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ieeel275. /boot/grub2/s390x-emu
TEEEIRS I SMEAREFIE, tEVIHNEREEMEREER. AR TBERLT AMD64/
Intel 64 HEHN L, FERMER7ZHIUT IBM POWER A IBM Z L,

/home
MBI DX FEE /home, FERIEZERHRURERIRN 2 E£EHIEEX,
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/opt
B=FEmBEREER /opt T HbRLLBREN T B LEERIREERX LN BIZRF,

/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
HEREESTFZTEXH (B1FAE. §ERFE. /var/opt PE=A~m) , SEM
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 G R IFEAESE. WREA, Btrfs EESANNESEX 4R, HEREERESX
HERE.

£/ compress 8¢ compress-force HHIAM, FHiAFEEFHETE zstd. 1zo 3 zlib (EK
IN) o zlib EENEEEXES, M lzo NEHEREEIR, HEMMFEHN CPU AT/, zstd B
RMT MmN ITRAR, HMEEEE 10, MEHEERS zlib EM.

filan:

# mount -o compress=zstd /dev/sdx /mnt
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MRECERT — M XHHEEPENIE, MERENSERATHETFTREZETAIAR, W
BRI EFRITE NIRIES, Btrfs RIGLBEESE. NRERFEEXMITAH, BFEH
compress-force &, WFEE VBRI EEHIENXHMS, hEMAIERER,
BEE, EEIRSERTHXE. NREH compress 3§ compress - force ETIEH XE R
%, WEREENBERTFEANNXHFRFR=ES . I, B4 nodatacow BHRIXHHIAREK
ITAR[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

MREHLBIIZE RKAMR, BTE /etc/fstab EEEXXHAH 7N compress 5% compress -
force &I, fI40:

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—TEHN NS, XBRHRINNTFSE, BEARSKX (/) HH. EtFEREHIILS
.,

MRS SHY, FRNAE @ FE, MERRKR. REPEENXERRIBIEURIEARES
7 /o BEFEEURENASERIIRER, RSEIANIGIRE, TRES|ISEFERE
HINEEE, EEFTRAKARE, BEHNIT snapper rollback #<. XEERFISISHIR
R AFNERINTE, EE5ISZEHEFERAE.

6 SUSE Linux Enterprise Server FRIRXHRFIEE | SLES 15 SP4



1223 WEFRAZIE

BEIBIET dIf iSRKEEXGHRANHAE, 71 Btrfs XHFRZ L, df BNREAIERIRS
M, EARTRBEIESENZEIUIN, Btrfs X RAE RN TEIES BRHERTIE,
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

ETRXHERANEDE (total) TR EBTIEE, MNRTHIEN total # used EEZ
%, IRTTHENSHTEEHME i 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,

BXPEMEE, E5 W man 8 btrfs-filesystem# https://btrfs.wiki.kernel.org/
index.php/FAQ A,

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

eI LAER btrfs-convert TR, $#IESEMILE ReiserFS 3¢ Ext (Ext2. Ext3 3¢ Ext4)
T8 Btrfs XGRS, ZI BT EXREEH (BiV) NXHRFHITIMEER, HITLIRE
AIREREFAE S btrfs-convert TEAMNAI5|SLEE R, ZTASEREXHERANRA
FEIAME Btrfs XH RS, HEZRBEEIHEPEESNEE. 8§ L0IE BBATEIETHE
MR A=iE, BUESEEAK,. REXGRARRIFRE, Btrfs XERAFRSAEATRAT
B BENTEXN/NURATFXHRENAR, AJEBEFEENXGRA[R (HIa0SH.
BR. FEEM) HEMR. ATRAAEEZSREE, XGRA LNHIEER S MEZIRART
TH=sial, BERRIEERA/NET 2 KiB BISTEBRIM

5 TR ARG R

FLIBRX RGN Brrfs, BFRRIGKHM, BFRBIMECHRTRETH
ERSE, EIEEEHRRIARIR — RIRRRES B AR E A SR ERNE
&, /boot WRIFRXMRAEL, HERFNAGSHENTS, 55, HRANEG
BB, REMLFHAEFREB R

8 M ReiserFS #1 ext X+ R45iE#% 5 Btrfs | SLES 15 SP4
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BERFRIEH RS Btrfs KRS, 1BIE1T:

# btrfs-convert /path/to/device

O ==: & /etc/fstab
Bife, TR /etc/fstab PHREXGRANFAESREASEE, MerigEES
Btrfs XH &%,

HiRfE, Btrfs X RANABTRERBIEXGRANAR, BEXHRARK—BERBINEERT
£ fs root/reiserfs saved/image HEIZMERX RIFRGE I, ZREXH LT LRE
2H] ReiserFS X RZAR— “HRER” , 18X Btrfs X RARARERIZIER. BERRIZI
&, XM reiserfs saved F&:

# btrfs subvolume delete fs root/reiserfs saved

BERXMHRERRBIREX GRS, BERMU TSRS

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

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

1.2.4 Btrfs E1F

Btrfs 5 YaST 43 X#2F#0 AutoYaST &£, BRI UL ERERFER TR AB G RKEI RS
B, REZG, EOILUER YaST 2 XIEFFREEMEE Btrfs &

btrfsprogs EBEHIRMET Btrfs EIRTH, BXfEMA Btrfs isTHIER, =N man 8
btrfs. man 8 btrfsck#1man 8 mkfs.btrfs &§5<, B% Btrfs THEEMEE, BESN
Btrfs Wiki, BIiEA http://btrfs.wiki.kernel.org @,
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1.2.5 Btrfs FETEEMIF

Btrfs IRX R4 F% (5130 /var/log. /var/crash @ /var/cache) 7EIEFi={ELAiE
AREREAFE ANEETE, NEESHARAKIE, FBRHILRR, SUSE Linux
Enterprise Server 12T Btrfs FEER =T, REIRIE YaST IS ERNH RS, ErILS
BfMgEFEE.

1.2.5.1 fEF YaST i&E Btrfs EXN

BEMA YaST MEX G RENFERETEH, BFRITUTIE:

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

2. EAEMEETR, S Btrfso

3. AXEOF, ERBENHBAFEETRNIRE, ARRLRESE,

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

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

v BRTEES
#EH) BE(C) [GiE(B) || FT—%N)

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

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

v

v

noCoW

PRBIA

BRAZZAN

2GiB |

E#B) |

E1l.2: igEFEEH

 mHO || #20 |

MBI/ N RENG EREFERIEA:

RG(S) FMEA) ®&ED) WEWV)

B FrEigdE
v L EE
vda
= RAID

LVM 4
— Bcache i&#&

vda2
Tmpfs
2 NFS

BB

& e SEZXK TFHEAN

= BtrFS vda2
@/boot/grub2{i386-pc 0.00B 0.00B
@/boot/grub2/x86_64-efi 0.00B 0.00B
@/home 0.00B 0.00B
@[opt 0.00B 0.00B
@/froot 0.00B 0.00B
@/srv 0.00B 0.00B
@jftmp 0.00B 0.00B |
@fusrflocal 0.00B 0.00B |

@/var 2.00 GiB 0.00B 0.00B

A I b

| REE.. | FNFE. | BB

|70 Brfs...|

R | [T

BE1.3: ig&HNFEIIR

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

> sudo btrfs quota enable /
2. BFFEIIE:

> sudo btrfs subvolume list /

SERNIE FEIRERT,

3. N E—HFRFIINER—NFEKERH, FETURRKFIRG (a0 /var/tmp) ,
AL 0/F% IDIR%) (a0 0/272) o LLFRABIA /var/tmp iE 5 GB Ei&il.

> sudo btrfs qgroup limit 5G /var/tmp

ANBEAAZEF T (5000000000). KB (5000000K). MB (5000M) & GB (5G). WUFETS
NBEMAEREEARR, BN 1024 F15 =1KiB, 1024 KiB=1MiB, fKIt3EH#

4, EESHINBER, BEFEAU TS, max_rfer FIUFTAHRMUERACE,

> sudo btrfs qgroup show -r /

©) =7 BUEES

NREBECEMBEDR, BREHA/NKEN none:
> sudo btrfs qgroup limit none /var/tmp

EBRARN X NEE FENECESF, BEMA btrfs quota disable:

> sudo btrfs quota disable /
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1253 EZER

BXAT, 55 man 8 btrfs-qgroup #man 8 btrfs-quota, Btrfs Wiki (https://
btrfs.wiki.kernel.org/index.php/UseCases #) LB UseCases TIEtIRH T EZE L.

1.2.6 Btrfs FHIzciR

O == EESRAIERE
MRBFFEEEEFAEBANRIRXMY, WELECIRIRE,

WNRFHESEMAIIAHEZBILUTEN, N SLES SZHF7E Btrfs X4 RS LRI HRIR:
o TSRS NODATACOW F1 NODATASUM 5%,

o PEEFEIIEH, ERILUETIEE NODATACOW 1 NODATASUM $EEHETURAR R E Lt
N, FINETER S B A S S [ 48

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

o AR RERTHI X Mo
o XA RER B o

o XA TF BN DEREXFRR L

1.2.7 Btrfs &ix/#ZUk

Btrfs I EMIRBRIBIANERARIIRS. FIUl, Snapper AIEALLINRETERAE RN ZAINRZ
BEIEIRE, UEAWER. T, BREBSRX/ZHWThEEESERER UERZ & 8IEN
PN RAEREIA, Fli, LThEERBFRITIZERD.

btrfs send&Er[iItERA—FHEHFR M RIFREBZEMNER, HEEFLAXINEN MG
STDOUT, btrfs receive ##{F=1ZEW send spTMER, FHRENAZIRE,
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1.2.7.1 JoRFMF

BEARE/ RN, BEHERUTER:
o R (Rix) MBEMRE Gzg) &F—1 Btrfs RS
o Btrfs Ri%/AZIEIRBIITH, Hit, BMNHKIEBEERE Btrfs FEH,
o RIFFREITRBL N LFIE,

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

1.2.7.2 EE&EM%D

T ERRETRT Btrfs Zix/1HWIRIENEARRZE, HEFRETWMMEE /backup/data (BR
i) HEIE /data CRim) RIEEEM. /data R —1FEo

g 1.1 YaeE
1. TRHCIEMBRE (EARFIHR7 snapshot_0) , HRRKET NZHEE:

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

sync

BI=eIB— N #F% /data/bkp_data, ZFERAFRLLIEESMNEM, NEER
PRk i

2. BRIRBAIEEI BTG, BT XEYGEMAE/IZEIRE, BRIIFERXBMRE

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

Birin_LEI= eI — 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. ERImEUEFIRIR, HAMAERKEENZEE, £ TERfIF, RERas&7 bkp_data_2Y
EIi=E:GR

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

sync

SIE#F%, Bl /data/bkp data 2016-07-07,

2. BB SEQENIREBZ BNER KX BiriE. Ak, Bl LUERER -p
SNAPSHOT &8 E FCRIAYIRER,

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

Bl 8IiE—1NHF%E /backup/bkp_data 2016-07-07,
3. MEFEANTE THENMRE, BHRZERD:

/data/bkp data
/data/bkp data 2016-07-07
/backup/bkp data
/backup/bkp data 2016-07-07
WE, XFunfEdss, @5 =MkiE:
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o REMIFPRIFAERIE MRRAXMERE, ERIUEIREIMRHHIE—RE, [
NEFFrEHiE. TEERITIIMEE. RITRAIEEENI, FICHERERK
B MRIBIEN RIEIRIERIR T,

o RRFREHIRE—MRIR, REEMRTOFAERIR LI, RIFEIREIRRE
FRYE—IRER - ZEDREVFRRPREERIR, IEXNEMRBRITMABIRRERIRR A
X/RWBERIE. TERImRITIN AR/ ahiR 1,

o RRBRIHEFNRE—MRIR. RAXWEZE, BEBRRE— &R, %&
RRRIEFERNRE—MRIBIVRS. RATERIREIHMRE, TRENE
FRum A TI R/ A i Fo

a. MRABVRBREFHIRE—TMRIR, BHRITUTHL:

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

B SRMBRICAIAVREE, F-E&HIRBHFIRBERBA /data/
bkp data. XAIMR&FHHN&ERE—MREBKRL R /data/bkp data. FHitt,
BB A BURLR AL FE R TRENE E R IX IR,

b. MNRABRE BIRRPHRE—MRER, BRITUT®L!

