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FBZFFmBERESR /opt T HRIEERZE N T B LIEERIRRES XN HiEF.

/srv

B2 Web 1 FTP ARS5283892E. HHRILLBEREN T HLEERIRI A ELHIREER.

/tmp
BE RN XGNEFNE B RESHRTIREBEE Z M,

/usr/local
EFILERGNAIITER. 242128 RABRUGRERIRITEIEIXLE LRERIER
%o

/var
HERESTFZTEXH (B1FAE. 8NERF. /var/opt FRE=A~Mm) , =M
MPRIGF IR ERNAIE, Ft, BIRBLIFERN T MIREBHHIRFIA XLET S HIE,
BEZA “GANEH” ,

5 BRX%S
(SRR AFSEBOFHEY, SUSE A HHFER. I, BAILUER YaST HR
BFRNT S

1.2.2.1 HE#HESM Btrfs X{F &%

Btrfs X RALIFBAESE. WRBH, Btrfs SES NNEEXGHEIE, HEIRINEBELSEX
B,

A compress I compress-force HEHEM, HEFEEEE zstd. 1zo =

zlib (BRIN) o zlib EEMEREEER, M lzo WERREER, HEFRFEN CPU fEE
o zstd BIERM T —MEITR AR, HMREEI (20, MESHEERS zlib £,

fBgn:

# mount -0 compress=zstd /dev/sdx /mnt
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MRECET — I XHHEEPBENEE, MEREHNERATFHETRELENOAN, U
KRR XA RITE NRIEG, Btrfs RIAEHLT £S48, MNRERFEEXMITH, EFER
compress-force %, M FEE—LYBRAIEREIIBENXHEME, HIETAIEERER.
BEE, FEEIRSERTHXE. NRER compress 3 compress-force ETHEHXHZ
%, WEREENBERTEANNXGRRA=ES . tIt, 88 nodatacow BEMXHHNAA
KA =ESE:

# chattr +C FILE

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

# 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

MRIEHBUISE B AKAMN, EE /etc/fstab EBEBEXHFFHM compress B

compress-force ¥, #/a0:

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

1222 BHFE

£ SUSE Linux Enterprise Server £, MRER#HITRAFZLCIRNIZFBEISTMIRES | S HRKMIT-
XEFE—R, BEOIUESETEIRZA, EETHENKERE, REEHFE, oI ULIM
RIS (BESHVE) -

BRT 5 1.2.2% “SUSE Linux Enterprise Server FRIIEXHRGHEE" HyBEHNFEZI, &
FZHREFE—NEN @ B, XBMINNTE, BEIANRPK (/). HMFEEEZIILS
.,

NIREBS IS, EANAE @ 76, MERE, REPEENXGRFIIRFUR RS ES
A /. EttFEHRUTEAAREHIIREF, WRSEIANIGEPRES, TXRESISREER
FHINEEE, BEEETAKARTE, BEHIT snapper rollback &<, XIEFEEFIS|IFHIR
RN TFE, EESISZEHEFERE.
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1223 WEFRAZIE

BEALNETIETT df SfSREEXHRANAE, 7Z Btrfs XGRS L, df BVEEAIREIRS
%, BEAkRTRBRBIESENTELIN, Btrfs XERFERERATEIREDBRHERTIE,
Ak, BMEELENMBEARENTTATIE, Btrfs XHRALARESIRETERE. KEXMER
B, ATHESEENSBTEHEAR. AU TSRS Btrfs XHRSFE LERMEI AN
i8]
btrfs filesystem show

> 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

BRXHRENEXNREAE, MIREE—ITHHIXHMELE, NRTXAHRS LS
eXN=EEFHE DAL X,

btrfs filesystem df

> 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 1 used &
BARFEZF, NRRTHIENESESZTEEE DL E,

btrfs filesystem usage

> sudo btrfs filesystem usage /

Overall:
Device size: 20.02GiB
Device allocated: 13.78GiB
Device unallocated: 6.24GiB
Device missing: 0.00B
Used: 10.02GiB
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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

BREMTF IR s LM S HFTSREEE,

BXEZEE, 550 man 8 btrfs-filesystem 1 https://btrfs.wiki.kernel.org/
index.php/FAQ A,

1.2.3 M ReiserFS # ext X &% T2 E! Btrfs

eI LUER btrfs-convert TH, RKEIESMINE ReiserFS 51 Ext (Ext2. Ext3 5§ Ext4)
T8 Btrfs XGRS, ZI BT EXREEH (BiV) NXHRFHITIMEER, HITLIRE
OREREFERAEE btrfs-convert TENT5|SLERE, ZTARTERIEXGRAN TR
RN Btrfs XE RS, HEEHZIIHPEIHHE, 98§ L4006 %A T el TR
RTAZEE], BUEBEERK, RIEXHERFEREIFALE, Btrfs XERARSAREFRAAT
Bl FENTEXK/NNRTXHERFENRNE, ARcsEEFEEHNXERATR (G0 4.
BR. FEEM) HEMR. ATRAAEEZSREE, XGRA LNHIEER S MEZIRART
w=H=iE, EFERARIIEEA/NET 2 KiB 89X 4HERIM

5 TR ARG R

FLIBRX RGN Brrfs, BFRRIGKHM, BFRBIMECHRTRETH
ERSE, EIEEEHRRIARIR — RIRRRES B AR E A SR ERNE
&, /boot MAMIFRXMRLL, HERKVUALSHENTS, TL. BRENE
BB, REMLFHAEFREB R
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BRFRIEXE RSN Btrfs XIFRSE, BT

# btrfs-convert /path/to/device

O ==: & /etc/fstab
BIRE, TR /etc/fstab PMBRAXHRANAESRIEEE, MWETREESE
Btrfs {4 54

HiRfE, Btrfs X RANABTRERMIEXXHRANNE., BEXHRFAE—BERYE, HIEE
BRTTE fs root/reiserfs saved/image HEIEAIEXRIEMEGE LI, ZBREGEHLFR L
EFIRAT ReiserFS XHRZH— “IRER” , 182K Btrfs X AR A ENZM G, BER
ZMES Y, BEXFR reiserfs saved F#&:

# btrfs subvolume delete fs root/reiserfs saved

BERXMHRERRBIREX GRS, BERMU TSRS

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

5 BOREX
EAE I RYEEEN Btrfs X RABIFFMIEABAIR RS, DITEILRIRRITER
FRHRIE, TUETERRE X RS

1.2.4 Btrfs E1F

Btrfs 5 YaST 53 X#2F#1 AutoYaST &£, ErIUELEHREFERERABXXGRREILARS
7|§<o ?%ZE’ 1’?3_"[,/{@}5@ YaST ﬁl:iFEEr_;E*Eﬂ] IZ Btrfs %o

btrfsprogs HHEHIEMHT Btrfs EIET R, XA Btrfs (s SHESE, 155 man 8
btrfs. man 8 btrfsck #1 man 8 mkfs.btrfs &<, Bx% Btrfs HEEHE R, 2N
Btrfs wiki, WiEJ http://btrfs.wiki.kernel.orga,
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1.2.5 Btrfs F&EEENSiF

Btrfs IRX R ZF%E (5lg0 /var/log. /var/crash 5% /var/cache) fEIEF=fELAiE
AR ERFE T ANEETE, XSSBRAAKLIKIE, AR EIERT, SUSE Linux
Enterprise Server 12T Btrfs F&ECRI%F. REIRIE YaST IS ERNH RS, ErILS
RMZE TS .

1.2.5.1 {#H YaST i&& Btrfs EC&n

BEMA YaST MBEX G RENFEIREEH, BHRITUTIE:

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

2. EAEMEETR, S Btrfso

3. AXEOY, ERBENHEHBAFERTIRE, ARRLRESE,

4, 7Y% Btrfs @O, BUAEATFEEAERE, 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 . [5F BTRFS Ee&

5. NEIEF&E5IRT, BLEEREHFRFIAXNNFE, ARBHERIBRITE,

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 |

E1.2: igEFERH

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<1TEi1RE Btrfs ECaR
EADH ST ERERXUGRANT LR, BRTUATSER:
1. ERARFEE

> sudo btrfs quota enable /
2. BFFEIIE:

> sudo btrfs subvolume list /

SERNIE FEIRERT,

3. AL—2HFRFINER—NFEREE, F&7LIBERKREIR (fla0 /var/tmp) ,
WE LA 0/SUBVOLUME ID (530 0/272) o WA /var/tmp i&& 5 GB
o

> sudo btrfs qgroup limit 5G /var/tmp

K/NBEAALLEF T (5000000000). KB (5000000K). MB (5000M) 3 GB (5G). LAFTS
NBMUERNERERR, FEXN 1024 F75 =1KiB, 1024 KiB=1MiB, fKith3EHE

4, EEFHIEEE, BFERAUTHS. max rfer JIUFTHEAMAE R,

> sudo btrfs qgroup show -r /

) &R BHERH
NREEBUHINBEH, BREFA/IMEEN none :

> sudo btrfs qgroup limit none /var/tmp

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

> sudo btrfs quota disable /
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1253 EZER

BXT5, 15280 man 8 btrfs-qgroup #1 man 8 btrfs-quota., Btrfs Wiki
(UseCases) EMJ https://btrfs.wiki.kernel.org/index.php/UseCases # RERHET EZ(E
o

1.2.6 Btrfs FHIzciR

O == EEXROIERE
MRFEFEEEEFAEBANRIRXMY, WELECIRIRE,

WMRFHRSEMBIIRHFEZBILUTEN, N SLES SZ#F7E Btrfs X4 RS _ERIXHRIR:
o AT HRATE NODATACOW #1 NODATASUM HEZHEIN,

o RIBEZETIRSE, el LLEidi&E NODATACOW 1 NODATASUM EFEINRHFH B
AN, FMETE S AR 4 E L8,

o FEEITHIERME (BlImgE AR/ AN, BFREER) B, SEIEITFERIER, &
BERUESTHRS o

o AR BERTRI X Mo
o XA RERREL o
o RIENHMAITF single DEEEXH RS L.

1.2.7 Btrfs &i%/#ZU

Btrfs 7814 AIRIRSRIBIASUHF R GRVIRS. Fld0, Snapper AIERLLINGEER AT R ZHINRZ
ERIRIRER, UEARFEIR, T, RFIREBSAX/IZWTHEELE S ERE ] LIEIRIE A E eI
P RANEIZR. Fla0, LtIhEErI B FHRITIZE &7,

btrfs send {#ERIIHER—FEFR N RIZRBZENER, HEERLKXINENIXHH
STDOUT, btrfs receive 1ZE=iEUL send s LR, HIGHNARIIRE,
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1.2.7.1 FeRFH

BERARE/AREWTNE, FEHREUTENK:
o R (send ) M BEHRE ( receive ) F— Btrfs X4+ R %,
* Btrfs RIX/IZWEXNIRIBHITH, Alt, MNHNBIEREREE Btrfs 53,
o RIGFRRVIRIR A AU RIEE T

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

1.2.7.2 EE&EM%D

USRI T Btrfs ZiX/AZBURIENEARRZE, EF/RSE TUAE /backup/data (B#x
im) HElE /data (Rim) BIEEHED. /data EAFSE

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

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

sync

— M #F%E /data/bkp_data BIZEIE, ZFERBERLIEESEMNEM, NMEER
PRk i

2. BRIRBAIEEI BTG, BT XEYGEMAE/IZEIRE, BRIIFERXBMRE

> 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. ERREEMRE, HFHERFEENZEE, T TERNRAS, RRmEH
bkp_data_ CURRENT DATE :

> 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,

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

— M F% /backup/bkp data 2016-07-07 ENatE,
3. WILFEAE THEMRER, SHESEREA:

/data/bkp data
/data/bkp data 2016-07-07
/backup/bkp data
/backup/bkp data 2016-07-07
WME, XxFunfEdss, B8 =MutiF:
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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:

> sudo btrfs subvolume delete /data/bkp data
> 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:

> sudo btrfs subvolume delete /backup/bkp data
> 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:

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

Btrfs XIFES HURMIFRTIRE, BANERUIEMBRAFMEUEPRIRE—RI AT EHEER
X RGHFTELMERAR, SUSE Linux Enterprise Server 12 duperemove T BRI
RAPELERSERNR, 77 Btrfs XGRFA LR, WAl ARBPRXLESHIR, MM
TPEXGHRFZLNTE, duperemove., EfFILINEERT, BLENHE duperemove,

Q iiE: MAEMEELE
MREENRKEXHEE, EFER --hashfile EI:

> sudo duperemove --hashfile HASH FILE filel file2 file3

--hashfile MIMSRKFAIBIEEX NG HRFME HASH FILE (A2 RAMH) ,
LB#ER RAM,  HASH FILE AIEEEA - B EMBELM A X A81E1T/E, B
AR SIERENEE,

duperemove BILAEHx—RFIXHIRME, alUBFAFXABRENBR:

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

EAERMIRMERN: RENEE, LRBERNETH (BARER -d 7FX) , Ze<saEs
EXHHERPHNESR, HEETIEHR, MRXEATREXHRS

RE Btrfs XU RAFZIFEEERA THIT duperemove ., HBALEXMHHERZE, BRI
REEMNRUHAITEE,

BEXEZER, 2 man 8 duperemove,

1.29 MERXHFRFMEFRFE

HTHERR, ErRREFEMREXAFRSEPMEFE NI Btrfs ¥&. BRNZ—BRENTFE
(5140 @/home 8¢ @/srv) HpBIRRE EHXHRG, UTIEERNARER Btrfs F

&
1. BMESFTEMRNFE (B0 @/opt) . FEE, BEFBAEXFEREFEID 57
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> 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. ERRERDXRIKERIR:

> sudo btrfs device usage /

/dev/sdal, ID: 1
Device size:
Device slack:
Data,single:
Metadata,DUP:
System,DUP:
Unallocated:

23.00GiB
0.00B
7.01GiB
1.00GiB
16.00MiB
14.98GiB

3. ERIRAVERS (BIE0 /mnt) EEFHBEXHRS (D R5HFE)

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

4. MEHBIRXHERZEFTHIFR @/opt DX

> sudo btrfs subvolume delete /mnt/@/opt

5. EEATERIRX RS

> sudo umount /mnt

MIRXERGRIRFE
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1.3 XFS

SGI 7£ 20 42 90 FRANFIRFF & XFS, =AITXIIE XFS £ IRIX OS X &R S, FFA 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,

= Rl{RgEtE
XFS (£ 7 ECeH R R M= Al R da 1t
EEIEZE XFS XFRGHY, XFRGREFIRIZER DM 8 a8 T A EBRANIIEIEX
B, XEIEIFAS A, ST DEAEEBCH inode MATA=IE, KFRL, AILUES
FABFXHRETHINXE R, ENDEABREMI, FRUARZE R %0 EcH
T34k, IETHhEER XFS KRRV 4RI XBZ FRTE. MU D ECAMNBSBAES S IR
RGNTFE

tEaERE

XFS @I BN E R T B RIF M SR +

EIA=EM inode EHZECHNAI B WAAERY, A B HIFAKIEIR XFS BYPEREFNBIfH
Z8l%. XFSERIEEDTE, ERBIREED NN TAEN . FEESSHFEE
RAM hHRBIE L HMENTE, XFS MARENFIESIERNERMLE (BIREHXGRS
) o WRERHIRE RGN, FKEEFRRENIGIIBIER KT RS RFIEE
B L, XRENEXFS REREFCINNMUEN, XEHEELIR, UXMHHH, XFS
1E58 T SRR T XM RS R, FANERSES S FHRMRLE M &S5
BEEEHIIRER, FALUNRERIERERERS RS, WAESKATEZEM™E,

HITRSEIB R4 RS A
ERBIES N R5i80, XFSRE (MDE) XAFRBHAATE. XFIAKRBLIX
HRGEARNEE. AAXHHNATASORERBTXERSET, FRUEREEUIRES.
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1.3.1 XFS#&=

SUSE Linux Enterprise Server S73f XFS X4 RHAH “HEEN” (v5). XMEXHNEEMAE
&, FiE XFS TN BT S8, XHXBEIFURIZIHXHESHEMNIHREFITIR,

BEE, T 3.12 hrAY SUSE Linux Enterprise 4%, {&F 3.2.0 higf9 xfsprogs LUAKIE
SUSE Linux Enterprise 12 Z gi&HY GRUB 2 lRZSI R 2 X 8 o

O == 1558
XFS B F XA V4 BN H RS, WXHFRFERNEBRU TR OIER:

mkfs.xfs -m crc=0 DEVICE

ZARTUTE SLE 11 MERhkAPEA, Brie@Ed dmesg SIEEEHES!

Deprecated V4 format (crc=0) will not be supported after September 2030

INRIETE dmesg saPHVMHFERE ERHEE, BIRXHRFSERE V5 BI:

1. BEESENIF—818E.
2. TZRELIEXHRS,

mkfs.xfs -m crc=1 DEVICE

3. NEEHIRE LS N IME LR,

1.4 Ext2

Ext2 BYREFILUEHE] Linux [ASERVRHR. HEIBR T RBXHRE" , T 1992 F 4 AL,
&RTE Linux 0.96c o M BXHRFEZN TEHRIEL, BRAMA Ext2, BERZERERIK
AT Linux X RS, BhEE BEX GRS UNERERBIRIZEE, Ext2 IEBEMZMH
3 (a8
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BEZLE 2 NAREBTETEATAECUNRE (ERETENEDNRE) FE Linux AP &
EWVEAB Linux XHERTE,

A SEMAERE

Ext2 @—1 “BhOE" , &N TIFSCUHMMENNIL. XA ANEBEIRZvIE
BENXHRGNERER. ERSGHEE, MRTEMRDEXGRS, W e2fsck FHIE7
X RGEIE. REETHRERE —BEVRTS, FRHEENXGHRERENEENE
xR (87 lost+found) « SAEXHRSFMELL, e2fsck OB IXMHRYE, MAIX

RZB TR RITIEA (L, XMRIEFAERRBIRITZEI0E AEXHRFRAER
EFRTEREdiEl, RIEXHRENA/N, IEAIEFEF/NIHEKNE, Hlt, XFE
AERSEAMRRSEE, FEER Ext2, B2, RN Ext2 A44PAEBERNAFE

Eb, FAUHEHEEFRFRTHEMXHRS.

B] 75 Bt AR
FE7 Ext3 LA Ext2 RES A EMH B HEE Ext2 AR ERAMcEiEEIl, FUM Ext2 #
2&?'] Ext3 5”57%"§%0

1.5 Ext3

Ext3 | Stephen Tweedie i&it. SFAERMT—AXARLRE, Ext3 FHLEXRAEHEVIL
R, ER7E Ext2 BER Bigitsy. XM MXERFEYIREL, AT EHITE Ext2 XIF RS

FEST Ext3 MRS, Ext2 fl Ext3 REENXFIE Ext3 ZHFHE. B2, EXt3B=1TEEM
=

1.5.1 AR EHSEREHMM ext2 A%

Ext2 B9UES N Ext3 BE%E 7 R SCRVEM, EEERANRISEFNHN T —AXAHRS, £ Ext3
5, ERNAEMNRERES BEXARAGNARTEEGE—I. FMEREEMASEXH
4t (BIEAXFS) AT (FMBEIXHRSE, ARMNKFREMEIR) , HiRE Ext3 RFE
N3 8pEtEl, FALRE Ext3 B REE, HAMKEMIRB I XGRS A ESHIRET, EEE
FEHARDEBEXHRANIE Ext2 RERHRE, MREZHANTA X3 HIFZRAEER
KGNMLEE, M Ext3 FRRE Ext2 SHE—HFEH, 1§ EXt3 XGRS, AREHRE
A Ext2 X RGENE],
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1.5.2 Ff ext2 XIFRFHLHNT ext3
B Ext2 XA RS Ext3:

1. Ml root AP B3iz1T tune2fs -j Ko Ext3 HE.

JH:F'P 7)|1}EﬁEi1A%§&ﬁUL Ext3 E o
BT HENAKNIERTHNEE, BRRIEIT tune2fs -J, ENERAENEEIE

IN size= # device=, BXx tune2fs IZFHFMEE, 1EZS0 tune2fs FHT,

2. L root AR BRRENXH /etc/fstab, BABNIXIEENXHRFAIXEIM ext2

BA ext3, AEFREFEN.
XHIRA LUE#IRA H Ext3 X RS WWESRE FRESIREER.

3. Z3|SBIRE N Ext3 PXMIBEXHERYE, BT initrd FHRMER ext3 1 jbd, #
EZ BT

a. FIAE8IZ /etc/dracut.conf.d/filesystem.conf, FHRMMT—IT (&
ARRISTE) -

force drivers+=" ext3 jbd"

b. 7AfFiE1T dracut -f @<,

4. EFETHERY.

1.6 Ext4

2006 4, Ext4 9 Ext3 BUEAET. ERY BHINXHRFRAPHNEH MR, Extd &
VIETEIEREMEADN, EXFRAKNA LEBWE. JRAKNF 16 TiB WXHMERNFE
Fo Ext4 EAXE (MAZEHRMIEZEMIENZRIETT) RKRAXHERT. ERAKEAIUARET
HEE TR AE SRR AN M RIS R EUERITHEE,

Ext4 5| NT ZHEREESRINEE, BIMNIERRD ECHIRE RIBIIRX RS0 EGIIE. Extd
T2 AEREM, FrIRHUMTEEMEE, RMEMAISE. Extd TE2RAFRE T Ext2
M Ext3, ERNXHERFEBRLUER Extd 5,
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Q EE: Ext4 LB Ext3 HEE
Ext4 RAZARIRARY Extd IXENFEFFSTE3THF Ext3 THRE,

1.6.1 wISeEAI%ERE

REEMBASEXHRSERA “NTHE HASHZE. XEWE THIERARE—BETRES,
BRZEEMNRIEXGRGEIEERT —H. Extd BILITEER] LABRERE oikdE, X el LUREE %K
B, “HBRE MREEAUEEN. WU data=journal #&ENEH Ext4 AILRERELESE K
ETEN) , EHTESTHIENMUERICARE, RAERIBRRARERE., 5—HHER
M data=ordered =3\, IR FIHFREUEN THERNTEGE, BERNTHEERBE.
XA RFEREFWES —RTHIE BRI AP SRR, XEHHERE BT HUE 2 AW
BNHER, XiF, EAEEMERBERT, TEENSIEN—BEE UK. IERNE=
TMEHEEDUE data=writeback, EAFSIEERHTHIEELRXREASEBEANTEXH
R4, EMREAHE, ENERIANRREED, BEEHFRNBXGRSTELENRE, 2
FARIBEIEE R RR R A MEF B R EIMAEX . Ext4 A data=ordered EW{EAE
INME.

1.6.2 Ext4d XHHZEZ inode K/\Kz inode (2

inode AFEFMEXHREXESMEEXHRAFHIRNUE, N T itk inode BRI AR
REMLUK ACL, #IAB inode KINEIEKE 256 FF5,

LTI Ext4 X RS, RGRERIERIEIZR Inode BEFASIES Inode RASHH=
&, & inode NF TTHLER R ARG ARIVRE TR LAGIER inode ¥1&., BIUNXHRSR
Y, RiRIES inode FHERBVA(UZIEEIE inode:

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

inode VR EIEHIEXHRRREIBHHXHE: — XA —1 inode,
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O == TEEXIE Extd XHEZESH inode K/
inode 7 ECEEEE, WEEER inode K/NHIGEHE inode WFTIELLE, TNRAE
REMSESHOIEXHRSR, HFT BXHRS, WEEHM Inode, B inode ;&K
HER, REMERED XHA REEXH RS LI H.

W2 Ext4 XHRFE, ERILIETE inode K/NH1E inode IFTELLE, LUTHIXHRSR
FRIBEY inode BRI EAEURXHHE, NRKIEERAK/. inode K/WUKE inode

METEELRE, WENA /etc/mked2fs. conf XEFMERIAE. BXEE, BEEN

mke2fs.conf(5) FMIL,

fERLLTER:

* inode k/r:  ERIAAY inode K/NA 256 FT1. FEEFTE, BINF 128FT (&) TR
K (&) ziE 295 AGE, 0128, 256, 512, LALLM, REL Ext4 XHERSGLE
TMERY RBEME ACL BIA B 128 F15,

° Finode MFTEELE: ZHAWE inode WETHELE N 16384 FT, B
MHVE inode NF T LEREMANEATET 1024 F1H9 2 195kA1E, M0
1024, 2048. 4096. 8192. 16384. 32768, LAItEH#, ZERM/NFXERFIIRK
1N, AARKNERFEFHEISENRNTEIAR, Extd XERFHEIARK/NA 4 KiBo
tesbh, BEEEREEFENXXGHRERK D, 50, NMRENXGRELRSETFE /X
%, WEILHEE—1TBUEIE inode NFTELELER, XHEXIEN inode NEE, MR
AR EEBAREXY, EBaIUEE—MIANE Inode IFTELLE, XEFERIRIEI6E
B Inode #4,
BEBRLT, RFEFRIEEEZH inode AltER, 1R inode #E3/D BXXHR/D,
MBI RE B EHNX G EERZAENI IR LHEEINERT, 1R inode 3% BXHR
K, WelgeRARSNHBRIATIE, BALEER, XREAANELETAN inode MBHNZT
B FRETEN f

ERAUTMEA—MAEIEE inode K/NUKRE inode FT#ILEER:

o {EEAFREHT Ext4 X RAMEINIRE: EXXEYRIESET, BEK /etc/mke2fs.conf X
89 defaults ZB4>, ¥ inode size # inode ratio IRBANFAEMIBAIAE, XL
BN BEIFFEIM Extd KRS, Flan:
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blocksize = 4096
inode size = 128
inode ratio = 8192

o EHTITR: TEOIERIM Extd XHRSE, 3§ inode K/ (-1 128) UK inode 9=F
TELEE (-1 8192) 15#44 mkfs.ext4(8) #<E mke2fs(8) <., FliN, EHALL
TE—<:

> sudo mkfs.ext4 -b 4096 -i 8092 -I 128 /dev/sda2
> sudo mke2fs -t extd4 -b 4096 -i 8192 -I 128 /dev/sda2

o TEfEM YaST R 7R EHE, i Ext4 X RFANB(LZE inode X/\HIE
inode IFTERELLRE, AERDXEFRERDK, ARRERE, EHRIUENT,
R EExtd, RAERTHET, ERIVETNEES, MRAN (F5H) &
inode B9 A Inode A/ NTFHIEFREFEFIFRHE,
fBlgn, FELRAUN (B) FHIAERRIEEE 4096, £ inode FUF T FHIERILR 8192, £
Inode Z/NTHMERIER 128, AFBEEHE.

AR

Bk (FH) (9

1 root (RE AUELANE AHE (R)

He A L)

none

K (©)
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1.6.3 FHRZE| Ext4

O == sHE

ENXHRGHRITERERNZA, BEOXHRG LRFREHIE.

318 1.3 © ALEEI EXTS
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1. ZEM Ext2 B Ext3 #1TH4Rk, LS ALUTINEE:

EXT4 FRERITHEE

extents
HEEE ERVSBIEIR, B X RILAREFH A I IR

unint_bg
1B4E inode RAIA1Y

dir_index
X ABERIRE b HE

f£Ext2 E: as journal
£ Ext2 X R Z LBRABRE.

EERAXLINEE, Eia1T:
o T Ext3 k:

# tune2fs -0 extents,uninit bg,dir index DEVICE NAME

o 1E Ext2 k:

# tune2fs -0 extents,uninit bg,dir index,has journal DEVICE NAME

. L root B24REE /etc/fstab X & ext3 3 ext2 IEREHNN extd, HEX

RETRESFEER

. B5|S Ext4 X EISBMIXE RS, 1B1E initramfs AHRMNIER ext4 M jbd, 37

FaielE /etc/dracut.conf.d/filesystem.conf HARIMTE—T:
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force drivers+=" ext4 jbd"

EERTIEITUTHSRESIY AR dracut initramfs :

4. E5|FRG

1.7 ReiserFS

SUSE Linux Enterprise Server 15 A5E 2 AR T ReiserfFS 1%, ERME 2 X:EFEE! Btrfs,
BEBNE 1237 “M ReiserFS fl ext X RFEFEE Btrfs” o

1.8 OpenZFS #1 ZFS

OpenZFS Ml ZFS XH AL # R SUSE IZHF, ZFS B— MAIRXH RS, FIRAIH
SUSE f#f. BT OpenZFS B9 CDDL ¥ HIIES GPL WRIIEARA RS, B2, Btrfs fHRMA
OpenZFS It T —MERMER SR, ZFS T2F SUSE BIZ#F,

1.9 HtRXFHIXHAFRSE

e L1 “Linux RESZAERGZEET 3 linux SRV E M —EXX AR GHIT T 545, HRXEX
HREATERN THRSFRLENERN SRR R LRI FRBNEIEIR.

R 1.1 LINUX PRI R SR

X R GRE iEA

1509660 CD-ROM _ERIARAEN R %o

msdos fat (R#JH DOS FEANXMHERLE) MEEHSTRERARA,
nfs MEXHRG: EUXHERFETR, FILUSEIEFEENERERTT

BL, HeEILUBIMEE T 1A RR,
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X RFBRE A

ntfs Windows NT XH&RZE; Riko

exfat AERINE (130 USB (ATFEF SD &) MM HERS.

smbfs Windows &= @ fE RS 28 SRR FHld ML B A X4k,

ufs £ BSD. SunOS # NextStep {£fH. RERIEA R FZIFULXHR
%o

umsdos MS-DOS ERY Unix: EiRE fat XFRFZ ENA, B SIS

XHIR1E Unix TheE (IR, SHEMKXMHR)

vfat REPAFAT: fat XHRFNT R GHHEXHER) -

1.10 BFELEMIXHFRS

HFReFER, BEEREXGHREBMEH. XEXFRAGREAIBR YR, #EFTKE
. B2, AIMEHXEXAHRGNAZIRIR, RN AP NEFREN. KA AR
X RSGMAEISE EEERNX AR AL SRS SEERSNAF A NZIRIRE T
EH, ArARESFEAIRSEFEEEEERRE.

BERBAAFEEHNIXARSYIR, BETUTRL:

> sudo rpm -ql suse-module-tools | sed -nE 's/.*blacklist fs-(.*)\.conf/\1/p'
NREZIHFEA mount HLTHEHESERLEHRARILE, ZHTRBHEBIRES, Hla:

mount: /mnt/mx: unknown filesystem type 'minix' (hint: possibly blacklisted, see
mount(8)).

EATEHXGRT, FTEMBELEIIRPERFIENXHERS. S1OEMRLENXXEHRSEE
BEXENEEXY, 5, efs NEEEXHE /lib/modules.d/60-blacklist fs-
efs.conf, BE, BAEREXLEXH, AANSLIEHRME suse-module-tools B,
MBS XEX M, EAFEMEHREHELENXGRS, AIFERUTED:
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o BIfsm /dev/null NTFSHERE, B0, XWTF efs XHRG, BEAUTHL!

> sudo ln -s /dev/null /etc/modules.d/60-blacklist fs-efs.conf

o BEEXHEHIZE] /etc/modprobe.d:

> sudo cp /lib/modules.d/60-blacklist fs-efs.conf /etc/modprobe.d/60-
blacklist fs-efs.conf

FEEREX IR T E:

# blacklist omfs

BMELEZEshEHE NGRS, Ehn I EEFER modprobe FEHZ X4 R FRIMEN IR
R

> sudo modprobe FILESYSTEM

BIgn, 3F cramfs XHRSE, BHII TR

unblacklist: loading cramfs file system module

unblacklist: Do you want to un-blacklist cramfs permanently (<y>es/<n>0/
n<e>ver)? y

unblacklist: cramfs un-blacklisted by creating /etc/modprobe.d/60-blacklist fs-
cramfs.conf

YNRIEESRE yes, W modprobe s ZFRA—THIA, ATFEIEMFTREXXHRFRIECE X
t5m /dev/null NFSHEE, Eitb, SMBLETIRPERZXERS.

1.11 Linux EPE’\H@EY&F}'Z%

=4, Linux ZRPRAXGARNAI2GIB 2 FH) o BRIEXGRASIFARXE, TN 32
I R% ERAXXHR/NA 2 GiB.

Bal, EINOEIESEXXSRSEESE LFS (large file support, KEISXHZ3F) Ihae, etk
AIERFRAN 2 FOHIXHEKRDN, = 1.2 “HNXHRG SN (FBEEL, 4KIB

AN BERT Linux XEMXHRAN S ai#E ERXBRG., RPNHRFETXGRAME
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A 4 KiB SRA/NHIRIZIS T, XEBANNE, ERARBRA/N, ERUMARRE, ERKHR
RUIREY, 7= 1.2 "SRRI EA N (HERIL 4 KIBIRAN)” RRIRANHR/NA]
RERARTXHRFRILERA .

Q iE: ISk
EAREH: 1024 FF =1KiB; 1024 KiB=1MiB; 1024 MiB=1GiB; 1024 GiB
=1TiB; 1024 TiB=1PiB; 1024 PiB=1EiB (5i5&R NIST: Prefixes for Binary
Multiples (http://physics.nist.gov/cuu/Units/binary.html) a)

® 1.2 XHFNXHZRFHRAKRD (BENEI, 4KIBIRKD)

XHFRS (4 KiBRKN) BAX M RGEK ) BRAMFR
Btrfs 16 EiB 16 EiB

Ext3 16 TiB 2TiB

Ext4 1EiB 16 TiB
OCFS2 (FRIAMY BHA  16TiB 1EiB

fERRBERAIX R 5%)

XFS 16 EiB 8 EiB
NFSv2 (& F i) 8 EiB 2GiB
NFSv3/NFSv4 (& Fim) 8 EiB 8 EiB
O ==: R4

1.2 MR RGH s (HERD, 4KIBRAN) MARTHEXEE R
RIPRE. Linux RiZB SHANREIESER FHEAENXX ARG RGER/N. TENA
7 X EERRE]

XK 41
ERMNUARZK L, XHEREEI2TIB 2 Fh) o
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MXERFEKR N 73
XHRFZRZRARIUAN 2 NFET, B2, Bl BB EASBEHX—RE,

1.12 Linux RZ1EMERIFE

7 1.3 “1FHERE" B£7T5 SUSE Linux Enterprise Server #8xBXRITEHERI A% R o

& 1.3 TFhERE

7=fifThaEE FREI

TR LUN sA¥E FNB1F 16384 1 LUN,

F— TP LUN WRAREHE ARINBER T RERE, SMBEAE—E
# LUN,

SPMBEFH LUN BEU KRS HBA B xR
WERE T LIRS (GEei@iE HBA 4
16777215)

HBA BERK¥E PR EFRFRFIEURF RS PCI HBHVERE.
FMRERAFER device-mapper- K479 1024, EFRBERVRTFESNZREF
multipath R KEEHE (2i1) BENZESFREKE, ©= multipath-

tools Ry —PMRIFIEIZE, MRILRHS
SEEE, NAREHEE,

B—TRIEERIRAKN/N &% 8 EiB.

1.13 BHCRERBNXAFRTIR

EESIER (SSD) MEEEENSD, BRRENHEFRAFERNREEER, T2 unmap
TRIM 2ERIFRE RS L, SUSE Linux Enterprise Server St & X5 HITXFMRE,
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EFME AN TRIM #24F — BX#l TRIM FIEE TRIM, BHISEMNREES ZEVATFENHE
1§IJ0 —RIERT, BIEFEREE TRIM, LEERHEEFEEEBHIAAREN, NRGRELFIHE
SRS, NRIFEREBEYL TRIM,

O == &&Ex TRIMBERISIE
TEZAERA TRIM #FZa0, BREREEMEEES IR E. &N, EresE
Kizigeg LRVEEE, EREES X TRIM B2, EBITUTHT:

> sudo lsblk --discard

ZaSab A XA RARISENEE, MR DISC-GRAN #1 DISC-MAX FIBETRH
T, NFRMEEZHF TRIM 21E,

1.13.1 EHATRIM

EHA TRIM B systemd EHIAAM fstrim <SHRTAE, EHAIUFEETZH S,
ELHER TRIM, B TAHREBA fstrim. timer :

> sudo systemctl enable fstrim.timer

systemd &7 /usr/lib/systemd/system FRIE—NETXE, RINMBERT, ZRSE
FE1T—R, XM BECER. BF, ErlLUEIR OnCalendar EMECE NFARERE
G 7ESS

fstrim MEIMTHEEAXGRZETHER, ErIUEIER %< R ERIETRE LT
Ao fIEN, BILAEE of fset ETUKRE XBEHIZMERMAE, BXIFMAES, 1H5S man

fstrim,

fstrim di PRI MEMETE /etc/fstab XHHREXZIF TRIM 2EMFAEIREHITIEE —
Itt, BERERZmSHER -A &R

EAEETISENEE, FUTERATREET X-fstrim.notrim FHI0ZE] /etc/fstab X4
=k
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UID=83df497d-bd6d-48a3-9275-37c0e3c8dc74 / btrfs defaults,X-fstrim.notrim
0 0

1.13.2 B4l TRIM

FRENILZES NEIEN, #BIXZIEEFHITEAN TRIM,

EERIGEMEH TRIM, B TR discard EWURINE /etc/fstab X4
UID=83df497d-bd6d-48a3-9275-37c0e3c8dc74 / btrfs defaults,discard

HE, T Extd XHZRZELE, AJLUEA tune2fs S TE /etc/fstab HI&E discard i%
I

> sudo tune2fs -o discard DEVICE

MNRIGHE BT mount BEE discard EIHEHAY, EXER discard FEHHRMEI /etc/
fstab:

> sudo mount -o discard DEVICE

Q x=: B TRIM MR
M discard EIAIRERZER KL RERE SSD IRENEAHF. B TRIM Rl
IS ERVIERE, Fld0, EMRAEEENERL T, EXMERT, ARsEHIE—
BERR, HERENEGE, BRERA—EIRRIFEARER,

1.14 XTFRGIER

AT BAX 4 R Ge Y — L E R R B AT BERYRR R 77 30

1.14.1 Btrfs fHix: & LB FIR=TIE

R Btrfs XHRFHIR (/) P XELEZRZHIE, TUREIFEIR “No space left on

device” ,
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BN THIRERD, TH#E XA seREM AP HEENE R,

1.14.1.1 Snapper IRER(ERRIIEE = 8]

R Snapper 3t Btrfs X RFAIEITHY, M “No space left on device” [A@iEE
EHT RS LHAREBEENSIET L.
SR LAM Snapper HERR—LEIRER, A, REASIZEMMPER, rlgEFERRERENTEA

%

E 2 MR MRS 4

1. TR,

2. ISR, WA btrfs filesystem show, fI30:

> sudo btrfs filesystem show

Label: none uuid: 40123456-cb2c-4678-8b3d-d014d1c78c78
Total devices 1 FS bytes used 20.00GB

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

3. A

> sudo btrfs fi balance start MOUNTPOINT -dusage=5

e LR HREEMREE TR THRIERF, NMATFWREIZEHIGHERN
KA TTEIR, IHIRIERTRER E—LErtE] (1 TB BUBRIRERERZ /) , Fod, 7ELLEA
Bl RS RT LAfER.

