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/tmp
BRI XHMEFHIFTE B REBSRIRTRIBSEEZ 5,

/usr/local
EFILERGNAIIER. 242128 RABRURERIRITENEIXLE ZRERIER
%o

/var
WEREEWTZTE=XH (BFEAE. ENEE. /var/opt FME=Ar"m) , =EMN
WG BIBENIVAMIE, Flt, SIBLIFERN T MRRBHIPRFIE X LT SR,
BEZH “GANES ,

& OR%EF
(RS TR AT BN A, SUSEAZISER. AT, EAILUER YasT HK
RERINTS.

1.2.2.1 EHESER Btrfs XIF RS

Q) +=: GRUB2 FIELER
GRUB 2 ToiEM lzo o zstd EEIR XGRS, 1BEH zlib [£48, HEBWNREEERIR
{3 |zo 8% zstd [£48, BEEIE— BRI /boot KX,

Btrfs X G R EAESE. WREA, Btrfs ESANNESEXGHEIE, FHERENERESX
R,

£ compress I compress-force HEHED, HEFEEEE zstd. 1zo T}

zlib (BHA) o zlib EBNEREXES, M lzo WEBREER, HEEMN CPU HLIEE
Mo zstd BUERM T —MEITRA R, HI%REEHE lzo, MESHERS zlib £,
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fBgn:

root # mount -o compress=zstd /dev/sdx /mnt

MRECET I XHHEEPENEE, MEEENERATFHETREENOKR/N, U
BRI HRITENIRIEG, Btrfs RGP E%E. MNREFRFEEXMITH, 1HFEH
compress-force &, XMFEE—ELERAEESIENXHMS, LthiEHAIsEEEA,
BAE, EEISERTHXE. NRER compress 3 compress-force @ETEHXH R
%, WEREENERTEANNXGRBEFRRES, I, BF nodatacow BMEMXHHNRA
KIEFRIESE:

root # chattr +C FILE
root # mount -o nodatacow /dev/sdx /mnt

MEZESEAEBIREITR. FDEFREN—LEHERSE, BITNAT:

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

MREHBUISE B RAMN, BE /etc/fstab EBEBEXHFFHM compress B

compress-force W, 540:

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

1222 BHFE

£ SUSE Linux Enterprise Server £, MRER#HITRZLBIRNIZF B S MIREES|FHRKMIT-
XEFE—R, BEOIUESTEIRZE, EETHRNEERE, REBEHTFSE, BaIULIM
RES|IS (BESHVE) -

BRTE 1.2.27 “SUSE Linux Enterprise Server FHUEXHRSIEE” BFIENFEZIN, &R
SZHREGFE—TEN @ B, XBRIANTE, BENRAK (/) EH. HFEREH3IT
HH,

6 SUSE Linux Enterprise Server LR 4 RSIEE SLES 15 SP3



NIREES|FHY, FRNAE @ 76, MERE, REPEENXGRAT S RUREAER
A /o EtFERUABEANAREHIIRREHR, WRESRINAIGEPRE, TRESISHIETE
LHINECE, BEFTHRAKARE, 1BEHIT snapper rollback &<, XEFEBRRISISH
RN TS, EESISZEREFERTE.

1223 KERAZIE

BEIETIET df S RNEXHRANAE. 7 Btrfs XHRFK L, df NEHAIERIR
M, BARRTREHIESENTEILIN, Btrfs XIERFZR S NTEED ELHERTIE,

Hitt, BMEE EEMEARENATIE, Btrfs XHERAWARESIRETETR. KEXMIENR
B, ATHIBLmRINERTRMEAR. FHAUTHLANRE Btrfs X4 R% LERM BT
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

ERXHRFENSRNRERE, IREE—ITHHIXHMELRE, NWRTIXHRFLH
eR=EEFHES AL 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

ETXERSENESE (total) TEMEBATIENE, NRTEHIEN total M used &
BARFEZF, NRRTHIENSES<EEE D EEE,

btrfs filesystem usage

tux > sudo btrfs filesystem usage /
Overall:
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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)
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

EREMTFRIR N en St S HPRFREIE.

BXEMEER, ES man 8 btrfs-filesystem # https://btrfs.wiki.kernel.org/
index.php/FAQ @,

1.2.3 M ReiserFS # ext X{F &% 5 Btrfs

eI LUER btrfs-convert TH, RKEIESMINE ReiserFS 51 Ext (Ext2. Ext3 5§ Ext4)
T E Btrfs XIERG. ZIBATFERRER (BiVl) NXEGRFEHITIMEER, HITIRME
AR EFAEE btrfs-convert TEAMT5|SLTRER, ZTARERBEXHRFARNEIA
TIEINIFEE Btrfs X RS, HEZHZIHPESHNHE, 18§ L 40E BBATIE TR
MR A=iE, ENWEEEK,. REXGRARRIERE, Btrfs XGRAFSAEAAIRAT
B FENTERK/NNRTXHRGHRNE, AgcEEFEENXERATR (FIa0X 4.
BR. VEBEM) HEME. ATRAASERSRIEE, XGRS LSIEER NIRRT
THzsial, BERRIEERAR/NET 2 KiB BISEFBRIM
ERFRBXHRA IR Btrfs XH RS, 1EEB1T:

root # btrfs-convert /path/to/device
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O ==: ©¥& /etc/fstab
Witla, HWR /etc/fstab FRRIGNHRFENFIESREAZIFE, WisReEEa
Btrfs XXt Rk

¥ikfE, Btrfs XFRANABRERMEXGRFNNS, BEXHRGRK—BEREIEERT
£ fs root/reiserfs saved/image HEIZEMAAXR MG AL, ZMREXH LR LB
28] ReiserFS X RGN — “IRER” , 82K Btrfs XFRFARAEBZIER. BEXRFRZM
&, 52X reiserfs saved F#:

root # btrfs subvolume delete fs root/reiserfs saved

B RSERREIRIEX RS, BERMUTHL:

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

L5 BOREKX
EAESCHFRYSEEN Btrfs U RABIFRMIEMBAIR RS, IITEILIRRITER
TRIHRIE, BNETEERRE R

1.2.4 Btrfs EIF

Btrfs 5 YaST 57 X#2F#0 AutoYaST . Erl UTELRERREER ERABRX G RAR IR
R, REZE, EOILUER YaST 2 XEEFREEFMEIE Btrfs &,

btrfsprogs 48T Btrfs B2 TR, BXxHEH Btrfs (s 2HEE, 55 man 8
btrfs. man 8 btrfsck #1 man 8 mkfs.btrfs %, Bx Btrfs IEEME R, BEN
Btrfs Wiki, RI3EA http://btrfs.wiki.kernel.org 2,
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1.2.5 Btrfs FETEEMIF

Btrfs IRX R4 F%& (flg0 /var/log. /var/crash B¢ /var/cache) 7EIEEi={ELR

B RERFERMMAE R ANEETE, MNILRSRAGRHE, HEREIMIRR, SUSE Linux
Enterprise Server 12T Btrfs FEER =T, REIRIE YaST IS ERNH RS, ErILS
BfMgEFEE.

1.2.5.1 fEF YaST i&E Btrfs EXN

BEMA YaST MEX G RENFERETEH, BFRITUTIE:

1. [B5) YaST HIEFERY > HXiEfF, ARBLEEWIAES,

2. EAEMEETR, S Btrfso

3. AXEOF, ERBENHBAFEETRNIRE, ARRLRESE,

4, 7E4R%E Btrfs @O, BUAERATFEENERE, ARBEE T —T#HITHIA

/R48 Btrfs sda2
° EHIRE
HHS
I .
Fstab 3%&IA...
THEHEE

v BRTEES
#EH) BE(C) [GiE(B) || FT—%N)

1.1 FBF BTRFS &
5. NIIBFEIIRT, REERETIREA/NNFE, ARRHREBITE,

6. 7E4RiE Btrfs WFEEOR, BUERGIA/NHEERASIAKR/ . EREZHIA
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YmEiE Btrfs sda2 i F&

v noCoW

v PREIA N
BRBELRN
2GiB |

| EBH) WO || @3 |

E1l.2: igEFEEH

MBI/ N RENG EREFERIEA:

RG(S) FMEA) ®&ED) WEWV)

W FrhigE & e BEZHN THERN
- EE = BtrFS vda2
vda @/boot/grub2/(i386-pc 0.00B 0.00B
= RAID @/boot/grub2/x86_64-efi 0.00B 0.00B
@/home 0.00B 0.00B
LM B4 @/opt 0.00B 0.00B
— Bcache i&& @]root 0.00B 0.00B
@isrv 0008 0008
vda2 | @ftmp 0.00B 0.00B |
Tmpfs @/usrflocal 0.00B 0.00B

£ NFS @Jvar 2.00 GiB 0.00 B 0.00B |

A I b

| REE.. | FNFE. | BB

|70 Brfs...|

| mBH) | R | [T

BE1.3: ig&HNFEIIR

1. BE TP NAEN.
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1.2.5.2 Em<1TLIRE Btrfs E#
EAD ST ERERXUGRANTEEH, BRTUTSR:
1. ERARFEE

tux > sudo btrfs quota enable /
2. BISFEYIX:

tux > sudo btrfs subvolume list /

HEENMEFEHIRERD.

3. AL—2HFRFINER—NFEREE, F&7LIBERKREIR (fla0 /var/tmp) ,
WEIIE 0/F% ID 8% (B0 0/272) . TEBRAEIA /var/tmp IRET 5GB Y
E &,

tux > sudo btrfs qgroup limit 5G /var/tmp

K/NBEAALLEF T (5000000000). KB (5000000K). MB (5000M) 3 GB (5G). LAFTS
ABRAFERNEEARE, B3 1024 FH=1KB, 1024 KB=1MB %,

4, EEFHIEEE, BFERAUTHS. max rfer JIUFTHEAMAE R,

tux > sudo btrfs qgroup show -r /

O =T EES

NREEZECEMBER, BFRETMA/NZEN none :
tux > sudo btrfs qgroup limit none /var/tmp

EEZRAE NP X NEME FENRCE T, 5ER btrfs quota disable:

tux > sudo btrfs quota disable /

12 Btrfs F&E &5 SLES 15 SP3



1253 EZER

BXHTS, 15580 man 8 btrfs-qgroup #1 man 8 btrfs-quota. Btrfs Wiki (https://
btrfs.wiki.kernel.org/index.php/UseCases #) LB UseCases TIEtIRH T EZE L.

1.2.6 Btrfs FHIzciR

O == EESRAIERE
MRRBEFEPERAEBANIRYS, EREECIRIRE,

WNRFHESEMAIIAHEZBILUTEN, N SLES SZHF7E Btrfs X4 RS LRI HRIR:
o TSI NODATACOW F1 NODATASUM HEZR%EIN,

o PEEFEIEH, ERILUETIEE NODATACOW F1 NODATASUM HEEHASRIf{R# ELL
N, FINETER S B A S S [ 48

o TEEITHIEIRME (BlUIMKBRABEAR/N . EFFREER) By, SEIEITHERIER, &
BERUESTHRS o

o AR RERTHI X Mo
o XA RER B o

o X MHFRBANLT g DEEEX RS Lo

1.2.7 Btrfs &ix/#ZUk

Btrfs RiF4ERIRIBRIBIRX G RABVIRES, FI40, Snapper AIERLINEERAET R ZAIRZ
EOIRIRER, UERFEIR, T, RFIRESAX/IZWTHEELE S ERE ] LIEIRIE I E eI
P RANEIZR, Fla0, LtIhEErI B FHRITIZE &7,

btrfs send I#ERIIHER—FEFR N RIZRBZENER, HEERLKXINENXHH
STDOUT, btrfs receive 1ZE=#EUL send s LR, HIGHNARIIRE,
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1.2.7.1 JoRFMF

BEARE/ RN, BEHERUTER:
o R (&ix) MBS (Ggl) &5 Btrfs XHRS.
o Btrfs Ri%/AZIEIRBIITH, Hit, BMNHKIEBEERE Btrfs FEH,
o RIFFREITRBL N LFIE,

e SUSE Linux Enterprise 12 SP2 S EShRas. FHARRZASHY SUSE Linux Enterprise A3z #F
RIE W

1.2.7.2 EE&EM%D

AT ERRETRT Btrfs Zix/1HWHIRIENEARRZE, HFRETWMAE /backup/data (BFF
i) el /data (FiR) BNEEEM. /data HAR—DFE.

g 1.1 YaeE
1. TRRSIBAEREIR (FEARfIFEA snapshot_0) , HEBERFEGNZHE

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

sync

BI=IZ—1#F%E /data/bkp_data. ZFERBERLILESENNEM, MEER
PRk i

2. BRIRBAIEEI BTG, BT XEYGEMAE/IZEIRE, BRIIFERXBMRE

tux > sudo bash -c 'btrfs send /data/bkp data | btrfs receive /backup'

Binin_LEI=eIE— 1 #F% /backup/bkp data,

STRAIRIRESS, FILBIRIEEED, HRURRRSARRIRZENERLEEI BTG, &
BRI L 2 HEERY
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1. FERImEIEFIRIR,

2. BEFRIXEBRn.

3. Ak EepRAM/EEERIEPRIIRIR,
B2 1.2 RITHEEEDR

1. TRIHCIEFIRE, HRAFRBEBENZEE. T TENRGIP, REBEHREN
bkp_data_ HaiHER :

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

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

2. BaiRBSERENIREZ BNERKXE BIRE. Ak, ILUERER -p
SNAPSHOT #8EFCRIAVIRER,

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

Bl=8IE—N#1F% /backup/bkp data 2016-07-07,
3. MEBATE THEMRE, BREER:

/data/bkp data
/data/bkp data 2016-07-07
/backup/bkp data
/backup/bkp data 2016-07-07
WME, XFinfEdss, &8 =MutiE:
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o REMIFPRIFAERIE MRRAXMERE, ERIUEIREIMRHHIE—RE, [
NEFFrEHiE. TEERITIIMEE. RITRAIEEENI, FICHERERK
B MRIBIEN RIEIRIERIR T,

o NRBRRFORE—MRIE, REBFEPHFABRE. L, RIFEIREIMIR
FRYE—IRER - ZEIREFRRPREERIE, IEXNEMRBRITMABIRREIRIER A
/R, TEIRIEHRITINER /IS ThiR(E

o RRBMImFNRE—MRIR. RAXME XL, EEBRREIE—&EDR, %&
ARKRREFERNRE—MRIBIVRS. RATERIREIEMRE, TRIENE
R A TIBR/ A B Fo

a. MRABVRBREFRIRE—TMREIR, BRITUTHL:

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

B SRMBRICAIAVREE, F2E&HIRHUFIRRBESRBN /data/
bkp data. XeEERFHN&ERE—TRREGLE A /data/bkp data,
Itb, &b a] IR E R I FE5 B MRENIE & LXK R ERN T,

b. MNRABREBRHPHRE—MRER, BHRITUTHS:

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

F—EZTRBFREANEDRRE, E2EZMIEIAENRBEGREZNRN
/backup/bkp data. XrIRREMEHNIRRIBZGE A /backup/
bkp data,

) BR: RXINTREITH
BERRBLXEZZITEN, 5ER SSH:

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

Btrfs ZIFESHURMIFRTIEE, BANEARUIEMBRMBEFUERIRE —RIARIZIEHEER
XRS5 LMEERIR, SUSE Linux Enterprise Server $21ft duperemove T BRI
RFAEPERETSERNR, 77 Btrfs X RFA LR, el ARBIRXLEESHR, MMM
TEAXBRZE EMNTE, RELFAFEZRE duperemove , BFILIHEERTAH, BRERGE

duperemove .

Q iiE: MBEENARLES
MREERPFEENKEXH, EFERA --hashfile &:

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,

1.29 MERXHGRGMEFTFE

HFEEBD, BoEREMEXHFRAFRBFENRIADN Btrfs ¥&, BNZ—2BENFE
(5190 @/home 3¢ @/srv) FHIELEINER FXHRS, LT IZERWNAMFR 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. EREMREHS (BlW /mnt) EEHRXHERS (D A5SHIFE) .

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

4, MNEHBIRXHRZTHIFR @/opt DX

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

5. EERERIRXAF RS

tux > sudo umount /mnt

MIRXERGRIRFE
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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 BEXHRAFRBEN T ERNINREER, XFSESIRMKE
X, EEimEG ERMES. XFS 2 SUSE Linux Enterprise Server A0 KABIAX 4 F
Ho

TRIR[EIET XFS B X BINBERI RN T AL X HFRARIBESHITEFEEEMBEXHRA
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 @ISR EEERE = %6

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 EE: e XFS B EAR
M 12 kRFF#4, SUSE Linux Enterprise Server 3% XFS X R 4ih0H “BEARR”
(v5)o EBYaST BIZERY XFS XA AR ERAXMIHEN. XMRANEEMAEIE, B
XFS IR B0 E S8, XY RBTFURIRIXHE SR ERIARIEHITIR.
EEE, KT 3.12 hRAY SUSE Linux Enterprise #%. 1&F 3.2.0 A9 xfsprogs, UKIE
SUSE Linux Enterprise 12 Z gi& %8 GRUB 2 R4S AL HX Mg, WNRERHEEM
RS LRFDRFHNRRRERZXE RS, MBI,
NBREEEELRIA SUSE RASEM Linux X1T7EMGS XFS X RGZ BSE M B2
M, BEA mkfs.xfs TFEAUXH RS, XELIE—RABIARIHI XFS X4
24 (BRIEEMEAR -m cre=1E&M) .

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 XH&RG. BReEBSXARFRIIZUKREMEERIZEE, Ext2 WERMEZH
3o

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

AT EMEFEE

Ext2 @—1 “BHE" , BEH T FZOHEMNMEBENNE. XAERANEEN R Z HR
EBRNXHRGNERER,. ERATRMGE, NRTEMRDEXGRS, N e2fsck EFian
WX HRFEIE. RAFETEIERE —BIVRE, HEEENXHHEERE NIEENE
R (8AF lost+found) . SHEXHZRSELL, e2fsck SRMEENNHRS, AN

RETEIBETRILENNL, XFRIEFRENEIBITITB 0T A EX 4R AN B S
EFRTERIBTIE)l, RIBXHERFAA/D, I IERIEEREY/N\RHEKEE, Fit, 3FE
AIERE A AMENRSESE, FEEEEt2, B2, EA Ext2 R4 AERFERNAEN

0, FUEREFFRTEMERS,
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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 i2it. SAAEHRM T —AXHRARE, Ext3 HE&BEXRAEHHNIR
TR, ERTE Ext2 WEA LigitH. XM MXXERFEYIREK, AILIGEMTE Ext2 XHRSE

LI Ext3 X RS, Ext2 Ml Ext3 REENXFIRE Ext3 ZHFAE, 22, B3 E=1NEEMN
=

1.5.1 HAAEASERFEHM ext2 ALK

Ext2 B9fUES N Ext3 BaE 7 RSEpyEM, EEERANREBEITNMHN T —AXHRSE. £ Ext3
F, EMNAEENRERESBEXARAGNARTEE ST, MEEREEMAEXH
4t (FISNXFS) AT (FMBEIXHRG, ARMEKFREMEIR) , HiRE Ex3 RFE
Lo shediEl, ALRE Ext3 B REE, RAMKERIBEINXHRS AT hIEE, ZEEE
FHARZAEXHRFNIE Ext2 RENHE, MREZHBNHA EXB WIFZRHAEER
KRNLEE, M Ext3 FFRE Ext2 SHE—HFEH, 1§ Ext3 XGRS, ARERE
Ak Ext2 X RGENE],

1.5.2 AJEeEAN1%ERE

RUHMBHEXGRARA TR WEEAZE. XEKRETHIRRARE RIS,

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

B, “B” MRETIUBEENX. £ data=journal ARXHER Ext3 Al LURMHEANZ 24
(BUBRTENM) , BEEAERTHIEMBUETICAEE, FIURERBERAKNEE, — M
MBI EERA data=ordered A, XMARHRT EIEMTHRIENTEYE, BRI
TEIBFEREE. XGRARDEFWES —RTHIBEEI N NPT EEHIER, XLEHIERTE
ERTHIEZ AW E NEET, X, ETERLENERT, TEBEMBEN—HERIUE
W, B=NBFEAETE data=writeback , AFSIEEETHIEELRXEREEBS
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ANEEXHRY, TEMHEAE, WRIMTERIAANRRER, EBEELIFNISXGRATEN
HER, AFUEINBIEERFE RHMEGEERXHMENXEF, Ext3 #H data=ordered
EDE R BRINES

1.5.3 ¥ ext2 XFRGHLIRA ext3

R Ext2 X ARG IR T Ext3:

1. £/ root FAFIE1T tune2fs -j FREJE Ext3 HE.
tban LR RARINS B Ext3 BE.
EIEE HENANMPREBRILE, 1B0RIETT tune2fs -], FEIRMEAFRIENAEE
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, EFNETHERY
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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 == THIUE ext3 RS inode A/
inode HcTEEE, BLEER inode KNG ESE inode WFTELLER, INRAfE
REMISEEHCIEXERS, AT BXERS, WEERMInode, #id inode &K
HEN, REMRE S XGA EEX GRS IR X5,

W Ext3 XH A%, ERILUERE inode K/NH1E inode BYFTERELER, LUEHISCH

A ERIRM inode TG AEUAXHHE, MRKIEERK/N. inode K/©NUAKkE
inode FTERELLEE, MIENA /etc/mked2fs. conf FHERIAE. BXEER, BFEN
mke2fs.conf(5) FMIL

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 {EERFREHNEY ext3 XHFRIZIAIRE: TEXAYRIESSF, 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 TEfEM YaST R 7EREHE, i Ext3 XHFRFANE(LE inode X/\HIE
inode NFTTEREL R, EMRIULIETT FRYRIE D XTIERY YaST nXiZRFH, EFRIUL
PXEXt3, ARBEET, MXHRFETIHEERBIRA/N (B). & inode BFIFTERLL
K Inode Z/NTFHMER, EEFRFENE,
fBan, EHRAVN (B) THAEFIESE 4096, %5 inode BIF AU FMERZER 8192, 7
Inode Z/NTHMERIER 128, AFBEEHE.
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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 RIEHRIE]: 7F AutoYaST ELBEX M, 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>

BXBXER, BEEN 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 4, Ext4 9 Ext3 BUEAE ™. EXFHRAKXNA LEBHNE. &RAKNA 16 TiB KX
HMERNFER, ERT EX3 EfEFELHN—LER. ©FE5INT ZIMMEEILRINEE, 50
IERR D EEARE RIRITIRN X G AR EGHIFR, Extd EZFFHERIM, HERHUMNTE
EMETEEL, AMEMAISE. Extd4 T2RARE T Ext2 M Ext3, ERNXGRSERUEN
Ext4 .
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1.7 ReiserFS

SUSE Linux Enterprise Server 15 F5E£ AR T ReiserFS 5. BERIAB P XEH%E Btrfs,
BEME 1.237T “M ReiserFS #l ext X RFERZE) Btrfs” o

1.8 HtRXFFHIXHAFRS

72 L1 “Linux REYSCAERGEEEY 3T linux EFHIEHM—EXHRIHITT B4, FFXEX
HRGETERN THERSTREENERNRRER R LRI FR B NIRRT,

= 1.1 . LINUX Ry R G SR

X ZGRE iR

cramfs EZ8RY ROM X %48 — T EFERIR 1% ROM XRS5,

hpfs SMREXHRS: IBMOS/2 tREXHRG. RERRAXTZHIEX
HRF,

1509660 CD-ROM _ERYARAEX R Yo

minix X HRFAFREBERZERGNFATIE, 7 Linux PEANE—
MXERG. B, ERBIFRENXXH RS,

msdos fat (Z#JH DOS ERANXHRL) MEEMSTMRERARA,

nfs MEXHRG: EUXXHRFER, AILUSEIEEFENSERERTT
BHlLE, HETLUBI MR TR,

ntfs Windows NT XHRZ; Riko

exfat FERINE (190 USB (ATFELH SD &) MRAHNXHERS.

smbfs Windows Fr=mEARSS 28 H SRR Fdid MR E A4k,

Sysv 7£ SCO Unix. Xenix #1 Coherent (FAF PC BYE A Unix R4%) LfE
Fo
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X ZGi5E A

ufs £ BSD. SunOS # NextStep A, REREAR FHIFHXHR
508
umsdos MS-DOS ERJ Unix: TEFRE fat XERFKZ LN, @I 0IE

XHRIF Unix hee (PR, SEIZFMIKXMHR) o

vfat REPAFAT: fat XHRFEHT R GHFRXMHR) -

1.9 Linux PRVAEXFXZHF

=), Linux ZEMNRAXHEARNA2GB 2 FN) . BREXHRGIFAEHE, BN 32
U RS ERRANHEAR/NA 2 GiBo

B, FIEEXHRAEESR LFS (REXMXHE) e, Eie LA NEAXHR/NA

2 FY. & 1.2 "WHNXHRGHIERANN (HEBIU, 4KIBIRAN)” #RT Linux X+
MX ARG SaEE ERIHRE. RPHBFETXHRRARER 4 KiB RA/NHRILEH,

XE BRI E, ERRERRA/N, EREMAE. ERABIRHRIIRE, & 1.2 SISt
Ay Em AT (FEEIL, 4KIBIRAN) RRRAXAER/NATESAKTXHRFRILFA

o

Q ixE: —sHIEK
TEUESCHE A 1024 FF5=1KiB; 1024 KiB=1MiB; 1024 MiB=1GiB; 1024 GiB=1
TiB; 1024 TiB=1PiB; 1024 PiB=1EiB (BiE& I NIST: T#HGEIEE89F14% (http://
physics.nist.gov/cuu/Units/binary.html) @) .

®1.2: XHNXHERFENRAKRD (HEHI, 4 KIBIRKAD)

XHFRLE (4KiBIRKAD) RAXFRFEK ) RASFR
Btrfs 16 EiB 16 EiB
Ext3 16 TiB 2TiB
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MRS (4 KiBIRADN) BRAXFRFEK ) RASMFR
Ext4 1EiB 16 TiB

OCFS2 (SeJAMY EBHA 16TiB 1EiB
EFRRBFERAIX R )

XFS 16 EiB 8 EiB
NFSv2 (ZFim) 8 EiB 2 GiB
NFSv3/NFSv4 (% Fis) 8 EiB 8 EiB
O ==: ®4

F 1.2 “SHAG RGN E AN (HEET, 4KIB3RAN) BT B REE LR
BIBR%E. Linux RZBBHA/NEHIEEERTEMENXENXERARN. TENEA
T IXLERR

K 41
FERRZKE L, XHREEI2TIB 2 FH) o

XHFFRGK £
XHERFFRAFALUAN2 NFT. BE, BrieIARNESEAIBHX—IRE.

1.10 Linux Ntzfi&fFHIPRS!

7 1.3 “E7FIRE” RB£7T5 SUSE Linux Enterprise Server #8xBXRIETZRIAZ R o

R 1.3 fEERS
fEFThEE PRl

S LUN |RAEE F1B4R 16384 1 LUN,
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fifFIhaE PR

S5 LUN (B AR EHE RINERTRERE. SMBREME—1%
# LUN,

FNBEMRB LUN #2 UK E1 HBA BB 1R
WERE T LMFAIRRSI (GEeFi@iE HBA N
16777215)

HBA B k¥ = PR SEFRFRHIBUR T 2407 PCl FERVELE,
FMRERSFEH device-mapper- K47 1024, EPrMEBURTFENZHKEFE
multipath FRAEFHE (2i1) RENIEESFHELKE, ©= multipath-

tools PR —NMRIFHREITE, MRIIRFIS
SERR, WAREHEE.

B—MRITERIRAKN/N &% 8 EiB,

1.11 XFRGERE

TG BAS A R Gy — L B AR AT BERYARIR T o

1.11.1 Btrfs $i%; & L2 EF R
fEF Btrfs X RFAIR (/) P KEILIZEZEHIE, BWEIEIR “8& E8aRIewE o
BEN TSI, THEBXIRFTRRIsERRFFRAFEHEE S,

1.11.1.1 Snapper {REE{EHBVEE =IE

9N Snapper &3t Btrfs XHRRIEITH, M “iF EgEfa=E REEEEHTRA
O IREBEEREIED Z T,
B UM Snapper RARR—LEIREE, Fid, REAXIEMIBR, ATRERERKEZTENTEA

=
o
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EEM Snapper bR 4
1. A —PRIREH &,
2. TSR, #WA btrfs filesystem show, fI40:

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 REEMREE T THRIERF, NATFWREIZEFIFHER
EIRATTEIR. LHIRIFRIRER E—LErta] (1 TB #UBRIRERERZ /) , Fod, 7ELLHA
B R G A LAER

4. 5| HIREBEEFRIVIRE, BN
tux > sudo snapper -c root list
5. M Snapper Ffifr— Z MR, @A

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

S SMFRRIARVRR, REBEMIEEK, HESANZEMER,

AT BRIRFALE, EaILIER Snapper BB, BXFMAEE, BB3N (BEER) ,
FTE “B@iF Snapper HITRAAMEMRBEIR” ,5£7.6.1.27 “FEELE . THREBEE
BBECEEN EMPTY *. NUMBER * #] TIMELINE *,

WMNRIEX R GehigF2 EEER(ER Snapper # Btrfs, BV RERETIEEER IS8
BE, YaST D XIEF=BEGHTE Btrfs EEFRINF ARG RAR T ERET BINRER 2.
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1.11.1.2 HE. BERMEERXEERNEE=IE

MRAGHEERIEH 7T, BeIU=M /var/log. /var/crash. /var/lib/
systemd/coredump # /var/cache AffIBR> 4,

Btrfs 18 XH&#4F% /var/log. /var/crash # /var/cache EIEEEEBE R FrIEER
ERFRE R ANEETE, TSR AGHIE, fERHIMILRR, SUSE Linux Enterprise
Server {#f T Btrfs FHEHI<F. BXIFHAEE, BB F 1257 “Btrfs FEETIZ

¥ oo

TENRMALTEN L, CERSNAREFMERRGN, ErE8EEF /var/lib/
systemd/coredump , RIZFEEMBEEEEP,

1.11.2 BRECRERBRX G RYIR

ZEESER (SSD) MFEERENEY, BBRKXERFALEANREERA. SUSE Linux
Enterprise Server SR FHE I BUHMST 3 Bk 75 2RI X R4 EHITXER(F,
BT BT /sbin/wiper.sh, MK SUSE Linux Enterprise Server LZiFMIX
HREG (Btrfs BRIM) o EBETTILHIAZ AT, 1BESHFIE /usr/share/doc/packages/
hdparm/README .wiper ., WMTFAZHEEMRSERS, BEARKR—XESEB. £A -0
discard HEENXHRAAXMEMIERE, FHEIAEX SSD MEMmEMAERM, FELRENERL

T,

&& . REff Btrfs EfEA wiper.sh

wiper.sh BIZEASBRBGEEH MRS Extd o XFS XIERSE, MUREH/REHNRE
Ext2. Ext3. Ext4 M XFS X4 &RF. E/TE Btrfs XERFA LR wiper.sh, F[RA]
BESIRIF SR, MM I%fER /usr/share/btrfsmaintenance/btrfs-trim.sh,
&R btrfsmaintenance HEH—EB5

1.11.3 Btrfs: & FEEHE

btrfs balance <2 btrfs-progs BN —E5. T©RIUETRAIER T Fé
Btrfs X R4 LHIIREA
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o BRIgE— 1 TBIXEh2s, HAH 600 GB WEUEER, ABNHRMTE—1 1 TBIRE)

2. Bt Lk, FHEERSEE1KENE LEHE 300 GB WERA=IE,

BANRE LAERERATHIKR, ERITFEBRXEXRZE, ENNZEEIFAA
Fo

CEEREEHERBDLLERFTHIRA, U T s FEEREREF /T 5% B3R
48

tux > sudo btrfs balance start -dusage=5 /

0O &F

/etc/cron.weekly/btrfs-balance 74t REABFIERFERAABREA,

BREBRIIGERIRFBID, BIHIMDHEE,

REBERER RAID KB 2 8T EIE. B0, BiE—EHE FaVEEEM RAID] iR E|
RAID5, 1BIE{TA TS

tux > sudo btrfs balance start -dprofiles=raidl,convert=raid5 /

0O #x

EiE Btrfs X4 RS L FEEIEREOAITT R (B30, FERMEXHEHR) , BFREH
BENX /etc/sysconfig/btrfsmaintenance, fBXiEWLL BTRFS BALANCE FF
Lo

B X btrfs balance AT, EERNEFAMI (man 8 btrfs-balance),

1.11.4 AFE7F SSD R ThE 5 218

Linux X+ RGBS NGB TREHERR, FbEEE0ERTHAEE, BERE
ERZET, BUEHRTAES, MAEEHTE R ZE IR EIRE M.
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XMMCEOERTFERNER, EEANEFMEEFSIENESER (SSD) 1, EfHREMNEER
UHREEZRBIES NBES . SEEEDBERENSMIE, Rlt, X SSD #1Th HEE
HABRRBAENKR, RMEEAANEANTLERNEIEMEERE SSD BIZF65.