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

B IRBBREFINFMRE, F-XmISRBLATRDRBEGRZ N /
backup/bkp data. XAIHFRERMIFHIRRIRLZHE N /backup/bkp data,

O =R ZEITERITH
ERREBRIXZZIZHEMN, E6EH SSH:

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

Btrfs XIFESHURMIFRTIEE, BANARUIEMBRAMEEFAEPRE —BI A EEEER
X RFEPTLMERAMIIR, SUSE Linux Enterprise Server 121t duperemove T BSR4
REPERETLERNR, 77 Btrfs XGRFA LR, Wl ARBIRXLEESHR, MMM
TEXGRFLENTE, RAELBRINFELE duperemove, EfFILINEERIA, BLERGE

duperemove,

Q EE: MBEsENATELES
NREEMFEENKREXH, EEA - -hashfile EIn:

> sudo duperemove --hashfile HASH FILE filel file2 file3

--hashfile EMESBAAEIEEXHHNIREEIFE HASH FILE (MAE RAMA) , Bh
IE¥ER RAM, HASH FILE nJEEER - Yl EmBEARE XENBEiTE, e
BRI ABIEIBENEE EX

duperemove F] LU —RFIXHFIRIE, el ALLEFAPREETER:

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

EERMPRERN . RIFMNEBSEHUEMER, URIRERETER (BIRER -d X)) , ESEE
BENHHERTHESR, FHBEEITENHER, EXERTFREXHRES.

I EE HIERRER 1T duperemove {X7E Btrfs X R4 EZ X, RHEAEXHHERZ
&, BRIEZESHRLUHITES HUIRMRIFR.

BXEMEE, 52 M man 8 duperemove,

1.29 MERXHFRFMEFFE

HFREBR, ErIEFEMEXGRSEFRERENEIND Btrfs F&, BRNZ—2RENFE
(5140 @/home 8 @/srv) HMpBINIGE FHIXHRST. UTIEERNERER Btrfs 75!

1. BEZMRFNFE (BlEle/opt) o BER, REBRFHZEBFEID 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) EEFRXHZRS (D A5SHFHE) .

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

4. MEHBIRXHRFEFHIER @/opt DX

> sudo btrfs subvolume delete /mnt/@/opt

5. EEATERIRX RS

> sudo umount /mnt
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1.3 XFS

SGI 7£ 20 tH42 90 FEAHFFIEFF & XFS, &=AiTRIIE XFS /EA IRIX OS IX RS, FFk XFS HY
BHNZEE— SN 64 (I BEXHRAFRBEN T ERNINREER, XFSESIRMKE
X, EEimEG ERMES. XFS 2 SUSE Linux Enterprise Server A0 KABIAX 4 F

4

PRERIPR XFS BIXBINRERI AR A ALt X RGEIPAERRITE S B EMEEX GRS
HUSR R HE I Fo

= R RgETE

XFS (£ 7 ECeH R R M= Al R da 1t

EEIEZE XFS XFRGHY, XFRGREFIRIZER DM 8 a8 T A EBRANIIEIEX
B, XLEKIEIFASEHE, ST OEAEEBCH inode MATATIE, KfFL, 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 EEHE T B RIE M SR

BT inode B ECLAMR BT AAIER, A B" FIGAAKIGSR XFS AU RER BI {8
Z81%. XFS ERIERSEE, ErliBIREED NN TAIES . FEESSHEER
RAM hHRBIE L HENTE, XFS MARENEFHIERNERMLE BIREHXGRS
) o WRERHIRE RGN, KEEFRRENIGIBIER KT SWEEFE]
B b, XRENTEXFS REFRFENRLIRMIERN, XEHIEATERELIN T, LOXH
7T, XFS1B3RT B5MEEHBL T XHRADR. FNERSES IS FHRISARLLHith
XHRFSIEEFHRIMRER, FAUNRGRERBILRERSRS, WEIERXAIRES
=21 =18

BT S B LB R R R A

19

ERBIBES NX 2480, XFSRE (DE) XAFRBHAATE. XFSIAKRBLIX
FRGFRNEE. AAXHFHATAZORERITXERETR, FrlEEFUIES.
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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,

BAR, T 3.12 AxAY SUSE Linux Enterprise #%Z. 1T 3.2.0 hkB#9 xfsprogs UK 1E SUSE
Linux Enterprise 12 Z #i& %8 GRUB 2 IR R Z X Mg o

O ==: iExH
XFS IEEFAXA V4 RANXH R, EXHRARIASHUTHESEIEN:

mkfs.xfs -m crc=0 DEVICE

ZARTUTE SLE 11 MERhkAFER, BrieEd dnesg §IEESHE !

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

INRIETE dmesg S LRVRMBFER ERER, BB XHGRAEMNE V5K

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

R (87 lost+found) « SEHEXMHRSHELL, e2fsck TNMBENXMHRLE, MANIX
ETHIERRITERIL, XMEIEFrENREETnEd0E ASEX AR A EEHIE
FRIERIETEl, RIEXHRSA), bIiErTaeRm RS/ N E K, Eit, W¥FER
ERSARMERIRSEE, TEEE EXt2, B2, ENExt2 FEFRSAEERNRNEFHRE

D, FRUEREFERTFEMX GRS,

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 B Stephen Tweedie i&it. SFAERMT—AXGRFARRE, Ext3 HEERALMANL
R, BR_7E Ext2 BWEH Figith, XM PN XHERRETIXREK, RILIGEME Ext2 XGRS
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. YER root BFIEfT tune2fs -j KAl Ext3 BE,
tban L FARINS B Ext3 BE.
EEE HENANMPAFEBINEE, ENIETT tune2fs -1, ERMERRMEHNHETIER
size=#device=, tune2fs FMIIFEXT tune2fs EFHNEZER.

2. E root AP REEXH /etc/fstab, LUGAEN D XIEEMXHRALEM ext2 B
2 ext3, ARREEN.
XHRA] LUEFIRIE Ext3 XEHERS, ERUEE N RES I EEEK.

3. Z5|SBI&E N Ext3 HXMBXHE RS, BTE initrd FFRINEIR ext3 #1 jbd. 121
FRBIT:

a. fFIAFEBIEZ /etc/dracut.conf.d/filesystem.conf FHRMUTIT (&TE=d

FER)
force _drivers+=" ext3 jbd"
b. #A/GiETT dracut -f &<

4. EFETHERY.

1.6 Ext4

2006 4, Ext4 9 Ext3 BUEAET. ERY BHINXHRFRAPHNEH MR, Extd &
VIETEIEKBEERD, EXFRAKNA LEBMWE. JRAKNF 16 TiB WXHMERNFE
Fo Ext4 EAXE (MAZEHRMIEZEMIENZRIETT) RKRAXHERT. ERAKEAIUARET
iR PR R AR MR R ER IR RV T BE.

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, “HBE MREEAUEEN. Mdata=journal XS Ext4 AIURMESR2M (K
ETEN) , EHTESTHIENMUERICARE, RAERIBRRARERE., 5—HHER
£ data=ordered iRz, WRINAIHERBIENTEIENTENE, ERINTHEERAS.
XA RFEREFWES —RTHIE BRI AP SRR, XEHHERE BT HUE 2 AW
BNHER, XiF, EAEEMERBERT, TEENSIEN—BEE UK. IERNE=
PMEHEETUZ data=writeback, EAFREEETHECLRERXEZEATEEENETEXHR
i, 7EltREAHE, WATERIANZRRELT, BEEHEFRNBXHRATEENEN, RIF
RIRVEIEE R SRR A MERE XL IMEX . Ext4 A data=ordered EHEAZIA
=8

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.

HEE Ext4 XERSEY, ErILUIEE inode K/ inode IFETELLE, LIEFIXHE RS L]
B4 inode TEIHAZEURXHHRE, WRKIBERK/. inode K/NZUKE inode BIFTIK
EbER{E, MPENE /etc/mked2fs. conf FMEIAE. BEXEE, 1BEM mke2fs.conf(5)
FHB

fER LT 1!

* inode XK/v:  ERIAAY inode K/ 256 F 13, HEEFTE, BINF 128 FT (&) FIR
K (&) ZiE 2895k A1E, 90128, 256, 512, LALLM, REL Ext4 XHERSKL
NMERY REME ACL B¥ABIERA 128 F715,

e fFinode MFTHELE: ZAME inode WETEELE RN 16384 F1, B
MBS inode NFHHMLEREMARATET 1024 FTH 2 MRS E, W
1024, 2048. 4096. 8192. 16384. 32768, LU, ZERNM/NFXHERFHIRK
N, BARKNERTFEHEEIENR/NTEARR, Extd XERFANEINRKNF 4 KiB,
tesh, EEEFREHEFNXEHRERK D). Hl0, MRENXGRFE LSBT EFZ/IX
, METLHEE— MBS inode BIFTHHILLER, XEXREM inode MWEE. MR
AGREEFEBAEX MG, EAILUEE—MRANE Inode WFTIELLE, XTI/ ATEE
8 Inode %X,
BEBERT, RFERILEERBEZH inode AIEEA, R inode 230 BXXHR/N,
Na] g YRR FRINHRERARAEN LR EHENTRT, 1R inode ¥ZEXHR
X, WAJgeRARSMETNRTIE, BALEER, XRERAEIEENR inode BT
BT o

FERUTEA—MAEISE inode K/NUAKE inode NFETELLE:

o {ECHFRETH Ext4 XHRFANEINRE: TXASESEF, BoK /etc/mke2fs.conf X
89 defaults #43, LA inode size M inode ratio iREBFFEMEGAE, XEE
YR FARIFRE Y Extd XIERS, flan:
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blocksize = 4096
inode size = 128
inode ratio = 8192

m

ST R Extd XHRSES, & inode A/h (-1 128) BURA inode BT 4KLL
(-1 8192) f5i4h mkfs. extd(8) O mke2fs (8) B, BN, EAUTFE—H

L

g

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

TE(EM YaST RE&EHAIE]: 7R EHAE, 2 Ext4 XGRS ELE inode K/NHE
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
ERXHRARITRAERRZE, BEROXGRS LA EHIE,

318 1.3 © ALEEI EXTS
1. EM Ext2 3 Ext3 #17HK, B AU TINEE:
EXT4 FRERITHEE

extents
HEEE ERVSBIEIR, B X RILAREFH A I IR

unint_bg
1B4E inode RAIA1Y

dir_index
X ABERIRE b HE

f£Ext2 k: 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

2. Ll root Bp4R%E /etc/Tstab X5 ¥ ext3 o ext2 IEREX N extd, WEXEE
TRESIEEEM.

3. B3| Ext4 P LISBEMXH RS, B initramfs BRMNER ext4 1 jbd, FTFFEL
Bl## /etc/dracut.conf.d/filesystem. conf HHFMUTIT:
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force drivers+=" ext4 jbd"

EERTIEITUTHSRESY BB 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 (¥ DOS FRAMXHRS) MECHSMRERZXA.
nfs MEXHRG: EUXERFETR, FAILUSEIEMEFENSZRERTT

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 LAY Unix: 7EtnE fat XHFRFZ LN, @I eI HX

H3R1S Unix e (IR, SEEFANKXMAGR) o

vfat REPAFAT: fat XHFRFWYE (FKXHR)

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
BTH, ArARESFEAIIREEEFEEEERRE.