4. 5| HIREBIZFPRVIRER, WA
> sudo snapper -c root list
5. M Snapper FIFF—EZ MR, @A

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

SR RIARVIRER, IRERERBVBT AL, HSRRNTEmMEX,

34 Btrfs $8i%: R& LXBRIRTIE SLES 15 SP5



AT BRILREEE, EaJLIEK Snapper BIEE . BXFMEE, BEBN (BEER) ,
F10E “@i Snapper HITRAMEMIREBEIE” % 10.6.1.2 T “BEELX . THIRE
BIEMECEES EMPTY *( NUMBER * #1 TIMELINE *,

UNBIESCH RO SRR Btrfs, BN ERERE T AT RN B A
BE. YaST S EE Burfs BRI PR (R AR TR A AR LA B

1.14.1.2 HE. BEnMEEXHERNEETIE

WMRARFHEERIER 7 HIE, BLUEM /var/log. /var/crash. /var/lib/
systemd/coredump # /var/cache PR {4

Btrfs root X &%F% /var/log. /var/crash # /var/cache ZEIEEBEEBRT
FlREREAAE R AR TE, X2SRAKHIMKIE, AR HIIIRT, SUSE Linux
Enterprise Server {2t 7 Btrfs FEERIZ . BXFMER, BBW F 1257 “Birfs 7%
AN IF o

FENRAMALTEN L, CEHRYNBEFMBRERN, Eogf8EE /var/lib/
systemd/coredump , RIZEEMEMFHETEEP,

1.14.2 Btrfs: EIGEFEEEE

btrfs balance <=2 btrfs-progs RMHEEHN—ED. ©RIUZEUTRAIER T FE
Btrfs X R4 LAIIREA :

o RIZIEHE— 1TB I¥Ehes, HAM 600 GB WEIREER, ABENAMNTS—1 1TB I&zh
2. Bt Lk, THEERSEEIKENELEHE 300 GB WERA=IE,

o BHRE LARERATHIKIR, TRITFENERXLEXRZET, ENNZEEFEARA
Fo

o BEBREAEABNLEREFTHIRA, UTaSRBFEERERETI/NT 5% IR
‘H:

> sudo btrfs balance start -dusage=5 /
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O =%
/usr/lib/systemd/system/btrfs-balance.timer iR HARESAFIER
fEFRYIRA,

o BEEBRRIRENRFID, BT DHEIE.

o MEBREAFERY RAID LB 7 BT R, HIa0, BN —AME EAIEIEM RAID] 5]
RAID5, IFIZ{TIA T an<:

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

O ®F
B8 Btrfs X &4t EFEHIENVERINT R (0, FERSARSERS) , BOEH
BHENX /etc/sysconfig/btrfsmaintenance. #XEILL BTRFS BALANCE FF

o
~NO

BX btrfs balance spSFENAT, EEIEFMDI (man 8 btrfs-balance),

1.14.3 AZ7x SSD R ThE 7 2EIE

Linux X+ 2B ESENITGIR TR R&ERR, FRit@ESEUERITHAER, BEXE
ERZET, BUEHA TS, MAEEHTE R BIEA IR RIRE M.

XMMCEOERTFERNER, EERRNEFESIENESER (SSD) 1, EfHREMNEAR
UHREZRBIES NBESH, SiEEEDBERENSMIE, Alt, Xt SSD #1Th HEE
HARRBAENNKR, RMEAANEANTLERNEIEMEERE SSD BIZF65.

HF ERRE, SUSE SEMBINAZRT SSD # 1T H B2, FEMVETESEENHESE
BHTHRBETENER, XERBEEERRT!

e HPE 3PAR StoreServ All-Flash

e HPE 3PAR StoreServ Converged Flash
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1.15 BZER
FEABNES I XHERATESEE NN, AUERTREHIIRER, BE LA

Diim)ER .
* Kernel.org £ Btrfs Wiki: https://btrfs.wiki.kernel.org/#
e E2fsprogs: Ext2/3/4 File System Utilities: http://e2fsprogs.sourceforge.net/ #

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

Wikipedia 1B _EBY “Comparison of File Systems” (X &RiLbEk, ®uE: http://
en.wikipedia.org/wiki/Comparison_of file_systems#Comparison 7) A7 XMt
A5 (RUXRE Linux XHRS) ERANRIELER,
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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 REMBMMEFEFRIERNZ G,

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. T AR,

2. BAECEENNXHRREER,

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

> sudo btrfs filesystem resize max /mnt

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

¥ SIZE BAMEARN (UFETREL) . EEAUAEIRESRA, {30 50000K
(KB). 250M (MB) 3% 2G (GB). EtAIEERIEMNLNS (+) ZES (-), 25liE
TR Hai A/ NE MR MZIsEE:

> sudo btrfs filesystem resize +SIZE /mnt

sudo btrfs filesystem resize -SIZE /mnt

4, BIWANUTEGS, REBERXARFRIERXNNE
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> 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

HEH XFS X RS, ErILUER xfs_growfs < RIGIMZXHRFANK/N. XFS XHRF
BIAR/NTTE R

1. TR,
2. HELEENBXHFREEEH,

3. £/ xfs_growfs saIEMXHERGHNAN. TENTHISEXGHRENK N THE
KAJFE. BXEZIED, 1550 man 8 xfs_growfs,

> sudo xfs growfs -d /mnt
4, BIWANUTHS, RECERXGRRRRANNE
> 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

1. TR,
2. MNRNEDXERFHIRN, BRFEEE,
3. EATIGEEZ—EAXHRFRIAR/:
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o ERXHRFZEXI EA /dev/sdal IREREARIAKR/N, BHA
> sudo resize2fs /dev/sdal
MRKIEERNSE, KIRERINRZDEBIR.

o EERXHARRERNTEXND, BHEAN

> 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

> 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 HEHFERE

AEHFREEHIREPRSERAMEIREMAR, FHREE X EHNEFENAT,

3.1 THEUUID

UUID (2IKM—IRIRT) BRRTXURFAMN 128 kT, EAMAKNEMARSKHE S —
. TSREBRARMHEEMNNE (BAHMTHN—E5) BHER. UUIDBERTFHE—4MRE
188

FERIERAMRN “F8° IRERF (FlE0 /dev/sdal) AJRERFRATERIEFEREETE
515, a0, WNRIEIR (/)8R /dev/sdal , MITEHEE SAN SISEMERMARSS,
RAARERETEMIEIRES /dev/sdgl, ELERT, TEARSHNFEFECEM /etc/
fstab Xff, TUWRARKLESIS.

INBERT, E5ISMBERUKS|ISIZEN /etc/fstab XHFEA UUID, UUID X
HRAEN—DNEM, MREHMEXMIEEDEE, UUID SFR, MNBFREFERIZEZIRA UUID,
S—MERAERER ID FAREIRFI&E.

AR AT LU UUID AMAAE SIS RAID I&EHVAEN, KA RAID BY, md REFEF=A
ZIGEER— UUID, FHIFZEFMEE md B,

O] UTE /dev/disk/by-uuid BRAPHEIEARIZER UUID, UUID B REGISATFIR:

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

3.2 udev Bk AR BTN

M Linux R#% 2.6 748, udev ERKAMIRESRRAI, NEIEHY /dev BREM T —HHA
PZEfERG R, (FAREERRSN—ED, EREAFMISBIFFIKFIZHT udev,
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FEA— T MUFIRR T I ELE B EHTTILA., udev MMERLIGHE (£ /etc/udev/
rules.d BRHAENX) NBEHEEIRERMETRENGR, FaMIRGIIREILEFRERE
EMlZ, udev TENERNZEIZNARRENESS. o3RS NERGNAGREN
M MENIRIZE. BXRNEAIEXEBCH udev MINBER, ESW Writing udev Rules
(http://reactivated.net/writing_udev_rules.html) 2,

18T RIS E TS, udev EATE /dev/disk BRTAPIERZISENKA
TSN, ZERH—PHA9DHN by-id. by-label. by-path # by-uuid FBR.

Q ix=: vuiD R
BX7T udev Z4b, HthiEF (W0LVM K md) WEI4RL UUID, BE(TFRTE /dev/
disk #5IH,

BXER udev KEBZENFMES, B2N (BE12EE) 6298 “ &R udev #ITEIE
NiZIgEERE -

BX udev MSHFHMAEE, iE2 man 7 udev,

3.3 EHNSBFHELE

I FRLLEBNFMISE, EENEREMEHHENETA, A5 systemd.mount A =F
IRIEHIX LSRR, BHOIRXMIREMES, B  netdev EIARME S MIEMNEFHEIEE
B /etc/fstab X", =W

mars.example.org:/nfsexport /shared nfs defaults, netdev 0 0
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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
KMFEEFEEN—MEA, I, 5 1/0 REESNKALEE, HRIREF, XAl
PilEREFRT 1/0 TiEE, SEUEAFAIEMEN, A2, RREN&RIAE NKIERIIRE
BRIEW “EFARmF , AMBBZNERABTEFEPRNXLESE, 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
BB imFERE

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:

> sudo zypper in bcache-tools

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

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

ARBIER T ERINRTRA/NFIFER AN, 725179 512 B 128 KB, RANNS/EEIR
BHBXA) (BEN 5128 4k) i, FERA/NNSEFIREBRERIRA/NTE,
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:

> 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!

> sudo mkfs.ext4 /dev/bcache0
> sudo mount /dev/bcache® /mnt

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

5. IMEFRENEERER, FEREEREERIBXNEEETREBRAEE:
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> 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

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

4.3.3 fER sysfs BZ&E bcache

bcache I&&FH sysfs EOARGFHEGTHRECEE, XF, EEATLUEN bcache FHEIZ
BNEEHRNITH, IEBHERRITHT,

BX bcache sysfs S¥MTETIXR, 1§EF /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

TEEEFME LV, LURSERE, EFTHE LV REEKER, XS B EHIERNEMENL

B

4.4.1 BZE Llvmcache
AU NENEMEERT LVM NEEFNTE,

1. SR LV, QI LV, ERIE LVIFARLV:
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> 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,

> sudo lvcreate -n CACHE DATA LV -L 106G vg /dev/FAST

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

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

7 H G B AT LEFR IR RS

> 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 =3 CACHE DATA LV E9&FF.
CACHE DATA LV &E&® A CACHE DATA LV _cdata FBRiEiER,
CACHE META LV RE&#& A CACHE DATA LV _cmeta FHFaECHR,

> sudo lvconvert --type cache-pool \

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

> 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 =X ORIGIN LV BI&FR,

ORIGIN LV =E&&A ORIGIN LV _corig FHRHEENR,

> sudo lvconvert --type cache --cachepool vg/cache data lv vg/origin_ lv

> 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,

> sudo lvconvert --splitcache vg/origin 1lv

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

> sudo lvremove vg/cache data lv

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

4423 KRR L MEFHLY
EREE LV RERERE LV AISHENEE LV,

> 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 XLLIREME, VM R T FETERESE (BAKVG) , WRFE, 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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E5.1: YESXS5 LVM

£ LM &, &§HEISBANYIBHE S XITAYIESE (PV), £E 5.1 “UESX S5 VM BBAH
F, EXTHEOMNEBIES (WW1ELV4E) , BERSALUET XEXES S (MP) SRERXLIZIE
., FRIZEEZENLIRFA—ESEADXILR, BEESRAREIH LV 1 LV 2 ZEsvisi,

LVM IhgE:
o AR ZREREFZ MO XEHN—IRANIZESE,
e NREESIE, Yo ATEFERN, AU ALY (0 /usr) o

o BIERA VM, AIUFEEFEEITHRERRNNEEN LV, BEXFESHFILRER A Hth
REVEE(,

o AIEUED AT, WWATURBIETYIEERD AZEEHHIER. MRXEYESAUT
FEEZ L, NARSEREEEE AT RAIDO) o

o ERRIRINER UEEESTHRETRITHNENR (LEHESHKRSHR) -

Q ix&: WMAIRAID
BIfsE LVM 232 4F RAID &5 0. 1. 4. 5F16, HNMNHEINESFER mdraid (5
WETE “BERADEE" ) o &Y, LVMALLS RAID 0 #1 1 HBE#ER, EXN RAIDO
RKUTFEREZEESEE (BNZERIGHMTIYIELE ERR) . £ RAID 1 Bt L4
AR VM A LRERBEREY , H2EBERRY IS, FRAESM RAID £, £
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BEM—NEETIFEFReMEENEENRES, HEREMEYHIREEEMERE
5o LVWM B LETIFER, BEREBRT BIINLREHRE) , ZTFIFEFLTALER
T

ZE5: IBMZ: LVWMRXHRESR

MRIEB RSB RYEEIE LVM SR RAID FE5IL, WAFUE /boot BF 2k
B9k LVM 3R3E RAID R b, BMRSHE A3 S HHRIEINAINS 500 MB, 2
BT R L7 Extdo

BT XEETHEE, /A LVM RS FERNRA PC S/NEIRSH[ER. NEEHNEHIEEES
(NEIEE. SRENIAFER) FEHEEK, I WM BEEA. EXHFEERATYIERE

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

TR LUER YaST P XEF EEHMMNVHMER UM ZHER 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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£ 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 EL 8], A LIRIBRESY A, ULIEEZENESMD . BEiRENET
SHFIRER (RILAGEAE Snapper #1TEIE) — AXBFMAER, HEN (EiEiEE) L1008 @
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

AUEEEEZNRENEES. VM SBERESEANREYIEENSIERGEIFRNYES,
Fit, BMEX MBS, GIHrhREES LRKE. WM ESERE— T ASEXHRTE
EREY IR, BEFEEsEXPEEXEYREESHRERIIER. RIAERT, BEEME
TR L, SERATE, SEEESHETANERZ L. 7Y, ERUANAEEE—1RE
BUIE, B, EEZKRIENT.

BRIFTUUERRMERRGERSER: “IEE” B9 (JEraid) mirror Z3EEM raidl 24

o

BIERGZEERE, AINXESHITINERCE, GIMIECE. 7 BMER.

5.3.2.1 1REHRMBKIERAID BiEE

BeIEREE, BEA Lvcreate 8%, THEHRTRARKEIE— 500 GB HIZ4EE, HFEE
MTER vl R, HEREA vgl.

> sudo lvcreate -L 500G -m 2 -n lvl vgl

LEEZEEE—MEME (EDER) , AIRUEXHERFEN=18IZF. m ATIEEREIIT
o L ETIEEZEERIK.

PSP AILNERIAKNA 512 KB X, MNRFBRRANNXE, EER -

R EMHGEZFARNXIEAN (LW MB AEAD) . &, AIUTE Lvm. conf XHA4RIE
mirror region size EWREZEBEERIXKIFH A/

5.3.2.2 &E raidl BiEsE

FF LVM 3<#5 RAID, ERJLAEA RAIDL KK KR, Sk raid $RKAELL, XMSEHEABLUT
s

° VM SABIMHREMEEIF — N2 NANUERX, KRS 7 HSELEES.
o BILVEFRY MRS D BIHREGME, AERBElENEH,
o BEHITTLARM IR ET B MR FE,

e LVM RAID 1 SLhEs7 1R EE,
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BES—FHE, XHEBENREGRLEARITERESATCRSES,
M RAID gIEREE, BRILUTHS:

> sudo lvcreate --type raidl -m 1 -L 1G -n lvl vgl
HAptm/SHE XaT:

o --type: FBEIERTE raidl, BNxes>REARIVIEREE nirror HEiE3E raid 57
Ro

o -m: HBERGHITR

-L @ SBEZEERIA/N.

-n @ R A FEEZEER R,
* vgl - BESEANEAHNZT.

LVM B AMEFIFRN S MRS B— M KEX/NIZES, MREEHNRES, WM BES5
IR N ER T TR,

Bl RAID 3%, BAUGERSRNEEE—FERZE. EAUREHE. TR, FF

5.4 BznhEUEIER LVM &4

IEAR LVM BEMECEITAE /etc/lvm/lvm. conf XHFEEY
auto activation volume list &#uzHl, BINBERT, ZEHAT, UHER, SEE
FiEH. MRRBBERLSEA, BFRBMEESISH, HAESHRESRMF, Hlan:

auto activation volume list = [ "vgl", "vg2/lvoll", "@tagl", "@*" ]
SNER7Ef auto activation volume list BEFENTHIR, BREUTER:
1. BASRERTIRICESNEES,
2. NRMERLE, NWRHEZEES,

BINERT, 7Edracut EEIALKET, JER VM HEASEHEE. ERIUERLLSBERASE
BNAECEFIEEAH, HAEEENIFR LVM H4,
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5.5 RARUBHAHRIK/)

EHEAERRIE IEEIS TR RSP ANINYIEERYT REARMNTE, MAZSBIRS . X
AILERZEERMEIAF, HIAE 5.6 T FEEESHAN AR KIMEEHKD,
A B LU MIBRIES R NEHBIK /). YaST RAVFRIBR L FIRERNIES, BT FHLT
YIREYFIEEFER, JET Y6 <. PE Ranges FIHFIHEMSX (#iE%) BIEERH
X!

> sudo pvs -0 vg name,lv _name,pv_name,seg pe ranges
root's password:

VG LV PV PE Ranges
/dev/sdal

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

DATA /dev/sda5

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

DATA /dev/sda7

DATA /dev/sdbl

DATA /dev/sdcl

1. B8 YaST HITA D XiEFo
2. TEMERF, &FEEEE, ANERFEISITAREEAENTIR.

3. EREENMEA, BEVESRIFR, ARREE
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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. AT TREZ—!

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.

B K. M. TR KB. MB. GBF1TB (f5lg0 20GG) »
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ToiEgE A

o HEXKI: EBEBHFHAN. WEXIANTF LEEYHNS/MENSRAKEZE, &
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5. BEHAE,

6. BEHT—%, REEEBVILTENR, ARRETH.

5.7 MIFrEHEIZES

5 BuEEX
WIS ARETEENRRDRPUFERIE. MRSESRRTLS LEROFREHR
1.

1. Boh YaST HIT A XiE,
2. TEMERD, EFREEE, ANERPEISITAIRESAHNTIR,
3. EERERGIEALESNTIES, AREIMHIR.

4, IRIFERNER, RASETEEIEE. BEEUBIAIEE,

5. BEH %, RESEFIHTEMREL MFMUABFHRT) , AREEHETH.

5.8 5|FHZEA LVM

WNR VM EERAEERIR, X WM ESHRHITHEGESMEIEHANER/HKIENFT. X2SHT
EHITH—FRIEIZK, BEASE LVM FRESFENBE R T2RLARE, ErUEREGSTLE
£3% nolvm &I,

59 f£RA LVM &<

BXER WM BLHER, BN TRPMAGSH man T1E, FIEsSHEEME root
RA BEHIT. B sudo COMMAND (BHMRAILLAIN) , HEEEL root BHRITX

A AN
EPF‘ ~o
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LVM &<

pvcreate DEVICE
atig®E (B1a0 /dev/sdbl) , f# LVM BIEMIEL. NRIEEMNRE LBEAXHR
%, BHIES, #icE, NHERE blkid B (BRIABERE) , pvcreate 7siE

MEXHZSR. AR blkid RFIAH, pvcreate REEMEAES, ALErIGEEESX
XHRFNEREERE S,

pvdisplay DEVICE
£ VM YNBESEHEXER, IS ERS EEEZEEPER,
vgcreate -c y VG NAME DEV1 [DEV2...]
ERA— I EHZ MEENIE I EEHESH,
vgcreate --activationmode ACTIVATION MODE VG NAME
FEESHBER. ATLUEE MlEZ—:

* complete - REEHERZRREYNIZEL NSRS, AEHENZESREBEITX
MR B ANt

* degraded - BUIABVEUEIRTL. NIRABHEHTTREFKEEXE MEES, NEMERR
DREEYNREE, WEEREZEES.
e partial - BMER/OELYIEE, WM BREHBEEH, NRENERREES
ROEENYNRES, WBELTEHEZEES, HEReEAERERHITAE,
vgchange -a [ey|n] VG NAME
BUE (-a ey)BEA (-a n) BAKEZTESUATRN/ Ft.
BUEHEPHNENEHN, BESAMER ey EW, IATEIAEREMAPFER,
vgremove VG NAME
MiksEH, BFEERL G ZaliREES, AREREH,
vgdisplay VG NAME
ETIEESAHNMEXER.
ETREANYIERIEES AR, BEA

> vgdisplay VG NAME | grep "Total PE"
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lvcreate -L SIZE -n LV NAME VG NAME
BIZEBREEANNZES,

lvcreate -L SIZE --thinpool POOL NAME VG NAME
HTF &L V6 NAME eIERABIEEAR/NREM myPool,
TENTHIEMEL LOCAL BIEAR/N 5 GB BIEEM:

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

lvcreate -T VG NAME/POOL NAME -V SIZE -n LV NAME
£ POOL NAME HhelEEiZiES, TEHRFISMEL LOCAL LAY myPool B
27 myThinl B9 1GB E%:

> 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 < [E AT O A2 AR 5 |

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

lvcreate --activationmode ACTIVATION MODE LV NAME
RETESHERN. AIMUIEETIIEZ—:

o complete - (NHEIEERNFIBYIESE L F/EPIRSH 7 BEEUEZZE S,

* degraded - ZRIABVEUEIRT MREEBHURERIFKEEXNEES, WEMER
DREYIRS, WEERUEIZEES,
e partial - EMER/DELYES, VM UERHES. NREBESHE DA

A, ERILEMRREZSBERERR. BENMERLED, BEREHRIEN, Er6e
=8B,

BRI LUEETE /etc/lvm/lvm. conf HIEE activation mode FLEIEMAY _EiR{E
Z—, RIBEBEERN.

lvcreate -s [-L SIZE] -n SNAP VOLUME SOURCE VOLUME PATH VG NAME
BB EZEEHNRES, NRKREEXRNED (-L 5 --size) , WREBREIEAE
RER,
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lvremove /dev/VG NAME/LV NAME
fipxZiEE.
RS2 Hl, BHMHER umount f<LEIFHIZIESLLIEHXHA,

lvremove SNAP VOLUME PATH
HIBRIRERE

lvconvert --merge SNAP VOLUME PATH
RZEER R IRERRIAR S,

vgextend VG NAME DEVICE
RieEmig®E (WEE) RMNFMEE4L.

vgreduce VG NAME DEVICE
MIEEATRIFREETES,
HRMIES SRR BIEHEEER. WREEERT, WLHRER pvmove s FHIEEE
H—TEE,

lvextend -L SIZE /dev/VG NAME/LV NAME
P RKIEEZBEEHNRN. ME, BELIHERMT AKX RAUT DT BT ZTH=IEL,
BEXEFAREE, BN F 25 “FEXHRFNAN

lvreduce -L SIZE /dev/VG NAME/LV NAME
RIEEIBHEERIR N
EaNEZE, BRERAEDOXERANA)D, SUAESEREE. BEXEFAES, 15
ZNE2E HAEXGRFNNIN o

lvrename /dev/VG NAME/LV NAME /dev/VG NAME/NEW LV NAME
B RMA LM BiES, HRIFFASEREHR,

) =R BIEERSSE udev
NREAEER LVM TAZE udev MNKEIRE LV ISE TSNS 5EE, AIUERTYIAZE
2Z—3FREIE udev ZHBEH:

e 7£ /etc/lvm/lvm.conf HEZE activation/udev rules = 0 #
0,

activation/udev_sync

71 £/ LM &3 SLES 15 SP5



BEE, £4 lvcreate 55$#8E - -nodevsync MR 5I&E activation/

udev_sync = 0 #8E; HEIRE activation/udev rules = 0,
° KEMIETE DM DISABLE UDEV:

export DM DISABLE UDEV=1

XEFMSE I udev K@, Ltb9h, /etc/lvm/lvm.conf HFRAE udev HXIE
BERBw 2,

5.9.1 FEAGTIARZESHAN
lvresize. lvextend # lvreduce s $ATRAEBZEEKX/). BXREBELMETER, 17
SENENGSHFEMTL. EYRLY, V6 EXAE BBME BRoEEE,
BIVER YaST P XIERFFRIE KT 4E/)\iBiEE, A YaST By, EHRXHFRFEHA/NMISIER#
TEhAE,
LV Al UEFERFRRES THITFEIE R4\, ERELNXGARAT EMZIBE, B
LV A& BMERER X RFEN A, MEXEREMSSIEANG RS, BXARXGR
SARNER, BEENE 2E “FAEHRGRAN
FohAE LV KNS, BRRERERNIRFE:

o MNRY BZBiELE, NMNNEIREIE A G RAEZaiH BiZEE.

o MRYE/NBIESL, NHNEIXELE/)\BEEZ TR\ XERS
¥ RBIZEENK/:

1. T &R,

2. IRZEEES Ext2 ;N Ext4 XHERSG, WAZSEIUEX, BREET. MREEEN
REPAML (150 Xen VM) HEBXHZRSE, BHRXHAZ VM,

3. ERUGRRAY, WA TS LUEMmEZEEAR/N:

> sudo lvextend -L +SIZE /dev/VG NAME/LV NAME
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XF SIZE, FlEEERMNEZEESNTEAE, FW10G6B, ¥ /

un:

> sudo lvextend -L +10GB /dev/vgl/vl

5. IRMTTXHZRG, BREERER,

fign, KHE (BEEHFHECE) Btrfs B9 LV 4K 10GB:

> sudo lvextend -L +10G /dev/LOCAL/DATA
> sudo btrfs filesystem resize +10G /dev/LOCAL/DATA

B EEENA/N, BRITUTRE!

1. THXR,

4, ERIERTRAY, WA TSGR NENAXXHERGHIAR/:

> sudo lvreduce /dev/VG NAME/LV NAME

5. IRMFTXHZRGE, BREERER,

BN, w48 Btrfs B LV 486 5GB:

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

73 fER L REZEEHIA/N

dev/VG NAME/LV NAME #7981 E/ Linux 8812, $I30 /dev/LOCAL/DATA. I

4, PEXGRZIARDN. BXRERER, BN E2E “FEXHRFHAN o

2. NRFEEAES Btrfs XHHRSE, BRENT. MREEENEMI (B30 Xen VM) 1T
ENXHRS, BEAXAZ VM, HEE, T8 XFS XHRFENEREERM DK/,

3. PEXARZGIAN. BXREAER, BN E2E "FAEXXHRFHIAN o
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) =7 FBA—£HSRABREMGRANAN
M SUSE Linux Enterprise Server 12 SP1 745, lvextend. lvresize #
lvreduce BI%#F - -resizefs &I, ZEBANALUERESHNA/N, MEEEAEX
HRFHAND. Hit, EEFFIRA lvextend 1 lvreduce REHBETLASER A :

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

HEE, UTXHRFELIE --resizefs : ext2/3/4. Btrfs #1 XFS., BHIRAETE SUSE
Linux Enterprise Server {EMAILLEINIAZE Btrfs B9A/)N, ER ERHRIES ILIETT,

5.9.2 f£A VM &FE

LVM ZHMERAEERRIGE (B30 SSD 18%F) EAREEARBIRGENERIHEEEF. XEF
BIEERRER/NESIERE LV RIESARIER LV BIERE,

BiGE VM &F, EEERERELAEBRAMNEES. RANERTEEESS, BWWERTE
BEFETHRE. SR NMNEEETRBEFRENRE—IEE, CIEXESEE, FEBERIRNE
T, HRZMEREIRGE:

358 5.2 | IRECEFNIZIES

1. FIERIGE LOIBFRBRE (WMREREFEE) -

2. BiEE (NRZEIRE) FNERISEREHE—EE, ARTEYMES LeIBEFHE
o

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

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

5. BEFBERIIRNS:

> sudo lvconvert --type cache --cachepool VOLUME GROUP/
CACHING VOLUME VOLUME GROUP/ORIGINAL VOLUME
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BX LVM EEFHFMER, 138 lvmcache(7) FA 03,

5.10 #FI2 LVM2 TFERR

RICBR LR R BF IR RAFHEN RITEIENARIE, ERMRICIHEER LIRBZINNERIA
VR EFRIARICTIRMINE LVM FEN RTEdE, MMNFENRESHTIE,

5.10.1 &R LVM2 FRiE
FRIC LVM2 iR /E, ATLUES <L R ERIFERTEMIA TES:
* RIBENTHEMCEZFEZLEN LVM HR.
o EAREXMPITE, EHTEIRSS DREMLSAMEEE,
o BEEMLPIEENIC, BEEREETHIKE,
A LUERIMEEZZ LU THREME 21T LVM RS Z !
* WRIIFE
o BANR, REICT REIB TR

Brl, EEAUEESIZIFRNRI/MERAIFC. §FERSHGE, YRFHEESLGFEIH
BREESUMREESTSHHIE D LAIRER,

FHBEIIJREFRRNSHEEN, MAFEARCHEM EELE (@) FF, kil emytag.
FHMUERESER ‘@ "I%EEN,

5.10.2 BIE LVM2 FRIZHER
% LVM fERAFIEE, R TER:

SHFHIFR
LVM ARBSRia el UBE ASCII AEFRF AR Z, NEFFfaflz. HF0EF 9. TRI%
(s 005 (+)s EFF () MER () BIATEUEFHFL. RAKEN 128 TF o
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ZFNEFENR
AJLARIE LVM2 #1385, 4. ZEENEEEIKR. PVINCRHEFEEREAHNTHE
o MFFESASBRIERANZAVIEEFRIIRIC, RIBREEARIES, BRIRIRALATRIS,
LVM1 MR ABEFRIE, ENHEERAARZFLEINEE.

5.10.3 #r1TIRICIEA
--addtag TAG INFO

RArid g (8irid) LVM2 FERR. R

> sudo vgchange --addtag @dbl vgl

--deltag TAG INFO
fBx (LECERIZ) LVM2 EZEEXNRAEIIRIC. il

> sudo vgchange --deltag @dbl vgl

--tag TAG_INFO
BERTHENER TN ERNEGAYIRIZESHIIFIC,
MREMNFICSRHAARICES, WAL TaHRSREBE (RE) -

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

5104 ECEXIHEE
TN RR T HERORARE,

5.10.4.1 7 lvm.conf XEHEBENZIRIC

B TIEOREAME /etc/lvm/lvm. conf X, UBHEENLE /etc/lvm/
Lvm_<HOSTNAME>. conf SXfHREIRE X ENIRIC,

tags {
# Enable hostname tags
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hosttags = 1
}

BEEBCERIEHREEN LR /etc/lvm/lvm <HOSTNAME>. conf X, FS
W 5.1043F “EXEHE” -

5.10.4.2 7F lvm.conf XEFR A EHNZENIRIS

tags {

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

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

5.10.43 TEXEE
EE]LMEER /etc/lvm/lvm. conf X, LURIBIRZECE LVM BiES,
EXAgERET, BUTHERMEIXHEF:

activation {

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

RIEMTIc B @database, A "@*" SEZFIES EH LigBEREAIIRIC A

BER SR LiESANIZESNTHEFRIZERN VGNAME . VGNAME/LVNAME 3% @ TAG, R
BLHUBIMC LR, TREEAERZES. BANERT, NRERTRENR=BE,

gNR volume list FE7E, HENMLEBEXIRE, MR EENIFESTEIBITCLTLER, 7
RBESARITES,

SNR volume list BEEXEAT, FEFNLKREXEMAMRE, WAREE
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SNRARTE X volume_list, MAZFEINMESR LV BUERE] (RFFRIERR) -

51044 TESZSTENREEXHFPRENXEE

SNRTE lvm. conf XHHBRAT ENIRE, EeIEENEEXXH (/etc/lvm/
lvm_<HOST TAG>.conf) PERABERIE. Flil, /etc/lvm/ BERPEEENIRSZHH
MEEX 4

lvm.conf

lvm_<HOST TAG>.conf

BEIEY, =$E /etc/lvm/lvm. conf X, HAEZXHGHNEFRIFIZIZE. WREXT
FERIENIFIE, ESEHEXM /etc/lvm/lvm _<HOST TAG>.conf X, RIS EREX
BB, FAERENINCXE, AEEE lvm.conf X, HEKISE—CTEmA
FIEEE, 1 Llvm <HOST TAG>.conf X, FRSIFCIKEIRFERNIRRE, XEMRE]
ISR REIEERCNX 4. EVAREXHPIZ BT S S L NI B X EH,

5.10.5 R TEETHERFEES]

SR LUBETE /etc/lvm/lvm. conf XHHZEA hostname tags EWRIGEEREAIFENZ
BUEEE. BMHEEXHRTHETNES—aHHEN L, UERILFEILE.

1. EXAgESEP, BUTRERNE /etc/lvm/lvm. conf XHH:
tags {

hostname tags = 1

}

2. BXMHERIEIBEFRIPIE N L.
3. EEERNEMHENL, ¥ dbl FMEECE vgl/lvol2 BIIHENTIRSF:

> sudo lvchange --addtag @dbl vgl/lvol2

4. 7 dbl RSS2 L, MAUTARABLUSEE:
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> sudo lvchange -ay vgl/vol2

5.10.6 fERRICEUERSERRIEIEEN
A PHTBIRT T TRIL FESHFR:

o IURUERIBEEH dbl A db2 EE9EA vgl

o ACHEXHARSBEN Fs1 LB vg2.

o RIEXHIRSGSSFEM TN fsbl ERFEEAEH, EXNEFITESFUMHERSSEE
*ﬂ; fsl E%%éﬂo

5.10.6.1 &I 1: FEEHEEFINEFHUEERENGFSER
EUTRRAERS, EIREXHEHESEENH,

1. ¥& @database tRIZSHRMEIEAE vgl TR, TEXHEA
> sudo vgchange --addtag @database vgl

2. ¥ @fileserver tR2RMNEIBA vo2 BITTEE. EX WA
> sudo vgchange --addtag @fileserver vg2

3. WENXAEFIESRTE /etc/lvm/lvm. conf XERFMUTRE, LUENX

@database. @fileserver. @fileserverbackup #rice

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

fileserverbackup {
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host list = [ "fsbl" ]

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

}

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

5. IRXHRSB[|BENHIHE, EEATRNXERAUTRSEIRIE fsbl EREED
vg2 .

> sudo vgchange --addtag @fileserverbackup vg2

> sudo vgchange -ay vg2

5.10.6.2 &I 2: AM{LEIEMALE
TEUTHRARF, S8INERMERERS XBEMLXFNENER,
1. ¥ @database tRIEAMNEIELE vgl BITEIR, EXIHRAN
> sudo vgchange --addtag @database vgl
2. %% @fileserver fRICHAMEIEL vo2 BITTEdE. EXRIHRAN
> sudo vgchange --addtag @fileserver vg2
3. £ /etc/lvm/lvm. conf XA EAENIFIC:

a. BEXARIESRTE /etc/lvm/lvm. conf XHEHFFMLTRE, LUSHAENIRS
Fo&E X o

tags {
hosttags = 1
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81

b. ¥&&EH /etc/lvm/lvm. conf XHEHEIMEENL: dbl. db2. fsl
fsbl,

. FEEMN dbl L, SIEEBUEREEAN dbl RUBUEREX . EXARIESET, B /etc/

lvm/lvm_dbl.conf X&FHRMUATEE:

activation {
volume list = [ "@database" ]

}

. TEEMN db2 Lk, SIEHBEEEEN db2 FBUERREX . EXARIERT, IR /etc/

lvm/lvm_db2.conf XHFHARMU TR :

activation {
volume list = [ "@database" ]

}

. EENAL £, SIBEXHARSSEEN fsl NBUEREX . EXARIESRT, IR /

etc/lvm/lvm fsl.conf XEEHRMULTHRE:

activation {
volume list = [ "@fileserver" ]

}

. NRXHARSZB[EN fs1 BIMEE, BERchERXHIRSSEEN fsbl FFAXHARSS 25

a. £EAM fsbl £, BIEEN fsbl MBEEEX M. EXAHRiEET, BIE /
etc/lvm/lvm fsbl.conf XHHARMUTRE:

activation {
volume list = [ "@fileserver" ]

}
b. TRHBRANUTHLTZ—:

> sudo vgchange -ay vg2

> 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
TERRIRPEMERNEIE. MERFEZEE LAEESRENHRIE, 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—

XK, MREBHWBAEEDVABIS T HRRZEBENSTEM L OTFSNTE, HpaERTEERR
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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FEEINENIRED, @8 LUERRBIAESRE B BTG, S EsE (5)
MATEAMEFRTER) HITHER, MABEBCEREES, EIWIATIE LVM BI85 m
H7pfEEH, UGS EMEMRaE S, CRLEEE VMBS, ST RMOIt B R kg
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

Al UEREZIESEIES (LVM) BIRXRFRIRER,
FIALImHEA

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

WMRFIBEKR], REZCIBNEIRE,
flan:

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

REBSBIEA /dev/lvm/linux01-snap %o

6.3 mmALIRER

FIAL RN
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> sudo lvdisplay SNAP VOLUME

fBugn:

> sudo lvdisplay /dev/vg01l/1linux01-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 [RER
TR

> sudo lvremove SNAP VOLUME PATH

fBgn:

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

NS LVM ZBIEEBHMEIMNNEREME, JLILRAREMEERMIZE, fINERNME
SITEMER. BIRREBAEMNEIE. EoILEEE LM B1EE, HiETERMCE R REEE
W, HRTLIEIR LVM BEEMAMIERE, UEEEMAREEHITE NRE, o
£ 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,
RIS GBI AER 2 $E S MG —EEREERRIZES 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

THEFE A XA B IR G Xen BREIEIERF, XTF1E SUSE Linux Enterprise £& L
EITHNEHMBREIRERR (B0 KVM) , ERLUERAT R, BEMNRBEDEITXS
BRI, EEIT YIS E:

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

2. BIEAAEBTERFHEMEAZESD LVM ZiEEIRE,
> sudo lvcreate -s -L 20G -n myvm-snap /dev/lvmvg/myvm
MRRIBEKXD, REXOIZNEIRE.

3. QEBERS, ATEHRES,
> sudo mkdir -p /mnt/xen/vm/myvm-snap

4. EFRIENEHRERIRES,

> sudo mount -t auto /dev/lvmvg/myvm-snap /mnt/xen/vm/myvm-snap
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5. EXARIERT, EFKEEMVBNEEXY, BEismriEHIREE R T XXM
NXHHEE, ARREXY, 5190 /etc/xen/myvm-snap.cfg.