HF ERREA, SUSE EEMEBINFERT SSD #1TH A EIE, REHVEESEERHEE

ShE
BHITHRBETENER, XEmBEEERRT!

o HPE 3PAR StoreServ All-Flash

* HPE 3PAR StoreServ Converged Flash

1.12 E%ER

LFENENSIXHERFAHEEHEECHER, ATUEHPHREIBMETIRER. EZXENE

Y]l

* Kernel.org £8Y Btrfs Wiki: https://btrfs.wiki.kernel.org/ 2

e E2fsprogs: Ext2/3/4 File System Utilities: http://e2fsprogs.sourceforge.net/ #

* OCFS2 Project (OCFS2ImE) : https://oss.oracle.com/projects/ocfs2/ 2

Wikipedia E £BY “Comparison of File Systems” (XH&RZLLIR, Wik: hitp://

en.wikipedia.org/wiki/Comparison_of_file_systems#Comparison ) AT XM
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2 IAEXFRGRIAN

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,
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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 1A (1K) 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 /)

HEH Btrfs X RS, EAILUER btrfs filesystem resize Sp<$RBEHIZNGRFLM
Ko HEETXHRFAY, ENMGENKINIZ T

1. {TA— P &iRERIS,

2. BAECEENNXHRREER,

3. £ btrfs filesystem resize m<EE FHIEHP—MAEF G RAERIA/N:
o ERXMHRZRN BAKENERTAKRDN, 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, BIWANUTEGS, REBERXARFRIERXNNE
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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

HEHXFS XHARSE, ERILUER xfs_growfs sp<RIEMZXERRARIKR N XFS XHERS

BIAR/NTTE R
1. fTA—&iRERIS.

2.

HRERBEB NI AR EERH,

. €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, REEBEHXARFRIERK/ NS

tux > df -h

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

2.5 BEX ext2. ext3 i extd XHEHRZHIAK /N

TERSEH THNMNDK, PR resize2fs sp<IENN Ext2. Ext3 l Ext4 XHEZRS
IR BB Ext XERFHIAR/), FERHEEH

39

1.

2.

3.

A — M RiRERIS,
NRBE DX RFRNK), IFREHE.
ERTINE EZ —ERXHRFERIAR/:

B XFS XHFRFRIAK SLES 15 SP3



40

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.

. NRKREHEXMG RS, WIEEHE,
BZRAU TGS, REBEHXARFRIERA/ 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 {EA UUID EFHIEE

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 udev BIKRAIEEFZ TR

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) # (485 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

33 BEZER

BXEA udev KEEGEINFMES, BEN (EIFER) ,$24F " €A udev #1TEHE
RIZKEEE

BX udev MSHFHAEE, iE2 W man 7 udev,
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4 ATFRSEFRIFENZERT

ZREFEMESN/S2HIESE, eELEERTE. —TEREERIEERNENBE
BRigE (BR) &, 53— TENAES, ERITHIERENEREEIR (B50, SSDAEF
) o

SUSE Linux Enterprise Server AiATFI& & 5ieis 1% &R T LB R RIRVAR RS

==

Z. bcache # lvmcache,

4.1 —RgARNIE
KON ENBEFHERINENSE BRI LN RIERITT R
T2
BEERINER AN —MEEZ IS — MK,
HLRk
MIERIGE T ENRIRIZE.

g
ABEIEFRRIGE, ERZEDZERNBIE, ZBEIAFEEINHESEFRE LHEIA
FRERT (BURTHRE) -

EFIRE
INEIRIRIS F o

TR E
—NEgE, BTIERMERTEEREFR. WMERZMAY, UMK RERBIMINGE
To ILESAHMEEEFREL, ERCRENLEEESNEHITARNEE, flw, &
BENRGUIREREN. niiisgRelRNMEEREER.

AR
MRENHEEFEEEANEREFHENIER, MZEFRSRBEATIC AR, EAZR
AEFTENES, FESEEIRIINIKE.
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e S
/0 BIFBERZAIEMERFIRENER. MRHAZIEKRIE, WSFEIRELFIHE
e, AERERTE, XMNEFRBF.

EfFanh
MREERFRENEREFTIHRENERIE, WeIIRERHZE XFAEFHT,

FMrEFEAE (bx) BSREFRGTHER. ERTEEFRRENREIRES,
SZEPRIERMIE, MMENEEF.

BRETF
BREF T —EEFBEARISEREFGTHNER.

4.0 ZEBEFEL
THEZEEZEFFEANEREFERER:. 5o, ES5. i5MEE,

5[l
SEANBEFRNBIBERIZFENET, ARZRBIRCAER X2IINNEFRI

HE
REEENSFTRIRENEFREZE, RAEEFRNEANT =TM. TESEET, T
ARBRIFT RS,

®"RE
KMFEEFEREN—MEA, AF, 5 1/0 REESNKAILMEE, HRIRE, XAkl
PilEREFRT 1/0 TiEE, SEUEAFAIEMEN, A2, RREN&RIAE NKIERIIRE
BRIEM “EFARmF , AMBEBZMNERABEMFRRNXLESRE, BELERS
FER

Hi&
ERAEEER, RELIZTEN. BRIERF, MWRISEMEIEKIEMRS. 5i5
KFFRERIZE, EBEFR "R . BEATENERFRENAUEEREIE—RE,
MX B A ALEIFR, FEEGIRIERAEETT, EERBEHTNLRE. MRELUSATLMR
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WEFIN—M, HEILUFERA invalidate cblocks JEEREIIXFH—EME, WA
DEEFIRE DA TRREH, BEtIRIEEHE R, HE, sJUETHREIFRFER
EEFRAZE, REFETFRE.

4.3 bcache

bcache B— Linux RIZREERF. EAER— IS NSEHEZIRNE (FI50 SSD)
ER— 1 HE M RERFSNERNERF. bcache IFEEMERL, FRAXHRANLY
Ro BINBERT, EREEFEIIERMEAN, XZE SSDKRI, eXEaATazl. kS
BN i EFRE

43.1 FEINEE

o AILEAR M EFREREFERHENGEERS, ECTHAEEN I BEERRE
AFEEIRS.

s FFEEXNEME - REREFSRBRE BT THE No
* SSD HRZERRFIZZE SSD B E,
s BMMERIKELR. HHIEREZRAIFINFS Ho

o REME, AIEESHERER.

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

tux > sudo zypper in bcache-tools

2. tIRE&ERE (BEE—MMER) . EERETURBMEE. —MOXIEMAE
AR EIRIZ & o
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tux > sudo make-bcache -B /dev/sdb

3. BIBREFIRE (BEE— SSDHE) .
tux > sudo make-bcache -C /dev/sdc

ARBIER T EIARIRA/NFIEFR AN, 25179 512 B 128 KB, RANNS/EEIR
FHBEAR/N (BEN 5128 4k) i, EERA/NNSEFIREIRIRRA/NLE,
UERDBENBAIMR. BN, MREAEE 4k BXAVEEMASR 2 MB #ERIRA/NB
SSD, Mtas<RINTFIR:

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

O 7 28E%HE
make-bcache AR AEGEIEME N EHFRKES —1EFILE. EXMERT,
UEEBABESEF RS FIEEIIERIRE:

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

4. bcache IE&EETAH
/dev/bcacheN
ol

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

Eo] UGB —1F IE B LFIIER, bcache 185!

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

] LATE /sys/block/bcacheN/bcache i@ sysfs T4 bcache 1&&.

5. IMEFRENEERER, FEREEREERIBXNEEETREBRAEE:
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tux > echo CACHE SET UUID > /sys/block/bcache@/bcache/attach

Hrep, CACHE SET UUID ®J7f /sys/fs/bcache F1kE|,

6. FAINBERT, bcache EABEBEFRIN. BEEMNRI, a0, BEXATRIRIN, BE1T

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

4.3.3 {EA sysfs B bcache EitE

bcache I&&FH sysfs EORMBEHEHEITHNEEE, X, EEATLUEN bcache FHEIZ
BNEEHRNITH, IEBHERRITHT,

BX bcache sysfs S¥HITETIK, EEE /usr/src/linux/Documentation/
bcache. txt XHMRZE, EEEE SYSFS - BACKING DEVICE. SYSFS - BACKING
DEVICE STATS #1 SYSFS - CACHE DEVICE £B%3,

4.4 1lvmcache

lvmcache B@HZIES (LV) ARHNEFENSH. ©FEM dn-cache RIZRmEF, ZHEE
(BIN) MEEEFERER. lvmcache ALEARUER LV IS K EUBISEBINER. E/W

LV, MimiEEHEkEE. BX VWM BFEAEER, BERE 1505 “2ES (LVM)”

LVM B/ NBURIER LV #RAZEF A LV, KBUER LV FFAJE Ve BBF dm-cache IERK, LVM #—

PREFM LV DBIRFAMEE: EFHE LV HEETHE V. RBR LV WEIERRIRRE

TEEEFHE LV, LURSERE, EFTHE LV REEKER, XS B EHIERNEEI

B

4.4.1 BZE Llvmcache
AU NENEMEERT LVM NEEFNTE,

1. SR LV, QI LV, ERIE LVIFARLV:
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tux > sudo lvcreate -n ORIGIN LV -L 100G vg /dev/SLOW DEV

2. SIEREFIEE LV, I LV RRERBIR LV BEER, It LV K NZEFHIRND, BikE
REFM LV BRI,

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

3. SIBREFTEE LV, It LV RMREEEBITHE. It LV R/ EFEE LV KL/
1000 &, HE/hAK/H 8MBo

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

7 H G B AT LEFR IR RS

tux > sudo lvs -a vg

LV VG  Attr LSize Pool Origin
cache data lv s -wi-a----- 10.00g
cache metadata lv vg -wi-a----- 12.00m
origin_ lv \Ys| -wi-a----- 100.00g

4, BIEETM LV, BEIE LV FITidE LV HEm—NMEE LV, REEaLUIGEEF N LV
BT 4,
CACHE_POOL LV 5 CACHE DATA LV A&,
CACHE DATA LV E#s® A CACHE DATA LV _cdata, #FBEXBREIRR,
CACHE META LV E#&®A CACHE DATA LV _cmeta, FBEXBREIRR,

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
[cache data lv cdata] vg Cwi------- 10.00g
[cache data lv cmeta] vg ewi------- 12.00m
origin lv vg -wi-a----- 100.00g

5. QIEEF LV, BEREEFN LV SRR LV KEZEEF LV,
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FRPRIAENERE IV 5TR WV ER, &LV EEMESRZAN ORIGIN LV _corig HIFEHE
LVo

CachelV 5 ORIGIN LV R,

ORIGIN LV E&&HN ORIGIN LV _corig, HESREHEHK,

tux > sudo lvconvert --type cache --cachepool vg/cache data 1lv vg/origin_lv

tux > sudo lvs -a vg

LV VG  Attr LSize Pool Origin

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

origin lv vg Cwi-a-C--- 100.00g cache data lv

[origin lv corig]

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

4.4.2 KEFEFM
RIET ST LV 7

4421 MEEFELODBEEFMHL

ERILINETR LV BiF S &7 LV BER, BT RERNEF LV A— N REEFHIR LV,
BB RIEFENEF LT EEIR LV,

tux > sudo lvconvert --splitcache vg/origin lv

4422 EKRREFMLEBARERERL
U THSAREEERMENEEHNSEENE LY, REEREENL, S TREFNE L.

tux > sudo lvremove vg/cache data lv

WA UERUTENGSMNERF LV i SEFBIERE, AREREFS:
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tux > sudo lvconvert --uncache vg/origin lv

4423 KRR L MEFHLY
EREE LV RERERE LV AISHENEE LV,

tux > sudo lvremove vg/origin lv

4424 TEZEER

AILA7E Lvmcache FMT1 (man 7 lvmcache) 3 ZHE X lvmcache MEZ T/, FliNsz
FHEERR. TRNFEEE. EERE, HERFME LV EIRAEFHEE,
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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

g XS

fEF LVM FIEERIEIN—LE R, BINNEIEES, KRS EIEN AR, SRR
BRSNS, 152 VM REREAY, BEERE, AFEEEEEHINER
Ik,

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.

E5.1 "WPEESXS VMY EEEIEAX () Mlvm o8 (B) o AN, B—NMEEDM 3
TPESX (PART), BN XIERT —MEHS (MP), UERERZEAILUAEEN]. TEAM,

BRIMEE, —MEED N2 MESX, S—MEED N 3 TMEIX. EXTHED LM E
A (VG1HVG2) ., VG1BEHE 1 NI 7DKMEE 2 N— M0 K. V62 B8HE 2 ER
P73,
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5.1: ¥ESXS LVM

7Z LVM R, SHIISAENYIEHE S XM YIES (PV), EE 5.1 “VEHXS5 VM H&A
1, EXTOAMNEIES (W1ELV4E) , BERSATLUET REXMES S (MP) RERXLIZIE
£, TEIZEEZENIRFT—EREMOXiLR, BEERAREIF LV 1F LV 2 ZiERIER,
LVM IHEE

o AILRZREENZ N D EEHN—MRKRIEES,
o IREEESE, HATEMARRE, ATUYALV (3 /usr)

o BIEMA VM, AIUTEEFEEITHRERRMNERN LV, BXFESIFIRIERN A HE
REVEB o

o IIBUENEE AT, WATEESETYIEERD LBEENEIER. NRXEYIEEMNT
RERHERE E, NoeEiRE e A F RAIDO) »

o ERARBINEAUEEESTHRFAFHIIT BHED (CHEGRSEE) -

Q #&: LMARAID
BIfsE LVM 3545 RAID &5 0. 1. 4. 5#16, HANMHEINESER mdraid (F2
METE “WHERADEE" ) o A, LVM BJLLS RAID 07 1 $5E (M, EJ RAID 0
RUTFERZESERE (BNSERIGMTRIYIERE EAR) . £ RAID 1 Bhti E4F
B8 LM BT LURERRIRRAY, HSEBEERP IR, FAESM RAID &3, &
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BEM—NEETIFEFReMEENEENRES, HEREMEYHIREEEMERE
5o LVWM B LETIFER, BEREBRT BIINLREHRE) , ZTFIFEFLTALER
T

=L IBMZ: VM IBXXHRS

SNBIETE LVM SIRME RAID M5 H RARRE TIRX RS, MATHE /boot BF 1%
M93E LVM SH3AE RAID R L, BMRGETESIS. HHESKARIAIK 500 MB, 2
WHIST RGN Extao

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

£, B2NEAM LVM HOWTO (http://tldp.org/HOWTO/LVM-HOWTOQ/) A,

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

BEARME, ZHMETFEAEAPK, EFANKEN, FMEEHIX, TERIEFME VG
B, YaST =BzhFENNZXERELA 0x8E Linux LVM,

1. Bnh YaST HFT A9 X,

2. MREFEEMEENESKIRE, FIT TEHEE. BXAT, B5F (BEEM) ,
BIE “EROXERF" ,%1017T “ERATHRIXER" . MRERBERREAN
HENEFENSX, BT E,

TE. ROXHE ENYIES
AUEAEAN RS ROBREAMIES (PV), MIRRRHET RSB RAIH
2, WRRIBERGMDS|SHH.
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HTFRDKEETERARFIERARER, RLREZHNE SR ERit
&o

a. ZEASESDKNENER, BMRZEE LB DX,
b. EfFAIMEEHNDX, 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 X R4H
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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56

£ LVM1 /1, 4 MBI AFHIRA LV AR 256 GB, RAENRLZHE LV &
% 65534 X1, SUSE Linux Enterprise Server J:EFHEI’\J LVM2 A= RH4IE X 15
HEE, XTI ZASEMEEEMN 1/0 %8k, BRERE VM TRIRE,

O == mEREAN
BNVG FARMNBE B REIAMEXIE AN, KIFTEVIRIRERRRIEN,

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)

5.2 . 79 DATA W& AR YIRS
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53 gIZiZiES

EiEESRM— I TE, tTEhSEREHITENNE M. Eittk=ETA, FEEXEE
o PHREXMNTF—TMEEDK - B HTRIVHBEEHRS

£ YaST D XREFMIEEACIREES, BASTMEEAEVER—ZEE. ERIURES
BeIEMZES, BIEAPHNEIRATEEAT N, FJLOEREMEERE— LVM
ZiEE, UERAXNBHAIATENZEE BXEAER, BERE 53171 HEEEDN
ZHEE ) o

e TiEE: (RN RAERIUBNDEEHTIE,
o EH: PEEEFBHESEANTEM, B LURFENEMDEENIFIRN=TIE,
o BE. ZESWOIENFRE. BEESRFEMNEBDECPIRNZIE,
° $RI§E: CIEMNSTEIATEXHENGRR.
Pi25.1: BEEES
1. BEh YaST HTH DXz,
2. EEMERF, EFREEE, AMERFPEISTAREESHNTIR,
3. ERETHPCIRSHNSGAE, AEEEEES > HIEES,

4, RIEENET, AREEFEESE BAXRERFRGEEENEXESRS, BENE5317
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.
TEEZDETR, wEREHSX, AREEERR. B Fstab %01, AERNFHRERE
T

8. BHTTAko

9. BEHET—¥, REEEBVILTENR, ARRETH.

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 ,

BGEAERBENEES, BRI1E5.1 WEIZES MRS BIRE EFEXREN, FE
TR EIRS, MEBEEEEEE .

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

e
ZESWEBNERE, EERRFENENDEPIER=E,

O == BETRERENS
EEARETIEERES, FRENEMNESHIER M EERRPEE, Laf
BEEMEMRAER— TR LIRS E R,
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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 1KBEIRMBIERAID BiEH

BeIEREE, BEA Lvcreate a5%, THEHRTRARKEIE— 500 GB HIZ4EE, HFEE
MTER vl R, HEREH vgl.

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

R ZIEEE—MEME (EHER) , AIRHXERFN=1E8IZA. m EZTEEERERIIT
o L ETHEEZEENAR.

BIEEE SR RILNERAKNN 512 KB IKIE, MIRBERAEANNKIE, EFH -

R EMHEZFAIRNXKE AN (LA MB R . &, AILIE Lvm. conf XH4hkELE
mirror region size EIWRAZEFIXRIKIFA ),

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 BznhEUEIEIR LVM &4

IEAR LVM BEMECEITAE /etc/lvm/lvm. conf XY
auto activation volume list &#uzHl, BINBERT, ZEHAT, UHENR, SEE
FiE%. MRRBBERLSLA, BERBMEESISH, HAESHRESRIF, Hla:

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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BIANBERT, 7£ Dracut EREIRFEY, IFR LVM SHESBREE. BaUFERLSHRERAE
BNAEEFBEEAH, HAUEEERNIFR LVM &4,

5.5 RABUWBEHAHRIK/

ERERY &R Bl ETEIEI TR R RIIES R BREARMENTE, MARSBRS I, X
AHERNEEERIEIAF, R 5.6 T FEBEEHNAN BFIRYT AIEEHIKN,
EA] LB BRIEE SR AE NEARIR. YaST RAVFRBRLEIRERNYIES, BT L
YIRS YRIEEER, 15517 758 <. PE Ranges FH5HEMOX (%) BIE2ERT
HNoX:

tux > sudo pvs -o 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/sda5

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

DATA /dev/sda7

DATA /dev/sdbl

DATA /dev/sdcl

1. Boh YaST HIT A X,

2. FEMERF, EFEEE, ANERPEDZITAREEENT IR,

3. EREFENNEA, BEVESEINR, ARREEN
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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 BY REAX/), BE—IEHZSMIEE (WM DX) MERYIEEFIRSE

BIFmEYIIEE IR,
o B BHENEANK)D, AIB—IEZSMIES (WM OKXK) MEEYIEET®R
BE A BYIEETIR,
5. BTk

6. BET—%, REESBIIHTENR, ARRETH.

5.6 FEEEEHIKR/)

MRESHEPEREAVAIATE, WERTLUEREZEEUIRMESAATE, EERILRKEERN
RWNED hEMEZIEE A R EARN TR ZIE,
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Q iF&E: B BEEAXN

B LERARNEY, YaST ZENBEIEEEXAHRFHNA/N. SHIEEHNEESER
BN (BMRRFEEENRS) BEXNEURTFEXMG RS, Btrfs. XFS. Ext3 Al

Ext4 STFFEAAT B R4t

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

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

%L /dev/DATA/LOCAL A/

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 AKX T AREBEBENANAEAEETHFRERRTIE.

HAK. M. G. TR KB. MB. GBF1TB ({540 20G)
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5. BEHAE,
6. BEHT—%, REFSBIIHTENR, ARRETH.

5.7 MIFFEHEEES

5 WEEX
WIS ARETEENRRDRPHFERE. MRSESRRTLS LEENREHR
I

1. Bnh YaST HF T A9 XiE,
2. TEMERF, EFEEEE, ANERPEISITAIE AR,
3. EERERGNEARTIES, AEBEHHER.

4. RIFERNER, RAZIBETRESIEE, BEHEURIANIEE,

5. BT, RERSVILTEMREE MERBUABFHERT) , AREEHETTH.

5.8 {FH LVM &<

BXER WM BLHER, BN TRTPMANG LN F41 0. FAEGSTHEEAE root
PR HEIT. 1B sudo COMMAND GEIMRAULAR) , HEEEIM root HHRITX

AN
EF‘F‘ ~o

LVM &%

pvcreate DEVICE
atigE (Blan /dev/sdbl) , #LVM BIEMIESL. NRIEEMNRE LBEAXHR
&, RHEIMES, 152, (NHERE blkid BY (FWAERE) , pvcreate 7KW E

MEXGZRS, MR blkid RAIAH, pvcreate A4 MEMELE, FEAREESEKX
XHRFHNERENEAES,
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pvdisplay DEVICE
R LM EBESHNEXERS, fINSsIeRS EETEEETER.

vgcreate -c y VG NAME DEV1 [DEV2...]
ERA— I EZ MEENISE I EEESH,
vgcreate --activationmode ACTIVATION MODE VG NAME
RESHNER. AILIEETIIEZ—:
e complete - REERUERRRARYIESTMMNIZIES, BMERERZESEBESITX
ME RO,
* degraded - BAIARVEUERT. WMREBBHTTARFIRAEXNEESE, NIAMERR
DRLEYIBE, WEEEEZIZES.
o partial - EMER/DELYIEE, VM BESREESA, NRENEASZES
RDEBNYIES, WBELTEREZEESE, AR EFAERERHTRE,
vgchange -a [ey|n] VG NAME
BUE (-a ey)HEA (-a n) BAREBESHREN/ AL,
AEEBEPHNENEN, ESHMER ey EI, IRHEIAEEHMAPRFER,
vgremove VG NAME
MiprEH, BEEBLLHSZAMIREES, AREREH,
vgdisplay VG NAME
ETEEEANEXER.
BT REHENIEXIFHESA/N, ERA
tux > vgdisplay VG NAME | grep "Total PE"
lvcreate -L SIZE -n LV NAME VG NAME
BIREBEEANNNZES,
lvcreate -L SIZE --thinpool POOL NAME VG NAME

ETFELH V6 NAME gIZ2BEBIEEX/NEIEM myPool,
TEMREIESMES LOCAL RIEA/INF 5 GB HIE:

tux > sudo lvcreate -L 5G --thinpool myPool LOCAL

67 fER LVM

=g
&

S SLES 15 SP3



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,
BXEAER, BELE2E “FAEXGREZNRN
lvreduce -L SIZE /dev/VG NAME/LV NAME
BEEZEERIR.
T/ NE2ZE, BRERTELDXGRENA/N, BUAgSEREE. BXFAER, 5
SN E2E “FWEXHREHKN o
lvrename /dev/VG NAME/LV NAME /dev/VG NAME/NEW LV NAME
RIE LVM ZiEE, HEFASENREHR

O &R URBELT udev
NREAEEA LVM AR udev MINREEE LV & T SMATSHEE, JUERTYIAZE
Z—3REIE udev ZHEH:

e £ /etc/lvm/lvm.conf HEZE activation/udev rules = 0
0,

BAR, &5 lvcreate m<I8E --nodevsync IR S5IEE activation/

activation/udev_sync

udev_sync = 0 fHE; HFEILE 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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5.8.1 (EAGIARZESEHNAN
lvresize. lvextend # lvreduce S $ATRABZEEKX/). BXREBLMETER, 17
SENENGSHFMTL. EVRLY, V6 EXTE EBBMe BRHEEE,
BRINfERE YaST P XIEFKIg Ko e/ \iZiEE, £ YaST BY, X HFRFAA/NMESIER #
TEhAE,
LV Al UEFERFRRES THITFEIE R4, ERELNXGRAT EMZIBE, B
LV A2 BiMERER X RFEH A, HENEREMGSIEANGRS, BXARXGR
SARNER, BENE 2E “AEHRGHAN
FohAE LV KNS, BRFRERERNIRE:

o MRy BFIES, NMNEXBIEAXGRKEZEY BIEES.

o MR/ NBIEE, NANEIRELE/)IBEEZ g\ XGRS,
¥ RBIZEEN K/
1. FTA— 1 RIHESH &,

2. NRFIEBEES Ext2 3 Extd XHFRSE, NASGERAER, BREHNT. MREEERN
REPAML (B30 Xen VM) FEEBIXHZRSE, BHRXHE VM,

3. ARIHES ST, HMALT<S LUBIMEEEA/:
tux > sudo lvextend -L +SIZE /dev/VG_NAME/LV_NAME

XF SIZE, BIEEERMIZESNTRRE, FI910GB, & /
dev/VG NAME/LV NAME EifFiBIEER Linux B4R, 140 /dev/LOCAL/DATA . £
an:

tux > sudo lvextend -L +10GB /dev/vgl/vl
4, PEXHRFNRDN. BXIFAER, BERE 25 "FEXHRZIIAN o
5. MRITFTTXHRS, BREEMER.

fgn, ¥eEE (BEHHECE) Btrfs B LVH A 10GB:

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

70 fER L REZEEHIA/N SLES 15 SP3



tux > sudo btrfs filesystem resize +10G /dev/LOCAL/DATA

B EBEERIA/N, BHRITTRE:
1. T &iRERIE.

2. NRFEEAES Btrfs XIHRSE, BRENT. MRECEENEMIL (B30 Xen VM) 3
ENXHRS, BEAXAZ VM, HEE, T8 XFS XHERFENEREERM DR/,

3. PEXGRZGADN. BXEMER, BN E2E “FEXHFRFHIAN o
4, ERIHIEH QRTAR, WA TGS LUEZEENRNE NG RGEBAN:

tux > sudo lvreduce /dev/VG NAME/LV_NAME

5. MRHNFTXHZRGE, BHHEHENRIEH,

fltn, 48 Btrfs B LV 488 5GB:

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

) 7R ER—£nSEEESMXERZHAN
M SUSE Linux Enterprise Server 12 SP1 #7145, lvextend. lvresize #
lvreduce X#F --resizefs &I, ZAAY A LAEEHNA/N, MEEEREX
HRFZENAN. Eit, EEFRA Lvextend #1 lvreduce REHBA IR :

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, BaiR#ErE SUSE
Linux Enterprise Server LR ItLiEINIAZE Btrfs 89K/, BER _EHRRIES ILIED,

5.8.2 f£A LVM &7E

LVM XHHEREERIZE (FI90 SSD 18#&E) (FARREAERRENELHNESTET. “EF
BESXBERNEEE LV RIZES AR LV B91%EE,
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BiRE VM &7, FEEFRELIERNZESE, BRANERTEFSS, WINERTHE
FERETSE. MM EERTRIBEENE—IE4H, IZXESE, FEFHERNE
1, FZhEERIRRE:

i#125.2 | IRECERFNEES
1. FEFRRE LEIBFRGE WREFEFT o

2. BEE (NRZEIRE) FNERISEFREHE—EE, AREYMES LeBEFHE
o

3. SIREEF MRS, RENANNNAREFHIES A/ 1/1000, &/INA/NA8MB,
4, BREHEENTHESHGN— I EFLE!

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

5. BEREHERIIRIGE:

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

BX WM EEFIFEAE R, 152 lvmcache(7) F T,

5.9 #rig LVM2 fEfFRR

RICBR LR RBF RIS RAEEN RITEIRENARIE, ERMRICIHEER LIRABZINNERIA
BT FRIARICFIRMNE LVM BN RcEdE, MM EENRESHTHE,

5.9.1 &M LVM2 1518

FRIE LVM2 fEfe xR IG, AILATES < R ERITICRSTR L FESS:
o IRIBERTREFTEEZAIERN LVM MR,
o FERREXMPRINE, EHEIRSS REMLSAMSEE,
o BEEMLPIEENIE, BEEREETHIKE,
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B LMERREABER U TIRE[ &S LT WM WRSE !
° WRFIF
o BPNR, REBFICT REIEITHR

Bai, EEMUEBESIIFRNRBMERNITC. T RSHE, YERTFHESSHIGTEIH
BREESWMRESTSHE D LAIKAER,

REBRSUCCE PR ARMRIIIE, SuEmceEN LB bE (@) F15, bl emytag,
EHMUEREER ‘@ mIREAEN,

5.9.2 B LVM2 fRiEHEK
% LVM EAHRIEE, TR TFER:

TIFHFRT
LVM #RIZERIEAR UEE ASCH KREFRF AR Z. /NEFFaFlz. HF 05 9. T
(s IS (+). EEF () ME= () BIRFRELEERHR. RAKERN 128 MER.

SEREFENR
AJLARIE LVM2 #1385, 4. ZEENEEEIKR. PVIFNCHEFEREEAHNTHE
o MFFESASERIERANZAIEEFRIIRIC, RIEREEIRIES, BRIRIRA LTS,
LVM1 S RABEFRIE, ENHEERAARZFILEINEE.

5.9.3 @R1TIRICIEA

--addtag TAG INFO
RArig gl (inid) VM2 iEERR. ofl:

tux > sudo vgchange --addtag @dbl vgl

--deltag TAG INFO
fipR (BREUHITIZ) LVM2 (M RHRIRIE. =l

tux > sudo vgchange --deltag @dbl vgl
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--tag TAG INFO
BT/ N ERESFEANEATIRKIZESHITIC,
NRERTICSIREAIITICIEE, WAL THSRHEBE (RF)) -

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

59.4 EEXMIEE

AT ERTHRERMNNTRFEE,

59.4.1 7 lvm.conf XEFEAENZIFE

B TEMRBEARME /etc/lvm/lvm. conf X, UBAENL /etc/lvm/
lvm_ <HOSTNAME>.conf SXHFHERIHTE XY EHFRIC,

tags {
# Enable hostname tags
hosttags = 1

}

B BCERIEE T EN LR /etc/lvm/lvm_<HOSTNAME>. conf XfH, S
M2 59437 “EXHE o

5.9.4.2 1£ lvm.conf XA FENRE XIFIE

tags {

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

tag2 {

# If no exact match, tag is not set.

host list = [ "hostnamel", "hostname2" ]
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5.9.43 ENXHE
BRI LB /etc/lvm/lvm. conf X4, LURIEIRICEUE LVM Bi84E,
EXARRIEET, BUATRERNEISX G

activation {

volume list = [ "vgl/lvolO", "@database" ]
}

RERITCER @database. A "e*" RIEEN LIREREMIFICLALATIC.