BERBAAFEEHNIXARSYIR, BETUTRL:

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

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

EATEHXGRT, FTEMBELEIIRPERBFIENHERS. STERLENXGRFR
BEEENEEEXMY, 5180, efs WECEXMHZE /1ib/modules.d/60-blacklist fs-
efs.conf, BZE, BAEREXEXH, HASLEERURMHEE suse-module-tools B, Fh
FEEXEXMH, ERFEMEREHELENXGRS, IFERUTEDR:
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o BIZEM /dev/null IS SHERR, B0, 7 efs XFRSGEIZLUTASHEE:

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

o BEEENXMHEHIZE] /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

BMELZEshHEHE NGRS, Ehn] L EEFER modprobe EH 12 X4 RS RIEN AR
R

> sudo modprobe FILESYSTEM

g0, xF cramfs XHRS, Wbl TFAR:

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

SNR1EERE yes, N modprobe ss S ZFA— M HIARATFEIEMFHREXH RFRIECE X HE!
/dev/null MIFFSHEE. Eit, SMBELETIRFPERZXERS

1.11 Linux FRORE G2

B4, Linux ZIMBAXHEANR2GB (2 F1) . BIEXHRAZIFAE XS, TN 32
RS ERRAHEAR/NA 2 GiB.

Bal, FMEEXHRFERE LFS (REXHXHE) Ee, B LRAIXFNRAXHR/NA
28 W, K12 HEAIHERAWRAAN HEEN, 4KiBHRAN)” BHRT Linux X
MX RS SaEE ERIVIIRE. RPHIBFETXHRREER 4 KiB RA/NHRILESH,
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XERANNE, ERARBRAN, ERUMARE, ERAKMIAVIRET, &= 1.2 "SIt
Agpym AR (FEETL, 4KIBIRAN) RRRAXAR/NAIESRKTXHRFRILFA

o

Q iE: ISk
EIEC RS 1024 FF =1KiB; 1024 KiB=1MiB; 1024 MiB=1GiB; 1024 GiB=1
TiB; 1024 TiB=1PiB; 1024 PiB=1EiB (BiESM NIST: Z#HFIEEHIR14% (http://
physics.nist.gov/cuu/Units/binary.html) &) ,

® 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]

K
ERMARLKL, XHEREBI2TIB QY FH) o
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X FRFK
XHRGERAAUR 27 NFT, B2, Biia BB ETRBHX—RE,

1.12 Linux RZEEFRIES!

7 1.3 “HE7FIRE" B£7T5 SUSE Linux Enterprise Server 18 xBXAIETZRIIZ PR o

®1.3: fEFRSE

fitfFIhaE PR

FFHY LUN RREE 1817 16384 1 LUN,

F— PRI LUN WRAKEEHE AINBER TRERT. STBEMAE—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

EESIEER (SSD) MEERENSY, BMRENEFRAFERNREBEER, T%#H unmap #
TRIMIEIERIFREX RS L, SUSE Linux Enterprise Server 52 2 M ITIXFMZ(E,
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EFME AR TRIM 224 — B4 TRIM FEHA TRIM, BHISENREESZEVRFIEB A,
—RIERT, BIEFEREE TRIM, TEERHRFEEEBHNAARE, NRERELEIHLRE
FERIRE, NERIFERBEYL TRIM,

O == &&Ex TRIMIBENXIE
TERIA A TRIM BEZHI, BRARKENIGEEEXFZRF. T, ErIgsEX
ZigE LRVEEE, EREES X TRIMEE, BIE1TUTHS:

> sudo lsblk --discard

Zidv S WA XA T ARIGENIEE, MR DISC-GRAN Fl DISC-MAX FIBIER
T, MFTREHF TRINIBIE,

1.13.1 EHITRIM
EHI TRIM B systemd EEREARAM fstrim s TR, EHAIUFMIETIZH D

ELHER TRIM, B TFRER fstrim. timer:
> sudo systemctl enable fstrim.timer

systemd 7£ /usr/lib/systemd/system FEIE— BT M. RINBERT, ZRSERAIE
7—R, X BECEBR., BE, EALLUEER OnCalendar A E NFTFRERE XN

fstrim AAMTAREF XA RAPRFAER, Er] AT IER % < ERETERIEULL
7R, BIa0, BILUEE of fset EIURE XEBOIENERMUE. BX4AT, FEL man
fstrim,

fstrim sF <L RIMETFIE /etc/ fstab XHHRIZHRF TRIMIRERNFRBIRE I TR — AL,
BT ZE TIER - A %D,

BRI TEISEIRN, BN TATEETR X- fstrim. notrim HFMNE /etc/fstab x4

UID=83df497d-bd6d-48a3-9275-37c0e3c8dc74 / btrfs defaults,X-fstrim.notrim
0 0
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1.13.2 Bl TRIM

FRENEES NSIEN, #HMEIXWZIGEFHRITEAN TRIM,

BEEIREMEN TRIM, B TFRE discard mTURMNE /etc/fstab XA
UID=83df497d-bd6d-48a3-9275-37c0e3c8dc74 / btrfs defaults,discard

HE, 7F Extd XHEZRSK L, AILUER tune2fs S TE /etc/fstab & E discard &I

> sudo tune2fs -o discard DEVICE

MNRIGE LS discard ETHEE mount #HEHAY, MWBEE discard EZHRME /etc/
fstab:

> sudo mount -o discard DEVICE

Q xE: EB# TRIM MRS
M discard eI REREFE R AR E SSD IGEMFERF. Bl TRIM ERIgER R
Mg ERIMERE, FlE0, EMRAEEENERLT. EXMERT, AIRIEWHOE—ME
BRIR, HERENIEGE, BRRE—EBFRRITIEHKRER.

* H
1.14 XHFRZEERE
AR R B AT ARV R .

1.14.1 Btrfs#HiR: g& LZERRTIE]
£/ Btrfs XHRAMIR (/) HRBILESHIE, CHEIME “gg LRERSTE .
BLUTHIEES, THE %I BN AT REATD S S,

1.14.1.1 Snapper IRER(ERRIIEE = 8]

Y0%R Snapper B3 Btrfs XHFRFIETTH, W “{& EARSTE FMEBEEHT RS
A RIREERN IR Z A,
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TR LAM Snapper FAARR—EIRER, A, REAIILEMMER, FEFERREFTENTER
=18

EEM Snapper FIpR 4 :
1. fTHA— M EIRIEHI&,
2. I SIRTAL, WA btrfs filesystem show, 530:

> sudo btrfs filesystem show

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

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

3. A

> sudo btrfs fi balance start MOUNTPOINT -dusage=5

PR HREEMREETHHEATHRIERF, NMATFWESEHFEHER
KA TR, IHIRIERIRERE—LErta (1 TB #UBRIRERERZ /) , Fod, 7ELLEA
B ARG RI AER.

4, 5HRIBIZF HEVIRER. AN

> sudo snapper -c root list

5. M Snapper FfilBR—EZMRIE. A

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

S SMiFRIBRYRR, REBERRBE-K, HSANZEmMER,

AT ERIRMALLE, EAILUELL Snapper BEE X, BXIFMER, 15BN (BiEiEE)
£ 10%E “&d Snapper #ITRARMEMRBERE" , % 10.6.1.2 7 “FEEZE . 1THIRE
BIERVECE B9 EMPTY *( NUMBER * #1 TIMELINE *,

MREX M RGHERE EEECER Snapper # Btrfs, BiNERE MG FinEfEEFRINEETE
BE, YaST PXi2F=BEfE Btrfs fEER IR AR RFEMIT AR T BN ESTE,
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1.14.1.2 HE. BRGEMEFXGEANEETE]
MRAGHLRIEH 7R, EelI=iM /var/log. /var/crash. /var/lib/systemd/
coredump # /var/cache FffiBR> &,

Btrfs root X &4 F% /var/log. /var/crash# /var/cache EEEEEBE R FTAIES
ERPFE R AR STIE, WITRSBARHIE, e EBIMILIRSE, SUSE Linux Enterprise
Server I#fft 7 Btrfs FHEC&IZR. AXIFMER, BB 5 1257 “Birfs FEELZ

¥ o

EMAHALTEN L, LESSNARERFIMERGE, EBhalgefESE /var/lib/
systemd/coredump, RiZiEEMEFEED,

1.14.2 Btrfs: EIQEFFEEE

btrfs balance fi< & btrfs-progs MEEHN—E85. ERIUATELLTREIER T4 Btrfs
XA LRI :

o RIKEE—1 1TB JKnhas, EHRY 600 GB W iE(ER, ARXAMNTS—1 1TB IKzp
2. EitL, THERKSEES MG L&A 300 GB WEA=IE,

o BRNERE LAERERATHIKR, FRITTFEBRXEXRZET, ENNZEEIFARA
Ao

o BEBREAEABDLESEFTIIRA, UTanFFEERREFTZ/NTF 5% PR
H:

> sudo btrfs balance start -dusage=5 /

© =%
/usr/lib/systemd/system/btrfs-balance.timer itBi28a RERBEXR
fERRIIRA,
o MEBFRMRIGEIRFID, BB HEIE,

o IMEEIEARER RAID KB 2 8T 5B, B0, BiE—HEE FrVEIEM RAID] 3R E|
RAID5, 1BIE{TA T <
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> sudo btrfs balance start -dprofiles=raidl, convert=raid5 /

0O #F
Ei0A Btrfs X RS L FEEHIENEAINIT R (Fla, FEISIRSESS) , BREH
BENX /etc/sysconfig/btrfsmaintenance, #x3%EWLL BTRFS BALANCE FF

o
NO

BX btrfs balance ssSFENAT, EENEFMIT (man 8 btrfs-balance),

1.14.3 ARETE SSD i ThE A EIE
Linux X+ RSN ITGIR TR R&ERR, Rit@ESEUERITHAEER, XL
ERZET, BUEER RS, MATEEHTE R B2 LR RIRE .

EMCENERTEARRER, EERANFEFSIENESEER (SSD) 1, EfHRHMNEIER
UHREZRBIES NBLES . SIEEEDBERENEMIE, RAlt, X SSD #1Th HEE
HABRGAFNNR, RMEAANBNTBERLIEMZEE SSD BI%F a0,

HF EREFER, SUSE BEMBINFEN SSD #1THHEIE, REMVHESESWEESHE
BHITHREEFITENGER, XEmEEEERRT !

e HPE 3PAR StoreServ All-Flash

* HPE 3PAR StoreServ Converged Flash

1.15 EZER
FENENES I XEHRAMBEEECHNER, AJTUEEFIRIBETIRER. BEESXEME

Dim)R
* Kernel.org £#Y Btrfs Wiki: https://btrfs.wiki.kernel.org/ 2
e E2fsprogs: Ext2/3/4 File System Utilities: http://e2fsprogs.sourceforge.net/ 2

* OCFS2 Project (OCFS2ImE) : https://oss.oracle.com/projects/ocfs2/ 2
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Wikipedia 1B _E£BY “Comparison of File Systems” (X &%iLbE, MuE: http://
en.wikipedia.org/wiki/Comparison_of_file_systems#Comparison #) 2T H-EFX
R4 (R{UXRE Linux XHRF) ERANIELER.