6. fEREIMIBEHERIRREBEIEIML.

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

7. (FIE) RRRRER, ARERREZEESERRERXNEMIRE,

> sudo umount /mnt/xenvms/myvm-snap

> 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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BHEAE, RAXNRFESESENNENRMESIEAEEEEEESHRR, AR
RESSIRIEBMIHRERE, MEINEIZREN—1F, FUFEGHTM.

BHTME, KREZEERESSEEBRBIERNGE, NLaHFIaENEIENERE
o ERMIZEESLA T RKFZEENBR. REBEHRSH UUID. RASBMEMEHKIFZIE
%, HERRES,

87

1. FTAKIRHEAN

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

TR RS LIT EEE—SE MR, WalLERBERESRERFIE S M RRZES, A
BRTESBLITLEREE @<VOLUME TAG>, FEZMENRBEEHIHESBNRFZIES
B, BXRAFCEEENHAXER, BBRE 5107 “Ric LVM2 FHEH 57 6

IR ELEE!

-b,
--background

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

HEIERIEFRELUE DR S HE, faERVIBIRRIATD S 8B,

BXIFSHIFAESR, SN Lvconvert(8) FT,
fi4n:

> sudo lvconvert --merge /dev/lvmvg/linux@1l-snap
& <$¥ /dev/1lvmvg/1inux01-snap &F B EFKRZBEET,

> sudo lvconvert --merge @mytag

1R lvoll. lvol2 # lvol3 £#HRiET mytag, ENMEBRERZRIIFSZEN
FKRZEESH; BIAEH lvoll, BEH lvol2, &EEH lvol3., WIREET
--background &I, tRICHMENZESHNREBREENEGH.
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2. (A1) MERFEZEESNREBEIESTA BT UXE, WEAUAFHERARHERR
ZiE%, UELLSHIIEIFR,
> sudo umount ORIGINAL VOLUME
> sudo lvchange -an ORIGINAL VOLUME

> sudo lvchange -ay ORIGINAL VOLUME
> sudo mount ORIGINAL VOLUME MOUNT POINT

fBugn:

> sudo umount /dev/lvmvg/lvolOl

> sudo lvchange -an /dev/lvmvg/lvolOl

> sudo lvchange -ay /dev/lvmvg/lvolOl

> sudo mount /dev/lvmvg/lvol01l /mnt/lvolOl

3. (Fi%) MRKFEEZEEMRBEIEITAEKREEEREXA (BIE0 root XHH
%) , WISEIUERMRSSHBHEBFRRZES, DILESHEERIZEILAIFA,
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11
12

13

R4 RAID

{4 RAID BZE 90

ARSI XECEZH RAID 97

SIS RAID 10 1&% 104

B RAID P55 118

£/ mdadm JEEHHE RAID FEFIRIA/N 120
iEFF MD 34 RAID BY7ZfiE#158 LED ScF%ER 128

4 RAID 55 136



7 B4 RAID B &

RAID (I EEERTTRIEY) NARERZMERESXEHM—MAREINER, UERLMEE
M/HEBIEL 2. KZE RAID $=H28fF M SCSI 1hi¥, EA5 IDE hiliELtt, ERFRES

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
TEFRBESIGE (BEMD) RGEHEXMHRSL THHMY RAID, SR
Administration Guide for the SUSE Linux Enterprise High Availability Extension
(https://documentation.suse.com/sle-ha/15-SP2/html/SLE-HA-all/cha-ha-cluster-
md.html) 2,

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

7.1 T RAID £l

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

7.1.1 RAIDO

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

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 MEEIZEREFERS T N MNEEHE. EEDD
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" -

BRI EFERFEETEMER FNDX, UERESEP—MERRFN (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 FIRBIME, BXEZER, EEMhttps://raid.wikikernel.org/index.php/
RAID_setup#Chunk_sizes 7, AXEFBREEEZNFHAES, iBEA man 8 mdadm H
&R --layout &I, MNRAFHE, BIEIIIAME,

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

BAFEAPXEFUERE (MAE7KX) NIZEEIE RAID, BHEFZMER, ]
FRWERL A E. RZIFELZE RAID ERES|ISMERER, AEFEEERRIHNL
#i#175|F, fdisk F parted FETEEIIE RAID ETAEETIE, A/F% RAID
TEIGEMAREERAXET AN, AR MEEIRIIZHERITEIRAVIRCE,

7.2.1 RAID &R

W RAID IEBINEE mdN RXEEZIR, HP N BHF. ATLRAXMAR (Bl /

dev/md127) ihiEIttEi&E, H B /proc/mdstat # /proc/partitions &, %l
KBRS md127 , BXLERTRARSEFEH, Ak, SUSE Linux Enterprise Server {27 %
MERR T A
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M TR 2 HEE
YITfER YaST sEen < 1T LfEF mdadm --create '/dev/md/ NAME' 6% RAID i%
#&BY, AILLEEA RAID IRERIEE— 1R, IREZMNAZ mdN, BERFASCIE— i
¥ /dev/md/NAME :
> 1s -og /dev/md

total 0
lrwxrwxrwx 1 8 Dec 9 15:11 myRAID -> ../md127

’ETE /proc FAFIA md127,

RMARISE
NREMKENARHERNR AR EINKEENR, BT M5an<¥F CREATE

names=yes —{TAI0E /etc/mdadm.conf :

> echo "CREATE names=yes" | sudo tee -a /etc/mdadm.conf

IHRERIL RS myRAID ZEXMNEMAM “BEX” BNgEEM. §EFFERILUIRA /
dev/myRAID Fx(iAiRl, 1£ /proc THEFIA myRAID, EIE, REEFREEX
thzfE, WIAEAT RAID, JEGH RAID R4LEER mdN ZFR, BHEIXL RAID FILEHE
RSN LE,

ZE5. T"FB/HNIA
AEFEITESATUEZFAR RAID 188, NIRRT EREIAAI—1 RAID KB EHEN
mdN , BELEINFZIEE.

7.3 1 AArch64 LAY RAID 5 ERE &t A/

RINBERT, FHEANMEEN 4B, MNREEBEHREINEH RN (a0, FizkhsS
AArch64 ERYEREVTIE A /)N 64kB FBICAR) , BJLAfEA CLI FopfcE & A/

> sudo echo 16384 > /sys/block/mdl/md/stripe size

U bR FHAIKEN 16kB, ERILUKEHME (404096, 8192) , EZEXMZE 2
AR5,
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7.4 EMEE RAID

&RILA7E monitor B, FEANSTIFIERIZTT mdadm RS04k RAID, 7 monitor 1&RI
T, mdadm SEHRERS|HREEZHE, INRAEHRE, mdadn SEEERKE—HBF
B, BEEXKNENREER, EETUTmS:

mdadm --monitor --mail=root@localhost --delay=1800 /dev/md2

+TENGSSEIE 1800 FBE—X /dev/md2 PEFIMSIT. SNRELEWE, EA
root@localhost &ix—EEBFHBM,

Q = BIARERRADKE
BINBRT, RAID ELATFEARS. NMRBRNEZEINEIREEAREK, Eags
BEES, ALk, EoLUER delay EEE T AHYERIEI0ET ]8R,

1.5 BEZER
I FFHIMIER HOWTO X4 T %X RAID NECE R EAFIFAE R .
e The Linux RAID wiki: https://raid.wiki.kernel.org/ 2

e /usr/share/doc/packages/mdadm/Software-RAID.HOWTO.html XH&HE The
Software RAID HOWTO

HEIMEIRME T Linux RAID BBEFIZR, #I40 linux-raid (http://marc.info/?|=linux-raid 7).
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8 NRDXECEF RAID

£ SUSE Linux Enterprise Server 7, & IR5Y2F RAID TRAB&EMKE| YaST R XEFH. &
ENAUERLLDXEFAEER (/) PRNARRILECNERMY RAID, FEER /boot #KF
fif7EF% RAID 1 A58y RAID 73X ko

© ==: RAID1 £ /boot/efi ATHEEASIB
7 RAID E8IE /boot/efi 9 XB, FidE, EREHERT, ZEHRIELEIRR
RAID EMIEISH X, EXMERT, ZEHRELSIS.

8.1 IR XFEAMH RAID s RFZ M
BRERERZLUTER:

° B RAID 1 sRERISEFTEERIRER ., XMREENIA/NNAEIT, RAID ERB/NIEE)ZE
Ko REFEIREFILUEAMIZE (HENPHERERIHEN) | XHeEEEFEFR
48X iSCS| ZiEF RARNERAHS.

° SNR7E MBR RZRES|IRMEIER, WAFERN /boot SIERRMAIK, MRTAE
MBR AR E5|FMEIER, N /boot FEEHFFRMHTX L,

o ¥F UEFI BN, FEIRETAR /boot/efi DX, ZDXFBERINUI VFAT, AL
HBERAID1ig&E L, LIFEE /boot/efi RUWIEHLIE & EHIEHHIL5| S,

o WNRBEEMEN RAID %%, BABREH LZHIZTTHM RAID,
o WNRBERA iSCSI BrigsE, FEELIRZE RAID I8 ZAIBRAX iSCSI &itinAIs o

o MREFEFAGERSHSNEEZERNAMIGE. HMBEEIRFHETIM RAID HfE
FARYiSCSI I&&ZBIRMZ 1 1/0 B1Z, NELIE RAID KEZAIEEBAZRIZXH
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8.2 1IKEfEAMHF RAID 1gE1EAIR (/) P XHVARS

1. £/ YaST BEIRE, HIZE (HEER) ,$8EF "RESE PHNBRLRE, B
FREIEVH DX T BALE,

2. BREEDXEFUITABEX I XEF. BALUERBNNGSR, BrAERNET
o

3. (Fik) WIRBBREARYISCSI BifigE, BFEEERRELANEDERERS > i
&> & iSCSI, BRISCSI &iEgmift. BXEZAT, HBNE 155 "2 IP W
HARBEFME: iSCSI” o

4. (F]ik) SIRBBEMM FCoE BifigE, WFERTREE LA FRIZES > i
& > ECE FCoE RECE R H.

5. (%) WREFEZFFHKENR, BRHAS > EFAHEIEE,

6. NERATFHMH RAID IS MNEFIEE Linux RAID 88X, Ni%ZA /. /boot/efi ik
X {EA RAID,

a. EAEMEIRF, EFEEE FERRERNIEE, ARBHAMND XK.
b. IEH D EANT, EEBERANAN, ARREF—P,
c. HABT, EFREHE REIU) -

d. EFEAENCAAER, HESX IDIKEA Linux RAID.

e. BET—9, ANENMOXEEXESRE,
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7. 7 / X RAID i&#&o

a. FEAMEIRF, FEFRRAID, FAEEFFN RAID.
b. 1 / PXIGEFRTFERI RAID 22!, Hi& RAID ZFZEN system,

c. MATARISEED PEREE E—PFESIFRIRD RAID IREHFNEN

REERIMH RAID KEEAR (/) PKBRS SLES 15 SP5



%EE—F_iéI‘_*é?zo
d. NTHIEFIREXRK/N. REBRINGER R 2ME,

e. FEMEMRA, BEif RAID, EIZEESIEI£A, K5 RAID HE T JHLE,
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f. TRAETERRERS, ARRE F—TH#E,

g. EEXHASHBEHRIREN /o B Next BHIIEE,

8. MF RAID iIREBESRIREMIIEFIEE, HR7E /dev/md/system BIZTEIE—D
8o

9. (Fi%) EILATE RAID FRIRRRM DX, A5 LREMNLSE, FIEETAETIE
gfﬁﬁo ﬁ?%chF%éﬁﬂﬁﬁﬁ, ﬁD_FFﬁZI_'\o %EE—F_io
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10. (AJik) XJF UEFI 584, FEREZMNTEEE /boot/efi EHIK, FIEE, /
boot/efi {¥z#F RAID 1, FEERZP XML FAT3I2 X &S,

AR
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[ wmo.. |[ smom. |[ o |

11. RHEESERDXIER,
VR XE = BB

12, BERE, WTFESMIL /boot/efi XA UEFI BN, BRELZERERR LBEHS
S, REESISMEIZFILE N GRUB2 for EFl, KERRAZE5|SZIFHFATIEEEH
o
BRIEESISRSEN, KERGIEFMIESISRER, UELLRSEEB NIRRT
RAID, H7ER (/) #X LEIHEIERS
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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,

TRERERESN 1+0 # 0+1 BY RAID 10 BIE /MR R, RELEEBIIFENRITBEERE A
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,

104 A mdadm €32#E RAID 10 i&#& SLES 15 SP5



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
Fi#EiRE, FE8Y, MNRELHE NS ZENEE,
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. FTH&R,
2. NREE, B parted FWEE D XIZF LRI A/MERIEY 0XFD Linux RAID 73X,

106

3.

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

> 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 <!

> 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%:

> sudo mkfs.xfs /dev/md2

BEAEMXERS, BEZHL.

. #R4E /etc/mdadm.conf Xff, MIREREFE, WelEzXH (Fi0z1T sudo vi /

etc/mdadm.conf KEIE) . FMTHT WREXHEFE, WE-TRAUEBLEZE
) -

DEVICE containers partitions
ARRAY /dev/md@ UUID=UUID
ARRAY /dev/md1l UUID=UUID
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ARRAY /dev/md2 UUID=UUID
FMEEH UUID I UERAM THLRER:
> sudo mdadm -D /dev/DEVICE | grep UUID

7. YmiE /etc/fstab X4, /9 RAID 1+01&& /dev/md2 FRMMHAII, UTFRHIERT
KA XFS X RFEHLL /data JIEH S RAID I8 & HIIH,

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

> 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. &R,

2. NRFE, FH parted FEE D XIZFEIED A/ MERAY 0XFD Linux RAID 73X,

3. BB NMY RAID 0185, NS RAID 08B AR N IRINIES. EIIRTHL,
BMANUTEN G

> 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 <!

> sudo mdadm --create /dev/md2 --run --level=1l --raid-devices=2 /dev/md0 /
dev/md1

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

> sudo mkfs.xfs /dev/md2
BEFEREMXERY, BEEZHES

6. 448 /etc/mdadm.conf X, WMREAREE, MEEZXH (Fla0iETT sudo vi /
etc/mdadm. conf XeIE) . AMTHIT WREZXHEE, F—TRARHLESRE
) »
DEVICE containers partitions
ARRAY /dev/md® UUID=UUID

ARRAY /dev/md1l UUID=UUID
ARRAY /dev/md2 UUID=UUID

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

7. Y548 /etc/fstab XXfF, 79 RAID 1+01&& /dev/md2 ZAIIMNAI, LU FRHIERT
KA XFS XHRFFHLL /data AEEH S RAID I§&HI,

/dev/md2 /data xfs defaults 1 2

8. & RAID I&&:

> 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
MERBER. BREERNBIREHIRUE R,

fian, NRAMEA 5 MEMKECIRIIETIEE 2 ME4, NS MRBBIAEFEERIARERN
8E . FIBEIEN— BRI BEREFEANZ 5/2 31 2.5 RUBHIKERIR/.

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/E YaST WHER N E ZHHFER mdadm B - -layout BEIEE. EZHE
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 BEXRE
YaST £ BN EIRHE (310005 4 S HEFT A AT AL BT,

9.2.3 fE£A YaST N XFIERFEIEEZ* RAID 10

113

. 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, EVREOANS X, @B NEERFHEERRER LNSX, MRS
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: 1BPE A RSB HIFERE B RigE 280, HLUSEH, fIg0, : AABBCC.

ZHE RRBRARAXNE—NRE, AREBENE—TIRE, MUEEETHT
FREtEIK T REENIRE. BARRE A XNE-_MIRE, BENEZMLE, U
Kift, KBRMFMEREFHEIREVIRNAKE, 90, : ABCABC.

114 M YaST D XFZFEIZE % RAID 10 SLES 15 SP5



115

10.

11.

12.

B ®EFE—NEEZTHNIEXY, HPNS—THE— N ENRALL
R—1ERIR ("sda. * A" ). FIBESZENRARNLERNIZSERFRIE RS ZITHE
R, EMNREXNSMRERNZEZ (/dev/sdal). udev BRIZEHR (/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, BBRE 0227 "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. TH &R,

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

3. WAL Tas<8# RAID 10,

> 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 T2 BEXALGEBEHERNEARNIES, EFSXHMETHEA—, 1§
£ 9.2.

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

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

> sudo mkfs.xfs /dev/md3

EEREHMHERS, BEBZGHT,

5. {miE /etc/mdadm.conf X, WMREREFE, NelEzXXH (Fla0iE1T sudo vi /
etc/mdadm.conf REIE) . FMTHIT (WMRZXHEE, F—TREUEBLESRE
)
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DEVICE containers partitions
ARRAY /dev/md3 UUID=UUID

REHY UUID B LAER LA e 105

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

6. 4R4E /etc/fstab X, 7 RAID 101&% /dev/md3 RNV, U TFRHIERT
KA XFS X RASGH L /data FEEHSH RAID 18 & B0,

/dev/md3 /data xfs defaults 1 2

7. #% RAID ig&:

> 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. ZBERARETKRNEE /dev/sdl BIEEFFLRY RAID 11%& /dev/md0 , BTEERFIRTRAT
I T8 <

> sudo mdadm --create /dev/md0 -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. BIEMPERIEIERNISERNERSK. B, BX /dev/sdbl FNZEI RAID, EERS
NIRRT

> sudo mdadm /dev/md0® -a /dev/sdbl

B—RRERM—TRE. BAFEIARWRREHFEHTEEH, TS —T5R

4, EHRLIRTALMALU TGRS, WIMETRE:

> sudo cat /proc/mdstat

BESVRMEREENEERILHE, Bl

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

KENRBUNAFEAZIKEEIE (mdadm(8) ) TEIE MR/ RAID 1, 4. 536

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. TR,

2. BIRALTE<, HiR RAID 5 —HHRSD

> cat /proc/mdstat
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NRIRIELL AR SRV, RAID PEFINAAERRY, NAMFRRD TR, 7 ELUEE,
M RAID P57 HIBR—MEAH DX, B30, BEER /dev/sdal, BHA

> 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

> 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,

CHREEPATE 1112 “HEA0 RAID PEFIEY AN

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. THLR.
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2. WIRAU TS, W#R RAID FE5I—EHRAS

> cat /proc/mdstat

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

3. BEMANUTEGS, 0BT HEEIRFETIR - XN FIRERN

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

4. PATUATERIEZ—:

o BIRANLU TSRS, KEFIA/NMEMEIRART AR

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

o BIWAUTESL, FEFIA/MEMEIRAXRTAAN

> 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

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

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

5. BEMANUTEGS, ENQERSTTREEIBMETIRNNZERN

> 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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i

E28E “PEEXHRZKRN .

WO
ﬁ]
EH?

BXIFA,

11.2.2  B)y RAID BEFIRI A/

BEXGRGNAN GBBIE 11217 "B/ HERZHAN ) ZE, RAID FEYIREESY
SERERBEYIA), BERIEEBE R D aIBE=E, #H8 ndadn --grow #=I{5&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
=8,

ATHPRIFEN RAID IGEERIZESR /dev/md0 ., HREREEDHIGEBIMEHIX LS

2,
1. FTHRiR,
2. BIRANUTEGS, BEEST BRI NIZE RN

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

> 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

> sudo mdadm --grow /dev/md2 -z 41943168
4, BIWMANUTES, EEFMOERTTBEIRIFETIR/NFIgERN

> sudo mdadm -D /dev/md@ | grep -e "Array Size" -e "Device Size"
5. PUTUAT#IEZ—:

o MNREMITNARMETIAR/N, BHEE 11237 “E/NAHFSEBIAN o

o WNRKBEMINAF—IFARBETIAN, WBEST, ARER XTI,
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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. FTH AR,
2. @EIHALUTEGS, HfR RAID [F5—EHED
> cat /proc/mdstat
MRIRE L AHSHHL, RAID BFEIHNAEERS, WAMERRL TR, A ELREE,
3. M RAID PR MIER—MAG S X, 5180, EXER /dev/sdal, BN
> sudo mdadm /dev/md@ --fail /dev/sdal --remove /dev/sdal
RNTRIGVERLTH, WAUEE R MA = bRR1E.

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

> 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 iERAF MD ¥4 RAID B91Z(E#158 LED SLHIEF

12048 LED YS11SS T2 (ledmon ) 1 LED %4 (ledctl) SEFRERE T Linux
RAR=EINBARER, eI MERZMEOMMCRIESIZ ENFE LED. FERFEN
R RER mdadm SEAERFEIER Linux MD 3 RAID iIR&HVIRES. ledmon
TR ENIREEEMEYIIRES, SASHENEMHIXEES LED BIRE. Eal LR
ledctl SLAERHIEEENIZSEIZE LED R,

XL LED SERIZF R SGPIO (GBREBTRN/Aat) MSE (A (SFF) 8485) LUK SCSI HlF&
ARS5 (SES) 2 thilz# LED., E{155HE SGPIO BY SFF-8489 ;e RYEFRIAINFRTUARRE (I1BPI) 12

o IBPIENX T SGPIO tRERIIAI R AR IR B a8 A KRR L BHEFERVIRES, WUARIERARFE a0 fed@
i LED ML BIRTSo

BLEFENFEH R I&IEME SFF-8489 #SE. HFELIERFIRERIZS IBPI X, BFRRIRR
SFF-8489 #SEIAMF LED, SERMIEAZATAENSZIFEB5 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
FiEITHIZR. TINEZFFER PCle-SSD (EISHER) #14#8 LED RiZHIEF MD 314 RAID H—
89 PCle-SSD & EMFMENFARE (EE. HME. EEERE) LED, XLENAEFHEIEER
LU THMENERMENTTS IBPI U7E(EIEHI28 (15302 SAS/SCSI #5%128) ; I HbHL
BRIl g8 R I Mo

ledmon A1 ledctl #EF ledmon 48, ZBERIANKES FTAFLE, iE1T sudo
zypper in ledmon o LEZHHE,

12.1 7F0E#1FE LED s fRAkSS

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

WEBE SFERETINAE SR BENER PRI S TMEN WA LED RN ET. NMARERF=EFR
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,
EEZT) ledmon, FEA

> sudo ledmon [options]

Hrh [options] @ F5I—a¢ %I

ledmon BY3EIR

-c PATH,
- -confg=PATH
EEEM ~/.ledctl 8 /etc/ledcfg.conf (FNR7FE) DiEEY. FEALLETRISEE
RAVECE X
BRILETR, HANERERNEE X<, BXFHAES, 55 man 5
ledctl.conf,

-l PATH ,

--log=PATH
REAMBAEXGNEEZR. MREERAFREXNXYE, BraERA2BEREXHE /var/
log/ledmon.log.

-t SECONDS ,
--interval=SECONDS
KE sysfs BAHEEIFRER B, ZEUM RN, &IMEHN ST FEERAE

--quiet, --error, --warning, --info, --debug, --all
BEEKEMN. KAETIRMNEREBIRIFAGEENINFIEE. B --quiet EHMAR
BREFRAS. A --all EUEHERMERS. NREEZSNUKIEDR, WENA

BLPHRE— BT

-h s
--help
KoL ERITEERHIE, ARERY,
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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 717f#N\FE LED =N RZRF

M#8 LED M ATER (ledctl) B—m AR TEIRARER, BTEHSEEVAERIREETIEH

FMEEXEERY LED, ledctl AR Intel H148 LED LAREFHAR IS

EEELHSH, I8EILEN LED BigBEAIEENER, FEFREEMMN LED &%, 1B

TN BAEFEE root MR, BT ledmon NATEFEIR LED NEAERS LR, Fit

SNR ledmon SFIPEFIETEIETT, NA ledctl REMFRLERXTTREERRER ( “BFR” &R

BRIM) o

ledctl WARRFZIFMIE LED £45: — LED &4t (&) LED IR LED) UM= LED R4
(GEBH LED. #KB% LED #Z&E$KX LED) o

E3=5) ledctl, BEHA

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

-c PATH,
--confg=PATH
REAMEEXGNEEZT. MRIEELED, NeFHEEX4HAFEE X GEREY.

-l PATH ,

--log=PATH
REAMBEXHREZ. NREEHARPEXNXY, BFr=ERe/EAEXH /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
B LED A%

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

12.2.3  Rf

BB MIRIGE:

> sudo ledctl locate=/dev/sda

EEXRFARNBIGERN “BIXLED” , FEHRITUTIR:

> sudo ledctl locate off=/dev/sda

& MD 2+ RAID ig &R, HEARMRIGERESEWERI:

> sudo ledctl locate=/dev/md127 rebuild={ /sys/block/sd[a-b] }
KIFHEEIREH “IKE LED” 1 “IP& LED” :

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

BRE=MRgE, BETUTHLZ— (ML FR) -

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

123 EZER
A% LED B MR SN T AMHAREE, HEMUTER

e LEDMON open source project on GitHub.com (https://github.com/intel/ledmon.git) #
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13 {4 RAID &

&% /proc/mdstat XHLUAE RAID DX EEZH. WREELIHKIE, AUREHFARNSEK
AU R B IR LI N ENER, RAEEEMNENRAAHRNGS ndadn /dev/mdX --add /
dev/sdX, & X BEAGHREILETIRT. XSBMFERESE| RAID RAPHTEEHN
¥93& (GEFTBR RAID 0 LASMUFRAE RAID £&31) o

RET U EMEERE)HIRFFEEIE, (B7F RAID T2 EWEZ A, MATREREI—LE 4L

o

— =E T s S L= - =

13.1 BEWMEHME ZEHITRE
RAID PE5|RVER RIRE s B T ZMRERIMA LR E, TEIIE TERE WHNEEA:

o TERRIR{RE I IR) R,

o ML IREhERITHI2E & £ HIE,

o SHIEBMIEERF,
EREHIRATITH 2R ER, EEFRINEEIGTE. WRXKTE RAID PEEERER, NEE
FohF5,
MNFE—MER, AIUEEEEE (FJgE=sBaEE) Z2E, 8 mdadm &5 BoIEFHAMNA
FHPERIZE
BT md/mdadm REER]SEHFIMFHEER R EHMIENRE, RtSENASE T ENEEEIR, H
—EBEBEAEIERIRERISSMAEHIE, BRI SENIZIEERISEN L,

ERLEERT (0, FE8EESWNE RAID BEY) , EEFREEFRIGELRERENRE,
EXMERT, BEUEH mdadm , FiEEHIGE, ATUBOHMEER --re-add BoIEHRR
mzik&E. Ak, ETLUETE—1TARME /etc/mdadm. conf A

POLICY action=re-add

BEER, XY udev MME2 mdadm -I DISK DEVICE NAME 7EB % HIMAEMIEE LIE
17 (BRIMTH) , HEBRE write-intent I (FAIAREE) B, 72T REEMHINZE
B EFRINZIEE,
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INREFH BRIV Y AR REGEMANARERIGE, LS path= ETURMNE /etc/
mdadm.conf BB POLICY —17, LUBFIEEMAIRIERRHIAN RFNEEIKERIT. AILUERBEAD
FIRIRFNIEEH, BEXEZEE, 55 man 5 mdadm. conf,
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14 iSNS for Linux

FHEXIHML (SAN) AIE S D HEEXNREMNITFSHELRNR. XFIRELKMNILEME
WZIEE R, iSCS| AttimmiMaeisiRz] SAN REFEMERIR, HRER S X Hi#TihR,
BEEXWFMERIRARSS (ISNS) B—IETFIMERARSS, ERAEREL TCP/IP M4 L iSCSI 1R&HY
BEp R, EEMEE, ST @EMNSETRIARSELL, ISNS ARt e A I EIER
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, FEIRFIMERNIPLILERFEARRUSIFRIXLEH RS
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, &
SREET RO, SRS ENRAIHERZRTINE iISNS FEMNESENBIRF
&, XEREFENZSIEIFENLEN KRB REI S ENERILAI X RISTE TR E
MRLEHIZERR. X BRI LRSI & (s & B B AR & im BV o
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e B I — B
HER

Ry

14.1 : ISNS &I

iSCSI BARA iSCSI &i2im#f el LAER iSNS &P imid@id iSNS i L5 iSNS AR5 88 Z BIRVE
Fo A, ENMEAHLANEPIMSERMEERS. THEXEMIMEFAHNESR, UkiE
W IR AP REHRIR T B,

iSNS BRS328MAAZER iSNS B URfER iISNS MM AEHAY iSNS thiXEIEHMIERK, iSNS ARS5232 5D
iISNS SRS EOEEN, HIEMEMER iSNS $BUBEF I EERIERZMN S HIIEE S

IEAF Linux BY iSNS {RIER L R E14E:
o RIERIREUMEM. ZINEEERXMEFHER.
* 5 DNS ERtZRMEEM.
o 51— iSCSI FHERVEM. RMAMEE,
o BILEFEEESLME.
o SHMAMBGEMEL, o# T Al EgEE,

iSNS A& Z BB,
B, 7 100 4 iSCS| AA2EEA 100 iSCS| EARHIEE, it iSCSI &M ERasit s
RIS 100 1 iSCS| EARTFBUER— BTG RS BRSO ARIR I, SR
£51J49 ISCSI &R & TIEALER JHY iSCSI B#F.

140 iSNS By T{E[RIE SLES 15 SP5



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
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3 iSCSI &ZCimiT A IIEREY, iSNS BRSB=REENRE—A IR SZIHIFAE iSCSI T

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

iSCSI AT TaE

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

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

4. FEECIBIAIIRNRI, ARBEHFHE,

5. MEITHE 14327 “EAIEAMISCSI TR -
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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

> sudo systemctl restart iscsid.socket
> sudo systemctl restart iscsi

BRIk CH, FIETT
> sudo systemctl restart target-isns

ERMBT.

HiSCSI TRHEMHERR, X+2ER.
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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

AITERE ISNS WBRS 2B LEEIE. MNREREEZENESISHNER (BX4AT, 5
EE 142 “ZZEiSNS Server for Linux” ) , IBERIEBMAULTHS:

> sudo systemctl start isnsd

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

145 BEZER
TIBRMTAEXiISNS F iSCSI WEMER:
¢ iSNS server and client for Linux project (https://github.com/open-iscsi/open-isns) #

¢ iSNS client for the Linux LIO iSCSI target (https://github.com/open-iscsi/target-

isns) 2
e iSCSI tools for Linux (https://www.open-iscsi.com) &

BEXISNSH—MRIEE, BB RFC4171: Internet Storage Name Service, LA https://
datatracker.ietf.org/doc/html/rfc4171 2,
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15.1 : {EF ISNS BR5528RY ISCSI SAN
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LIO 2 Linux & ABHITAEFFRZ Y SCSI B4R, LIO B Linux 1% 2.6.38 MEShR
NER STGT (SCSI B4R) HEZRMA Linux RMIRES—Z6E B4R, £ SUSE Linux
Enterprise Server 12 A, iSCSI LIO BtrARSS 28 &R 7 SeRThRAHRY iSCS| BARARS 28,

iISCS| B—ThAEEXM NN, AITETEREFAEIREFARSS 88 Z 8@ TCP/IP L83 1THY SCSI &
SRS iSCSI BARAFEBMRIRS 2 LiB1T, FHREEETENX N iSCSI BiFigE. iSCS
AEmIRHEARRS 2 LI THEREI BRgE, UEIARS S ENEHERERA,
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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

L EERR R AR AVFEE iISCSI #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
REUER—RFZEFETAEHRMNBENR, EFRENEBIIEE,

EREISCSILIO BinfRS528, IBELXWSITUTHS:!

> 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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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
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({53 2K BiR

REES

YETRE:  RBUES
SANEEGE:
RFLARS ~
EBE:

FEE

firewalld AOFF MBI E

B EEEEA

HEH) FIER) FiB(B) FERE

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

o F&i: (BN REB[EBZGE, BHAIEIT 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 BfriRS5 2848/ 245 PPP-CHAP (Xt =il -FrifiEF B AR IIENIYN) , ZHhiNE
Internet Engineering Task Force (IETF) RFC 1994 (https://datatracker.ietf.org/doc/html/
rfc1994 72) REX M —TM=MmEF NI E. IRZ[BEALSHDIIERERLZI SCSILIO B
5 &R, HARBFIHRBEF LA, WRAHERSGINZMIFE], WERLTSHE
iFe FETAIM BN IIEETRINGE FERARS. FEELSFHIIE, RS2 EHNRE
iSCSI LIO BIARER AT FH B — P48 _ERY{ESR iSCSI Ricim & o
MREBNTENRENEEEMREZZHWIE, el UAERENSHRIE. FHSMWIE, 52
EBEFER, mAREHTEMIIEEKISCS| A LimiEFAE BNt ¥ iSCSI LIO BARE TR,
Riim s AR ENAFRZNOL, ZEMHTSMIIEERISCSI LIO BirmAELinIERE 2
FRERRY B4R, iSCSILIO BinesZim iSCS| ZicimigHEHAA2MO<. BFEANELALZNR
NOSBARE. NRBARIMSHIIE, WHEISEENAERIFTE iSCSI LIO BiRi,
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15.2.3 EHEFETIE

7£79 iISCS| BFrRSZ23ECE LUN 281, HIVERTEFERNEFE#ETE. JUEENRELLB

HIGERIEEA LUN, el —81I8& D RN REX U DX, HFES DX AERM

B9 LUN, iSCSI BtrficE =¥ LUN S E! iSCSI &ittim,
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“EXPXER" 81017 “EREZHSXIERE" o iSCSILIO BRI EREXUHPXBTF
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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 BIRGEMNTEETEIEIRE guest I, RAF
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 BETF MMM IZMETE /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, WARBATERGENAK, F—EBRAUKENE, SCS| BPHA
S KRR KT, HESHENER,

1. B5hYaST, ABEBMMWEEIRS » iSCSILIO Hifo

2. YIRE|EREI R,
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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
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C. BEHEAM. BWMNKERDXHERE, HEEIDRNXEBZ. BAILIEERNR, A
[FREHE. RIKGEIEMLUNS (MOFR) . IRKZFEREABAE, &
BEhERE TR,
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b. ERLCHI, BERIE LUN, 188 LUN BRES, LUERER iSCSILIO BARA A
L LUN D ECAIETE Litdls, AERTEHEREFEN.
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HAR BRI B EE
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TR AR EREE, AERERORBIEERR 2RSS E5Z18 24 iSCSI
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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
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BXREER, BBRELISCSI Bin: %,
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4. RYRTEY, BEASHIANER, SUEIZEUETFUEUH.

