: not found in pathvec
sdf: mask = Ox1f

sdf: dev t = 8:80

sdf: size = 105005056
sdf: subsystem = scsi
sdf: vendor = XIOtech

sdf: product = Magnitude 3D

sdf: rev = 3.00
sdf: h:b:t:1 = 1:0:0:2

sdf: tgt node name = 0x202100d0b2028da
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sdf: serial = 000028DA0014

sdf: getuid= "/lib/udev/scsi id --whitelisted --device=/dev/%n" (config file
default)

sdf: uid = 200d0b2da28001400 (callout)

sdf: prio = const (config file default)

sdf: const prio =1

[...]

raml5: device node name blacklisted

[...]

===== paths list =====

uuid hcil dev dev t pri dm st chk st vend/prod/rev
200d0b2da28001400 1:0:0:2 sdf 8:80 1 [undef][undef] XIOtech,Magnitude 3D
200d0b2da28005400 1:0:0:1 sde 8:64 1 [undef][undef] XIOtech,Magnitude 3D
200d0b2da28004d00 1:0:0:0 sdd 8:48 1 [undef][undef] XIOtech,Magnitude 3D
200d0b2da28001400 0:0:0:2 sdc 8:32 1 [undef][undef] XIOtech,Magnitude 3D
200d0b2da28005400 0:0:0:1 sdb 8:16 1 [undef][undef] XIOtech,Magnitude 3D
200d0b2da28004d00 0:0:0:0 sda 8:0 1 [undef][undef] XIOtech,Magnitude 3D

params = 0 0 2 1 round-robin 0 1 1 8:80 1000 round-robin 0 1 1 8:32 1000
status =2 0 0021A010880A0EO1O08:32A0

sdf: mask = 0x4

sdf: path checker = directio (config file default)

directio: starting new request

directio: async io getevents returns 1 (errno=Success)

directio: io finished 4096/0

sdf: state = 2

[...]

17.6.4 [NF /etc/multipath.conf X452 LATE 7 % BE 12 A&+

3t /etc/multipath.conf XHMEXIE multipathd ETRASEN, #HITEXG, R
FEHXAZXMY, AREEBITUTES UM AENHEMZERZMET:

1. VAREEN:

tux > sudo multipathd reconfigure

2. ERAFIEIT dracut -f EFHGIZE initrd BYE, AEES|ISLUEFRER.
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17.6.5 “pk WWID

AT ERENEEZE LIRFIGE, ZREERASIRENLIEANR (WWID), MRAEMLE
HZH WWID 48[E, MBREENRRA—81&&E. HFRIFEEXIIER, SNEINAEEER
WWID 87575, BX4T, 1550 man multipath.conf,

17.7 BECEX[OIHN. HFRAKFE RS RYFIA SR

L2 1/0 EETHEFRAASRSEBZIEEMERERSE. FIENEIATHEURTIRSBZZMIIAR
SEEEmn AR SR — M o

BRI ARS B[S /0K, no path retry iRBESFIPRSSB[IZIERARERTREK
RIBT BN R =L 1/0 HHiR. ERTEHIM LB IEEBATRIESHA, HREERENERE
NS ANEETNTREEZEREFE /0, EFEEILZREFIRE /0 8ME, itk ZRHR
[RESMATEFTEREMEERBRBR, TEEFRAR, BUTEN no_path_retry i&
B, UARIASHEERAAZNAEZN, #ETsBREISHERIDHERXN /0 iR (&iNH
Heartbeat BEHY 50%) o LtHh, BWEFBER LSRRI /0 BIREIEIGHFE, LHBEERZER
PEMMIE R R BRI,

/etc/multipath.conf XHNEE— defaults Zf5), ERILIELLAMEEKEIEN. HE
AR FEEIE VERIATT . SNRIZFELRBIE device FHHIEE, MHiZ SAN BLE R FH R
INEE,

UTEDMEERmENARINGE. FRIFFECIENMEE MEN /etc/multipath. conf XHFRTHE
BE, SNEFERXLE,

defaults {
verbosity 2

# wudev dir is deprecated in SLES 11 SP3
# udev dir /dev
polling interval 5
# path selector default value is service-time in SLES 11 SP3
# path selector “round-robin 0"
path selector "service-time 0"

path _grouping policy failover

H*

getuid callout is deprecated in SLES 11 SP3 and replaced with uid attribute

HH

getuid callout "/lib/udev/scsi id --whitelisted --device=/dev/%n"
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# wuid attribute is new in SLES 11 SP3
uid attribute "ID SERIAL"
prio "const"
prio_args o
features "o"
path checker "tur"
alias prefix "mpath"
rr_min io rq 1
max_fds "max"
rr_ weight "uniform"
queue without daemon "yes"
flush on last del “no"
user_friendly names "no"
fast io fail tmo 5

bindings file
wwids file
log checker _err

"/etc/multipath/bindings"”
"/etc/multipath/wwids"

"always"

retain attached hw handler "no"

detect prio "no"
failback "manual"
no_path retry “fail"

}

e polling interval
® no path retry

e failback

BRKERN. HAMSKFER S REEIRERIES, 1H58 M Section 17.10, "IEEREHERESE
BRANILICEL” AR B

f&e% /etc/multipath.conf XHfE, BAERLLIEIT dracut -f EEFHEE initrd,
AIEEBCHIRSEE, EXAER. BXIFHARES, ES M Section 17.6.4, “[A /etc/multi-
path.conf X BERAE M ZBRIMES
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/ ML
17.8 FAEZRIRFIKFIINERE
/etc/multipath.conf XHEEJREEE blacklist 249y, ERSFIHFREIEZRRIFIES.
eI LGEE WWID (wwid X$#38) « &&BFF (devnode Xi#iE) igHEER! (device
) BEEMARLZE, SELUER blacklist exceptions #4%, @i black-
list BHHEFAANEMRARNIMARR BEN—EGHEAZRZE,

@ Note: EIERIMANER R E
BB EMA R R B EES £S5 WWID @it (Al R, BINREE de-
vnode IIANERZE, AMNEETAAESEN, RttXNKATFRIZSETER,

Warning: multipath.conf R IE N FRIAT

/etc/multipath.conf FMIEMFRER—ARIER FHEER. RESBHAFRBLT

fohY, B4 SEER. T, ZRENTERE S8 1FEigE&MENEENRE

No RWEMRARS HtENRANBLEFEIER, BESHR5ETT multipath -t
BEETRHNFRSHITILA,

TR E o RE = RIRIEZRIFZIGE, B9 hp-

sa. fd. hd. md. dm. sr. scd. st. ram. raw # loop. #¥0, Zith SATA &
BMAEFEREEZNRR, NREFE nultipath ZEEERIFIEE, BEEEIIRE black-
list Zf59.

@ Note: A

*#238 devnode blacklist EFRHEB&EEN blacklist,

£ SUSE Linux Enterprise Server 12 FRf#F glibc IRIEMEMFER . ESERFRELT
fo, DERLER . *" MARER "+,

a0, BEAMIGEM hpsa BEFFHFAEMRTINMARZE, UEZEZRENEIE, N
blacklist ZBHMNI:

blacklist {
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wwid "26353900f02796769"
devnode "~ (ram|raw|loop|fd|md|dm-|sr|scd|st)[0-9]*"
devnode "~sd[a-z][0-9]*"

}

ER A — N IREIRRF PR XM AZENEVIMARZ R, Fli, ERILUERUTIEMK
AT, R¥F cciss WapizF RIS XMIERMEFIMARZ S

blacklist {
devnode ""cciss!c[0-9]d[0-9]*[p[0-9]*]"
}

1&B] LATE blacklist 7780 device 3843, HfEM vendor #l product XEITIRIFEIGESR
BIMARRE,

blacklist {
device {
vendor "DELL"

product ".*"

}

SR LAER blacklist exceptions #8593, @i blacklist EARFTARIEMZRIAT
MARBZBEN—EEREAZRE, EaLUEE WWID (wwid X)) « &&&T (devn-
ode X#iFE) FHigHEEE (device &%) HFMFIS. ERTMLUFHERIGEIMNERZ LHAER
FRIEEGIS, WREW, wwid FISMERTF wwid REE, devnode BISMERTF devn-
ode BEH, MEEXBFIIMNEATIRERLERS,

BN, NREPEREFEMENEFINGEEL, ATUHMARNSEREBRAZERE. &
blacklist ZPRHRAMBEMHNEFNGEREMANERERE, AFE blacklist exceptions
AR device 7, FHNPARNIREXREEAZRREZ.

blacklist {
devnode "~(ram|raw|loop|fd|md|dm-|sr|scd|st|sda)[0-9]*"
device {
vendor "“DELL"
product ".*"
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blacklist exceptions {
device {
vendor "DELL"
product "MD3220i"

&R B LUEF blacklist_exceptions (X MFEIRE B RAZKRF, Fl0:

(S

blacklist {

wwid ".*"

blacklist exceptions {
wwid "3600d0230000000000e13955cc3751234"
wwid "3600d0230000000000e13955¢cc3751235"
¥

f&ck /etc/multipath.conf XHfE, BMERLLIETT dracut -f EFMEIZE initrd,
REERDIIRSEE, B sEN. BXBFHMER, 5N Section 17.6.4, “[H Jetc/multi-
path.conf X4 BRI EFHZRIZMET ,

B35|82GE, HEELY nultipath -11 &<, XEAMIGENAHYTFZEBREMRIT,

@ Note: £/ find multipaths %EIn
M SUSE Linux Enterprise Server 12 SP2 F#4, ZHBRRT A% /etc/multi-
path.conf By defaults ZF5HH find multipaths %W, @M=, ERS
PELEZERIEF multipathd ARBENEEMNIZHRESKREME (BX4T, EENL
man 5 multipath.conf) . #itt, EELEEF, EEAMLT LM SATAEE
FZRIREZ R,
BAMEA find multipaths EMEMRAE, EtLEHKIR. EFREAASISERNK
BRELE, AAMTFHRINERILE, 5ISEERFESINLINTHRBEILEZETEE
EIGEREFEEFE-NRZ. LI, H—LERIFEXFNESISHERAIMNTERHIT
B — AIRER RIS IR F RN A RRFZGEH NS, SBEERNESBERIEEL
Ko
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find multipaths &% /etc/multipath/wwids HFrFIEIEHFITE WWID FIFRE
RENMAZEFIGEE. BEEE, F—RBE find multipaths RAKFEFEABER,
BRIEMIPRTN4REE T /etc/multipath/wwids , EAFRELRIEENZREAMET (B
BERRZMGY) #51F1Z wwids X, TEBESRFRXHERFR SAN-boot RFEH,
1EHAR /etc/multipath/wwids 7E#]%6 RAM MEEMX G RF Z BREEEID
BME2, RATERELERTER find multipaths FATRERAE, 1B SUSE MEEINE
FREHEE T E2R2MEZRFIMIZIALE,