37 B%{58 | SLES 15 SP4


http://en.wikipedia.org/wiki/Comparison_of_file_systems#Comparison
http://en.wikipedia.org/wiki/Comparison_of_file_systems#Comparison

2 IAEXFRGRIAN

BEXGZRER) FESREBESXFEXNIVES) TRATRYES LNTETNETARE,
s fERYIEE L eI AR E =18,

2.1 fERZEH

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

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

o FRHARASX Blal@E S fdisk 5 parted) =iZiE%E (FIEN@2ER Lvresize)
HANZEo

o E45/)\ Btrfs XX RFRIA/NET (M SUSE Linux Enterprise Server 12 FF#&, YaST {Xz#%
1K Btrfs X RS o

2.2 FHEXKNEZIRERN
B RIA NS E— RN, FESSRMER,

5. &z
NTREBERR, FRECFRETEEAMES 2B HIEHRIE,

HRIFRXHRERNET, BEERUTHESER.
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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 RSfG, EAILUERA btrfs filesystem resize e REMIZXEFRFAHIK
N HEHTXHRSGE, BN NKRIEZ IR,

1. {TA— P &iRERIS,

2. BAECEENNXHRREER,

3. fEA btrfs filesystem resize e $i@EE FHIEP—MGEERXHEFRFHIARIN:
o ERXMHRZRN BAKENERTAKRDN, BHEA

> sudo btrfs filesystem resize max /mnt

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

¥ SIZE BIRAFEARDN (UFTREM) . EEAUAEISTEEM, 590 50000K
(KB). 250M (MB) 8% 2G (GB)., fE&tAIEERIEMNLNS (+) IES (-), 250iE
EIgmnsiga/ N EBFi AR/

> sudo btrfs filesystem resize +SIZE /mnt

sudo btrfs filesystem resize -SIZE /mnt

4, BIWANUTEGS, REBERXARFRIERXNNE
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> df -h

R A (df) ss S EREEN SN ERNRBUAX A RS LrTARRER, -h ®0
ZUAATHHARNARTIUVFIENAR/]Y, 01K 234M 5 2G.

2.4 FEXFS XTFRZERIA/N

HEHXFS XHARSE, ErILUERA xfs_growfs sa < RIGNNZXERFRIK/N XFS XGRS

BIAR/NTTE R
1. fTA—&iRERIS.

2.

HRERBEB NI AR EERH,

. &R xfs_growfs s LIBMXHRFRIAR/N. TENTRHFAZREXGRGENKNN K

AKEIAE, E2 W man 8 xfs_growfs T#E %I,

> sudo xfs growfs -d /mnt

BZRAU TGS, REEBEHXARFRIERK/ NS

> df -h

R A (df) ss S ERHEEN SN ERNRBUAX A RS ErTARRER, -h ©®5
SUAATHHARNARIUVFIENAR/]N, 11K 234M 5 2G.

2.5 BEX ext2. ext3 i extd XHEHRZHIAK /N

TEESTEHTHNMNOX, HalLlfFEA resize2fs sp$I18H0 Ext2. Ext3 f Ext4d XHERFEH
Ko BERLD Ext XERZHA/N, BEFEEEH,

41

1.

2.

3.

A — M RiRERIS,
NRBE DX RFRNK), IFREHE.
ERTINE EZ —ERXHRFERIAR/:
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o BRXHRFEXI BARA /dev/sdal NIRENERARRIAAD, BN
> sudo resize2fs /dev/sdal
MRKIEERNSE, KIRERINRZDEBIR.

o EERXHARRERNTEXND, BHEAN

> sudo resize2fs /dev/sdal SIZE

SIZE BEIEENXHRFIBERIFAN. MRFIEEEMEN, WA/ NSEBIE(
BXHRFABRA /N W] LLUEREAX/NSHEEM L TIEP—FERAISRIN: s
RTS12FTRBX; KX KB (1KB X 1024 FT) ; M&XR MB; G &R GB,

FER RN B EE,

- INRKREFHEX GRS, WIEEHTE,
BZRAU TS, REEEHXARFRIERR/ NS

> df -h

HERTA (df) s S ERHEENS AN ERANRBURXH RS LT ARE, -h E5
SUETPHARNARIUFIENAR/)N, 01K 234M 5 2G.
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3 EHEFIRE

AEHFREEHIREPRSERAMEIREMAR, HREEXEHNEEEFOAT,

3.1 THEUUID

UUID (RIRME—HRRA) BRFXHRGN 128 (MF, EAMRANEMRARBER—
1. TREFABEESHNE (MNELMTH—E5) MHER. UUID BEBTR—IERE
8.

FERIREAAMER 545 REEF (BI /dev/sdal) ARG SERALITAS)
SIMER. G, WBIGR (/) IETRE /dev/sdal, MFEHE SAN RISHABRIMNRLS,
RAFRLHTENIGRA /dev/sdgl, ELBRT, BEBEDHMBRFRERN /etc/
fstab 3ff, EURGHET£3IS.

BABRT, UUID 75| SIEMRF LRSI SIEH /etc/ fstab XHFHER, UUID BXHR
Ga— PRI, MREFERAIHE, UUID SER, MBETBERREBHEG UUID, B—
MR ERER 1D IAREIRIIEE.

EFAT LU UUID AR SHCEIM RAID IREMEN. HEIR RAID BY, md IREN2R 2 A%
BEEM— UUID, HBZEREIFE nd B,

{ERTLIFE /dev/disk/by-uuid BRFHEMEMHIZER UUID, UUID FERBINTAIR:

> ls -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#% 2.6 718, udev ERXAMIRERRAIN, NEIEH /dev BREH T AR
TRFERGR. FARERASHN—87, ERETHFMNBMERLESHIT udev,
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BRA—MIMNGIRREH IFE L Z B MEHITILA, udev MNERIGHE (£ /etc/udev/
rules.d BRPENX) NBEHEIGEEETRENEN, TIEENRRIRFSZI%EEEH
REREINE, udev TEOERNZOIZENARBIBREES%. KRR XGRSV A EM
MBS MERRIEE. BXRMAMEN udev EXEB SHFMNBES, HS W Writing udev Rules
(http://reactivated.net/writing_udev_rules.html) 2 (485 udev M) .

MESHIRNIZIR UM E T RE—#E, udeviRTE /dev/disk BRHPLEIFEIEMIZILERIKA
TSHHEMNZE, ZBFH—FL by-id. by-label. by-path#l by-uuid FEREHZ,

Q ix=: vuiD R
P27 udev ZIMNNEMAZR (W0 LVM 3 md) WET&ER UUID, BETRTE /dev/disk
I,

BXERA udev KEFIEMFMER, FEN (EEER) ,$298 “ A udev HITHE
NizigEERE .

BX udev LHIFMIEE, 152 man 7 udev,

3.3 EHMSMEFIRE

FHFHELRANEFIRS, EENHIEMNEHBEMETRE, G systemd.mount F&FF
RIS E, EHRXMIRENES, B8 netdev EIAMNAIEMIENLEFIREDN
/etc/fstab Xh, RFHIGIT:

mars.example.org:/nfsexport /shared nfs defaults, netdev 0 0
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4 ATFRSEFRIFENZERT

ZREGE—MEFIN/S2HRERE, EELEERNE: —MNEREERIEBIRARMNAINE
BRigE (B /N, 51 EREES, BRITHERENEESER (fla0, SSD WE
&) .

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

Z: bcache #l 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
MRENHEEFEEEANEREFHENER, MR FRSREEATICAMR, EAZR
AEFTENES, FESEEIRIINIKE.
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e S
/0 BIFBERZAIEMERFIRENER. MRHAZIEKRIE, WSFEIRELFIHE
H, AIbEESTE, XTMAEFERGH.

EfFanh
MREEEFRENEFPHREIERNE, WA LIRERIEIZE, XTFNEFFR.

FMrEFEAE (i) BESHEFERGPNEE. TRTEEFRENREIRES, R
ZEPRIERMIE, MMENREF.

BRETF
BRET —EEHBTERSBREFERRIER,

4.0 ZEBEFEL
THEZEEFERANEREFREL:. BE. 5. St5NHI&E,

5[l
SEANBEFRNBIBERIZFENET, ARZRBIRCAER X2IINNEFRI

HE
REEFENSFRIRENEFREZE, RAEEFRNEANT =TM. TEEEES, T
ARBRIFT RS,

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

Hi&
ERAEBER, REUIRTEN. BRIERF, MWRISEMEIEKIEMRS. 5i5
KIFHERIRE, FEER “RY . HBATEHERFRENTYEEEIE—EE,
MX B A ALEIFR, FEEGIRIERAEETT, EERBEHTNLRE. MRELUSATLMR
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WEFIN—M, HEILUFER invalidate cblocks JHEREILLXM—E, METLL
EEFIREDATRRESH, FeRIEENEEIRE, &, AJUETREIFAFRERS
FIRINZEl, AEFEERS

4.3 bcache

bcache 2— Linux RIZIREEF. EAWFEA—I NS NEEREEWRE (FI50 SSD) 1EX
— MRS MEERFSHERRETF. bcache IIFEEME[D, FARMAXGHRFNGIR, 2
INERT, EREFHMNIREMEN, XtE SSD #EaN, EXESRTERN. RSENS
BT S

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&®
AENBIGEMEE bcache IEZFNTE,
1. &% bcache-tools #fHl:

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

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

O 7 28E%HE
make-bcache FJEFNESEFIM S NEHFIGES —NEFIEE. TXMBERLT,
U EAEEREFRETFoIERIEHEIRE:

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

4. bcache ig&EBETN
/dev/bcacheN
ol

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

Eo] UGB —1F IE B FIIER, bcache 185

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

O] LATE /sys/block/bcacheN/bcache Ai@d sysfs 154l bcache &€&,

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

Hrh, CACHE SET UUIDAJTE /sys/fs/bcache ##kEl,

6. FAINERT, bcache EREBEFIRI. EELUER, W, EANEEIRL, 1&iE1T

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

4.3.3 fER sysfs BZ&E bcache

bcache I&&FH sysfs EORMBEEETHNEEE, XH¥F, EETLUENR bcache BHEIEE
MBFHENTH, IEBEERAITEF

B X bcache sysfs S¥BITETIK, 1EEEH /usr/src/linux/Documentation/
bcache. txt XHHIAZR, TEEE SYSFS - BACKING DEVICE. SYSFS - BACKING
DEVICE STATS #1SYSFS - CACHE DEVICE &%

4.4 1lvmcache

lvmcache @HZIEE (LV) HMEENH]. ©FEH dm-cache AR &HiEF, ZIFHEE (BA
IN) MBEEIEEERER. lvmcache AIEAEYER LV BIEB R BURSHSTIHEFE IR, BNBILV, M
mitmEMEE, BX WM BFAEER, B80E 11 519 285 (VM)

LVM F/NBURIR LV #RA04BTE LV, ABVEMR LV # B V. BT dm-cache WEX, LVM #—
FREFM LV D BIRFAEMLE: BEFEHIE LV MEEFETHIE LV, REE LV EBIRREIERE
EEFEHRE VD, LURSERE, SR LV EEFEKER, X BIEEHIRRNMETEL
B

4.4.1 BZE Llvmcache
AU NENEMEERT LVM NEEFNTE,

1. BIER LV, U LV, SERIE LV IERIRELV:

49 f5F sysfs B2& bcache | SLES 15 SP4



50

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

2. RIRBEFEUEE LV, It LV BREREIR LV BEIER, I LIV RN ERENKD, FikE
REFM LV BRI

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

3. BIBETFTEE LV, It LV BREEFNTEIE, It LV AR/ NN ZEEEF R LV KE9/)\
1000 f&%, H&/J\AK/)\f9 8MB,

> 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. BIEBETEM LV, REEUE LV MTsuE LV A —1MEFM LV, BRI ERF M LV
BT 4,
CACHE_POOL LV 5 CACHE DATA LV [E%&,
CACHE DATA LV E®®& A CACHE DATA LV_cdata, HERFREHREF,
CACHE META LV E&&A CACHE DATA LV_cmeta, FERFEHELEE,

> 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. BIBEEF LV, BIRBEFN LV #HEER LV R ZEF Vo
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FRPRIAENEE IV SR WV ER, B LV BEMERRZN ORIGIN LV_corig BIBRE
LV,
CachelV 5 ORIGIN LV @E%,

ORIGIN LV E&RZHN ORIGIN LV_corig, FHEAELR,

> 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

BILA7E Lvmcache FMTT (lvmcacheman 7 lvmcache) chigFIE% MESEH, FliNkis
HNEFR. TRNFEEE. EEKRE, HEBRFME LV ERAEGFRE,
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5 LVWMECE

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

g XS

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

5.1 THIZIELEEES

VM XHES MRS (R, 72X, LUN) ziEEitn iR =<iE,. AAZEEEERER

NAIRERBERERENGED Kl BREBRT RN DR, AATEESITHRSH

BRI XLIREME, VM R T EETERESE (BAKVG) , WIRFE, AJUMPERZE
55 (LV), BRIFRAKLRIXLEZEEMASYIES X, SHAIUBS MR, XES MEETER
DHEF MR — V6o LVM UM S TR T — MR = BIIHHSR , MTRETS ALY
BOoXKELE. EReENANEBEETREND K.