5. BETEMREANAIRE,
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RE iISCSI 2iF, XM NPBEFRES YaST 5eilo

15.3.1 f£H YaST AgE iSCSI &itcim

£ YaST #, “iSCSI Riimthir” BE=Em+:

BR33:
AIfEA AR IEI R RES | S B iSCSI Zitln, TR BEM—RY &L in 2 7F iSNS
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MEREEZE, FERETEELARPERLRRZM,. i, EalLER BIOS REXR#
1718, iBFT BIEEE&EMITiSCSI 5|SHEERANSHNERR, GiFtiRS:EN
iSCSI BirS & icimgiR,

6. EAUTAEZ—RIMWLZ LA iSCSI BT,

* iSNS: ZEFH iSNS (Internet Storage Name Service) 3R & iSCSI B4, &
¥R 15.3.1.2°1 A ISNS ZILISCSI BT FRFmRAREHRIE,

 BRUMBIR: BFHHRILISCSI Binigd, BIE 15.3.1.3 7 “FahRIisCSI H
T FRRTIRLR SRR,

15.3.1.2 {#H iSNS &I iSCSI B

WIER BN ELREHELE iISNS RSB 285, AeEFERIIED, BXER, BELE 14 =
“ISNS for Linux” o

1. £ YaST 1, 4R iSCS| Zitdis, AREEIRSSET R,
2. 87 iSNS ARs588RY IP #iibAIIw O, EAINIRO 9 3205,

3. BEHEREHNMAEN.

15.3.1.3 Frh&RILiSCSI BR

MEMEBIRE iSCSI ZEEHRAIARS SR HAED iSCS| BIrRSSHEE U TR,
1. 7£YaST 1, &% iSCS| &ittin, REEFEE LI EREDR,

2. PEHLYITH iSCSI Kiim L IIHEE,

3. M IP M HIRIER ZE iR . FIAIRHER 3260,

4, MRBXHITHHWIE, BECHRFEAHT LIS MEIE, ARNEEARRHTEMNE
UEEE HARA 1T S {0 INIHEE B0 Rk,
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5. BRI BRohRIHEREE iSCSI BirfkSS 28,

6. MMRERZEMHBNRIUE, ERIIAIG, BEREEEB T
AFRT SRS PO RIERIELERFME iISCSI Bir.

1. BE TP ElEcE.
ZEMSUBHIECEEETF, MEERIEREMISCSIIRE T

8. BHHEREHNAES,

9. IEAILAERA Usscsi ap< & iSCSI BiRg &N IZ & IR1Z,

15.3.1.4 4iSCSI Birig &g E B ELmn

1. 7 YaST /1, #E4EISCS| &itcls, AEERCEZBEIMER-RUES SniEERS2E/
iSCSI BtRg &R,

2. EEFBEER ISCSI Binig .
3. BEHUMEMMERIRE:
Bzh: IEIATF iSCS| RS A5 BBt EERERY iSCSI Bin. XEHAEE,

SIS  UEIAT 5| SHAREERRAY iSCSI BAR; B, HREZFR (/) AIF iSCSI £&Y,
XHE, iSCSI BIrig & Tk 885 | SETREM initrd #1THG, LLIRIRIEFTIEM iSCSI 51T
HFa (BIgIBMZ) ESwBER, Fit, EXEFa ERNERZIED, MmERE
o

4, BHHEREHNMAES,

15.3.2 FohigE iSCSI %itcim

EZIMAECE iSCSI EZFHPEK iscsid IEEEBTT. BRBTTRIE, B1E /etc/iscsi/ BRH
B iSCSI AHCiRrI R BB IR RE,

MRRIZOLHEP, WE iscsid IREFHIIEES. AFEXRITAMNAZBEIBEEHTF

£, FHL T AERNERSIERE, Bk, HAREEREXH /etc/iscsid. conf REMEE
Bo ERMPITRIFAIZNAORES, BT /etc/iscsid. conf RKERMULTIUT:
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discovery.sendtargets.auth.authmethod = CHAP
discovery.sendtargets.auth.username = USERNAME
discovery.sendtargets.auth.password = PASSWORD

AV BB RBEINEFEE—TRSHSABUEES. It exBERAERNIEIRBT.
ERLUTa<LEBITIAIL:

> sudo iscsiadm -m discovery --type=st --portal=TARGET IP
WA TR

10.44.171.99:3260,1 ign.2006-02.com.example.iserv:systems
EXRI 1SNS RSS2 LRI ABE, BERAUTH !

sudo iscsiadm --mode discovery --type isns --portal TARGET IP

F iSCSI Bin LEXENBEiR, BETR—1T. BXFEHBIENEZER, 55
% 15.3.3% “iSCS| Licim#iRE" -
iscsiadm B94F% - - login EMKBEFFEEEMNILE:

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

MEMNIEERERTE Lsscsi Bk, MAEFETEHIZLE,

15.3.3 iSCS| &itcim#iiERE

iISCSI kit A MMFRA S BEEMENT /etc/iscsi PR MNIBENEF, — MR

ERFRINER, B— M UBERTFRIMNT R, HOIEEN, BANIEERFEMEL
IFRENVEGRIE M T m BEESR B, AI{FEH iscsiadm FYS%L -m discovery # -m

node RNITIHIR(E, FF iscsiadm BEEEAP—NSH, mREEFHIZROER:

> sudo iscsiadm -m discovery
10.44.171.99:3260,1 ign.2006-02.com.example.iserv:systems

RAIFHBRZFRA ign.2006-02. com.example.iserv:systems . SitiFrkEIEER
XHFTERERRBEELZFR. BEREID A ign.2006-02.com.example.iserv:systems
HEIEIERIAS, BIERAUTHS:
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> sudo iscsiadm -m node --targetname iqn.2006-02.com.example.iserv:systems
node.name = ign.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

EREXLETEMNE, M iscsiadm 5 update F—E(EH, Fl0, MRFE
iscsid TEVIRLETE R iSCSI BAR, ML E node.startup BEIREN 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:

> sudo iscsiadm -m node -n iqn.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 UGEERNINERBEESRRIT—FD L. RUTFEHRIINT, ETLUER cd mEH
targetcli ThEEE/REEHY, HEM s L FIHAR,

AANSGLIRATIENBER. BASIERMBEEZENGLE, BHE—LadAEMEE
RHPFER (FIE0 cd A s 8<) o

targetcli spTHIETNANT:
[DIRECTORY] command [ARGUMENTS]

ERILEEMBERPERA help L KEFTAB IR, HEEEXGTIHERS.

targetcli TAR targetcli-fb MHEHN—E57. LIRGBEEEES SUSE Linux
Enterprise Server B fEFEEHIRME, PIERUTHRSHITRE:

> sudo zypper install targetcli-fb

L4 targetcli-fb 4BE, BA targetcli ARS:

> sudo systemctl enable targetcli
> sudo systemctl start targetcli

EEE| targetcli 8%, B root B141E1T targetcli:
> 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 ERIREFNE

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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WEiPiEl, B7E /backstores/fileio BRTRIZ—1ME A test-disc MEFXHH
FREEX, FEESQEINXXME /alt/test.img HAXEL, EFE, HMNSHEEEERR
i&o

T—HRBE—1iSCS| BiraimiEZEIzanEiE. S BN MBE—" IQN (iSCSI RER
Z) . REANIQN RXAT:

ign.YYYY-MM.NAMING-AUTHORITY : UNIQUE-NAME

AR IQN YA T ERS :
o YYYY-MM: EIasRAMREMRFA G
e NAMING-AUTHORITY : #pRZAARY BRI B R [A1E7E
* UNIQUE-NAME : #pR&#IAgidciRrymE—ig&

540, F+FIEH open-iscsi.com, IQN BJLARE:

ign.2005-03. com.open-iscsi:UNIQUE-NAME

Bl iSCSI BtrBY, targetcli sifAFEIEKE S IQN, REiZ IQN EiEiEEMETUED
A, SRR LITECIZEMRET BB FR, 1LiZm<SAEEIE IQN, Fa0:

/> 1scsi/ create

/> s

0 [ |
0- DACKSTOIrES ittt ittt i e e e e e e e [ ]
| 0- block ... e [Storage Objects: 0]
| 0- fileio ..ot e [Storage Objects: 1]
| | o- test-disc ....... [/alt/test.img (1.0GiB) write-back deactivated]
| 0- AU ottt e [ALUA Groups: 1]
| 0- default tg ptgp .....ovvvv... [ALUA state: Active/optimized]
| 0- PSCSL v it e [Storage Objects: 0]
| 0- ramdisk . ... e [Storage Objects: 0]
| 0- rbd ... e [Storage Objects: 0]
O- 1SCSa ittt i e e e [Targets: 1]
| o- ign.2003-01.0rg.linux-iscsi.e83.x8664:sn.8b35d04dd456 ... [TPGs: 1]
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0- PGl .. [no-gen-acls, no-auth]

I

| 0- ACLS ottt e [ACLs: 0]
| 0- LUNS ottt [LUNs: 0]
| @= POFELS cooo0000000000000000000000000000000000D00AC [Portals: 1]
| 0- 0.0.0.0:3260 ...ttt e [OK]
0- Lloopback ... e [Targets: 0]
0- VhOST oo s [Targets: 0]
0- XEN-PVSCSI v ittt ittt e [Targets: 0]

/>

RS E2REIER ISCSI BT R, UKBEmMAEERB IQN ign.2003-01.0rg. linux-
iscsi.e83.x8664:sn.8b35d04dd456

HEE, targetcli FEIBHBERTERAMWBEMR IFE tpgl. XREAAMUFIREIINT =
auto_add default portal # auto enable tpgt EKIAIKERN true.

ZenRIEfER 0.0.0.0 IPVABECREIEZTEVAIF . XEKE, A IPv4 #ItERET LA IE)EC
BRIB T,

T—FHZNISCSI Bfrel# LUN (ZIERTS) . FITIIRENIREMEZZIL targetcli B
g REZMAES, HRE iSCSI BIRFENER, ARE lun BRPER create &<
FRAEMEREK LUN,

/> cd /iscsi/ign.2003-01.0rg.linux-iscsi.e83.x8664:sn.8b35d04dd456/
/iscsi/iqn.2003-01.0rg.linux-iscsi.e83.x8664:sn.8b35d04dd456> cd tpgl
/iscsi/iqn.2003-01.0rg.linux-iscsi.e83.x8664:sn.8b35d04dd456/tpgl> luns/
create /backstores/fileio/test-disc

iB1T s s UUEFEN:

/iscsi/iqn.2003-01.0rg.linux-iscsi.e83.x8664:sn.8b35d04dd456/tpgl> 1s

O- PGl L e e e [no-gen-acls, no-auth]
0- ACLS ottt e [ACLs: 0]

0- LUNS ot e [LUNs: 1]

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

0- POrTAlS .ttt e e [Portals: 1]

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

M7E, ERIET—1RAE 1G6B ETFXHNEREFMAISCSI Bir. ZBREN
ign.2003-01.0rg.linux-iscsi.e83.x8664:sn.8b35d04dd456 , A MARGHIEIRK
”zlﬁ'ﬁlzl ’f—_r'ljj“;.lo
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&G, EERFRARIREBRAREENER. EXWLEN, —MAEBNEI L ﬁ'JL—
PARVTEEZZIERN ACL AU, EXMIERLT, “IERHE IQN JIES MR RER

PATE /etc/iscsi/initiatorname.iscsi X EIME LEEiwEY IQN, ﬁFHL){"an SR
MFREM AR (EZ4SFIA ign.1996-04.de.suse:01:54cab487975b) :

/iscsi/iqn.2003-01.0rg.linux-iscsi.e83.x8664:sn.8b35d04dd456/tpgl> acls/ create
ign.1996-04.de.suse:01:54cab487975b

Created Node ACL for ign.1996-04.de.suse:01:54cab487975b

Created mapped LUN 0.

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

EB A IEARRGNARBVERMEN FIETER. A ENREMRIE, BEGFETE/, Ha
UTEHFANMERIET. BRARERTEN, BEAU TSRS

/iscsi/iqn.2003-01.0rg.linux-iscsi.e83.x8664:sn.8b35d04dd456/tpgl> set attribute
generate node acls=1
/iscsi/iqn.2003-01.0rg.linux-iscsi.e83.x8664:sn.8b35d04dd456/tpgl> set attribute
demo_mode write protect=0

Ria—4 2ERARB R AN saveconfig i SRELIENAE:

/> saveconfig /etc/target/example.json

MREENEREFTEMNFENXGHMERE, FRABMRARESE, HicE, FRELRE
&, SNERINEESSBERERR. ERUTHLBRAEMENEIE:

/> clearconfig

As a precaution, confirm=True needs to be set

/> clearconfig confirm=true

A1l configuration cleared

/> restoreconfig /etc/target/example.json
Configuration restored from /etc/target/example.json
/>

ENREENENEREERELE, BERRE—RALLEN open-iscsi iSCSI LicimiEiEE!
ZBIr (5% HOSTNAME BNzt it EMMENZ) :

> 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
EEEH, REENERMmERE,

> 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, ©E8&H
BE /etc/iscsi/iscsid.conf XfH node.startup &8, WREH YaST ZEOEHE
HIETUEKENFEN, MHBRTE /etc/iscsi/nodes/TARGET NAME/IP ADDRESS,PORT/
default XHEHi&E node.startup = manual,

15.7 iSCSILIO B1rAiIE

E&EFlE
1Rt iISCS| i RUREBYSE IR ERIEEFMER Ko

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 YT (E)
5 IP TEF MBS T IR — RN I&E. FCIP (BT IP B9CLTE
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 E RS B AFMEIR B Z BRI Z NI REIBRERN 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 LAKXM cet@iefzfig: FCoE

WZ Al EHEFORT LAN FEEEREEBRH T LIKR, mEFEEM I KT tehEEr
&, FMLAKMFLTEIE (FCoE) &tcimiR {4 s 1TECH LAKMIEHED 288 RIAR S5 2842 HR LUK 4835
BUTBEFETF RS MEE, RAFkath@aEiiss RARE R tr@asRm#ET
E#Z, FCOE MABIFMEMSHER T HIERONERE, XEMTRIFEE T EEFME
Bt m mrIARE, HEMEERE,

LAk mZz A

HEEF [ZEESS
| | | sukm
L 1= BREEL BEs588 2 BE%E 3 iRs538 4 EE%ES RS 6
IZ[ IZ( E[ - E( _IZ[ IZ(
FHA FCoE FHHX FCoE FFik FCoE FF 1% FCoE FH FCoE FFH FCoE
Hik Ei2ts Eigks HiEtE ik HilE
‘ ‘ FeLFiiE SAN
- FRELKA FeLTimE
BUAFtE:
@[j
AT R 2R FC 3244

10 Gbps LLARIZZIEN
FC T3

16.1 : ARIVAKFIFELTEE SAN

Open-FCoE FILEEEN EMAREN S LEE R LT HES LEIT/ABENN. EEH
F 10 Gbps (BFFIKML) LAKMIEECES, BHREAFEAXFEEMAILUAMEEE. K
IRER R AT @IE I M IZEIR LU BT LUK B E 4R, Open-FCoE #R3R7E 2 SCSI #Y
RRIFEHFERF. Open-FCoE fZ4ifEMA net_device &KXz E, HIEH.LMFE (DCB) IRz
2Rt FCoE RS RE.

FCoE @—MEEMIN, TR LIBE IAMERB BB MICREMIL R BT @BERE
o WNtE—3K, ERINER MRE SEEM LM A LUGRERC@E —# A FCoE,
MREFETINER, ERILOEREERE I FERE FCOE:
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o RheWBEATEEFETFRSR, HREASMBERENNIRNEER,
o ERIMERERZERIZ 10 Gbps LAKK,

E G ERINAITE BRI HiZ E FCoE,

16.1 TEREIZHECE FCoE 0O

NRERMEE LRGSR ST BEFEEMZEM Z ERIEZB AT FCoE, MAILUETIER
F SUSE Linux Enterprise Server B YaST RIEIRIER AR EHAEIEE FCoE MRk, BLAR
HIAR S BIOS REfE ETNtQME] FCoE B4R, HMm YaST RRMHIREG ZHE., BREMBRE

Y BIOS #B2#F FCoE Mz Bahtal. FIER TEERREENQN, EoUEHRRENR
withfcoe EIURMNEIAZESIT:

withfcoe=1

HIME FCoE FERRY, YaST REFSTELTRMHAIE FCoE LAIRNEIN, £ “MEEIE ™
mE, FEEAIE FCoE ##0, LUAIR FCoE Bi2E, BKHEIE FCoE EZEOMEER, 1BBME 16371
“fEF3 YaST &1 FCoE BRSE” o

oae
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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 A AR SS 23RV EIZ B FCoE, RF1EEEMIEMTIRE 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]:

> 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

&R AR “YaST FCoE BEFIRALE” RN AT BIETEEEMISHETAY 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
@ Fgm

Lidpad RSB
O 3|26
@ Fgm

(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. EEMETRF, AIUEEERS R LONVEINFRENSEERENEXES, 8FFX
VLAN #1 FCoE FeERER. T rILISIZ FCoE VLAN #20. ¥EERA FCoE #EORYIK
B, MIER FCoE #0,
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176

LIRS TR IERCE

| HH() | #00 RE© \
B MAC it filt= VLAN FCOE VLAN 00 B FCoE EEDCB HIf VLAN 3735 DCB WEhiER 45 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) AarH F el000 fKigF{
eth? 00:0¢:29:5b:42:69 82545EM Gigabit Ethernet Controller (Copper) AATH & el000  kigE
eth3 00:0¢:29:5b:42:73 82545EM Gigabit Ethernet Controller (Copper) ENEE & el000  kigE
eth4 00:0c:29:5b:42:7d 82545EM Gigabit Ethernet Controller (Copper) AATH F-3 e1000 fKigFH
eth5 00:0¢:29:5b:42:87 82545EM Gigabit Ethernet Controller (Copper) AATH & el000  kigE
|EmRuE) | | =) | | oErceznm | | BrEOR |

| By | [ m#o | | mEo

JEfER FCoE VLAN ##[5IKHaE FCoE @& RIA:

Interface Name
WRKE ethd. 200 ZEBIMERLAED, N FCoE EXREHN LA, HEMIZEARD
25 85E 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,

BOBERESRNREE,

LIKMY A iBiEfi
RS (S) #O00) ERE(C)
RERE
Bi%(D)
\& -
FRREEEL)
= -
| B | | WHO | BWEO |

8. BHHEREHNAEN,

16.4 {EFHTGSHEIE FCoE
UTTBEMFE fipvlan <, WREKLZEZGS, BETUTHSRTE:

> sudo zypper in fcoe-utils

177 A <ECE FCoE

NRERRE, NWRE F—PREHNAEN. XEIREREA /etc/fcoe/cfg-
ethX X, fcoemon SFFIEFSEVIIAKETIREVED FCoE #HOMECE X

6. ERXARERERNEO, BMYIERFEEE. BElfFED, ARRE4H45HIA. FCoE

1. FECEZEDR L, AJEBWEN FCoE RERSHEMIRE, ERILIM FCoE ARSSMIZH
fcoemon SFFIEFHFEARZARNER, HUEERTRHERAZERZASE.
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BERXMAREFRBURNED, BERITUTIRE:
1. fTH AR,
2. EXRUFMARTANUKRRED, HETUTHES
> sudo fipvlan -a
. XWFEET FCoE BIEMNEMNUAKXMIEO, BEITUTHR<:

> sudo fipvlan -c -s ETHERNET INTERFACE

MR ZMEIZORZE, ZoSTREIE—IWEEO, HELWMB FCoE VLAN £E5)
Open-FCoE kil

16.5 {FH FCoE EIE T HEEIE FCoE 3244

fcoeadm SEFHEEFBUKMI LT EE (FCoE) BIET R, nILUERAZTAANE. HEMNEE
IEEMLEIZEO LAY FCoE 3265, fcoeadm SCRZF B ERZRFEOZLGSAIRAETETH

fcoemon ##E, BHx fcoemon FI{ZE, 1520 man 8 fcoemon,

fcoeadm LAREFAIILEEIH FCoE LHIMUATHEXER:
o 0
e B4R LUN
o IWHOFRITEF
fcoeadm SLFBIEFE fcoe-utils MEBMN—ED, ZBLTH—RIEEN TR

fcoeadm
[-c|--create] [<ethX>]
[-d|--destroy] [<ethX>]
[-r]|--reset] [<ethX>]
[-S|--Scan] [<ethX>]
[-i|--interface] [<ethX>]
[-t]--target] [<ethX>]
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[-1]--lun] [<ethX>]

[-s]|--stats <ethX>] [<interval>]
[-v]|--version]

[-h|--help]

x4, 520 man 8 fcoeadm,

ANt

fcoeadm -c eth2.101
7 eth2.101 8132 FCoE 321,

fcoeadm -d eth2.101
fIB% eth2.101 A9 FCoE 3245l

fcoeadm -1 eth3

EREDO eth3 EFRA FCoE SKAIRVMAXIER. MIRKEEREMEO, NEETRFREESL

2 FCoE SLAIMIZOMMEXIER. THRIRAERER eth0.201 BIEXER:

> 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
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fcoeadm -1 eth3.101
ERTEEE eth3.101 LA EIBIFAE LUN BNIFER. MNRFKIEEEMEE, NSER
7EFRFA FCoE H#Z E A M EIRFTE LUN B9HEXE R,

fcoeadm -r eth2.101
EE eth2.101 EFY FCoE 3£4l,

fcoeadm -s eth3 3
U =#pvedia)alfR 2/~ EE FCoE SLHIRVFRE eth 3 IROMNAITER. ER—ENEISE
T—1THITEF. ERIEENEER, NERRIAE—F,

fcoeadm -t eth3
ETMEHE FCoE LHIMIETE eth3 ImOLMEINFIBE BFHNMEXERE. 8— 1 EXMER
[EEFIE T B XEXBY LUN, EXRIEESRA, NETRFKEERSR FCok EAIRFAIRORE
o TEBIRFIETREKE eth0.201 EZHBEMNEXER:

> sudo fcoeadm -t eth0.201

Interface: eth0.201

Roles: FCP Target

Node Name: 0x200000D0231B5C72
Port Name: 0x210000D0231B5C72
Target ID: 0

MaxFrameSize: 2048

0S Device Name: rport-8:0-7
FC-ID (Port ID): 0x79000C
State: Online

LUN ID Device Name Capacity Block Size Description

40 /dev/sdqgi 792.84 GB 512 IFT DS S24F-R2840-4 (rev 386C)
72 /dev/sdpk 650.00 GB 512 IFT DS S24F-R2840-4 (rev 386C)
168 /dev/sdgy 1.30 TB 512 IFT DS S24F-R2840-4 (rev 386C)

16.6 EZER

BXER, BERLTHE:
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* X Open-FCoE FREFIIZFMEE, SN fcoemon(8) FM,
* BX Open-FCoE BIETAMNER, 15N fcoeadm(8) FHIi,
o BXREIEPOEIRETAMNESR, 152N dcbtool(8) FAADL

o BXERERMMUARIETIFEFNGESR, B30 1ldpad(8) FHI.

181 BEiER SLES 15 SP5



17 NVMe over Fabric

AENBWEIEE NVMe over Fabric A BHi%.

17.1 #E's

NVM Express (NVMe) @B XIANIEZ K MEEE (BFEE SSD HE) MO E, 5 SATAE
Eb, NVMe ZEHEREEESZE, HEIEEER,

NVMe over Fabric 2B FBE REIMELEFHE NVMe FENERLEN, XLEMBLERE
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 SP5 25 NVMe, 1227 AJHF NVMe RIF#ELUKR 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

17.2.1 ZEGIITERFIR
ZE{FEF NVMe over Fabric, BEZRE nvme <171 R, 5ER zypper ZEiZzTA:
> 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 B#r
E5IH NVMe over Fabric B EBIBI A NVMe F &%, BEEHAIMITHI2SHHFIARSS ID.

> 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=H2grItitt, tF RDMAF] TCP, Ltith
HERZZ IPv4 itk & SERVICE ID BAEHARSS ID. WMRARSET IP (140 RDMA BX
TCP) , MIARS IDIEEHOS, WFHFEE, FRERMIRS D,

NVMe EHR LB IENENEENTRA,

NN
> sudo nvme discover -t tcp -a 10.0.0.3 -s 4420

XF FC, HRFIA0TRRrR:

> sudo nvme discover --transport=fc \
--traddr=nn-0x201700a09890f5bf:pn-0x201900a09890f5bf \
--host-traddr=nn-0x200000109b579ef6:pn-0x100000109b579ef6

EXAT, 52 man nvme-discover,

17.2.3 i&E#E NVMe over Fabric Bfx
1A% NVMe F&2%if5, ErJLIfEA nvme connect fi<KIEETE,

> sudo nvme connect -t transport -a DISCOVERY CONTROLLER ADDRESS -s SERVICE ID -
n SUBSYSTEM NON

¥ TRANSPORT BHEAKEFMEA: loop. rdma. tcp 3 fc. ¥

DISCOVERY CONTROLLER ADDRESS &4 IMiTH|2gaVMit, 33F RDMA ] TCP, Ltih
HER/E IPv4 #itlk, 3§ SERVICE ID BiAEHARSS ID. tNRARSET IP (5150 RDMA B
TCP) , Mtk ID ¥EEWHOS, & SUBSYSTEM NON BRI SHEINMEF RS NVMe
FRERZFR. NON 2 NVMe [EEZFF (NVMe Qualified Name) 9485, NQN ATE—,
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i

> sudo nvme connect -t tcp -a 10.0.0.3 -s 4420 -n
nqn.2014-08.com.example:nvme:nvm-subsystem-sn-d78432

XF FC, HRFIUITFR:

> sudo nvme connect --transport=fc \

--traddr=nn-0x201700a09890f5bf:pn-0x201900a09890f5bf \
--host-traddr=nn-0x200000109b579%9ef6:pn-0x100000109b579%ef6 \

--ngn=nqn.2014-08.0rg.nvmexpress:uuid:la9e23dd-466e-45ca-9f43-
a29aaf47cb21

@&, {FF nvme connect-all EEZLMBFIERITTE, BXE&EZE, SN man

nvme-connect #1 man nvme-connect-all,

MREERIFEEK, NVMe FRAASZ A ENEIE—EKBYE, Z0EH nvme connect &%
B ctrl-loss-tmo EMEN . EXELRTE] (BAIAEN 600s) BfE, BERRIZEREFHBERIR

B (X&&E%) LR, BABERT, Biﬁ):ALl 1}*%‘@1&%62#%%, XMITHBERRTS
FER, Etk, BIUEE ctrl-loss-tmo &I, {F NVMe FRAATLRFIMIFEEIAEIEE
Ak, BBEITUTHS:

> sudo nvme connect --ctrl-loss-tmo=-1

215 NVMe over Fabric FR4E5| S E]“Jﬁa, BEEHN LOIE— /etc/nvme/
discovery.conf X, HEHPEE%HLE discover mSMBE (FBNFE 17227
“%Z I NVMe over Fabric 5" ) o 0, dNREIZIUNTPAIER discover &<

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

1R discover sSHIBEIARNMEl /etc/nvme/discovery.conf XHH:

echo "-t tcp -a 10.0.0.3 -s 4420" | sudo tee -a /etc/nvme/discovery.conf
SRIRB A nvmf-autoconnect BRSS:

> sudo systemctl enable nvmf-autoconnect.service
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1724 ZREiZ

NVMe A ZBZRINE FEART. MREEHBMRNIREFIRET CMIC &I, U NVMe
HARRIARIE NVMe IREH23IRAIN S RRIZIEE,

BEEZRE, EAUERUTHS:

EERSHE

nvme list-subsys
FTENZ RIS ENHR.

multipath -11
Y ARBER, ATER NVMe ZHREFILE, 1B, EFEERBH enable foreign
EINMA BEfERZG <. BXHAT, BEWE 18.13 1 “Hithikim” ,

nvme-core.multipath=N
SENSISSERINZETEY, F2H NVMe A ZHKIZ.

Q iE: EEREFRBEDEMA iostat

iostat L EREARSER nvme list-subsys FIHMFREIR I, BRIAMER
T, iostat =LIEEESE I/0 HRIGH. EF iostat ERFEIRSE, EFER:

iostat -p ALL

17.3 i&E NVMe over Fabric B#x

LLLI

17.3.1 LEGTITEFR
EFZE NVMe over Fabric B1R, EEZRE nvmetcli <17 R, BEA zypper T&3ZT
H:

> sudo zypper in nvmetcli
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nvmetcli LIRMET http://git.infradead.org/users/hch/nvmetcli.git/blob_plain/HEAD:/

Documentation/nvmetcli.txt 7 BIERET X1,

1732 EEEDRE

TERTFEZRHEBUN{EIE & NVMe over Fabric B4To
ELEEMHENRSENTD, FF od TSI FH s I5HNR, EATLUFERA create

B R,

1. B5) nvmetcli XEYNE:

> sudo nvmetcli

2. gIEHIRO:

(nvmetcli)> cd ports
(nvmetcli)> create 1
(nvmetcli)> 1s 1/
o- 1

o- referrals

0- subsystems

3. B NVMe F&R%:

(nvmetcli)> cd /subsystems

(nvmetcli)> create
ngn.2014-08.org.nvmexpress :NVMf:uuid:c36f2c23-354d-416c-95de-f2b8ec353a82

(nvmetcli)> cd
ngn.2014-08.org.nvmexpress:NVMf:uuid:c36f2c23-354d-416c-95de-f2b8ec353a82/

(nvmetcli)> 1s
0- nqn.2014-08.0rg.nvmexpress:NVMf:uuid:c36f2c23-354d-416¢c-95de-

f2b8ec353a82
0- allowed hosts
0- namespaces

4. QIEMEIRI=(E], HEHPIRE NVMe &%

(nvmetcli)> cd namespaces
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(nvmetcli)> create 1
(nvmetcli)> cd 1
(nvmetcli)> set device path=/dev/nvmeOnl

Parameter path is now '/dev/nvmeOnl'.

5. ERLRItZINRIR=IE:

(nvmetcli)> cd ..
(nvmetcli)> enable
The Namespace has been enabled.

6. EREIBRIRIR=IE):

(nvmetcli)> cd ..

(nvmetcli)> 1s
0- NQgn.2014-08.org.nvmexpress:NVMf:uuid:c36f2c23-354d-416¢c-95de-

f2b8ec353a82
o- allowed hosts
0- namespaces
o- 1

1. RFFIBEENERZFRR. REEREWIERA ETXE M.

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

5E, AURATFRENENEILERER:

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

allowed_hosts/
(nvmetcli)> create hostnqgn

8. FIHBIBRIFIE R

(nvmetcli)> cd /
(nvmetcli)> 1s
o- /

0- hosts

0- ports
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| 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

9. {EFE+#rrli&d TCP #/H, /7 RDMA{#H trtype=rdma:

(nvmetcli)> cd ports/1/

(nvmetcli)> set addr adrfam=ipv4 trtype=tcp traddr=10.0.0.3 trsvcid=4420
Parameter trtype is now 'tcp'.

Parameter adrfam is now 'ipv4'.

Parameter trsvcid is now '4420'.

Parameter traddr is now '10.0.0.3"'.

&, R EEFER:
(nvmetcli)> cd ports/1l/

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

10. BFERAEEEEZIRO:
(nvmetcli)> cd /ports/1l/subsystems

(nvmetcli)> create
ngn.2014-08.org.nvmexpress :NVMf:uuid:c36f2c23-354d-416c-95de-f2b8ec353a82

TE, BJLUER dmesg R ZIEARTERH:
# dmesg

[ 257.872084] nvmet tcp: enabling port 1 (10.0.0.3:4420)
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17.3.3 HipMmEEECE
AIERA U THSE JSON XEFREZEBIRECE :

> sudo nvmetcli

(nvmetcli)> saveconfig nvme-target-backup.json
EmEiE, FEMA:
(nvmetcli)> restore nvme-target-backup.json

TR LR RIECE |

(nvmetcli)> clear

17.4 $5RbEFECE

17.4.1 5

BLEEHRERHANEESBEER T BYEUTENRINE, BELCESEMER TR
IR .

17.4.2 Broadcom

NERATAEE R Broadcom Emulex LightPulse Fibre Channel SCSI IREhT2R, i57E Lpfc &R
BB ENHF RN E S

> sudo echo "options lpfc lpfc_enable_fc4_type=3" > /etc/modprobe.d/lpfc.conf
Hf41R Broadcom EECIBE AR EZE DA 11.4.204.33, BINARBELRERFIRZAH nvme-
cli. nvmetcli fMWZ,

ERAYh@EwmO{E/ NVMe B4R, FEFIMLE—MERSE: lpfc_enable nvmet=
COMMA SEPARATED WWPNS, IBMINGEBHIE 0x B WWPN, 140

lpfc_enable nvmet=0x2000000055001122,0x2000000055003344 , RFERLNBEFFR
BERXECE YR WWPN, Bl ter@iEim ORcE A B AR &ittin.
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17.4.3 Marvell

QLE269x #1 QLE27xx i&fdes E#BZ#F FC-NVMe, Marvell® QLogic® QLA2xxx Yt&H@iE IXahiz
FFREI =B FC-NVMe FiF.

EifA NVMe EEEERA, BETUTHS:
> cat /sys/module/qla2xxx/parameters/ql2xnvmeenable

MRET 1, MWFRTNVMe BB, BR 0 F7 NVMe EXEA.
AfE, REUTHSHREL, HBR Marvel IEEEEHRRRAETET 8.08.204:

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

BE, HBRELEZERT SUSE Linux Enterprise Server BYE&#ThR nvme-

— -

cli. QConvergeConsoleCLI MR, B0, &rILUETT
# zypper lu && zypper pchk

RICEFFHA4T o
BEXLTENEZAT, FSZ TS Marvell BFEEHHI FC-NVMe B84 :

e http://driverdownloads.qglogic.com/QLogicDriverDownloads_UI/ShowEula.aspx?
resourceid=32769&docid=96728&ProductCategory=39&Product=1259&0s=126 <

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

175 EZER

BX nvme S LENEENEZHAT, i55E nvme nvme-help,

LUTFEEEIR 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 2
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http://driverdownloads.qlogic.com/QLogicDriverDownloads_UI/ShowEula.aspx?resourceid=32761&docid=96726&ProductCategory=39&Product=1261&Os=126
http://driverdownloads.qlogic.com/QLogicDriverDownloads_UI/ShowEula.aspx?resourceid=32761&docid=96726&ProductCategory=39&Product=1261&Os=126
http://nvmexpress.org/
http://www.nvmexpress.org/wp-content/uploads/NVMe_Over_Fabrics.pdf
https://storpool.com/blog/demystifying-what-is-nvmeof

18 EBIEIRBEMZEREZE /O

AEMTAWMFAER SR /0 (MPIO) REEARSS S8 MIRF M1 &8 Z IR IZHISR B RE A
T8

18.1 THEZEKZI/O

ZHRERRSBEES MNIERE (XERFERS BRI LSE RN EFHEEH S
zia) HRE—YIESEERF L ERINRIEES], BEREICLH@IE (FC) 80 iSCSI SAN IR
o

Linux W ZEREFRHEERTE, HAUBS MEhERREHARTE, YZREEEEHEER
Z178, EBEMRBMIRIKEERRIE, FERE /0 UREER,

SR MERREIRMERHEES, ERHNEEREAFNRERHTEES. SHHEEN
BB REFEMMASLIN,

18.1.1 ZERIEARIE

=%
BETSHEMNSNEWER (ITH2R) BEfRE, NEFIRRME SAN FiExziE. FhE
FEFEE A& RAID MIBERBINREH XIF ST —HLK, Eob/moh (ERE) M
Enp/E) (AETHE) FERIINEEREXH, XEMRMAEFE, Bl 2N
TURE PR S R BR IR A AN I RS S B4 R 1B o

EN. ENRSG
iZ1T SUSE Linux Enterprise Server B9t 8, FEHEFMEMETINEF KBRS,

ZHRERY. SKREFLE
—HHRTIRE. EARTFMEET LNEES, KENREAARDRIEE,

BiFieE
ZERIZIREIRIBL SR, BER—1 SCSI 18&. BTRIEREARENITBENSEIMEFES
ZBRME—iEE, a0, KB iSCSI ZIERTEIBRTT
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WWID
“@IKATIRTT multipath-tools &2 WWID RH#E R IEMERFKILE LHREIZREZ
BRESHR, WWID RIS RIECERBSI B MMX O (BZRE 18.121 “"ZRIZREZIHM
WWID” ) »

uevent. udev EHf¥
HAZAZZEIARTEFHE udev FREELIBNEHSH, ERMN. ERISFHERETREYE
Y4 RY uevent,

IRERAIERF
Linux A% AT RIZEIMRISERIEL, HIRFIKER /0 REREERZIRERIZ
& IREMSGIAILUES, KEMEIEFLUBINEMHES (BN “KERFEFE
#7 = “dmEH" ) o

initramfs
188 RAM X &%, BTFHAERR, Wifh “9E RAMEE” (initrd) (BEI (EiFis
) ,$816E “SIRIEEN ,FE16.1T “KNiE ) o

ALUA
“FEXFRIBIEERTTIAR]” , B SCSI g SCSI-3 5I NI, FiEER LUBEE S im0
8], XLEHARARRES CEsh. %) MiROEA#HITALS, ALUAEX T ATFERR
OB R ERS U B in 4IRS SCSI 852 32#F SCSI IR AER @ H 2 55
ALUA.

18.2 HE(FZFF

ZIRIZIXEIFEFHA T A RI7E SUSE Linux Enterprise Server XiFMFR AR REW LEAH, 1Y
TXRBAREFERTF T LASHZIRLZRENFEES, REFEEIIHNEIREE
CHZREEETH, FEEHNENEEXEUBERTEWREILE,

18.2.1 ZERIFEI: KFHIREIIERFF] NVMe

Linux RBYESERA L RIZSLIERIRSMRNAEFES. X SCSHEBEFASHIRERE, 8
BREF ZRERHE—AANKIL. KRERNEFZBREABRSHEEEMREE,
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Linux NVM Express (NVMe) RiZFRATEAXP AN LI LR, XFSLINA] LPEE NVMe

K& (BEBERREMNRFILE) WitEHFH. &Y NVMe ZEREARAFTERFTEAL. K

SLE 15 7148, AHZHBIE—EHRE NVMe ZRIFIREFNMIANRE. BXAT, BERE 17247
‘LRI .

RENBEEMRNEFZREMERFTEAY multipath-tools, multipath-tools

WA A, NVMe LR IBEERNZR (FENE 18.13 77 "HMxm” ) o

18.2.2 W ZHIEHFAFES] B ahiail

RERNEFLZHRER—TEARAR, ZREFREQNIAZRAZQEL (B30 SCSI) 1%
&, ARRKEREAEMEZ MEIRKETIRNE—NENARRE “BE" , MARERAR
AR

multipath-tools MGERMENEN~MmBRNFMHEET SRM T SRR mEY
RNEEBEMIAE. BFERERITFEMTRIREA XS REHNERN Linux ZRIZEERM T A
Z:SEESS

MREFEXNEFEEFINNEEENAEN, 52[HE 1887 "ZREEE"

O == *THREBHRMNEEER
multipath-tools NIFZEMHETHRHEAETNIS. KEFMETRERLETGHAE
REZEEEGENEEER dn-multipath M T %~ @, WARREKEZMHLE
NI 2 F 3 Z = @A dm-multipath. WIBZFEXHERE, BRAERIRAMHE
B o

18.2.3 FERTEETFAERFRIFERS

NFREEERET, FRETHABST M —FRERERBESZ—FREIE, AFEREMRIFF
TEREIROIE G %, XA S G ER Linux RZFRVESGLIERFSEI. #= SCSI
TFBFESSZHS SCSITRERENX R “JEXFRZERTTIAN (ALUA) BBAFLERF. BRALUAZ
4b, SLE R#ZEEE Netapp E &%/ (RDAC). Dell/EMC CLARiiON CX F55|&FIFN HP {447
AUBE L IERR R
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M Linux R#% 4.4 7148, Linux RIZE BaiNEIRZ 0 (BEFE 25 ALUA B9RES) B9
BHIERRER, W—HNEREERNENIEEIEHIGEMERFRR, multipath-tools
R EILEEINEEXFRARBCLEKR, —EREOEREFXEKIALEIRE, A6k

BEX,

18.3 #M¥IZEF

LMK ZERIZ /0 FRRFE, IFEAARTIRIEN,

18.3.1 FoiRFMH

° BFZRESENFHEETISTNZIFEZRE. BXFMAER, HENE 1827 "BEHZ
5o

o (REERRSFBHH NS LSEBMIREFHEILEF R TS EITHIBR 2 BFEE MIERRE
i, THRERLREZRIZ.

o WFRLEFMET, HNBRERB SNSRI UEEZMAETWIENZERENZ K
2o EXMBRT, ERERENBHXTAXEIREEZRZAIRA,

o SEREMEIFRRERZREIZN, SRIEETVIRSB[IFERITF, LREREHNSE
12, BREEIRAGEM Guest iTE.