17.9 BCE AP BEFHRIRE 53

ZRIZIRETLUZWWID. AR RFHZMEHERERIB#ITIRR. &N /dev/sdn Al
/dev/dm-n NIRETRBMEESISHSLKEEN, BERAAESEIERETRNIRE,
Mmig&EH WWID. AP AFRMUKRANZNERS I SFHHERERE, RAEERRIRENEIERS
o

@ 'mportant: BIERKXABIGTR
ERE /dev/sdn #1 /dev/dm-n BIEETRBIREES | SNSAEER, L
BRIFERHE WWID SRR ZHKFILE. NTEESISHE—IRMRILE, BHAIUERS
WWID BREFRIFE P &R 4F R FRELA o

TRNAT /etc/multipath.conf XEHFEBFIRENIKEZRIFEE, HX multi-
path.conf EERRH, 5B /usr/share/doc/packages/multipath-tools/mul-
tipath.conf.synthetic X4,
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TABLE 17.4: ZRIZIgE R RRBLLE
BiRER E1:pUS

WWID (X  WWID (2IKtRRFF) FHIRFRIILEk—BEFASENN

IA) ZRRFIGEITIRTT. ELZREPERANBIAZTRZ /dev/
disk/by-id BRPHEESETH ID. FlE0, WWID 59
3600508e0000000009e6baabt609e7908 HIIREIFIEA /dev/disk/
by-id/scsi-3600508e0000000009e6baa6f609e7908 FIH,

AR &RYF /dev/mapper BRFPNIGERFEFZRFRELIMESETZERT
81D, XLELZRFIRELMBEAFARFNER, B /dev/map-
per/mpath<N>, Lb#l /dev/mapper/mpath0., ZFREM—HKAMN,
EAENER /var/lib/multipath/bindings X#ERER UUID F1EF
RIFNBFRZ EHIKEX,

Al M2 EHEERNSRFLFRUNSFEH—2, B=E= WWID HA
FPRIFH /dev/mapper/mpathN ZFF,
NREFEABIZ user_friendly_names, EAREREFIZIZN mpath N 1%
. BUATEESS EERNABRRFEM=EARR, SBAMRENIGED
RE MR IEH,

/etc/multipath.conf XHHPHLFEZER user friendly names EWAF I ZEREF
REBARZRABFRIFNE . NMRETIKEN no (BUAE) , ZBRESFERWWID /A
RENEIF. MRFEIKEN yes , ZRERFFER /var/lib/multipath/bindings X
%, 7 /dev/mapper BREHLL mpath<N> B RIGHEIER—NKANE—ZFR, /etc/
multipath.conf X#HHH bindings file FEIMAIATFIEE bindings XHFHIFRML
B,

/etc/multipath.conf XHEHFMLFHZERR alias EHETHEBHNIEEIER—NEF. 0
RANZRFRERE T34, WEARIR, mAER WWID AR RIFNET.

£ user friendly names EIBY, ELATNER A EIGESHINIR:
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IRigEEANESRE:
MR AFERIGEFFEANE ST, MEFEHANRE user_friendly names &I, N
initrd XHHESEE /var/lib/multipath/bindings XEHFMBFR KFISE,
NRFHEENEFILE, LA MEMBRT &S, W initrd ANYEIREM /var/
lib/multipath/bindings FHIEIKE Z BISTFE AL

Warning: 43 R ILACIN
initrd # /var/lib/multipath/bindings ZEIMHAERLESSEES
BRBEIRNRER, #MSBXGRARFMEBIEERR,

AT ERLRE, BINIRARIGEFERBRINWWID KB, WTFRARIGERNFERZ

B ATFIREBFAE, ALFERNZESFELEBEIAZGHITREXRAZ BT,
MB—1TREEN |var:

user _friendly names ECEXHHIEIAIERE /var/lib/multipath/bind-

ings. IR /var IBEFRZRATF RS root I&E L, MEMB—IREEN, WIEELEK

2B bindings XHATEIH,

BHaR /var/lib/multipath/bindings XHERS root I&E EAIA, HEZKRED

LIREIE, flil, AILURI MRERBRX —=:

1. 3% /var/lib/multipath/bindings X% #znhZE| /etc/multipath/bind-

ingso

2. ¥ /etc/multipath.conf By defaults Y bindings file EIIKE N
eI E, Bgn:

defaults {

user friendly names yes

bindings file "/etc/multipath/bindings"
}

Z IR initrd H:
BMERFRIGEFAELRE L, ZREWMAIUEATE initrd . Fl80, NRAFRIGE
fiiF VM Lk, siolgesfEXMiER. WREFER user friendly names &, H
ZIRFTE initrd 1, NN YEASE multipath=off #175|S, UGEHIRI,
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XIFERSSISEIZPNXEAT initrd FNZRIEF. R£45/FfE, boot.multipath
M multipathd 5|SHIZABERSRUE L RZ,

HA B SRR SRR
BXEMER, BB Section 17.9.1, “HABEEPRHZRFILEBZT o

BRBFPRFEIRHIEERS:
1. (£ root NPRTEXALRIEZZHPITH /etc/multipath.conf X,

2. (F%) 18k /var/lib/multipath/bindings XEFHIIE,
FRABRFELTERSZRIGE LR, BEZREAIUIRIEIE,

a. ¥ /var/lib/multipath/bindings X##zh%l /etc/multipath/bind-

ings.

b. 3% /etc/multipath.conf 89 defaults Z%AY bindings file EIKE RN
e AIE, Fg0:

defaults {
user friendly names yes
bindings file "/etc/multipath/bindings"

3. (AIEERENER) BRRPKFHNRIR:
a. BUHERE defaults B MHERERES,

b. BUHE R user friendly names &I, SASIEEEM No EEXA Yeso
Bign:

## Use user-friendly names, instead of using WWIDs as names.
defaults {
user friendly names yes

}

4. (FIik) £ multipath 5 alias EIUNIREIEELZR KRBT,
fBgn:

211 FcE R A B2 a3 SLES 15 SP2



## Use alias names, instead of using WWIDs as names.
multipaths {
multipath {

wwid 36006048000028350131253594d303030
alias bluel

}

multipath {
wwid 36006048000028350131253594d303041
alias blue2

}

multipath {
wwid 36006048000028350131253594d303145
alias yellowl

}

multipath {
wwid 36006048000028350131253594d303334
alias yellow2

}

@ 'mportant: WWWID 5 WWN B9ELER
£ /etc/multipath.conf XHHRENILZENAN, BEHFRERS
NEEHIWWID (1 36005080000000009e6baab 60927908 )
MAEERN WWN (KL ox Bifig®& ID WE—NFRF,
0x600508e0000000009e6baa6F609e7908) o

5. REFEN, ARKHZLX M.

6. 182X /etc/multipath.conf X/, BIERSK LT dracut - EHFEIE
initrd, AEEEMRSEE, ERTEN. BXFHAEE, ESMSection 17.6.4,
“RZFA /etc/multipath.conf X BRI EHFH ZHREMET”

NRBEIZFFERAEAN LUN (0, NREFER SAN HEEXMEEXSX) , 714 mkfs. /etc/
fstab. MNAREFEFER /dev/disk/by-id/xxx &, BHXIGEMIEEZIREIFEM
_part<n>, fflg0 /dev/disk/by-id/xxx_partl,
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£ /dev/disk/by-id BRH, @ETIRER dn-uuid* HFIE (GORE /etc/multi-
path.conf XHHAEERT HEB) RTZHREMETIZE, 18ESB scsi- M wwn- RRIg
EHYIRRRIZ,

17.9.1 HABEFHIZRIZIREZM
BT T INRERIBRS BRI E RMEFIE R E P ERER

o fEF UUID IR B BRZ BB RFIMMEEHTINMET R EFREF—. JREMET R
LioniE—, ¥ /etc/multipath.conf XEMIZT R EFRIBEFREHEMT R /
etc/ BRT,

o LEAZRIEMMSFEELN, BWRTE /dev/disk/by-id BRFHEE dm-uuid*
BHFR, MABIRENEERZEEG. AXER, BSMSection 17.9, "EEEMAFH
FRIRFREFIR” o

* ¥ user_friendly names ECEEIIKEN “no” UEAE. ARPRFIEMNENT
REM—R, BEEPEI TR LNEENFHEERNAFRIFRTR.