AEm L 2 LESHNZESNTEEFRIRERN VGNAME . VGNAME/LVNAME B @ TAG, R
B HIEIRCLRE, THEEHESEES. MANBERT, NRFALENFEE,

R volume list A1%FE, HENLEBEXFE, WREENWRCSTEERICLEE, 7
SHESHNETES,

AR volume list BEEXEBAZT, HEFEN EXREXEM[FE, WARHE,

NRKEX volume_list, MIFHEMER LV BERS] (RFFABER -

59.44 #EZTEVNBEEXFHRENXEE

7£ lvm.conf X ERAENINEE, EAEENEEXH (/etc/lvm/
lvm_<HOST TAG>.conf ) PERBUERE, Fldl, —PARSSEEE /etc/lvm/ BRFPERED
[ g

lvm.conf

lvm <HOST TAG>.conf

Bohit, S3E /etc/lvm/lvm. conf X, HAEZXHPHNEFITICRE, NREXT
FERIENIFIE, SEHEXM /etc/lvm/lvm <HOST TAG>.conf Xff, EEIFEREX
BB, ¥FERINIFCXE, REHEERE Lvm.conf X, HEKEIFE—TETEY
ZIE#EZR, £ Llvm <HOST TAG>.conf XHH, FRSFMGINCINFERNIRE. XEMA]
M REFIREFICHX . FVARIEXHHIRERNFTCE AL ZNINYED B X3,
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59.5 BircATEEPRYE RAEES]

BRI LUEETE /etc/lvm/lvm. conf XHEHEA hostname tags EWHRIGEREE TR
EESlL, BERXGRTFEEPNE—AItEN L, UWERILFHEE,

1. EXAgEEP, BLUUTRBERMNE /etc/lvm/lvm. conf XHH:
tags {

hostname tags =1

}

2. BXHERIZIBEFRIPTE N L
3. MBEEREMIHTENL, & dbl FINERECE vgl/lvol2 B EHTIRSF:

tux > sudo lvchange --addtag @dbl vgl/lvol2
4. 7 dbl ARE2B L, WAUTABUBEE:

tux > sudo lvchange -ay vgl/vol2

5.9.6 ERFICHEUEEISERIEIZEN
AL PHTBIRT T R FESIFR:
o IHCESIEREAL dbl 7 db2 LR vgl,
o ACHEXHARSBEN Fs1 LB vg2.

o BRMEXMHIRSHBEHDEN fsbl ERFEREMEH, ENEHITHESUMXHRSEE
Ml fsl #EEEH,

59.6.1 &M 1. EENEEHNWEPHEENFHSER

EUTHRAEF, BMNCEXHERZEZ SN,

1. ¥ @database FRiZFHFMNEIELAR vgl ITEIES, ERIHEHIE £, WA
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77

tux > sudo vgchange --addtag @database vgl
2. ¥ @fileserver tRigHMEIEA vg2 WTEdED, ERIgIEEIE L, WA
tux > sudo vgchange --addtag @fileserver vg2

3. EXAKRIEEET, FALUUTMHRBEK /etc/lvm/lvm. conf X, UEX

@database. @fileserver #1 @fileserverbackup #rics

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

fileserverbackup {
host list = [ "fsbl" ]

activation {

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

4. BEUERY /etc/lvm/lvm. conf XHEHRIFIMEEHNF: dbl. db2. fsl Al

fsbl,

5. MRXHRSF|ENLIMELE, NERFEH QEEAT R LML T <SEIEE fsbl

LtB5h vg2:

tux > sudo vgchange --addtag @fileserverbackup vg2
tux > sudo vgchange -ay vg2
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5.9.6.2 &N 2. AMCERMAE

TEUTRRABEREF, 868 FNERMRTFEREMLLFINENES,

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

2. ¥ @fileserver #REHAMEIEAE vg2 BB, ERIFTHIE L, @A
tux > sudo vgchange --addtag @fileserver vg2

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

a. EXA4RiEeet, ALUITAREENR /etc/lvm/lvm. conf X, UBRBAENIRIC
Ao & X 5o

tags {
hosttags = 1
}

b. &S /etc/lvm/lvm. conf XHFEFIFIMEFENLE: dbl. db2. fsl1 M
belo

4. EEM dbl £, SIEHBIEEEN dbl MBUEEREX 4. EXAE4miEERF, B /etc/
lvm/lvm_dbl.conf X&FHRMEL T

activation {

volume list = [ "@database" ]

5. XM db2 £, CIEEEUEEEN db2 HEUEECEX . EXAHmiEzsT, BIE /etc/
lvm/lvm_db2.conf XHHARMUTRS:

activation {

volume list = [ "@database" ]
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6. XM fs1 £, BIEXMHARSZEEN sl NEUEEEX . EXAESET, eIE /

etc/lvm/lvm fsl.conf XHFHRIMLLTHRED:

activation {
volume list = [ "@fileserver" ]

}

7. MRXHRRSBEN fs1 HIKIE, BRMNEAXHARSHZEN fsbl (EAXHIRS2E:

a. M fsbl £, SIEEMN fsbl MAUEECEX M. EXASESET, CIE /

etc/lvm/lvm fsbl.conf XHEHARMUUTRE:

activation {
volume list = [ "@fileserver" ]

}
b. AR imizHa L, WMAUTGR<LZ—!

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 ==: Exsa5RRENS
ERBERHAA, HIASTEHIRRE, ARAEEHERREZES,

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 £ —#%
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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 == nEhREERENS
EBRERAREPERENRE, KRZEERERBONERIMEFEARTEE, XA1F
ERHERBER MR LRI SRR,

HATRRGE, —EEREMRFFRER. EERFZEE LHIERIVTEEDN, REBARKT
EIE#H, HANMSATRERRS, SHETAENMRIKREES,
MRERN—PFKREZEELRSNMRR, EEREELIBRIRZAT, BRMERIRIBRYRR,

6.2 {EH LVM €% Linux [REE

B LUERAZEEEIESE (LVM) B X4 RFRIRE,
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 mmALIRER

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. BEREBEHEES XU EIMVMRGRIRRZES, HIMNEESHS /var/lib/xen/
images/<IMAGE NAME> 3,

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

3. BIEEHR, BTEHRRS,
tux > sudo mkdir -p /mnt/xen/vm/myvm-snap

4. EFRRIRRVER R EHIRES,

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

6. fEREIMIBEHERIRREBEIEIML.

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.

RKIFIZ TG H IR R BN [ELRE]

6.6 ¥
RIBPIRTS

NREFERE LHBRIERIRIERELFVRE, RERAE #%ﬁmoﬂm MRAEER
KR, IRRARGELEIARLHETLVLE, FEHIEHIEN, EARFETUER,

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
TRRITXEE) , ARAHEHBS, RARREEESBIEMER, MESHTTK
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 ERMIZEESLA T RKFZEENBR. REBEHRSH UUID. RASBMEMEHKIFZIE
%, HERRES,

85

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, BXRAFCEEENMAXER, BBRE 597 "IRic LUM2 fEEHS7 6

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
tux
tux

tux

fBugn:

tux
tux
tux

tux

sudo
sudo
sudo

sudo

sudo
sudo
sudo
sudo

umount ORIGINAL VOLUME

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
%) , WISEIUERMRSSHBHEBFRRZES, DILESHEERIZEILAIFA,

BRI S KFZEE S H TR EREIREI T BRE
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10
11
12

13

R4 RAID

{4+ RAID BCE 88

HNRDXECEXH RAID 95

SIS RAID 10 i&% 102

BIEZFELK RAID BE5! 116

£/ mdadm JEEHHE RAID FEFIRIA/N 118
iEFF MD 34 RAID BYfiE7F#1%8 LED SSF*ER 126

4 RAID 55 134



7 B4 RAID B &

RAID (I EEERTTRIEY) NARERZMERESXEHM—MAREINER, UERLMEE
M/HEIBER M. KAZE RAID I=HI28FEH SCSI thi¥, EF5S IDE thiYABtt, EAFERES

AR VIEEAENER, FEFEEMONHTRIE, FE—LIHF IDE I SATATERM

RAID #=#l28. X4 RAID BB RAID R4RIAE, EIFLSBEH RAID =623V ZS, B2
XEE—L CPU HEKRAE, FMURERTFEESSEENITEN.

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

88 T % RAID 45 SLES 15 SP3


https://documentation.suse.com/sle-ha/15-SP2/html/SLE-HA-all/cha-ha-cluster-md.html
https://documentation.suse.com/sle-ha/15-SP2/html/SLE-HA-all/cha-ha-cluster-md.html
https://documentation.suse.com/sle-ha/15-SP2/html/SLE-HA-all/cha-ha-cluster-md.html

7.1.2 RAID1

HERANNENEIRRHE T EBHL 2N, RAKES 11 EFES—MER, XMAEZTEG.
NR—IRBGEBIF, WA UERS —RREHE FWRBEIR, EREXEEREFR, REF—
RBPEGEIN, BRNBEMAZER, B2, NRLKBERNEIHIF, RANBIETEZREE
BIIEMBIMER, HUXMAGNRITESE, SERRMEERNEL, SHEEERIERES
HEHK (18 10% 21 20%) , ERHRNEREEBARNRTEMN—SREEIRER, RERIK
EHITTESR, NMAIUHITHREEN. RAID 1 BERM/LFAEMEIEIRESERRENE
R, ERSERSRNEELFEE.

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
1o BUEERS RAID 0 AN AR HEEEF, FHP— MO X EEENFERIRER
FreEER, XERET XOR BEARH#HE, HAERSGLIAER, BB RENARIIRERE
NA. ¥F RAID5, ER—BYEIREER KRR HIMKIE, MR IREEZ RIS, WAHTE
BRAVFEGEER, LBhLEERIE.
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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£MA YaST EBE#fF 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. B8 YaST HITA D XiEFo.

2. NREFEE, BECENIZS RAID ELEREMERNS X, B7EENIRRL, HEoXEE
’E A OxFD Linux RAID, EEMBERXE, FEEEXRCIINSXESR — YaST 2BG)
B, BXAT, FE5E (FBEHE) ,F10E “EXHXER ,F£101TF “FHAE

KAXERF" -

BINBRINEFEREFEEMER FNDX, UERESEP—MERRIFN (RAID1M
5) BEREIERIXEL, FHLK RAID 0 BYIEEE,

¥F RAID O, EDEERITSIX, RAID 1 RFEERISIEX, MRAIDS

X, RAID 6 REEDFEMNNMIX, BIUERXIMERNS X, RAESNERXAFER

M= EFARNANEID 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,

] LOEE M RAID 35IRk— RAID & 7K, X#¥, RAID WZFREE /dev/
md/NAME . BXEZER, BERE 7217 “RAID ZH

700 RAID /dev/mdO
RAID %8!
RAIDO (&1L
RAID1 (§R{%)
® RAID5 (MREHN)
RAID6 (EAREFL)
RAID10 (B{EFEWHKL)

ARigE:
&g R e #E

B 0.00B

#Bh(H)

7.1: RAID 5 Ee &Rl

RAID BT (A1) (N)

myRAID

-+

EEA >

« 15
« 2B

HEPIGE:

& R+ g

Idevivde  5.00 GIiB myRAID B4-
/devivdd  5.00 GiB myRAID K-
Idevivde 5.00 GIiB myRAID B3-

PAEIKN: 9.84 GIB
BGH(C) FIR(B)

iR YaST ECE %X+ RAID

mL

BT

[R50

T—#H(N)

FE=ID
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10.

%fﬁ—F—iéﬂéﬁo

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

RAID BIREME. BXEZELR, 1S Rhttps://raid.wiki.kernel.org/index.php/
RAID_setup#Chunk_sizes 7, BXEFBREEEZNFAES, 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,
FEEZETR, @wEREHOX, AREEEHR. B Fstab &0, ATRFHRERE
Tlo

. BE 5.

BETF—7, REERFIHTENR, ARRETH.

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

92
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RIS RIS FA AR HEHE
LIR{EF YaST 5725 < 1T LEA mdadm --create '/dev/md/ NAME' 6% RAID i&

#BY, BJLLEFEA RAID IRRIBE— 1B, RBEBIKNAZE mdN, BERARBIE— B
1% /dev/md/NAME :

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

WL /proc ™MBHERA md127,

RERRIZE
NREMTENARIHERNR LA REINKEER, BT 178 <¥F CREATE

names=yes {T/MIZE /etc/mdadm.conf :

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

IHRMERIL RS myRAID ZEMBZMAM “BEX” MNgEEM. §&FFERIUE /
dev/myRAID /ifia), MBEWMSRTE /proc T5A myRAID, EFE, REEEXEE
XtHzfE, WHAEATF RAID, &5 RAID R4k mdN 2R, HEIXL RAID {FLEFH
AL,

ZE. FXFEBSHNIA
AEFEITESALUEFAR RAID &%, MIRTHRIAN—1 RAID K& EHEN
mdN , BT EIRHIZIEE.

7.3 A RAID

GBI LUTE monitor 2 FEASTIFIERIZTT mdadm KIS RAID, 7£ monitor &I
T, mdadm 2EHKRERET|POEEKRIE, NRLEHRE, mdadn SEEERKE—ITEF
B, BEXKENMIEER, 1BETU e

mdadm --monitor --mail=root@localhost --delay=1800 /dev/md2
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TEMNGHSEEE 1800 B —X /dev/md2 PE%Mf, MREEHE, KA
root@localhost &iX—F B FHEHE,

Q iFE: BIASBEARADKE
BINBERT, RAID EATFEARS. NIRBREEZEINEIREEABK, T
BEES, ALk, BeLUER delay EINEEE ARIERIG AT E]ERR.

1.4 BZER
I F FHIMIER HOWTO X4 T %X RAID NECE R EAFIFAE R .
e Linux RAID wiki: https://raid.wiki.kernel.org/ #

e /usr/share/doc/packages/mdadm/Software-RAID.HOWTO.html XEHAYZ4F
RAID HOWTO

HEAMTIRE T Linux RAID BREFIZR, 130 linux-raid (http://marc.info/?[=linux-raid #),
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8 NRDXECEF RAID

£ SUSE Linux Enterprise Server A, 1&#&BREGFEF RAID TAB&KMKE| YaST nXEFH. &
ENTUFERILSXEFABEER (/) PRNRFAIGECERMY RAID, REER /boot X f#E
7Z7EF% RAID 1 LISMY RAID 73X L,

8.1 IR X(ERIXY RAID Iz RISTRF
BRREEAEUTER:

o 8 RAID 1 IREISEFEAMRER . XFIREERAIA/NIAREL. RAID ERRV/NREHER
Ko REBFIREFILUEARMIZE (HENPHEZEZRIHEN) | AHEEEETR
48X iSCS| i TF FRARNERAHS

° WNSRTE MBR FRES|SMEIZER, NWAFEN /boot BIRMISX. SNARFTETE MBR
REES|ISMEIER, W /boot FEEHBETREMMNHIX L,

o ¥F UEFI it EH, FEIRELHBW /boot/efi DX, ZPEFERII VFAT, AL
HBERAID1R&E L, LIBAEE /boot/efi RUMEEME & EHIER HIN5| T,

o NREBMEAEN RAID 18%F, BAEMEH LZHIEITIA RAID,
o WNRBERA iSCSI BrigsE, FEELIR RAID IgEZAIBAX iSCSI &iinAIs o

o MREEFFARAAERSB[NEERERNAMIRE. HTBEIREHETNMY RAID HfE
FARYiSCSI I&&ZBIRMZ 1 1/0 812, NTELIE RAID IKEZAIEEBAZRIEXH .

8.2 MR (/) »XIgEEABF RAID IKEHI RS

1. £A YaST Bk, HIRR (HEEE) , B8 EF "RESE” RRRRARESIEE, B
FREENHI D X T BALE,

2. BHEEEDXEFUITABEX IXERF. EAUERBINNSSR, BrERNET
2=

<Ko
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3. (FI%) WRBEEMARISCSI BirgE, WEEMFEELAREDHIERERY > i
5> FcE iSCSI, BRAISCSI &iEgmiift. BXEZAT, HBNE 155 "2 IP W
HARBEMETF: iISCSI” o

4, (FAIk) WRBEEMAR FCoE BirgE, WEERTRBELANEDPRHRS > B
& > EE FCoE REEEFRE.

5. (i) MREFEZEFOXEN, BREAS > EFEEES,

6. NEETFHME RAID IS MEFIEE Linux RAID 88X, Ni%ZA /. /boot/efi ZHATik
X {EA RAID,

a. TAEMERP, EFEE FHEFREFRNIGE, AREIHIND X,
b. THHXANT, BEBERBBAN, ARRBET—D,

c. EAET, EERIGHEE (REINK) -

d. EEARIUUMAES, FFOX IDIRERN Linux RAID,

e. BET—9, HUNEZNHSXEEXLESE,

7. A / 7XEIE RAID 12 &

a. FAMERE, EERAID, SRFEIEZF RN RAID,

PR (/) PEKIRBERBIM RAID IREN RS SLES 15 SP3
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b. 7 / PXiI&EFRTER RAID 2522, 3§ RAID BFTZEN system,

c. MNAJARIEES D PIREEE E—PRERFRIMD RAID IREHANE

EEE—F_iéliéiio

d. MTHEFEEXRK/). REBRINKBERREMOE.

e. EAEMEIRF, & RAID, TEIREMEEIRA, WERFH RAID FHEBEEHRIE,

PR (/) PEKIRBERBIM RAID IREN RS SLES 15 SP3
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f. ERETERRIEERS, ARBEH T —IHE

g. MEEXHASHBEHRIREN /. BE T—% BHZMNEE,

8. Wt RAID KEBIRIREMIIEFNER, H=7E /dev/md/system BBZTEIE—T

g

HIR (/) PXIGBEEB WY RAID ISEMNERS
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9. (Aik) &ERILIFE RAID FRIRI DK, RS ERALMHNIE, RAIBEAETIE
FH, mEXGRSENERR, WTFAR. 8HF—%,

10. (RJik) 34F UEFIi+EA, EREMHNTEKREIE /boot/efi HEHEDK, FiEE, /
boot/efi {¥3#5 RAID 1, FEMEMA FAT32 X RFREA LI X

929 PR (/) PEKIRBERBIM RAID IREN RS SLES 15 SP3



P TFR:

11. BEESERIXER.
EIVE D X UE LS BRI
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12, BERE, WTFESMIL /boot/efi XA UEFIIHEH, BRELZERERR LBEHS
S, REB5ISMEIEFIZE N GRUB2 for EFl, KERRAZE5|SIIFHIATIEEEH
o
RBE5IRRSEE, MIESISHBINREMRGER, UEBMIRFAMG RAID, HER
R (/) DX ERRIERS

101 PR (/) PEKIRBERBIM RAID IREN RS SLES 15 SP3



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 ol 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 A 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
NREEEIPRIXEGENZNEE, NEECEXLE RAID IEEZAI, HINAEZREFE |/
0. BXER, BENE 185 "BIHEEZEMZERE/07

ATRNIEER TRPETIRER, BEREAEECHIKEITEXLEIRERT,

#£9.2 . BEIHRESIZE RAID 10 (1+0) BYHZ

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,
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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 RAZHLL /data HUREH =AY RAID 18RRI,

/dev/md2 /data xfs defaults 1 2
8. ##H RAID 1£%&:

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
MR EEEIRRXEGENZNEE, WERREXLE RAID IEFZAI, HIAEZRE |/
0. BXER, BENE 185 "“BIHEEZEMZIRZE1/07

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

#+ 9.3 ! EIHRELIE RAID 10 (0+1) 97T

[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 R%H L /data MOREEH SR RAID &R,

/dev/md2 /data xfs defaults 1 2

8. & 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

Ihgk 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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ik 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
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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

111

. BTh YaST HTH D KRR

. SNRFE, BLIENIZS RAID EEEREERERANIX. BZRENERRL, HFBEIXEE

B OxFD Linux RAID, ERMIERKXE, FHREENENINSXEE —YaST =EHH
B, BXAT, H8E (HBIEM) ,E10E “EXHXEF" ,$£101T “FAE
RPXEF" »

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 . BXEZER, BEWNE 7.2.17 “RAID B 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 RSEMEEETURINE RAID 125, ARBETH.
BEHET—%,

HIABHITIERL, ARBETTALALIE RAID,
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9.2.4 {EAH mdadm 8JEEZ+ RAID 10

AHHHNEEERATRPETNEER. BREREE ST RIMENXEIZEF AT,
% 9.5 . £ MDADM ¢l RAID 10 iz

[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 XM RAZHLL /data MOREEH S RAID IEFRIIL,

/dev/md3 /data xfs defaults 1 2

7. #% RAID ig&:

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 8¢ FEVFER/DBIHEEL

RAID 1 BR—MLEINIFEIRE
RAID 4 — i

RAID 5 — &

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
(RPRIEMAN) » BERXEZER, BEETE2E "AEXHREZHARN

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,

5 HEXRNZENEERDE
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 5AA 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 : ENAKS KK DTSR

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 BREEEEX
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. BEMANUTEGS, 0BT HEEIRFETIR - XN FIRERN

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,

BXIFHM, BENE 25 "EEXHRZEIN 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

L5 BREEEX
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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BXIFA,

11.2.2

i

E28E “PEEXHRZKRN .

WO
ﬁ]
EH?

/)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

123

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

fE&TZEAAE LED 'S40S- T2~ (Ledmon ) #1 LED =4 (ledctl) SEETEFE T Linux

BRZENBER, ENNMERZMEOMNNCRITHIEENE LED. TERREM
T ERER mdadm LREEFAIEM Linux MD 2044 RAID iI&&ZMIRES, ledmon

TFIFEF Mo PESIRVIRES, SAGMERN BRGNS LED BUIRS. &R LUER
ledctl SCHERNIEEIRFIRE LED B

XL LED SCATERfERA SGPIO (GBASITHRIAN/ML) ME (B (SFF) 8485) LUK SCSI#lFE
BRSS (SES) 2 thil3%% LED, ©{152HE SGPIO #Y SFF-8489 ISEHRAIE FRINIFIRTUARRR (IBPI) 1%
o IBPIENX T SGPIO tRERIIAI R AR IR B a8 A KRR L BHEFERVIRES, WUARIERARFE a0 fed@
i LED M B IR

B LA FEF R ALEE SFF-8489 #5E, MFAENIERAIERIES IBPI R, BFRRERE
SFF-8489 #SEINME LED, SH&ERMIPIRTIRE(NZIFER5Y IBPI R,

ledmon LAz ledctl SEAFERFASZH LED BIE(AHCI) 0 SAF-TE t#hi¥,

ledmon #1 ledctl WATEFLWIERI UAT Intel AHCI 1THI28 LA Intel SAS 151285 Intel
fETFIEHI2R, BN EZIFER PCle-SSD (EZSHER) MFE LED RiZHIEF MD 4 RAID 55—
89 PCle-SSD & EMEENFARE (EE. ME. EEERE) LED, XLENAEFHEIEER
LU THMAENERMENTTS IBPI BUETRIEHI2S (1532 SAS/SCSI #2%128) ; I HhiHi
BRIl g8 R I Mo

ledmon #1 ledctl #;EF ledmon HHE, ZBERIANRESTATLE, 1T sudo

+ =

zypper in ledmon RIZETE,

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 AR SESZLLT pattern_name SEBIR TR,

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 }

BREI=MRigE, BETUTHLZ— (MIaLEFR) -

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

123 BZER

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 {4 RAID &

EFE /proc/mdstats XHLUME RAID PXEE X, tNREEZHIMMKIE, BEXHF Linux
AGHAURES XD XHNFHEESREMRANER, AEERHENAAHBAGS
mdadm /dev/mdX --add /dev/sdX., ¥ X BitAEHNRIEIGETIRTT. XSBHRER
EEF RAID RGP H2EMME (&M TFFR RAID 0 LISMIFRAE RAID &3l)
RERIUEEWERAEIARFAEEIE, 1B7E RAID REEMEZ R, {HIATTREEEI—LEEEER]

o

y— =2 T 2 S/ — e A—

13.1 BEWK[EHEE 2 G HITIRE
RAID PE5 VR Rl e B T ZMRERMA LR E, TEIIE TERERNER:

o MEENEARL IR,

o TG IRGhERITHIZE R MR,

o SHIEHIEERF,
EREHIRATITHIZZHNER, EEFRIEEINTE. WRXKTE RAID PEEERER, NEE
FohFFi.
MNFE—MER, AIUEEEEE (FJgEsBmEE) Z2E, A mdadmn &5 BoIEFHAMNA
ERPERIZE
BT md/mdadm REER] SEHFIMFHEER R EHMIEMNRE, RtSENASE T ™ENHEEIR, H
—EBBEAAEIRERMBNSEMNEHIE, BRI SHIZIEERIEN L,

AREERT (Fla0, EEFEISEEESRSEE RAID [EY) , EENAEFERISE A EHRENRE,
EXMERT, BEUEH mdadm , FIEEHIGE, ATUBOHIEER --re-add BoiEHRR
Mmzig&E. Alt, ETLUETE—1TARME /etc/mdadm. conf A

POLICY action=re-add

BER, XY udev MME2 mdadm -I DISK DEVICE NAME EBAXHIMAEMIEE LIE
17 (BRIMTH) , HEBRE write-intent I (FAIAREE) B, 72T REEMHINZE
B EFRINZIEE,

134 BEHEHEZ FHITIRE SLES 15 SP3



INREFH BRIV Y AR REGEMANARERIGE, LS path= ETURMNE /etc/
mdadm.conf BB POLICY —17, LUBFIEEMAIRIERRHIAN RFNEEIKERIT. AILUERBEAD
FIRINHI&EH, BEXIEFEMEE, 15EM man 5 mdadm. conf,
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14 iSNS for Linux

fEFXIEMZ (SAN) AJ B S D HEERNREITFSHELRNR. XFIRELKMNILEME
WZIEE R, iSCS| AttimiNaeisiRzl SAN RIVEERR, HRER S X Hi#Tihm,
BEXWEEFRIRARSS (ISNS) B—IEFIMERARSS, ERAEREL 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 == z2irEEm
HTRNZRERNE, REERLHAIBMEIFIRREER iISNS,

14.1 iSNS RYT{F/RIE

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
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Ll Eh
LTk .
fire .

Hir X&iElF His Hix MRl

14.1 : 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,

14.2 L% ISNS Server for Linux

iSNS Server for Linux BEHIF SUSE Linux Enterprise Server, {BERARSXMEIN RIS
B, BEELENHE open-isns HI&E 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
REEE
LHERE:  BES
BEANEERE:
FRIFLURRE -
EBE:
TR
PASEREE
B ERS T A
*isns (FAFR)
EEREENRERSAEREMHAE,
FEN(H) BGH(C) HRE(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 ERME R THIRO: ERREEELITARAE, HARTFNTETENIRZR
5o ENNBRT, BiAEROZXHN.

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

7. BERITE 14370 “FLE ISNS 2T &

14.3 FEZE iISNS &I

EiL iSCSI RECimAMBEARMER iSNS iRSS, EIUAETENLZIEH,

O ==: iSNS BREXLFRTERS
MABLEFHIEIT ISNS BRSS, FREIRE ISNS RKHig. BXER, BBWE 1447 B
o) iSNS ARSS” ©

14.3.1 Bl 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. BEEE 14327 “mARIVIHRMISCSI TTR" o
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14.3.2 @AIIFAM iSCSI T2

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.
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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,

14.4 JB5hiSNS RS

NIERZE ISNS URSEZ 2R LETIE. MREBRBEIRENESISHB (BX4AT, 58
MEE 1425 “Z23EiSNS Server for Linux” ) , 5ERIEBIEHISREAUL TS S

tux > sudo systemctl start isnsd

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

145 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: EE%
METFIRE R MRS, ML https://tools.ietforg/html/rfc41712) o
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15 2/ IP MBRIARB=ETF: iSCSI

REZENHAESERTENP ORI RS BT ABANEEETS 22— BEALEHNE

Bt @E, iSCSI (BB SCSI) fRAARIRME T HABENRRAEZTRAR, 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

R&aS 7
BN [r
iSCSI SAN uﬁﬁm}l I _Ni
iscS| L10

BirfRsse  HE#HR

15.1 : {EF ISNS BR5528#7 ISCSI SAN

Q x=: Lo
LIO (http://linux-iscsi.org #) & Linux & BEIFREFIREZ Y SCSI B4, LIO LA Linux
M1% 2.6.38 RERARAE STGT (SCSI BF) HEZRA Linux AR AL —EEE
¥ro 1E SUSE Linux Enterprise Server 12 #1, iSCSI LIO BEriRSZ 23R T JeaihR Ay

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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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"

15.1 %% iSCSILIO Btrhks5284 iSCS| % iEim

RASBINRE ISCSI X2l (3FE open-iscsi M yast2-iscsi-client) , iSCSI
LIO B BNRZEF IR,

O == LRBENEFRUTE—RSS
REAUER—RZFPIETARIHEMB R, BEFRENEAIIEE,

BLIE SCSI LIO BAFIRS S, BELREHATETUTHS:

tux > sudo zypper in yast2-iscsi-lio-server

MREFELLE iSCS| Licim A, 155176 < sudo zypper in yast2-iscsi-
client,

WA AR YaST MG BIRRHRHTI TR,

BRT ERURGE 2N, RAFINEENEHTERER B, HEEEEREITHEES
YaST iERAT R,

15.2 &E iSCSILIO BirfiRs2:

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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15.2.1 iSCSI LIO BtrBRSZBEhFIFE A LS 1%

iSCSI LIO BRARSZINNECE N FEIRE. SR LU ZIRSECE NES IS BaIAT. MRRS
g2 LERPIALE, FERERILISCSILIO B EMHENAA, NaABERTBEIRLE
F— M EECS T A AESRIR O, TCP im0 3260 2 IANA (EEXM SO EMNME) FiENXHY
iSCSI thilRYIRA S

1. BrhYaST, ARRBEIMEERRSS > 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 Fri: (BN BRB[BEREDIZE, BHIIEIT sudo systemctl start
targetcli H<RFNBohZRS. RERBIRSEA AT LUERBERESE.

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,

15.2.2 EEESHIRIELLIN iISCSI LIO Binfl A im

iSCSI LIO BtRARS3 283014255 PPP-CHAP (=3t RN -BUABEF S A IIEMYN) , ZMNEE
BXP TH2ESS4H (IETF) RFC 1994 (https://tools.ietf.org/rfc/rfc1994.txt 2) FENXMN—FTh =@ F
PIIER &, RSIEA LB DIIEF AR A iSCSI LIO Bin5 kL, HABTFARBRL
X, SNRAHELERFINLZIAIAR, MERTLS NI, FAHITAISHI0IERTERIAL
FERARS. FEBLSSMIIE, tARSE2: EFFRE iSCSI LIO BHR4RR] BIE—M4 ERER
iSCSI &icin A& Mo

MRBATENRENEEMRESMIRIE, NeTEREANSHRIE. FHEHEIE, =
BEFER, HAREHTSMINIEENR ISCS|I AEEimIEREEMNE 3T iSCSI LIO BARzTT&2M.
ERIFHITIRBENBFRBMNOS, HERHTSHIIEERKISCSI LIO BitmAkEHIERAER
FEARY B R, iSCSILIO BAR#AZm iSCSI kiEEimrtZ AR 28MO<. BFEAMEHAN
HOSKARE. MNREARISHIINE, NWEIGEENARIFFE iSCSI LIO Birt,

O == w2
NELIERN, BNEHESTE N EIRS SRS LTSRS L.

B2E iSCSI LIO Bir B4 BFxISE
1. B YaST, ARBEIMEEARSS » i1SCSILIO BEfFo

2. R 2 FEET R,
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iSCS| LIO B#miihit
BB () ESSI0) B D

v FHHTRINEHAESE O

1% EARHTEHAYNE @
fF ID(U)

iR TRAMIE©
AP ID()

#EAD )

3. BMEIERNARTFERRS (RHTRISHNIE) . BRASHWIE, BEFEELChE
BT B 0 JIEA /1% H B 3IE,

4, RIFFMESHIIEFENSHEIE. EANMEHARBNARZMALSHABARE,

5. BETEMREANAIIRE,

15.2.3 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 G SITRIEES X, BXHT, 1B8E (EEM) ,F10=E
“EXPXER" 81017 “EREZHSXIERE" o iSCSILIO BRI EREXUHPXBTF

Linux. Linux LVM 8% Linux RAID X1 %% ID,

O ==: FEHEZHISCSI BIRgE
RESTRAFISCSI BB SN KfE, Y178 EAMRIEERNEH#ITIHN. FEE
Birfkss 28 EEH DX,
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15.2.3.1 MNEMMIERRIEEHITOX

e UG WL guest ARS3287E7 iSCSI LIO BARARS 28 (EA. ATIBAINAL Xen RIS K
P, EEEILAER SUSE Linux Enterprise Server Sti0E b2 HNIF IS,

£ 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,

15.2.4 &% iSCSILIO BirH

T LAEH YaST B2 & iSCSI LIO Biri&&. YaST £ targetcli {4, iSCSILIO Bra]{E
A A Linux. Linux LVM B Linux RAID X %&%: ID B9 X,

O == 5K
A, WARBATEREENAK, F—EBRAKENE, ISCS| BPHA
S KRR KT, HESHENER,

1. B5hYaST, ABEBMMWEEIRS » iSCSILIO Hifo

2. YIRE|EREI R,
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iSCSI LIO Bk
[ [ N Bt

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 -

&% 1SCSI B#F: %I
o SA0: AR ISCSI LIO BATATRINETE L2,

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.