18.3.2 ZRERERE

BAMRIBRIERIGENANRX HLELE, £ 1847 “E2ZEEZRS %24 SUSE Linux
Enterprise Server” NMAT ALREHEMLEFNFACIERENIEE,

18.3.2.1 MRXHRF(UTZEZ L (SAN-boot)

BXHRAMTZHRFIGE L. MFER SAN EET RN LA RS S, —RESMLtt. F
tXRRG L, FEFSHREAEETHEIS, HELRTE initramfs AEAZERZ.
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18.3.2.2 MBXHRFUTAMMEE

WXt RS (AR EEEMELEXHRS) UTAMEFER, fIg0, UFEEEER SATAWE
REZAH RAID £, BREFINEZERAZRRE SAN FEZEFHIXHERY, FJLUBI=MF
ERGNEREXRSAER:

AR IR E SIRE
FrERRigE (BESHEE) BRSREMGHN—ED. REERETNRE—FRIZHN
PRRZERIZIRES, WNREMER YaST #ITVRARLREHEEA T ZHE, WEZIE
B

BB HIRE S REZI
FLERESR, ZERERE initramfs PFERAN, EBIRIGHHRHBREZREZIN (S
% 18.11.1 % “multipath.conf A blacklist #9” ) . T2 18.1 “REFN
REEZRZEE NMRTNEEELLRE,

£ initramfs PEAZKREIF
WRTEFEH YaST #HITVIRRALRERERBAZREZE, WSRBIISE, XMEEERY
ffz55; BEEMAEMETZ—,

18.3.3 HMIEEIEMES

RS =7 SAN [ESIE BT ASEFHEEFINAR REXLIZZERE, FREEKEIEN.
RIEM I EHRECE TSI,

ARG ITHENFRINSERSGS, BRNERRIGEFERENTE SCSI BIRAEENLE
MECEZRIT. BB % 18.14.6 11 “EAESISWIBERL FHEHEMZE" -

Q iixE: =i
ERLHENRTY L, FHEETESFEMESREIRRE, —MERREDN, 5—1E
FETHY, HEIREHIE, MNREEREDRNTFELIERE, MeTsEiAZIFAFRA LUN,
& BAKE TXL LUN, BERRIARENNSRE /0 8%,
NR—PHEEFEFIE SN FMELIESS, IBHMR SAN IR EEZEIEEAIRRY LUN FrE
ENESFEREUSE SN
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18.3.4 IXf4 RAID 18 ZRVTFfE R

SRR SCSI B EREAFHIENINEIREN . EZEEMEHERT, SREREZUTRE
B. HfttE (FIaNk4 RAID, BEEEIE. HIERNESE) HGESREZ L, Alt, ¥FAR

N 1/0 BRARUREITRITER Y RAID RERANEMEE, BIFZEERENZFLRRZ,
Sid B4 RAID i& %,

8%
fE

7

18.3.5 =EARAMRBREE
HEGHEARNSTRAMRRARZRETES IR LNZRERSIET. BEEMTRLEHN /
etc/multipath.conf XHHHREEKREEE N HEPFRE—.
MRZERFEEEMESEPNZEER, BXAT, ESEE 18127 "ZHREFIEEAT
FWWID”

BT LAN B8 EN 2B EFIRIZE (DRBD) SR AR A REZREINEM 51T,
HMFEEZA /0 BEHEEITXITE DRDB R A BFERANEMEE, BALRZIGHRE
NZF%RE, BECE DRBD.

RELRERSAKBTEREEEELIEROBHERG (FINEE sbd B9 pacemaker) —ifF
RRIEIMID. BXRIFMER, BBNE 18927 “BERsses LAVHIPAZER”

18.4 EZHIZZRLG _EREE SUSE Linux Enterprise
Server

EE0E ZRIZFEHM ARG EL% SUSE Linux Enterprise Server B, AEBIEEFHNRES
o

18.4.1 TERERZBIIKENBRTRE

TRl R EERMBE FHITRE, MAKKEEMNEEREE, UEHEEREZREZE

SAN IEERMEBIRSG, ELBERT, REBGEESHRERR L —HE#HTT, TREEG,
BARRE multipath-tools, B systemd AR multipathd.service,
AGRBINE 18.3.2.2 1 “MXEURSFMTAMBELE 7 PHTE initramfs PR L RZFR
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RHITECE. A0 SAN FEHaFI, EREZEBRAHAHBD) multipathd.service, i1
WIE /etc/multipath.conf FHRIZEHELIE blacklist T (FHWE 18.11.1 7
“multipath.conf A blacklist #9” ) o

18.4.2 THEERTZBEIIRENBERTRE

NRELRENBESRIFILEERTIRS, YaST KOl XEREHEHANDXMEAREEN
AR ENERAZKZ.

RO TEH S REEF.
BETERASRE?

MREFELRTEOPIEE ‘B (FENALL) , RERIRERE 18417 “TEREEZEE
EENELTZE FR#T. TOXMER, E7ER/RETHEEE A2 RN —ER 57 RYI%
%o

MBEEZRFZBTHEOREE “” , multipathd BEREHEET. FoEIREHMIZ
/etc/multipath.conf B9 blacklist 43, Hitk, ERXIEMER, FrE SCSI 1 DASD
& (BEAMEE) BEETNEZRERIRE. TG, FiE SCSI Ml DASD & HMRHRE LRI
g&E (FBIE 183211 “BXHRAMTFZERIZ L (SAN-boot)” )

312 18.1 | REEMWREBZASRE
IIRBREERRARLREEARMHEE L, AEREREEATZRIE, UWERRSIEL

FEREL, BEERERRE 183227 "EXARGUTAMEE L7 ReEAHE
EHFEZREZ I RIS E RS

1. BEENRS, LERIAMRIZERN /dev/mapper/. .. 518, HRBE(ERANTIRE
TBEZRIEMHEHNAEMSIA (BB 181247 “SIHZRIZME” ) . MR
U TFeskikEI51A, BLENAEN:

> sudo grep -rl /dev/mapper/ /etc
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2. )13 dracut B9 by-uuid KAIKEREE (FESWE 18.7.4.275 “initramfs FHKAIE
FHHRIR )

> echo 'persistent policy="by-uuid"' | \

sudo tee /etc/dracut.conf.d/10-persistent-policy.conf

3. HBERIZERI WWID:

> multipathd show paths format "%i %d %w %
0:2:0:0 sda 3600605b009e7ed501f0e45370aaeb77f IBM,ServeRAID M5210

SR EFRERFIGERE WWID MIHNE/~mER. EFaEiRs RIS (tkkk
79 ServeRAID i&#) Hid T WWID,

4, FEARENINIFEER WWID 7 /etc/multipath.conf FEIE—1BRKEW (5
EE18.11.1% “multipath.conf R blacklist Z9” ) . B AEMNAXLE
®E:
blacklist {

wwid 3600605b009e7ed501f0e45370aaeb77f

5. EWME initramfs:

> sudo dracut -f

6. E5|%. BHNRKNERIFZHIREESF.

18.5 HEZHIZRG LEMSLE

BANEM AL, GRILUR (HEm) , B 58 “BAAR" PATRRIF
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RFNBNEFNSIESSE 1847 “EZHEZRY ELE SUSE Linux Enterprise Server” Bk
ML ER M. RFZE blacklist, AL, MRAFEEBRAZERE, RIEERETH
ZREFIRE, IFTEEFELBEFIEE. H dracut TEIHIEPEE initramfs B¢, EF
FNEFEERSESISRERAKLBINAR, BEELE 18.7.427T “initramfs R AEEE
PR F5E 18.12.4 75 “SIAZEREME

18.6 ZRIFEETA

SUSE Linux Enterprise Server A% B&1Z3Z 5 LA Linux RIZEYIS & BRETFE R % BR IR AR IR I
multipath-tools P ZEIIGEHE,

B ZRETHEER IS MHSIEF Z KT (DM-MP) IR R, BXAT, HEINE 186.1 7 &
HMHEEF ZREER o

multipath-tools #l kpartx A ERMET B FRIEGMNERELAMMNOHANTHE, XLET
AEE:

multipathd
ATFRENNNSBERMNTRRE, URARSTHEEHRBENNH TR .
BEBN % 18.6.2T “multipathd SFHFIER" o

multipath
RAFHRITZRFZEENGLSITIR, 55 £ 18637 “multipath&<” o

kpartx
RATFEEZRFLE LN “OX” We<SiTI R, BN £ 18737 “ZREEE LW
SXH kpartx” .

mpathpersist
FFEIE SCSIKARENGBLITIE, 15BN % 18.6.4 7 “SCSIKALREH
mpathpersist” ,
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18.6.1 IKEIREIIZF ZERIZIRIR

B EMETIEFE SRR (DM-MP) #&1R dm-multipath.ko J Linux 2T EHASZ KRR
BE. DM-MPIO /2 SUSE Linux Enterprise Server i&FHF SCSI #1 DASD & & EIE L ERIZ AR
H&E;ﬁ: E‘miﬁﬁﬁﬂ: NVMe iﬁ%o

Q ix&E: % DM-MP BF NVMe I8
M SUSE Linux Enterprise Server 15 748, ZBiCEAN NVMe ZEKEFE (185
MEE 18217 “ZERELIL HERGEEA NVMe” ) BF NVMe, HERIMERT
2MEAT. ERAEN NVMe ZEEHUAILEMFPRFZRF (FEINVILL) , 1EF
BEWiZZE nvme-core.multipath=0 3|5,

IRERGIEF SR IZIRR AT R LU R ESS
o EECHERZANNZ MR LD EC R E,

o FREIRFIRE LM /0 HiR, ARXERETFCHLERE, XFERFZRAENRIEI/
Oo

o HEMBRRAPRIFEBRREERWETIRERZAE,
o WNRFAIBRRIZERRI, MEZERFIRE ERYI/0 KIKMEHEA, BEIURATEE,

IATMMESSH multipath-tools MHEHFHAFTEAHLIE, MABHIREMRFIEFZREIZ
TRIRGAIE :

o AMARF—FHLKENAERRZNRE, AETXEREHASSHRERS,
o BEAAHEMBEERNBRZILERESIREH,

o FrpiriRiRIR B R D ISR ERH LA,

o BIFRIZIREHRINA SRR,

o REMSGIEFZRERRKREHRS TEAINKEMEERF R .

BX multipath-tools MHGEHKAHFRIAT, BFSUE 18627 “multipathd 7712
F" o
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Q iFE: REWRRRIEKEE
DM-MPIO i B IR EHRIZHHMIZE, MARIRERZNKIE, HINREAER. F—M
iR uE B TR, Flanssl.

18.6.2 multipathd sFiFiEF

multipathd EH Linux REMFNEFZREFRETNREED. HTFIFEFEESED
systemd fR$3 multipathd.service REa) (FEWE 18.7.1 1 “EH. BalflEE2EE
ZRS" ) o
multipathd FIRMELATES (HP—LESKHTES)

o BEfEY, IMERFIEEHIZEMCNEIANIZEN S RIS,

o I8 vevent MIREMPIEF M, REFEETZRIZMFRRNNREFRIZMRS, HE
iR ERe S B RO S 11 F.

o R IFBVRRIRIG &Y I BN IS EFTBRET
o THINERRIGHEUNHKIE, HIXEHRENERRFR, UMEFE(IMEEENEHRBRE
(5
o MNRFMBERFEHMALELRIE, multipathd JSEBRETRM, HERFIRGHGHEIIIREIHFAER
NHILE RS E R —ER BT iE],
o MMERFBIREEN, HIREZEVIRRFANENASER,
o MIXBEFER “UF” KT, BSHEERSEERETNIFEZETZEREIZ AR
TE L5
o RMPFRZIGFEM SCSIKAREEH (MNMREEE) . EENE 18647 “SCSI KARE
#0 mpathpersist” .
multipathd FAIZHGBLITREF L, BERRERFSEEEEEETHTIFER RLIEX
L. BTFRTFIFERAXGSHN—RIEENT:

> sudo multipathd COMMAND
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)4
> sudo multipathd -k'COMMAND'
tEFPRER R RAIER ERT TIETT, RITFEREZ N EEGT:

> sudo multipathd -k

Q ¥&E: multipath f multipathd fMfEEE T1E
% multipathd S<HEEMA multipath &<, 80, multipathd show
topology HIEFES multipath -11 #HE, MEHNEZEFETF, multipathd &<
REWIEEEITH multipathd SFFEFBIAZPRE, M multipath MI2EZEMAZN
/0 1R 1EREUE B
MR LZRETIPEFEEIE!T, BITEINER multipathd SFSHRAHTEN. &
W, sFriEF R IR EEHNERERE, EEEERT, FIHFEFEERHE
SRBUEENANER, MRENFEESITHTIFER, multipath SBEIFEL
AIRER RN (GIaNEEFRIFERSY) ZIk4 multipathd.,

TENTIRNABT EHHN multipathd <!
show topology

STREFMRSRIMIEYE. B8 £ 18.142 1 “FHEZEE /O RE .
show paths

ETRHAIEMRZEIRE.

show paths format " FORMAT STRING"
FRABKAFHREE T EMRFIEE. £/ show wildcards AIEEZFHHIRRN
BATF %o

show maps
ETRHAIRCENMEIEE,.

show maps format FORMAT STRING
FRARAFRFBETRATEERNMINIEE. FH show wildcards FIEEZFHHIEIN
BARF %o
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show config local
£ multipathd HelEEERNEE,

reconfigure
BRI EXSG. EFARERE, FEXKERN, XEXLERTFE
B multipathd . B/ MEREAEZERSINER FLEER. FMIT
multipath.conf(5) A1EEIT XLEED, reconfigure i REEH

BHUEME AL EEINRGISE, BRtlEmEds M uGigE, 5ER
reconfigure all (M SUSE Linux Enterprise Server 15 SP4 FFatgftt; 7ELAFIRIAR

&L, reconfigure AJLIEMHEHSIIE)

delmap MAP DEVICE NAME
BCHERE HMIFRE ERIREHEE R E DX, MAP DEVICE NAME Bl RigETSZR
(5190 dm-0) . WWID ZRREF R R, MNRIZIZFIEEFERD, MZHSEKMK,

switchgroup map MAP DEVICE NAME group N
THREIZRS| (M 1F18) AEEHRFHREZELE, W TFEEFRERSRIRS, XREA
(BZIE 1891 “ICEMEHRT. HNRMIEEISRZEE" ) o

A LUERE MG S REMBERES. BRANERANIEF. BXFHARER, 5S
W multipathd(8) .

18.6.3 multipath @<

REZBRERNAIDIEE T IERBEITMHAR multipathd 432, BEIAER multipath
RPTELEEERES, THRET LN GESRERG:

multipath
KN RiIGEHECERTINE Z B2,

multipath -d
EMF multipath, EFRGEFEFMES ( “Hiz1T” ) o
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multipath DEVICENAME
FEERIE ZR1F18E. DEVICENAME AJLUERIGET RBR (/dev/sdb) 5
major:minor BRI FRS KIEERRRRIETF. HE, EAIUREZREZMGTHY
WWID %% #Fo

multipath -f DEVICENAME

BUHECE ( “BI#” ) ZRIEMENREDXIRS, MRZMEHEREN D XEEFERT,
ZaLRRKRM. BX DEVICENAME MATREE, EEM X,

multipath -F
BUEECE ( “RIF ) PRBEZREMENE S XY, NRXLEMGIEEERF, ZHme
KoK,

multipath -ll
ETFE SRR ENZREIGHFIRESNE BFEN £ 18.142 7 “MiEZERE /0K

Y o

multipath -ll DEVICENAME
ETHESRIRIRENVIRE. BX DEVICENAVE WIRTAEE, BESR EX.

multipath -t
ETASEGRIENNZRIZLE, BXEESHNAT, BFER
multipath.conf(5),

multipath -T
I78ES multipath -t @S, BNRERSIFEN EANEBREHITACRIBESFIN,

I -v EFEEAIFAREE, RHNESES /etc/multipath. conf FRY verbosity
MW, EEM 18,131 “HithEm” ,

18.6.4 SCSIXAfRZEH mpathpersist

mpathpersist LARFATERREMRFREFZRIZIRE LM SCSIKARE, XARER
TANPRAFERY SCSI &itcimifzia) SCSI B ETT. EEHERETR, DIANLEESHFIE LT
= (BR) ERBERNREES; S, T aRERELBRESSHEMRILEI/OE

%o
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RIbSLAiERS /etc/multipath. conf XHHHRY reservation_key BHESERARILL
% E SCSIZFHKARE. HENHIRE TIHEDEY, multipathd SFHFREFA SKNEMA
MR IR S E B AR ZRIKARE,

S U ZEMEARINE] multipath.conf Y defaults 3¢ multipaths 8453, HI40:

multipaths {
multipath {
wwid 3600140508dbcf02ach448188d73ec97d
alias yellow
reservation_key 0x123abc

MEATFARAEEFTE mpath i&I&E reservation key &#/5, #H multipathd
reconfigure EFEHACE,

Q #&E: #H “reservation key file”
WNRTE multipath.conf B9 defaults ZMEATIFHE reservation key
file, MATLAER mpathpersist LUBIASAREXH /etc/multipath/prkeys
HERREEH,
X IE LM HI R ARG IR A, M SUSE Linux Enterprise Server 12 SP4
FHART AR RX M5 .

fER®H< mpathpersist EMFIZER SCSI IR AMMNZRBRMITHXKARE, BT,
BENFMIT mpathpersist(8) . MLITIEMS sg3 utils HEH sg_persist HIE
IAERE, sg persist(8) FMPIFMARTE T IEAYE Mo

ELLTRBIPR, DEVICE RgHMEIZFZHKIFILE, 190 /dev/mapper/mpatha,
T ERKIEN—EY Y, MUETFEIR. FrERmEsa S RARNFE, Fli
mpathpersist -0GS 123abc DEVICE,

mpathpersist --in --read-keys DEVICE
EEUEENE MR E R,
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mpathpersist --in --read-reservation DEVICE
ETgENINERE,

mpathpersist --out --register --param-sark=123abc DEVICE
MEEFM—MERBEH. XRNENLNRE LTHR (BRIEHE) AEREEDR.

mpathpersist --out --reserve --param-rk=123abc --prout-type=5 DEVICE
FERSTANIMNZRANSTOELR S ( “MEEN - XREMRE" ) FRE,

mpathpersist --out --release --param-rk=123abc --prout-type=5 DEVICE
BERug &SR 5 K8,

mpathpersist --out --register-ignore --param-sark=0 DEVICE
MiIEPRIFFIRE NRBZEH.

18.7 XN ZERIZACERS

18.7.1 EBHA. BoMEILLZERFRS
BATZRARSESISHNEBR, BEfTUTa:
> sudo systemctl enable multipathd

BEERGITHNRFERFNENZRS, B

> sudo systemctl start multipathd

BERZRS, BRI

> sudo systemctl restart multipathd
EARZHERTAFEERWNZRS. EREEMIE multipathd EREHEERE, 1FiET:

> sudo systemctl reload multipathd
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BHREZRSHVRS, BRI

> sudo systemctl status multipathd

BRI ERRIEPNZREZRS, BE1T!

> sudo systemctl stop multipathd multipathd.socket

FIRSFAIERFIENSRIEZMRES, BARKERIRSY, HETUTHS

> sudo multipath -F

& ¥ multipathd.service RFNBRRS

A 15RZIEBINIALZYE multipathd. service RIFABERS, HiLHEREZKREZE
HHERSK LE1T. BARAZRS X systemd WEEZEFEGENS, BRITRENEKH
Fiz¥El, MNRZAZRSE, RATESISHEEASIRE LS,

Q i1 BEZEA
MREFETHM ERESNER TRRAZREZ, INEAEREE=LZRENHN, 17
PAITUTRE. BRARATFERAZRFZGENERILS|IA (BB0E 18.152 7 "7
&SRR ) .

BV ANEBERZSS | SEAZKER, BEANZEEH nultipath=0ff, XEFMESIS
RS initramfs (FEXMBER TAZEENE) o

KA EA multipathd BRSS, EHASESEIISRANBD, BETUTHL

> sudo systemctl disable multipathd multipathd.socket
> sudo dracut --force --omit multipath

(BH2RIBRZRERSE, #IFEWE initramfs, BEBREE 18747 “&7fE
initramfs @& o )

NREEHENKEZREFIRE (BEEFo0E1T multipath BY) , BESEWE
initramfs Z &, FLLTLITHRME] /etc/multipath.conf BIKRE:

blacklist {
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wwid .*

18.7.2 FHXZERIZ/HET SAN I&F

BCE SAN ML R /0 28, BFIRFBEHITUTIREES SAN &&F:
o [FRMNETARE SAN HiIZEXE,
o ERMNE TR AEFMERAT] EREN LUN BECE A RNPR,

e Y05 SUSE Linux Enterprise Server Rk =V 2LLEE2S (HBA) NIRGHZEF, 1BRE
HBA {712 HRY Linux IRohiERF. BXEZHT, 155 IHNERE R,

MRERNEZRFZIZGEHEEA nultipathd.service, NINSBERIELZRRFMES, 10
RREDOIE, F 181537 "EREAFHEESE RIIH—LTAFREZERNING
L. IR HBA IRSHFZFRILMEXLE LUN, IFE SAN FRIXIHIGE, 15 EKNZE LUN
FRRESEEWN, UREEER LUN IEHIEIREIRS 8.

Y9NSR HBA IREhFZ2 R Bl LAAEI LUN, {BREIZMENARIZE, NAsFEEAMIMINEZS
o BB https://www.suse.com/support/kb/doc.php?id=3955167 # £ SUSE FIiREFH
TID 3955167: Troubleshooting SCSI (LUN) Scanning Issues.

18.7.3 ZR1gF LB XM kpartx

ZREMNTUGHERISE—HEEIX, KRB URADXEBIEET RNIRERR
kpartx TEEAPZTEFHITA., kpartx B udevNBmHIAR; BEABEFNEIT
Bo BXRSIBZRESRNAE, BEENE 18.12.4 7 “S|HEZBEME”

Q E&E: 1AM kpartx

BJLITE /etc/multipath.conf HfEH skip kpartx EDREE FIEE L EREM
SHEAA kpartx., 50, EEMECENL, XFBCERTREREB R,
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B LGB —HE(ER YaST s & FEA fdisk o parted FTERZREZRFILE LXK
MHX, HPXTHREBEHEN, RARKICTNATOXENER NRXMHGERFEER (B8
HEERMEEEIT) , BFEIRXIETT multipathd reconfigure SES|IS RS,

18.7.4 1% initramfs [FF

O ==

HFERERIEE, BEURIMNAFERAZEKRE, #11E RAM XHRL (initramfs) 585|F&
FHITHZSHERT—H. NAZKREEREERGEME initramfs,

MRERAHRBAT ZHE, BABLEERE initramfs FERAZRE, RZTFA. LFNEY
—FIIMERES 18.3.2.2 11 “IEXXMAG(IF AL 7 PPTREYED 71 initramfs FAZ2
%Kz,

WRIEESIFRAS initramfs ZEIES ZHBFERE, Fih, MNREELL /etc/
multipath.conf. /etc/multipath/wwids # /etc/multipath/bindings H
ME—XH, HEBHMSILERREXNEEXHE udev LN, FERAUTHTEME

initramfs:

> sudo dracut -f

NR initramfs SRFREY, RERLEEESS, BohIEARESETRERIING. BX
AR EEE ML EIBRARRE, SRS 18,157 "MPIO &7

18.7.4.1 7 initramfs AR AREZALZRKRE

NREBEIF—RRIER TEME initramfs (FIE0, MBIBRAKEWE, HERARZSEK
multipath=off 5|RBEWE) , HIEINMD. HENE dracut EHE initramfs HAja]
RMFIRXHRAMT ZRFIRE LR, EASBEE initramfs PEEZRELF. EXMHE
A, REEXABARBAZSEREZ,

B initramfs FEAZRIEXE, BEITUTHL:

> sudo dracut --force --add multipath
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B1E initramfs FEAZREXE, BETUTHL:

> sudo dracut --force --omit multipath

18.7.4.2 initramfs Ak AIGEZHIZ R

3 dracut %k initramfs B, E05|AEXKAEHNEENOX, UBRASEBERS]
Fo = dracut NEZRFIREN, HTFIERN, SERINVEER DM-MP IRERR, tbil

/dev/mapper/3600a098000aad73f00000a3f5a275dc8-partl

MRAFIEAE UL BEERIET, XFEFFREEER#, BNRAAETRAERLEENE
MTEBEh (0% 18.7.4.17 “ffinitramfs RERS A ZERE" FrR) , BAFERXERN
initramfs 3| SIPESKM, EH /dev/mapper IREBERFEE. BEENE 18.124 T “5|HZ
FIZRRETT T RREMPIRERRIRIE RN —LEE RER.

BRAIEIZEE R AL, EfEA --persistent-policy EIMEXN dracut FIKAIGEHREE
B&o FRATEIIZE by-uuid EAREE:

> sudo dracut --force --omit multipath --persistent-policy=by-uuid

FESRIIE 181 "REEMNREEFZAZRE” MFE 18.152 T “"THIKESIRARE .

18.8 ZiRITECE

AER multipath-tools BMABEEBRTAZIILE, WEHITEHEN, EEQUE—EEX
B, EEEXMHEN /etc/multipath.conf, Lk4h, EEZEE /etc/multipath/conf.d/
X, BXEMER, BFBN £ 188211 “HMEIE LA ELIN"

O == HUBENNREREHEIAE
—EEFHENETEEXEP LS T ZREBEINENE XEEBREARENEFTHIFER
FRFIANRESHENEFE@mE, T80 5= 18227 "SIl ZBENEEEYIE
EN” PR RIAER,
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multipath-tools RETERTITFZEFMIETININME, XERANEYREBHYEAR
RN, 51517 multipath -T EERENIANKE, HRHESHNENENHTT
Eb3%

18.8.1 fljE /etc/multipath.conf

BN ERESEENMIRENS/ /etc/multipath.conf, ERZERT, ERER
LEE /etc/multipath.conf,

NREEEEAEESFAE R EETNEEER, BE1T:
multipath -T >/etc/multipath.conf

FESNE 18.14.1 7 “BXREENRELE .

18.8.2 multipath.conf &%
/etc/multipath.conf XHERBERS. FER2FHED/EXTHRBIEXEN,

° TREBFLEDET. STESNTHRFREEN—TZE, BFRIERSISHEEE
(ZERTFX)

° HS (#) MBS (! ) FHNRERFBTHHERATN IR RS,

o BAMFEDER—ITHUBDBMMEKRES ({) 73X, HERIN—THRUEKRES
(}) &R,

L4 ﬁlﬁ*ufﬁéﬁgﬁ_{f?q]o ;F§$§éi'/fi'o
o EIMAZF D BN IEXEF, multipath.conf(5) FERT AIFHIXHEF,

o EAUANEIS (") EE. MRELSTRICERFN, WLTASISKEEE. EPH
W5 SFRBE—XWNEIS ("") KT

o FUEEINAER POSIX EENIRIA (BEMW regex(7)) . EfNXAANEBUERE
E, Ft, “bar” €5 “rhabarber” Tfg, BEFSL5 “Barbie” ITHD,

UATFRBIBTR T HEIEE:
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section {
subsection {
optionl value
option2 "complex value!"
option3 "value with ""quoted"" word"
} ! subsection end

} # section end

18.8.2.1 EMESENHFMELIKIN

BRT /etc/multipath.conf, TAZEENS /etc/multipath.conf.d/*.conf &L
RIS, HthX81ES /etc/multipath. conf HBEMNEEMN, EBHFIEBEI ISR
Hil. MRESINIXHHRFEER—XHHNLZTHIRE T E— 120 8E—1ED, NURE
— MENKE. 7 multipath.conf MENEBD ZiE], ERAARREIMLTEMN. FER T

18.8.3 multipath.conf FHZNEEH

/etc/multipath.conf XHHETIIEREM. FLETAIUEMES NI H. BXIFH
58, 320 multipath.conf(5),

defaults
—RERINE B,

O ==: E=REeEEN
NEBHREIGEBMEMSAT defaults BHFILE, Ft, FAIFRELM

7£ devices ¢ overrides ZpoH#H T,

blacklist
B ERBEAILE, BENE 18.11.1 7 “multipath.conf #89 blacklist #4937 o

blacklist_exceptions
FIHEHRHITZREMIENLSE, BIFEISERB0E, F5WE 18.11.1 1
“‘multipath.conf Y blacklist &9~ o
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devices

BETFEMEIEHIZRAIRE, DR device FEHINES, HOTIHNEREE
defaults Zp5HMHERBLEMPELR multipath-tools HREIRE,

devices E7IHH device TSR IENRANAIZFHIER B~ miF 1T,
XETE ‘S , MEELBELEE S PHAEIED, NREZS ML device Jf
SRIGETHERNEDR, WMKRE—MEETNE, BMEERNZANTAA “MFa
B o RN ERTFLERZERREEXGHHPER BERE 188217 “H
MECESCAAI RN ) o L TFRAIF, &% SOMECORP STORAGE ¥ &R

fast io fail tmo 15,

devices {
device {
vendor SOMECORP
product STOR
fast io fail tmo 10

}

device {
vendor SOMECORP
product .*
fast io fail tmo 15

}

}
multipaths

BNZRIFZIGEMNISE, E9 T multipath FELMFIR, ESBEE defaults

devices &%

overrides

BEFIEHME D FRIENIRE,

18.8.4 WA multipath.conf {&&
EWVAREEN, BB
> sudo multipathd reconfigure

BAEKIES initramfs HWECERIZP, 1BEM & 18.7.4 1 “FiF initramfs [E27 ,
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ZE. AEFHAmultipath NAEE
Y multipath IETEiETHY, BEAREMFE multipathd SN AILE. TNATES
BGET—HE IR

Q iiE: KBLTEKMLE
B LATER BB E Z R e EHd# T, AERETT:

> sudo multipath -d -v2

b2 2 R TREERARNNRINIZNTHRS, EFREREEIEMR/RIFMRE,. BRE
55, BUESHNEMAREEET:

> sudo multipath -d -v3 2>&1 | less

18.9 HBCEWPEFE. HIPAMHK[E[C]|E BISRER

IR 1/0 EETEMAASRS VB2 EREEESE. FIFNRIAMTHEURTIRS [ EMIIAR
BERETAMBEETN— TR,

BNERATENBENREE nultipath-tools BEESE,

W

B

polling_interval
MEBFIGEHITRSICERITEIEIR (U AEM) » FRIMER 5T, ikt
BrElEfRIeE R HIENILE. W TRRERIFNIGE, &Z G E)EMREMNE
max_polling interval #,

detect_checker
MRIGETUZE RN yes (BUIME, BiKA) , multipathd SBEIGNIRERFGE
Bi%o
path_checker
RATFRERFRESNE L NREEEBAZNERER, BN TATE
detect checker:
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defaults {
detect checker no

}
TEHMRIIETREENE L, BXTENGEYIR, FE20 nultipath.conf(5) .

tur
&IX TEST UNIT READY &5, T 32#F ALUA BY SCSI1&&, XEHIANKE,

directio
ERASL 1/0 (aio) IZENEFBX.

rdac
&R T NetAPP E ZFIFBMAPES AN RIS ERNERER,

none
FHRITRIZINE,

checker_timeout
NRIGHRELENBARMNNERFOERERGRS, WEEMAREHRRE, ZMAMERIRER
%A SCSI sp<EER (BE N 30F) o

fast_io_fail_tmo
SNRTE SCSI FhE LINEIFEIR (FlilEicm@Eimimat) , NEREREER
MEFEFFLILATPMEENNK (UMASEMA) , XENENEE, BRIGERSKBHE
TR “FRERN K. XNZREFIEEER, AANERTFHNERREN—LKEIRRERH
TRIEMIERS, ZEMNSTEEN SR HITENREEPIRNHEA N E)ERALE, 2
IME 5 I BEM SR EIE, iSCSI FHMERAEREE KB,

dev_loss_tmo
INR SCSI fZhm = (Flanyeeh@EinizinC) BhIEnn, ARSEROEXEIN
AIERFILATFTEENA K (UM AEA) , XENEERE, AZRRKAERR SCSI %
BTR. ZREETRE—INERNIRE, BHZTERSFMHEIEN, RIFERLLARE
E. AL, HMNBWFLILAETIZEARSNE, ZFHFH®E infinity . BRWAMER 1057
ho NEBRIEPURE, multipathd SR /0 HBA (GBZMW no path retry) £
dev loss tmo EIHEZEif=1E,

no_path_retry
RE DA TE L RIEMEHPAIEREHAERENSLZETAER. ATENESR:
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fail
EZREMS LR 1/0 K. XS EE (FINEHMXERSE) L4 1/0 H#HiR.
SEMPIXHRS (WAIEERENEN) BHNEFERER

queue
LR EBY /0 TEIRE MG IZREPHIPA, HERFIREFEMTANLIXEDIE
Fo XBBRERMENRLZ2IAW, BNRRFILFRKMNETEME, ERZER
REIER M ER M, MISEREEIRNHZR SR TR ETARER (D ) K.
HIBARYEES SRAARTE, M SANRERMHHEER, &2, AFER&HER,

N B—PEE#H, FEIFHEEFREHAER N MKERNER, EXEENHE
#ifg, multipathd REIREGHIZEKXK. R polling interval A5#E
no path retry 36, N multipathd &% 1/0 AKX 6*5=30%, REHE
BRETIZEE ERY 1/0 KW,

flush_on_last_del
MNRIZE N yes HFEHMGMFAERFZIZEZIERIER (5EREREXMAR) , RATEERI
a1, SEMRSRFRE 1/0 LK. EXIAEN no,

deferred_remove
MRILE N yes HEMNNPABERZISEIEMEE, RASFSFLIBEEXAMRGIZEN
XAHERR, ZBEARFRHFHERRRNISEE, NRBEERE— 1 SBEXAMRN ZA1EH
I, NMHEREFMEIEESEUH. FIAEAR noo

failback
WNRRNENRF AR L EHFERFIZEME, multipathd SEMMTLFAIAEREEN
BRIZAMAEER (BEWNE 18.10 T “EEREHAMMALYL” ) » BEFHFEE, Lk

BENBAAETREER N S AEHERAT — IERREEIRR TEREH AR
o

O == uEHEELEY
RIEWPER S REURTEEIEENEM. Alt, BIVEINEKREFEEEHNEFR
HE failback &8,
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manual
fRIEEIRRIETT multipathd switchgroup, BMNHAHBFRERE (BS
e 18.6.2 T “multipathd SFHPTERE" ) »

immediate
I ENBUR MR SRR, XBE A LURHI4RE, 155 EHIIAARSE L, B
CARIZATFIES, AAERS ERTRELARNES.

followover
5 immediate #B{, EBNXENMZTAEIRSHNBREEHRFZAEPFE—IRKER
SFRVERIZEY, APITHFERE, AT EFERRERER, AUBLEEIMTRES—
MU REIBEKR T HERZN BafELE,

N
N B— P EE#H, EEENAAESHREHEZA, FF N MNKERENER. MR
EUHHRBIN e BB R T, NEFRERFS.
eh_deadline

RE—MEME, IEEEIRELMA, SCSI e BEXERMNAVER T, &IE SCSI
HEIRFAEERET B EFR (LARDAEEML) . BLEHARRT /G, AT —RTER HBAE
=13

828 /etc/multipath.conf X/, MAZMNIKE (BENE 18847 “A
multipath.conf 2% ) »

18.9.1 JRIARSS 2 ERIHEPASRES

MR RS 2RECE T ZHRIZ 1/0, IREN queue BB no path retry nIfFEARSZIIR(E

AREROTREKMETEIATRULE 1/0 iR, EXFEHEEHN, EEAELSRENRERER, NIRA
FE “TRE HA (ML) , HERE—NMEUANEBENHE, WEFEEFRETEERR

REmE (LX) -
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18.9.2 E¥&EARSS 25 ERIHIPASRES

EANETAMBEEPHNTREEEZRRFR /0N, BEEILZBREFIRE /0 K&, UMEER
HIEEEMAESSEGERENEEBRAR, EHEIFIRD, BHMIEN no_path_retry
RE, WRRASHEFHEAGRAEZN, BEETRWRE5SHERILHTEEX /0 $8IR
(iY77 Heartbeat FEEHI 50%) o Ltoh, EEFLIEZEREF failback &/ manual 3
followover, SR FERMMERZEIRHE B,

18.10 ECEERZIEHMMNALR

LZREFMNPHNBRIGERNN D RN ZHP, BRI RAE, EERERE— M EEAEREI
I/O. multipathd BIEEEZFAIEIKIITHR. EEETENREMNREAED, RIENMNECERN
HPELC S REBEM AR RENA (BBNE 1897 "MEHNEEEZ. HLHERENSE
B ) o BRIFHANMIEASHREATIEMNBRFIGENNALNTINE, BRIGENRALZEIR
BIRERMITEENEHRE (BELTH prio ®IAINEAE) .