@ Note: FHP &K iF&FR

NREHIFECEAALKFRM, WAITTHRE, BRIRREXKARRIF2
ERENFET RPRE—E

1. T—M S ER /etc/multipath. conf XA

1. ¥ user friendly names EEEIKEAN “yes” LUBHATE.
ZRESMER /var/lib/multipath/bindings X, 7£ /dev/map-
per BRHLL mpath<N> &G EFIER—DKANE—ZT,

2. (ANi%) &8 /etc/multipath.conf XA defaults ZFHHH
bindings file &I, LA3EE bindings XHH&ERAUE,
BAIE R /var/lib/multipath/bindings,

2. REZT R LA ZREILE,
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3. ¥ /etc/multipath.conf XHFMZTREFEIBFEPRBEEMT R /etc/
BRTo

4. M\izTim¥ bindings XHERZISEHFREHMTRA bindings file B8

PA
=o

5. &% /etc/multipath.conf XHfE, HAERS LIETT dracut -f Efel
2 initrd, ARERMTR, EXASEN. BXAT, FSNSection 17.6.4,
“MZF Jetc/multipath.conf X ENAE M ZEERE” . XIEHFFRAEZEN
BT R

17.10 BCERZMIEILTZ RIS LR

£ Linux EHAP, SEEZSITBREINEFEFITHSEN, SMBREHRETAMINRGE, K
BN LUN BZ M RIgE. RERRNIEFZRERSONEIEER— LUN ID NS EEFE, HiE
iz ID BI T — M N ZRIFIRE. 5180, NREFR HBA NENET B REE X
TBERYIER R — MR MmO EETERE, WSEFEMRILE: /dev/sda. /dev/
sdb. /dev/sdc M /dev/sdd., RERFIZFZHRFRSSLIRRMIRIZE /dev/mpath/
mpathl, HEREL U EONEERIGEEREA 1/0,

ATER I E R ES R E R ENMN TR, FER, B /etc/multi-
path.conf X#fE, HAELRLLIET dracut -f EEFEE initrd, RAEESRS
25, ENASENM. BXIEFEMEE, ESNSection 17.6.4, “[A /etc/multipath.conf 2 {4+ &
CRLASE T Z B RBRGY ©

17.10.1 FECEREMIERZRE
fEF% -p YAH nultipath H<FREMREHERBER:

tux > sudo multipath DEVICENAME -p POLICY

¥ POLICY B#ALITIREIEDZ —:
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TABLE 17.5: MULTIPATH -P &< HY4A SRR I%EIN

RBRIEIN R
failover (BRIN) B MEERAT N —ERIR
multibus — MR BFBIFTE R,

group_by_serial SMeNRNFETIS— Mk RE.

group_by_prio BPMRERARE—NNERA. RERBRALERE /etc/mul-
tipath.conf BECEXHH$5E S global. per-controller 2 per-
multipath I RHE

group_by_n- BMNERTRBE—MLUERE, BITTTRBEE /sys/class/

ode_name fc_transport/target*/node name fiZEIREXAY,

17.10.2 ECEHPERBMAR

WITE /etc/multipath. conf XHHRFOMNIKERIEEZ M TR, /usr/share/
doc/packages/multipath-tools/multipath.conf.annotated XH&HBEHRBEIREM
EIRY o

17.10.2.1 THRERFTFKANEE

A Z2BrRE—YIE LUN NEREMNES. RIABERT, 1/0 EAFHFREREFERLUBEIRA
X9, multipath S§5<¥=ETF SAN B9 path_grouping_policy iI§E 1% SAN FEJE4 LUN
BHeIEMSRAE,. multipath FF<SE—MAFHRRFHRLOZAMMR TR UBE R MEZE
FH, HTEENERSNANNEEH, HFAPNMERERKE, BEET— I mEENMNE
REBBNT o ERNRYEE,

BZMihREka— M BENRBEE, ElEs, Ehis. BER— M INIEFRIERE
MEENRER. HFLAENLE, BEHEEMNEANRBREREETER—MTRE.
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prio i®E7E /etc/multipath.conf XHH defaults{} =¥ devices{} ZFHHfE
Fo % multipaths Z9BIEA multipath EXIEEIZIREN, RASTIRTHIBER
B prio ITRATFHEEMEEHFER. IRNALEHFEFREELE, BETE T LE
FA prio args XRBFIEEETE,

Defaults B¢ Devices Z84 A9 PRIO i& &

prio
EEZRRANM AR HIFER, LIREBERRARNE BNESESNRIZANNEUHE
REBENBEFERIN T —MBRREH,
MREENNALHFIEFREELE, WERAXHEF prio_args EEBZE,
MRKIEEXRET prio, NAAERZABHEBMER. FRINKER const, B pri-

0_args ®RENT,

prio "const"

prio args ""

g AR AT

(RzRHFIZRF R

alua EF SCSI-3 ALUA IR B R R TSR

const AN BRIRERE— Ko

emc 79 EMC &5 R 1R ISR

hdc 79 Hitachi HDS Modular fi&7FFE5 4 B ERZ L 54K

hp sw FEED/E BB Compaq/HP =588 4 R 1R I 5K
ontap 73 NetApp P& 4 R BR IR 5T Ko

random NENBRIZERBENMNTR.

rdac 79 LSI/Engenio RDAC 1=HI28 4 B BRI ok
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(R HFIZF iR

weightedpath RIBIETE prio args WEZEHIEEMBUEE KRN
FRo

path latency RIBIER B A R ER RISk, ZEE®E prio_args x
RFEE,

prio args BE&

XERFEETENRARHFEFNELRE, KZHW prio BEFATEEEHEE, THIA
B, EEVRT prio REUKNALHFEFEESFTEUATERNEE

weighted
ZENRNA [hbtl|devname|serial|wwn] REGEX1 PRIO1 REGEX2 PRIO2...H{E
FNFRATRAAZBHRA SCSIH:B:T:L #4830, 190 1:0:... #0 *:0:0:., HEEMNE, HA
He B. THI L 23IRIGEREN. 2Lk, BARUK LUN ID, fian:

prio "weightedpath"
prio_args "hbtl 1:.:.:. 2 4:.:.:. 4"

devname
Regex Nig&&MfH&. Ul sda. sd.e

serial
Regex NF5IS18. fI40: *J1IFR*324, {8 multipathd show paths format
%z MYEREMNFEYIS, (multipathd show wildcards SE/RFiE format &
foffo, )

alua
MBAENMEE (alua exclusive pref bit)i&ET exclusive pref bit, HP
ZIRET preferred path HEEFERIEELEEBBHREFEAF,
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path_latency
NRInZEF FEFIFRN At 77 (5P E AR AR AVEMS, N path latency RILUAZEX
NS Z BIIIER, EF2MES ERERBEES, FLEeTLURTRER, F 1 EIH
BfE L, XEEERA io num=20 base num=10 BIEXT,
io num BELAXEIHFIRFAIEE 10 3, AT ITETIREFER, BXEN 2
200 HYEE%K,
base num BXHUKE, BFRARMMEEHGI X, BRER 2 5 10 HEH. &
KFEIFHEREH 100s, &/IMEN lus. 590, S0R base num=10, NIEREFREHIEN
IR1RIER <=1us. (lus, 10us]. (10us, 100us]. (100us, 1ms]. (1ms, 10ms]. (10ms,
100ms]. (100ms, 1s]. (1s, 10s]. (10s, 100s] 2% >100s FY{LFcZRkeA

BEREE

ZREBIERATERIRENZRZ /0178, BFMURAGNAFRESBRRERREREERE. 1
B LB R ZRIFEEXHN multipaths FOHPEIRIGETNNA R, BENMNIEELREFIR
BNANEML.

W

user friendly names
IEEREALEKID (WWID) IB2fEA /var/lib/multipath/bindings XL /
dev/mapper/mpathN BIM&ILH ZEFLFIER— KA —15]HE,
EEAT LATE devices Z53# multipaths Zo R,

I} R

no (2RiA) 1EA /dev/disk/by-id/ (IEHERHI WWID,

yes B4 A P RIFRNBFRMEA LR IRENI B MA IR Do
failback

EERGHMARMERZIME, FiEEAKMEBRENERZ/GHEKELSRIIYE,
SAMHBEMER, RASREISERZBEEF AN EZSBRENRIZTIRF.
ZRIETEMARE, AEETRENNRELERANERERMTRE,
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& E1:pUS

manual (FHIN) REMEAKHNBEREME. BHIERIZEIT multipath
P UE R E AR EMMIARE,

followover RERRFHENE PN RRZFEN A HITENRERIE, XeTLR;
LEFEIMTNRESF M T RIBERTRELEN B RERE.

immediate H—PMEREMERN, IZEIERZERIZ.
N HREMEN, FF N WBERZER. BEKRT 0 IR
=8

AT HIEZBRERERBHINEENN, BIREENRE THZRESERISIRER

manual,

failback "manual"

@ mportant: &K%
BN R A AR S E, FRNEERATEAE TR
REER,

no path retry
EEERZERMEERNITA.
{8 13U

N 15 multipath FIEHMAMBERRKZARIERXRE. 1EE
AT 0 EHIE,

EErER, ERILREREN 0 LUBRAEHIAMER, HARITHA
R TR ERR .

fail EEIMRIR (FRHEPA) o

queue KAMZLERA (—EH, BENZRREMNERDRE) o
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EBFSEPRTERY, BIVIE /etc/multipath.conf X EIRIGHIEN fail =
0. fNtk—R, HE5RENEEDPNEILIRRHITHIEREZ, SUSRESHAmA

SREFREERE,

no path retry "fail"
no path retry "0"

@ mportant: &K%

BEUEENEFRAENEBHIAERIRE. FRANEFERATESEIRANRE

EXo

path checker
HE R ZEVRTS,.

&

directio

tur

CUSTOM VENDOR VALUE

220

ik

ERAEEREI/OMNE—BX, X3F
DASD 1RFIEFEHEH, 7£ systemd Hid
FIERERBOAE (GBS (BiEfERE)
% 17Z “journalctl: Z&iff systemd
Hi2” ) »

BigE &L SCSIMIA R TTER L. W
R LUN =, MIXREIRIGE. NRFS

KM, EXRSTE systemd HEFIENTA
I%\O

—LE SAN iR T BE XY
path_checker IR

° cciss tur: #1ZE HP HEEMEERE
HIRIER RIS

e emc clariion: %#&if EMC Clari-

ion EVPD T1 0xCO AT RIS,
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=] iR
° hp sw: f{ERERN/EREMYH
Q& HP EEMEFINERRRE
(Up. Down &= Ghost) »

* rdac: #&% LSI/Engenio RDAC fi#
T HIZR R IE RS

path grouping policy
IEEBEEEHIRRENZRIZILENRFT AR,

=] iR

failover (BRIN) RENMUEREBIETR—NEBE, UESRIER B
2o

multibus FrEEMBEE—TMURATR. BNEZAFREERRZEZIE
Tt H,

group by prio NFENRERARE, BEFT—IMLERE. EEHEEIRTER
HERZRER— AR ATF, MERAIEBIZFIE K,

group_by serial &fZ#% SCSI BiFFFIS (ITHIg8 = WWN) 534,

group by n- BMNENTRBER—NMIALE, BInTRERBE /sys/

ode name class/fc_transport/target*/node name H3REXAY,

path selector
e R T 51 8 F 489 path-selector Bi%,

=] R
round-robin 0 BT TR RABHFREEMNRFEZENENN R ETEREX,

queue-length 0 HBFFEHRILEITH /0 HNISHEHFEES, FKMPUTF least-
pending 3%,
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/I R
(BAE) ERRSHEN. BFRBERFERARTFESIMRE
ERY1/0 By EFEs,

service-time 0

pg_timeout
FEE R IZABITNE, FEEIEEEMAE, BIgE T NEAIAE,

polling interval
EEETREOERPERE T — M REOERBAAEZERIESE (U AERID) .
BEART 0 WEHE, BIAMEN 5. ESVAERNHEFERRENEHIA polling_interval
"8, FANEEAZNRESERNENIZEERK,

rr_min _io rq
IEEEEARETIERM device-mapper-multipath i E LI R AT T—PERRE,
HREAEENREZEN /0 EKRNEHE,
FEEART 0 VBHE, FIAMER L.

rr min io rq "1"
rr_weight
15 TR £
1] R
uniform (FIN) FrEREFEEHERNENE ANE.