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

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

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

o AILRZREENZ N D EEHN—MRKRIEES,
c NMREESE, SHUATEARRE, AT ALY (B4 /usr) .

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

o IIECERERAR, ANEESETYIEERD LBEENEIER. NRXEYIEEMNT
RERHERE E, NoeEiRE e A F RAIDO) »

o ERARBINEAUEEESTHRFAFHIIT BHED (CHEGRSEE) -

Q #&: LMARAID
BIfsE LVM 3245 RAID &5 0. 1. 4. 5#16, HNMNEBNEER mdraid (B8
METE “WHERADEE" ) o A, LVM BJLLS RAID 07 1 $5E (M, EJ RAID 0
RUTFERZESERE (BNSERIGMTRIYIERE EAR) . £ RAID 1 Bhti E4F
B8 LM BT LURERRIRRAY, HSEBEERP IR, FAESM RAID &3, &
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BEM—NEETIFEFReMEENEENRES, HEREMEYHIREEEMERE
5o LVWM B LETIFER, BEREBRT BIINLREHRE) , ZTFIFEFLTALER
T

=L IBMZ: VM IBXXHRS

SNRIETE LVM SRIRME RAID FE5ITR N RARRE TR RS, MBS /boot BF i
M93E LVM SH3AE RAID R L, BMRGETESIS. HHESKARIAIK 500 MB, 2
WHIST RGN Extao

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

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

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

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

52 gIZE&d

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

BEARME, ZHMETFEAEAPK, EFANKEN, FMEEHIX, TERIEFME VG
B, YaST =BzhiFE(7ZXER BRI 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
SRR RS ROBREAMIES (PV), MIERRHETRRERERAIH
2, WRRIBERGMDS|SHH.
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HFRDKHEETERARFIERARER, RILREZHNE SR ERt
&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
BEXBEFR 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) REFMERZ T HX B,
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7£ DATA LAINZEE

R+
° §hRt(9.99 GiB)
O BEMRT

FH
ws RY
1~| 4kiB

FEIH)

ERH(C)

EEE)

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

£ DATA LiRINZEE
At
BIFRA
SR 1SV B
BE 3 e
EFIS|IF5HEK
o EHE (RHETHK)
HE(H)

BXH(C)

=

BIEE18% | SLES 15 SP4



7. FERIUGETTT, EERIUDX, ARERFRY, ETRENATERTXHR
4. BEAHEEENAIAME.
TEEZDETR, wEREHSX, AREEERR. B Fstab %01, AERNFHRERE
T

8. BHTTAko

9. BEHET—¥, REEEBVILTENR, ARRETH.

53.1 f15FRIAEERIZES

LVM IZIEERIFEHITIREEE. BEEELESIERANBHITATENZES, LolEs
BXREATE MBHESKENEEFER) NEl, EE3WIENERS, HIRERE
MBI BR8], A LIRIBRESY A, ULIEEZ NSO . BEiRENET
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

AILBIREE S MNERINEES, VM SREKENREYESHHIEREEINENYES,
Fit, BEMEX MRS, GHrhREES LRVHRE. WM ESRE— N ASEXHRTE
BEydiz. BEPESAXPEESKEAMEESHERIHNER. RRABERT, BEEE
THEL, SERATH, IEFESHEEFAENEE L. A2, ERAUNEEEE—TE
BIE, flW, EEZKRIENTE.

BRI AEARMEERIREGSM: “[ER” B (JFraid) H@IZESEN raidl ZiES,

BIRRGIZEERE, AINXESRITINERIE, GIMIECE. 7 BMER.

53.21 I1REHRMBKIERAID BiEE

BeIEREE, BEA Lvcreate i85, TEBRANGEIE— 500 GB WiZiEE, HPEER
MRA W1 RE, HEREH vgl.

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

LEXZIEER—MEME (EXE) , AREXGRFN=18lZ4% mETHEEHEEZIITH. L
ETHEEIZEEHNA.

BEERDAILNERIAKNA 512 KB X, MNRFBRRANNIXIE, BEA -
RIEMHSZFATHXIHA/N (UL MB AE(L) . &, BILUIE Lvm. conf XHH4RIE

mirror region_ size EWREZE BRI K/

5.3.2.2 &E raidl ZigHE

BT LVM 235 RAID, EAJLUER RAID] KLHEEMR, S53E raid &4, XMLHEEBUT
=

° UM SABTHREMELEIF — N2 NRNUEX, KRS T HSELEES.
o AILVEFRT MRS DRI REME, AERElEMEH,
o FE5IA] LU R E B IR

e LVM RAID 1 SLhEs7 0 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:

° --type-FEIETE raidl, BNz ERRINSEESEE mirror HEIEIE raid £5
%o

o -m- FEEREIIIHEL.

o -L-fEEZHEERNK]

° -n - EALETEEZEEHIE Mo
* vgl - ZEERERIESAHNRIT.

LVM B AMEFIFRN S MRS B— M KEX/NIZES, MREEHNRES, WM BES5
BIEM N E R T HEF TR,

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

5.4 BznhEUEIER LVM &4

JEIR LVM EHBECEITAE /etc/lvm/lvm. conf XHZHI, FERYH
auto_activation volume list &#izdl, RINERT, ZEHNT, HAEH, SBE
FiE%. MRRBBERLEA, BERBERESISH, HAESHRSEMNR, Hla:

auto activation volume list = [ "vgl", "vg2/lvoll", "@tagl", "@*" ]

NERIEETE auto _activation volume list BEHEXT—MIR, MNEREUTIER:
1. BRSRERTIRNES N EES,
2. MRRERLE, NRREZEES,

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

EPERTER R IR (ETEB T TV R A RIAINYIIEE R BREARMUNTIE, MASSERS P, X
AL EEIBEERMEAS, RME 56T FAEZESHAN RERRT KIMEERNAN.
BT LB B4R 5 R 48/ NEERIA/ N YaST R AR LRI RERNYIES, BT R
YIB% LRIE/EFER, 15B1T 5%, PE Ranges 7HhFIHMDX (#iE%) BENEFERTH
K

> 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

1% Btrfs ZHFEANAE/ N\ RS, B8/ Ext2/3/4 XHRS%, FTEGHEE, iU

XFS & UHE, BN XFS RIFFXERFLE )

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

%L /dev/DATA/LOCAL A/

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

WA\ 9.99 GIB
LUFIEMA: 36.02 MiB

FEIH) IH(C) BiEE) || FT—FN

4, ERATIERZ —IREFRFEA/N:
o AKX T AREBEBENANAEAEETHFRERRTIE.
o BRI RFEEERIA/IVED B BRI R G T R S BB

A K. M. G. TR;RKB. MB. GBFITB ({40 20G) .

o HEXKI: EBEBHFHAN. WEXIANTF LEEYHNS/MENSRAKEZE, &
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5. BEHAE,
6. BEHT—%, REFSBIIHTENR, ARRETH.

5.7 MIFFEHEEES

5 WEEX
WIS ARETEENRRDRPHFERE. MRSESRRTLS LEENREHR
I

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

4. RIFERNER, RAZIBETRESIEE, BEHEURIANIEE,

5. BT, RERSVILTEMREE MERBUABFHERT) , AREEHETTH.

5.8 {FH LVM &<

B M HHEE, BELTRPMANSSNEMT. FEHSHEERE root 12
BT, R sudo COMMAND (RESREILAR) , EEEM root SHMTXLES
%

LVM 8%

pvcreate DEVICE
e (51g0 /dev/sdbl) , # LVM BEMIES. WMIREEMNSE LBRERXHER
&, RHEMES, 15i2E, (NHELTE blkid Y (BAIABXEE) , pvcreate 7 =EIN
BEXHRT, IR blkid ReJH, pvcreate AREMEMEE, FILERIRESELXH
RAAHAERIEAES,
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pvdisplay DEVICE
R LM EBESHNEXERS, fINSsIeRS EETEEETER.

vgcreate -c y VG NAME DEV1 [DEV2...]
ERA—THEZMEENSE I EEFEE A,
vgcreate --activationmode ACTIVATION MODE VG NAME
RESHNER. AILIEETIIEZ—:
e complete - REEFUEARRRAYIBERREIES, AERFENZESEBEITX
ME RO,
* degraded - BUIARVEUEIRTIN. SIREEBHRITTRESIKBEREMEES, NWEMER
DRLEYIBE, WEEEEZIZES.
e partial - BMERR/DELEYEES, VM LERABESH, MRENIETRIBESIR
DEENYIEE, WBBETENEZZES, FIBEFNEREmRHITLE,
vgchange -a [ey|n] VG NAME
BUE (-a ey) HfFA (-a n) EHANEZESHBN/Hit.
AEBEPHNENEN, ESHAER ey kDL HETEGATEREMEIZAPEER,
vgremove VG NAME
MiprEH, BEEBLLHSZAMIREES, AREREH,
vgdisplay VG NAME
ETEEEANEXER.
BT REHENIEXIFHESA/N, ERA
> vgdisplay VG NAME | grep "Total PE"
lvcreate -L SIZE -n LV NAME VG NAME
BIREBEEANNNZES,

lvcreate -L SIZE --thinpool POOL NAME VG NAME
ET54 V6 NAME gIZ B AIEER/BIE myPool,
TENTRFI=MEL LOCAL BIFEA/NI 5 GB RYEEM:

> sudo lvcreate -L 5G --thinpool myPool LOCAL
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lvcreate -T VG NAME/POOL NAME -V SIZE -n LV NAME
741 POOL NAME HRElEEIZES, TEHRFISMELE LOCAL LAY myPool SIER N
myThinl Y 1GB &%

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

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

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

lvcreate --activationmode ACTIVATION MODE LV NAME
FCEEESHEIRI. PILUEE FlEZ—:
e complete - (X HZEERFIBYIEEEL T ARSI 7 8BS ZIZES,
e degraded - BAINRBUERER . WNREBBHARESIRAEEMEES, NEMEER
DRSS, MBI ZEES.
e partial - BMERDELEYIES, WM B2 EES. NRZEESE ST
A, ERLERAIRSSBEIERR, BENERLED, BEmELHEN, ©rlEk
=BH.
SR LUBETE /etc/Lvm/Lvm. conf $ERE activation mode ECEEIRY LiR{EZ
—, RIEEAERT
lvcreate -s [-L SIZE] -n SNAP VOLUME SOURCE VOLUME PATH VG NAME
BIRIEEIZEENRES. MRKREEX/IET (-L5 --size) , MREBSHEIENE
TRER,
lvremove /dev/VG NAME/LV NAME