151 IR E iSCSI LIO BARr4A SLES 15 SP3



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 @O0 BRELAINGIRHFRY AL TS LUN I, AIRMER S FHER—T B4R LUN
BREY E % T,

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
WLENpRE, FE—RRE-ITTRLEHZIRS, HENXEHERS (I
OCFS2) AItZNTREREHARRIXAEN, HLREHRRITAEREX
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,

15.2.5 {B2XiSCSILIO 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, ARBMLEHRSS > iSCSILIO o
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,

15.2.6 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, ARBEMLEARS > iSCSILIO BT

2. YNEEIE LR,

3. IEEFEERIPRRY iISCSILIO Bind, SARREHMPR.

4. RYURTEY, BEASHIAER, SKETEUETFUBUE.

5. BETERREAHNAIRE,

15.3 ECE iSCS| &ittim

iSCS| &Ritinr] AT EZEER iSCSI Bff. EEAMRTE 152 “&E iSCSILIO Hinfiss
25 WBARY iSCSI BATERT 3, iSCS| RiTmEcEREM N EBRL R — RKIATA iSCSI BARrH
IRE iSCSI 21, XM NTBREFALET YaST TThls

15.3.1 & YaST B2& iSCSI % itcim
FEVaSTH, “iSCSI KEIHIA" SE=MNAT+:

ARS5:
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.

15.3.1.1 E2& iSCSI xitcin

1. BEhYaST, RRBEIMLEEARS > iSCSI &itLim,
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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[BERDIZE, BHIIETT sudo systemctl start

iscsi iscsid @i EXFIBEENZRSE,

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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AR ARSZ 2842 M iBFT (iSCSI Boot Firmware Table) 3%, NIAi#2#1&MA IBFT Ay
MNEEZ, FEETEELARPERLRREM,. i, EelLiER BIOS IREXR#
17124, iBFT 5B AT iSCSI 5|SHIEERAMSHMERR, BIFFHIRSEM
iSCSI Bir5 & tcimEiR,

5. FRUTAZEZ—RZIMWE LR iSCSI BiF.

* iSNS: ZEFH iSNS (Internet Storage Name Service) 3R & iSCSI BFr, &
5 15.3.1.2 7 “fFEFISNS &£ iISCSI Ein” HFmR4rE421E,

o BAMBHR: EFnhAI iSCSI BIn&E, BIRE 15.3.1.37 “FrpglisCcsI B
i1 FFRIRG SR,

15.3.1.2 {EH iSNS &I iSCSI BfRr

NRERIER ELREHECE iISNS iREe8E, AREMFERLIED, BXER, BE8RE 145
“ISNS for Linux” o

1. 7£YaST /1, ¥ iSCSI &icis, FAIRERERARSSEH+R,
2. 87 iSNS BRS588R7 IP #iiEAIR O, FAINIRE 79 3205,

3. BEHEREHNAER,

15.3.1.3 Fap&IiSCSI Bix

MEMBIRE iSCSI RikLintIfRSS 23 ABIET iSCS| BirfRS SR EE LU TR,
1. 7£YaST /1, & ISCS| &iin, FARERE &I EIRER o

2. BELIITH iISCS| K& WA IEE,

3. JaN IP b RIEFEE RO FIAmEA7 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,

15.3.1.4 4iSCSI Birig &g E B E L

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 SHPRM initrd ##1TiF(E, LLATET/EM iSCSI 5%
BFa (BlWIBMZ) LB, Rit, EXEFE EANERZED, MmERE
o

4, BEHHEREHNMAER,

15.3.2 FohigH iSCSI kit

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

3FF iSCSI B EEX BB, RER—1T. BXEEHIENESZER, 5
WEE 1533 “iSCSI kiEBmEuEE" .
iscsiadm BY45% --login EIMRCIEBFIEEEMNISE:

tux > sudo iscsiadm -m node -n ign.2006-02.com.example.iserv:systems --login

MERISERERE Usscsi MNP, MAEETEHZILE,

15.3.3 iSCSI Ritim#iHEE

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

manual

node.startup
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
node.session.timeo.replacement timeout = 0
node.session.err timeo.abort timeout = 10
node.session.err timeo.reset timeout = 30
node.session.iscsi.InitialR2T = No

node.session.iscsi.ImmediateData = Yes

EREXLETENE, AF iscsiadm 5 S5 RIF—EER. 0, WNRABL iscsid EHIA
AT E R iISCSI Bi%, MPEZE node.startup MIEIEEN automatic :

sudo iscsiadm -m node -n iqn.2006-02.com.example.iserv:systems \

-p ip:port --op=update --name=node.startup --value=automatic

fF delete RIEBIRI LIRS, KRB
ign.2006-02.com.example.iserv:systems FEREMMNICR, BEAUTHSHERLL
IEX:

tux > sudo iscsiadm -m node -n ign.2006-02.com.example.iserv:systems \
-p ip:port --op=delete

O ==: TwiA

ERLLETNVIZE, RAESBERZIERMAERMINEIAET.

SRV EE AWM BIRRTIFR, 15317 sudo iscsiadm -m node &<,
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15.4 £ targetcli-fb i€ B34 B R

targetcli AT EE LinuxIO (LIO) BirnFRALLENINR. EBHIURE AR ERZINS,
WA RTEERRINTRBEFSRPIT—FEDL. XUFEFHRINT, EAIUER cd mLEH
targetcli ThEEE/REEHY, HEM s L FIHAR,

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 TR targetcli-fb &%, WRHEEEET SUSE Linux Enterprise
Server RIHMEFESIRM, AIEAUTHIHEITRE:

tux > sudo zypper install targetcli-fb

L& targetcli-fb #FE/E, BA targetcli ARSS:

tux > sudo systemctl enable targetcli
tux > sudo systemctl start targetcli

EEE| targetcli 8%, B root B141E1T targetcli:
tux > sudo targetcli

PAkE, EILUETT s s REBEBININEE.

/> 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 LA T igtn:

o fileio: ZSHhBg&E 4

block : TREENDX ERRET

pscsi: SCSIB#@ig&

ramdisk : EFRENEIR

rbd : Ceph RADOS HRi&#&

AT

7K targetcli (9INRE, 1BEMA create SR AMIG XIS E NG BIF:

/backstores/fileio create test-disc /alt/test.img 1G

XEEEENMUE (EAGIFRN /alt) eIEZ 1GBH test.img MK, iB1T 1s,

BRI TR

/> 1s

()= // bocoonoooooooooboaoccbon0a0D000a0D00aa00000a0000aa0D008a00: loaal
0- baCKSTOresS ... e [...]
| 0- block ... s [Storage Objects: 0]
| 0- fileio ... it s [Storage Objects: 1]
| | o- test-disc . [/alt/test.img (1.0GiB) write-back deactivated]
| | 0- alua ...... e [ALUA Groups: 1]
| o- default tg pt gp . [ALUA state: Active/optimized]
| 0- PSCSL . ittt e [Storage Objects: 0]
| 0- ramdisk ....... .. .. [Storage Objects: 0]
| o- rbd ... [Storage Objects: 0]
0- I1SCSIL v ii ittt e e e [Targets: 0]
0- loopback ... e [Targets: 0]
0- VhOST .. e e e [Targets: 0]
0- XEN-PVSCSI ittt ittt et [Targets: 0]

/>
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WitHtst, B7E /backstores/fileio BRTEIE—1&AN test-disc MEFXHR
HREME, HFESEZIIENXE /alt/test.ing, EER, HHNERFMEREREE.

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&#A5RYE XSS BY & MG
° 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

BXE(T s &<

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]

/>

W EREIZET iSCSI BirT=, HBEmhAELER IQN ign.2003-01.0rg. linux-
1scsi.e83.x8664:sn.8b35d04dd456

HEE, targetcli FEIBEHBERATERAMWBEMRIFE tpgl, XREAAMUFIREIINT =
auto_add default portal # auto enable tpgt EXIAIZKEN true,

ZenRIEfER 0.0.0.0 IPVABECREIEZTEVAIIF . XEKE, 1 IPv4 tintERET LA IE)EC
BRIB T,

T—FHZNiSCSI BFrelZ LUN (ZIERTS) . FITIHIRERIREMEZZIL targetcli B
g RE MRS, TR iSCSI BIFFENER, ARE lun BRPER create &<
FRAEMEREK LUN,

/> cd /iscsi/iqn.2003-01.0rg.linux-iscsi.e83.x8664:sn.8b35d04dd456/
/iscsi/iqn.2003-01.o0rg.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

@)= el cesaaa000nnboEa0aa000nE0EGEaAA00a0baEEa8a0000 ¢ [no-gen-acls, no-auth]
(0 T Tl [ACLs: 0]

0- LUNS oo e [LUNs: 1]

| o- lun® ....... [fileio/test-disc (/alt/test.img) (default tg pt gp)]

0- POrEAlS .ttt e [Portals: 1]

0- 0.0.0.0:3260 ...ttt e e [0K]

M7E, ERIZT—1AE 1G6BETXHNEREFM ISCSI Bir. ZBREHA
ign.2003-01.0rg.linux-iscsi.e83.x8664:sn.8b35d04dd456 , A MARGHIE(IRK

KinOAEE,.
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&E, BEMFRAREEBARERENET. BEXILEN, —MAEZRNE LS ﬁ'JL—
N RFEIEZEIBATEY ACL I, EXMERT, “IERHE IQN FIHE PRI AR

LIfE /etc/iscsi/initiatorname.iscsi XHF#ZIIA LT IQN, ﬁFHL,{—an LI
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
/>

BN ENEIrESERE LE, BEAR—RALTEM open-iscsi iSCSI KiCin& T
Bl—%%E (5% HOSTNAME Bt BN ENZ) .

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,

15.5 REMER iSCSI &

fEAHF ISCSI WEHRY, M AMD64/Intel 64 #1 IBM POWER A& 454 LAY iSCSI #g#2 5|
Fo
BEEREIREZPRFER ISCSI HE, HIAELUL TSRS ISSEHIT:

withiscsi=1

ZRIEPRIINET—NESR, ILERILUR iSCSI BEEEIZREIR S, HEREIEPMUGE
Fo

Q i BEa%E
5| FHAE, iISCSHEERBEF BR. B initrd AIERARXHRAEFHIREXLILE,
B FEAEMXERATIES S (B0 /usr) , HELERFIE. Fit, EARSE
= (FIE0 /usr 3¢ /var) #BAZZR, BEEAXLGE, BHFRERRBLSHENR

FMEEo

15.6 iSCSI&%a

AT NE—LEERMIBEM X iSCSI BARA iSCS| &itinminlry rl1TRIERTT 5o

15.6.1 7xiSCSILIO BirhiR5S 28 LiIgE BT LUN BN &% JFPEEIR
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

15.6.2 iSCSILIO BfrEMITEMN _EAREI I

MR BFRIRS 28 EEABASE, NAFTHEFEREL ISCSI %O, LAﬁﬁEﬂtﬁrEmE ] iSCSI
LIO BtF. BXER, BFBWE 152,17 “ISCSILIO EAES BahflfiNiEEE”

15.6.3 iSCSI@MREIEEMREF

INRFIMERIC, AJRESEFE. SUSEHMERUNN=DHEEFE. MRELRIMISCSI@IR
PEEREF, BE B SUSE BIMBEE N NITIRE SRS, MAREFEN

15.6.4 ¥ iSCSI &5 LVM BEc&1EH
FEISCSI B LM LVM BY, IBERAS DM ERIER.

15.6.4.1 WEMESIFREEHITISCSI Kitin LI

IRE iSCS| &itimfy, WIRSISNBERAAI, LUE udev E5IFHRILIAIL ISCSI 18E, HiRE
B LVM fERBYIZE.
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15.6.4.2 WMEES|IFHEENITISCSI BIRAI

BIEE, udev IMKERMIINLE. BREBIKENMENAEFHERESITHER, X
£ udev ERABCIINBEAREN BRFIRFIEHIEKESE. MRNAEFHRSEHREAE
&, W udev FRGRES|IFHHEFBEIRIRIRE

15.6.5 EEXMHFIREANFEIN, =¥EFH ISCSI Bin

MBEZMFNENRT /etc/iscsi/iscsid.conf BBEXH, B4, BMEEZXXEFIE

node.startup EWIKENFHN, Open-iSCSI Baiitth=iEH BHx.

& /etc/iscsi/nodes/TARGET NAME/IP ADDRESS,PORT/default X, ©8&

BE /etc/iscsi/iscsid.conf XfH node.startup &8, WREH YaST ZEOEHE
HIETUKENFEN, FNRTE /etc/iscsi/nodes/TARGET NAME/IP ADDRESS,PORT/
default XHH1I&E node.startup = manual,

15.7 iSCSILIO B1rAiIE

E&iEE
e iSCS| in R IKERYSEFREFYIEEF N R

CDB (#<$#iiRTIR) )
SCSI FaSHtRENR . CDBB@BEEKEN 6. 103 12 MFY, BHaLUAE 16 PMFIER
BEETTKE,

CHAP (FRifEF S H3EIEHY)
SX RN (PPP) BB EZRTFAS —a it BN —a it BN S5, HERiT
HIWY (LCP) IEIZM AT ENHHNE CHAP ikfa, BRI mMEELEREIE
B AREZIEEARIEANNUARZHELH UBENBNNE. BHSHINIEELER
A A EE I EENERINZA BN ZHITIRIE, LURERRIASNIIEEEFINE
##, CHAP 7 RFC 1994 H17E 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 (ELEXFI X fiETF)
5 IP AR F MBS T IR — RN I&E. FCIP (BT IP BOCLTE
8) . iFCP (EEXMyteh@Ethil) LA iSCSI (BB 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 #usik X TCP (fefaizhithil) ImOR9LAE. TCP im0 3260 2 IANA (EEX
WMSHBIECHM) FREXR iSCSI hiXBImHA S,

SAM (SCSI{ARLEMIETY)
U—REARIEWER SCSI {TAMXRY . EXFARERAIGE BT I BHITE.

target
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,

158 BEZER

iISCSI Y EEtZE, BiFZHiLH iSCSI 5 SAN RS RIELLIR. TENM4ERE, ttoMNEE—
P NXAIRERRE ARG R, BXIFHAEE, BES M http://www.open-iscsi.com/ 2 Y Open-
iSCSI B F* 11,

ttoh, 5N iscsiadm. iscsid BIFMTT, MUKRBIECEX Y /etc/iscsid. conf,
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16 LAKXMytet@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' '

16.1 : ARIVUAKFIFELTEE SAN

Open-FCoE AILLIEEEN ELMA R ENSLEACR LNEREG LiZiT A BENN. EER
F 10 Gbps (B8FFIKGL) MUKMIEESSE, BB FEAZIFEEMAIUKMIEEE. i
imAR R YA mE I A IBARIR AR B F AR MBI ZHitR R, Open-FCoE #&1R7E 2 SCSIHY
KR IRTHFEF. Open-FCoE £4ifFA net_device AEFIZFUWE, #IEH OFFE (DCB) IXTh
TEF1EMtt FCoE BIARSBRE,

FCoE B—MEEiY, ErILUBE UIAKMIEZS oA BB R EM IR Bt BB iR
i, Wt—K, BHMBLLIREEEEMIGHEM ] LURERYLT BB —1#{ER FCoE,
MRFETINIER, EaILLEZFEEREEZE FCoE:

o RV BEBNFBERETFRS, FHHBEERNTBEREMAIRNEERER,
o IBHIMLEHEPERIRZ 10 Gbps LUK,
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AE BRI R BRI i E FCoE,

16.1 EREIEFEE FCoE [

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 BiRE, BKAE FCoE EOMEER, 1BBME 1631
“fEF3 YaST &1 FCoE BRSZ” »

s
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Q iim: HEARE
5|SHAE], FCOEIREERFET. B initrd IR NBEX GRS EMEEXLEGE,
BXNFEAEMXERETERH S B0 /usr) , HELEFRIE. Bit, FRRSKGE
He (B0 /usr 3 /var) #BARZR. BEEAXLILE, ERERERRTZENBIAR

SR

16.2 %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

WEILAER YaST B EIRER L E LU PRI EL

16.3 f£H YaST EIE FCoE AR5

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. B5hYaST HiEFEMLEARS > FCoE B IRALE,
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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.

o BEiUAKMALTEE (FCoE) IRSS: I8 _RTEIRSS 235 | ST BIIKXMILATE@E
k%% fcoemon FIFIEFIEEFoIEEN. ZTIFIEFATFIEHI FCoE &£, HA5
1lpad FIFEFCIEEE, ATRERSI IS (BHA) HFE0.

* [Bzh Lldpad BRSS: (EEREMRSRSIFHER “HEELIMMY AE Llpad
TR, ERFHBMETIFERF. llpad TFEFZMA fcoemon FIFIEFH
HHIEROMEINEEN FCoE #OMEBMNMBEXER. AIRENSISH RUA) =F
o

NRERRE, NRLHEREANAEN,

3. EEOEDFLE, AIEEAEXRSESE LAARNEINMNSEESENES, 2FFX VLAN
M FCoE ELEMIER. eI LIBI#E FCoE VLAN 20, FE2kIlE FCoE #HOMIZE, M
B% FCoE #,
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174

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&

BRUKXMI T EE
BRI EEC2E 613 FCoE £l

BERIEROHE
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 SFFREFHFEASERARNER, HAUEERTHERAZERZAS.

LIARXAi@iEEiE
| (E15) | #0() RE(©
EEiRE
iER(D)
= ;
ERREEEQ)
= >
| @mee | | BHO | | BEO |

8. BHHEREFHNMAES.

16.4 fERA#<ECE 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. BAFIREHIER OERNRARREIES (PFC) IRE,
tux > sudo dcbtool sc eth<x> pfc e:1 a:1 w:1l
SHIREEN:

e:<0|1>
EHITIRERN B Ao

a:<0|1>
RS B R OMHE SR N A X SR HET ThRE,

w:<0|1>

TR R S A ERIBEM T F R EIN R IR EAHIZ R E.
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

16.5 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 SLAHIERFE fcoe-utils BREBRIAMES, ZFLH—ARIEEWN TAIR:

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

=B ElEFEERAR FCoE SEHIRVHFRE eth 3 IHANRITERS. BF—
Fo HAREEMNEEMR, WERARIAE—,

T—{THRITEF

fcoeadm -t eth3

SN R P

ETMEH FCoE LIRS eth3 in A A IMEIRIFRAE BIFHEXER. B— 1T EXIBR

fEE% | T FRrE XEH LUN, &ERIEE L5,
5o FEMRHIETRFEE eth0.201 3

tux > sudo fcoeadm
Interface:
Roles:
Node Name:
Port Name:
Target ID:
MaxFrameSize:
0S Device Name:
FC-ID (Port ID):
State:

Device Name

/dev/sdqi
/dev/sdpk
/dev/sdgy

16.6 EZER

ﬁ*ﬁ:lu %) 1ﬁ L/(-F;‘Z*é

* BX Open-FCoE IRBTIFREFIER, 155
* BX Open-FCoE EEETAMER, 155
s BXR¥BEROFEIETANGER, BFENL
o BXERERMMURIETIFIZEFNER

179

)-lﬁ

N 2RREEE FCoE LHIMFBIHRONE

EENBEREXER
-t eth0.201
eth0.201
FCP Target
0x200000D0231B5C72
0x210000D0231B5C72
0
2048
rport-8:0-7
0x79000C
Online
Capacity Block Size Description
792.84 GB 512 IFT DS S24F-R2840-4 (rev 386C)
650.00 GB 512 IFT DS S24F-R2840-4 (rev 386C)
1.30 TB 512 IFT DS S24F-R2840-4 (rev 386C)

20 fcoemon(8) FM.
20 fcoeadm(8) FH.
dcbtool(8) FMTi,

201 1ldpad(8) FM I,
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17 NVMe over Fabric

AENBWEIEE NVMe over Fabric A BHi%.

17.1 #E's

NVM Express (NVMe) @ BXIAINIEZKM4MEE (BER SSD ) BZOMME, 5 SATAHE
Eb, NVMe ZEHEREEESZE, HEIEEER,

NVMe over Fabric 2 A FBRE R EMKLETIAIR] NVMe fEEFRIEREN, XLEMKLEHE
RDMA. TCP BETHFEER NVMe (FC-NVMe) &, NVMe over Fabric BIERZEATF iSCSIo
FIREATEEES], NVMe over Fabric HE T %1225 NVMe over Fabric ZEEFEETF%
4iHY DM ZE&1E,

NVMe EH1235EZEE] NVMe BIrEUITENL. NVMe Eir2isEEE NVMe BIEERIITENL.

SUSE Linux Enterprise Server 15 SP3 25 NVMe, 127 AT NVMe RiEF LUK NVMe
over Fabric BIrfl EHBIARIZIRIR,

EEERLNBHRSHEEARKEESI, BBRE 1747 "HRENLE" o

17.2 & E NVMe over Fabric 4/

E{EF NVMe over Fabric, #07EBir LERSZIFNEMGE, IRHNAEZEEETHAEE
B9 NVMe. TCP # RDMA, LA FJLRHNTBIANE ENEREE NVMe BHro

e

24 AU AL ALl
17.2.1 ZEGSITERim
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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17.2.2 &I NVMe over Fabric B4r
54 NVMe over Fabric B LB NVMe F&R %, BEEH LK IMIEHI2LHEFIARSS 1D,

tux > sudo nvme discover -t TRANSPORT -a DISCOVERY CONTROLLER ADDRESS -
s SERVICE ID

% TRANSPORT Bt NKEEMIEA: loop. rdma. tcp 3 fco &

DISCOVERY CONTROLLER ADDRESS E#tk& Ii=H2grytit, ¥+ RDMAF] TCP, Ltih
HERZRE IPv4 #itlk, 3 SERVICE ID BN EHARSS ID. IRARSET IP (5140 RDMA 5%
TCP) , MRS IDIEEHAOS, WFHAFEE, FRERMIRS D,

NVMe ENRSBIENENEENF RS,

Ntk
tux > sudo nvme discover -t tcp -a 10.0.0.3 -s 4420

EXEZMT, 520 man nvme-discover,

17.2.3 &3 NVMe over Fabric B#r
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 BMAKEEZHEMA: loop. rdma. tcp 5% fco ¥

DISCOVERY CONTROLLER ADDRESS ##ft 9k IizHI23aI, *F RDMAF1 TCP, Ltih
HERZ 2 IPv4 ik, 3§ SERVICE ID BiEAEHARS 1D, WIRRSETF IP (140 RDMA 5
TCP) , Mtk ID 3EEHHOAS, & SUBSYSTEM NON B A LIS EINFE FRSH NVMe
FRERZFF. NQN 2 NVMe [RE & (NVMe Qualified Name) 9485, NQN AZE—,

ANl

tux > sudo nvme connect -t tcp -a 10.0.0.3 -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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1724 ZREiZ

NVMe W ZEERINGTFBERS. NREREFSTINZERIKE T CMIC &T, M NVMe
EIRBIAS R NVMe IREH2SIRFI N L BRIF K.
EEELZRE, BUERAUTHRS:
BEZBE
nvme list-subsys
HENZRIZIEENHRo
multipath -11
e BRAER, 2R NVMe ZEREFIEE,

nvme-core.multipath=N
SRS ISEERINZETE, F2A NVMe AHZHEZ.

17.3 & E NVMe over Fabric Bfr

17.3.1 ZEGSITER iR
EFZE NVMe over Fabric B15, BEZR%E nvmetcli 517 E, R zypper TEizT
H:

tux > sudo zypper in nvmetcli

http://git.infradead.org/users/hch/nvmetcli.git/blob_plain/HEAD:/Documentation/
nvmetcli.txt 2 EIRET nvmetcli BISRHT X1,

17.3.2 EETR

TERTFEZEGIHERUN{EIZ & NVMe over Fabric B#To
FEREFEENEEHND, FA cd GSTFM. FH s AFIHMNR, ErILIFEA create 6
EBHER,
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http://git.infradead.org/users/hch/nvmetcli.git/blob_plain/HEAD:/Documentation/nvmetcli.txt
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1. B5) nvmectli KXEYM S

tux > sudo nvmetcli

2. GIEHIHA:

(nvmetcli)> cd ports
(nvmetcli)> create 1
(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.o0rg.nvmexpress:NVMf:uuid: c36f2c23-354d-416c-95de-f2b8ec353a82/
(nvmetcli)> 1s
0- ngn.2014-08.0rg.nvmexpress:NVMf:uuid:c36f2c23-354d-416¢c-95de-
f2b8ec353a82

o- allowed hosts

0- namespaces

4. BIEMEIRI=(E, HEHPIRE NVMe 8!

(nvmetcli)> cd namespaces

(nvmetcli)> create 1

(nvmetcli)> cd 1

(nvmetcli)> set device path=/dev/nvmeOnl

Parameter path is now '/dev/nvmeOnl'.

5. ERLRItZIZIR=IE:

(nvmetcli)> cd ..
(nvmetcli)> enable
The Namespace has been enabled.
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6. EREIERRIR=IE:

(nvmetcli)> cd ..
(nvmetcli)> 1s
0- nqn.2014-08.0rg.nvmexpress:NVMf:uuid:c36f2c23-354d-416¢-95de-
f2b8ec353a82
0- allowed hosts
0- namespaces
o- 1

1. RTFFIBEENERZFRR. REEREWIEPA AT,

(nvmetcli)> set attr allow_any_ host=1
Parameter allow any host is now '1'.

HE, AURARTFRENENEILER:

(nvmetcli)> cd
ngn.2014-08.org.nvmexpress:NVMf:uuid:c36f2c23-354d-416c-95de-f2h8ec353a82/
allowed_hosts/

(nvmetcli)> create hostnqgn

8. FIHBIBRIFIE R

(nvmetcli)> ecd /
(nvmetcli)> 1s
o- /
o- hosts
0- ports
| o- 1
| o- referrals
| 0- subsystems
0- subsystems
0- ngn.2014-08.org.nvmexpress:NVMf:uuid:c36f2c23-354d-416¢c-95de-
f2b8ec353a82
0- allowed hosts
0- namespaces
o- 1
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9. fEB+RAlEE RDMA A

(nvmetcli)> cd ports/1/

Parameter trtype is now 'tcp'.
Parameter adrfam is now 'ipvé4'.
Parameter trsvcid is now '4420'.
Parameter traddr is now '10.0.0.3"'.

&, EEIFEThBEER:

(nvmetcli)> cd ports/1/
(nvmetcli)> set addr adrfam=fc trtype=fc
traddr=nn-0x1000000044001123: pn-0x2000000055001123 trsvcid=none

17.3.3 &ipMiREBiricE
AIERALU TS JSON Xt shiRiz BTEE

tux > sudo nvmetcli
(nvmetcli)> saveconfig nvme-target-backup.json

EMmEREE, EFER:
(nvmetcli)> restore nvme-target-backup.json

TR B LR RIBCE |

(nvmetcli)> clear

17.4 $5%EHEEE

17.4.1 #I'S

(nvmetcli)> set addr adrfam=ipv4 trtype=tcp traddr=10.0.0.3 trsvcid=4420

BLEEHRERHANEESEER T BYNEUTENRINE, BECESEMER TR

IR RN,
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17.4.2 Broadcom

WRIEEFHE Broadcom Emulex LightPulse Fibre Channel SCSI IRshFERE, IB7E Lpfc &R
B ENFRNANZECE S

tux > sudo echo "options lpfc lpfc_enable_fc4_type=3" > /etc/modprobe.d/
lpfc.conf

Ha1R Broadcom iEEC R B AIRRASE DA 11.4.204.33, BIMARELERIFRASH nvme-
cli. nvmetcli FAN#%,

ER A ch@EwmO1E NVMe B15, FEFIMCE—MERSEK: 1pfc_enable nvmet=
COMMA SEPARATED WWPNS, IBHIANTHEHIE 0x B WWPN, {40

lpfc_enable nvmet=0x2000000055001122,0x2000000055003344 , ZLR2RNBER
BB B IR WWPN, B4t @iE s O a8 7 B iR &S,

17.4.3 Marvell

QLE269x #1 QLE27xx i&fdes F#BZ#F FC-NVMe, Marvell® QLogic® QLA2xxx Yt&Hi@iE IR nhiz
FHENAS B FC-NVMe #,

ZiIANVMe BB ERBH, BE1TUTHL:
tux > cat /sys/module/qla2xxx/parameters/ql2xnvmeenable

NRER 1, MRERNVMe BEA, BR 0 &K= NVMe BEER.
RfE, REUTa<THELE, #R Marvel :&Ec2EEHRIARZASFMET 8.08.204:

tux > cat /sys/class/scsi host/host0/fw version

&g, MBEREREEHET SUSE Linux Enterprise Server BIHhRa4s ( nvme-cli.
QConvergeConsoleCLI) MAZ. Hla0, EAILUETT

root # zypper lu && zypper pchk

KIOEBFHMT o
BXLENEZSHAT, 155F T5 Marvell HFEEHHY FC-NVMe 3853
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e http://driverdownloads.qglogic.com/QLogicDriverDownloads_UIl/ShowEula.aspx?
resourceid=32769&docid=96728&ProductCategory=39&Product=1259&0s=126 #

e http://driverdownloads.qlogic.com/QLogicDriverDownloads_UI/ShowEula.aspx?
resourceid=32761&docid=96726&ProductCategory=39&Product=1261&0s=126 <

175 BEZER

BX nvme S THITHEENEZA T, 7§S% nvme nvme-help,

LU EEEI2 M T NVMe 1 NVMe over Fabric B9{E 7Y :

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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http://nvmexpress.org/
http://www.nvmexpress.org/wp-content/uploads/NVMe_Over_Fabrics.pdf
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18 EBIEIRBEMZEREZE /O

AENTAWMFAER SR /0 (MPIO) REEMRSS BMIREF IR &8 Z RIZHHK BB RE A
T8

18.1 THEZERR1/0

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.

18.2 MR HF

ZIRIZIXEIFEFA T A #F SUSE Linux Enterprise Server ZBMFIEHRRLEN, BT
LEEFEY, FRERFIGHNVEFMETISNNZ LR, TR RERREFRNT
B, FEMEETIHNFIREECHNZRIFEETR, EEEHNEEG Y LR EEEW

LigE,

18.2.1 BitNlIEEREYIRIZERER
multipath-tools 34E B it E| LA T EFRES:

3PARdata VWV

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, WAMFohelZMECE /etc/multipath. conf X, X3t
TeeEUNEINEGRIER, BXEE, BE8WE 186710 “GlEIEN /etc/multipath.conf
X%

EFETYEm:

o H3EFRE BrhuNEIRE7ZRE5ERE7E SUSE Linux Enterprise Server E£&idiMid, Fi5
B0% 18221 “GIIZIFLRENEEES -

o REAEFIETIARER RN ENBALIERER, BALEEFE— AR, STRRE
LAFNRIE 1/0 SRMHITIRE TIEARIRME. BXER, BBME 18237 "H2EEME
A ERE R BIETRRED” o

o HRIELR /etc/multipath.conf XHfE, #HIIEIT dracut -f ERSAE LEFHEC
2 initrd. ARESISRFZUFEELREN.