B REANEBIRZHMLRFELL rr_min_io_rq IR EFKH

priorities
Eo

uid attribute
IRAME—ERFARIRTTH udev B, FAIAEX ID SERIAL,

17.10.2.2 FBECEREIFAE T
FRE IR EEMM, /0 WRBENZEHEIMR—TN 1/0 TS, BRIFEFIFT—NMIFHN

&2,
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17.10.2.3 ECERRIIWIERRS

BEEEMNER (REENRR) W REIEZEN, AILUHTET. EtREIATHRE
%1%, BEREREERZHTISER.

17.10.2.4 AR HDEFEER /0 BIZHDH

BEMRERARNZSNREDEENRAR, BZARHFERIRNE, KEIHRERIZE
T ESMNARNE, ZAFHAEREUERAHTFENSALZERNAH,

17.10.3 RS BRER1EA

fEF SCSI RE B ninO4H (sg_rtpg(8) ) a5, BXIER, BEN sg_rtpg(8) HIFM
bl

~0

17.11 ARIFEEZRZ /O

SUSE Linux Enterprise Server H8y /boot # /root AJLUERHZIFSEMSIIEFZ
E&12 1/0 (DM-MPIO), Lt5bh, YaST Z#&IZ2FEHH YaST P RIEFZFERENBA SR,

17.11.1 ZENEBEAZ®REIEI1/0

EZRITRE LLEIRERS, KENPISITSZRENMS. multipathd SFFIEFERS
LEIEPARSBEHE. EEILUER YaST D XIEFHFRIICE Z BRIZETRBEIE,.

X

17.11.1.1 ZEREEDN/EIZEFEE LUN EEHAZEIFI1/0
1. REEHHE, EEVSKRE FERERHXIZE,

. &
2. EFEEEEN, BELERE, ARERILEZRZ.

3. BEIZHE.
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4.

YaST SHBERREE, HERUTANZREFIKE (W /dev/disk/by-id/dm-uuid-
mpath-3600a0b80000f4593000012ae4ab0aeb5) . EMMFIEH —FTAIBEIE
%o

BEHET—IHRERE,

17.11.1.2 RENEED/HMEIZREMEE LUN EBAZERREZE /0

multipathd SFHFREFERAREIEFAZENE, ERILUER YaST DXEFFNEILE
Z BIZIRBIRBEIE.
TERENANEM /N ZERZMETF LUN ERZRIZ1/0:

224

1.

2.

REHAE, EENHND KRR LERTROXER.
RIS EENR, REERE, ARERIEZ R,

. BEIZERRZ.

YaST SHBERREE, HERBANZEKREFIKE (W /dev/disk/by-id/dm-uuid-
mpath-3600a0b80000f4593000012ae4ab0ae65) o EMMFIEH—T WIENIK
%o IETFRFREZM UUID, BURESEEXEREE,

. BE T I HERE,
. FREIREEIRIFERETME, YaST EISFIRENSISNHERER, HETERHAR

FHIEITEY, BHEIHIRHEIEETE, AGE - A -F5 5T
B EH BRERSE /boot/grub/device.map XEHH hd0 FBEIENT FEDE

o

Mﬁ‘ﬁﬁm

—REMEN, HBARERNAEX2/EEIARN G,
a. MAUTHLERIGEZEN /mnt
tux > sudo mount /dev/disk/by-id/UUID; part2 /mnt
f5lan, A

tux > sudo mount /dev/disk/by-id/dm-uuid-
mpath-3600a0b80000f4593000012ae4abbaeb5 part2 /mnt
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b. AUTHLRSIFIEEREN /mnt/boot
tux > sudo mount /dev/disk/by-id/UUID partl /mnt/boot

fFan, WA

tux > sudo mount /dev/disk/by-id/dm-uuid-
mpath-3600a0b80000f4593000012ae4ab0aeb5 part2 /mnt/boot

c. £ /mnt/boot/grub/device.map X4+, HE hd0 FEREIEENEGHE
2, AEHITTFYIEP—TURE:

o JETNERIR: AR/EHUTIEMRRIE. BRIFMERANTRE, & ctrl - At —F7
R[] YaST B R, ARMERE,

o FERIR: WINEAREHEMRESISMHIERF,.
7. 3R hdo FBEENEDREE, BEREEHENRES ISNHER:
a. EIEH SRR T2

mount -o bind /dev /mnt/dev
mount -o bind /sys /mnt/sys
mount -o bind /proc /mnt/proc
chroot /mnt

b. E=FHI&H, 1T multipath -11, AEKERE IXEESNERZ,
FEERIEIRE ghost FH#¥,

c. £ /boot/grub/device.map XA, & hd0 FEHENXNENREZ, REEX
HRAX o

d. WAL THRLTEMRESISMERER

grub-install /dev/disk/by-id/UUID partl /mnt/boot

f5lan, WA
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grub-install /dev/disk/by-id/dm-uuid-
mpath-3600a0b8000014593000012ae4abbae65 part2 /mnt/boot

e. MANUTHS:
exit

umount /mnt/*

umount /mnt

8. #& ctrl - At - F7 iR[O] YaST BRI,

9. BEHERSELTEESSR

17.11.2 HMBERIGEBAZHEZI1/0

1. ¥ Linux REANE—ITRBEED, RIFESKEFFRTIL by-id fFSHEHERNERZ,

2. FRAREHAIEMERR /dev/disk/by-id BFRENIEE.

3. FTASRIE /etc/dracut.conf.d/10-mp.conf FHFMUTT (FEIEFSTR)

force drivers+=" dm-multipath"

4, 3F IBM Z, iB5TEIETT dracut ZaifcémiE /etc/zipl.conf X4, LA /etc/fstab
F{ERARIFERE by-id SR zipl.conf HfY by-path 58,

5. 1517 dracut -f EH initrd B,
6. XF IBM Z, 157517 dracut Z2FiE1T zipl,

1. E5|FRSEEH

17.11.3 EFARIE LR /0 ZREZ

MRZEELITHARIN multipath=off . XAILUEE YaST 5| SMBIZFERRTTH. FTH5]
SNEREFZE > NZZH, FRBEFMER <L 1TH.

XNZEIRIZE. FEMIEEMIZS,
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17.12 AWBIHEF RAID BEBEZK1Z1/0

BAEMNBRT, NAMSEIREZRE, BEXEIRFRENYG RAID IRFAN., NRAIEE
A4 RAID iIEEZ 2 BRHRINZKREZE, NEES|ISH, DM-MPIO RS AIRESEL multipath ARSS
B, SHZRFZBIMFEAREIET RAID, EAILUMEARTHHTIZFEZREN et arH%
% RAID i&1T,
e, EEREBEELUTHERAIERM RAID HRIR R E ZK1F:

o MNRELHLERAHKIRIEFE—MFEVEHE RAID IEADXIREN—IB5

o MR RAID BB REMRISEWERREZH], REBXLEIGERBENTIFLR

=

* WNRBI AR5 2R ANINFEY HBA IEECAZENY & SAN FREVEFF R AT T RFENIR,

Q) Note: FRig% M4
U TFiRBBBRERE RAID &&= /dev/mapper/mpath0, XERZAT LIRSS
Bo BRIEEKESection 17.9, “ELERFRIFRIATEFE" FRRTE /etc/mul-
tipath.conf XA T AARFHEN.

HR R XL BAR VIR & R IE P ERIE M RAID BIIRE R,
1. fTA— P &iRERIE.

BRES1TIHER, BERIEH QWAL TSI BRNGS,

2. NRHGFERNKERSITEAEMY RAID i85, BNEMLEFRAU TGS REHFF
1% &,

tux > sudo umount /dev/mapper/mpath0O
tux > sudo mdadm --misc --stop /dev/mapper/mpath0

3. WA TE<MFLE md ARSS

tux > sudo systemctl stop mdmonitor

4, NI TS BEE) multipathd SFIPERE:
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tux > systemctl start multipathd

5. BohZRERSZE, RIENMG RAID FUAMHISEREEYIE /dev/disk/by-id BR
o MITUTHRIEZ—!

o BYIHIRH: MERERNEABTIHIGEMINIEFZREFZRERNTSH®E,
i /dev/dm-1,

o RyIHigE: WAUTHSBFEHENRLAMLE, BFIZRIFZRSIRANEN]

tux > sudo multipath -F
tux > sudo multipath -vO

XEQFIMENESTE /dev/disk/by-id HFIH, HEBIHIGEMHNIZR ZHIF
REBHN SR, .

lrwxrwxrwx 1 root root 10 2011-01-06 11:42 dm-uuid-
mpath-36006016088d014007e0d0d2213ecdfll -> ../../dm-1

6. WAL THSEREE mdmonitor ARSA RAID 8%
tux > sudo systemctl start mdmonitor
7. BIAL TS, RERM RAID PR

tux > sudo mdadm --detail /dev/mapper/mpath0

RAID FY4R & & W ILACTE /dev/disk/by-id BRHPFINIGER SHHENIGERGTEZRF
ZRIZIER.