EENBT SHERLRIHITRIZDAEXM nultipath. conf BEBESE,

path_grouping_policy
EERATREBESHMANSGE. WMGIHEEENERE, BXEMABERNE, 1§
20 multipath.conf(5),

failover
BPNRFEH—IBR. WFEREN “Eoh/#oh” F6EREY, SERER.

multibus
— MR APFERE. XMTESR “Eoh/En” &5, IKERBR

group_by_prio
RBRENAFMERANRRIZEIN—H. WNFZFFEENFRIARMRZE (5150 ALUA) B9
UFES, IEIMIEERE, multipathd IREMMHERES alua 5% sysfs Lk
RBRESERY, B5FMEMETET ALUA B SCSI SRS FEBinR A
LA,

EFRMERRRIEZIRET, AILUBE A T an < Inid ot % RIZMET R R R S SRR

> sudo multipath -p POLICY NAME MAP NAME
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marginal_pathgroups
NRIZREN on B fpin, “UAfR BRKSFHEERIRNRIZLAST, XS5EAPRIRIEIR
DHEBELR. EEN £ 18.13.171 “WERESE ( HfF ) NERFIEE o

detect_prio
WMRIREN yes (BINME, BINEA) , multipathd SBICNEBF AEMEIREIRE
MALNREEZE, H2ZE& prio 88, EXMFERP, XEKREENE] ALUA 35T
8 sysfs AL FE

prio
RN IZIZEMEENF E. IREBSINLE, BN TARER

detect prio:

defaults {
detect prio no

TEMNIIETREENSE. RARRRMETHM LM%, FERTRHBERESG. §X
SEEMFIR, BB multipath.conf(5),

alua
58 SCSI-3 ALUA 17 e IRZSIRENER R M AR B, AJiE exclusive pref bit B
A AFEBIEE T ALUA “BiaEEBinRO4" (PREF) (IAVIEEIITH:

prio alua

prio args exclusive pref bit

MRRE TR, BT BREFREMATEMEH/MEBENN TR &
W, FIAPEER/ AR EIERBRELR,

sysfs
5 alua EM, EEFAEIKERIX SCSI 7%, MeEM sysfs FKEUARIKS. X=
f£1/0 taZktt alua &V, BHAERTAE SRR ALUA N7EERES,

const
MFFEREERAEEE,
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path_latency
MERRFIREF LAY I/0 TR (M 1/0 1232 EISERAVET(E])) , HARIEIRIZEIERKIR
SR ER. BEXFMAEE, ES W multipath.conf(5) o ZEEMTFLIOM
E&%o

weightedpath
RIEZFR. FFHIS. Host:Bus:Target:Lun ID (HBTL) S y¢4Fi@iE WWN R ERRIETK
etk MAREFRERTEIEBMELEL . ZFHEFE prio args B, &
X, 5B M multipath.conf(5) . fHlN:

prio weightedpath
prio_args "hbtl 2:.*:.*:.* 10 hbtl 3:.*:.*:.* 20 hbtl .* 1"

XE SCSI M 3 ERVISEISIREL SCSI £ 2 ERVISEESNMESR, HAMEBH
g E IS RBARAI R

prio_args
—L prio EEFRENIIMIBSE, XLESHEIETFIEE, HiEZEATEZE, 1520
X

hardware_handler
PIZTE IR RLH B A SR AR R RIS EHAZAEIRIZ TR, AT SRR E R
m, RARKSENCNEGLIERRE, 550 % 18.23 1 "“FERNEEHLIERZRED
EhERES”

path_selector
RFEEThER AR Z B & R B AZIEIRE IR, sTAINAREUR TARAZEEE. B
FHEERER, 7 multipath.conf 1, B —EAS|ISHEEHGE— “0” , @0
TFR:

path selector "queue-length 0"

service-time
B EFMERE ESEMFNIE I/0 FrEmatE, FARERENRKR, ARIANE
Bo
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historical-service-time
RIEEARSEYE) ((REFZDITFIYE) MRTHIERIREMBERRKIIRSETE, &
BEMERELTHRFAIE /0 FrENEE), HiEFEERENERR,

queue-length
EELEIRRNIE /0 B REBER VIR,

round-robin
REBBW AR, ATUERIER rr min io rq 1 rr weight BEEL]
REIT— P REZAERFIREFNIEREE,

io-affinity
IR FRIEFRSEETAERET multipath-tools,

B /etc/multipath.conf X#¥fE, MAEWIEE (BENE 188471 “VA
multipath.conf &KX" ) o

18.11 ZEFRZRTZRIEZNSE

TEAZRIERENAR L, ErRAEHEERERE (BEEAMEE) LIRESRIEM
5% multipath-tools R T ZMGEREENMNZRIZIRENIZE,

Q iFE: IR EHSKE
—BTE, AR LNEAEMNEEIRE B SHERS, NRAHI
B, AAAERTE, BRRE#HTINEE. AW, —LERRUANKRERRL,
REGERMLHFLENSERZ. B, SHERBREREHOIEFY. 55t
RE 183227 “BXGRFEMTAMMEL

828 /etc/multipath.conf XtfE, MAZKIZE (FBNE 18847 “UH
multipath.conf &2 ) o
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18.11.1 multipath.conf By blacklist &4
/etc/multipath.conf XHEAJEEEE blacklist &4, EFSFIH multipathd

multipath NiZZEEHFAEIESE. LTRSS T B FHBRMEENAE:

blacklist {
wwid 3600605b009e7ed501f0e45370aaeb77f @

device { @
vendor ATA
product .*
}

protocol scsi:sas ©
property SCSI IDENT LUN T10 @
devnode "!~dasd[a-z]*" ©

wwid BUEEATFHIRIEIRE, FIMRHEE,

Itk device ZBHBRTFRE ATAIRE (product MIENREIRXKCEEMAR) o
© & protocol HBREILUHIRERISE SL&ER (kb SAS) MigHE. H

o RAhIESN scsi:fcp. scsi:iscsi #l cewo, BXESZER, BEN
multipath.conf(5) . EEFRAZHMRFETEANMNYN, BETUTHS:

> sudo multipathd show paths format "%d %P"

M SLES 15 SP1 1 SLES 12 SP5 FFiaz It ko

It property MSHREBERE udev BMERIZE (BIRZBMENERTA)

0 EIGHEREMNREXMIGEIRAET devnode HBKEEMTTE, WLLREIFFR
™, EHFRTBR DASD I&& ZIMNIFREILE. FEITERMERE (W0 sda) FEALAE,

HRIEET RSB ITARAKAN,
ZRIBR TIIE blacklist 1 blacklist exceptions B9 ZiFpMSHIEE: £
EMFRALFINLEENS (! ) BT XL, FEE, BNSHAMLTNEISH,.

©

FANBERT, multipath-tools 7ZB&B& SCSI. DASD Z% NVMe LUSMYIFRBIRE. MR L
#, WEM devnode HBRYIZRIE FTEXMEEERENFRA:
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devnode !~(sd[a-z]|dasd[a-z]|nvme[0-9])

18.11.2 multipath.conf HEy blacklist exceptions &f

ﬁi

BE, FRSIFEAGRNSERENBTZRE. EXMERT, FRRIAHRIGE, 3
BN A Z IR —ZB D BN EEX AFIIM, blacklist exceptions ZHFLATE
B, ZEoARBAENTARGFR, ZnfHRT FrEFEELE, FRFRSA
79 “NETAPP” HO7Zf&I&ERRIM:

blacklist {

wwid .*
}
blacklist exceptions {
device {
vendor ~NETAPP$
product .*
}

blacklist exceptions EH=#F LXFTREATF blacklist EHRHIFRBE R Z.
blacklist exceptions HH property {E<ERFIMEN, BASMgFLIELEE—
N “ARFH” udev B, FREMIMNZSHRENEZIRE (BUNELXEE) o property
HRERRINMER

property (SCSI IDENT |ID WWN)

RAGREsELEE T SIIENRANLAR udev BHERIZE.

18.11.3 FMmEF g E {thitIn

BT blacklist 3%&IW4h, /etc/multipath.conf HMENEMIGE B MLISE ]
MR Z RIS
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find_multipaths

224

HEBUE S B RGB EIRHRAYIZE T multipath A multipathd B91TA, EIRERI(E

"

greedy
¥ /etc/multipath.conf H8Y blacklist KHIFRMFIEIEEMANZRIZIE
%o 1XiE SUSE Linux Enterprise BIZHIAIZE. SARULIGERFIEIRE, ML
RERNE S REFMGNINE—EZBRENIZE N

strict
HIBRFRE 18, EMEERIE /etc/multipath.conf BY blacklist 2o, B
EIEEFBI WWID 5IIF /etc/multipath/wwids XEH, AR EEFEIEF WWID
X (B2 TENFERE) .

yes
MRIEHE strict FMY, HRGHREDEFEE—NMABHERE WWID BIHEfbig
&, NERKgEMNZRIFZILE.

smart
BEREEIFE WWID B, SRHERTRCAHZRIZIRE. multipathd SFF—E
BtiEl, EERESEHEERE WWID NEMBRFHI, MNRXERFHIN, WR
BIRE LIRS, MREELI, AFFERGE, XMEEMENELSHRERILE
BB RS, FREEN find multipaths timeout BILAECE ZEBAT,
I F T systemd IhaE, XLETHEE(RIE SUSE Linux Enterprise Server 15

Heft,

@ AR P /etc/multipath/wwids
multipath-tools &7 /etc/multipath/wwids X ( “WWID X4 )
REBZRIFTIR B ZRIFMATIIIE R, WWID FITF I X HFRISES BN ZREZIE
o RIE find multipaths BIEIE (greedy B&ID) EEFEZERFIGERT, %
X4 EBRAR] D,
YR find multipaths BN yes ¢ smart, multipathd STEIREFHM
/M /etc/multipath/wwids FRANWWID, LUEH/GRETSE RMHENIEXL
BRET
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B LAFRhfERR WWID S5 :

> sudo multipath -a 3600a098000aadle3000064e45f2c2355 @
> sudo multipath -w /dev/sdf @

Q@ Ut

=M /etc/multipath/wwids ZRINLAE WWID,
0O UtHLTEERRLTEIREH WWID,

> A

4

£ strict BT, XERMNIFZRFZLFNHE—T%, B WWID XHE, i5
17 multipathd reconfigure DARZF®ECR. FATZBIIERFX WWID XHHIE
MEEME initramfs GBBWE 18.74 7T “FiF initramfs @47 ) o

allow_usb_devices
MNRIEDIEE N yes , MEZEEIE USB FHEIEEATZREE. FMAMEN noo

18.12 ZIRIFIEHZIRF WWID

multipathd #1 multipath S7ERERER WWID HKiRAi&&E. WWID XS FAERRIARYRRET
B ATAHERK, multipath-tools XIFNZRIFZIEEEREERE. ERFICENS
o

18.12.1 WWID Ff1i&&F4RiR

ZRRFREL B I e N RE—EHEENSRFRNIEE. HERUILE

B9, multipath-tools HETIRFNLIKERAINR (WWID) (BEHBFRAEAM— ID (UUID)
®ZME—ID (UID—E75 “BRF ID” BAE) ) o BEHLER WWID — 25 HEKFIZER WWID
=,

BINBERT, RASM sysfs XERFIEBUSEBMHFERSEN 1/0 5, RIBILEH udev
B (£ udev MNFHE) HETERZIGEZH WWID, BEEEFIREM udev B, BBITUTH

A .
< .

> udevadm info /dev/sdx
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multipath-tools FAAFIkE WWID B udev BT

o XF SCSI &%, A ID SERIAL (E7EBILS5EEMN “FS” BE)
o ¥F DASD i&#%, A ID UID

* XF NVMe i&#&, £ ID WWN

& BERERWWID

T B RIEEFERNZEREMETH WWID, W1RFTBRSTERZI1Z &R WWID EECE B XM
EERT, WEESHZIRET, FHERMN WWID KBRS, NRIBRRETIEWEER,
T ERITIHIRIE. TERIRIER T, WWID BNAges SREURIRF. B, ®™igk:
TN AR SHME WWID BEMELE B,
£ /etc/multipath.conf FEH uid attrs FEMAIUMEIX—m=, BES

W55 18.13 1 “HMEm” ,

18.12.2 ANZEIEMIISERRA
BILATE /etc/multipath.conf By multipaths ZHHIGEEEMSZIR, WTFWT:
multipaths {

multipath {

wwid 36002098000aadle3000064e45f2c2355
alias postgres

ABRNFZE, BFERENDERGE MRS, XTEARBRS ERTRERMM,
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18.12.3 (ERBEhEMRIAF RIFZFF

multipath-tools EXFEREMIIFIR, BIFMBEN “BRREFET . JNBHNGRSGR
BEL TR mpath INDEX , Eef INDEX ANEFH (L a F3k) . Fitk, E—1E

SHERRISIE A mpatha, F—1 mpathb. #A/52 mpathc, EZE mpathz., Z/g2

mpathaa. mpathab 2, LULEHE,

ST B IR R BTEKRAEENAER, multipath-tools &7 /etc/multipath/
bindings X ( “bindings X" ) FIERIEKMIBI. CIEMIRGE, BhRSEXHEH
& WWID, SNRFIXE, MRMEHEIRE] A4 &ENAF ZFE.

51812271 “NZHEMENSERE" RPTRBEAAIE A TR RIFET.
/etc/multipath.conf AR TFIEMEEMAR KIFER:

user_friendly_names
WMRIREN yes , WBRHEBRPREFER. BN, FEH WWID fEFBRST B TR,
BRIEECE T 5B

alias_prefix
BFeIRARPRFATIEIZR, FAIAS mpath,

& S AMESEFHIMET BT

M FEEERIRE, B BMUANTHENFIE T REEHER, multipath-tools EEEW
METRZEFRERT, WRER user friendly names, multipathd AJLI7Eiz
17838eR /etc/multipath/bindings X, MERERAIMEITEREIFIET R, X
BIFIEATF /etc/multipath/wwids (GBEMWE 18.11.3 7 “FmaiFig o)tk
") o

Q iiE: EETHEMMS ST
B ATEIE TR E RS B R, (ERAT HFFMRNEM A EUAIETT multipathd
reconfigure #FFEIFAMGFRBIR, MATFIMELRIZIT.
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18.12.4 5|AZRIFMEY

MEARLEH, SHRERNEIRERNEFIRE, HR/MF—MRKA /dev/dm-n &, HR n A
B XERMAZXKAREN, U7ERAENSIRZRZMRNS, udev gIEIERXEIZER
BT SR, XEEEEESFNKASIR, XEFEENAEZAETFENFREREER
R E. FTEMNHERART T FEERE—IgENEMAT S,

/dev/disk/by-id/dm-name-mpathb@ -> ../../dm-1
/dev/disk/by-id/dm-uuid-mpath-3600a098000aad73f00000a3f5a275dc8@®@ -> ../../dm-1
/dev/disk/by-id/scsi-3600a098000aad73f00000a3f5a275dc8@®@ -> ../../dm-1
/dev/disk/by-id/wwn-0x600a098000aad73f00000a3f5a275dc8@® -> ../../dm-1
/dev/mapper/mpathb@®@ -> ../dm-1

O OXFRTHEIZE ARG RIRR5 | RS, FEit, WRRFZIRERN (Fw, WREBAHE
RRAPRFE) , BEEERER.

© I HEHEFEAISEMEFER UUID, BD multipath-tools {ERAA WWID HEai@mmN LF4F
8 dm-uuid-mpath- . EE5MEBIRER,.
EMWRN G A ZRESE, RIFRAIEEMRENERF UUID, F1d0, /etc/lvm/lvm.conf
R —1TIRER S B FMN Z NI EIgE !

filter = [ "a|/dev/disk/by-id/dm-uuid-mpath-.*|", "r|.*|" ]

O OXLFIRERIEMRIFIRE. PRFREMAXLERHE, FANgERAEESM udev
FEEMER (BEN udev(7)) o MUESHRSZEEXEAR, EIUNAGFEHSER
RIFIREZ—. XM T M@ WWID 5|Big&N A%, THSREZTLTER

[a5Ye)

X F kpartx TESIZMNZREZNRG EHNPEK, FERMNGTSHEE, ENREKISERNRE
WWID 15 XS

/dev/disk/by-id/dm-name-mpatha-part2 -> ../../dm-5
/dev/disk/by-id/dm-uuid-part2-mpath-3600a098000aadle300000b4b5a275d45 -> ../../
dm-5

/dev/disk/by-id/scsi-3600a098000aad1e300000b4b5a275d45-part2 -> ../../dm-5
/dev/disk/by-id/wwn-0x600a098000aadle300000b4b5a275d45-part2 -> ../../dm-5
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/dev/disk/by-partuuid/1c2f70e0-fb91-49f5-8260-38eacaf7992b -> ../../dm-5
/dev/disk/by-uuid/f67c49e9-3cf2-4bb7-8991-63568ch840a4 -> ../../dm-5
/dev/mapper/mpatha-part2 -> ../dm-5

HAR, AXEEHE by-uuid g, ZEEFSIAKELRS, MIE5IAREELSHXMG
ARG, —MRFERAXLEREE, MERXHRAEFEIFRFANSEIIX, XEFRBARN

an iy
o

&L initramfs FPRYBRETZ IR
Y dracut ¥ initramfs BY, &7 initramfs FRIEIGEHIERISSI A, HEGAES
/dev/mapper/$MAP NAME 5|, 8 initramfs F{EHERIRETEFRSHIE initramfs
RMERNB AL, E5ISEEREAIXLERERESIH, SHEISEK. XME
TUBEARERE, AN dracut SRFAEZREFEEXERIMNE initramfs . B0
R initramfs EMARENIFE (B0, ERIRAZPHEAANERERE]) WEN, 7
SHMAE, AFIEXES|FKRM, HELL dracut B9 persistent policy I8&
(3055 18.7.4.2 5 “initramfs X AIREMBFR FRk) o

18.13 EfthizIn

ATHE TR HainEEkRERMNER nultipath. conf &, BX7ZEYIR, EER
multipath.conf(5),

verbosity
1=#) multipath #1 multipathd BYEEFMRRE, FITIRD -v AIBSEXRW PG

AL E. ERIATF 0 ((NPREERIEIR) M4 GFABEER) ZiEl. BIMEA 2

uid_attrs
IEI A SIS udev EHMIEAIMLL, BIFTIBEY “uevent &H” . BEMBNMEREFIR
BARERAN R EBIE R EEFH L MIFEFIEEER, I THERZE WWID A2ER (B
DE 18.12.1 7 “WWID #lig&EimR” ) , BENZTER FAFRRE:

defaults {
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uid attrs "sd:ID SERIAL dasd:ID UID nvme:ID WWN"

skip_kpartx
MR ZEFZIKEREN yes (BUAF no) , BNEATEKENEM LOIESX
& (BBNE 18737 “ZREESE EHNSXM kpartx” ) o AILBTFEIWLE
M2 ER1R1%%&. LIBIRY SUSE Linux Enterprise Server i ZA<{ERS%k “ features 1
no partitions” RSCINEFERIER

max_sectors_kb

PRAHITEZER1ZIRGTRIFA B BRI EHVER N 1/0 IERPRENEKKIEE.

ghost_delay
TEEoh/#EshbES b, PR REMDIERE (F “ghost” RE) T EohEBEWERNE
R, SNRIZENHUEMSNHZIX /0, ARRSSHEERARNA EAERZE. LS
IEEERUEMET 2 SRSV AR R M INAVRTE] (IR WAL o BHUAER no (F
#17 ghost ZER) o

recheck_wwid
WRIEEN yes (BUIAA no) , MEEXMEEREEEMEREHN WWID, HERE
BRI WWID, XERA LEEIRIITF R R £38HE,

enable_foreign
multipath-tools AFRIEEMEIZRF ZHRFZIMIEMZBRIZFin iGN APl AP
ZHEA multipath -11 FREGSHEIENETREXZRERINIERE. FIZEHEXR
Eh,
enable foreign WEZRA TLEC/MEBERIRAIENRIER. FAIAMESA “NONE” .
SUSE Linux Enterprise Server B}t nvme &, BT AW NVMe ZEEZF (1S
DEE 182,17 “ZERESLIL: HEIFIEREA NVME” ) o BIBA nvme Y, EBIE

defaults {
enable foreign nvme
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18.13.1 XEARTFE ( Ufr” ) HBEFEIRE

RPN RRERNRLATREZSBBRFRIRETARER. ENSAEHI /0 #HiR. MEARBRR
Mo LERERIZIGE WA “WR N “FRE™ BiE. ATHRART multipath-tools fZHAY
—LEATRRR L [R)E Y 2R T,

@ AR multipathd ARG ERE

MRERKEMGEHAKITE marginal path double failed time, FRFIREE
HIME XKL (MBFHTARME) , multipathd SFBRUEF 10 RIERH
RERISITIRIZ, MMITHAN marginal path err sample time., SNSR7EMSITHEAR
HIREBE marginal path err rate threshold, NIZERRSYVIENDIFER
&, marginal path err recheck gap time ¥fg, ZEBRRSBXETHIEEIR

AN

MEFAEMEA marginal path HFSIINEENIEE, #HB

marginal pathgroups KIi&EA fpin, RHEFESEALEEE. M SUSE Linux
Enterprise Server 15 SP1 #1 SUSE Linux Enterprise Server 12 SP5 74, mILAERILE
Eo

marginal_path_double_failed_time
fih &% BR 1R ISR R IR R AR RSB E] (LARP R RAD) o

marginal_path_err_sample_time
RIZmITEfRRIA (LI AEM) -

marginal_path_err_rate_threshold

R/MEIRE (BTRI/0) -

marginal_path_err_recheck_gap_time
R FRFFAFRRSHEE (U REBAD) .

marginal_pathgroups
IEIRITIM SLES 15SP3 FiarI . RIBERIENT:
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off
IBPRRSH multipathd #BE (BWEX) . RBUMRERFMATFORRE, ©i1%
FTEEHBA, X2ETF SUSE Linux Enterprise Server SP3 BIRRZSHIZRIAEFTT
7, EXLhRZASH, marginal pathgroups EIARA] A,

on
5 of f IR, BERERENRIFERMIAS, MERFAFREKEEESIRAIEKREZE
H, RNIZBFRARKNNEARBRTHREEMEREREA (BEIE 18107 “ER
EOHEMMLTE” ) o (NEEMBIZARRIFAERIZERWEY, ERFAPRIREZES
=HRATF1/0,

fpin
b E M SLES 15SP4 FHART Ao MR ERZIRE FPIN B4 (WTFX) o APk
FaBIpMPERFRAS, AEEEN off HEXAR. WGERFTEEENindH
TH—TEE. BIERXMAERLIELE FPIN BUyteh@@ssts Eiafrsgiz.

Q iE: EF FPIN LRI
multipathd fAFYEe@EMRERIMER] (FPIN). MIRIFWEIENRZIRE
BY FPIN-LI (35iZ5cEM) B, ZREZESHNLRRT. RS —EHF
£, BIEERZISEITBEEE S HIEKE RSCN SR B S H-

TR UER—MERENRE, ZBEEERASH

san_path _err_threshold. san path err forget rate
san_path_err_recovery time, #i¥3f SUSE Linux Enterprise Server 15 (GA) RAILLE
7. 120 multipath.conf(5) FH “FIEREBRFN L5,

18.14 E{E3KEx%

18.14.1 BXRECEMEIERE

RENERERLS—FHRIIAEMNER. 8%, FATEKREFERRSTRIFNER, FEELT
BEIMER,
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THE—EHPIRIZRSZBH—FREN. eSlFIFRFIEER, AXERER, BESRAEN
THRESHMERIRH

defaults {
deferred remove yes
find multipaths smart
enable foreign nvme

marginal pathgroups fpin # 15.4 only, if supported by fabric

}
devices {
# A catch-all device entry.
device {
vendor L&
product L&
dev_loss tmo infinity
no_path retry 60 # 5 minutes
path _grouping policy group by prio
path selector "historical-service-time 0"
reservation key file # if using SCSI persistent
reservations
}
# Follow up with specific device entries below, they will take precedence.
}

B /etc/multipath.conf X#fE, MAKHIKE (FBWE 18847 “UH
multipath.conf 82" ) o

18.14.2 MARZRREFI/ORES

BRERTHRESRIRFERS, 15FEA multipath -11 2 multipathd show topology. X
LEadHNREHAEBEERER. fi— 1 aSENAZRES, ME— 1 mLIELRETIFERN
RKE. MIRSEBEESMERN, TEE— ML

> sudo multipathd show topology

mpatha @ (3600a098000aadl1e300000b4b5a275d45@ ) dm-0@ NETAPP,INF-01-00@
size=64G features='3 queue if no path pg init retries 50'@® hwhandler="'1
alua'® wp=rw@
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| -+- @policy="'historical-service-time 2'@ prio=50@» status=active @
| |-€@ 3:0:0:1@) sdb 8:16@ active@ ready@ running @
| - 4:0:0:1 sdf 8:80 active ready running
“-+- policy='historical-service-time 2' prio=10 status=enabled
"- 4:0:1:1 sdj 8:144 active ready running

BT 2 FRo

BRET WWID (SNIRSBREFZRIFARE) o

B ERIRE T R B,

M= @B o

B1FH, BIFATHMEHITIIHT BT ZREHENRFIGE.

BIZAFRANRZEERREE. AU 27 ,

RIZARMER,

@ RIZARIRE (active. enabled B disabled) . SEGIERIZLAR 1/0 YaTAIXZIM
ER1RA,

@ RBFigE,

@ EEMELL ID (L&) SCSI Host:Bus:Target:Lun ID) o

BREENEETREMNEE/RERS,

@ HENRZILERFEZEFIKS (active B¢ failed) o

ZRENBRFZZERS (BT .

WNIZHERFIGEFIIRS, XBR5IRELBEXME, XTF SCSI, ERLZ running %

offline,

© © 6 ® 00

ZRIENBRITERSEAE!

ready BRIRIEET(E

ghost F o/ EhPET PRI B ER 12
faulty BIZEXHHTLERIR

i/o timeout KB FH BN
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i/o pending TR ENEREFGS

delayed MEIREE R BTG LR S “1E5h”
shaky FEIRMERE (IXPR emc BRI EIER)

18.14.3 #EZREFIKE LER LVM2
LVM2 REB T ZRIRIGEMNZEE, /etc/lvm/lvm. conf PEIASHIEIZ S

multipath component detection=1

X8 LVM2 HECEAM udev REREXIRERBIENE R, ILIHREA AISE:

external device info source="udev"

X8 SUSE Linux Enterprise 15 SP4 FEEKIAIRE, BRHRM A FHIEMLL. EHATL (R
BEEERAVE) N LM QIETIERIAT, URKRRZBRRIGEZINIFIEIRE. BEEN
£18.124 75 “SIRAZRZIRET”

Mg

18.14.4 f#R{ZLEHY1/O

MRFIERERNKKHE I/0 BEEHIN, NBEFRTESEREKNE, EffRLRZR, &a]
LUER LT ER:

1. FRIGRTTRBAU TGRS
> sudo multipathd disablequeueing map MAPNAME

¥ MAPNAME B8 91& & HIIER WWID SRR 5IR,
a2 ENSHAAEHBARY 1/0 W, FBEBZEIRERIABENNARER. XHERSE
BT 1/0 SRR F IR R IEE .

2. WAL e L EFEUSHIRA:

> sudo multipathd restorequeueing MAPNAME
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18.14.5 ZiXiFixe_£RY MD RAID

%12 LAY MD RAID FEFIZH ZSEHY udev MW BENKER, TFEE /etc/mdadm.conf A
HITHHRECE

18.14.6 EAES|FHIER TREMMLE

MNREBRARENERAZHRE, FHEEEER SAN HFNFME, WAILIER rescan-scsi-
bus.sh BIAF#EINES, ZHSH—RRIBENT:

> sudo rescan-scsi-bus.sh [-a] [-r] --hosts=2-3,5

Hoh &R S XIF

-a
fERIZEI R RITHEPAE SCSI BARREEREHEH LUN, SR EIE Bir.

ERIZETR AT AR EEFERERNIRE,

--hosts
ERIZEN A E BTN EN2LER TR EUARBERSE) .

EIREVE ARV EER, 51517 rescan-scsi-bus.sh --help,
SNR multipathd ETEE1TH BRI T HH SAN &%, RANZSIRIBESE 18117 “EEE
AT ZBENLZE" FrRiEE B et s ZREma.

g Dell/EMC PowerPath I£iE

£ EMC PowerPath Ifi59, E/NERIRIERAREME rescan-scsi-bus.sh LATE
FFEl HBA L7 PRI AR SCSI B4k, N T BRAIRE R EMXHRAIRIF, EMCEX
83888 EMC PowerPath for Linux BYfE R 34 PR YD A2 121,
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18.15 MPIO &5

MRENTRFERESRENT —ITRALEANZSR, HIEAEXEXRLENHEE, REA
RINF LT LA

° ZREFRBEREER—H
o ERAEFENRESIA

18.15.1 TEIKEIERERE

RISEBARSREMRSN D, BAERER EHAXGRS. BEKR. LVM ¥IE
HoHM) o MRIGESER, N multipathd BEEHEL S RFRST—E 2 H=FERN,
HETR “QENRREL $#HiR. RZIFA, MR systemd ZiXEHE RN ZRZRGF—E
DHRE, NHIEEEIR.

5| FHABIMZ IS EBUER systemd . udev. multipathd FIEM—LT R 7 [EMNERR
B, udev MINEEZOMER. ENZRERERNE, BTEnEMFRAENNAERIR
Fo SZMREAEXRET udev N AERRA T ZRENKEREUTEM:

SYSTEMD READY=0
DM MULTIPATH DEVICE PATH=1

HXIGESMERIGEHAXLER S,

MRXEREHZETAER, FETARIRXLREY, HENRIGEFTLKEE, WATERSE
multipathd SEM—LFREZEHAZSEY. RE—IESFERBHRE, 3—1T =

B ERIFRLET HiR.

XMER THIMI TR VM2 EHFMNTARIARITE udev B, BINKEECHEER
MEREEERZREAN, XENE5RAHRTHNZEALE, BXMEL RIS L,
BEENE 18.143 1 “EHZREFIGFLER LVM2”

Q iFE: 31SEBHIRNA
RISEXFE—MABEZRENRS, HIRRERHITESRERIE, HEEBEZEWHR
ELZBEZIH BBWE 183227 “IEXrRGITAMEE B RBYTE initramfs
PEREZRE) o BXERFEEHE initramfs B, systemd IREIEXHERS, FH
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H multipathd 3zh, BHFIKEEER, multipathd KREENHIZE ZHETHET,
HFRTE blacklist FEEERIEE, ALRAASKEMAZRFZREHNHILE
SYSTEMD READY=0 ,

HEES|ISEEFR, RASDNEHEMMERS, i /var # /home, BF, XL
XHRFERERXHFRAMTR—EE L, RIMEARXHRSELRFH BTRFS 75, B
systemd ] SYSTEMD READY=0 Fo&#EEHT( T FHIENTIETIAE: AL dm-

multipath &%, HEKEI&ERA systemd #iFPl,. TEEHEMGXHRSE, 8HE|T

KM

HBF KA ILRBEMARRSE, multipathd SENEIIERHIFEERK
5| systemd , ZEHAISHEEHXHRS. RENL, TRXMEEERNAREE,
AEAEMNEUEEURIENA LS,

18.15.2 THHiRES| AR

5 18.7.4.27 “initramfs ROk Z0EEHETT PIRETIGES I ARENRE. BEEL TS
BEZIRSHEHEER—MIETR (BB0E 18.124 7 “S|HEZBREME ) . EXLEHE
BHTEREE; udev ZIRIEHAIA udev MIMBIEE T, B0, MRZEEXE, /dev/
mapper/ THEBIFZIZENRTSHEERER. ELk, X /dev/mapper/ &&EEMAS|IBER X
Ko

LS| AR RES HINEIFZ A, 153027 /etc/fstab 1 /etc/crypttab #. initramfs
F, BEERTEAZBLTITL,

TR, REXeNAENESRRERTEAEES SEXKAREHKB T RARLEL
&5lH, —MME, RMNEVEIXHRAXRZHNEY (W0 UUID Sii5%E) MASEE5IA
HISERSIAXH RS (UAKREMRISSE, N =TE) . NRUESIBFITRAHERE
&5 (B9, 7£ /etc/crypttab &) , MIR(FMEIF(EED, HE0, £ 5 18.12.4 7
‘Sl ZEREME , RERATEER /dev/disk/by-id/wwn- 5%, FREHRAS
multipath=off fBECEMA,
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18.15.3 ZREIRINHFHNEREITE

MTFEFEITFZSEIFEAHERER, BT ERES S MERm. BEER/VITHNER
R, MRRAFRZRRZEBHANZRSRIN, EROZEEBIRLREFAE. TEFHRERA, 15
RREERE TR

¢ initramfs PR B E S L KIE dracut 1#EiR?

o HMIRISERRTEBENZRRILE? NREE, RERIEFWF 18.11.1 7
‘multipath.conf #Eyblacklist &%” FrRIEMHRRESREZIIN, HELES
KT initramfs RS RFRRIRRRELIMX—= (FEME 183227 “IBXHRES
I Fatpg@ E” ) ?

o AFBHNEIENRETREEENRXHRRZAITERZE?

NMREABERE—NRIENESE, XBEE—1 dracut R2IRTRE, YR ZEISYIERE
FImHIAR:

Generating "/run/initramfs/rdsosreport.txt"
Entering emergency mode. Exit the shell to continue.

Type "journalctl" to view system logs.

You might want to save "/run/initramfs/rdsosreport.txt" to a USB stick or /boot
after mounting them and attach it to a bug report.

Give root password for maintenance
(or press Control-D to continue):

SNR4EH rdsosreport.txt, BIREARSAMM initramfs FiB1T, MREMATHRE, 1BE
RHKE /etc/initrd-release XHREHFE. WWXHNEFET initramfs F1EH,

MRBFEVIBZEHNERRN, ERIRTABSLAMN, BFR2EE
rdsosreport.txt:

Timed out waiting for device dev-disk-by\x2duuid-c4a...cfef77d.device.
[DEPEND] Dependency failed for Local File Systems.
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[DEPEND] Dependency failed for Postfix Mail Transport Agent.
Welcome to emergency shell

Give root password for maintenance

(or press Control-D to continue):

312 18.2 | NI EIBRATRIBIRNPE

BT ERKA systemd 7oAl B EHHKKBVRE.

[
I3

# systemctl --failed
# journalctl -b -o short-monotonic

EEEREN, BESE—AMBET. HEAME—PER, HIEREFMAMOE IR
ERZEIMFIENER. RREEAESEHEMAIEER?

BERKM ( “Switching root.” ) BUKEX SCSI&HE. REMETIER.

ZIRE VM2 BB R, BHEXREFNXEGRSLR systemd JEE ( “Found

device--” . “Mounting---” . “Mounted---” ) .

2. RBEWEIRE, BERFLSEFMEEMFEFIEE (FEE, TENEEDSAREE
initramfs AARAIA)

# cat /proc/partitions

# 1ls -1 /sys/class/block

# ls -1 /dev/disk/by-id/* /dev/mapper/*
# dmsetup 1s --tree

# lsblk

# lsscsi

MU Ess<pViatd, ERIZEET TR AIIRNEIRAIRE, UREREHRETERNS
BIZRR M ZIRIZED K

==

3. MIRIGFMGIEF ZRFREFTESENTE, H10ZE udev B, F3IZE
SYSTEMD READY (M _txXX)

# udevadm info -e
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4, MR E—FRRTIEFHAR udev B, NIFREATIEERTE udev MM AMIEERE HIN T 0]
&, WMEHMEY, FRIRATFMRIGENEY (B5WE 18.12.1 1 “WWID #11%
EZR7 ) o R udev BHIEH, BEEANEHEHESEE multipathd HE. &

% “Device or resource busy” JHE.
5. IRAAZTFEHHUEMSNRERS, BETUSHFIREZILE:

# mount /var
# swapon -a
# vgchange -a y

REHBERT, FehBCEHSMT), HFRWTHSESISRSE (BEIFMEIIIFTER)

UK #—S 10 ES | RERGETRIBT.

MRFEIAERM, EARSBIHHRES, ERSREEXEFEMENLR, GBI
BREZRXESRS, HEEESHIFAREE,

6. LAY, EMNIZAEW THAr@ (JIRAHE, BEAR SUSE Hafl I EEFOE LE
REBAEIEZ) o
ENIZREBERA— LIRS REBRZIMIBR, REERING, ARNINGIS. ENAFR
BB ENEE UBRUET 2B HI BRI,
B, BHRESISTHERS, FohKEREUER chroot AANRIEENRXHRE,
FHIRIER ?"HUEE’J*/FHE%EPT% BB RS ARR B, i%ii“ ERXMERT, |BXH

RENEEHERARESERBRAR. RIBEISE, EAIBESTEME initramfs B
sREARINEL A BE dracut Ei?%o BFEESNE 18.7.4.1F “fEinitramfs PEAHEZE ALK
= .

7. MRREIERE, HEEBRZHSISHEALRE, BRHUAESNFMIZESIT, MR
BEXKMHNESZER. UTAZSEHElNEASRERER:

udev.log-priority=debug @
systemd.log level=debug®

scsi mod.scsi logging level=020400©
rd.debug @

RE

125 systemd WBAEHI,

systemd-udevd # udev FNI B HELKF,

il

o
(2]
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© IREWIZM SCSI FRLEMBEIERER,
O RIF initramfs FREYEIZS,

te5h, SRR LUAREREFERAASIER, HECESBITER QUSSR
o

18.15.4 HAEBEEXHE

B 2X SUSE Linux Enterprise Server £ %12 /0 [RAE#HRIFMAER, 1S M SUSE FIREH
M THIREARE 23X (TID):

e Using LVM on local and SAN attached devices (https://www.suse.com/support/kb/
doc/?id=000016331) <

e Using LVM on Multipath (DM MPIO) Devices (https://www.suse.com/support/kb/doc/?
id=000017521) <

e HOWTO: Add, Resize and Remove LUN without restarting SLES (https://
www.suse.com/support/kb/doc/?id=000017762) 2
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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) RAREWHERBINMZFFRIRAENRE NN, EARTFERENENZE
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) , %6 E “ER Kerberos #HITMLZHHIIE" 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 Bhtzs 3 5KitE, FrEFImBMIIER “IBhR” FTIRZS NFS,

NFSv4
NFSv4 ZFBIRRZS 4 525, Zi5@id Kerberos #1722 AP B{9%0iE. NFSv4 REE—
NMEO, Bk, Bk NFSv3 BiE & AT AE RIS,
EETE A https://datatracker.ietf.org/doc/html/rfc3530 7,

PNFS
F17 NFS, BF NFSv4 B—HMihil¥ B, 1Efa pNFS & im#la] LLE 1R NFS ARSS 28
ERYEE

O == ZEONSHEER
MIBIe Eift, FRESHERILUXGER IP Il SR5ER. FEERiEr, BFEE— 1 EHH
DNS &%, E/M AT BEIERBEMBREER DNS, EA mountd SFFEFHITREE

o

19.2 &% NFS k5528

AT AR NFS IRSZ 28, E(FM YaST L% NFS IRS388, FMEIR N > thEEIE, 12
i, AEBRRSEEEERDI X HIRS2:1ED, BT REMERGE.
ZIEERE S HET NFS JRSES23HY YaST iRiR, el HFERER, BIETUTHhSREZIR
3

> sudo zypper in yast2-nfs-server

5 NIS —#%, NFSHE—1MEF /RSB ER. B, —SHBENAZIEXRMAER: B
BIMEREX GRS (|H) , EIUMEMENERXERSE (BN) -
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Q & ESHIRSR A NFS %

SUSE Linux Enterprise Server ERZIFES HARS 2SAMIER NFS 5o

19.3 ECE NFS fxs528

Al@d YaST BCE NFS fkS328, BAILIFEIECEE. NFSIEAS Kerberos E&K#THDIR
o

19.3.1 f{ER YaST SEXHRS

£/ YaST FMBHHRE S ENALIRA NFS BRS58:, RS2SR AIEE RN AGFHEIFBENA
FENENHFHEENMENFERR. Bit, TEESSENIMLEVARER, IRS5HEE
RERR N ATER.