18.2.2 AN XIFZRENEFIEY
THMEN A= RiE7ZRESI B 7 SUSE Linux Enterprise Server _E£23i3 i :

EMC

Hitachi

Hewlett-Packard/Compaq

IBM

NetApp

SGl

HithH W i ptEF 5 S8 eI LA, EEEHNENXXELIREEXES. AX
multipath-tools EERILURAIBBINERFEFINGIR, ESRE 18217 “Hipill
HEFEFINZRIE -
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18.2.3 FERTEEFLIERFIETFES

ERFFHRE L RIT N RIZ RS —RBIEHERBIEFRET N ERFHRIATER IR IERIAE
ZrEY, AIREBEKES L, Eit, REMRHIEFZRIERSERATHEALEEFNGEF. F
g0, B2 EMC CLARiiON CX & FIBIPET R T — It IETE R,

O == 5248
R R R E BT ST S S TR 3 B R R BT,

multipath -t @< ER—"ERERRFEEGLIERZFHITIHLIENRZBEFIES
Ro ETHVIRFAERZZFHEFEHIINSETIR, NFIHERFHGIEH BET A LHAE
multipath-tools F&AGA LUAIRIBIARLERES,

O ==:
HE 5 RS B ENMEIRERIHAIE, ALl multipath -t HOTATIH

Efllo

multipath -t RPHFIRF—ERTEZIFEEMS LA SUSE Linux Enterprise
Server, MFEMIAIHIEFMEFINGIR, HBNE 18221 “FhdZ 52 RENEFE
50”7

18.3 HixlZRiZ
RIS EEE /0 BRASER, EEBATRILT,

18.3.1 JFoRFM
° SBEERERIIHTER.

BT ZRBRENEERTIOTXIFZHE. BXFMER, HENE 1827 "BH
oo
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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

18.3.2 MIEREIRES
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

18.3.3 ZXfF RAID

Linux 3Xf4 RAID BRI ZHRFZNEM LiZTT. MTFABZ /0 BRIEURETIERHE
RAID RERMEM&E, DIRZKERENZFZREZ, TRIACIENRM RAID ig&. £
REBEMAIZRIZIRE. W RAID A THRERERZTHZRIEEE,

BXRAUMERMH RIAD IREZRENGER, BERE 18.127 "NIIENHFRAD EEEZRIT |/
0” o

18.3.4 SERRBMEBALE

HEER NS AR RETE I TR NS RERSET. BEREIMTRLEN /
etc/multipath.conf XHHFHEEERETENHEPHREF—F.
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WRZBRIZREEAEIREPNZTEER. BXAT, BESEE 18917 "HARETNZ
BIZIRERIT 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,

18.3.5 (&AL initrd 5RASREERRRED

FERAZEENREEN—HERE, FHRARTRXHRAKRIISRAFAFNFMEEMXGR
%7ME, initrd SERENRKTH—H. MRERKFTEATZRE, BAFER
initrd FEAZRIE, RZTFA. BXEFMAESE, BER F 18511 "BA. ZH. Bl
FIEZERZ 1/0 BRSS” -

R initrd SRGAREY, RERFLEERSR, BoIdBERERERINR. BXRMMAET
EELLERBRRE, BSRE 181527 "EAZRENASES | SIiETELEISEZ

==

1

JL [¢]

184 ZRIFEETA

SUSE Linux Enterprise Server ARy ZE&EZ 1A Linux RIZAYIS & BRETIE R Z B ISR IR K
multipath-tools AP ZREIRHEAEM, EIUFERAZIREEEXHAER (multipath)
BEELZRFIZHFIRS.

18.4.1 1IREMEIIEF ZERIZIEIR

B & IRGTIZRF 2R 1Z (DM-MP) 309 Linux 1212 881214, DM-MPIO 27E SUSE Linux
Enterprise Server L L% BRIZMNEIEF AT R. BRI mMEHEIHE —— N ZRFIEDT, 5T
2% SUSE 2§,

DM-MPIO AJ AN EMIZE BBl E ZHREFAF. B MEERZARE 8 MikR. ZRPESH/F
SER (—MNRIZERN. HMRIRTES)) SUEH/EN FRERRESER, SEIAMETE)
HERE.
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DM-MPIO EZRrI#ZmF AT B

o ERNEEHLERF, BXER, BBRE 18237 "TEEEEMHFDIERRFIMETFME
I

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.

Q EE: fariRss
ERLEHENET E, EEEFESHEEFLIESREIERETN, UWE—RNETR—MEFLIE
g, —MMEREEDR, F—TNENEMR, BERERIE, NREEZTERAME
FariEsE (AERENERERA) , WATREREZFRIFTER LUN, HETREREIXLE
LUN, BEZRIARENNSHE,

#&18.1: fEFMESIRISERTZE 1/O Thik

i zediet oy 3 iEA
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

iEA

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 f1EShras, 18 (/) &&F
TRZER. IVRSSH[HIERES | RIGE HarEsiTHI2s
Mg RS,

£ SUSE Linux Enterprise Server 11 f1E sk, /boot i&
BXFERRZ.

IREMETIEF Z AR ZRFIRENE N ERERNIRIIH SCSI i&HF. SCSIEERMIERR /
dev/sdN, HFF N BRZig&EBEHERNFE, MaFis, HEig&EeIERIRFELZR, Fi /
dev/sda. /dev/sdb &, WIRIGHFIET 26, WEAHENFE, XEE /dev/sdz fFH
T—M&ERHB A /dev/sdaa. /dev/sdab &,

MRKBEENEZERZ, MERLIE /etc/multipath. conf XEFFEHEREE

{lo multipath.conf XHEELIRNMEEZ R ZEARAEFEN. BXER, BELFE 1861
“BIFRIEEY /etc/multipath.conf XX
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1842 ZERFI/OEBEIR

multipath-tools # kpartx MEBRM T AFZTHITEMNRELAMMSHANTE, Eflx
EHEMIRERR, X, RAIXKNBEREMEIERRS, EUEENBEH. XAURARE
B R SRR E BN KT,

# 18.2 . MULTIPATH-TOOLS # &I A

TA HiEA

multipath RERZPNSREFREHFAHREN.

multipathd HEMIEY, ASHIT multipath,

kpartx 4L devmaps BT EI ZERRIGE DK, F1EEEBNIEE

EHIDXEIZZ RS,

mpathpersist IS B MR Z 812 devices.ppc EEIE SCSI A ARHE

18.4.3 W% EFILFHEAR MDADM

udev BRINEERIEERF, RASEMNFEIRENLIK ID MARRETRE. SRR T L
hiZ<#9 MDADM #1 LVM HREyjale, BIECES 4 (mdadm.conf 1 lvm.conf) FEEIEHHIRA!
LRFIGE.

5 LVM2 —#¥, MDADM thZEKi@id ID MiFg&ET R EiARIg&E. ALk, /etc/

mdadm. conf ARY DEVICE M TgE:

DEVICE /dev/disk/by-id/*

MRBEAAFAREFNRN, BRUTATEEREE, UETEEZRIEEMNNIRERIIER
AT

DEVICE /dev/disk/by-id/dm-uuid-.*-mpath-.*
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18.4.4 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
B E ZRFI%E.
fEMEM /dev/sdb (40 udev B9 SDEVNAME ZEFFR) MISETARRA
major:minor A& DEVICENAME » WEILUERIZISEIIZERZMETZ 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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B /dev/sdb (40 udev Y SDEVNAME TEHFIR) KIEE T R RE*RA
major:minor I DEVICENAME » tBRILUMERIZISEIIZIRIZMETZ TR,

multipath -v3
EATEZHRFRZEHETENZHREMNER. XMIFMLFIFTENFIEHNEIRYES
F. ZREMLZEMESS, WWID #1 devnode FINEZEIZEEHSE T

multipath -v3 DEVICENAME
RERERAEZRREEHETEXER, V3 EMETRTENRZEIIR, XMHFMALF
FTENFRERMEINERER. ZEREMIGEMES. WWID #1 devnode FINRZRIIZEHS
T
fEREW /dev/sdb (31 udev HY SDEVNAME TEHFR) HISET ARERA
major:minor BN EE DEVICENAME , tHRJLUERIZISE SR METZ TR,

multipath -ll
ETFEZREILEIIRS.

multipath -ll DEVICENAME
ETHEZRFZIZENRT.
fEIEM /dev/sdb (40 udev #J SDEVNAME TEHFR) MIRETSZHEXE
major:minor I DEVICENAME » tRILUMERIZISEIIZIRIZMETZ R,

multipath -f
RIFFRBE R ZRFIREMS . ERETZERE, BERRRESE.

multipath -f DEVICENAME
RIFSE SR BIZENRAZRFZIGEME, EARIFZREIE, BFRHRILE,
fEREW /dev/sdb (31 udev B SDEVNAME TEHFR) HISET R RERA
major:minor A& DEVICENAME » WEILUERIZISEIIZERZMETZ R,

multipath -p [ failover | multibus | group_by_serial | group_by_prio |
group_by_node_name]
EE FRPFTARE P — A RBETURIS B 4H 5REK
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£2 18.3 : MULTIPATH -P #5 < ry4A SRR IEI

ER BRI L]

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 XA E N global. per-controller 2 per-multipath i%
TSR

group_by_node_nameB " BirTTRB@—MLEERH,. BIFHRBEE /sys/class/

fc_transport/target*/node _name fiiEREXHY,

multipath -t
ETASEHRIENNZRIZEE. BXEESHNAT, SN man multipath,

18.4.5 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/mapper/
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/mapper/
mpath9
RE8 /dev/mapper/mpath9 &EHRZIZIERBZZH,

mpathpersist -i -s -d /dev/mapper/mpath9
3%£EY /dev/mapper/mpath9 i&EHIREIRS.
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18.5 $HWZWIZECERS

18.5.1 [ZH. ZH. BoflELEZEEE /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

O ==: e initrd
BRERANZERAZRERSN, EREEME initrd, BURAKFRIELEESIS. B
BAZEERSH, REETUTHRSUEME initrd:

tux > dracut --force --add multipath
P RARSE, MEiTUTa<UEME initrd:
tux > dracut --force -o multipath

(AIi%) Itoh, MNREFRHENKEZREFZIRE BMEFHBET ZKRE) , BEEN
2 initrd 281, BUT/UTHRME /etc/multipath.conf HIKE:

blacklist {

wwid " . k"
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18.5.2 I ZERIZ/ES 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 iEE: TAMBRE
HRISIETEFERAN HBA REEF & B RA AN Z KR,

BXEZAT, B NHNBEERR.

n
o BRHREFERZ G, KIMIERLFEMEY] LUN RO XBNIZET Ro

o WNRIF SAN IRERIEARSS S LAVIRISE, 1B 18.14.9 10 "IRIZENZEIZATHT SAN
BRE" FAmMEigEBIRE.,

9NR HBA IRopiZF & B HEIXEE LUN, MAILIER lsscsi MERFRAARS EHRERIXE
SCSI &%, WX HBA IRGHIFEF BB EXLE LUN, ENE SAN WXKIHIZE, R ENRE
LUN B ES a0, UKREEER LUN [EfiEKkEARSS 28,

90K HBA IXapiz B EIXLE LUN, BSBEHENMRIEE, NREEMRZSEKENR

SCSI g &HHE1TH, FIMIRT LUN RELERES. BXER, 1SN SUSE FIRE (https://
www.suse.com/support/kb/doc.php?id=3955167 2 ) HEY TID 3955167: Troubleshooting
SCSI(LUN) Scanning Issues (SCSI (LUN) @0 )

18.5.3 RZWIRZigEDX

FENEREFEZSTRIENDXIRE. /A kpartx TRALHFESISAAESRIFZIRET
SIS X, WAIUERHECEZRIZZAT, A YaST 8 “DXiZF" haEsERE =77 KX
TEMEEDXK.
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ZRRISERIEEMRNERIESE. BAGHAMBSITIAR (Y0 parted. kpartx 3 fdisk) BILL
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 .

18.6 BIEKEER /etc/multipath.conf 34

RBCIE /etc/multipath.conf, BXHAEHET. FIEEEIEZRIFEEXHHHATD
MIgE, SNEETTIFER multipathd B, BBEMNARIANZREFIZHLE.

O == LKA /etc/multipath. conf EIENL
TICE BT BIEHERL /etc/multipath. conf X, HEREFZXENEBRSBEEN
¥, XiF, BERUERRXENZAE, AHTHETUREXESN, MRIER
BENGE#RE, ErliRE 18.6.4 75 “NA Jetc/multipath.conf XHE B LIE 1 Z ER1Z ML
517 FRFTIRRER % BRIZIRET

18.6.1 glI# /etc/multipath.conf 34
1. FEAUTHS, M—E—RENEEEREETF:
multipath -T > /etc/multipath.conf

Xz AR eZPAERXIRE,

2. BRIEXH /etc/multipath.conf, BEXEEZXXHNUTIND S SENEEI
fic:
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device: £% SANWHNEXHETHRERNIZSE, 512, FEK SAN EEFHH

device 9.

blacklist: LHAFEAEIHENNFAEIELZRIRILE. BXAT, FS

EE 1887 “BEZRFIGHMARZE

MEBBEEEXGHRNESEH D, BEXEENA, BSETE 18627 “Jetc/
multipath.conf ZFHREEES” o @17 man 5 multipath.conf RNSEEZAT
Al Fo

3. /G, R%E /etc/multipath.conf Hi%5E 18.6.3 7 “KIG /etc/multipath.conf 3Z
HHRNZERERE" PRSI E.,

4, RRINRKECESS, 1BRE 18.6.4 T “[NA /etc/multipath.conf X4 B L E# % ER1Z MR
517 PERAN AELE,

18.6.2 /etc/multipath.conf X{HRIERS

/etc/multipath.conf XHHTFHIESEK. BXAT, i5E0 man 5
multipath.conf,

defaults
ZER /0 NEMBRINEE . NREHENISERZREBOPRIEHE, NSFERXL
B, BXERE, BEHAE 18.71 “TEXKEIHN. HBAKRKIEE S EIAEE

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. BXFMMEEMTRE, BENE 188 T “FEEZHREFGEMAZZE"

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
8. BXFMEENTAE, BFBIE 188 “FBlEZRFEEMAEZE

multipaths
BEREN SRR RENKE, FAZFEMIEMNREN, XEESESHRENMHHN
defaults 1 devices ZHFHHEMMIEEE,

devices
BERMEFITHIRINLEE, XEESEEREXHH defaults HHPIEENE. 0
RIEERRINER T AZZREIEFES, WeTLAelE devices F&B5, LISEZERE
FEFIRNRRIANRE. NRXBEBFRGF, WaIFERRENZREFREFNGSETEEXEE,
BXER, BEIUTAS:

° 51897 “ECERFRAIFHIRMEAIR"

e 18146 W “ECE IBM Zig&ERIAINIRE”

18.6.3 R /etc/multipath.conf XHHHZREFILE

Tt ISR /etc/multipath. conf X, HREFZXEGHNEFABINAE
o EOIPUEEFMZHEMF ZAIFIZIZERT “WiEfT , UREZERFILE,
RSB AR MR RN

tux > sudo multipath -v2 -d

LSRR E, ARETNREREHZERTENKR, ZonSRIZEEIENR /etc/
multipath.conf XHHHITHIEZEITE, FIFER multipathd BfERIER (ZEA) 2B
RFIgBIETT. NREAOIER, BESET—D,

HEHEMFOTAS:

263539001f02796769

[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,

SEREYEMIE (host:bus:target:lun). RETRBR. TBRBHES UK.

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

[...]

18.6.4 [NFH /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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18.6.5 ARk WWID

AT ERENEEZE LIRFIGE, ZREERASIRENLIEANR (WWID), MRAEMLE
HZH WWID 48[E, MBREENRRA—81&&E. HFRIFEEXIIER, SNEINAEEER
WWID 87575, BX4T, 1550 man multipath.conf,

18.7 ECEK[altu. HFRAKZEFE RS RYFAIA SRR

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 %509 50%) . LtSh, EBEFERZEEZ /0 HiIRLDSIRAFE, UBEERFHR
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
uid attribute
prio
prio_args
features
path checker
alias prefix
rr_min io rq
max_fds
rr_ weight
queue without daemon
flush on last del
user_friendly names
fast io fail tmo
bindings file
wwids file
log checker _err

in SLES 11 SP3
"ID SERIAL"
“const"

ngn

“tur"

"mpath"

1
“max"

"uniform"

"yes"

"no"

"no"

5
"/etc/multipath/bindings"
"/etc/multipath/wwids"
"always"

retain attached hw handler "no"

detect prio
failback
no_path retry
}

Ilnoll
"manual"
"fail"

BREEHEN, HAMSKER S REISERES, HB0E 18107 "EEREN[ZHIZER

MILFeel” RIS
e polling interval
® no path retry

e failback

f&e% /etc/multipath.conf XHfE, BAERLLIEIT dracut -f EEFHEE initrd,

REERDIRSGEE, ERAZEN. BXEFARES, BBN 5 18647 “[UA Jetc/

multipath.conf X EUAFT# ZERIZIRET"
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/, .
18.8 FIFZHRRIKFMAERZRE
/etc/multipath.conf XHEEJEEEE blacklist 349, EFSFIHFAEIESZREI
%, EaILL@E WWID (wwid Xx8838) . i&&BFF (devnode X#iF) oHig&HARH
(device #5) BIREMANERZ R, BEALMER blacklist _exceptions &85, il
i blacklist ZBHFFAAMNEMFKAERNIMAZRZ BN —EEERALRREZ.

Q iiE: EEMMARERT
BISEMA B EMNEESARET WWID S@id (L m il a7, BINAEEY
devnode NIANERBE, AAKETRAIEREN, ELEKAFIRIGELE,.

& multipath.conf FRYIENFRIER

/etc/multipath.conf FHENRER—MRIBER T AEER. RESBEFRHBL
fcit, EfA=EER. f3, ZRENIMVELREE ST ZENHMEINIENRE
o WENFRAXSHENRANABLEFAEIER. ESHR5IE1T multipath -t
BEETRHNFrRFRFITEA,

RIBE iR RIEL RIS, Hlu
hpsa. fd. hd. md. dm. sr. scd. st. ram. raw #1 loop. 530, Zsith
SATA FERMNEREE SRR, NREHFE multipath ZRRERRZRIGE, BEEIIRE

blacklist Zf4),

O & #anK
X$&i7 devnode blacklist EFEHBBE&ERA blacklist,
£ SUSE Linux Enterprise Server 12 Ff§f glibc IREMIEMIFRIEAR. ESERFH BT
i, MALAER " . *" MARER "*"

fFlan, BRAMIGEF hpsa WohiEFHHFAERFIMARRZE, URRIZRENEIE, N
blacklist oM 7.

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 740 device #8593, FHfER vendor M product XEIAIRIFEIREE
BIMARRE,

blacklist {
device {
vendor "DELL"

product ".*"

}

&R LAfEA blacklist exceptions 43, Xi@id blacklist ZpHARERARVIEMZR
RIMMABRZ BN — LB BRALEKE, EaILUET WWID (wwid XEE) . i&&BFF
(devnode X##id) HIKFLEE (device &5) HMBISh, ERTLUISHEEIGEMANES
BRMERAIEESIS, BIER, wwid FISMERTF wwid BZE, devnode FIIMNERTF
devnode BEHE, MgEXREFIINGERATIREREEZE,
Blan, MREHEREFARHMEIZEEE, ATUHMARNEELEERAZRE. &
blacklist ZRHFIFFAEHNEHISERBMANERZE, SABTE blacklist exceptions
AN device &5, HMAARIISELREBERAZRBEZ.

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"

AR BT LAER blacklist_exceptions (I EIRERBAZ BT, FIU0:

(S

blacklist {

wwid ".*"

blacklist exceptions {
wwid "3600d0230000000000e13955cc3751234"
wwid "3600d0230000000000e13955¢cc3751235"
¥

f&ck /etc/multipath.conf XHfE, BMERLLIETT dracut -f EFMEIZE initrd,
REERMIRS2E, BEdsEN. BXEFEARER, BEN £ 18647 “[UA Jetc/
multipath.conf X ERAFEH ZERFMET” o

53|18 2E, HE%H multipath -11 <, XERMIGEN BT ZEBEMETF,

@ A2 FH find multipaths &R
M SUSE Linux Enterprise Server 12 SP2 7118, ZHRAET AL /etc/
multipath.conf By defaults #853FHEY find multipaths &I, LtiETI=EE
IEZERFM multipathd WRBARENMEENEHKESHREN (BXAT, FERL
man 5 multipath.conf) . Wik, ERLEAEF, BERAMITE A SATA R
ZOIREZ B,
BAMER find multipaths EIMEMRAE, EHEHKIR, EEERASISERK
BRETIE, AANTHRINESRILE, 5|ISEENRETEFINRINTBEIGEZEAEE
EIREELFER TR, i, S—ERIZEXANTESISHAER TR PTRES HIR
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,

18.9 ECERIF AIFRIRATREHHA

ZRIZIRETLUZWWID. AR RFHZMEHERERIB#ITIRR. &N /dev/sdn Al
/dev/dm-n NIRETRBMEESISHSLKEEN, BERAAESEIERETRNIRE,
Mmig&EH WWID. AP AFRMUKRANZNERS I SFHHERERE, RAEERRIRENEIERS
o

O == EWERKAEH
AKX HA /dev/sdn 1 /dev/dm-n BIEE T RBIEES I SNLEFH, FL
RIFERAHE WWID RRRZBFIRE. A THEESISHNE—IRNRILE, SHoIUERS
WWID BREYRI AR P R 4P B FREAE o

TRNEBT /etc/multipath.conf XEFATATIERNEEINELE, B
multipath.conf RERRAI, EEMW /usr/share/doc/packages/multipath-
tools/multipath.conf.synthetic X%,
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®18.4 1 SHETREBHRBE
BIREE A

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,

AP &R /dev/mapper BRPHIGEIRFEFZRFIRELMESEZERTH
ID, XEZRFIREFRIEBEALKIFHIEIR, XA /dev/mapper/
mpath<N>, tt#l /dev/mapper/mpath0. BMEM—HKXAN, HAE
IMEAR /var/lib/multipath/bindings X&ERER UUID F1FE P & EFHY

RIRZIBIBYKEXo
Ik B EHEERNZREIRERUHNEBEHE—RN. 3IB2=8BE WWID A

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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IRSFEEFERSRE:
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

5. PEARCTHEIm
initrd # /var/lib/multipath/bindings ZEIMHAERLESSEES
BIRBIRNES R, #MERXG AR NEBIEER.

AT ERLRE, BINIRARIGEFERBRINWWID KB, WTFRARIGERNFERZ

B ATFIREBFAE, ALFERNZESFELEBEIAZGHITREXRAZ BT,
MB—1 3 XEH /var:

user _friendly names ECEXHHEIAIERE /var/lib/multipath/

bindings. 1R /var FIBERZRMUT RS root 1®RF L, MEMNB— 12 XEE, Mg

BZKRRN bindings XHEARE A,

EMR /var/lib/multipath/bindings XHE1EZR% root i&%F EAIA, HHEZREFER

LIREIE, Fl0, AILURINMRIERABRE—R:

1. ¥ /var/lib/multipath/bindings X##zhE| /etc/multipath/

bindings.

2. ¥ /etc/multipath.conf By defaults Y bindings file EIIKE N
eI E, Bgn:

defaults {
user friendly names yes
bindings file "/etc/multipath/bindings"
}
initrd PIFEEZHE:

BMMERFRIGE R ELZREL, ZREFMAIUEETE initrd . Fl90, NRRFRIGE
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 S ERTR:
BXRIFMER, BB E 18917 “HABERNZREFREST -

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##&hZE| /etc/multipath/

bindings,

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. BUHERE user_friendly names &I, RAEREEEM No FLA Yes,
fBgn:

## Use user-friendly names, instead of using WWIDs as names.
defaults {
user friendly names yes

}

4. (FIik) £ multipath 5 alias EIUNIREIEELZR KRBT,
fBgn:
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## 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

}

O ==: wwiD 5 WWN #dtt
£ /etc/multipath.conf XHHRENILZENAN, BEHFRERS
MEHFH WWID (%0 3600508€0000000009e6baabf609e7908 )
MAZEN WWN (Bl ox Bifkig#E ID WE—DNFR, W
0x600508e0000000009e6baabf609e7908)

5. REFEN, ARKHZLX M.

6. 182X /etc/multipath.conf X/, BIERSK LT dracut - EHFEIE
initrd, AEERMRSE, ERTER. BXFAER, HBM E 18641 N7
F3 /etc/multipath.conf XA E R EF Z LS o

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, @ELIRER dm-uuid* HHE (ORE /etc/
multipath.conf XHHREIERTHR) RAZEREMFIEHE, &FB scsi- M wwn-
RTIEFHYIERR,

18.9.1 HABEFHIZRIZIREZM
BT T INRERIBRS BRI E RMEFIE R E P ERER

o £ UUID MR B HRZEBREFRFIMMERETNMET 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, MABRENEERZEEG. AXER, BBHAE 1897 "TERAFALK
RMERIZ" o

* ¥ user_friendly names ECEEIIKEN “no” UEAE. ARPRFIEMNENT
REM—H, BEEPII TR LNRENFHEERNAF RIFRTR.

Q E: BPREEN
MREHEIEZEFARAFRRFRIR, WalLITTYIRE, BfRAEXNAR KIFZFR
ERENE T RPHREF—C

1. T—M S ER /etc/multipath. conf XA

1. ¥ user friendly names EEEIKEAN “yes” LUBHATE.
ZREFAMER /var/lib/multipath/bindings X, £ /dev/
mapper BRHLL mpath<N> B RIGEIER—NEKANE—ZFR,

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 XHERZIBEFREHMTI R bindings file B8

PA
=o

5. 1828 /etc/multipath.conf X5, HAERSLIETT dracut -f &
WeIE initrd, ARERMTR, BENA=EN. BXFARER, HENL
2 18.6.471 “RZA [etc/multipath.conf XHFEXUEF ZREME” . XIEAF
FRE = 8RR

18.10 ACERIZMIZEILTZ5 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, HAEREL U EOANMNEERIGEEMRRA /0,

AR NEHE E RS R E R NN SRR, EFR, BX /etc/
multipath.conf X, “WAERS LIETT dracut -f EEFEIE initrd, ABRERBD
R$528, oA SEN. EXFMER, 15BN 5 18.6.47 “[UHA /etc/multipath.conf 321
SR S R IZ MY

18.10.1 FCEREMIERIZRE
fEF% -p YAH nultipath H<FREMREHERBER:

tux > sudo multipath DEVICENAME -p POLICY

¥ POLICY B#ALITIREIEDZ —:
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£2 18.5 . MULTIPATH -P &< aY4R SEB& %R

RBRIEIN ol
failover (BRIN) B MEERAT N —ERIR
multibus — MR BFBIFTE R,

group_by_serial SMENEINEFEHIS— MR H,

group_by_prio BMREMERE—MERA. NALBBHIZFE /etc/
multipath.conf BC&EXHHHEE N global. per-controller 5
per-multipath JEIFHE.

group_by_node_nam@ M BEirTH RB—MUELRE. BInHRBREE /sys/class/
fc_transport/target*/node name {IEIREXHY.

18.10.2 ECEHPERLIEMIALR

WITE /etc/multipath. conf XHHRFOMNIKERIEEZ M TR, /usr/share/
doc/packages/multipath-tools/multipath.conf.annotated XH&HBEHRBEIREM
EIRY o

18.10.2.1 THREMUIRABMBEE

A Z2BrRE—YIE LUN NEREMNES. RIABERT, 1/0 EAFHFREREFERLUBEIRA
X%, multipath < =ETF SAN B9 path_grouping_policy IRE /1% SAN FE9&E4 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 ITRATFHEEMELHFER. IRNEEHFEFRESH, BETE T LFER
prio_args XEFIEESH.

Defaults B¢ Devices Z84 A9 PRIO i& &

prio
EEZRRANM AR HIFER, LIREBERRARNE BNESESNRIZANNEUHE
REBENBEFERIN T —MBRREH,
NRIEENN AL HFIEFRESY, WEAXEF prio_args EESH.
NRKIEEXRET prio, NAMEBRZABHEBIMER. FRINKEA const, B

prio args BT,

prio "const"

prio args ""

g AR AT

(RzRHFIZRF iR

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 #2554 BER R L ST 2ko
hp_sw JiEDh/ & BRI Compaq/HP =528 RER R M1 5tk
ontap 79 NetApp BE5E R E MR

random NENBRIZERBENMNTR.

rdac 79 LSI/Engenio RDAC £l 284 R BRI oK
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(R HFIZF A

weightedpath RIBIETE prio_args BISEPISENMNEERERFMTE
Ko

path latency RIBIER B A R ER RISk, ZEE®E prio_args x
RFEE,

prio args &

XERFESHNNARHFEFNSE. KZHK prio BFATFESH. THIAME, EX
AT prio REUMREAFHFEFEEFTEZUTERSE:

weighted
ZENRNA [hbtl|devname|serial|wwn] REGEX1 PRIO1 REGEX2 PRIO2...H{E

EMREX KA SCSI H:B:T:L 4=, 90 1:0:...40 *:0:0:., HHEEMNNE, HAE
H. B. THIL23MRIEENEN.. 2%, BRUKR LUNID, fla0:

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
MEAFEMNEE (alua exclusive pref bit)i®E7T exclusive pref bit, #B
ARET preferred path HRFRIGZXTEEHBSNERZAHAT,
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path_latency
NRITFZETF PEFIFN At 77 (55 E R RVREM SR BUAEME, NMIPTLAEA path_latency
THEX RN ETI 2 BAVIER, EAZfFS ERERBEES, FLEeTLURRER, FRh
FE5AET B B iEa, XEERILA io num=20 base num=10 BIEIT,
io num BELAXEIHFIRFAIEE 10 3, AT ITETIREFER, BXEN 2
200 HYEE%K,
base num XKL, ATRARENMEEHEIX. EREN 2 B 10 WEH, =K
FIGHER{E S 100s, &/IMEN 1us. a0, WE base num=10, MIERFEH D DEKEF
#ER <=1 ps. (1ps, 10 ps]. (10 ps, 100 ps). (100 ps, 1 ms). (1 ms, 10 ms). (10 ms,
100 ms). (100 ms,1s). (1s,10s). (10s,100s). >100s IR cRkE,

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} iEe

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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& LA

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

ATHESBRRELERBLIEENY, BEEETRE THSREREREIREN

manual,

failback "manual"

O == &&®
ESBAENEERARNEHAKRRZRE. TRNEERATERETRAN
REENR,

no_path_retry
EEERFERMAERANTTA.

& LA

N 5 multipath FLEHAMBRERKMZANEIXREE. 5E
AT 0 NEHIE,

EErER, ERLUREREN 0 LUBRAEHIAIMER, HARITHA
R TR,

fail EEIMRNRK (FRHEPA) o
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1] WiBA
queue KAZLIEHN (—EHBA, BENZERERERE) -
TEBFERTERY, BITE /etc/multipath.conf XHHFRKEIXIEEIEHN fail ¢

0, Wtb—K, HSMEFRIEZPEIHERILFFEITHRERE. SNWFESHAMAR
SRERFHERZ.

no path retry "fail"
no path retry "0"

0 == &%
BESHRAEHNEEFERAABYBFRINERIRE, TRNEFRATESERENIGE
EKo

path checker

R B IZHVIRTS

11 HiER

directio ERAEBEEI/ONE—BX, XMXF
DASD 1RFIEFEHEH, 7£ systemd BE
PIEREBCEE (GFER (EiEiEmE) ,
% 17E “journalctl: &iff systemd

EI:’:\” ) o

tur Mig&E & SCSHNR R TR <o Ul
R LUN X#F, NIXZERIRE, WRGp<
KW, BARARTE systemd HEFENHE
I%\O

CUSTOM_ VENDOR VALUE —LE SAN iR T BE XY

path_checker &I ;
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=] HiEA
° cciss tur: #1&E HP BEEMETERE
FIREEERTS
e emc_clariion: ZEIHEMC

Clariion EVPD T 0xCO LAMAE BR1RIR

A3 Yo}

° hp sw: f{EREDN/EREN
Q& HP fEZEFINBRERE
(Up. Down i£R Ghost) o
* rdac: 1% LSI/Engenio RDAC fi#
FIEHIBR IR ERTS.

path grouping policy
EEHBATIERIZBITEN S RIZISENRIZHHERR,

& 88

failover (BN HEMEREETR—BE, UESRREH— B
2

multibus P BB — ML, BRI AR A2
TR

group by prio FHFENMRERMERE, BEFEE—NMLEEKA. BEENEEMTE
R ER—MARAT, MAKBIMBIERFIER.

group_by serial &fZ1% SCSI BIiFF5IS (ITHIg8 T = WWN) 524,

group_by node nam& BT RBIER—1MLERH, BIMTTRBEEE /sys/
class/fc transport/target*/node name A3REXHY,

path selector
e F 1 HF 8 path-selector Bi%,
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/I iEA
round-robin 0 BT FE N RABFFREEMNRFEZENENN A EHTERX,

queue-length 0  FAFFHEEF_LTITH /0 NS AETFHEES, FKMUTF least-
pending 3%,

service-time 0 (BRINME) EmARENEN. BFIRELERB IR FEHZSNERE
89 1/0 B9 HF 7288,

pg_timeout
FEERZABITIE, FEEIEEEAE, BIRE TARIEIAE,

polling interval
EEETMBRENERPERE T RENEFIAA R ZERIETE (UFRERMI) .
EEART 0 WEBHRE, BNMEN 5. BSHEENEERFMHENERIA polling_interval
RE, TENEEFERARAESERENIREEK.

rr_min _io rq
IEEEEARETIERM device-mapper-multipath 2] Y TR R A A T —NERR /I,
AZEENREN 1/0 ERNEHE,
BEART 0 EHE, RIAMEN L,

rr_ min io rq "1"

rr_weight

HEE BT BRIZRIINNTS 7o

1] ¥ EH

uniform (FN) FRIEREFAEBHERMNETERNE,

priorities BMREONEBEI BRI AHKIEL rr_min_io_rq K&K
Eo

uid attribute
RMME—IRFMRIRTTH udev B4, BAIAES ID SERIAL,
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18.10.2.2 ECEBMAEFE

FRERZEREEEN. |/0 WEBENFRIFH—ER /0 F£51, BEEFIIFT—NIFHN
B&1Zo

18.10.2.3 ECERRIZMIERE

BEEEMNER (REENRR) W REIEZEN, AILUHTET. EtREIATHRE
%1%, BEREREERZHTISER.