8. MNRAR (/) EHHEEME S (BIE0 /var. /etc. /log) {iF SAN £, HEFE(E
AZKZ51%, BEMWR initrd:

tux > dracut -f --add-multipath

9. B3|FMRSHBUNAES,

10. @ RAID KA, RIGH4 RAID PEFITELRIFEZ T FIFMTE,

228 NIMERH RAID BBEZ 1 1/0 SLES 15 SP2



tux > sudo mdadm --detail /dev/mapper/mpath0

f5lan:

Number Major Minor RaidDevice State
0 253 0 0 active sync /dev/dm-0
1 253 1 1 active sync /dev/dm-1
2 253 2 2 active sync /dev/dm-2

Q) Note: £ &Zi&& A mdadm
mdadm TEEXRERA ID MARIKE T RERIHNKE. BXIFMESR, B8N Sec-
tion 17.4.3, “XZRF1LEFFER MDADM”

17.13 1% HF18& _E{ER LVM2

FRLZEEN, HENMEREHZETNIEENPNIGEE. BRINERT, VM RKOEIZEN
HEASENTNMEREFEZRRILE. IR VM ETNEKRE T Z2RRFILE, ERRIZZE
EELZHEAN, HRE (KB &&. XRAESEHENITA, BHALUE /etc/lvm/
lvm.conf FIEXH, MR multipath_component_detection €& R 0, LVM 1S ERE
AHIEE, lvm.conf FRIBRIATIRE

# By default, LVM2 will ignore devices used as component paths
# of device-mapper multipath devices.

# 1 enables; 0 disables.

multipath component detection =1
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17.14 &{EKE%

17.14.1 7EAES|SHNER TREmMLE

MRERRFEENERAZRE, FEEHEFEER SAN FNfEE, WAILIER rescan-sc-
si-bus.sh FATHELE. BINBRT, WHZOEREAGHE LUN SERERFAE HBA, %
L —RAEEN R RS

tux > sudo rescan-scsi-bus.sh [options] [host [host ...]]

HFRSHEETF RS, WHATELIENNIER FTRINET. 7D, ERERHRERT, 1
BEREFRE—HZ ML, EXHT5, 181517 rescan-scsi-bus.sh --help,

Warning: EMC PowerPath 1§

7£ EMC PowerPath Ifi5R, E/ERIRIERSAPEMEY rescan-scsi-bus.sh LATE
P38 HBA L7 I ASSR T SCSI Bk, AT BRAIREREMXHRAIIT, EMC EX
153888 EMC PowerPath for Linux B 7 SRS R (AT 1212 1,

ERUTIEAEREHERESSRANER TEXEREITRATERZ.

1. EEFFRSEL, ERHNBNIASEREHEREIAERIRE, MR Linux RS
IRFBEFX. BXAT, FSNHNERE,

2. EFRE BIRFHEEER— TN, EEMIREN Linux A% SCSI FRERIFRIEEFH,
FERIHEH SRR T, A

tux > sudo rescan-scsi-bus.sh
BIBEEISE, BreEBLESTIESEETT rescan-scsi-bus.sh, BX4T, 15
&0l rescan-scsi-bus.sh --help,

3. 1B7E systemd HicHIOEFEHE (BX4T, BEN (BEERE) ,F17&E
“Journalctl: Fifsystemd Hig” ) . EERHEHFIBIRTZFTT, BWA
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tux > sudo journalctl -r
< B REENES 7. fla0:

tux > sudo journalctl -r

Feb 14 01:03 kernel: SCSI device sde: 81920000

Feb 14 01:03 kernel: SCSI device sdf: 81920000

Feb 14 01:03 multipathd: sde: path checker registered

Feb 14 01:03 multipathd: sdf: path checker registered

Feb 14 01:03 multipathd: mpath4: event checker started

Feb 14 01:03 multipathd: mpath5: event checker started

Feb 14 01:03:multipathd: mpath4: remaining active paths: 1
Feb 14 01:03 multipathd: mpath5: remaining active paths: 1
[...]

4. EE FRPRE, LURINEE Linux ARG LIEREIFISEVE M HBA iEEL2RHIERR,
5. iB1T multipath &< LIRS DM-MPIO BEERIS&E. ELXMHEHISRTAT, WA
tux > sudo multipath

MEAUNZRIZEEIIRE T -

17.14.2 FEAESISHER TREMBNDXIRE
ERATHRIRG, ERES|SHBR FRNHTRINNSEE LUN.

Warning: EMC PowerPath ¥f15

7£ EMC PowerPath If15 R, iB5711ERIRIERFPEMIAY rescan-scsi-bus.sh KATE
FF3% HBA R/ FfIZSSRITH# SCSI B4k, AT ERAIBERENXHRFARIF, EMCER
&8 88 EMC PowerPath for Linux BYf Rz & S A PR I 2R E,

1. fTA— P &iRERIS.

2. EFE BIRFREER—TEN, EEMIKEN Linux A% SCSI FRFRIFIEEFTA,
ALRIRERRTET, BA
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tux > rescan-scsi-bus.sh

RIBEENSE, EoeEELESHIASEIEIT rescan-scsi-bus.sh, XA, &

£l rescan-scsi-bus.sh --help,

3. BEBMAUTHIREZIEEESE AN (HINEHEESE— M RRE)
tux > ls -lrt /dev/dm-*
TR LB RN T e < RREIGEFET /dev/disk/by-id H
tux > 1s -1 /dev/disk/by-id/

4, BIWANUTEHS, REMEESEHNERSE

tux > sudo journalctl -r

5. EANXAHIESS, £ /etc/multipath.conf XHFMIZIZERMMGIZEN, FlU0
data vol3,
f5lgn, gNSR UUID 2 36006016088d014006e98a7a94a85db11 , M#HITLATFEDN:

defaults {
user friendly names vyes

}
multipaths {
multipath {
wwid 36006016088d014006e98a7a94a85db11
alias data vol3

}
6. BIRMAUTEHS, MZEECNEIKEK
tux > fdisk /dev/disk/by-id/dm-uuid-mpath-<UUID>

ERIEEHI WWID (31 36006016088d014006€98a7a94a85db11) ik UUID,

7. IR T a4 udev
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tux > sudo echo 'add' > /sys/block/DM DEVICE/uevent

BIgn, EA dm-8 ENSREMISEMPNERILE, BEA
tux > sudo echo 'add' > /sys/block/dm-8/uevent

8. £1&% /dev/disk/by-id/dm-uuid-mpath-UUID partN ES8IEXHRS, RIE
EZENXH RS, EIUFERAUTER— M a<SLILER: mkfs.btrfs mk-
fs.ext3. mkfs.extd = mkfs.xfs. EXAT, FSIMENNFMI. AL
B9 UUID Ml X4mS & UUID partN, f54036006016088d014006e98a7a94a85d-
bll_partl,

9. WAL T AFHDXEEIRE

tux > sudo tune2fs -L LABELNAME /dev/disk/by-id/dm-uuid-UUID partN

FASERREY UUID M XS &4 UUID partN, 40
36006016088d014006e98a7a94a85db11_partl, AEEFREZEIR LABELNAME 6

10. AU TS UELRE DM-MPIO, fEHEIREAR:
tux > sudo multipathd -k'reconfigure'

11. BIALU TS, REZIEEFEH multipathd i35
tux > sudo multipath -11

12. fERANXAYRIERRTE /etc/ fstab SXHFFFRNIFTAIE AT,
LB, EEE—DHEIERIZIRIERE /dev/disk/by-label BRH, #y /dev/
dm-9 BZARM—TEN, ARE NRESIREIUTHEZAENZIE

LABEL=LABELNAME

13. SIBEFNRERNER, ARENLE,
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17.143 BEHEZREZFI/ORS

BWZRR /0 RSt ZIRIZRETBI LTRSS,

multipath -1 &WE]2RM ERIBITERERERRZF LRI FIRZRES. EFRRBITHRER
B2,

multipath -1l EBUTHRENERER, EMREER, ARETIAMKEERS. <A
KB TRXTRERSHRRER.

tux > sudo multipath -11
3600601607cf30e00184589a37a31d911
[size=127 GB][features="0"][hwhandler="1 emc"]

\_round-robin O [active][first]
\_ 1:0:1:2 sdav 66:240 [ready ][active]
\ 0:0:1:2 sdr 65:16 [ready ][active]

\_ round-robin 0 [enabled]
\ 1:0:0:2 sdag 66:0 [ready ][active]
\ 0:0:0:2 sdc 8:32 [ready ][active]

NFEMEE, ERBTRZISER ID. K/ ThEEME4LIERER,

FIRERIE, BEZKENRESETHEAZSMEERE —RRE—IMMARARER
B, T EEDERNECE, FrEREINER—4H . W&/ AEEERE, NEAMNBEIBIE
SIMIRFRAF,

KRB NMEETRTINER:
o AFIEARNTHE /0 WBERRRHEREE, FIMMER
o ZANESH. BERATEERH
o ZHARBRE— (BEMER) A
° ZHANBEMEEZF
SHNENMERERERFIIEE
o YIIEMINE, &= HOST:BUS:TARGET:LUN, f%01:0:1:2

° XETRS, W sda
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o FEBNRERS

o IRERVIRE

17.14.4 7EEEIRIRTEE1/0

NRFERERRALN, NETREEEET B queue_if_no_path REZE Z R LUEE 1/0 HiBAo
BN, 1/0 BE@IRERERIIAAY. FERLERT, BNIREHER. HBA St BEIIRE
HHiREY, [3Z4F DM-MPIO BEENEXLEIRSHERFEREEFE 1/0 HPA, FEKTH
FEEEEIR,

ERENFEARAZRIFZIGEN, TTLUEREA queue_if_no_path, X BNERIREKK, M-S
& 1/0 HEBA, FHFR 1/0 IR | R BE R RIIERZ,

EABA queue_if_no_path =52 1/0 TREHBA (FFIEE— 1 EEEME) , FALUBHR mul-
tipathd [EEETEEEZNIFMEFREER. TN, ARERFEEESEMNLZEREFILE KEELE
I/0, BEIES|ISHFahREFIMERZZMAEH B,