BFFZES,
FERALSZ A, BLFERA umount sSEIEIZIESLUSE XA,

Llvremove SNAP VOLUME PATH
HERIRIE S

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

vgreduce VG NAME DEVICE
MILE ESHPRIFFEE YIRS,
RIRYIES SRIRKZESEM, MRETERAPR, WAHEER pvmove ss S REIEZEE
S—MEE,

lvextend -L SIZE /dev/VG NAME/LV NAME
T RIEEZEENKRN. BEE, EEBIENMT KX GRFUTTHF BT T8,
BXEAER, BELE2E “FAEXGREZNRN
lvreduce -L SIZE /dev/VG NAME/LV NAME
BEEZEERIR.
T/ NE2ZE, BRERTELDXGRENA/N, BUAgSEREE. BXFAER, 5
SN E2E “FWEXHREHKN o
lvrename /dev/VG NAME/LV NAME /dev/VG NAME/NEW LV NAME
RIE LVM ZiEE, HEFASENREHR

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

* 7£ /etc/lvm/lvm.conf HFEZE activation/udev rules = 0#
activation/udev sync = 0,
BAR, &4 lvcreate M<$IEE - -nodevsync B R 51L& activation/

udev_sync = 0 #HE; HFEIZE activation/udev _rules = 0,

o IZEIfIETE DM DISABLE UDEV:
export DM _DISABLE UDEV=1

XEFMEE I udev KHEH, LtbIh, /etc/Lvm/lvm.conf FRE udev tHXIE
BERBw R,
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5.8.1 (EAGIARZESEHNAN
lvresize. lvextend # lvreduce <A FIRARZEE KR/, BXIBEZMENER, HS
RENMHSHFEMTL. BV E LY, V6 _EX4E BB ARSEETIE.,
BRINfERE YaST P XIEFKIg Ko e/ \iZiEE, £ YaST BY, X HFRFAA/NMESIER #
TEhAE,
LV Al UEFERFRRES THITFEIE R4, ERELNXGRAT EMZIBE, B
LV A2 BiMERER X RFEH A, HENEREMGSIEANGRS, BXARXGR
ZARNIER, BENE 25 “FAECGEZIAN
FohAE LV KNS, BRFRERERNIRE:

o MRy BFIES, NMNEXBIEAXGRKEZEY BIEES.

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

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

3. ARIHES ST, HMALT<S LUBIMEEEA/:
> sudo lvextend -L +SIZE /dev/VG NAME/LV NAME

XF SIZE, BEEERMEZEENTERE, HI?010G6B, £/
dev/VG NAME/LV NAME B384 Linux B842, 140 /dev/LOCAL/DATA,
an:

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

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

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

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

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

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

> sudo lvreduce /dev/VG NAME/LV_NAME

5. MRHNFTXHZRGE, BHHEHENRIEH,

fltn, 48 Btrfs B LV 488 5GB:

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

) 7R ER—£nSEEESMXERZHAN
M SUSE Linux Enterprise Server 12 SP1 744, lvextend. lvresize fl lvreduce
¥ --resizefs &M, ZEM AN AEREHIA/N, MEXREAERXHRARNK
e Ak, EEFFRA Lvextend 1 Lvreduce RFIH AT LIERER 0 :

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

HEE, UTXHRSLIE - -resizefs: ext2/3/4. Btrfs #1 XFS., Hai1RAE7E SUSE
Linux Enterprise Server LR ItLiEINIAZE Btrfs 89K/, BER _EHRRIES ILIED,

5.8.2 f£A LVM &7E

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

i#125.2 | IRECERFNEES
1. FEFRRE LEIBFRGE WREFEFT o

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

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

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

5. BEREHERIIRIGE:

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

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

5.9 #rig LVM2 fEfFRR

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

5.9.1 &M LVM2 1518

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

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

RBRSUCCE R ARRRIAE, SaEmcaENLE b (@) F14, tbilemytag,
HtIEREHEA ‘@ BIREAE,

5.9.2 B LVM2 fRiEHEK
% LVM EAHRIEE, TR TFER:

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

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

5.9.3 @R1TIRICIEA

--addtagTAG INFO
RAric A g (BiRid) LVM2 iEERR. mfl:

> sudo vgchange --addtag @dbl vgl

--deltagTAG INFO
fhipx (SKEGEARIE) LVM2 fETF KR HEIRIE. =l

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

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

59.4 EEXMIEE

AT ERTHRERMNNTRFEE,

59.4.1 7 lvm.conf XEFEAENZIFE

B TEARBEHRME /etc/lvm/lvm. conf X&E, UERAEMNL /etc/lvm/
lvm_ <HOSTNAME>. conf SZfFHRERIHTE MBI EMARIC,

tags {

# Enable hostname tags
hosttags = 1

S BCERIEE T EN LR /etc/lvm/lvm <HOSTNAME>. conf X, EBRE 59437
“BXHE” o

5.9.4.2 1£ lvm.conf XA FENRE XIFIE

tags {

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

tag2 {

# If no exact match, tag is not set.

host list = [ "hostnamel", "hostname2" ]
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5.9.43 ENXHE
BRI LB /etc/lvm/Lvm. conf X, LUIRBIBIRICEUE LVM 12585,
EXARRIEET, BUATRERNEISX G

activation {

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

RERIRIEEIR @database, /A "@*" IRIBEEN LI EREFIFIZILACLLATIC,

BEm LR LALESAMNZESHNTHIBFIZERN VGNAME. VGNAME/LVNAME 8% @TAG, RETT
HIRANCILEREY, ABUESHARNZBES. RINERT, NRFACRENASEE,

90K volume list R7FE, BEN LEEXIFE, WREEVANES THUBIRCLER, 7
RHESARITES,

1R volume list BEXEANZ, HAFENEXREXEARE, NFRKHE,

INRAKEX volume_list, MFRSHEMER LV BUERS] (REFFEER o

59.44 #EZTEVNBEEXFHRENXEE

7£ Lvm. conf X R ENINEE, ErIEENEEXXH (/etc/lvm/
Llvm_<HOST TAG>.conf) REABUIERE, Fli0, —MIRSEEE /etc/lvm/ BRPERNEC
BN

lvm.conf

lvm_<HOST TAG>.conf

[BohRY, =EE /etc/lvm/lvm. conf X, HAEZXGFHNEATCIRE, NREXTHE
AENIFIE, TREHEFM /etc/lvm/lvm <HOST TAG>.conf X, EZ=ISERE X4
B, BoLERENFCXE, AEIEE lvn. conf X, HERIE—MLEM{SEE
1%}, 7 lvm_<HOST TAG>.conf X, FRSFMSARCIRFERBIRE, XERE]UEE
RiEIREFZHX M, EVARIEXHFRIEERNFIMS R SAZEMIMIECE X H,
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59.5 BircATEEPRYE RAEES]

SR LGB TE /etc/lvm/lvm. conf XS hostname tags AR E R T2
EESlL, BERXGRTFEEPNE—AItEN L, UWERILFHEE,

1. EXAYRiEzRT, BFLATHEEARMNE /etc/lvm/lvm. conf XHH:
tags {

hostname tags =1

}

2. BXHERIZIBEFRIPTE N L
3. MBEERREMITENL, 5 dbl ZMENEEUE vgl/ lvol2 Bt EFIRH:

> sudo lvchange --addtag @dbl vgl/lvol2
4. 7T dbl RSB L, WAUTARBUREE:

> sudo lvchange -ay vgl/vol2

5.0.6 ERFICAEBETHEIEEN]
AEDHTBIRT T ST MES KM A

o {HUEHIEREEN dbl #1 db2 ERIEAA vglo

o (AUEX RS2 EN] fs1 LBIELH vg2,

o RIEXHIRS[/EMEN fsbl EREEEMEA, EXNEBHTESUMIHIRS ST
# fslZHESEH,

59.6.1 &M 1. EENEEHNWEPHEENFHSER

EUTHRAEF, BMNCEXHERZEZ SN,

1. ¥ @database #RiZFMNEIEA vgl BTEdES, FRRERELE, BA
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> sudo vgchange --addtag @database vgl
2. ¥ @fileserver fRZHMEISBA vg2 TR, ERIFIEHALE, @A
> sudo vgchange --addtag @fileserver vg2

3. EXAGRERT, BUTAREER /etc/lvm/lvm. conf XfF, HEX

@database. @fileserver #l @fileserverbackup #xic.

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

fileserverbackup {
host list = [ "fsbl" ]

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

4, BEXER /etc/lvm/lvm. conf XHFEHIEIMPEENAH: dbl. db2. fs1#l fsbl,

5. MIRXHARSERENHIHEE, NELIHESIENERT S LA TaH<LENEE fsbl
LEBE5hvg2:

> sudo vgchange --addtag @fileserverbackup vg2

> sudo vgchange -ay vg2

5.9.6.2 &I 2: AMEIRNECE
EUTHRAREF, 58ENERMERES XEPLESFHNENER,
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80

1. ¥ @database fFIZAMEIEA vgl BTTEIEF. FLXRIRIEHES L, WA
> sudo vgchange --addtag @database vgl

2. ¥ @fileserver tR2HNMEIELA vg2 BITEEET, ERIHEHIE L, WA
> sudo vgchange --addtag @fileserver vg2

3. £ /etc/lvm/lvm. conf XHEHBEAENATIC:

a. EXAYRiEEET, AUTABER /etc/lvm/lvm. conf X, LUBRAENIRICE
B,

tags {
hosttags = 1
}

b. BE&AEH /etc/lvm/lvm. conf XHFEFIFIMEFEN L. dbl. db2. fs1#0
fsbl,

4, EEN dbl £, BIEMIBEEAN dbl MBUEELEX M. TEXAHRIESRT, Bl /etc/
lvm/lvm _dbl.conf XHEHFMUTRED:

activation {
volume list = [ "@database" ]

}

5. EEHN db2 £, SIEEIEEEMN db2 RBUEEEX 4. EXARESRT, I /etc/
lvm/lvm_db2.conf MXEHFHRMULTHES:

activation {

volume list = [ "@database" ]

}

6. EENLfs1 £, BIEXMHARSEREN fs1 MBERENH. TEXARwIERT, CIE /etc/
lvm/lvm fsl.conf XHHRMUTHRE:

activation {
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volume list = [ "@fileserver" ]

}

7. MRXHARSSBEN fs1 HIMKFE, BEEHIEAXMHRSEFEN fsbl EAXHARSS 23

a. EEM fsbl £, BIEFEMN fsbl NBUERENXH. EXAYRIERTF, B /etc/
lvm/lvm fsbl.conf XHEHFMUTHRE:

activation {

volume list = [ "@fileserver"

}

b. ERIpizHIE L, WAUTGHRSZ—!