18.10.2.4 5 1/O B2 AHLUHITIEIF a2 T

BEMRERARNZSNREDEEDRAR, HBZARNFEREIRNE, REIHREREE
T EENERNE, ZAPHREREUEFRAHTENSAHLZERNAE,

18.10.3 xS BIRERIZA

£ SCSI & Btnin A (sg_rtpg(8) ) 5<%, BAXIER, 152N sg_rtpg(8) HIFH
D,

18.11 ECEMRISERIZERIZ I/O

SUSE Linux Enterprise Server #8J /boot #1 /root RILAEARAH ISR TIERZ
E&1Z 1/O (DM-MPIO)o Itt4h, YaST REFZEFHE YaST P XEFZIFELENBEAZ K,

18.11.1 ZLENBAZ®KEZEI/O

BAEZRRB LRERERSR, RENGIETZRIENMG. nultipathd STFEFERSR
LT IEP R 2BohEE. B LUER YaST S REF L E Z i ZETRBEIE.
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18.11.1.1 RENEER/EEIZEEMEE LUN LERZERE /0
LRI, ERINOD KRR AR E R KIERF,
2. EREATEN, PERERE, ABERREZKE,

3. BEIZRE.
YaST SFHAERMMEE, HETRRBNZRIFIRE (W /dev/disk/by-id/dm-uuid-
mpath-3600a0b80000f4593000012ae4ab0aeb5) . BEMMFAIE H—F VIERVIE
o

4, BHT—TRERE,

18.11.1.2 RENEER/MEIZEREMEF LUN EERZEREIE /0
multipathd SHPRFERARESERTREHEE, EATLUER YaST HREFERNEE
Z B EETRBHE.

RSB N /a5 B R iEfF LUN BRSEE 1/0:

1. REME, RN KRB LEREROKER,
2. EREATEN, PENERE, ABERRESKE,

3. BEhZ R
YaST = ER#ME, HERTANSKREIZIRE (W /dev/disk/by-id/dm-uuid-
mpath-3600a0b80000f4593000012ae4abbae65) . EENMFTEH—TLIEMNIE
o B TF&EKFEMUUID, ELUERZTEXLEER.

4, BET—IRERE,

5. FrEIREEIRIFERETMG, YaST BIGFIeE N3 ISNHEFER, ARRERIR
SRR, REFIHRAFEEETEY, AR can-aw - jpRiEEl S,

~

o
]

TEHIEHRERSE /boot/grub/device.map XEHH hd0 £BEIENT FEDE

—RELFEN, AARENAEZXDEHNREER.

& FN

a. WAL TR RIREHER /mnt
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tux > sudo mount /dev/disk/by-id/UUID; part2 /mnt

f5lan, WA

tux > sudo mount /dev/disk/by-id/dm-uuid-
mpath-3600a0b8000014593000012ae4ab0ae65 part2 /mnt

b. MAUTHSR5|F1&EER /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-3600a0b8000074593000012ae4ab0ae65 part2 /mnt/boot

c. £ /mnt/boot/grub/device.map X&H, HE hd0 FEHREIEEF/ERNEE
2, RABRIIT TR AP —THRE:

o JETNERIR: AFRBPUITIEMRIE. BRIFMERANTRE, & ctrl - At —F7
R[E] YaST B IR, ARHASETE,

o FERIR: WINEAREHEMRESISNHIERF,.
7. IR hdo FBIEAFEDNREZE, BEALEHENLESISMERERF:
a. EEH SRR TAENUL TSRS

mount -o bind /dev /mnt/dev
mount -o bind /sys /mnt/sys
mount -o bind /proc /mnt/proc
chroot /mnt

b. EEHIEH, B1T multipath -11, AEKERELULENENERR.
FEERIENRE ghost FH#F,

c. £ /boot/grub/device.map X, & hdo FEHEREHERER, REFEX
F XA
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d. WAL TSLERRESISMEREF

grub-install /dev/disk/by-id/UUID partl /mnt/boot

fBan, A

grub-install /dev/disk/by-id/dm-uuid-
mpath-3600a0b80000f4593000012ae4ab0ae65 part2 /mnt/boot

e. MANUTHS:
exit

umount /mnt/*

umount /mnt

8. #& ctrl - At - F7 iR[O] YaST B IF1E,

9. BEMEMERESS|

el

o

18.11.2 AWBERITEEAZREZEI/O

1. ¥ Linux EANE—ITREZED, RIFEDKEFPRTILH by-id fFSHEHERNER.

2. FAREREIERD /dev/disk/by-id BEEHILE,

3. {IFEBIE /etc/dracut.conf.d/10-mp.conf FHRMUTIT (FIEZFSTR) .

force drivers+=" dm-multipath"

4, 3F IBM Z, iB5EIETT dracut ZaifkcémiE /etc/zipl.conf X4, LA /etc/fstab
F{ERRIFERE by-id S BB zipl.conf ## by-path 58,

5. i&1T dracut -f E3r initrd B,
6. ¥F IBM Z, BTEETT dracut Z/EiE1T zipl,

1. B35Sk
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18.11.3 #RIEEFELREAZREZEI/O
PRSI multipath=off . XATLUB YaST 3| SMEIRF AR, T3]
SIMHEFRE > NZEH, FESEFMHEINHSTH,

XNSZEIRIZE. FEMAE MRS,

18.12 AWBHHF RAID BLEZ K12 1/0

BENERT, MANMSREREZRE, BEXEGEAENRY RAID IKENAM, WNRCIRE
Al RAID & Z RS KRIZ, NEESISHR, DM-MPIO RS EEAL multipath ARSS
Bohi5, SEEZREMFRATATF RAID, EaIUERAAT PRI IEFEL KA e IA K
£ RAID i&17,
g0, EEIREREEUTE RPN RAID PHNIGEILE L RE:

o MRELMLRERARAER—MEMG RAID B A XIEEN—ER57.

o R RAID KR E RIS ENERIRE 2R, RERXEREERENIFIZR
(=

o IR BEI MARSSER AN HBA SECER S & SAN FRfETFFREMIEM T RENIE.

Q ix&E: migxH
LI RBRRE RS RAID i&%& 2 /dev/mapper/mpath0, XERZALUIRSIHY
KEB. SRIZEEKRERE 1897 “MEMAF A2 a512" FrRE /etc/
multipath.conf XHHERTRBFP RKIFHZE.
IR LB IIE & R BN EE Y RAID NigER.

1. fTA— P R&iRERIS.
BRIES1TIRAR, BRI SRMAU TSI BHIESS,

2. NRYAIEEHHEESITEARM RAID i85, BNEMRERAUTHBSRKEEHH=F
g

tux > sudo umount /dev/mapper/mpath0
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tux > sudo mdadm --misc --stop /dev/mapper/mpath0
3. WALUF e FLE md ARSS

tux > sudo systemctl stop mdmonitor
4, NI TS EE multipathd SFFERE:

tux > systemctl start multipathd

5. BRIZRERSZE, RIEWMH RAID WAMKISEEERTIE /dev/disk/by-id BR
o ITUTHRIEZ—!

o BYIHIEHE: MERERNEABIHIEEMIIEFZREFZRZFRNTSHEE,
i /dev/dm-1,

o RIMIRE: WAUTHLHEEHERLINIRE, BFIZRERSIRANEN]

tux > sudo multipath -F
tux > sudo multipath -vO

XERFIMENEE /dev/disk/by-id HFIH, HEBIHIGEMNIZF ZHKF
REBNTSHERE, .

lrwxrwxrwx 1 root root 10 2011-01-06 11:42 dm-uuid-
mpath-36006016088d014007e0d0d2213ecdfll -> ../../dm-1

6. WAL T®HSERSE mdmonitor ARSSH RAID &%
tux > sudo systemctl start mdmonitor

7. BIBANU TS, BB RAID BIRTS

tux > sudo mdadm --detail /dev/mapper/mpath0

RAID BYAEH & &N ILERTE /dev/disk/by-id BRHPFIAIGER SHHEMILEMSTER
ZRIFRER.
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8. tNFRAR (/) BFHHEEME S (BIE0 /var. /etc. /log) {iF SAN £, HEFE(E
RZ®E51S, BEWR initrd:

tux > dracut -f --add-multipath

9. E3|BRSBUNBEEX,
10. @I RAID KA, RIGH4 RAID PEFITELRIFEZ T FIFMTE,

tux > sudo mdadm --detail /dev/mapper/mpatho

fBgn:

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 E&E: ¥ mdadm 5ZRFREEHEER
mdadm TEEXEER ID MARIKET REZNAIRE. XA, B5EF 184370
“$t3 SR IRE A MDADM”

18.13 fEZEiFixE LEM LVM2

FRZEEN, ZHRNMEREHZTNIEENPNIEE. BRINERT, VM RKOEIZEN
HEAISENMERESFEZRRIEE. R VM ETNEKE T ZKRFIEE, ERRIZZL
EEZHREAN, HRE (KB &&. XEAEREEMENTA, BHAIUTE /etc/lvm/
lvm.conf FIEX, WRE multipath_component_detection €& 0, LVM 23S KREZ
AHIEE, lvm.conf FRIERIATRRE:

# 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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18.14 E{E3KEx%

18.14.1 #HEAES|FMIER TREMmMLE

MRERRFEENEAZRE, FEEWHEFER SAN FNiEE, WAILIFER rescan-
scsi-bus.sh HIARENISE, FRINERT, KRB ERHRE LUN SEERIFRE HBA.
T LI —RRIER U TR

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,

Z&& . EMC PowerPath Ifi&

7£ EMC PowerPath IRi5 A, IB71ERIRERSAMEMIAY rescan-scsi-bus.sh LATE
P38 HBA L7 I ASSR T SCSI Bk, AT BRAIREREMXHRAIIT, EMC EX
123888 EMC PowerPath for Linux BYfHR i RS PR (AT 12121,

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

RIS E, EreEELESHIASEIEIT rescan-scsi-bus.sh, EXAT, &

&0l rescan-scsi-bus.sh --help,

3. i51E systemd HERKREIEHE (BXAT, FEN (BiEER) ,F17TE
“journalctl: &Eifjsystemd BE” ) . ERIHEFISIRTFT T, WA

236 E{ESERL SLES 15 SP3



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 -

18.14.2 HEAESISFHIER FTRBEMIIXIRE
ERATHRIRG, ERES|SHBR FRNHTRINNSEE LUN.

Z& . EMC PowerPath Ifi5

7£ EMC PowerPath Ifi59, E7NERIRIERAPEME rescan-scsi-bus.sh KATE
FF3% HBA R/ FfIZSSRITH# SCSI B4k, AT ERAIBERENXHRFARIF, EMCER
&38R EMC PowerPath for Linux B9 i S shig AV 12124,

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. 7£i&%& /dev/disk/by-id/dm-uuid-mpath-UUID partN E8JEX
H& S, RIBEEENXHRS, EoIUERUTEF— e SKILLE
#9: mkfs.btrfs mkfs.ext3. mkfs.ext4 =¥ mkfs.xfs, BXAT,
BB AN FMTT, AR UUID 19 XESER UUID partN, il
36006016088d014006€98a7a94a85db11_partl,

9. WA TN KENEIRE

tux > sudo tune2fs -L LABELNAME /dev/disk/by-id/dm-uuid-UUID partN

FASERRRY UUID M5 X 4w S &R UUID _partN, 40
36006016088d014006€98a7a94a85db11_partl, FAEEIZFRIIREER LABELNAME .

10. WAL TS UERE DM-MPIO, EEIERENFIE:
tux > sudo multipathd -k'reconfigure'

11. BEBEAUTHES, REZIZGFEH multipathd iR5!
tux > sudo multipath -11

12. FEAXARIEETE /etc/fstab X METRIEEI,
B, 87 E—helEMFIRIEARIE /dev/disk/by-label BRH, A /dev/
dm-9 BERN—NMEHIN, ARETRESISEIUTIHNEZ81EXRZINE

LABEL=LABELNAME

13. QIZEMFNEHR/NER, AREHIRE.
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18.14.3 BEZREFI/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

18.14.4 TEHEIRKWATEIEI/O

NEFERAEREK, NATEEREEE T B queue_if_no_path REZE ZERELUEE 1/0 HiBAo
BN, 1/0 BEBIFEREEIIAAK,. ERLEET, BNIREFERF. HBA S ERI IR
HHREY, Wiz DM-MPIO BB AEXLRIRSBEKRFERZEEFRE 1/0 HifA, FEKFM
FREBREIR,

ERENFEARAZRIFZIGEN, TTLUEREA queue_if_no_path, X BNERIREKK, M-S
5 1/0 HEBA, FHFR 1/0 FIRLAS | R B E R RNRPERZ,

HEAEHA queue_if_no_path %2 1/0 TR (FRIFE—NEEEME) , PRLUSHER
multipathd [FEZTEEERIMEREFR. BN, AJRKFETZRMNZRIFIRE LK
21k 1/0, BRIES|SRFohREIFIHERE A EHPBA.

I EREA i

1. fTA— P &iRERIS.
2. WANLIF e BUEIRE |/0 BIHIBAMARKES:T

tux > sudo dmsetup message DEVICE ID 0 queue if no path

¥ DEVICE 1D BiNEIREN ID, B0 ARAXRBK, AFEEBRKERRERXE,
Blan, AN

tux > sudo dmsetup message 3600601607cf30e00184589a37a31d911 0O

queue_if no_path
3. WAL T e <iR[E1F)2E 1/0 k&%
tux > sudo dmsetup message DEVICE ID @ fail if no path

Zam SR ENSHEREHBAR 1/0 LK,
¥ DEVICE ID B#EAEi&Em ID. B0, 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. BUHARE defaults MO MELEREIES, AFM TR default features i8&:

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.

18.14.5 f#R{ELERY1/O
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

18.14.6 FECE IBM ZigFZHIFINZE

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 ERERY, IEREIRENZ (0), LAILLUKHEIEE N “infinity” (2147483647, WILtARH
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,

18.14.7 B ZIE5 NetApp 1KEFECSFEH

fEAERT NetApp IRERIZERIZEY, BIIE /etc/multipath.conf XHHHITUTIK
=

* 7 NetApp RE2B/IRBEUTSHAEIME:

max_fds max
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queue without daemon no

o TEREHRF NetApp IKEFRILU SIS ERINME:

dev_loss tmo infinity
fast io fail tmo 5
features "3 queue if no path pg init retries 50"

18.14.8 ¥ --noflush 5ZKRRIGEEILS1EH
EZRFGE BT, MIBZER - -noflushiE,

g0, ERITERERHREIASR, WRSMER - -noflush EWHLAMBREFRFERL 1/0 R
ZERIET, ANEFRZRIZHIMES.

load
resume --noflush

18.14.9 1RIRFENZEIZAIRY SAN EBFIKE

FIEREHMERMHEMNRFHERE, ZREFEELEERER (/) NRROEREL,
NEFZRWREBEF RS (Flanycer@iEEFEy)) &ZEHM dev loss tmo HBBEYEXI,
MBRFREHET ZHE, BZBE no_path_retry REBATESRE, NIRABRMEX
BETFRHAR dev_loss_tmo i&EH, LURARAIABFEHRKEASMBRMEAIGE. RIVEIN
8% dev _loss tmo BEIKENFTFTHATZHZEM no path retry &&,

BRI T ANIREMRGFEFRSAH dev_los_tmo:
<dev loss tmo> = <no _path retry> * <polling intervals
UTEMERTFLREZE:
° no_path_retry BREEMAERHELL 10 HAFIZEKREZ I/0 NEIHXE.
e polling interval REFWERIEMRESE (UFRHEA)

LI EZRRIFEHNIZM /etc/multipath. conf BBEXE#HITIEE, BXxEE, 58
F%E 18.6 T “BIET{EEX /etc/multipath.conf X~ o
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18.15 MPIO &5

ZANT3%$ MPIO BY—LE B R AR FI1TRIARR 75 S8t 1T 7 35 ER.

18.15.1 #HEZEIFINETE LR GRUB2

7£B% Btrfs 4 BIOS &R4i £, grub2-install AIRESKN, FHERINERIE, BiR
RUILE, ERERLUETS (rw) RR#EE /boot/grub2/SUBDIR/ F#, SUBDIR BILLE
x86 64-efi 3 i386-pco,

18.15.2 BERZBENARSESISIREFELIZIING
73ISR, REBMEIERINE, HETEMMTHHE:

[ 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-1172afe@\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
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[* ] (1 of 4) A start job is running for dev-disk-by\x2du...(7s / 1lmin 30s)
[* ] (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):

TEUERNES, f&IB1E initrd IMEFRMIGEY dracut 2585 FTE, EXRARELUTRNEE
B, BEEEERERFMIFIERHITXESEN,
1. BERSIR (/) XHRS%, & /proc/cmdline WRAHZEHK root= B,

2. RESEEEHEXHRAS:

tux > sudo systemctl status sysroot.mount

0O &F

FINBERT, dracut SREBRXHRSAEHE] /sysroot Z T

MIFEFR, BIMRISBRXHRKEEHE /sysroot To

. £ /sysroot THHERAFABNXHRS, FH chroot i EINZER, AR
BXHRT. FIa0:

tux > sudo for x in proc sys dev run; do mount --bind /$x /sysroot/$x; done
tux > sudo chroot /sysroot /bin/bash
tux > sudo mount -a

BEXEZFAER, BEN (EEER) ,5408 “BUREREBRAE ,
5540.5.2.37 “FlEIBRERSR
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4, IZRUUTERPNEINENZEZ dracut Id B, BICFEME initrd UEEEHK,

5. BN exit @<BH chroot 1R, AR/RHEEIINTHIR carl -b RE5IRMR
S0

i31218.1: 2555 BXHREAMNRREE

MRBXGRAREZREL, ERATZRE, WEELEE, EHEgER, %
BESSHARMABRZENAEIREIRERRRR. BTABRXHRANEEEE
#, eEXTZREMSELENRN, EMESBERIGERNK, ERILE /etc/
multipath.conf FRRIGFMAEZERIERIGEZREFE, MMEELRIR,

1. ZFERINRFIETIT multipath -v2 HEBERXGRARILE. FERNREII TR

root # multipath -v2
Dec 18 10:10:03 | 3600508b1001030343841423043300400: ignoring map

| 1 : ZENFRBIIMANERZBIFEN WWID,
2. ¥TFF /etc/multipath.conf FHRMUTAHE:

blacklist {
wwid "WWID"
}

fEAZELE—PhIRENRY ID B WID, BXEZER, &
BIIANERER"

O
=
e
l_l
(0]
(0e]
4t
s
AL
du
R
%
N
P

3. EAUTaH<LEWE initrd:

tux > dracut -f --add-multipath

22 18.2 . ER95%: EME initrd

MR initrd SEFZENZRERS (EBRFHECER) FHERE, WEEBRITIES
H%EDEO g'ﬂggﬁtl\ﬂ@: i%i*@@ initrd:

s MRBERZHEAZRE, BRI THTEMEZIFLRZEN initrd:

tux > dracut --force --add multipath
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MREFERAPEFZRE, HFBEIUTohSEMEZIFLREZN initrd:
tux > dracut --force -o multipath

312 18.3 1 B3I5%: EME initrd

gNR initrd A EERA T IHRINEEREEFNEDER, WEBIMES, f, MRRLR
ERBESRENBERTRERN, NESFMNERBNEGE, REIERERTIESESD

2o

1. FFREMIRCHIERRIMEXH /etc/dracut.conf.d/01-dist.conf TS
force drivers, i, MNRALKES hpsa KEIFEFIHIRA RAID 54128, HZKR
REEEEIA qla23xx RepFEFIARIRY QLogic 1428, ZIUG SN TAIR:

force drivers+="hpsa qla23xx"
2. EAUTHLEME initrd:

tux > dracut -f --add-multipath

3. ATHIEEEENEEFEEAMN RS I SEIESER, BiUEEHIEIN netdev ZINE!
/etc/fstab HRYENIN,

18.15.3 FHLKEIZIREZ 0.4.9 AESRAFREMLER PRIO IgE
AEClEA
M 0.4.9 i FF18, ZIRIZTEMFER /etc/multipath.conf X defaults{} =

devices{} ZBHHH prio i&EH, XA multipaths{} ZBHFHED multipath ENXIE
EXEF prio B, ©SEWREMER .

ZIKETH 0.4.8 A1F multipaths{) 22D multipath EXHH prio KEEBE
defaults{} =¥ devices{} &M prio &&E,
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18.15.4 F4kZE| multipath-tools-0.4.9 Sy E =S4 FHHE S
PRIO & & EIEA

M multipath-tools-0.4.8 F4ZE| multipath-tools-0.4.9 B, EHRILEHF
EFEEESEH, M /etc/multipath.conf XHEHH prio RESRIHIF, 7 multipath-
tools-0.49 #, AXEF prio IEEMELHFER, FHAXHEF prio args NEESH
NRERHFIZEFIEES . MERFRET, REEHFEFAESEIIER— prio 17
HEE

a0, £ multipath-tools-0.4.8 R, BIfEALUT—1TanTEEMEEHFIZRF RESE,
prio "weightedpath hbtl [1,3]:.:.+:.+ 260 [0,2]:.:.+:.+ 20"
F4KE| multipath-tools-0.4.9 AEEMNRAEE, ZmISFHEIR. HIMAYESEXMATAITR:

<Month day hh:mm:ss> | Prioritizer 'weightedpath hbtl [1,3]:.:.+:.+ 260
[0,2]:.:.+:.4 20" not found in /1ib64/multipath

BRI, BEAXAEIEEEN /etc/multipath. conf XHHM prio 1T, SIEM
17, H prio 1TIEEMALHFIERF, M FAW prio args {TIEEES:

prio "weightedpath"
prio _args "hbtl [1,3]:.:.+:.+ 260 [0,2]:.:.+:.+ 20"

iz1T sudo systemctl restart multipathd EE%) multipathd SFIPRERE, LUEEX
4+

18.15.5 HAEBEEXHE

& 3% SUSE Linux Enterprise Server - Z&4F 1/0 [ ERES S, 1530 SUSE HIREHRT
FIFEAREEXH (TID):

F4%ZE multipath-tools-0.4.9 SN E S AGHE S PRIO i EREIEH SLES 15
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e Using LVM on local and SAN attached devices (FEZ3i&&EFN1ERE SAN BIR&E H{ER
LVM) (https://www.suse.com/support/kb/doc.php?id=3617600) <

e Using LVM on Multipath (DM MPIO) Devices (%% (DM MPIO) i&& _EFR LVM)
(https://www.suse.com/support/kb/doc.php?id=7007498) #

e HOWTO: Add, Resize and Remove LUN without restarting SLES (12{Ff5fE: EAER
&h SLES BYIE R TaRmN. JATANFIZERR LUN) (https://www.suse.com/support/kb/
doc.php?id=7009660) <
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19 @1d NFS HEXH RS

L8 21 Z 48 (NFS) AR AR SS 28 LROSCHRIINY, 1AIRA RS ihR 4SS 448
o

SUSE Linux Enterprise Server &% NFSv4.2, FESIANT MERXME. XEEH
fid. BRS5esinsefEMIER). NAEFEEIR (ADB) F1BFaH 14t inaiEH] (MAC) BV
7% NFS (B IHAMARS 28 EI9FE MAC) BIZH.

19.1 #E'S

WEESZ 728 (NFS) RAREWHERBINMZFFRRAENNENIN, EATERMNENZE
HEXH,

W= 2RSS (NIS) I RFEMEFHITERIAFEE, & NFSHNIS S5 ERArEd Xt
MBERBIREMEFHITIHEES NFS 5 NIS —EERANNEE R AR 2EH.
ERANECER, NFS TL2EEMLE, RS EEERIAIENENEMTEN. EradyE
A AR NFS fRS58PHEEREAMESHERTEN L, £RAEEERIFNOAFEA LS
[ 1ZAR S 2R ER HBYFR AR XX o

—RiM=, EREMRFEBETFUTEE: FEENNEREENTRENSG, BERRETE
MIENAESANES, HFETEHITRERNAAE. KEDSFREA—PMBEKESERNEME
EIRERZ, FEEEREZNEENG. AT HEXLEBIIFER, NFS A Kerberos EhfiZR
FRZFFEMR MR, Kerberos BE NFSv4 (BRUIAFERZINY) - BXFHER, ES
W (Z=isaftism) , B TE “ER Kerberos #HITMZFHIIE" o

TER YaST RRPERRIARE,

S
HNFS fRZBaSHMNEBER, BEFRHmAEEEREIRFT,
NFS EP iR

NFS & Fim2iEid WA X 4 2o iR B NFS BR552807 NFS IRSSEVRSE. TCP/IP th
WEEME Linux BiZH; TEBREEMAEMRG.
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NFS fR5528
NFS ARS5 28m % Fimieft NFS ARSS. IBITHRHARS ST LU TFIF#ERF: nfsd
(worker). idmapd (F3F NFSv4 Y ID ZIRZFREREY, (NERLEIETE
&) . statd (XHBIE) # mountd (HEEHIENR) o

NFSv3
NFSv3 Bhi4As 3 3LhtE, ZIFRFImSMIIER “IBrR” TR NFS,

NFSv4
NFSv4 B HIRRZS 4 55, @ Kerberos #ITR AP 5H%IE, NFSv4 REE—
MEO, Eitk, Bk NFSv3 BiE & AT AE RIS,
IEEEA http://tools.ietf.org/html/rfc3530 7,

pNFS
H1T NFS, BT NFSv4 B9—HMiili B, 1Ef] pNFS B im#la] LAEE1H10) NFS fRSS28
LR,

O ==: ZEONSHEER
MIBIE Eift, FRESHERTLURGER IP Il SR5ER. FEEREr, BFEE— 1 EHH
DNS &%, E/M AT BEIERBEMBREER DNS, E7A mountd SFIFEFHITREE

o

19.2 %3 NFS 5528

BIATRZRE NFS fRS3588, EfER YaST R NFS fR5588, IBMERNT > DrEE, 15
i, ARBRIRSEEER DRI IR S 2%, RHiESREMMBERTE.

5NIS—#%, NFSEB—1MEFIR/IRSZBER. B2, —SHBENAZIAXEMAR: Bk
BEMERHXG RS (|E) , BAMMEMETEEXHRS (|N) -

Q iE: ESHRSE LAMEL NFS &

SUSE Linux Enterprise Server ERZHFHE S HIRS ][/ AHIER NFS &,
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19.3 ECE NFS fxs52%

AET YaST B & NFS fRSS28, WA LIFIECEE. NFSIERI S Kerberos &K #1TH 1R
o

19.3.1 fER YaST SEXHRS

fER YaST FMBHRIRE S ENEZIRA NFS frs5es, WARSHZARERMXAGFHEIFEENN
EENENHSHEENMENFRERSR. BAlt, TEESaENAMLENAER, RSHEE
REfR N T2 o

BIRB LRSS, BRERITUTIE:

38 19.1 : i85 NFS fRs32%

1. 35) YaST FHIEZFMLARSS > NFS ARS5288; 1BBME 19.1 “NFSRSZHEETR” o RR
SRR EREEME .

YaST2 - YaST NFS Server — YaST2 - nfs_server @ localhost x
NFS fRS2RECE
NFS AR5 82
° BES)
FREEN)
FriEREE

BHBMERSTAMA:
* nfs-kernel-server (FE]FB)
BREE GRS A i B AIE,

B NFSv4
v B NFSv4(V)

SN NFSv4 248 (M)

localhost
BA GSS Z2(G)

FEEIH) BUH(C) T—FN)

19.1: NFS fRS523ECET R

2. BHEREEH,
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3. IR firewalld ERELK LT EDRE, BEREMMA NFSECE firewalld (BB (%2
MERILIER) ,E 24 F “WIRMPIAIE” 562447 “firewalld” ) . YaST HARE
X#F firewalld , FIIEREE “BTHAIEAREIEE" JHEFHUARE,

4, EHEEEF NFSv4, TNREEE NFSv4, YaST B2 NFSv3. BXEH NFSv2 B{5
B, \EEW+EE: NFSv2,

o WNSRERE NFSv4, FIMEIFRINERNAY NFSv4 5%, idmapd SFiFREFZER
B, Kerberos REFREZTIFER, SFFIKTEVERFHAARE, HE
BERIZTIFER. NRETRIEIT idmapd IEEMFHER, BERHEREHN
localdomain (BRINME) . BX idmapd SFIFEFFMESR, BB /etc/

idmapd.conf,

5. REEELLIFRRSEE, BREEA GSS T2, FARAFUHRENIGHFRET
Kerberos #H HIRSZ BT A inEE 2 KA Kerberos %45, B T —PHERITTFT—NEE
FHERE,

6. BHEIHEELEFEDPHAINEZUEHENBE R,

7. NREHKEEAFHEN, RASEEIEHE S —PINEERENANED, HEmATF
REE, WAFVEERER (BEETUERERIMETRE)
AUASNEVIRETLRFNBERRT: BN (BFRIIP HAE)  WLKH, BERT (W0
* RNFTEITENERRELIRIARSEEs) O IP WL,

BEXAXLERTNELZER, B8N exports FMI,

8. BETEAATERECE

19.3.2 FoHSEHXHRS

NFS SHRSHEEXHRE /etc/exports # /etc/sysconfig/nfs. IR NFSv4 RS
BIEECEET Kerberos SAIIERN NFS, HEREFHAEERBFRFE, NIRRT XLEXH
46, BXFE /etc/idmapd.conf,

BRI ERRS, 1Ei51T6rS systemctl restart nfsserver, LLEF$iES4E NFS
RS 28 A FERY RPC portmapper ERE 50,

FHIR NFS BRSS 2G4 7E5 1 S EE, 151517 sudo systemctl enable nfsserver,
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Q i&E: NFswv4

NFSv4 2 SUSE Linux Enterprise Server ERTFRMISRFTHR NFS il I7E, @i NFSv4
SHFFANEE B R5@:d NFSv3 SHFFANE FAEE.

£ SUSE Linux Enterprise Server 11 £, ®{E /etc/exports FIEEMNEEH. %
RENARZZR, BREEFH.

/etc/exports

/etc/exports XHEEmMYIR, BMEFERTIHEZNERUNREZNAH. /etc/
exports FNZEHBEES:

/SHARED/DIRECTORY  HOST(OPTION LIST)

filan:

/export/data 192.168.1.2(rw,sync)

ek, fEAIPHIAE 192.168.1.2 FRRAWNE iR, ERILUERAENR. RR—4HE
WMBEBESRT (*.abc.com. * &) ML (@my-hosts).

BXFAERINEES XBFEHNREA, 1550 /etc/exports BY FAf 01 (man
exports ).

WRIETE NFS RS 2351TEMEER T /etc/exports , MFEMFHA sudo systemctl
restart nfsserver aa<EREN NFS RSS2, LUEERE.

/etc/sysconfig/nfs

255

/etc/sysconfig/nfs XEEE—LERTE NFSv4 IRZ[BTFIFEFITHNSE, BSH
5% NFS4 SUPPORT 18BN yes (FRIAME) o NFS4 SUPPORT JRZE NFS iRz 2

B HF NFSv4 SHNZEF i,
WMERIETE NFS RS 2BIE1TIMERT /etc/sysconfig/nfs, MEMEA sudo
systemctl restart nfsserver < EZEN NFS fRFB28, UBERER
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O 27 BREm
£ SUSE Linux Enterprise Server 11 £, ®77E /etc/exports HIERE --
bind &, ZgBENAZZE, BMEEFAH. MWE, @I NFSv4 FHFTARYED
BB R5&3 NFSv3 RHFTA/ B RHEE.