M IZ B -
1. fTA—&iRERIS.
2. WALLTap<BUERE 1/0 BUHBAT AR R4S

tux > sudo dmsetup message DEVICE ID @ queue if no path

¥ DEVICE ID BMAEIGHEMNID, B0 ARBX, EFFEERXERRERZE,
Bgn, WA

tux > sudo dmsetup message 3600601607cf30e00184589a37a31d911 0O

queue if no path

3. AL e REZ%E 1/0 B FESLS

tux > sudo dmsetup message DEVICE ID 0 fail if no path

L L= IUBIFEFREHIBARY 1/0 RIK.
¥ DEVICE ID BAEig&Emy D, 30, A
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tux > sudo dmsetup message 3600601607cf30e00184589a37a31d911 0O
fail if no path

EFERFRMAVER TIRER /0 HERA:

1. fFTA—MRIRERIA,

2. EXAYRIEZZFITH /etc/multipath.conf,

3. BUHFR defaults BB MELREIES, ARWNTFARAMN default features i&&:

defaults {
default features "1 queue if no path"

}

4, {&eQ /etc/multipath.conf XHfE, EHIIETT dracut -f ERAEFEFHCIE
initrd,, ABRES|ISUEEREK,

5. BIEFFROFIRE |/0 NHRFEHEZE, BN

tux > sudo dmsetup message MAPNAME @ fail if no path

} MAPNAME BEHAZIKERETAIZIRTILE ID. B0 ARBX, EARERXERHE
Rix{E.
e L RIENFEFABRIPARY /0 KW, HERZEREEZARNNAER.

17.145 fA=LERI1/0
MBFEEEFBIRI, FE /0 HIFHEL, FRTU TR
1. ARSI ARTE TRALTSHS:

tux > sudo dmsetup message MAPNAME @ fail if no path

¥ MAPNAME EHRAISEFRIEMRIZE ID HIRGIHIR. B0 ARBK, EFAFEBXER
B fE I E,
e L RIZENSEFAEHIPARY /0 KW, HERZ#HREEZARNNAER.
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2. WA en S ERBUEHIRA

tux > sudo dmsetup message MAPNAME 0 queue if no path

17.14.6 ECE IBM Z g FHIBINLE

MBS ZEREINEERT IBM Z & TRINIARES, BF dev_loss_tmo BB NS
(2147483647), ¥ fast_io_fail_tmo BEIKEN 5, WMREMEAIZ IBM 2185, 1HHK
LUITFAREE /etc/multipath. conf XHFRIEEXLAE:

defaults {
dev_loss _tmo 2147483647
fast io fail tmo 5

dev_loss_tmo SHIZERENZREFFHITCATR Z AR F NI, WRERFRK, N
BRMEEEF ERERSRE]T /0 BRK. FAMBREFEANIZERIEFME. EERAKRIER
IR EREERY, IEREIRENZ (0), LAILLURHEIEEN “infinity” (2147483647, WILtAH
IRBRRAME 2147483647 F) (68 £F) o

fast io fail tmo BEULEWMTFEZRIZMETRE /0 MEAKM Z B FSFFNEE, FhiX

IXEHFZREHY 1/0 KM, IR 1/0 HIEHERIBATIH, MKE dev_loss_tmo BYja]l BPFAFIKER
BZHI/0 FaKM,

NREEERT /etc/multipath.conf X, FAIfiMNEIRBEEEENSRIZMSHESDH

multipathd SF#P#2F (systemctl restart multipathd) 54 &R,

17.14.7 {EM NetApp IE& M2 KR

fEAERT NetApp IERIZHRIZEY, BIIE /etc/multipath.conf XEHRFHITUTIK
=

* 73 NetApp REERIKEUTSHRIEINE:

max_fds max
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queue without daemon no

o TEREHRF NetApp IKERILI T SIS ERIME:

dev_loss tmo infinity
fast io fail tmo 5

features "3 queue if no path pg init retries 50"

17.14.8 X% RF1F(ER --noflush
EZRFGE BT, MIBZER - -noflushiE,

g0, ERITERERHREIASR, WRSMER - -noflush EWHLAMBREFRFERL 1/0 R
ZERIET, ANEFRZRIZHIMES.

load
resume --noflush

17.14.9 RIgFEHNZEIZIRY SAN EBFIKE

FRrERZMERMHEMRRHT LR, SRIERELESRER (/) NRKAIERFL,
NERGEZWEIEETFRE (FlINych@EiEFriEy)) KHR dev_loss_tmo EBESEAL

MBRFIGEEHE T ZKRIZ, BEKRIZ no path retry BT ENIRE, NINABRHIER
EFTF RSB dev_loss tmo RE, UMRFIGREEHRKENRSMIRERILE. BIGEIY
8% dev _loss tmo BEIKENFTFTHATZHZEM no path retry &&,

Bz T AN BEEFEFRSH dev_los_tmo:

<dev loss tmo> = <no path retry> * <polling interval>
UTEXERTFEZHEZEE:
° no_path_retry @RBEMNAZTEIHEZLL 10 HATIZEIZ /0 IR IHRE
e polling interval REFWERIEMRESE (UFRHEA)

LI EZRRIFEHRNIZM /etc/multipath. conf BREXHHITIERE, BXEE, 158 Sec
tion 17.6, “RUEBZIELK /etc/multipath.conf X~ .

238 W ZEIFIREER --noflush SLES 15 SP2



17.15 MPIO &8

T3 MPIO BY—LE B RN R AR BT TRIARR 75 S8 1T 7 5 ER.

17.15.1 7EZHREIFIwE LLE GRUB2

£E7A Btrfs IE4 BIOS &4i L, grub2-install AJRESEM, HETRIVEWIE, B2
RUEEIER, EHERLIES (rw) BEN /boot/grub2/SUBDIR/ F&, SUBDIR AJLARE
x86 64-efi 3¢ i386-pco,

FE51S21EP, RAREIRIINE, HEREMNTHIRS:

[ OK ] Listening on multipathd control socket.
Starting Device-Mapper Multipath Device Controller...
[ OK ] Listening on Device-mapper event daemon FIFOs.
Starting Device-mapper event daemon...
Expecting device dev-disk-by\x2duuid-34be48b2\x2dc21...32dd9.device...
Expecting device dev-sda2.device...
[ OK ] Listening on udev Kernel Socket.
[ OK ] Listening on udev Control Socket.
Starting udev Coldplug all Devices...
Expecting device dev-disk-by\x2duuid-1172afe0\x2d63c...5d0a7.device...
Expecting device dev-disk-by\x2duuid-c4a3dlde\x2d4dc...ef77d.device...
[ OK ] Started Create list of required static device nodes ...current kernel.
Starting Create static device nodes in /dev...
[ OK ] Started Collect Read-Ahead Data.
[ OK ] Started Device-mapper event daemon.
[ OK ] Started udev Coldplug all Devices.
Starting udev Wait for Complete Device Initialization...
[ OK ] Started Replay Read-Ahead Data.
Starting Load Kernel Modules...
Starting Remount Root and Kernel File Systems...
[ OK ] Started Create static devices
[* ] (1 of 4) A start job is running for dev-disk-by\x2du...(7s / 1lmin 30s)
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[* ] (1 of 4) A start job is running for dev-disk-by\x2du...(7s / 1lmin 30s)

Timed out waiting for device dev-disk-by\x2duuid-c4a...cfef77d.device.
[DEPEND] Dependency failed for /opt.

[DEPEND] Dependency failed for Local File Systems.

[DEPEND] Dependency failed for Postfix Mail Transport Agent.

Welcome to emergency shell

Give root password for maintenance

(or press Control-D to continue):

TEFFIERT, ARERAELLR:

s FRRAZRENFERT, REEZRERXHAAIMNERZRE, iEENProcedure 17.1,
‘MIBINR: BXHRAEMANERRBE”
s TEBZRERXUGRENAZ L, BR/ZRATSKE, BREWE initrd. BFER
Procedure 17.2, “N2%h%: EME initrd” o
o TEENKEZMEEFREBRR T ZRENARLA L, initrd PR/ MEEEFENIRTIIZRE.

PROCEDURE 17.1: 24M5%: BXHRAMNRRE

IRBXAERFREZREL, HIBATZRE, WFELEE. FIXKES, ZK
REZHNRMARZRENMEREREERR. BTREEREXGRSGNREEEN,
EXNTEZREMS LM, AMEZSBBRRFIRERK,. EAIUE /etc/multi-
path.conf FIFRITEMARZEREMKESRE, MMESLLRE,

1. FERINTHIETT multipath -v2 HBERXHRLKIRE. ~ERNMBLI TR

root # multipath -v2
Dec 18 10:10:03 | 3600508b1001030343841423043300400: ignoring map

| # : ZIENFHEZIMNESR RFIFER WWID,

2. TFF /etc/multipath.conf HHMUTREA:

blacklist {
wwid "WWWID"
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}

BEL—HIREXBY ID F WWWID, BXIFMESR, HEWsSection 17.8, "[FIEZRE
REVINERRE

3. & crt-p BHEERINFHESIBRSR.
PROCEDURE 17.2: W 25b%: EWE initrd

R initrd SRFZENZRIPRET (EBAKEREA) TEE, NWFEERTIEE
di2. BEEIRE, HEME initrd:

1. NMREERFPEAZRRE, FEIUTHSENEZIFLEREN initrd:
tux > dracut --force --add multipath
MREERFEPZASRE, FRIUTHRSEMREZRLZREN initrd:
tux > dracut --force -o multipath

2. & arl -0 BRHERINEHES SRS,

PROCEDURE 17.3: 8455 : EMEE initrd

gNR initrd A EE BT IHRINEEZEFNERDER, WEBIEE. N, MRRSER
EREZRENERATREN, HEINNBERENEFR, MAEFERTIEESD

2o

1. BRAENIRIEERNEX Y /etc/dracut.conf.d/01-dist.conf PHTE
force drivers., 30, MNRRFKES hpsa KEhiEFIA0AY RAID 154188, HZRRER

REEETIA gla23xx BEhiEFIRIA Qlogic 1£HI28, UGN TFAIR:
force drivers+="hpsa qla23xx"
2. ERAUTHLTEME initrd:

tux > dracut -f --add-multipath

3. AT EENEEEFERANENRAS I SEIE2 BN, BIEENEIT netdev FHNE)
/etc/fstab HAIFERIN,
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| 4. 3% ctrl -0 BHESIEHES SRSR,

17.15.3 HLKEIZHKIZ 0.4.9 A ESREEEMNIKEN PRIO IKE
NECtER

M 0.4.9 hrFF4R, ZEETEMFEA /etc/multipath.conf X defaults{} =% de-
vices{} ZBHHM prio I&EH. XN multipaths{} ZBHHFAIED multipath EXIETE
KT prio BY, ERHRERMITRRG.