> 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
TERRIRPEFRIEIE, MERFREZEE LEESRENHRIE, REXNERIER,

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

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

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

TERE Guest IFIRHR, ERILUERRIRINEER TERS [V E IR LVM ZAEE, malE
YIERRSS 88 £ —#%
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FEEINENIRES, ERLUERRBIASRE B BTG, S EMsE ()
MATEAMEFRTER) HITHER, MABEBCEREES, EIWIATIE LVM BI85 m
HigtzEn, UREmEREr, CRLEEE LVMBES, ST Rl R ks
EWIBME; AT LUETR LVM SBIRS MRS, LIS EIN IS TS NRIE,

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

O == nEhREERENS
EBRERAREPERENRE, KRZEERERBONERIMEFEARTEE, XA1F
ERHERBER MR LRI SRR,

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

6.2 {EH LVM €% Linux [REE

B LUERAZEEEIESE (LVM) B X4 RFRIRE,
IALmEERIE, ARBAN

> 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

IREBE W BIZES /dev/1lvm/1inux01-snap Ho

6.3 mmALIRER

AL EERIE, ARBA
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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 [RE&

FIAKIRER S, ARBA

> sudo lvremove SNAP VOLUME PATH

fBgn:

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

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

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

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

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

1. HREEZEAXGEEMINRIRIRZES, HIWNEEHS /var/lib/xen/
images/<IMAGE NAME> £,

2. BIZEBEBTERMEEFFHAZES R LVM ZiEERE,
> 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, EFKREEMVBNEEXH, BEIsmEERES X HE B G
MERIR, REEEXH, 590 /etc/xen/myvm-snap.cfgs

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,

EA]LIER Lvconvert --merge m<iRRY LVM iBEBEMNEN, IR IA:

II\\

o MRFRZEEMIRBEIIRITH, SHFEILEIFIE,

o MRFRZEERRBEESTH, SHRERREEEHRBESE RSB XHF
FHi8,

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

o MRFRZEEESEIMTIRG, BRI RAEM, FRAKREZEENRRE (En2
TRRITXEE) , ARAHEHBS, RARREEESBIEMER, MESHTTK
RMERRIES, FRIUAESHTMZANBZIERIEM . SGHTRZE, EALER
HYIZEEE A T eI Lo

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

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

87

1. FTAKIRESS, ARBA

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

TR RS LIT EEE—SE MR, WalLERBERESRERFIE S M RRZES, A
[ETES 1T EIERE @<VOLUME TAG>, fREENENRBZEHIEZBNRFZES
B, BXRAFCEEENMAXER, BBRE 597 "IRic LUM2 fEEHS7 6

IR ELEE!

-b,
--background

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

HEIERIEFRELUE DR S HE, faERVIBIRRIATD S 8B,

BxXIHSHFEAEE, iE2 M Lvconvert(8) man TiE,
fi4n:

> sudo lvconvert --merge /dev/lvmvg/linux@1l-snap
&% /dev/1vmvg/1inux01-snap &F B EHFRZHEET,

> sudo lvconvert --merge @mytag

MR Lvoll. lvol2 # lvol3 £#BL mytag #7id, S MREBEHEEKRFSHERBMIX
FZEESSH; Blf lvoll, B lvol2, 7A/F lvol3, WMRIEET - -background ik
I, MRS RZEENRBIEHITRNGH.
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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. (Fik) MRKFEZEEMRBEIEITAEKFEEEREXE (B4 root XHHR
%) , WISEIUERMRSSHBHEBFRRZES, DILESHEERIZEILAIFA,
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10
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 BYfiE7F#1%8 LED SSF%ER 128

4 RAID 55 136



7 B4 RAID B &

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

AR VIEEAENER, FEFEEMONHTRIE, FE—LIHF IDE I SATATERM

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

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

SUSE Linux Enterprise 12 7 & FERLAEH— 13K RAID RARNET, RAID BRI ZIREE
HEM— RAID REN SRR, XLEHREIET. MEFRERER, XETUEER
FRYE RAID &3,

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, RAEAREMEIER, {8 RAID 0 ERAXMAFZLENITEZ . FH RAIDO, ]
USRS IRERA ST, XEFMEERERL, BNREER—EREIMME, E
RIF RAID R HEREIR.
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7.1.2 RAID1

HERANNIENEIRRHE T EBHL 2N, RAKES 11 EFES— M ERE, XTMAERERRK.
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 LEENFERIEREE
FREEZR, XLEREI XOR BEF#E, HERSGHIKEN, @32 BENNRIREME
NA. ¥F RAID5, ER—BYEIREER KRR HIMKIE, MR IREEZ RIS, WAHTE
BRAVRGEER, MULIEEXREE.
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7.1.6 RAIDG6

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

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

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

Ihie RAID 5 RAID 6

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

BRI am, B n#I, W

g EEMEMEZSFEAEHRER LRAIDSERITEAEEM
1] X

A —MAHIGERE AR B BIEE

7.1.7 #REMEZ RAID %37

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

7.2 f£MA YaST EBE#fF RAID

B LUEE YaST EX S XIZFiHiA] YaST 2 RAID it &, b9 X TEFRAFHIEMBBIME DX,
FOIZER T RAID 9 X, TFHIEATEIZE RAID £&5%!) 0. 1. 5716 KhEMA, i&E RAID 10
BEEMAEWE O “0IEZF RAID 101257 Bk,
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1. B8 YaST HITA D XiEFo.

2. IRFE, BEIENZS RAID BELERREERAN DX, BEZFRENERXK, HEIXER
B OxFD Linux RAID, ERMIERKXE, FREENENINSXEE —YaST 2EH
B, BX4AT, BSE (BEER) ,F10E “EXHXEF" ,$101T “GHE
RPXEF" »

BB EERAMEETEMER FNSKX, UWERRYED—MEZRFIS (RAID 1
5) BREIBIIXFE, FHLL RAID 0 BYERE,

3F RAID 0, ZVEEHNIKX, RAID 1 REERIMIKX, MRAIDS ZELEE=19
X. RAID 6 IEEZEVREMMEX. BiIXERAXNMIBNSX, BASMERNENEHER
M= RIEE AR NKNIID X,

3. EEMERF, ¥ RAID,
AMERPEISFTHINEA RAID EEERITIR,

4. 7 RAID TTEIMA T/, B 70 RAID.

5. IEFRRAID LA H M B EINEERHINEL BN DX,
IR LLUER MM RAID #87k— RAID 27K, X#E, RAID BRAFREE /dev/md/NAME,
BXEZER, BEWET72.17T “RAID & o

700 RAID /dev/mdO

RAID 28 RAID B# (FI3%) (N)
RAIDO (£¥F1k) myRAID
RAID1 (§1%)

® RAID5 (MHEZEL)
RAID6 (RERFETL)
RAID10 (SREBHIEFK)

BAiRE: b slio =
& R e %8 w&E Rt ngE 8
0> /dev/vdc  5.00 GiB myRAID #Y- TRER
- /devivdd 5.00 GiB myRAID K-
SBFM | jgeynde 5.00GIB myRAID K- AL
<118 AT
« 2EBER B
EF/: 0.00B PRI 9.84 GiB
#Eh(H) BRH(C) BB(B) | F—#N)

B 7.1 : RAID 5 BR& Rl
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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, BXBERUEZIFAEE, BEER - - layout &R
BYf0_E man 8 mdadm, SARAHE, HEEZIIAE,

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
#Hi#1T51S, fdisk M parted ETEEILZE RAID L REAIEETIE, RNB% RAID HE
REMAREFRAXLETAR, alESMEERINIZE I THEIRIIZIE,

7.2.1 RAID &R

B4 RAID igEBIATHE mdN ZXEERZ IR, HHPNZHF. ALk, U md127 A6, B8
¥ /dev/md127 X#ER A i#1TiAR, HE7E /proc/mdstat # /proc/partitions &
FIHA md127, EXLEZIMAAEER, Altk, SUSE Linux Enterprise Server 1287 mfhfiz
RAE:
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RIS RIS FA AR HEHE
LWIRMER YaST K1 en <17 LA mdadm --create '/dev/md/ NAME' 6% RAID &%
B, AILUEEA RAID IRBIBE— 1B, RFBMNAZE mdN, BREASCIE—pEE /
dev/md/NAME:
> 1s -og /dev/md

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

®EE /proc MBERA Md127,

RMARISE
NREMKENARHERNR AR EINIREENR, 1B5E17T T788<#F CREATE

names=yes {TRMNZE /etc/mdadm. conf:

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

IHIRESIL RS myRAID ZEMRZMAM “HL” BIKERBR. IKENETLUITE /dev/
myRAID Rifia], MBEWSRTE /proc 57 myRAID, HIE, REEENELEXHZ
5, WA IERTF RAID, j&5H RAID JE4K4&:EEF mdN 2R, BHEIXLE RAID EIEHEFE
EHik,

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

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

&RILAE monitor R FEATIFIERIZTT mdadm SRS MEE RAID, £ monitor ##1(
T, mdadm =ERROEETIRAVEELRIE, NRAEHFE, ndadm SRR A IX—E B FH
%, BEEXKNERNBYEEE, JETUTHS:

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

TENGSSEIE 1800 FFE—K /dev/md2 BEFIMS, SNRELEHE, KA
root@localhost &iX—E BB FHBH,

Q = BIARERRADKE
BINBRT, RAID ELATFEARS. NMRBRNEZEINEIREEAREK, Eags
BEES, ALk, EaILUER delay EHNRE B ARERIE N IE)IEFR.

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

e /usr/share/doc/packages/mdadm/Software-RAID.HOWTO. html XA+
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 A, 1&#&BREGFEF RAID TAB&KMKE| YaST nXEFH. &
LTI UFERILSXEFAEER (/) PRNARIRECIERMY RAID, FEEE /boot PXfiEE
7EF% RAID 1 LS RAID 73X £,

8.1 IR X(ERIXY RAID Iz RISTRF
BRREEAEUTER:

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

° WNSRTE MBR FRES|FMEIRER, NAFEERN /boot SIEIRIINX, WRTEE MBR
REES|ISMEER, W /boot FEHBERMMHNK £,

o XF UEFI iHEH, TEIRELHBR /boot/efi N, ZHXFEEINIL VFAT, BILL
HEBERAID 1Ig&E L, LUBAEE /boot/efi NYIRHAE & EHERT HINE| R iR,

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

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

8.2 MR (/) »XIgEEABF RAID IKEHI RS

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

2. BHEEEDXEFUITABEX IXERF. EAUERBINNSSR, BrERNET
2=

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

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

5. (i) MREFEZEFOXEN, BREAS > EFEEES,

6. NERETFHMH RAID IS MEFRIEE Linux RAID 8. %A /. /boot/efi i n
X{&EH RAID,

a.

b.

EAMERTR, EFEE FEFEEERILE, ARBEHFND K.
TP XANT, EEEERNAN, ARRE TP,
TRET, ERFRBHEE CGREIVL) .

EBEAEIUERAER, 22X IDIRE R Linux RAID,
. %EE—F_iy #ﬁ%:/\ﬁZEEE‘E"ﬁ%o

1. A/ DXL RAID &%

a.

EAMERE, FEFERAID, FRFIEFE RN RAID,

AR (/) PKIGBEABERMY RAID IREHARYS | SLES 15 SP4
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b. 3/ PKIKEFRFERY RAID 2521, FIF RAID ZHKE N system.

c. MNAJARIEES D PIREEE E—PRERFRIMD RAID IREHANE

EEE—F_iéliéiio

d. MTHEFEEXRK/). REBRINKBERREMOE.

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

AR (/) PKIGBEABERMY RAID IREHARYS | SLES 15 SP4



f. ERETERRIEERS, ARBEH T —IHE

g. MEXHASGHBEHRIREN /. BET—HRHZMNIFE,

8. Wt RAID KEBIRIGEMGIIEFHNER, H=7E /dev/md/system BIZFEIE—

g
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9. (Aik) &ERILIFE RAID FRIRI DK, RS ERALMHNIE, RAIBEAETIE
FH, mEXGRSENERR, WTFAR. 8HF—%,

10. (Ai%) T UEFIIHEN, FREEBMRNPTEREIE /boot/efi HEHX, FiEE, /
boot/efi{X3z#F RAID 1, FEEMFA FAT32 X RFARMEHIZH K.
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P TFR:

11. BEESERIXER.
EIVE D X UE LS BRI
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12, BERE, WFESMIL /boot/efi FXEY UEFI HEWN, BELZESERS LRES
S, REB5ISMEIEFIZE N GRUB2 for EFl, KERRAZE5|SIIFHIATIEEEH
o
RBE5IRRSEE, MIESISHBINREMRGER, UEBMIRFAMG RAID, HER
1R (/) DX ERRIER S
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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 54T T AL,

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

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

#9.1: #REHRI RAID 43

RAID £&51 ol HEEMNB S

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

R ETERERRES, BIRMARA.