BB MRS, BHRERNITUTIE:
312 19.1 1 iR E NFS fRs588

1. 35) YaST FHIEZFMLEARSS > NFS ARS5288; 1BBME 19.1 “NFSRSZH[EEETR o RR
SIETEREEME .
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YaST2 - YaST NFS Server — YaST2 - nfs_server @ localhost X
NFS fR 52808

NFs fR5528
DN =[5
BN =]

FrEREE
BoMERSTIA:
* nfs-kernel-server (FaJFR)
BREE KRS A fEE B A IE,

S H NFSv4
v| SR NFSva(V)

BN NFSv4 & (M):

localhost
BRI GSS Z2(G)

FAA(H) BRIH(C) T—#N)

19.1: NFS fRS528ECET AR
2. BEHERIEEA,

3. R firewalld ERA LA TFERKE, BEMA NFSEE firewalld (BE (&2
Mazfbism) ,E 23 E “WIRMPHIAE" ,5%623.4T “firewalld” ) . YaST HAEE
XHF firewalld , FALEREE “BHABEARAIEE JBEHMKLE,

EBCE firewalld #NIBY, A0 TCP & UDP ixO{&EY4 2049 89 nfs3 ¢ nfs AR
%, ItkSh, ZN00 TCP &1 UDP im{EYY/9 20048 BY mountd ARSS

4, EHPEEEE NFSV4, TNRESE NFSv4, YaST B R NFSv3. BX B NFSv2 B3
B, BE2WEE: NFSv2,

o WNRIEE NFSv4, FBIMNEIBEHNMERNE NFSv4 158, idmapd FiFiEF=fFEA
b5, Kerberos IREFRRIZTIFEER, SEFInT/ELIEHRFRHF &,
BFEAIZTIFER. NRERET idnapd HEEMEFHER, BECREN
localdomain (BRIAME) - B* idmapd FIFEFEAEE, 58 /etc/

idmapd.conf,
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5. NREEELTLIHNRSE, BREEH GSS T2 t, ARFHREMNIGHFRET
Kerberos H EIRSZRMNE A imEBE XA Kerberos &4, BEHF T —SHERITTFT—NEE
FHERE,

6. BEMEE_LFEDFRYAINE ZUSHENE R,

7. MREEHREERITFRIEN, REZENEESZ —MIHEERENED, HERAZF
HER. WAZVERT (BEEATUREBRAEFT) -
AR ENIKEEEENEERTT: 20EN (RIS IP L) « MLKAE. BECAT
(N * RRFREITENERERRIARSS2E) 1P ML,
BXXEENEZER, 550 exports FMDL,

8. P& ATERECE

19.3.2 FopSEXHRS

NFS SHIRSHEEXHE /etc/exports #l /etc/sysconfig/nfs. R NFSv4 RS
BB ESET Kerberos BAIIER NFS, SERFIRFEERBFRFE, NIRRT XLEXH
4h, EEE /etc/idmapd.conf,

ERHMRERDIRS, Bia(T6< systemctl restart nfsserver, WHS$IESERL
NFS BR$323Fr BRI RPC it O MUFTER

R NFS BRSEIALR ST R 55| EEE), 1551T sudo systemctl enable

nfsserver,

Q x=: NFsw4
NFSv4 2 SUSE Linux Enterprise Server LRI FBBYEHhR NFS hil. INTE, @i NFSv4
SHFFANEE B R5@:d NFSv3 SHFFANE FAEE.
£ SUSE Linux Enterprise Server 11 k£, ®{E /etc/exports FIEEHNEEH. %
REMARZR, BUEERFH.

/etc/exports

/etc/exports XHEEMIIR, 8NMFERTHZNERUMRHEZNAH. /etc/
exports FHTUBEESS:
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/SHARED/DIRECTORY  HOST(OPTION LIST)

f5lan:

/export/data 192.168.1.2(rw, sync)

ek, fEA IP#AE 192.168.1.2 FRRAWNE iR, EERIUERENR. RRi—4H
EHHBECRT (*.abc.com. * &) T (@my-hosts )
BXMBEEIMNEEXEIFARA, 550 /etc/exports BY man T1: (man
exports ),

WRIETE NFS RSB 23B1THHMEERT /etc/exports , MFEMFHA sudo systemctl
restart nfsserver aa<ERR NFS RSS28, LUEERE.

/etc/sysconfig/nfs

248

/etc/sysconfig/nfs XEEE—LLRTE NFSv4 RS BTFIFEFITHNSE, BSH
S48 NFS4 SUPPORT €& yes (FRIAfE) o NFS4_SUPPORT RZE NFS ARZ528=2
B NFSv4 SHANE P %,

WRITIE NFS RSB ETITIHMER T /etc/sysconfig/nfs, MEFEA sudo
systemctl restart nfsserver @i EF5N NFS RS28, UEEREK.

O #B7: EHER
£ SUSE Linux Enterprise Server 11 £, ®77E /etc/exports HIEFE --
bind ##, ZEBEMAZXZR, BIEEFAH. IE, B2 NFSv4 SEFTAREC
EBER51EE NFSv3 SHFTANE AR,

Q i¥&E: NFSw2
YR NFS FEPImMEEITF NFSv2, 157EARSS2808Y /etc/sysconfig/nfs FIgE
U LR iz :

NFSD OPTIONS="-V2"
MOUNTD OPTIONS="-V2"

ERMRSE, BEAUTHIRENRZE 2 Z2EAA:
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> cat /proc/fs/nfsd/versions
+2 +3 +4 +4.1 +4.2

/etc/idmapd. conf

249

R EF Kerberos SAIIERE P AEFERMFRAFREHN, A% E idmapd PP
F. B Linux At%2.6.39 2, Linux EFPImAIUERKFEF &, idmapd SFHEFRSE
RIXFIARSS23HT NFSv4 i RFITEFRE ID BUBREY, HESEFif.

NRFE, idmapd FHTE NFSv4 BRS 28 LinfT. B iR ERIRFREN ID BAHIEH nfs-
client HHERMEE nfsidmap H1T.

M FEIREER NFS REZXHAFZITEN, HEHRAEUA—NAREXLTTENE AR
FEERFZH D (UID), XATLAER NIS. LDAP SIg A AYERIZE—RIIE S 10 S0 IEA Hll e 52
Mo

7£ /etc/idmapd.conf X, HMARFiHMIRS 28 ZEAEER Domain &%, N
RIETHE, FERS[BNEFIRXGPRIHREAN localdomain, ELEXHEFEZAN
T

[General]
Verbosity = 0
Pipefs-Directory = /var/lib/nfs/rpc_pipefs

Domain = localdomain

[Mapping]
Nobody-User = nobody
Nobody-Group = nobody

EE5 idmapd SFIPIERE, 15IS1T systemctl start nfs-idmapd. WREESTF
B IE{TEMEER T /etc/idmapd.conf, MFEREA systemctl start nfs-idmapd
L EBMTIFER, UEESREN.

BXFMAER, 52N idmapd # idmapd.conf FIFEMTI (man idmapd F man

idmapd.conf) o

FISEXERS SLES 15 SP5



19.3.3 X Kerberos B9 NFS

Z 33 NFS £/ Kerberos B350, HAERBALXEMRSS (GSS). E#4AE YaST NFS ArS528 %t
IEERIEREE GSS ©2. MMABR—MNEMB Kerberos fRSS 284 BEERILLINEE. YaST A&
RBIRS 2R, MREARHNIIEE, BFEMA Kerberos #1TBMIIE, BRT YaST BB, E
DIETMGER A T F B A 8EETT NFS ECE

1. BEHRIRSSZMNE P HETER— Kerberos i5H, ©145iARIFERER KDC (BED %
ity BRSZB|/HEZH krb5.keytab X (FEEMITEN LEHEKIALEEZ /etc/
krb5.keytab) . BX Kerberos WEZER, 15BN (Z&M5aism) ,F6E “&F
F Kerberos #1TME FHIIE"

2. EFE PR EiE1T systemctl start rpc-gssd.service B gssd RS,

3. EAR%Z88 LiE1T systemctl start rpc-svcgssd.service Bz svegssd fRS

EH1T Kerberos B9IIE, WEEERSEE LIE1T idnapd SFIPEF. BXIFEHAEE, B8
W /etc/idmapd.conf,

BRECEXRF Kerberos INFSHVEZ(ER, BBNE 1967 "EZEE" PRI,

19.4 ECEEFim

BERENEENNFS BP I, TREREEMNM. BRINRERE TR,

19.4.1 fERA YaST SAXHZRS

HW%F‘ BJLAF YaST NFS P IRtEIR M NFS ARS588 % NFS B REHAMAN, RINTFR

3%819.2: SANFSBEF
1. [B5h YaST NFS B iEtEiR,

2. B NFS HERMRANFM. BN NFS fRSZBNENR. BESANBRUREEAM
H N EE R EBIIE B R
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3. EA NFSv4 BY, 7£ NFSIEEXMKRIEFREH NFSv4, B9, NFSVA I ZANEEH
NFSv4 frS328FRAARIHERENE. ZXIAE A localdomain,

4, E3F NFS £ Kerberos B19503E, R GSS &M, EFEH GSS 45,

5. MREEAHAEHFEATMNIZZHENGERS, BRA NFS I2EET-RRRTENA
B TR, BRSNS RES L.

6. BHHEREFEN.

REXREAN /etc/fstab, HEEENXHRASHEHIIRY, HEHEEE YaSTEERF
ImEY, EERIRBUIE X GFRRAERE.

() =BR: NFS BIERXHRS
B WKL NFS HEFHEHIRS KXW (THEE) REH, EERIEAR NFS HE=R
L8118 & B R (R IFE 1H,

KAKES SRS, FRIARLBIBINFZIEXAMBIERE, AEHNHIRDI K, T NFS
BXHRESE, HIIFESHRA, RATEEEAS NFS HENMEEZNBERT, RS
XEETLEEH, AFLERAEAEXNMEILE, % (BEEE) ,$23EF “EX
RIEHIIR |, 55 23.4.1.2.5 11 “BUEMLKIEE” PAARITHAMSILRELEEN £, AT
IS & A EERPIERET NFSroot,

19.4.2 FHTSAXHRS

FEhM NFS fRSZ2BFAXER AN IR KA RIZTT RPC inAMEI2s, nfs RS ARIEHEBED
ZI2R; Eitk, &L root BA%EN systemctl start nfs REHZRS. AGEMAUE
A XAREEER mount BHEiENHRAEHIINGRAT:

> sudo mount HOST:REMOTE-PATHLOCAL-PATH

a0, BM nfs.example.com HENSENBFRER, &EA:

> sudo mount nfs.example.com:/home /home

BENEFIREI NFS fRSZ 28/ TCP & 14K, ®JLAEA mount #5<BY nconnect &, &
ALIEENT 1H 16 ZEIMEAEF, H 1 2RIME (WEXRIETEHIED)
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REFEFREHIEPITFE NFS IRS2MA nconnect 1§88, MNRE—FFiHxIE

— NFS RSE2MITEHH S, WEHEZFMEERIMNERE, MASBUIMNEE. BEE

EX nconnect i&E, WAMEEHIIFE NFS IRSBNFABERFmEE,. RAF, EAIUA
nconnect EDE X —MT{E.

&R LT mount AYEIEERSCE /proc/mounts F3REHFIERM nconnect B, WMREH
EDUEEE, WEEHRERERIZED, mEERRIAE L

Q x&E: EEHS nconnect XK
RFEAMES—REREXAMITAESE, FILSREETEARBS5 nconnect BIfE
==

19.4.2.1 {FARABEmEHIRS

autofs STPIERF R BT BoEHIEX GRS, 1B7E /etc/auto.master XEFRMUTER
H:

/nfsmounts /etc/auto.nfs

MR auto.nfs XHIEHEFE, /nfsmounts BEFEEERNRF I _FFTE NFS EHIMNIEE
Fo B auto.nfs XNBMEBEANT HERER, EEILLAREMABEFR. 7 auto.nfs HAFR
B NFS HEHFMER, WNTFFR:

localdata -fstype=nfs serverl:/data
nfsdmount -fstype=nfs4 server2:/

Ll root B1751T systemctl start autofs KECEZIGE. URFIHES NFS #FHH /
nfsmounts/localdata (serverl BY /data BR) , @i NFSv4 & server2 89 /

nfsmounts/nfs4mount,

WNRTE autofs RSB IEIEITITINRIBET /etc/auto.master X, MAZFEER systemctl
restart autofs EFcHENEH T BEFEERNEK,
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19.4.2.2 Foh¥miE /etc/fstab

/etc/fstab FAVEREY NFSv3 HEH I TR :
nfs.example.com:/data /local/path nfs rw,noauto 0 ©
T NFSv =&, BEFE=5IFEMA nfs4 MAZ nfs:

nfs.example.com:/data /local/pathv4 nfs4 rw,noauto 0 0O

noauto EWRIRALE BT BhEHXH RS, IREBFHNLEIXHRYE, FJUEER

EEAHRNRESL!

> sudo mount /local/path

Q iE: BrER
NREEERAN noauto &I, RHH init FZKETE B MEXLES 4 RS RIER,

19.4.3  #17 NFS (pNFS)

NFS BRENMNZ—, FATELHE/\+FER. Flt, MREBHXZ/)F, NFSEERE
BRERBNK, B, HEBEREANMHEARENZTFIHEILHIEN, NFS RSB\
M, MERMAZME. XRERAAXHRERER, MUARBENERELETEEREEX—%
o

L@ EE NFS IRSZ5E3BRMAES, IRSFSBIELMATE. WEFIA BRI NS IFR
EEXIENEFiR. B2, TIEXHHNANOfE, HEERTERMERR:

o NRB/NXM, MAERSBSEIERFETEURETTEIE Lo
o WIRBANM, MAREEHBITETEREIEMARSS B EXEIFFim Lo

pNFS 1T NFS ZER 7 MR, EA ARG THREMBIEIE DB H R,
Itk, pNFS FEMAKARSS !

o —HiESIERIRS R, BT AERFRAIRSIEER
o — NS FERSEE, BTEREGE
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TCEUEM T MEAR S 2R AR B IR — TR NFS fRS528. SEFPIRBIRINEE N, THIERS S
=2HIF NFSv4 B R RN EMERS 231 R X iR, B IHA UEZISRIZARSS 28 LAYEL
o

SUSE Linux Enterprise Server {X7E%& F i L 32 #F pNFS,

19.43.1 {FH YaST ECE& pNFS & Fim

BHATHAE 19.2 “SANFS EF” HRBPE, Bk pNFS (v4.2) E5EELUA EER
NFSv4 2=, YaST SHITARIEREL B, HEXH /etc/exports FENFIEHHRIIE
i,

19.4.3.2 FnhEcE pNFS EFin
BERE 19427 “FHSAXGRES BEFELE. KESHEERT NFSv4 IRS2BETTM. X
F pNFS, B—mIXFIZER minorversion &M T #EARSS 28 MDS SERVER FANEIERY

mount A<
> sudo mount -t nfs4 -o minorversion=1 MDS SERVER MOUNTPOINT

RNFEEREE, BER /proc XHERGHRIE:

> sudo echo 32767 > /proc/sys/sunrpc/nfsd debug
> sudo echo 32767 > /proc/sys/sunrpc/nfs_debug

19.5 EIE NFSv4 i5ia)iEH5IER

£ Linux &, BRTEHMAP. AREMA (rwx) BIREL. SA. 1T (ugo) XLEfE EATE
29, FBiREHITIR (ACL) EBA—MIRE, 1EHI5E DA RFH—MEFER Draft POSIX
ACLs €» (POSIXACLERS) , ©RKEEI POSIX NIERIREL. F—MEERE NFSv4

ACL, EZ NFSv4 MEXHRKEN—ERS, BRZER T Linux LAY POSIX &4t5 Microsoft
Windows £ WIN32 R4 2 [BiefihE HrIRE M.

NFSv4 ACL R LUEHSSiEERS POSIX ACL, FEIEARFHITIE NFSv4 F i EBRES ACL hia]AYE
i (bbinfER setfacl) o
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fEF NFSv4 BY, BMBEFEAEIRT TBIAERER POSIXACL, HEFEEHZMER NFSv4
ACL, XEIKE, BRI setfacl BEMSTE NFSv3 EiB1T, iIFHETE NFSv4 EiB1T. ATHED
£ NFSv4 XX £ 45 LR NFSv4 ACL, SUSE Linux Enterprise Server £ T nfs4-acl-
tools ¥fhal, HPEETHIEM:

* nfs4-getfacl
* nfs4-setfacl

e nfs4-editacl

XEREREEA RS TR EMNEH NFSv4 ACL B9 getfacl #1 setfacl 2, X NFS
RS2 LM R SR NFSVA ACL L E 5, XEmISA BTN, BIAFLESRIEHIIN
(ACE) W EASHREERFimP A A, EXF i LETHEREEZRIRSJ[BHEINAERIR
cllsf=A

AFfEE NFS fRs5e8 LAt R NFS &,

HMWER

BXEER, B8N0 Introduction to NFSv4 ACLs, MIHEA: http://wiki.linux-nfs.org/wiki/
index.php/ACLs#Introduction_to_NFSv4_ACLs @,

19.6 EZER

FR7T exports. nfs # mount BFARDIIL, EAITE /usr/share/doc/packages/
nfsidmap/README H#XEIXTFHEE NFS IRSBMNEFHIER. BXEZSBRNXE, FEL
AR Wi :

s BXMBREMN—MRIER, BB (Z2f5EiEm) , B 238 “WRMBHAE .
o NRIECFEBANEHNFS R, FBMNE 2147 "BfEZINFS HE"

o BX{EMA AutoYaST BECE NFS IEZAT, 1HEI (AutovaST #5m) , B 48 “BENK
TEB , %4207 “NFS BEFIRMARSEHE -
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° BX{EH Kerberos {R1F NFS SRR, EE W (L2MakismE) ,F6 8 “FH
Kerberos #1TREFRIRIE" , % 6.6 7 “Kerberos #1 NFS” .

* 7£ SourceForge (http://nfs.sourceforge.net/) 7 EEXHZEFRIFMATIE AR,

19.7 IREEELUE NFS &8

19.7.1 BEWNEH

RLBERT, BLUEIREERBEIREEHESE /var/log/messages XHR T #E NFS
B, BRZEHE, $EIREEM /var/log/messages RS ERIZIFA, XL
BRT, B EIRRERERNEHIEERTES T HFAER NFS [,

BRFATE XA, @I U EM AN RAHAE DAL LN ERICE R, REXSHR>
NRERETE, A=A RR TEAIERIE=—,

212 19.3 . Bk

1. HIRWMEEIER, 1F Linux £, BJLAER tcpdump G EEMER tcpdump &5,
tcpdump EEBRFIGAT:

tcpdump -sO -i eth® -w /tmp/nfs-demo.cap host x.x.x.X

I&:
sO

B LE#03E B & T
eth0

NERN B ESRIEENAIZONZT. SRR any ERRHRFREZO,
BEALETERESSEEIERE FEHEM DR

EERES NBYHHIR S HEIF MR
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X X XX
N E# 9 NFS EZES—imaY IP ik, a0, 7£ NFS ZEFiHIREY tcpdump BY, 15
E7E NFS BRS3 2809 IP Hulit, RZ IR,

Q =
ERLBERT, REETNFSEFI ‘JZNFS RSB BT IR MIEEE T, B3
RAHEmRIIEMENTEMY, WEEEEERIGRIREIE,

BAEXA tcpdump HEHMET—F,
(A3%) SNRmFALETE nfs mount HLAGSHITIRER, EAIUZHFER nfs
mount FLTHEIFHMIZEIRD ( -vvv ) RKIXKEFE S,

(AIi%) IRENBBIL AR strace, BUPEM strace BHIZR T XAERFAFBENMH
YIEtiEl, WEERATFH—FHERNXF tcpdump FRAYHLES 4,
Fan, WNREEIE NFS #FHH _EHIT mycommand -—-param e KMK, MATUERUT

<K strace @S

strace -ttf -s128 -o/tmp/nfs-strace.out mycommand --param

MRERRAESTMBNTEDN strace, iHIENENBEINE, & /var/log/
messages HEXH LK R,

. —HREBM, & R -c REEFEXRFEFPIEITH tecpdump, 1R strace m<$EHN

g, XEXLE strace %,

. W7E, BEEDREGEERERICRM strace HIELEMNEERAIUCE /tmp/nfs-

demo.cap # /tmp/nfs-strace.out FAIEIE,

§

il
&
It
jul=3
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19.7.2 =%k NFS IR

O == =HARERTER
BAE, NS UERT 7 # NFS RBRYEHkEE NFS B 5R, Ait, 1/
75819717 "BIEE hFRNE—F, UEBBENNEEE, AENERET#
FARANNAT A GFEMLEL IR WMRE) .

A B AN RUETIMNI NFS BXIER. AT, HESIFEEEXE, HEMEE
EX, EitERBHABAIESEMASIEE. CEERAENRAERIZIMAZEE LU LE

AL, KEHRERTEHBAFEZEACEHEL, XFRRRE NFS UBERAKRR, BEd
R+ 4R,

19.7.2.1 {EH rpcdebug EUEHE IR

rpcdebug TEAIIHEIGENERR NFS B IEFARS BRIFIRFE. WNR7E SLE %149
rpcdebug TH, LM nfs-client B nfs-kernel-server B85 NFS RS8R
T A,

BigBIRARGE, 15517
rpcdebug -m module -s flags
EFRARTE, 5E1T:
rpcdebug -m module -c flags
Hr, module mILLE:

nfsd
NFS BRZ3 28 CEBE91E

nfs
NFS &P infCiEayiEiR

nlm
NFS $iEEe5 I (7 NFS Z P IREL NFS RS 281%) o EATF NFS v2/v3,
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rpc
AT A2 A EERIER (£ NFS B iRk NFS RS 230%) o

B X rpcdebug FLFMAEENER, FERFMIT:

man 8 rpcdebug

19.7.2.2  §t%f NFS PR Bt RSO Ei

NFS RN A gefk i FH B X ARSS, 140 NFS 3 FIFI2F— rpc.mountd . &ERILITE /

etc/sysconfig/nfs FRAMEXIRSIEEIEDL
a0, /etc/sysconfig/nfs BEUTEE:

MOUNTD OPTIONS=""

EAEEER, “ER -d &W, FERUTERE: all. auth. call. general

parse,

Fign, UTKREAERARERRA rpc.mountd HEIEZR:

MOUNTD OPTIONS="-d all"

BXRFAERIAED, BERFMIT:

man 8 rpc.mountd

Bk /etc/sysconfig/nfs 5, TEEZ&IRS:

systemctl restart nfsserver # for nfs server related changes
systemctl restart nfs # for nfs client related changes

259 =% NFS AR
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20 Samba

f£F Samba AT LUE Unix 1+ EHEZE 7 macOS. Windows 1 0S/2 i+ EH I &0
FTENARS528. Samba BER &R A— 1 IIEETE BB HEE RN~ Mm. /A YaST &F
ShZmiEHEC B X4 RACE Samba.

O ==: %2R sMBL
M Samba K 4.17 FF, SMBLPhXEE SLE A, AFEELH.

20.1 KNiB
U £ Samba SO YaST BUtRs (BB — LA,

SMB 1Y
Samba FERAET NetBIOS fRSHY SMB (ARSZ2EEHR) #hi¥le Microsoft £ iZih
WHYERE LR B B thELE a4 ] LA SIE1T Microsoft 1 ERARIARS B EILE
%, Samba 27E TCP/IP thiX AR _E52hE SMB 1hilB9, tEtRi%, FrERF in L&
LEFEA TCP/IP,

() 27 IBMZ: NetBIOS i
IBM Z {2358 F TCP/IP B9 SMB, XLEZR G ERIZH NetBIOS 4%,

CIFS i
CIFS (Common Internet File System, BRAEBRMXHRS) HilE SMB XY R ERRR
7, W#FA SMB1, CIFS X TCP/IP L{ERAMNAMERIZXHRFHIRMIN, AP HRE
figimid B BXthE TEHH =X,
SMB1 B4 SMB2 BXf{, [F&ERZ{EN Microsoft Windows Vista™ B—&8 53 %16
o SMB2 53R # Microsoft Windows 8™ #1 Microsoft Windows Server 2012 #11y
SMB3 BXf{, E&IEAY Samba hkAH, HFLREREKIASEA SMB1,
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NetBIOS

NetBIOS @& B FRAFFEMFEML LRIt EN Z B TRANREED (APl), EFE
ZIIMERITENES NESREETR. ZEEURIEZ XL TENHEITI U, &
BEAAROEEREEXLEZ IR, WL ENEATEVISTURBAEHRENEIR, il
EXLERIRHRER. A UERREMLE AR ESCIL NetBIOS, —HMiExTER. Fa]
ERERAYSEINAR S NetBEUI (EH 5 NetBIOS APISEE) o NetBIOS ETLL7E Novell IPX/
SPX Y _EiE1T. MARZS 3.2 FFiA, Samba 23T IPv4 1 IPv6 LiE1T NetBIOS,

@it TCP/IP &i%89 NetBIOS B#F5 /etc/hosts F{ERABIRZHFREL DNS EX BB K&
EHEEZL. NetBIOS FHEBCN. BR2MIUMNGRAT. BATHEEERSHES
DNS, ZBIEFERS DNS ENBAMEAIZFR, Samba BRIARAXFHA T

Samba R5328

Samba RS 28ME P imiefit SMB/CIFS BRS3#0 NetBIOS over IP s & ARSZ. T
Linux, Samba BRSZ 8B =1T{PIEFIA: smbd FAF SMB/CIFS BRSS, nmbd FAF&p
#ZHRE, winbind FAF B8,

Samba EPif

it

DC

261

Samba B i 2—fhEEfZ i@ SMB XM Samba fRZ23{F M Samba REMERES. EH
BERS (B30 Windows 1 macOS) #sz#f SMB hille HATEFMEITEN L& TCP/
IP il Samba IREIEA T ZFHARFEZEE UNIX B PR, XF Linux, E—1 AT SMB
HIRIZIER, ERIFE Linux RARS| LEM SMB #FiR. REEX Samba EFIHIEITE
fEISFIPTER.

SMB iRSBEBIHEANEPimietRR. HERERSBLHVER (BEREFER) M
EN#le MBI HZ=ZFRAISEMARHEZ, ATURHEEMGENEAEN — F—EEF

BRIZT. HETEWIHEBENZTR. B ] LDARIEHE B RAITENNRIR MRS
mefl

RIRG), UERTFN ($) EENAZZFIMERER, Wi, SfER Windows itE

NN RAHERN, el lEFzET.

EfEHI2E (DC) BRIk RIARSS 28, AT HITEIRESR, ERMAFAILUERZ M
1R,
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20.2 Z%E Samba RSS2

BRI Samba fRS328, 1BETN YaST FERAN I > BB, @EFIE > 1250, AREE
525, WIABERETMREHZFMTENRG .,

20.3 Bopfl{ELE Samba

(5| S8Y) SJLABmIEEhEELE Samba R8s, EFoIHRITXM ME(E. BoiflELEREE
&BH 20417 “FER YaST ELE Samba fEZE2:” HFARBY YaST Samba fRSZ2RECER—EB 9

ST EA systemctl stop smb nmb TI{ELE Samba FAERIARSS, EH systemctl
start nmb smb FJEEIXLLERSE, smb RERZRIFEFELNIE winbind,

(@) i&7%: winbind
winbind B—TUHiIfRE, RHFHMELIEIEE samba-winbind A EREM,

20.4 FEZE Samba fRS2:

SUSE® Linux Enterprise Server iy Samba k5528 rl@id At RE A TUHITECE . B YaST ¢
FarH. FIREREEFANES, B&E YaST GUI H &,

20.4.1 {EH YaST Bd& Samba AR5 23

BFCE Samba BRS328, 1BB5EN YaST HEEMAARSS > Samba AkZ528.

20.4.1.1 %% Samba Ed&

FB—IRBEMAREIRES, RAESBEN Samba ZZEINEE, IBTREM— LD MRS R EENEAIE
B, MELREY, RASRTERA Samba B5G0<% (Samba Root 1%) o UGRDHA,
28R Samba B2 & WiEE,
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Samba ZEIFEERER NS BMIFMAIRE (F]ik) .

TEARENNB
FELRARSE A PER— N IERMIBA— TR, AREE D,

Samba fR323¥R
ET—29, IEERSBVBENZFT L FIHITHIZE (PDC). &HEARS S (BDC) E2ARTTY
1T HI28, TR

NRAEBHREEFMIRSZECE, BREHTEHIA. ASERENMEESD, €8 Samba
root <,

FHERILATE Samba EEEXHEEMNED). =, 5. B{EEHM LDAP & EiEIRPEXFABEIK
=

20.4.1.2 7ERRS328 LB RASMARASAY SMB 73X

EI51TE=FThR SUSE Linux Enterprise Server R Et&RHT Linux FRASHEFiH L, BRIABZHA
& £m SMBL/CIFS thi¥. B2, ME Samba LFIRTRERCZE J9{NfER SMB1/CIFS ANk
BHE, ES5HERFIRRE, £ Samba BBEAZE/MER SMB 2.1 thilCRAHZRHARS
TERLGEPREEMEA SMBL, flil, HXLGERKHT SMB1/CIFS BY Unix i FBEY, XL R
W ARSIEDESINARD, RGBT XMER, BERENRE, HSNF 20527 1+
E s L3 SMBL/CIFS £

BERILE, FEEEXMH /etc/samba/smb.conf RIKEEF/EE server max
protocol = SMB2 10, BXFiEREEENTIZR, JFEI man smb.conf,

20.4.1.3 HE%k Samba fit&

F—R/E5N Samba ARSZEFEIRET, FEHITE 20.4.1.1 7 “4J46 Samba EEE” MR
P RfE, Samba ILEMNEFENZER. EAEREEER Samba fRS5EEE,

MIBECEZ G, BEHERFIRE,
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20.4.1.3.1 EnhfRS2E

EEHEDIRR, ACE Samba fRE2[/EDN. ERESRARSISHBHIRS, 1BEEFS S
0, BECEFOIBE, 1BIEEREF, BXBn) Samba [RSZBNEZER, BENE 2037
“Bnpfl{=LE Samba”

EUEI-RAR, B AFTFRAASERRIGE O, ALLREFET A ARG, NREZ W
gig0, MiEEd e BB, EREOHE IR TR Samba RSB EFEMLLZIEO,

20.4.1.3.2 #=

EHZETRR, WEBMER Samba HE, FHE—EMEXHHE, FINERFMITEIN. &
RIS RIS E R Z B T, BENINFIANEE, BEHERATRIBRERHE
=
SITRAFPHEZERERTHARRARRAIUSEMAR EZMIEENER. W, users
BTFAuEE, DOMAIN\Users BTFEUEE. AR BIEHERX G RSGRRAITFLE. &A
HZAIREIFTLEIZBHZERNE . BAFHPAFRAEMEZSMRIE, BEAAITRE
3i8)o

20.4.1.3.3 5ff

FESMEMRR, RESEVXRENE (EALE) UREREEMNEHERAEAENR
(NetBIOS F#1%) - BILAER Microsoft Windows Internet Name Service (WINS) #1732 #R
BT, EXFMBERT, BUEERH WINS #TENZ AN, HRERT AT DHCP 192 WINS AR
535, BIRBETRERFRENIRERAF SMNIIEIR, 30 LDAP MAZ TDB #iEE, BRES
RigE,.

20.4.1.3.4 ©J{=iE

BEEHMENAFEBHREIE, 0 EHERRREITESIRE, BN, B8
AR BEFREFMERE, BREMI.
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20.4.1.3.5 LDAPigE&

TEETI~ LDAP 1R Ef, ErILMEERTH(MINIERY LDAP k5585, ZMIXE LDAP ARS328RY
EE, BREHIEE, BIRET R LDAP RERFERRIAME, BRESHLE,

BEX LDAPREBMEZER, d80 (LefsEism) ,B 5% “fEMA 389 Directory Server
BY LDAP”

20.4.2 FohEcERSS 28

MNREZE Samba BEIRSE2E, FRE samba, Samba WEREXHE /etc/samba/
smb.conf, RAILLEIEX D AHRNIEIEES. [global] WHoEEHRMELFBIZE, UTH
IR EESZ N EFMITEW AR

e [homes]

o [profiles]
¢ [users]

* [groups]
* [printers]
* [print$]

BETTE, ERLISERRNEZIED, H7E [global] BIKEERHZED, XESE
EXHERZIER,

20.4.2.1 global 2%

[iZEe8 [global] ZHRMUTSE K HEMEZIKENER, UEEMITENIEETE Windows
IR iEHhiEd SMB if18) Samba fRSE 28,
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workgroup = WORKGROUP

T8 Samba fRS32838TKEI T1E4H, 5% WORKGROUP % &ML IFERIAER TE
{H, &8y Samba fRSZEFGHIMIEH DNS BIF T, FRIFLLBIFEISIRGMEFRRIEMITE
Hlo WIS DNS ZRFFAAIE, &R netbiosname=MYNAME R ERS B[R BXxltS
HHEZHT, ESN smb. conf FAMTL

os level = 20

IS HHELR Samba RS BELSZIAMAETIFAR LMB (At EX%28)

AT ERIME Windows MLEHE Samba ARSSRECE R S MFRT, ROEZFIFEEAE,

M2, BXRLFFNEZES, AJLUIE (Samba 3 Howto) (Samba 3 #2{Fi&E)

By “Network Browsing” (R£ZR%E) —&EH#E]; HX (Samba 3 Howto) HIEZIE

B, E8lE 2097 “BERZEE"

INERMLZHEEHM SMB RSS2 (W1 Windows 2000 fRs388) , HEEHEE Samba iR

SRRF—HEMIMREPFENMERANTIR, 15 os level REN—MREMNE
(130 65) o FABRBERAILLERFER Samba RS EF1ENEHIPLER) LMB,

EERULEER, NMIAEZEXHMITIME Windows MEIFENEM, MZELE—

ML MEHH—RPBIEEZE R EIN XL E L,

wins support # wins server

AT HER Samba RS 2BREMEIE A AR WINS FRSS25689ELE Windows WM&, NS A
wins server EIFHFEBEIZE S WINS ARSS 2389 P ik,

MRRER Windows ITENIEZEIRIMNFR, RNXFZEENERERN, WEELE
— WINS fRS588. 4§ Samba ARS5 2R LT /XIFEM WINS fRSS28, 1EIREIED wins
support = Yes., MENKZHIE— Samba [RFZEERTHIEE. YINEELER
wins server X#H[ERYBEAIED wins support # smb.conf,

20422 H=

R ftER 7 anfEfE CD-ROM Jxzh22 A~ B (homes ) 3 SMB & iin el Ao

[cdrom]

266

AT RGZIMEEE CD-ROM KshZTFATA, NERAERTIE (EAFIPREHDS) BUEX
17, MEFE-FIFRDS, LUES Samba = CD-ROM JRzhas.
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H=

{51 20.1 : CD-ROM H=

[cdrom]
comment = Linux CD-ROM
path = /media/cdrom
locking = No

[cdrom] #1 comment
[cdrom] EPHTEMELE _ERIFRE SMB B IRIIAIERINHEZEMNRATR. ATLURIN—
NN comment FH—F RIS,

path = /media/cdrom

path ZRHER /media/cdrom,
B AR REIRAIALCE, AEXMEEHERSE L FENAF A, NRMERHEE
WERERFAEA, BREEFRIN—IT guest ok = yes, IIEENNE ENFRERF
RAENIR, BIWEIANELREILSE. 7 [global] HoERLESEREER L,

[homes]

267

[homes] HEAEXBHFHNEE, NRAFAESB Linux XHFARSZ[HERMKA O S UK
BEHNEER, NI LUEREILHEER,

f 20.2 : [HOMES] #£=

[homes]
comment = Home Directories
valid users = %S
browseable = No
read only = No
inherit acls = Yes

[homes]
OESHEHMEZFAEED SMB fRZHAFPHHRERIR, @R [homes]
HERLSHTER—TMHE, SRHNEZIZ MR, Bo

valid users = %S
HINBILERE, SERRERHNHEEZEZEIR %S, XF [homes] HE, R F—
BHEFPRB. XHEMRALUEEPNEZ AN ESFIELE .
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browseable = No
IS B FEHEEMEIRERARA] I,

read only = No
ZANBERT, Sambai®d read only = Yes BEHRZILHIRESHEZNE
Wi, BEHEZEAE, FIGEE read only = No, ES writable = Yes
=35

create mask = 0640
ARLRZEET MS Windows NT IRFREEIERE Unix RRBVEER, FRULENTEEIZ
XA ARBEIRIRINPR. 2% create mask X 7T AHBIEXHFIEIRETHRIINPR,
XMUEATRIEHE, FXL L, ISEEREREERRIRENR, BEREENEA
MR REBIFENE. valid users = %S ZiFiFEAR], EMEZAEGIENE, &
FIZAREEEHE AHRNGR, 1HEA valid users = %5 —1T.

g4 RELS Samba HZ NFS H A
5 Samba H= NFS BHTAESHKMIEES, HERTIHXIEM, BEETEXARSS
%% Samba, HEEEEMEMRSR, HlI0 iSCSI.

20.4.2.3 Z2ME7
ERER2M, AUEROSKFIFETNHENR. SMBRHEUTREFRINRIGI:

BPRRERLME (security = user)
TG AFPRBERSIANT SMB, S AP EBRIGERBSHWASERS S LM, i
&, BRSZ2EILIRIBA P BRIFFIHRZNESHEZHRR,

ADS £ (security = ADS)
EZAEX A, Samba $§7E Active Directory IMEHR R HIHM R, BEEZERXPIE, 1B17
Samba ItENFELEHAE Kerberos, 7R Samba #&iZitEAIINE] ADS £
t9, BRI EA YaST Windows Al 53 AR AEIRTE Ao
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ke (security = domain)
REHBEHEMA Windows NT 135S, HENAREEET{F. Samba == FAF &
A< 15&45 Windows EZE 5 AEITHIZRIIEZES, X5 Windows Server KR
FRAER,. BRAERMEBEOSSHIZEN yes.
EEHE. ARFREALEMER TR MRS TERNRSSEENELEHZREHLZR
T2, ARNXHEMHEZRERAFAZ2Y. B2, BaUNRK LS NEREN IP s
1TER¥HA Samba AR 2%.