ZRRTH0.4.8 41F multipaths{) EHFED multipath EXHPH prio iKEESE de-
faults{} o devices{} Zp9HB prio KE,

17.15.4 FAZF) multipath-tools-0.4.9 ESAEHEBETE
HJ PRIO 1K EAEC/ER

M multipath-tools-0.4.8 #4kZI multipath-tools-0.4.9 BY, HLIERHE
BFEEERTSE, Nl /etc/multipath.conf XHEHH prio EESHF, 7£ multi-
path-tools-0.4.9 #1, ERXEEF prio IBEMELHFERF, FHEXEF prio args AFE
EHTENNALHIFEFIEEETE, MERAREF, HELFEFAREBTENER
— prio T LIEE.

40, 1F multipath-tools-0.4.8 F, AIERAUT—{THIIEEMELHIFEFREBTE,
prio "weightedpath hbtl [1,3]:.:.+:.+ 260 [0,2]:.:.+:.+ 20"

FH4RZE] multipath-tools-0.4.9 HEBRAG, ZLZFEIEIR. HIMBEBEMIM TFAR:

<Month day hh:mm:ss> | Prioritizer ‘'weightedpath hbtl [1,3]:.:.+:.+ 260
[0,2]:.:.+:.+ 20' not found in /lib64/multipath

BRI, EERANAEIE33ER /etc/multipath. conf XEFH prio 17, BIER
17, HP prio 1TIEEMALIHFIZERF, M FAW prio args TIEEHELE:

prio "weightedpath"
prio args "hbtl [1,3]:.:.+:.+ 260 [0,2]:.:.+:.+ 20"
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i51T sudo systemctl restart multipathd EE5h multipathd SFiPIERE, LUEEX
¥

17.15.5 FEAREEXH

% SUSE Linux Enterprise Server = %1% /0 RIFEME#EES, B2 M SUSE FiRESFMT
FIEARFEE XX (TID):

e Using LVM on local and SAN attached devices (TEZs#hi&&FiEE SAN BIRE LfEFH
LVM) (https://www.suse.com/support/kb/doc.php?id=3617600) 2

e Using LVM on Multipath (DM MPIO) Devices (£%#&1% (DM MPIO) i&& L{EMA LVM)
(https://www.suse.com/support/kb/doc.php?id=7007498) 2

e HOWTO: Add, Resize and Remove LUN without restarting SLES (I2{FiEf: EAER
&) SLES BB R TR, BEEANFIERR LUN) (https://www.suse.com/support/kb/
doc.php?id=7009660) <
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18 BIE NFSv4 ifaliz4l5+R

£ Linux &, BRTHMAF. ARMEMA (ugo) BIREL. BA. HIT (rwx ) XEEETEZ
oh, BIBIEEHIFIR (ACL) REBA—IIRE, THIBENEXRIFHN—MERERE (Draft POSIX
ACLs) (POSIXACLE#S) , BEAKSEI POSIX WIEXInAL. B—1NEER NFSVAACL, ©
= NFSv4 ML X RKERI—ER9, BBIZA T 1E Linux £ POSIX £4:5 Microsoft Windows
EBIWIN32 R4z EHRHE HMFRE .

NFSv4 ACL @ AEFASKEETS POSIXACL, HELR#ITIE NFSv4 &P im EBRSY ACL iRIRIIYE
i (bbanfER setfacl) o

fEF NFSv4 B, BIMEEREERN T EFERER POSIXACL, HEZFEEIZFER NFSv4
ACL, XEMkE, BIA setfacl BENSTE NFSv3 EimfT, ANFAETE NFSv4 BiiT. AT HES
£ NFSv4 X% %5 E{EF NFSv4 ACL, SUSE Linux Enterprise Server 12t T nfs4-acl-
tools &, HPEESTHIZM:

* nfs4-getfacl
e nfs4-setfacl

e nfs4-editacl

XEEIREMEEA R SR TR EFNEH NFSv4 ACL Y getfacl #1 setfacl 2, X2 NFS
RS 28 LRI M RAIRMIT NFSv4 ACL NS E 2758, XEmSA BN, BAFLIHRITHIm
(ACE) WS EAHESFIReER Fin AR A, BXFis EEiTHNEFERREIIRS S= MV ERR
GHllENALE S

RZHFERIL NFS AR5 28 AN NFS %5,

Ht5 2

BXER, iE8 M Introduction to NFSv4 ACLs (NFSv4 ACL f& 7Y, BIHEA http://wiki.linux-
nfs.org/wiki/index.php/ACLs#Introduction_to_NFSv4_ACLs 2),
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A GNU TFrRIIE
AHIREA GNU EIBRYFATEARA 1.2,

GNU Free Documentation License

Copyright (C) 2000, 2001, 2002 Free Software Foundation, Inc. 51 Franklin St,
Fifth Floor, Boston, MA 02110-1301 USA. Everyone is permitted to copy and
distribute verbatim copies of this license document, but changing it is not
allowed.

0. PREAMBLE

The purpose of this License is to make a manual, textbook, or other functional
and useful document "free" in the sense of freedom: to assure everyone the
effective freedom to copy and redistribute it, with or without modifying it,
either commercially or non-commercially. Secondarily, this License preserves
for the author and publisher a way to get credit for their work, while not being
considered responsible for modifications made by others.

This License is a kind of "copyleft", which means that derivative works of the
document must themselves be free in the same sense. It complements the GNU
General Public License, which is a copyleft license designed for free software.
We have designed this License to use it for manuals for free software, because
free software needs free documentation: a free program should come with
manuals providing the same freedoms that the software does. But this License is
not limited to software manuals; it can be used for any textual work, regardless
of subject matter or whether it is published as a printed book. We recommend
this License principally for works whose purpose is instruction or reference.

1. APPLICABILITY AND DEFINITIONS

This License applies to any manual or other work, in any medium, that contains
a notice placed by the copyright holder saying it can be distributed under the
terms of this License. Such a notice grants a world-wide, royalty-free license,
unlimited in duration, to use that work under the conditions stated herein. The
"Document", below, refers to any such manual or work. Any member of the
publicis a licensee, and is addressed as "you". You accept the license if you copy,
modify or distribute the work in a way requiring permission under copyright law.
A "Modified Version" of the Document means any work containing the Document
or a portion of it, either copied verbatim, or with modifications and/or translated
into another language.

A "Secondary Section" is a named appendix or a front-matter section of the
Document that deals exclusively with the relationship of the publishers or
authors of the Document to the Document's overall subject (or to related
matters) and contains nothing that could fall directly within that overall subject.
(Thus, if the Document is in part a textbook of mathematics, a Secondary
Section may not explain any mathematics.) The relationship could be a matter
of historical connection with the subject or with related matters, or of legal,
commercial, philosophical, ethical or political position regarding them.

The "Invariant Sections" are certain Secondary Sections whose titles are
designated, as being those of Invariant Sections, in the notice that says that

the Document is released under this License. If a section does not fit the above
definition of Secondary then it is not allowed to be designated as Invariant.

The Document may contain zero Invariant Sections. If the Document does not
identify any Invariant Sections then there are none.
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The "Cover Texts" are certain short passages of text that are listed, as Front-Cover
Texts or Back-Cover Texts, in the notice that says that the Document is released
under this License. A Front-Cover Text may be at most 5 words, and a Back-Cover
Text may be at most 25 words.

A "Transparent" copy of the Document means a machine-readable copy,
represented in a format whose specification is available to the general public,
that is suitable for revising the document straightforwardly with generic text
editors or (for images composed of pixels) generic paint programs or (for
drawings) some widely available drawing editor, and that is suitable for input

to text formatters or for automatic translation to a variety of formats suitable

for input to text formatters. A copy made in an otherwise Transparent file

format whose markup, or absence of markup, has been arranged to thwart or
discourage subsequent modification by readers is not Transparent. An image
format is not Transparent if used for any substantial amount of text. A copy that
is not "Transparent" is called "Opaque".

Examples of suitable formats for Transparent copies include plain ASCII without
markup, Texinfo input format, LaTeX input format, SGML or XML using a publicly
available DTD, and standard-conforming simple HTML, PostScript or PDF
designed for human modification. Examples of transparent image formats
include PNG, XCF and JPG. Opaque formats include proprietary formats that can
be read and edited only by proprietary word processors, SGML or XML for which
the DTD and/or processing tools are not generally available, and the machine-
generated HTML, PostScript or PDF produced by some word processors for
output purposes only.

The "Title Page" means, for a printed book, the title page itself, plus such
following pages as are needed to hold, legibly, the material this License requires
to appear in the title page. For works in formats which do not have any title page
as such, "Title Page" means the text near the most prominent appearance of the
work's title, preceding the beginning of the body of the text.

A section "Entitled XYZ" means a named subunit of the Document whose

title either is precisely XYZ or contains XYZ in parentheses following text that
translates XYZ in another language. (Here XYZ stands for a specific section name
mentioned below, such as "Acknowledgements", "Dedications", "Endorsements",
or "History".) To "Preserve the Title" of such a section when you modify the
Document means that it remains a section "Entitled XYZ" according to this
definition.

The Document may include Warranty Disclaimers next to the notice which

states that this License applies to the Document. These Warranty Disclaimers
are considered to be included by reference in this License, but only as regards
disclaiming warranties: any other implication that these Warranty Disclaimers
may have is void and has no effect on the meaning of this License.