Q i¥&E: NFsw2
AR NFS B IR{MAFHITF NFSv2, 1BTEARSS23MY /etc/sysconfig/nfs HiKE
PRSIz iy :

NFSD OPTIONS="-V2"
MOUNTD OPTIONS="-V2"

ERMRSRE, BEAUTHIRENRE 2 ZEAA:

tux > cat /proc/fs/nfsd/versions
+2 +3 +4 +4.1 +4.2

/etc/idmapd. conf

256

{RHEMA Kerberos M IIERE Fin A REERMFAA R, 7FE idmapd P12
. B Linux At%2.6.39#2, Linux B IHAILUEREFRAF &, idmapd SFHFRERFSE
RXFARS523HY NFSv4 iER#ITEFRE ID BUBREY, HEE X i,

NRFE, idmapd FHTE NFSv4 BRSS28 LicfT. B im ERIRFFE] ID BREHIGH LA TG
BIRMEHM nfsidmap X717 nfs-client,

S FEIREMER NFS REZEXHARFANITEN, EREUFE—NAXEXLETENIE AR
IEERAF KM ID (UID), XATLUfER NIS. LDAP SiE R RUE R4 —B9is B 19 B EA I R 52
Mo

7£ /etc/idmapd.conf X, AR FPinHIRS 2852 EMEERY Domain &%, 0
RIERHE, BERSB[BNEFIHXGPRIZEREAN localdomain, EEEXHEEARN
e

[General]
Verbosity = 0
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Pipefs-Directory = /var/lib/nfs/rpc_pipefs
Domain = localdomain

[Mapping]
Nobody-User = nobody
Nobody-Group = nobody

EE5h idmapd STIPTERE, 1AI51T systemctl start nfs-idmapd. HIRETESTIF
ERFIEITEMEERT /etc/idmapd.conf, MIFEFEA systemctl start nfs-idmapd
L EBMTIFER, UFEEREK.

BXEZEE, 1520 idmapd # idmapd.conf BIFAMI (man idmapd #] man

idmapd.conf) o

19.3.3 3H Kerberos BJ NFS

Z 33 NFS £ Kerberos B350, B RBEAL2MRS (GSS). EH#I4A YaST NFS ARS5 283t

IEERIEEEH GSS 22, BMAB— BB Kerberos fk$5287 BEERALLIIEE, YaST A&

RERSES, MRABAEMNIIEE. E#H Kerberos #ITEHIIE, BRT YaST BBE, =
DR TNSERS A T B A BEIE1T NFS ERE

1. BEHRIRSSBZMNE P IHERTER— Kerberos i5H, ©14iARMERER KDC (BHEH %
ity BRSEBHEZH krb5. keytab X (EEMAITEN LWERIAGIER /etc/
krb5.keytab) o BX Kerberos WEZER, 15BN (Z&faiEEm) ,FT1E “&
FA Kerberos #1TME S HIIE" o

2. FEFPIK Li5fT systemctl start rpc-gssd.service B gssd RS,

3. £AR 28 Li5fT systemctl start rpc-svcgssd.service B svegssd BRS.

EH1T Kerberos BAW0IE, WEEERSEE LiE1T idnapd PR, BXFEHAEE, B8
W /etc/idmapd.conf,

BRECEXRF Kerberos BINFSHVEZ(ER, BBNE 1967 "EZEE" PR,
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19.4 BCEEFim

R ENEEANNFS BP I, TRLEEMRMSF. FRINRERBE TR,

19.4.1 fERA YaST SAXHZRS

EAAPRILAF YaST NFS ZFIRtEIRM NFS ARS3288 NFS B RIEH A AN, I TFR

372 19.2: SANFSHZE
1. B35 YaST NFS B igtEIR,

2. S NFS HZRIMRARYA. A NFS BRSZFHIENZ. BERANBRUKREESRM
R ER RSB R

3. FA NFSv4 BY, 7 NFS & EXMKHIEFZFH NFSv4, B9, NFSVA IHZATEEH
NFSv4 ARs528FrARYMERENE. 2AIAIE A localdomain,

4. EXF NFS {8 Kerberos B9501E, HIURH GSS &%, iEBEF GSS 4,

5. MREERMHAEHFEATMNIZZHENLRRS, BEA NFS IZEER-RPRRTENA
B B TR, BIAMEIRSR B REEEER A,

6. BHRAEREFEN.

BTSN /etc/fstab, FREFIRENXHRS. SEHEERR YaST EEFF iR, ©iF
RSB B EE.

() =BTR: NFS BIERXH RS
EEIME U NFS HERREHRS X CCHE) R4, EERIMHILR NFS £=ZH
ML I% & BT TR R E,
KXAKESISRAER, BIANQBIBIRFEBAXAMEERE, ARMHERSX, F NFS
BXHRE, KIIF2SHEE, AAEEFERAS NFS HENREEZNERT, B9
XTEiEZL2H. ABLERAEAEXNNEILE, FR (EEER) ,£198 “BEX
PLEFIR" , 56 19.4.1.2.5F “BUEMLKIRE” FMRITAMNEZGREE RN R, R
s E AU EERPRIEEEET NFSroot,
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19.4.2 FohSAXHEFRS

FohM NFS RSB BESAX G RANFTREZ M RIETT RPC i AMRETES. nfs RSB MRIEHBEH
Zi2F; Eik, B root HpN systemctl start nfs RENZRS. AEME &
A XABFEER mount X G RAAERIIXGRAR:

tux > sudo mount HOST:REMOTE-PATHLOCAL-PATH

a0, BM nfs.example.com HENSENBFRER, 1&EA:

tux > sudo mount nfs.example.com:/home /home

BENXEFimE NFS BRS32809 TCP &E#1144, RILAGEA mount &<HY nconnect &, &
BILUEE/ T 17 16 Z[ElfVEfIEF, Hi 1 2RINME (MRKRIEEEZIED) .
RETEE—REHIIEPIIFE NFS ARSS28MA nconnect &€&, MRFEA—FFHXIE

— NFS IRSZ2BHMITEHGH S, WEHEFMEERINERE, MASEBLNNEE. EE

EX nconnect i&&, WMEHEHIIFE NFS IRSBNFABEEFmEE, AT, ErIUA
nconnect EDE X —MT{E.

&R LT mount AYEIEERSCE /proc/mounts 3B HFIAEMM nconnect B, WMREH
LR EE, WEEHREASERZEDR, MmEERRRIAME L

Q E&E: BHEHS nconnect EXHAF
AT ERUES—REREXAMTEE, RLSEMREETHRYUS nconnect MfE
t8E,

19.4.2.1 {FRBEHRS

autofs TP BT EHEHIRIEX G RS, 1B7E /etc/auto.master XHEFRMUTH
B:

/nfsmounts /etc/auto.nfs

MR auto.nfs XHIEMIEF, /nfsmounts BRIEENZ I _LFTE NFS EHM root B
Fo i%EF auto.nfs XNAMEAT AEEN, EeJLLEFEMRBIR, £ auto.nfs FAFR
B NFS =E=HARMER, WMTFFR:
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localdata -fstype=nfs serverl:/data
nfsdmount -fstype=nfs4 server2:/

Ll root 512517 systemctl start autofs FECEZIGE. XTFULRE, /
nfsmounts/localdata, serverl By /data BRJE&id NFS#E#H, server2 #y /

nfsmounts/nfsd4mount J%i@Eid NFSv4 %,

WRTE autofs ARSZBIEEIETTAIRIBE Y /etc/auto.master X, MHAGfER systemctl
restart autofs EFIBEIEH I BEFEREK.

19.4.2.2 Fohémig /etc/fstab

BE, /etc/fstab FRIBY NFSv3 AT :
nfs.example.com:/data /local/path nfs rw,noauto 0 0
XF NFSv4 3, BEFE=IHER nfs4 MAZ nfs:
nfs.example.com:/data /local/pathv4 nfs4 rw,noauto 0 0

noauto EIRIRALIEE BT BEhEHXH RSl IREEFNLEIXHRYE, FJUEER

EEAHRNRESD!

tux > sudo mount /local/path

Q iiE: BohER
NREEERAN noauto &I, REKH init FIZEERNGIEXLE G RAERER,

19.4.3 34T NFS (pNFS)

NFS BRENMINZ —, FEAFLHEE/N\+ER. Hlt, MREBHLZ/)H, NFSEERE
BREEK, B, BEBEEAXXAHTERENZ P HEIHRHIER, NFS RSSEZN
M, MmEFMASIEE. XRRAXFREEKX, MUKXMBENEERETRR EX—%
o
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HEEEE NFS IRSFEIFRMHES, IRSB[BSEHXA TR WEFIE SR @I NI
EEXIENEFiR. B2, TIEXHFRANOfE, HaERITEILELR:

o MRZB/NXMH, MWAEBBEERETEURER TTEIE Lo
o MMRBAXM, MAERDBSEEEREIEMARSS BTIXEIE ik Lo

pNFS 31T NFS SR 7 LLMIRE, RATRKXARSTHIEMNBIELE D BH XK,
Itt, pNFS REMELMRSEE:

o — LIRS RIRSEE, ATAEFRAIRGIEER
o — NS NMEFIRSS S, BT EREE

TOEUBEFMEZAR S 2R4A A I —MB 4R NFS BRS588. HEFPIREIEIHE N, THIERS S
=HIF NFSv4 B R iRERAM MEFEIRS 2ZIA R iR, B IHA] U EZISRIZARSS 28 LRYEL
o

SUSE Linux Enterprise Server {X7E%& F i L 32 #F pNFS,

19.43.1 f{£H YaST ECE& pNFS & Fim

BHATIIE 19.2 “SANFS EF” BARNPE, Bk pNFS (v4.2) E5EELUAETER
NFSv4 H=, YaST SYITARRIEMNENT B, HESTEXH /etc/exports HENFEHNEE
I,

19.4.3.2 FohficE pNFS B im

BBRE 19427 "FHSAXGRES EFLEE. KSHECE BT NFSv4 fRSB285EMK.
3FF pNFS, ME—MIXFIZIF minorversion AWM TTHIEIRS2E MDS s FINBER

mount A<
tux > sudo mount -t nfs4 -o minorversion=1 MDS SERVER MOUNTPOINT

RNFEERE, BER /proc XHERFHRIE:

tux > sudo echo 32767 > /proc/sys/sunrpc/nfsd debug
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tux > sudo echo 32767 > /proc/sys/sunrpc/nfs_debug

19.5 EIE NFSv4 ipia)izEH5IER

£ Linux &, BRTHMAF. AFMNEMA (ugo) BIREL. B, HIT (rwx ) XEEETEZ
oh, BIBIEEFIFIR (ACL) REA—IIRE, THIBEIEXRFH—MERERZ (Draft POSIX
ACLs) (POSIXACLE#S) , BiEAKSEI POSIX WIEXInAL. B—1EERERZ NFSVAACL, ©
& NFSv4 RE X RAGR—ER9, BEIRATTE Linux £BY POSIX &4t5 Microsoft Windows
EBIWIN32 R4z EHRHE HMFRE .

NFSv4 ACL @ AIEFASKEETS POSIXACL, RIER#ITIE NFSv4 &P im EBRGY ACL iBIRIIYE
i (bbanfER setfacl) o

fEF NFSv4 B, BIMEERERN T EFERER POSIXACL, HEFREEZFER NFSv4
ACL, XEkE, BIA setfacl BENSTE NFSv3 EimiT, ANIFAEETE NFSv4 Bi&iT. AT HEDS
£ NFSv4 X% %5 E{EF NFSv4 ACL, SUSE Linux Enterprise Server 12t T nfs4-acl-
tools MHE, HHPEETHISI:

* nfs4-getfacl
e nfs4-setfacl

e nfs4-editacl

XEREMEEA R S AT ENEH NFSv4 ACL B9 getfacl #1 setfacl 2, X2 NFS
AR5 28 EIXX AR FIRMIT NFSvA ACL WL E I, XLERLTSA BN BAFLIRHITHID
(ACE) WS EASRIREER Fim P ArI A, BXFis EEiTHEFERR IR SE M ERR
HIBI R,

RZFFERIL NFS BRS528 LA IS NFS 5,

ERRIIEERS

BXER, 180 Introduction to NFSv4 ACLs (NFSv4 ACL f&i7T, RIHEA hitp://wiki.linux-
nfs.org/wiki/index.php/ACLs#Introduction_to_NFSv4_ACLs a),
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19.6 EZER
FR7T exports. nfs # mount BFAADIIL, EAITE /usr/share/doc/packages/
nfsidmap/README H#%E|XFECE NFS BRSBMEFFIKRIEE. BXEZENXE, BSR
LA Py :

c BXMEBREN—MER, BN (Lefsaicm) ,F 245 “WkMBAE" .

e NREEEENEHNFS S, BBME 2147 “BoliEd NFSHZE"

° BXMHH AutoYaST BCE NFS HIEZHT, 1380 (AutoYaSTIERE) ,F4E “IEMER
FIRW” , L 4.20T “NFS BEFIHHMARSES
° BX{EH Kerberos {R1F NFS SRR, 5N (L2MatisE) ,F 78 “FH
Kerberos #1TRE FPIRIE” , %6 7.6 T “Kerberos #1 NFS” ,

* 7£ SourceForge (http://nfs.sourceforge.net/) # EEXHZEFRIFMATIE AR Y,

19.7 WEERLUE NFS &

19.7.1 EBRE:H
HL@ERT, EaLUETIRBERNEIREEHESR /var/log/messages XHFR T NFS
FEYERL, 1BRZEHE, $EIREEM /var/log/messages FIRERNEERIZIEA, XL
BRT, @B )EHERMNEEEER TS T HEAEE NFS jrl,
BEE XA, @I URMHA NN RAEFHRERBN A £ ERICERR, RESSHNH
HEERESE, AEZHZER TENDERIEE,
372 19.3 . BIjn)za
1. BFENEEHIEE, £ Linux £, EALUER tepdump %, Za<H tepdump #EE
it
tcpdump EEBRFIGAT:

tcpdump -sO -i eth® -w /tmp/nfs-demo.cap host x.x.Xx.X
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uE:
s0

B LEEHE B B

eth0
W R EBEEIEENAMIZONZTR. EIUER any ERNERAEEO,
BEAILLEYEESSBEIERE T EHEMR DT REL.

EEZES NBHRAF R,

X.X.X.X
R NFS B 5 —impy IP itk 5140, 7€ NFS ZFImIREX tcpdump BY, 15
¥EE NFS ARS5280Y IP ik, RZ7R7A.

=

Q &
TERLEBERT, RFENFS BF IR NFS RS SBE—IRFREEREHE T, B4
R RE R IRMEITEEE, NEEFEEMIRHREE.

BEAREXHA tecpdump HEHUET—F,

(AN%k) WNREFLERE nfs mount SLAFHITIRER, EAIUZHER nfs
mount 83 LHYFIFMIREEIEIN ( -vvv ) KRFFE St

(ATi%%) SRENEBILA AR strace. BUMIFER strace BHICR T A £ R ARV
fiatiel, EENETFH—FHELENFKT tcpdump FEIHLES 4,
Ba0, FNEREATIE NFS HH _EHIT mycommand —-param sn$5ely, MALUERUT

¥ XK strace <
strace -ttf -s128 -o/tmp/nfs-strace.out mycommand --param

MRERAREGTMBINTEDN strace, iHFIENENBINE, & /var/log/
messages HEXH LIRS R,

nE:

jul3
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4. —Ba@BW, & Rl -c RELEFRIFEPEITH tepdump, 1R strace mLEH

Eifg, 2K strace 5%,

5. Ii7E, EESHIEEREEM strace HELKRMWEER I QE /tmp/nfs-
demo.cap # /tmp/nfs-strace.out HAYERIE,

19.7.2 =%k NFS iR

O == 54BERERTEX
BEE, UFEDMNERT 7 #E NFS BB EHkEE NFS B R, Ait, 1/
7219717 "BIEET RFRNE—Y, U NREEE, HEMERETHE
EARANNAT A RFEMLELEANEIRRE WMRE) .

A B AR RUETIMNI NFS BXER. AT, HESIFEEEXEE, HEMEE
EX, EitERBRABAIESEMASIEE. CEERRENRAERIZIMAZEE LU LE

AL, KZHIERTEHBAFEZEACEHEL, XFRRRE NFS BRI AR, BEd
B4R,

19.7.2.1 £ rpcdebug FUEIEIA

rpcdebug THRAILEIGEERR NFS &P infARS 23IAIHTE. WREER SLE PFEAR
rpcdebug TH, MATLUM NFS BRSZ 2894 E nfs-client 3¢ nfs-kernel-server &
#iZTH,

BigBIEGE, 15E17!
rpcdebug -m module -s flags

Z2ERAERRE, 15E1T!
rpcdebug -m module -c flags

Hrh, module BJILURE:
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nfsd
NFS AR5 23 CERYEI

nfs
NFS & P imfCiEa91E1

nlm
NFS $iEIE28AIR (£ NFS B IR NFS iRSS281) - 1SO&EMAF NFSv2/v3,

rpc
AES TR BERIAR (7 NFS B IR NFS fRSS281H) o

BX rpcdebug SLFHARAENGER, BELFMI

man 8 rpcdebug

19.7.2.2  $H%F NFS Friki By H A CRE R0 E

NFS SEEh Al gefk i FH B X ARSS, 140 NFS 3 FIFI2F— rpc.mountd . &ERILATE /

etc/sysconfig/nfs FABEXRSIZEIED,
f5l§0, /etc/sysconfig/nfs BELUTESE:

MOUNTD OPTIONS=""

EBAIAAER, BIOER -d &M, FIRUTERE: all. auth. call. general

parseo,

fign, LATESRIEAFMERZAY rpc.mountd HEIER:

MOUNTD OPTIONS="-d all"

BXRFFERIARD, BERFMIT:

man 8 rpc.mountd

B /etc/sysconfig/nfs f5, BEEEZMRS:

systemctl restart nfsserver # for nfs server related changes
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systemctl restart nfs # for nfs client related changes
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20 Samba

£ Samba BT LU Unix it EHEZE A macOS. Windows 1 0S/2 HHEHBISTER
FTENARS 28, Samba BEELARBREA— M EETE BEEE 2R M. #H YaST 8F
ShemBACE X4 RACE Samba,

20.1 Ki&
LT Samba SCRS1 YaST AP EERH—EA S,

SMB 1Y
Samba fEFAET NetBIOS ARSSHI SMB (RS 2EER) thHi¥. Microsoft ARz ih
W B R LL R B EMBIEERIRE A LLSIETT Microsoft R ERANIARS 2312 101E
%, Samba Z7E TCP/IP WX AERY_ES2hE SMB iR, thFtRi%, FrERF in L&%UMR
ZRFBA TCP/IP,

() 127 IBMZ: NetBIOS x#%
IBM Z {2458 F TCP/IP B9 SMB, XLEARL ERIEH NetBIOS 2§,

CIFS Y
CIFS (Common Internet File System, BRAEBMXHRS) HiNE SMB XY R EARR
7, %A SMB1. CIFS EX TCP/IP LfERIRAEIRIZX R GTHRININ, AP
5B B BX thE TEHH =X,
SMB1 B4 SMB2 BXf{, [F&ER¥Z{EN Microsoft Windows Vista™ B9—&8 53 % 16
B, SMB2 53RN # Microsoft Windows 8™ #1 Microsoft Windows Server 2012 #fy
SMB3 BXf, TE&IEAY Samba hkAH, HFLREREFKIASEA SMB1,

NetBIOS
NetBIOS B% AT AR FAEMSE LA BN Z E# I T@NARMEED (AP), EfEE
EEIMLRIIT BB N B SRERIR. ZEER LURIER M XL EAN#HTI UL, &
BEAROHEEROEXLER TR, WELAERTTETIIRURBARAFHENRIR, Al
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EXLERTRHARER. A UERRME HIXAER_ ST NetBIOS, —FiExTfESE. Ra]
KRAEBISSIIFRA NetBEUI (EE 5 NetBIOS APISE®E) o NetBIOS AT LATE Novell IPX/
SPX ¥ _EiB1T. MARZS 3.2 FF94, Samba Z#57E IPv4 #1 IPv6 Liz1T NetBIOS,

@i TCP/IP &I1XMY NetBIOS B#F5 /etc/hosts HEAZIRIL DNS & XHBFFE
BEHEEZL. NetBIOS FHEBCH. TR2MIUMNGREAT. BATHEEERSHES
DNS, ZBIEFEAS DNS EN BRI ZFR, Samba BRIARAXFHA T

Samba RZE8

Samba RS 28ME P imieftt SMB/CIFS BRS3#0 NetBIOS over IP S & ARSS. T
Linux, Samba BRSZ 8B =1TIPEFA: smbd FF SMB/CIFS BRSS, nmbd FAF&p
2RSS, winbind FFBHIEIIF.

Samba Z i

it

DC

20.

ERHE Samba k3588, 1BETN YaST FERA I > BB, EFIE > 1250, AT

Samba B ime—MEENS @i SMB MY M Samba AR 28(EMH Samba IREM AR S, FH
BERS (5190 Windows #1 macOS) #3z#F SMB . MEFABITEN L& TCP/
IP 1% Samba 1REIERFZFHAREZEE UNIX B iR, 3F Linux, B—METF SMB
HIRIZIER, ERIFE Linux RALS) LEMK SMB #HiR. AREX Samba EFIHIEITE
EISFIPTER.

SMB fRSZEEI HENEFIRRERR. HERERSHLNER (BFHFER) M7
ENHl. @I HZZFAISEMIBRHEZ, AJUBHZZMEENTAEN — F—ERS

BRBI. HEITEWEEENNZN, FAELRELEBRMTENNBZRRKS
el

RIGH, UETFN ($) EENAZZMREER, WrtEii, SR Windows iHHE
HNRRIRHAERN, el l§Ff=ET.

EfEHIEE (DC) B PIKF RIARSS 28, AT HITEIRESR, EREMAFAILUERZ M
F R,

2 &% Samba fREEE

5585, MINERRTMREHZFTIIRA o
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20.3 BEopfl{ELE Samba

(5| S8Y) SJLABmIEEIEELE Samba R8s, WEFoIHRITXMME(E. BoiflELEREE
EBH 20417 “FER YaST ELE Samba fEZE2:” HFARBY YaST Samba fRSZ2RECER—ZB 9

ST 4EA systemctl stop smb nmb TJ{ELE Samba FAERIARSS, EH systemctl
start nmb smb RIE&ET. smb IRBA[IBIBEELIE winbind,

(©) 127 winbind
winbind @—ITUHIIARSE, FEEFHLEEIRAY samba-winbind G EEME,

20.4 FEZE Samba fRS2:

SUSE® Linux Enterprise Server iy Samba AR5 28 rl@id AR E A HITECE . A YaST 8¢
FaiAH. FIRETREEFANES, B&E YaST GUI H &,

20.4.1 {5 YaST Bd& Samba iR 28
EACE Samba IRS38S, 1BRBEN YaST FHixBRMLZIRS > Samba RS2

20.4.1.1 %% Samba Ed&

B—IRBEIEREY, RARBE Samba ZZEFHEE, BREM—ET MRS R EENEAIG
B, IMELEREY, RARRTEHAN Samba BR[OS (Samba Root %) - LUERBEIET,
£ 87R Samba A& WiEE,

Samba ZIEMEEERER NS BMFMARE (i) -

T{rAREIEB
FETRAREEPER— N IERMIBA— IR, AREE T,

Samba fRZ233EHY
ETF—2H, IEERSBVBENZFE Y FIHEHIZS (PDC). &HHARS2: (BDC) £2 AR 7Y
IIEHI28, Pk,
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NRFEBRFARRSSFECE, BFREHTEHIA. ARTEREEBEF, KE Samba

root 1%,
HEERLTE Samba B EMNEENEE). H=. 5. 5{ZEF LDAP & EXIM-RHERFIEIK
=

20.4.1.2 1EARSS28 LB RASFThRZSEY SMB 1Y

7Eia1TEHhR SUSE Linux Enterprise Server st EMIRH Linux iREME PG L, RIACZH
F= LK SMB1/CIFS il B2, BHEH Samba SLHIRTAERCE S9N fEFRA SMB1/CIFS hRimlAt
BHE, BESHERFIHRKE, TR Samba BBEAZE/MER SMB 2.1 thilCRAHZRHARS
FERLEIGERREEFA SMBL, flil, HXLIGERBIT SMB1/CIFS By Unix i B, XL E
W ARSIEDESNINARD, IREEIXMER, BERENRE, HBSNFE 20527 7+
FPin E3EE SMB1/CIFS HE” ,

EEXIRE, BHELREXH /etc/samba/smb. conf FIRELF/SE server max
protocol = SMB2_ 10, BXFiERgEEMNTIZK, 7SI man smb.conf,

20.4.1.3 H%k Samba fit&

$—/RB5h Samba IRSZBEBIRRET, FHITE 204.1.1 7 “9J44 Samba Bl E” PFHRMIFE N
WM BRE, Samba ILEXEEARETR. FHETIHEEER Samba IRSB(EE.

MIBECEZ G, BEHEREFIRE,

20.4.1.3.1 EBnhiRsSEE

EENELEAR, BCE Samba fRERBNESN. ERESRASLS|ISNEHRS, BEFS S
B, BECEFOIEE, 1BIEERETFTo. BXBEn) Samba [RSZEBNEZER, BENE 2037
“Bopf{=L1E Samba”

LRI R, &R LETABAERRRO. AEENEE TP AETR 0 E . REZ T
&0, WSl REHAEAT. EEEOH R EHFHTERN Samba ARSSEFRMEEZO.
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20.4.1.3.2 #H=E

EHZETRFR, WEBMER Samba 2, FHE—EMEXHHE, FINENFMITEIN. &
RIS RIS E R Z B TR, BEAINFANEE, SBEHERATRIBRERHE

=

TR HEZERERTHARRARRAIUSEMAREZMIBENER. W, users

BT AuhSEE, DOMAIN\Users BTFEUEE. AR BIEHERX G RSGRRAITFE. &K
HZAREIFTLUEIZBHZRNE . BAFHPNBFRAEMERTSMNRIE, BEAAITRE

8o

20.4.1.3.3 Efp

FESMEMRR, RESEVXRENE (EARE) UREREEMNEHEREAENR

(NetBIOS F#1%) - AILAER Microsoft Windows Internet Name Service (WINS) #1732 R
BT, TEXFMBERT, BUEERH WINS #TENZ RN, HRERT AT DHCP 192 WINS Ak
535, BIRBETRERFRENIRERAF SMIIEIR, 30 LDAP MAZ TDB #iEE, BRES
RigEo

20.4.1.3.4 oJ{=iE

BEEHMENAFEBHREIE, 0 EHERRREITESIRE, BN, B8
EAR. EFREFMERE, BREMIF.

20.4.1.3.5 LDAPigE

TR~ LDAP ZEF, ERIUMEERTHHIIER LDAP fRSS28, EMIXE LDAP AR5 2847
EE, BREEE, BIREE XK LDAPIRERERIINE, BRESLILE,

BEX LDAPECEMELZER, BN (Lafiz{bism) ,8 6 & “389 LDAP Directory
Server” o
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20.4.2 FohEcEARSS 28

MNREE Samba BEARSE2E, FXRE samba, Samba WEREXHE /etc/samba/
smb.conf, ALV D NEMNZEEERS. [global] HREESFRNELF/IZE. UTER
IR EEE N XEGFITEINEE:

e [homes]

e [profiles]
* [users]

* [groups]
* [printers]
* [print$]

BEITTE, ERLISERRNERIED, H7E [global] BMKBEERHZED, XESE
EXHERZIER,

20.4.2.1 global &%

RizfE2% [global] ERORILLTSHRABEMEIKENER, LUEHMITENIEERE Windows
iz @ SMB 1518 Samba AR5 28,

workgroup = WORKGROUP
Itt47398 Samba AR5 2845REI T1E2H. & WORKGROUP Ei A MKZIFERIE Y TEH,
188y Samba AR5 23IG HIMTEH DNS BT, FRIELLBFFEISIRG MERRIEMITENL,
YN DNS ZRFFAEIA, 15 netbiosname=MYNAME & BIRSBEZM, BXILBEHH
EZMT, ESN smb.conf FHTL,

os level = 20
tbSEHE SR Samba RSB EE =N AETIEAMN LMB (AithE3¥55838) o
AT ERIME Windows MLEE Samba ARS5RECE R ST, ROEZEIFEEAE,
m 2, BxXIEFFNELZEE, AILUTE (Samba 3 Howto) (Samba 3 #2{E5F)
B “Network Browsing” (R£&R%) —&EH#E]; HX (Samba 3 Howto) HEZIE
B, BBNE209T “EZEE"
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INERMLLHEEEM SMB ARSS2S (%0 Windows 2000 ARS528) , HBEHEE Samba AR
SRFEE—HEMIFEPEENFRBERANTIR, 5 os level KEBA—IMREMNE

(510 65) o FAIRERILUEIREM Samba ARSSES1E A HELZ A LMB,
EEXRUIRER, NINEEERXHMITIAE Windows REEIFBINENE, MiZELE—7
AL MLE s — R PR IEE R B L B,

wins support #l wins server
AT EIEN Samba FRSS 2 EMEIE B TETN WINS BRS2:HIA Windows RLEH, WEHR
wins server EIFHFEEIZE S WINS ARSS 2589 IP ik,
NRRFER Windows I BENIEZZI R MEIFM, ANXEZC(EEETR, WEELE
— WINS fRS588. 4§ Samba ARS5 2R T /XIFM WINS fRSS28, 1EIREIAD wins
support = Yes., HRMKZHFRIE— Samba [REBREATIIRE, T7EER
smb.conf XHHFEEMAIERN wins server M wins supporto,

20.4.2.2 H=

AR BER 7 anfelfsE CD-ROM JRzh2E A B3R (homes ) ¥ SMB &P imE] Ao

[cdrom]
AT EREIME CD-ROM IXsh23 LS, NERIRFEFIE (EXRFIPENS) BUEX
17, WFRE—FIFHSS, UES Samba = CD-ROM IKzpas.