BXIUFFNEZEL, aJUIE (Samba 3 #BEEm) HEl. ¥F—1MRFELNZ MRS
2%, ROERIED interfaces # bind interfaces only,

20.5 ECEXEFPium

X Fin ReE@i TCP/IP i518] Samba ARS588. NetBEUI Hli@id IPX BY NetBIOS AEES Samba
HA,

20.5.1 {£F YaST B2 & Samba B i

ECE Samba B imRiAIR Samba 3 Windows fRSS 28 ERVEIR (SUHFEITEIN) o TEMLEAR
55 > Windows 157 53 A& IHEHES A Windows BY Active Directory 18 TF4H, WIRESE
M SMBE 2317 Linux S501E, MARFSHMIEIERETE Samba. Windows 3¢ Kerberos AR
%28 L1517,

BEHEEZFCERNSREERT, FIi0, FREZRSEEZREABERRSSEAR
FERMBMBHIE, XERFPREERIMIIE CIFS ENEBR. BXFAEES, BEEN
pam_mount FHTI,

FTRFTBEIRER, BHIATIEELSTRECE,

20.5.2 TEEPFim_EEF SMB1/CIFS =

FE—1 SMB M£E Y ARZs SMB1 5 CIFS RALEHNEHRMIN, EF%AE Microsoft IEBHRKHEF
. HFLLERA, SUSE Linux Enterprise Server £# mount s<BIAR SERKERAITHN
hikzs (BP SMB2.1. SMB3.0 3 SMB3.02) % SMB H=,
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BR, WHENRSIm@ET /etc/fstab HITH mount an<LAIEEIRIE, EMARTLIEE
BAMRE SRRV TURGEEA SMBL, IBERAUTSEC

e smbclient TE,
e SUSE Linux Enterprise Server B&EK#Y Samba ARSS 28505
FEUTIEEH, AFHEEFAH SMBL, HINZNAIRES SBIEERN:

o fERAZIFIHT SMB Y ARZSEY SMB AR$3 288918 E. B Windows 7 #1 Windows Server
2008 F8, Windows 2# i SMB 2.1 £§5.

o {&#¥iF SMB1/CIFS BY Unix ' BRVIR B, XLV RERBIEEESHDYARE,

O == ZozMER
EEU TS UBAR 2R, GXRXERFRIFHAER, FSU https://
blogs.technet.microsoft.com/filecab/2016/09/16/stop-using-smbl/a,

RIRFALKBRSS 2 AR EREH SMB iR,

A X1E SUSE Linux Enterprise Server EEBE&EUHNAREHEE, B5S
W 204127 “ERRS23 LB ARMAREAH SMB i o

MREEEELFIAY SUSE Linux Enterprise Server RiZHEH SMB1 X, i5¥3i%EIN
vers=1.0 FHINEIFFAL mount LT

# mount -t cifs //HOST/SHARE /MOUNT POINT —o username=USER ID,vers=1.0

&, T LITELREER) SUSE Linux Enterprise Server F2 /5B SMB1 #£%, ELLE
B9, 3E7E /etc/samba/smb.conf HE9 [global] ZpH FARML TR

client min protocol = CORE
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20.6 ¥% Samba B{EERIRS2E

TESRETR, ARBEFERIATEEFROERG EFMBVAF#1TiRE,. EEF Windows AY
L&, LtESHEEFTEEE (PDC) RAE, ERILIERAECE S PDC B9 Windows RSS2, B
HAIfEB) Samba BRSZEEEMIULES, 71 20.3 “Smb.conf 189 global 149" HERT BAE
smb.conf BY [global] P ILERIN,

{51 20.3 : SMB.CONF iy GLOBAL Zf%

[globall
workgroup = WORKGROUP
domain logons = Yes
domain master = Yes

TERZIES Windows IIBEMXEAFKAMOS, AIEMARS smbpasswd -a name X352
FRIAES . ERLUTF &St EHLAIE Windows IR ERATEIKF

useradd hostname

smbpasswd -a -m hostname

£ useradd mLEAIRNM—NETHS. 558 -m ESFERY, 5<% smbpasswd =
B LTS, HERNEETRG (/usr/share/doc/packages/samba/examples/
smb.conf.SUSE) & BaITILESENILE,

add machine script = /usr/sbin/useradd -g nogroup -c "NT Machine Account" \
-s /bin/false %m

Efy{R Samba BEB IEFHHITILHIZA, BiEFREBEVENEIERNERN Samba BF, HEH
ZAI0E] ntadmin dArh, RAEVLUUMER TR RETILE Linux BRIFRFE AF 15k Domain

Admin RKE:

net groupmap add ntgroup="Domain Admins" unixgroup=ntadmin
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20.7 BEE 7T Active Directory BIM£EHAY Samba AR
5as

SNREFERSIETT Linux BRS3288 Windows BRS328, WAJ LA MRIZAIFHIIERSEMN
L8, HERRSFFEEIERA— TP REGEIERFNNG, BT Samba LS Active
Directory 1 thE, EILERTILE SUSE Linux Enterprise Server fRSZ2810 Active Directory
(AD) 3,

EINE| AD 35, BEHRITLUTRE:
1. ¥R root BFHEB5NYaST,
2. BEIMLRARSS > Windows 15 5o

3. 7 Windows 1Ak 5 g R LBV El TR F RPN ENIABYE

Windows 33 f} 51 54§

HR#ERE
HE T4 (D)
\WORKGROUF]

12 SMB {5 83817 Linux ZAIE)

ERLE(E)..
mRss
AFBELZERE)
NTPEE(D..|
B H) (O

20.1 : HE WINDOWS &R 533548

4. ER[ERER SMB 22T Linux S05IE, UTEMRSS 88 LER SMBIRE#HTT Linux &7
¥k,

5. BEAEHERTIHIMIER,

6. 7T AD B3 28 H1R{H Windows Administrator O<, HEBEEHHETE.
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| IEERRRSBEAIRE T M Active Directory HHEHISHRELAIEIE,

O =T 5y
B Z Samba ARSZFBHIFIEFR, RASKA—EHNHGEIZ UID M GID, #EIRGRF
R UID BEURTFRAFPERERNINF, MXSSBIEARSERIETE UID 58, BRI
m, BEEFERS DM, BXIFMAER, BEERhttps://www.samba.org/samba/
docs/man/Samba-HOWTO-Collection/idmapper.htmla,

20.8 FEREA

ATNERTEE Samba EMFHIZR R IREE 0 SRS SFE D ISR o

20.8.1 f#/H systemd BahiE#E; CIFS X RS
TEREBYRI LAER systemd K#EH CIFS H=, Jilt, BHITITRE:
1. SIEBEHS:

> mkdir -p PATH_SERVER SHARED FOLDER

Hrh PATH SERVER SHARED FOLDER ZE£¥ BHEEIM /cifs/shared,

2. 8 systemd BXH, AN E—PEPEENBREZERXHR (HFBH /7 FEHR
A7),

> sudo touch /etc/systemd/system/cifs-shared.mount
EXHEEUTAR:

[Unit]
Description=CIFS share from The-Server

[Mount]
What=//The-Server/Shared-Folder
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Where=/cifs/shared
Type=cifs

Options=rw,username=vagrant, password=admin

[Install]
WantedBy=multi-user.target

3. BRARKRS:

> sudo systemctl enable cifs-shared.mount

4. BEpRS:

> sudo systemctl start cifs-shared.mount

BERWIZRS BB IEEIETT, BITUTEH<L:

> sudo systemctl status cifs-shared.mount

5. 2L CIFS HERRZEEE TR, BEREBTU TSR

> «cd /cifs/shared
> 1s -1

total O

-rwxrwxrwx. 1 root root 0 Oct 24 22:31 hello-world-cifs.txt
drwxrwxrwx. 2 root root 0 Oct 24 22:31 subfolder
-rw-r--r--. 1 vagrant vagrant 0 Oct 28 21:51 testfile.txt

20.8.2 Btrfs ERYERANHESE

Samba AR PG X Btrfs X R AR EZZEIREXEH S B RESHETS. Windows FEiF
BERMLAFEE S s B > 8NEERIMNEEHITERERENXE/BR:
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BI[Fm=! btrfs_share

g = RE B8R compressed_file EE

- L v FIEE - 1921684185 » ==t
© 21 == |wEcs | cemss
= A~ 0O s = '
W e . SR [ x|
8 TE || compresse
o =E . . .
i= PR h
PN (Ea mesrismmmesman
) STHEE
2
H wn ] TR (A)
= s F BT EIES , s Mo A s
[F 3o
& BF EEmEEE
& sEa v RS ETERaSEC
[ RS ERPEEE) EEREED)
1 ),
[ = || mie |
€ P

1% DRINBOMEDLEUC
1% 192.168.4.185 [t ORER ESE
18 -20140620GMIME
18 -20140620HZMDZ
1% -20140711BZPVZI
1% ADMIN-3A2A130¢
1% ADMIN-PC

18 ANTUNNEL-PC w= | mE EIF(A)

1-MEE R 1MEE 05T

20.2 : WINDOWS ZFEEIEZSREEIEIE

A EERSRIX R LOERRG TUHITES S, SRPILRSERXEXHN, REXHRSG=
RKEBEESR, XBEFUTNEFEMEEE, T9, EinRXANIIEMEIN CPU FFiH. BRIFH
XA B RZEER FILE_NO_COMPRESSION iEIRGIRREY, B, B4 ERRBRNELER

Windows FHREESZURNENETRA AKX D EE X HREE

Fm ®H= BE
© < 4 L » F#E » 1921684185 » btrfs_share v e

E— A O = . CEGEs =]

o E |, compressed_folder 2014/7/3118:11 pri>

) | uncompressed_folder 2014/7/3118:11 it

‘5‘.:'.' ERAETE | compressed_file 2014/7/31 9:54 AT

| uncompressed_file 2014/7/31 2:54 AT

- E

[ G

20.3 : FIHELEX 4 WINDOWS HFFEEZAR

EBEH Samba £E[E4%, ERILKEUTRA
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vfs objects = btrfs

FahiAmEl /etc/samba/smb.conf PRHEERE, SE MR YaST: WMLEARS > Samba fi
525> N, FARERRER Btrfs Ihak,
Bx Btrfs EREZTHRERI—RRBIAR, HBWE 1.2.2.1 70 “HEEEZE0 Btrfs KRS

20.8.3 [RE&

REBUTMARLEER, BIEENXHERAFEEFENERIRERIZAR, 7 Linux #, AJLUE
H Snapper TEXRBIEXLERIE, Btris XERAHIEEELERN LVM EX1FRIE, Samba Ef
Y En@Eid RS 2RI E P iREY FSRVP X EIEITF21RER,

20.8.3.1  LARIHYARZAS

Samba RS 28 _ERYIRER B LIEA SLEThR B 4% B Rz 2 Windows B I A F
E7E Samba fRE 2 LEERMRE, NS TEN:

* SMB MEHEZALT Btrfs FE Lo

° SMB MEHLZRIZHEEMEXE Snapper EBEEX 4. AJLUER LU T i< 8l snapper X
%

> sudo snapper -c <cfg name> create-config /path/to/share

BX Snapper (iFE R, BN (BIEERE) ,$F 10E “B Snapper #ITRAME
MIRBERE

o MMAFHEXARFIFIREE RN, BXEZES, S5 vfs_snapper FH101 (man 8
vfs_snapper) Y PERMISSIONS (#FR) &84

BRIHTAIE, BEEX /etc/sanba/snb. cont X, BSRALLESE, EAILIKE
YaST» B4R > Samba R 5828, BEBAUTHSFMHHBIBRIRLTEHS

vfs objects = snapper

276 TRER SLES 15 SP5



HAR, RBEEERR) Samba fks3/E, FEhxt smb. conf #HITRIERA BEERL:

> sudo systemctl restart nmb smb

riR
HZHZ(N)
Snapshotted Share

HEZHH (D)

HZHR
FTER#L(P)
¢ B%(D)
HEREP)
var/tmp I (W).... .
J QiR
o 4 ACL(D)
ABFHRER

fiEFR Btrfs gk

#aH) | | mE@ | mEO |

20.4 : ERARBAVER THRINFE SAMBA H=

23 ER, ALEE Windows FIREIZBFFENMAEE R LRI AR A& R 78]

Snapper /7 Samba HZERFAIEAIIRE,

277

TRER

SLES 15 SP5



] 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

20.8.3.2 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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BRY 5£20.8.3.1 71 “LIgiBIkRZA” thERARREEMARZELIN, TEEE /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

20.8.3.3 {EH rpcclient M Linux PiziE SRR

samba-client EFE— FSRVP BEF %, ©ALUEFEIBER Windows/Samba fRSZ236IZEFH
NFEEHERNRE, ARG, ERILMER SUSE Linux Enterprise Server FILAE TEEH A
FHEEHEMEXHE, MRS SEAEIEREMER rpcclient ZH#HIXH A%

{51 20.4 : {EM rpcclient iR WINDOWS SERVER 2012 #Z 1R

Ll EXAMPLE 1HHEIE R B 9EEZE) win-server.example.com fRSS28:

# rpcclient -U 'EXAMPLE\Administrator' ncacn np:win-
server.example.com[ndr64,sign]
Enter EXAMPLE/Administrator's password:

v

(173

SMB HZEExF rpcclient TM:

# rpcclient $> netshareenum
netname: windows server 2012 share

remark:

path: C:\Shares\windows server 2012 share
password: (null)
& SMB HEEEHRIZRER:

# 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:

# 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

# 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:

# 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!

# rpcclient $> netshareenum
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netname: windows server 2012 share

remark:
path: C:\Shares\windows server 2012 share
password: (null)

20.8.3.4 {FFH DiskShadow.exe M Windows FiTiZ & IR RER

AT UM Windows B P i &R Linux Samba fR$328 & SMB HZ891RER, Windows
Server 2012 127 DiskShadow.exe LA ER, ZSLAREFAILUMERASE 2083310 “F
Fi rpcclient M Linux FRIZi2 ZI2REE" FTRRY rpcclient L MNA R BRIz
2., AR, BREEEZEIRE Samba ARS8,

LUT RGP BIER T WL E Samba ARS588, LUE Windows &P imsES EIEH

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. 7£ /srv/smb 28l 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 53, 4055 20.8.3.271 “imizH=RE"
Frik :
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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> FTFAERIERE 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. {EEMRTEINERFRE. EEMES|ISHERESFE.

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 FHti: EEEM samba MHE—KLENPIE man TIN5IKR, 15117 apropos
samba., f#F man NAME OF MAN PAGE FTHE—FMT,

e SUSE 4378 README 3 {§: #f4+fl samba-client &3 /usr/share/doc/
packages/samba/README.SUSE,

o HfthiRE a3y : {FA zypper install samba-doc %%t samba-doc £
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XS LEEE| /usr/share/doc/packages/samba . HEPEEFMIM HTML kizzs
MUK BIECERE (6190 smb. conf.SUSE) o

o BXINSCH#: https://wiki.samba.org/index.php/User_Documentation # £#J Samba
Wiki 2&1%R User Documentation,
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21 {FF Autofs IREHZ

autofs B— N AIRIEZEBEHIEEERNERF. EET—IAZIEHIEITUE
MENE, FEAUENEEARMERINEREE, XEBohiES S NSERIHR
EH, —ENERAEDGISWEHE, XMEFTHAIDE TR, EHELRT /
etc/fstab BIEMNFFSHEH, B2 autofs 2iFHI4, {8 automount #F 25
FrnITEIERNGS (FIPER) -

21.1 %I

SUSE Linux Enterprise Server EBRIAKRREE autofs . EFFATHBEsIEHINEE, BLER
TENRLSREZIER

> 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 FIEEEX DEFAULT MASTER MAP NAME EMAIEREBNEMUE, LT SUSE Linux
Enterprise Server ERIA master BREI XX HRIRNE :

#
# 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,

BAXLERNBRINSHERFIE (#), BERASE R BohEHSIRINEETG

NRFER master BETD BB L X, IBRIZATEURER, FHRS (BRAN

.autofs) BEF /etc/auto.master.d/ BRH,

O +auto.master AIHALRFEA NIS (GBEN (Leflsafvism) , 38 “EANIS” ,
£3.17 “EEENISARSE2R" TRNISHEZER) WAFMAHREIE master BT,

auto.master FRMAB=1FEL, B&EWTF:

® 0o

mount point map name options

mount point
FTF#E# autofs XHRAENEARME, B30 /home,

map name

HHAFTARGTRIN R, BRI XERNIEE, BBME 21.227 “BRESH .

options
XEEI (WNIETE) RERBRIMERN A T4 MRS PRIFTE T,
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0 =7 =528
BX0i% map-type. format 1 options IS EEMNEZFMAEE, FEN

auto.master M1 (man 5 auto.master),

auto.master R TFEXIIIET 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
W fRIRES XA RATIE AR HAIT B, AIEEHIT chmod -x MAP FILE EBREIHITXHL,

mount point
BERFRUEBEHIIMFL, XATUSERME PAAEEREMERSNENERB
(FriB8 auto.master [EiEER) , WAUREHANTERE (BEES, 185
5212117 “BHEEHR ) o

options
FEXINIEE AliERVEHEIMT R, HEHETLLUES 9fR. 1R auto.master EEEIL
BRES ST BYIEDD, XLIEIN =M I0TE S E,

location
BEEEINXGRFREMAL, BERE NFSH SMBE, —RRTA
host name:path name., MREBFEHFHIXEHRFALL “/ Fk (flandsith /dev gk
smbfs £=) , FEEEM—IES “7 , I8 :/dev/sdal,

21.3 BEMIEE

ATNBINEER] autofs ARSIEME, URMATRARZEEHFIRENEEEZRAE
Bo

21.3.1 =%l autofs RS
autofs FRZBAVIRIER systemd 1THl, autofs BY systemctl S<HI—RRIB LN

> sudo systemctl SUB COMMAND autofs

Heh, SUB COMMAND B TF3mMBz—:
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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,
> sudo systemctl stop autofs
2. A—1MRiIrtF1 5 F5hiE1T automount , AERLIFAAHIL
> 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=

TERIREATWAER autofs UBHEHMNSE LATARNNFS 2, ZIEERZFIER
FMER, HRISERENFS FH,. BXNFSHEZER, BENE 195 "Bl NFS H=X

RS o

1. #w%8 master BRI X4 /etc/auto.master:
> sudo vim /etc/auto.master
£ /etc/auto.master BREAFHH NFS = RNIFAI—IN:
/nfs /etc/auto.nfs --timeout=10

LI5S HER autofs BEEREHSE /nfs, NFSHETE /etc/auto.nfs BETHIEE,
FHILMST PR E R EE RS EEE 10 #0538 B ahiEl &,

2. 79 NFS HEIEFTEIBRET ST :
> sudo vim /etc/auto.nfs

£ /etc/auto.nfs #, BEEEN NFS EEMNBIRN—1T. BXHEHER, 52
DAEE 21.2.2 75 “BREISZMET o ANINTRAT, IEHEEIS R NFS HEEZMLEihL:

export jupiter.com:/home/geeko/doc/export

EFEXTRRYWENIERE, 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:

> 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 mount point

WMREFERTIFZ NFS HE, XPMFHEHABIEEER. /net 2RIBEEE FhEH AU
LR FHFRB NFS =, ZINTE auto.master XHHBELREE, ALk, BREZHEUHE IR,
SAIGEBE) autofs BNA]:

/net -hosts

> sudo systemctl restart autofs

flgn, MMREFERA jupiter MRS UNE N /export BINFS HZE, AIUEMSIT LR
A

> sudo cd /net/jupiter/export

KEHTE.

2152 fERBENBEIEHTFER

MRENENERESESTFER, AREFERMBADEIXEFER (—RERT, ZB8
REESETHAPEERM /home BR) , autofs RMHTERFHIBRSGE.
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MEXLEFEAREEBER, WTE auto.master FFHRMTIT:

/home /etc/auto.home

WE, EFEHE /etc/auto. home XHFFRIMERBIRGY, UEBEHAANEER. —
M7 ERNENT BREIRRIRAIL

wilber jupiter.com:/home/wilber
penguin jupiter.com:/home/penguin
tux jupiter.com:/home/tux

[...]

XM EIFERM, HANEFET auto.home RERAFTIR, EAIUERES 7 BAE
HR, EATS & BAREHNER.

* jupiter:/home/&

21.5.3 BnpE#H CIFS XFRS%

WMNRIEEEhER SMB/CIFS £ (% SMB/CIFS thYMIEZE R, 152N E 20 =
“Samba” ) , BEEMMRGXEINIEL, EIRIMFEEFARMN -fstype=cifs, HEHZEM
BRMEES “7 o

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.

294

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.

295

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.

SLES 15 SP5


https://www.gnu.org/copyleft/

	储存管理指南
	前言
	1. 可用文档
	2. 改进文档
	3. 文档约定
	4. 支持
	4.1. SUSE Linux Enterprise Server 支持声明
	4.2. 技术预览


	第 I 部分 文件系统和挂载
	第 1 章 Linux 中文件系统的概述
	1.1. 术语
	1.2. Btrfs
	1.2.1. 主要功能：
	1.2.2. SUSE Linux Enterprise Server 上的根文件系统设置
	1.2.2.1. 挂载压缩的 Btrfs 文件系统
	1.2.2.2. 挂载子卷
	1.2.2.3. 检查可用空间

	1.2.3. 从 ReiserFS 和 ext 文件系统迁移到 Btrfs
	1.2.4. Btrfs 管理
	1.2.5. Btrfs 子卷配额支持
	1.2.5.1. 使用 YaST 设置 Btrfs 配额
	1.2.5.2. 在命令行上设置 Btrfs 配额
	1.2.5.3. 更多信息

	1.2.6. Btrfs 上的交换
	1.2.7. Btrfs 发送/接收
	1.2.7.1. 先决条件
	1.2.7.2. 增量备份

	1.2.8. 数据去重支持
	1.2.9. 从根文件系统删除子卷

	1.3. XFS
	1.3.1. XFS 格式

	1.4. Ext2
	1.5. Ext3
	1.5.1. 可方便并高度可靠地从 ext2 升级
	1.5.2. 将 ext2 文件系统转换为 ext3

	1.6. Ext4
	1.6.1. 可靠性和性能
	1.6.2. Ext4 文件系统 inode 大小及 inode 数量
	1.6.3. 升级到 Ext4

	1.7. ReiserFS
	1.8. OpenZFS 和 ZFS
	1.9. 其他受支持的文件系统
	1.10. 已阻止的文件系统
	1.11. Linux 中的大型文件支持
	1.12. Linux 内核存储的限制
	1.13. 释放未使用的文件系统块
	1.13.1. 定期 TRIM
	1.13.2. 联机 TRIM

	1.14. 文件系统查错
	1.14.1. Btrfs 错误：设备上没有剩余空间
	1.14.1.1. Snapper 快照使用的磁盘空间
	1.14.1.2. 日志、崩溃和缓存文件使用的磁盘空间

	1.14.2. Btrfs：跨设备平衡数据
	1.14.3. 不要在 SSD 中进行碎片整理

	1.15. 更多信息

	第 2 章 调整文件系统的大小
	2.1. 使用案例
	2.2. 调整大小指导原则
	2.2.1. 支持调整大小的文件系统
	2.2.2. 增加文件系统的大小
	2.2.3. 减小文件系统的大小

	2.3. 更改 Btrfs 文件系统的大小
	2.4. 更改 XFS 文件系统的大小
	2.5. 更改 ext2、ext3 或 ext4 文件系统的大小

	第 3 章 挂载存储设备
	3.1. 了解 UUID
	3.2. udev 的永久设备名称
	3.3. 挂载网络存储设备

	第 4 章 用于块设备操作的多层缓存
	4.1. 一般术语
	4.2. 缓存模式
	4.3. bcache
	4.3.1. 主要功能
	4.3.2. 设置 bcache 设备
	4.3.3. 使用 sysfs 配置 bcache

	4.4. lvmcache
	4.4.1. 配置 lvmcache
	4.4.2. 去除缓存池
	4.4.2.1. 从缓存 LV 分离缓存池 LV
	4.4.2.2. 去除缓存池 LV 但不去除其源 LV
	4.4.2.3. 去除源 LV 和缓存池 LV
	4.4.2.4. 更多信息




	第 II 部分 逻辑卷 (LVM)
	第 5 章 LVM 配置
	5.1. 了解逻辑卷管理器
	5.2. 创建卷组
	5.3. 创建逻辑卷
	5.3.1. 精简配置的逻辑卷
	5.3.2. 创建镜像卷
	5.3.2.1. 设置镜像非 RAID 逻辑卷
	5.3.2.2. 设置 raid1 逻辑卷


	5.4. 自动激活非根 LVM 卷组
	5.5. 调整现有卷组的大小
	5.6. 调整逻辑卷的大小
	5.7. 删除卷组或逻辑卷
	5.8. 引导时禁用 LVM
	5.9. 使用 LVM 命令
	5.9.1. 使用命令调整逻辑卷的大小
	5.9.2. 使用 LVM 缓存卷

	5.10. 标记 LVM2 存储对象
	5.10.1. 使用 LVM2 标记
	5.10.2. 创建 LVM2 标记的要求
	5.10.3. 命令行标记语法
	5.10.4. 配置文件语法
	5.10.4.1. 在 lvm.conf 文件中启用主机名标记
	5.10.4.2. 在 lvm.conf 文件中为主机名定义标记
	5.10.4.3. 定义激活
	5.10.4.4. 在多个主机名配置文件中定义激活

	5.10.5. 将标记用于群集中的简单激活控制
	5.10.6. 使用标记激活群集中的首选主机
	5.10.6.1. 选项 1：在主机间复制的集中化管理和静态配置
	5.10.6.2. 选项 2：本地化管理和配置



	第 6 章 LVM 卷快照
	6.1. 了解卷快照
	6.2. 使用 LVM 创建 Linux 快照
	6.3. 监视快照
	6.4. 删除 Linux 快照
	6.5. 在虚拟主机上使用虚拟机的快照
	6.6. 将快照与来源逻辑卷合并以还原更改或回滚到先前的状态


	第 III 部分 软件 RAID
	第 7 章 软件 RAID 配置
	7.1. 了解 RAID 级别
	7.1.1. RAID 0
	7.1.2. RAID 1
	7.1.3. RAID 2 和 RAID 3
	7.1.4. RAID 4
	7.1.5. RAID 5
	7.1.6. RAID 6
	7.1.7. 嵌套和复杂 RAID 级别

	7.2. 使用 YaST 配置软件 RAID
	7.2.1. RAID 名称

	7.3. 在 AArch64 上的 RAID 5 中配置条带大小
	7.4. 监视软件 RAID
	7.5. 更多信息

	第 8 章 为根分区配置软件 RAID
	8.1. 针对根分区使用软件 RAID 设备的先决条件
	8.2. 设置使用软件 RAID 设备作为根 (/) 分区的系统

	第 9 章 创建软件 RAID 10 设备
	9.1. 使用 mdadm 创建嵌套 RAID 10 设备
	9.1.1. 使用 mdadm 创建嵌套的 RAID 10 (1+0)
	9.1.2. 使用 mdadm 创建嵌套的 RAID 10 (0+1)

	9.2. 创建复杂 RAID 10
	9.2.1. 复杂 RAID 10 中的设备和复本数
	9.2.2. 布局
	9.2.2.1. 近布局
	9.2.2.2. 远布局
	9.2.2.3. 偏移布局
	9.2.2.4. 使用 YaST 和 mdadm 指定复本数和布局

	9.2.3. 使用 YaST 分区程序创建复杂 RAID 10
	9.2.4. 使用 mdadm 创建复杂 RAID 10


	第 10 章 创建降级 RAID 阵列
	第 11 章 使用 mdadm 调整软件 RAID 阵列的大小
	11.1. 增加软件 RAID 的大小
	11.1.1. 增加组件分区的大小
	11.1.2. 增加 RAID 阵列的大小
	11.1.3. 增加文件系统的大小

	11.2. 减小软件 RAID 的大小
	11.2.1. 减小文件系统的大小
	11.2.2. 减小 RAID 阵列的大小
	11.2.3. 减小组件分区的大小


	第 12 章 适用于 MD 软件 RAID 的存储机箱 LED 实用程序
	12.1. 存储机箱 LED 监视服务
	12.2. 存储机箱 LED 控制应用程序
	12.2.1. 模式名称
	12.2.2. 设备列表
	12.2.3. 示例

	12.3. 更多信息

	第 13 章 软件 RAID 查错
	13.1. 修复故障磁盘之后进行恢复


	第 IV 部分 网络存储
	第 14 章 iSNS for Linux
	14.1. iSNS 的工作原理
	14.2. 安装 iSNS Server for Linux
	14.3. 配置 iSNS 发现域
	14.3.1. 创建 iSNS 发现域
	14.3.2. 向发现域添加 iSCSI 节点

	14.4. 启动 iSNS 服务
	14.5. 更多信息

	第 15 章 经由 IP 网络的大容量存储：iSCSI
	15.1. 安装 iSCSI LIO 目标服务器和 iSCSI 发起端
	15.2. 设置 iSCSI LIO 目标服务器
	15.2.1. iSCSI LIO 目标服务启动和防火墙设置
	15.2.2. 配置身份验证以发现 iSCSI LIO 目标和发起端
	15.2.3. 准备存储空间
	15.2.3.1. 对虚拟环境中的设备进行分区

	15.2.4. 设置 iSCSI LIO 目标组
	15.2.5. 修改 iSCSI LIO 目标组
	15.2.6. 删除 iSCSI LIO 目标组

	15.3. 配置 iSCSI 发起端
	15.3.1. 使用 YaST 配置 iSCSI 发起端
	15.3.1.1. 配置 iSCSI 发起端
	15.3.1.2. 使用 iSNS 发现 iSCSI 目标
	15.3.1.3. 手动发现 iSCSI 目标
	15.3.1.4. 为 iSCSI 目标设备设置启动首选项

	15.3.2. 手动设置 iSCSI 发起端
	15.3.3. iSCSI 发起端数据库

	15.4. 使用 targetcli-fb 设置软件目标
	15.5. 安装时使用 iSCSI 磁盘
	15.6. iSCSI 查错
	15.6.1. 在 iSCSI LIO 目标服务器上设置目标 LUN 时发生门户错误
	15.6.2. iSCSI LIO 目标在其他计算机上不可见
	15.6.3. iSCSI 通讯的数据包被丢弃
	15.6.4. 将 iSCSI 卷与 LVM 配合使用
	15.6.4.1. 检查在引导时是否执行 iSCSI 发起端发现
	15.6.4.2. 检查在引导时是否执行 iSCSI 目标发现

	15.6.5. 配置文件设置为手动时，会挂载 iSCSI 目标

	15.7. iSCSI LIO 目标术语
	15.8. 更多信息

	第 16 章 以太网光纤通道存储：FCoE
	16.1. 在安装过程中配置 FCoE 接口
	16.2. 安装 FCoE 和 YaST FCoE 客户端
	16.3. 使用 YaST 管理 FCoE 服务
	16.4. 使用命令配置 FCoE
	16.5. 使用 FCoE 管理工具管理 FCoE 实例
	16.6. 更多信息

	第 17 章 NVMe over Fabric
	17.1. 概览
	17.2. 设置 NVMe over Fabric 主机
	17.2.1. 安装命令行客户端
	17.2.2. 发现 NVMe over Fabric 目标
	17.2.3. 连接 NVMe over Fabric 目标
	17.2.4. 多路径

	17.3. 设置 NVMe over Fabric 目标
	17.3.1. 安装命令行客户端
	17.3.2. 配置步骤
	17.3.3. 备份和恢复目标配置

	17.4. 特殊硬件配置
	17.4.1. 概览
	17.4.2. Broadcom
	17.4.3. Marvell

	17.5. 更多信息

	第 18 章 管理设备的多路径 I/O
	18.1. 了解多路径 I/O
	18.1.1. 多路径术语

	18.2. 硬件支持
	18.2.1. 多路径实现：设备映射程序和 NVMe
	18.2.2. 针对多路径的存储阵列自动检测
	18.2.3. 需要特定硬件处理程序的存储阵列

	18.3. 规划多路径
	18.3.1. 先决条件
	18.3.2. 多路径安装类型
	18.3.2.1. 根文件系统位于多路径上 (SAN-boot)
	18.3.2.2. 根文件系统位于本地磁盘上

	18.3.3. 磁盘管理任务
	18.3.4. 软件 RAID 和复杂的存储堆栈
	18.3.5. 高可用性解决方案

	18.4. 在多路径系统上安装 SUSE Linux Enterprise Server
	18.4.1. 在未连接多路径设备的情况下安装
	18.4.2. 在连接了多路径设备的情况下安装

	18.5. 在多路径系统上更新 SLE
	18.6. 多路径管理工具
	18.6.1. 设备映射程序多路径模块
	18.6.2. multipathd 守护程序
	18.6.3. multipath 命令
	18.6.4. SCSI 永久保留和 mpathpersist

	18.7. 针对多路径配置系统
	18.7.1. 启用、启动和停止多路径服务
	18.7.2. 针对多路径准备 SAN 设备
	18.7.3. 多路径设备上的分区和 kpartx
	18.7.4. 保持 initramfs 同步
	18.7.4.1. 在 initramfs 中启用或禁用多路径
	18.7.4.2. initramfs 中永久设备的名称


	18.8. 多路径配置
	18.8.1. 创建 /etc/multipath.conf
	18.8.2. multipath.conf 语法
	18.8.2.1. 其他配置文件和优先级规则

	18.8.3. multipath.conf 中的各个部分
	18.8.4. 应用 multipath.conf 修改

	18.9. 配置故障转移、排队及故障回复的策略
	18.9.1. 独立服务器上的排队策略
	18.9.2. 群集服务器上的排队策略

	18.10. 配置路径分组和优先级
	18.11. 选择要用于多路径的设备
	18.11.1. multipath.conf 中的 blacklist 部分
	18.11.2. multipath.conf 中的 blacklist exceptions 部分
	18.11.3. 影响选择设备的其他选项

	18.12. 多路径设备名称和 WWID
	18.12.1. WWID 和设备标识
	18.12.2. 为多路径映射设置别名
	18.12.3. 使用自动生成的用户友好名称
	18.12.4. 引用多路径映射

	18.13. 其他选项
	18.13.1. 处理不可靠（“边际”）的路径设备

	18.14. 最佳实践
	18.14.1. 有关配置的最佳实践
	18.14.2. 解读多路径 I/O 状态
	18.14.3. 在多路径设备上使用 LVM2
	18.14.4. 解决停止的 I/O
	18.14.5. 多路径设备上的 MD RAID
	18.14.6. 在不重引导的情况下扫描新设备

	18.15. MPIO 查错
	18.15.1. 了解设备选择问题
	18.15.2. 了解设备引用问题
	18.15.3. 紧急模式中的查错步骤
	18.15.4. 技术信息文档


	第 19 章 通过 NFS 共享文件系统
	19.1. 概览
	19.2. 安装 NFS 服务器
	19.3. 配置 NFS 服务器
	19.3.1. 使用 YaST 导出文件系统
	19.3.2. 手动导出文件系统
	19.3.3. 采用 Kerberos 的 NFS

	19.4. 配置客户端
	19.4.1. 使用 YaST 导入文件系统
	19.4.2. 手动导入文件系统
	19.4.2.1. 使用自动挂载服务
	19.4.2.2. 手动编辑 /etc/fstab

	19.4.3. 并行 NFS (pNFS)
	19.4.3.1. 使用 YaST 配置 pNFS 客户端
	19.4.3.2. 手动配置 pNFS 客户端


	19.5. 管理 NFSv4 访问控制列表
	19.6. 更多信息
	19.7. 收集信息以供 NFS 查错
	19.7.1. 常见查错
	19.7.2. 高级 NFS 调试
	19.7.2.1. 使用 rpcdebug 激活调试
	19.7.2.2. 针对 NFS 所依赖的其他代码激活调试



	第 20 章 Samba
	20.1. 术语
	20.2. 安装 Samba 服务器
	20.3. 启动和停止 Samba
	20.4. 配置 Samba 服务器
	20.4.1. 使用 YaST 配置 Samba 服务器
	20.4.1.1. 初始 Samba 配置
	20.4.1.2. 在服务器上启用最新版本的 SMB 协议
	20.4.1.3. 高级 Samba 配置
	20.4.1.3.1. 启动服务器
	20.4.1.3.2. 共享
	20.4.1.3.3. 身份
	20.4.1.3.4. 可信域
	20.4.1.3.5. LDAP 设置


	20.4.2. 手动配置服务器
	20.4.2.1. global 部分
	20.4.2.2. 共享
	20.4.2.3. 安全性级别


	20.5. 配置客户端
	20.5.1. 使用 YaST 配置 Samba 客户端
	20.5.2. 在客户端上挂载 SMB1/CIFS 共享

	20.6. 将 Samba 用作登录服务器
	20.7. 配置了 Active Directory 的网络中的 Samba 服务器
	20.8. 高级主题
	20.8.1. 使用 systemd 自动挂载 CIFS 文件系统
	20.8.2. Btrfs 上的透明文件压缩
	20.8.3. 快照
	20.8.3.1. 以前的版本
	20.8.3.2. 远程共享快照
	20.8.3.3. 使用 rpcclient 从 Linux 中远程管理快照
	20.8.3.4. 使用 DiskShadow.exe 从 Windows 中远程管理快照


	20.9. 更多信息

	第 21 章 使用 Autofs 按需挂载
	21.1. 安装
	21.2. 配置
	21.2.1. Master 映射文件
	21.2.1.1. 直接挂载

	21.2.2. 映射文件

	21.3. 操作和调试
	21.3.1. 控制 autofs 服务
	21.3.2. 调试自动挂载器问题

	21.4. 自动挂载 NFS 共享
	21.5. 高级主题
	21.5.1. /net mount point
	21.5.2. 使用通配符自动挂载子目录
	21.5.3. 自动挂载 CIFS 文件系统



	附录 A. GNU licenses
	A.1. GNU Free Documentation License