2. VERBATIM COPYING

You may copy and distribute the Document in any medium, either commercially
or non-commercially, provided that this License, the copyright notices, and the
license notice saying this License applies to the Document are reproduced in

all copies, and that you add no other conditions whatsoever to those of this
License. You may not use technical measures to obstruct or control the reading
or further copying of the copies you make or distribute. However, you may
accept compensation in exchange for copies. If you distribute a large enough
number of copies you must also follow the conditions in section 3.

You may also lend copies, under the same conditions stated above, and you may
publicly display copies.
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3. COPYING IN QUANTITY

If you publish printed copies (or copies in media that commonly have printed
covers) of the Document, numbering more than 100, and the Document's

license notice requires Cover Texts, you must enclose the copies in covers that
carry, clearly and legibly, all these Cover Texts: Front-Cover Texts on the front
cover, and Back-Cover Texts on the back cover. Both covers must also clearly

and legibly identify you as the publisher of these copies. The front cover must
present the full title with all words of the title equally prominent and visible. You
may add other material on the covers in addition. Copying with changes limited
to the covers, as long as they preserve the title of the Document and satisfy these
conditions, can be treated as verbatim copying in other respects.

If the required texts for either cover are too voluminous to fit legibly, you should
put the first ones listed (as many as fit reasonably) on the actual cover, and
continue the rest onto adjacent pages.

If you publish or distribute Opaque copies of the Document numbering more
than 100, you must either include a machine-readable Transparent copy along
with each Opaque copy, or state in or with each Opaque copy a computer-
network location from which the general network-using public has access to
download using public-standard network protocols a complete Transparent copy
of the Document, free of added material. If you use the latter option, you must
take reasonably prudent steps, when you begin distribution of Opaque copies in
quantity, to ensure that this Transparent copy will remain thus accessible at the
stated location until at least one year after the last time you distribute an Opaque
copy (directly or through your agents or retailers) of that edition to the public.
Itis requested, but not required, that you contact the authors of the Document
well before redistributing any large number of copies, to give them a chance to
provide you with an updated version of the Document.

4. MODIFICATIONS

You may copy and distribute a Modified Version of the Document under the
conditions of sections 2 and 3 above, provided that you release the Modified
Version under precisely this License, with the Modified Version filling the role

of the Document, thus licensing distribution and modification of the Modified
Version to whoever possesses a copy of it. In addition, you must do these things
in the Modified Version:

A. Usein the Title Page (and on the covers, if any) a title distinct from that
of the Document, and from those of previous versions (which should,
if there were any, be listed in the History section of the Document). You
may use the same title as a previous version if the original publisher of
that version gives permission.

B. List on the Title Page, as authors, one or more persons or entities
responsible for authorship of the modifications in the Modified Version,
together with at least five of the principal authors of the Document (all
of its principal authors, if it has fewer than five), unless they release you
from this requirement.

C. State on the Title page the name of the publisher of the Modified
Version, as the publisher.

D. Preserve all the copyright notices of the Document.

E. Add an appropriate copyright notice for your modifications adjacent to
the other copyright notices.

F. Include,immediately after the copyright notices, a license notice giving
the public permission to use the Modified Version under the terms of
this License, in the form shown in the Addendum below.

G. Preservein that license notice the full lists of Invariant Sections and
required Cover Texts given in the Document's license notice.
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H. Include an unaltered copy of this License.

I. Preserve the section Entitled "History", Preserve its Title, and add to
it an item stating at least the title, year, new authors, and publisher of
the Modified Version as given on the Title Page. If there is no section
Entitled "History" in the Document, create one stating the title, year,
authors, and publisher of the Document as given on its Title Page, then
add an item describing the Modified Version as stated in the previous
sentence.

J. Preserve the network location, if any, given in the Document for
public access to a Transparent copy of the Document, and likewise the
network locations given in the Document for previous versions it was
based on. These may be placed in the "History" section. You may omit
a network location for a work that was published at least four years
before the Document itself, or if the original publisher of the version it
refers to gives permission.

K. Forany section Entitled "Acknowledgements" or "Dedications",
Preserve the Title of the section, and preserve in the section all the
substance and tone of each of the contributor acknowledgements and/
or dedications given therein.

L. Preserve all the Invariant Sections of the Document, unaltered in
their text and in their titles. Section numbers or the equivalent are not

considered part of the section titles.

M. Delete any section Entitled "Endorsements". Such a section may not be
included in the Modified Version.

N. Do not retitle any existing section to be Entitled "Endorsements" or to
conflict in title with any Invariant Section.

0. Preserve any Warranty Disclaimers.

If the Modified Version includes new front-matter sections or appendices

that qualify as Secondary Sections and contain no material copied from the
Document, you may at your option designate some or all of these sections

as invariant. To do this, add their titles to the list of Invariant Sections in the
Modified Version's license notice. These titles must be distinct from any other
section titles.

You may add a section Entitled "Endorsements", provided it contains nothing
but endorsements of your Modified Version by various parties--for example,
statements of peer review or that the text has been approved by an organization
as the authoritative definition of a standard.

You may add a passage of up to five words as a Front-Cover Text, and a passage
of up to 25 words as a Back-Cover Text, to the end of the list of Cover Texts in the
Modified Version. Only one passage of Front-Cover Text and one of Back-Cover
Text may be added by (or through arrangements made by) any one entity. If the
Document already includes a cover text for the same cover, previously added by
you or by arrangement made by the same entity you are acting on behalf of, you
may not add another; but you may replace the old one, on explicit permission
from the previous publisher that added the old one.

The author(s) and publisher(s) of the Document do not by this License give
permission to use their names for publicity for or to assert or imply endorsement
of any Modified Version.

5. COMBINING DOCUMENTS

You may combine the Document with other documents released under this
License, under the terms defined in section 4 above for modified versions,
provided that you include in the combination all of the Invariant Sections of all
of the original documents, unmodified, and list them all as Invariant Sections of
your combined work in its license notice, and that you preserve all their Warranty
Disclaimers.
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The combined work need only contain one copy of this License, and multiple
identical Invariant Sections may be replaced with a single copy. If there are
multiple Invariant Sections with the same name but different contents, make
the title of each such section unique by adding at the end of it, in parentheses,
the name of the original author or publisher of that section if known, or else

a unique number. Make the same adjustment to the section titles in the list of
Invariant Sections in the license notice of the combined work.

In the combination, you must combine any sections Entitled "History" in the
various original documents, forming one section Entitled "History"; likewise
combine any sections Entitled "Acknowledgements", and any sections Entitled
"Dedications". You must delete all sections Entitled "Endorsements".

6. COLLECTIONS OF DOCUMENTS

You may make a collection consisting of the Document and other documents
released under this License, and replace the individual copies of this License

in the various documents with a single copy that is included in the collection,
provided that you follow the rules of this License for verbatim copying of each of
the documents in all other respects.

You may extract a single document from such a collection, and distribute it
individually under this License, provided you insert a copy of this License into
the extracted document, and follow this License in all other respects regarding

verbatim copying of that document.

7. AGGREGATION WITH INDEPENDENT WORKS

A compilation of the Document or its derivatives with other separate and
independent documents or works, in or on a volume of a storage or distribution
medium, is called an "aggregate" if the copyright resulting from the compilation
is not used to limit the legal rights of the compilation's users beyond what

the individual works permit. When the Document is included in an aggregate,
this License does not apply to the other works in the aggregate which are not
themselves derivative works of the Document.

If the Cover Text requirement of section 3 is applicable to these copies of the
Document, then if the Document is less than one half of the entire aggregate,
the Document's Cover Texts may be placed on covers that bracket the Document
within the aggregate, or the electronic equivalent of covers if the Document is in
electronic form. Otherwise they must appear on printed covers that bracket the
whole aggregate.

8. TRANSLATION

Translation is considered a kind of modification, so you may distribute
translations of the Document under the terms of section 4. Replacing Invariant
Sections with translations requires special permission from their copyright
holders, but you may include translations of some or all Invariant Sections in
addition to the original versions of these Invariant Sections. You may include

a translation of this License, and all the license notices in the Document, and
any Warranty Disclaimers, provided that you also include the original English
version of this License and the original versions of those notices and disclaimers.
In case of a disagreement between the translation and the original version of this
License or a notice or disclaimer, the original version will prevail.

If a section in the Document is Entitled "Acknowledgements", "Dedications",

or "History", the requirement (section 4) to Preserve its Title (section 1) will
typically require changing the actual title.
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9. TERMINATION

You may not copy, modify, sublicense, or distribute the Document except as
expressly provided for under this License. Any other attempt to copy, modify,
sublicense or distribute the Document is void, and will automatically terminate
your rights under this License. However, parties who have received copies, or
rights, from you under this License will not have their licenses terminated so long

as such parties remain in full compliance.

10. FUTURE REVISIONS OF THIS LICENSE

The Free Software Foundation may publish new, revised versions of the GNU
Free Documentation License from time to time. Such new versions will be similar
in spirit to the present version, but may differ in detail to address new problems
or concerns. See http://www.gnu.org/copyleft/ 2.

Each version of the License is given a distinguishing version number. If the
Document specifies that a particular numbered version of this License "or any
later version" applies to it, you have the option of following the terms and
conditions either of that specified version or of any later version that has been
published (not as a draft) by the Free Software Foundation. If the Document does
not specify a version number of this License, you may choose any version ever
published (not as a draft) by the Free Software Foundation.

ADDENDUM: How to use this License for your documents

Copyright (c) YEAR YOUR NAME.

Permission is granted to copy, distribute and/or modify this document
under the terms of the GNU Free Documentation License, Version 1.2

or any later version published by the Free Software Foundation;

with no Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts
A copy of the license is included in the section entitled “GNU

Free Documentation License”.

If you have Invariant Sections, Front-Cover Texts and Back-Cover Texts, replace
the “with..Texts.” line with this:

with the Invariant Sections being LIST THEIR TITLES, with the
Front-Cover Texts being LIST, and with the Back-Cover Texts being LIST.

If you have Invariant Sections without Cover Texts, or some other combination of
the three, merge those two alternatives to suit the situation.

If your document contains nontrivial examples of program code, we recommend
releasing these examples in parallel under your choice of free software license,
such as the GNU General Public License, to permit their use in free software.
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