{1 20.1 : CD-ROM H=E

[cdrom]
comment = Linux CD-ROM
path = /media/cdrom
locking = No

[cdrom] # comment
[cdrom] ZBHIMEMLZ EMIFRE SMB ZFPIHIY R EEINHEZNEZFR. BT LURIN—
NHIID comment KH—FTHEARIHEE,

path = /media/cdrom
path SHBXR /media/cdrom,
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BT RRFIRRIARE, IEXMAZNNEAR EFENAFTH, NRNEREE
MNFPERFAA, BEAEEPRRIN—IT guest ok = yes, WIRBANMEK EWNFRBERF
REENIR, BWEIABRLIEL SR, £ [global] BN ERALLSHEIEN L,

[homes]

275

[home] HEEXBHRFNEE, MIRAFEE Linux XHRSSFNERIKFAFOSURE
CHEBR, NI LLERRILHE,

{51 20.2 : [HOMES] &=

[homes]
comment = Home Directories
valid users = %S
browseable = No
read only = No
inherit acls = Yes

[homes]
RESHEHMHZFEAEZT SMB IRSBHVAFPNEZEFR, M=EA [homes]
HERLSHSER—TMHE, SFRHNEZZTMERFBo

valid users = %S
BINEILEERE, SERAERHNEZZTER %S, XF [homes] HE, IBATRE
KRB, XHEMALUEHPNEZHRSNESFIELEF.

browseable = No
IS BEFEHZEMKIFERART] 0,

read only = No
NER T, Sambai@id read only = Yes SHFRZIFWHERMBESEHEEZENTS
e, BEFEHZEATE, 518E1E read only = No, ES writable = Yes &
FXHo
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create mask = 0640
APLRZET MS Windows NT IRFREEIRRE Unix ARRBVEES, FRULENTEEIZ
XA ARBEIRTRINPR. 2% create mask X 7T AHOIEXHIEIREVHRIINPR,
X{GERTFRIEHE, KL, MEERTHEEERTEENR, PRFEENEAHMEA
BEEEMPR, valid users = %S RPALEIEREUAR, BMEIZAREIREMNRD
k. EfFEZARRBHITIERRE R, MEBUH valid users = %S —17,

L5 &5 Samba HENFS HEA

5 Samba HZE NFS #HHAIGESEIUIEERR, HERXIF M. BEEEXRS S
£ %% Samba, HEZEEABZERSGIN, FW0 iSCSI,

20.42.3 =M%
BieeRe, IUUERAOLKFIFENHZNR, SMB RHUTHREITFAINRNGI:

BPR&RLME (security = user)
TG AFPBBERSINT SMB, S AP ESXIERBSHWAOSERS S M. i
&, BRS2[_EILIRIBA R BRIFFIHRZNESHEZHIRR,

ADS £ (security = ADS)
FZiEXH, Samba RE1E Active Directory IR ZE S R, BEEZIEXFIIE, BT
Samba MItBENFELEHAE Kerberos, #7fEH Samba &iZitEAIINE ADS £
i, S BEH@EILEER YaST Windows EAf 52 AR TE R

IR E e (security = domain)
NHITENVEMAN Windows NT 158Y, HIEXABEIEE T{E, Samba 2= EAF B
LfEIELE Windows EEHFAEIEHIZIRIIEZER, X5 Windows Server R
HiER. THERMEOSSEILEEN yeso

ERAEZ, BRPREBALZEMERTENRSE. TEENRSH[EENELEHASIRHIASZEL
Zet, ERNYAEMHEZRHBFAZSN, B2, BAIUARKELSNEREN IP s
1783489 Samba AR5 88,
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BXITHMELZEE, AT (Samba 3 ##(EEm) FiEl. ¥F—MEALHNLZ MRS
2%, MOFEGEI interfaces # bind interfaces only,

20.5 ECEXEFin

Fig R EEEId TCP/IP i518] Samba ARS588. NetBEUI #13&3d IPX B9 NetBIOS 885 Samba
tF,

B0

\

20.5.1 f#EF YaST B2& Samba B i

ECE Samba B im3RiAia Samba 2 Windows ARS8 ERVEIR (SUEFEITEIN) o TEMLEAR
55 > Windows 157 53 A& IHEHEF I Windows BY Active Directory 18f T F4H, WRESE
5 SMB 52217 Linux S5 591E, WARPSHIEIEEE Samba. Windows 5% Kerberos AR
%28 HiE1T,

BHEEZFCERNSREERT, Fi, FREZRSEEZREABMERRSSHAFEE
RN R, XA FAEFIEMIIE CIFS ENEB R, XA, 580 pam_mount F
Do

TRFTAIRERS, BHIANIEELSTRECE,

20.5.2 TEEPFim_E3EEE SMB1/CIFS =

E—> SMB L& ik 4 SMB1 5 CIFS RF L2 E/IMN, HFF&E Microsoft IERHEHFT
o BFLLBERE, SUSE Linux Enterprise Server L# mount < ERIAR S ERKHHRAITHY
hikzs (BP SMB2.1. SMB3.03f SMB 3.02) ##; SMB H£=,

B, HIMENISFWET /etc/fstab HITH mount sFSHIEHIRIE, EMATLLUET
B ESRI A K ER SMBL, BFERUTEE:

e smbclient T K,
* SUSE Linux Enterprise Server BEK#Y Samba AR 28505

FEUTIRESR, HFREEA SMBL, HIMEIANRESSBUERLN:
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o FRAARZHFIHT SMB hiXhRZ4<8Y SMB fRZBZ28HVIKE, H Windows 7 #1 Windows Server
2008 Ft4, Windows E#H SMB 2.1 Z#F,

o {&HTF SMB1/CIFS By Unix I BEVIRE, XLV RHEREEEESHINIARZ.

O == zsneMRE
BEBIEU TS UBAR 2R, GXRXERFEVIFHAES, BFSN https://
blogs.technet.microsoft.com/filecab/2016/09/16/stop-using-smb1/a,

RIRFALRBRSS 2B AR ER LR SMB k7S,

A X7E SUSE Linux Enterprise Server L BBEEYMXRENEER, S
MEE 204127 “7EPRSS 28 L BRASMARAH SMB #1i” .

MREEEFELFIAY SUSE Linux Enterprise Server RiZHEH SMB1 X, i5¥%iEIN
vers=1.0 AFIMEIFFAR mount 1T

root # mount -t cifs //HOST/SHARE /MOUNT POINT —o username=USER ID,vers=1.0

&, EWaLITELREM SUSE Linux Enterprise Server %252 MA SMB1 £%, ESLIHILH
B, i51E /etc/samba/smb.conf # [globall &% FARMULTAE:

client min protocol = CORE

20.6 ¥ Samba BEERRS2E

TEEZRER, ARBEREIATFETPRORG EFEMIAR#TIRRE. T&TF Windows B9
L&, LthESSHEEESISE (PDC) EELEEO &R LAERECE /9 PDC B9 Windows fRS528, B
L AIf&Bh Samba BRSZ 2T ESS. 9120.3 “Smb.conf 1 global 249" FERT HME
smb.conf BY [global] ZB493: %E’Jlﬁo

{5 20.3 : SMB.CONF #1# GLOBAL Z§4%3

[globall
workgroup = WORKGROUP
domain logons = Yes
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domain master = Yes

FEHEFIES Windows IIERXNAFKFAMO<S, £HAm< smbpasswd -a name F]5E
FRLEESS. FERUTHSAITENIEIE Windows ST E KAV :

useradd hostname
smbpasswd -a -m hostname

fEF useradd S RIRIN— 1N ETRS, < smbpasswd 7EFEHESE -m BYEGD
BALRTS, B ERWECE RS (/usr/share/doc/packages/samba/examples/
smb.conf.SUSE) B8 &BITILESHIEE,

add machine script = /usr/sbin/useradd -g nogroup -c "NT Machine Account" \
-s /bin/false %m

Efi{R Samba BEB IEFHHITILHIZA, BiEFREBEVENEIERNERN Samba BF, HEH
ZAINE ntadmin AR, ARAIERUTHRSHAETFILL Linux ARFFERF 18/ Domain
Admin RE:

net groupmap add ntgroup="Domain Admins" unixgroup=ntadmin

20.7 BZE T Active Directory BIMZEHHY Samba AR
528

NREFESIZETT Linux ARS583F0 Windows ARS5288, NWIRTLAAEE R MR A S 14330 IER S5
ML, HERRSSBEZZER NP REMDIIERFHING, BT Samba FILLS Active
Directory 1ZthfE, EILIERTLIE SUSE Linux Enterprise Server BR532: I\ Active Directory
(AD) 15,

ENANE AD 33, BHITUATIRME:
1. ¥ER root BEFRHEB5HYaST,
2. BEHWLRARSE > Windows 18 R

3. 7£ Windows 15ip R #H 8 RR EAVE L TIRAF R PR AZMANBE,
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Windows 13 5 &1

AR EHE
M IIEAD)

|WORKGROUP|

[ fFB SMB fEE#1T Linux SHHTAE)
O #BRmEtlEIER0)

O Bt

¥iE,

O =T 5y

20.1 : &% WINDOWS Ik 5 &%

5. BEREHERTERIAMNER.

[ ssH 8 ==R(s)
| ERIBE(E)..
AR#=
L) sfrBps=aRA)
[ #uiF Guest i5i7(G)
AP
‘USSI'S |
BAHTHM)
|100 EI
|NTP BED..|
ECcn _m#Ho || BEO |

4, FERFEEER SMB (E 2817 Linux SHIIE, UTEARSS2: EfER SMBIR#HIT

6. 7T AD FR5328 Hi21# Windows Administrator <, HEBEHHTE,
MIEEHIRSRBELRIZE T M Active Directory 11528 KRBV A $HE.

Linux &4

B S Samba lRSZBHIFETF, BAZKA—EBGEIE UID # GID, &ikaAF

B UID BEURFRFEXERNINF, MXE

SEEARSS 2R 4 UID A%,

BRI

m, BEEFERS MR, BXIFHAER, BEEMhttps://www.samba.org/samba/
docs/man/Samba-HOWTO-Collection/idmapper.html 2,

20.8 FEREA

ATNARTEE Samba EMFNE A IHEED SRS FHIBLRT Eo
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20.8.1 Btrfs R ERAXHESE

Samba RFEF iRt 3 Btrfs X4 RGFHIHZITIZIREX 45 BREHEITE. Windows HiR
BESFANLAF@EI X BlE > SPNEERITCEHITERESENXG/ER:

Fl[xl= btrfs_share

- = == == compressed_file Ei%
® + 4 v R » 1921684185 »
- 24 (=2 |wEes | cemEs

- = ~ O e

W TR = "

8 | compresse

o ="

= EEAENEE

E i
i

(B mecresnmmemmes,
- R
=
B R [ ET AT (A)
= =R BT B , EArEs TR ED
B o
o BEF EEmmEEE
¥ EERRU ST ERETE(C)
[ SRR AR E)

o) mEE

1
EH
i
=3

& HE,
i
8 ORJNGOMGDLEUL
% 192.168.4.185 === CB&ER) [ BssH) (D).
18 _20140620GMIME
8 -20140620HZMDZ
8 -20140711BZPVZI
8 ADMIN-3A2A130¢
M ADMIN-PC

18 ANTUNNEL-PC B’E B RIFA(A)

1MEE ERPEE 0FT

20.2 : WINDOWS HFERRSERIEIIEE

HAEERSENX R LOERARFHTES S, HRPIHRSEBHXEXHEN, KEXGHRAS
BHEEZ S, XBEUUDNEMEERE, A, TEHRXEFNSEREIMN CPU FFiH. BRIEHT
NXHEFMBERZEEA FILE_NO_COMPRESSION IEINBIER, TN, ENTE4ERBRINES ENR

Windows ZHREERE UFRE R NX 73 EHE X HFAREL X M
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xm  #E BE

© ~ 4 L » M » 192.168.4.185 » btrfs_share v ¢
E— A O =% . BHES wm
o E .. compressed_falder 2014/7/3118:11 it
| =E .. uncompressed_folder 2014/7/3118:11 it
B BiARnES | compressed_file 2014/7/31 2:54 AT
| uncompressed_file 2014/7/31 2:54 AT
- E
[ R

B 20.3 . FIBEESXHHI WINDOWS HREERER

EFH Samba HEE4E, BAUBEUTHRE

vfs objects = btrfs

FaARINEl /etc/samba/smb. conf PMHEEIE, EFH YaST: WLEARS > Samba fi
Z28 > AN, SAIEIEHRER Btrfs Tk

B Btrfs ERNEZEINEEN—ARELR, ESME 122170 “HEEE4E) Btrfs SUHERT o

20.8.2 [RER

REBUMARLEER, BEENXHFRATFEERFTEHEIRIRESEIR, 7 Linux#, AJLUE
F Snapper TEREIEXLLMREE, Btrfs XFRAWIFEILEDN LVM EZIFIREE, Samba Eff
Y EEd RS 2RI P iRHY FSRVP Wi E T2 1RER,

20.8.2.1 LAETHIRRZS

Samba fR53 25 LRYIRIR AT LAVEA Fe iR ASHIX 4 8¢ B RAIZ42 Windows Z P IR AT
E1f Samba RS2 LEARER, LIMFFEUTHRMAE:

° SMB MEBHZUT Btrfs & Lo

* SMB MEHZRFHEEMERXE Snapper EBEX 4. AJLUER LU T&H<E)E snapper X
%

tux > sudo snapper -c <cfg name> create-config /path/to/share
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BX Snapper IFAE R, BN (EEER) , B T7E “B Snapper #ITRSKMEM
TREBEIR

o MAAFHEXAFIARIRBERN. BXEZER, FEN vfs_snapper FMTT (man 8
vfs_snapper) 9 PERMISSIONS (1%FR) B4

B IFRiZRE, EEBI /etc/samba/smb. conf X, EFERRULRIE, ERILLERF
YaST » W£8ARSS > Samba 528, EFERU TS FagatExmEEE5o

vfs objects = snapper

HAER, RBEHEERSR) Samba ikSS/E, FEIX smb. conf #HITRIERA BEERL:

tux > sudo systemctl restart nmb smb

fRiR
HZEN)
Snapshotted Share

H=HR(D)

HEn
FTENHL(P)
* HE(D)
HZEEP)
Ivar/tmp FEW)...
QiZR)
7 g&gx ACL(_

Eﬁﬁ Btrfs IfJ&E

=) mEE | mEO

E20.4 : ERARENER TR SAMBA =

£idfieEfR, AILLEE Windows FHREIERPE N4 B RAY L ATH AR ZAIET R I510]
Snapper § Samba H£ZERFEIERVIRE,

283 TRER SLES 15 SP3



] tps_report Bt

2 (=2 | EAEE LEHEE

: ;I_-:, Ué'ﬁ“ﬁﬁ* @ﬁ%%é’l’lﬁﬁﬁﬁ Windows e 20{A

SRR (F):
£ BMEE
4 X (1)
| tps_report 2014/7/31 1916

(fRe | (@O | (FE®..

[ e | BE || EAw

20.5 : WINDOWS & BB thy g sy AR AN kT -E

20.8.2.2 mIEHZERER

BIAMBERT, HEETE Samba AR 257 H@:1d Snapper e5 <172 AEFEE £ A Snapper BIBY
IB)5H T BE SR B Z AN MIBRIRER,

B]¥% Samba BC B AR X HFARSS2RITAZ VSS 1Y (FSRVP) AMIBmi2 AL HHIHZIREB I E
FIBRIERK
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BRT 2 20.8.2.1 7 “LIgiHIARZA" SHERRMECEFAIREHLIIN, EEEE /etc/samba/
smb.conf FHisEUTLRHERE:

[globall
rpc_daemon:fssd = fork

registry shares = yes

include = registry

SRfG, FSRVP ZFPim (83F Samba 9 rpcclient LAz Windows Server 2012
DiskShadow.exe) fER]LAE/~ Samba NIEEMHEZIREMIPRIRER, HEZIREBAF

—_
=

7N 5"0

20.8.2.3 {EH rpcclient M Linux PiziE SRR

samba-client 8FE— FSRVP BFif, ErALUZIEIERK Windows/Samba ARSS 2361 H
NFEEHERNRE, ARG, ERILMER SUSE Linux Enterprise Server FILAE TEEH A
FHHEZEHEFMDEXHSF. BRS][IAHEREER rpcclient ZHHIXHRIE
{51 20.4 : {EM rpcclient iR WINDOWS SERVER 2012 #Z 1R
L EXAMPLE HAEIRG MBS win-server.example. com fRSS2s:
root # rpcclient -U 'EXAMPLE\Administrator' ncacn np:win-

server.example.com[ndr64,sign]
Enter EXAMPLE/Administrator's password:

v

(173

SMB HZEExF rpcclient TM:

root # rpcclient $> netshareenum

netname: windows server 2012 share

remark:

path: C:\Shares\windows server 2012 share
password: (null)

& SMB HEEEHRIZRER:

root # rpcclient $> fss is path sup windows server 2012 share \
UNC \\WIN-SERVER\windows server 2012 share\ supports shadow copy requests
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BEREEBHZRER:

root # rpcclient $> fss create expose backup ro windows server 2012 share
13fe880e-e232-493d-87e9-402f21019fb6: shadow-copy set created
13fe880e-e232-493d-87e9-402f21019fb6 (1c26544e-8251-445f-be89-d1e0a3938777) :
\

\\WIN-SERVER\windows server 2012 share\ shadow-copy added to set
13fe880e-e232-493d-87e9-402f21019fb6: prepare completed in 0 secs
13fe880e-e232-493d-87e€9-4021f21019fb6: commit completed in 1 secs
13fe880e-e232-493d-87e9-402f21019fb6(1c26544e-8251-445f-be89-d1e0a3938777):
\

share windows server 2012 share@{1C26544E-8251-445F-BE89-D1EOA3938777} \
exposed as a snapshot of \\WIN-SERVER\windows server 2012 share\

HiIARSBREEATIRBHE

root # rpcclient $> netshareenum
netname: windows server 2012 share

remark:
path: C:\Shares\windows server 2012 share
password: (null)

netname: windows server 2012 share@{1C26544E-8251-445F-BE89-D1EOQA3938777}
remark: (null)

path: \\?\GLOBALROOT\Device\HarddiskVolumeShadowCopy{F6E6507E-
F537-11E3-9404-B8AC6F927453}\Shares\windows server 2012 share\

password: (null)

=RMERRIBRZ:

root # rpcclient $> fss delete windows server 2012 share \
13feB880e-€232-493d-87€9-402f21019fb6 1c26544e-8251-445f-be89-d1e0a3938777
13fe880e-€232-493d-87€9-402f21019fb6(1c26544e-8251-445f-be89-d1e0a3938777):

\
\\WIN-SERVER\windows server 2012 share\ shadow-copy deleted

HiNRSHBEEEERFREBHE!

root # rpcclient $> netshareenum
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netname: windows server 2012 share

remark:
path: C:\Shares\windows server 2012 share
password: (null)

20.8.2.4 {FF DiskShadow.exe M Windows FiTiZ & IR RER

EHAT LUM Windows ZF G EE Linux Samba fRS528 £ SMB H£ZAYREE, Windows
Server 2012 127 DiskShadow.exe LA ER, ZSLAREFAILUMEARASE 2082370
Fi rpcclient M Linux FRIZi2 ZI2REE" FTRRY rpcclient L MNA R BRIz
2, FAR, BALEEZEIRE Samba kS8,

T RAIZEERT WA E Samba ARS8, LAE Windows B IREEBEIEH
EMIRER, BEFR, EXAMPLE @MRIFRAEAB Active Directory 18, fsrvp-
server.example.com & Samba fRSZ288IFENE, /srv/smb & SMB HEREEZ,

1372 20.1 : SAMBA AR5 23 ECE ¥ 4HiA EA

1. @i YaST MIAZ| Active Directory i, BXIFHER, BENE 2077 “ELE T Active
Directory IWZEHH) Samba ARS528” o

2. HafR Active Directory 15{#9 DNS IIE iR :

fsrvp-server:~ # net -U 'Administrator' ads dns register \
fsrvp-server.example.com <IP address>

Successfully registered hostname with DNS

3. £ /srv/smb {UE G Btrfs F&

fsrvp-server:~ # btrfs subvolume create /srv/smb

4, J9B&TE /srv/smb B3 Snapper BBEXfF:

fsrvp-server:~ # snapper -c <snapper _config> create-config /srv/smb

5. BIBEREAN /srv/smb BFIHE, FHifA YaST AT IREEIRE, ARG TRIBER
INZE) /etc/samba/smb.conf BY global #43, #1055 20.8.2.2 7 “ImizH=IRIE" HFFR

R
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[globall
rpc_daemon:fssd = fork
registry shares

yes
include = registry

6. f£F systemctl restart nmb smb ES5) Samba

7. B2E& Snapper R :

fsrvp-server:~ # snapper -c <snapper_config> set-config \
ALLOW USERS="EXAMPLE\\\\Administrator EXAMPLE\\\\win-client$"

HRIEAIFFRE ALLOW _USERS 32fflifia . snapshots FER.

fsrvp-server:~ # snapper -c <snapper _config> set-config SYNC ACL=yes

O == BEEX
WINOER ‘7 BX! BERXFR, LUffR /etc/snapper/configs/
<snapper_ config> FfEFRIERE X —K,

"EXAMPLE\win-client$" 3 F Windows Z P it B, Xk P #1TI85F
f&, Windows & H#]% FSRVP &K,

8. #&F Windows & F ik~ A EZHYFFAN -

fsrvp-server:~ # net -U 'Administrator' rpc rights grant \
"EXAMPLE\\win-client$" SeBackupPrivilege
Successfully granted rights.

AREEF "EXAMPLE\Administrator" BFR#1T E—%@<, RABRTIZEAF N
i2#2 20.2 : WINDOWS EFimigEH DiskShadow. exe BIFPRIEFH
1. 5|5 Windows Server 2012 GR{FIZEHM R WIN-CLIENT)

2. FLRTE SUSE Linux Enterprise Server EAB#, AIANEIE—1 Active Directory 3
EXAMPLE,
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3. E5|%.
4, FTF Powershell,

5. Boh DiskShadow.exe , ZAEFIBHITRNDIIE:

PS C:\Users\Administrator.EXAMPLE> diskshadow.exe
Microsoft DiskShadow version 1.0

Copyright (C) 2012 Microsoft Corporation

On computer: WIN-CLIENT, 6/17/2014 3:53:54 PM

DISKSHADOW> begin backup

6. IEEMRREIAEIEFRE. BIREMES|SHIENFLEFE.

DISKSHADOW> set context PERSISTENT

7. REEENHZEEREIFIRE, AFCIE—MRE:

DISKSHADOW> add volume \\fsrvp-server\sles snapper

DISKSHADOW> create
Alias VSS SHADOW 1 for shadow ID {de4ddca4-4978-4805-8776-cdf82d190ada} set
as \
environment variable.
Alias VSS SHADOW SET for shadow set ID {c58e1452-c554-400e-a266-
d11d5c837cbl} \
set as environment variable.

Querying all shadow copies with the shadow copy set ID \
{c58e1452-c554-400e-a266-d11d5c837cbl}

* Shadow copy ID = {de4ddca4-4978-4805-8776-cdf82d190ada}
%VSS SHADOW 1%

- Shadow copy set: {c58el1452-c554-400e-a266-d11d5c837cbl}
%VSS SHADOW SET%

- Original count of shadow copies =1

- Original volume name: \\FSRVP-SERVER\SLES SNAPPER\ \

[volume not on this machine]
- Creation time: 6/17/2014 3:54:43 PM
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- Shadow copy device name:
\\FSRVP-SERVER\SLES SNAPPER@{3lafd84a-44a7-41be-b9b0-751898756faa}
- Originating machine: FSRVP-SERVER
- Service machine: win-client.example.com
- Not exposed
- Provider ID: {89300202-3cec-4981-9171-19f59559e0f2}
- Attributes: No Auto Release Persistent FileShare

Number of shadow copies listed: 1

8. STREMIEIE:
DISKSHADOW> end backup

9. gIEREfE, ZEEMER, HimIAMIERSE
DISKSHADOW> delete shadows volume \\FSRVP-SERVER\SLES SNAPPER\
Deleting shadow copy {ded4ddca4-4978-4805-8776-cdf82d190a4a} on volume \
\\FSRVP-SERVER\SLES SNAPPER\ from provider \
{89300202-3cec-4981-9171-19f59559e0f2} [Attributes: 0x04000009]...
Number of shadow copies deleted: 1

DISKSHADOW> 1list shadows all

Querying all shadow copies on the computer ...

No shadow copies found in system.

209 BEZER

o FMA: EEEMRYE samba —RLEMNFIEFMIINGIEK, 1FIETT apropos
samba, A man FL FIFE—FMEL

o SUSE $35%ER README X {f: #f4+f samba-client B&> /usr/share/doc/
packages/samba/README.SUSE,

o HfthiRE a3y : {FA zypper install samba-doc %%t samba-doc £

290 BEiER SLES 15 SP3



g% %EE| /usr/share/doc/packages/samba F, EFEEFMIIA HTML kiR
AU HIECERE (5130 smb. conf.SUSE) .

o BXINSCH#: https://wiki.samba.org/index.php/User_Documentation # £#J Samba
Wiki & FERIFHF 1,
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21 {FF Autofs IREHZ

autofs B— M AIRIEREEMEHIEE BRNEF. EET I AZIERIZIT
UEHEME, HETTURANEEAMBRNNZLE, XEBMHEHRNSER
hiRE R, —ERBARNENEESREH . XMRETHITHESER, HEL
IMEE /etc/fstab BIENFHFSEHESNEE, 2 autofs ZiEHII4s, B
automount ZFEEFrMITEIIEZNGS (FIPER) -

21.1 %I

SUSE Linux Enterprise Server EBRIAKRZLE autofs. EFFETCRIBIEHINEE, BT
FRTEMNGSREZER

tux > sudo zypper install autofs

21.2 BcE

TEREEFER vim FXARIERHRIE autofs NEREXGRFHEREE, BEE autofs AR
BARDE — master BRI EBRST XX 1o

21.2.1 Master BREISC {5

autofs HIBRIA master EBEEXHE /etc/auto.master, Al@IITE /etc/sysconfig/
autofs XFHERX DEFAULT MASTER MAP NAME EIREREHREME, T2 SUSE
Linux Enterprise Server FERIA master BRESXHFRINA :

#
# Sample auto.master file
# This is an automounter map and it has the following format

# key [ -mount-options-separated-by-comma ] location
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# For details of the format look at autofs(5). @
#

#/misc /etc/auto.misc@®

#/net -hosts

#

# Include /etc/auto.master.d/*.autofs@®

#

#+dir:/etc/auto.master.d

#

# Include central master map if it can be found using

# nsswitch sources.

#

# Note that if there are entries for /net or /misc (as

# above) in the included master map any keys that are the
# same will not be seen as the first read key seen takes
# precedence.

#

+auto.master @

@ autofs FAA0I (man 5 autofs) BME T FZHEXZENEHRMHIRANEEEFE,
BAXLEABTRIANSTIREE (#), BEEKAEE RN EshiEHSMINE ARG

WNREBFEE master BRET D BIRL LN, B ZITECEER, FHEME (B%A
.autofs) BEF /etc/auto.master.d/ BEEH,

O +auto.master AIFHREA NIS (BEN (ZefsEvism) ,F4E “FERANIS” ,
F417T “BLE NISHIRSS2S THENISHEZEER) AP MAFHEIE master BRET,

auto.master FRMAB=1FEL, B&EWTF:

® 0o

mount point map name options

mount point
EFHPEH autofs XHRFWEXME, HI40 /home,

map name

HHAFTARGTRIN R, BRI XERNIEE, BBME 21.227 “BRESH .

options
XEEI (WNIETE) RERBRIMERN A T4 MRS PRIFTE T,

293 Master BREYSZ {4 SLES 15 SP3



0 =7 =528
BX%R map-type. format 1 options HISEEMNEZFMAEE, FEN

auto.master M1 (man 5 auto.master),

auto.master FHTFE—UIIET autofs &F /etc/auto.smb, H7E /smb BERHEIE
EHA

/smb /etc/auto.smb

21.2.1.1 EiZHEHZH

BEEEHITAXMEXARNEERZIBEHR. XMANARZRE auto.master FHEE
HEHS, MER /- BiEHRFR. M, T1THER autofs 7 auto.smb FIEERE
BIEEH R

/- /etc/auto.smb

) BR: FERERIMMRL
NRIETE RN X GBI R E S HBAMMERET, RASFERABMARSIEIR (NSS) BLE
FHOZBRE XM

/- auto.smb

21.2.2 BRI

O == Hitvrgixa
RAXMHZMER autofs BEHNEE RARGRE, BRFEHM LR, R
FSER UL, tWAILIE LDAP SEUBEFRE RS R, BXMFLXENELF
EE, 1520 man 5 auto.master FHT,
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U SMHHERE (ASIEILR) KRUE, UNEARMEEHRRNES S, AN —RIEX5
master BREFHEIL. XFUTETF options {LF mount point 5 location Z[&], MARFZINHIER
E:

mount point options location

B IRIRGS SO RATIE NI AT M. FI@E T chmod -x MAP FILE EBRAEIHIT AL,

mount point
IBERBKRUBEEZ TR, XA LIZERME auto.master FRPF1EE EhitiEE =AY
BPMEREBW (PRI Eiz EH) , WOUZEHSNTERE (BEER, 58S
WHE 212117 “BIFEEH ) .

options
AMEXTHEE LENEEETTIR, HEHETLLES HfR. SR auto.master EEELL
BREY ST ROIETR, XEERTNSMINTEEE.

location
BEEFHNXHRGRB AL, BEENFSH SMBE, EARTER IHNZBER
R o SNRBEHHFHXGRFALL /7 Fk (G4t /dev B, smbfs HF) , FETEH)
EMN—PMES “7 , fa :/dev/sdal.

21.3 BAEFIIE

ATNBNEER] autofs ARSZIEME, URMATIARZEEHFBIRENEEEZRAE

gl

o

21.3.1 =%l autofs ARSS
autofs FRZBAVIRIER systemd 1THl, autofs BY systemctl S<SHI—RRIB LN

tux > sudo systemctl SUB COMMAND autofs

Heh, SUB COMMAND @ F3ImMBZ—:
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enable
£5| S8 Bz B ehiEHRETIFER.

start
BBz B aEHER T PR

stop
FlEZBohiEERTIFER. BEE S ABEEIA,

status
TEN autofs BRSHIHAPRSURAEX BEXHRIE I AS,

restart
ZILAGBohiZBohiEHizs, UWEXIFAEIEEEITHTIFER, AGBRIFTIFE
o

reload
KMEHFIH auto.master MY, ERITEERNTIFER, HAMDUSIFTIFIE

[e]

Ft

21.3.2 B BoERESE)

NREERER autofs EHBRMBEINZ, FuhiziT automount SFIFREFHERHBLH
BRIFEER:

1. =1k autofs,
tux > sudo systemctl stop autofs
2. A—1MRiIrtF1 5 F5hiE1T automount , AERLIFAAHIL
tux > sudo automount -f -v
3. ME— 1&g 2@ ipinER= (F1d, B cd 5 1s) HEHBMEHXERSR.

4. NE— AW automount WAL, T REXERNTRMRERENTRENE
B S8,
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21.4 BohiE#HE NFS H=

THEHRISZRE T WAEE autofs LIETHEHMNES LATAM NFS £%, 232 ERAEIRIHER
FMER, HRISERENFS FH,. BXNFSHEZER, BENE 195 "Bl NFS H=X

RS o

1. Y®3E master BREIXF /etc/auto.master:

tux > sudo vim /etc/auto.master

£ /etc/auto.master RENFHY NFS =EEHRIN—FFHI0:

/nfs /etc/auto.nfs --timeout=10

LI5S HER autofs BEEREHSE /nfs, NFSHETE /etc/auto.nfs BETHIEE,
FHIMET e HETE 10 R RENERE B E,

2. 79 NFS HEIEFTEIBRET ST :
tux > sudo vim /etc/auto.nfs

FHENNFSHE, /etc/auto.nfs BEHLSESRIMMN—IT, BXENEK, 55
DAEE 21.2.2 75 “BREISZMET o ANINTRAT, IEHEEIS R NFS HEEZMLEihL:

export jupiter.com:/home/geeko/doc/export

EFEMITRRIYWENERE, RS jupiter.com EH_ER /home/geeko/
doc/export BRBENHEHINAMEMN LAY /nfs/export B (/nfs EXE
auto.master BREY) . /nfs/export BRJEH autofs BEntliE,

3. (EEM) NREFLFIUFBSHNERTIZNFS =, 15 /etc/fstab FRIAXITE
B, ZATRZEUT

#jupiter.com:/home/geeko/doc/export /nfs/export nfs defaults 0 0

4, EFEH autofs HREECEEIEE T{E:

tux > sudo systemctl restart autofs
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# 1s -1 /nfs/export

total 20

drwxr-xr-x 5 1001 users 4096 Jan 14 2017 .images/
drwxr-xr-x 10 1001 users 4096 Aug 16 2017 .profiled/
drwxr-xr-x 3 1001 users 4096 Aug 30 2017 .tmp/
drwxr-xr-x 4 1001 users 4096 Apr 25 08:56 manual/

NREEEBIITEHZ FHIXMHFIR, NFRT autofs TIEEH.

21.5 FhEDR

ATV EFEBEH T autofs BEAMARTERE — BahEHMNE ERJARY NFS =, 2R
XA ERBECR, URRET CIFS XHFRFENER.

21.5.1 /net#ZFEFHR

WMREFERTIFZ NFS HE, XPMFHEHABIEEER. /net 2RIBEEE FhEH AU
LR FHFRB NFS =, ZINTE auto.master XHHBELREE, ALk, BREZHEUHE IR,
SAIGEBE) autofs BNA]:

/net -hosts

tux > sudo systemctl restart autofs

g0, WREBRA jupiter BARSZSB[BUKEA /export BINFS HE, ErIIEHGSITL
2PN

tux > sudo cd /net/jupiter/export

KEHTE.

2152 fERBENBEIEHTFER

MRENENERESESTFER, AHEFES T EEIXEFER (—RERT, &8
REESETHAPEERM /home BR) , autofs RMHTERFHIBRSGE.

298 ERER SLES 15 SP3



MEXLEFEAREEBER, WTE auto.master FFHRMTIT:

/home /etc/auto.home

IE, EFEX /etc/auto. home XHHRMERAIRS, UEBEHAPHNEER, —

M ERANETERCERRATL

wilber jupiter.com:/home/wilber
penguin jupiter.com:/home/penguin
tux jupiter.com:/home/tux

[...]

XM EIEERM, ENEFEET auto.home HERAFSIR, ERILUERE

HR, EATS & BAREHNER.

* jupiter:/home/&

21.5.3 BnpE#H CIFS XFRS%

WMNRIEEEhER SMB/CIFS £ (% SMB/CIFS thYMIEZE R, 152N E 20 =

=

5 7 B

“Samba” ) , BEEEHMITXHEIEE, 1 option FEEFHRM -fstype=cifs, HEHE

UEREMNLE—TES “7 .

mount point -fstype=cifs ://jupiter.com/export
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A GNU licenses

This appendix contains the GNU Free

Documentation License version 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 https://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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