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

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

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

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

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

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

O == zxz
NREEEIPRIXEGENZNEE, NEECEXLE RAID IEEZAI, HINAEZREFE |/
0. BXER, BENE 185 "BIHEEZEMZERE/07

ATRNIEER TRPETIRER, BEREAEECHIKEITEXLEIRERT,

#£9.2 . BEIHRESIZE RAID 10 (1+0) BYHZ

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

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

1. FIA— 1 RIRIEHIS,

106

2.

3.

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

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

> 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

. £ RAID 1+0 i&%& /dev/md2 LRIEXXHRS, B0 XFS XHEZR%:

> sudo mkfs.xfs /dev/md2

BEAEMXERS, BEZHL.

. R4E /etc/mdadm. conf X, MIREFREFE, MWeIEEXMH (HIE0&@TIETT sudo

vi /etc/mdadm.conf) . FIMTINT (MREXHET, WE—ITREUEBERF
) -

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. ‘A8 /etc/fstab XHLUR RAID 1+0 1&#& /dev/md2 BT, TFHUIRFIERT KA XFS
XHERFGFH L /data MAES =AY RAID 1&E& I,

/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/md1
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[Riigs RAID 0 (£ 1k) RAID 0+1 (§R{&&wH1L)
/dev/sdel

1. sTA— 1M RIFIEHI&,

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

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

> 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 LRIENXERSE, 90 XFS XHZR%::

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

6. YmiE /etc/mdadm. conf X, WMREREFE, NelEzXH (FluN@EdiETT sudo
vi /etc/mdadm.conf) . FITHIT WMREZXHEE, F—1TRARBLESRE
) »
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. Ymi8 /etc/fstab XXHLUARAN RAID 1+0 1§ /dev/md2 BT, TFHUIRHFIERT KA XFS
X RFEFH L /data MRS =Y RAID I&EHII,

/dev/md2 /data xfs defaults 1 2

8. & RAID I&&:

> sudo mount /data

9.2 flIEE% RAID 10

YaST (AR - - level=10 iEIRAI mdadm) AIEIEEEE—S M RAID 10, B4E 7T RAID

0 (9F) S5RAID1 ($81%) B9ThEE. FRAEEIBRINZ P EIRER— D EENESZ MRS L
Y, BHFIRERAIER.

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

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

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

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

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

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

BREVE AL,

9.2.1 EZ*RAID 10 VIS EME %K

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

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

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

9.2.2 il

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

9.2.2.1 EHE

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

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

BB MEN RN EXEHE:

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

BEHFH I HENR N ERERE:

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

9.22.2 &H/E

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

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

RIEEHREEANNBRER.
BEEBHMMEENB N ELRNZRE:
sdal sdbl sdcl sdel

0 1 2 3
4 5 6 7

BEHFHMEENRINEXNITHE:

sdal sdbl sdcl sdel sdfl
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9.2.23 1RZMAE

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

sdal sdbl sdcl sdel
0 1 2 3

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

BEHFHMEENRINETNREHRE:

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

9.2.2.4 {#M YaST fl mdadm {EEEARENE/H

SAREHFRFHTE YaST FEfEA mdadm B9 - - layout SEIEEAST BRI E %, ESHE
B
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]\l
FHERBIEE n, HEEXRHERE N, n2 2RINME, EREEHGBEMERIHKBIFER,

N
MiZmEiEE f, HFRERERN,

oN
IHRIBHBIETE 0, FHAEREEIRN,

© i EAK
YaST 2 B HERIE 2S5 HAVFE al e EHRIRERE.

9.2.3 f{EA YaST pX#EFEliZE 2 RAID 10

1. Boh YaST I AP XiER.

2. NRFE, BEIENIZS RAID EEEREREANIX. BZRENRIL, FARIXER
IRE A OxFD Linux RAID, ERIMIAEDKE, FHEEERENNDXKEE —YaST 2B
B, BXAT, 5% (HEEE) , B 108 “TRXHXER" ,$10171 ‘€A%
KPEREF" -

T RAID 10, ELFBEONDK, BB WEEREFERNEDEEZ LNDK, MRS
Hh— MR BRRHIERNIXL, ZINERXIERNS X, RS NRXAFERN
TEIEFARNKNHID K,

3. EAM@ERA, 7% RAID,
AMEiRFEISITHIAE RAID EEERTIR,

4. 7 RAID TTEINA T 7, B A0 RAID

5. 7£ RAID 228!, EIZE RAID 10 ((REFDER) o
TR LUZEFER M7 RAID #5Ik— RAID E 7T, X#¥, RAID WEZFEE /dev/md/NAME,
BXEZER, BEENE 7217 “RAIDZ

6. TR AIREVIRFEFFAFN 2K, ARREGHAN, BEBEIFNEEETIRP.
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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)

(Ali%) BEDZE, IBESHERTE RAID FEYHHEIEINF,
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: R A RIKERIFERRE B Rig&Za0, HLULSEHE, F190: AABBCC,

ZHE RRBRARAXNE—NRE, AREBENE—TIRE, MUEEETHT
FREtEIK T REENIRE. BARRE A XNE-_MIRE, BENEZMLE, U
Kift, RBERMFMEREFHEIREVIRAKE, 9. ABCABC,
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10.

11.

12.

B EE—ITEESTHIREXY, HPNE—THE— M ENREL UK
—PREBFR ("sda.* A").FiES5ZENRAR AL EEIERISIRG ZITISE
R, EMRERSMKRERNIZZFE (/dev/sdal). udev BRIZEZFK (/dev/disk/
by-path/pci-0000:00:1f.2-scsi-0:0:0:0-partl) # udev ID (dev/
disk/by-id/ata-ST3500418AS 9VMNSXSL-partl) #iTbIt, WRIKEZFR
5N ENRERTE, NSERENLETRAE S,

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. fTA— P &iRERIS.

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

BHEMIRIBIERISEIEZE - - raid-devices MEMDXFIR,
Zin T2 BEXALGEBEHERNEARNIES, EFSXHMETHEA—, 1§
)

=
9.2.2.47 “EMAYaST #l mdadm $EEEARLMNMG/E" RAMAER - - layout.

7
4, 7 RAID 101&%& /dev/md3 LRIEXXHZRYSE, 540 XFS XHEZRSk:

> sudo mkfs.xfs /dev/md3

EEREHMHERS, BEBZGHT,

5. 448 /etc/mdadm. conf XfF, MIREREFE, WelREZXH (Fi@Eiz1T sudo
vi /etc/mdadm.conf) . FIMTINT (MREZXHET, F—TRAUEBEEZRE
) o
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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. ‘miB /etc/fstab SXEELURAN RAID 10 &% /dev/md3 BYIE. TFHIRGIERT RHE
XFS X R4 FH L /data #9EE =AY RAID 1&&HIIN,

/dev/md3 /data xfs defaults 1 2

7. #% RAID ig&:

> sudo mount /data
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10 6IEEFEZR RAID BES

PEIRPEDIB IR D FLEIGEZRIPES, (X3 RAID 1. RAID 4. RAID 5 #1 RAID 6 ZFfELK
BEHl, XL RAID REBIZIHAFATENEERN—87, BRRD—EigE, B%,
H—MEERWE, SAERREY, rTUEEEIE—ERRES,

RAID 8¢ SR BIIELL

RAID 1 BR—MLEINIFREIRE
RAID 4 —ME

RAID 5 — Mg

RAID 6 — PR ME

ZoIRR DR LEIGENIRERES, RFEFEARA missing BIGEZENE, X2FH mdadm
KSR AR E N,

LB RAID 5 F&%!BY, mdadm =BanfEREIMNYERIRTNECIERERFS . XERAFERAIL
B FIPERIEY R R L EIEFRRERNEENEY L EFMES FRRREER, EoIUER - -
force RIEZZEE,

TEECIZE RAID, BEFERAN—MEE LELBIIEN, CIZREAMESFFEER. EXMER
T, FEREMSEIE—EEES, BERPIIEE ENEIESHIR UPERIEIETTH RAID
£, BZ&EHRME RAID A, SAEEF RAID EMELIEZIIESBEMBIRER. UTHE
BRI — NG

1. BEEABIRENEE /dev/sd 1 SIRFRLRAY RAID 115 /dev/mdO, BHEMSIRRAT
AN LATER<

> sudo mdadm --create /dev/md® -1 1 -n 2 /dev/sdal missing
ZIGENAR/DFFHARFIHRRMNEZIZ SRR E,

2. NREBHFMNIEGMISEESERSE RAID FEFIHMEEE, MESEHERIZIMTFEEET
B9 RAID P&,
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3. BEMNPEFEBIENIRERNIERE. HI90, Em RAID F7R /dev/sdbl, Ea<HRR
RN T e

> sudo mdadm /dev/md0® -a /dev/sdbl

B—RRERM—TRE. BAFEIARWRREHFEHTEEH, TS —T5R

4, EHRLTRAFRBMALTGS, BEEIE:
> sudo cat /proc/mdstat

EESURIMERHENTELHE, BRA

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

REFRINAFEAZIEEEE (mdadm (8) ) TEIE NS RE/)EHE RAID 1, 4. 536

REHAK N

REIB UMY RAID IGEZII AN KIE NSRS N A7 XIBEN T8, 7 RAID LHBHX

HRFBHNMEEBFEK), UFTEDFRILE LTRATENERN, 7 SUSE Linux Enterprise

Server i, XHARREIGEAK/NELHAZFTAT Btrfs. Ext2. Ext3. Ext4. HXFS XHHRS%
(RBRIGIIR/N) « BXEZER, BEEE 25 "FEXHRZGHAN

mdadm T E{XZHHEZMH RAID &3 1. 4. 5716 BIK/\. XL RAID KA MR RS,

XEEREEANS, aU—RET— MG X, B4 B3R, AT RAID £ XHMITHRIAEAX

N, (BRXFEMET, BAEINEREHEE,

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,

120 | SLES 15 SP4



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/

R AT RAEFZ LUE AN RAID 10 4. 586 89K/ *F RAID HRIEMAMSS X, M RAID A
MFRZA X, BeREX/N, FHIREER RAID, AE%ERF RAID f2E FRUMSE, WF— PO X

BY, RAID SLAERIRINETT, REMEBRENREEERE, BMENTRIUSRBES N HITHRE
HIEHY RAID, MAE—ARMIFRZNMAGS XK, EEIEM RAID AH XKD, ERIT IS

®:

1. fTA—P&iRERIS.

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—NEH DX, B0, BEMER /dev/sdal, HHIA

> 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 XEFAMNE RAID F551, 190, AN /dev/sdal, BN

> 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,

ATIPRIIEN RAID IREERIKESR /dev/md0, HRERZEB SHIRERTMERBI.

1. fTA—P&iRERIS.
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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 BMARTREAR/N (KB, 8 KBFTF 1024 F11) HNEHRE.

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
fj
EH?

BXIFA,

11.2.2  B)y RAID BEFIRI A/

BEXHRFEHNA/N BBRE 11.2.17 “E/NSHRFHAN ) Zia, RAID FFIREZH
SERHERIBMETIR), BRERECR/ETATE, /A mdadn --grow 58] RAID f&
BN/ AL, EBIER -z EBHEE RAID FRIEME ERIERNTEIE (UK
KB) o IEA/NBARARA/NNEE, BXATARBET NIRER RAID HBIRFIE KLY 128KB BY
=[alo

AT RBETERN RAID IREEMRIRER /dev/md0, HREREE SHIRERMEIX L

1. {TA—PMRIFEI S,
2. BIWALUTL, EESTHEIINETIR/NIgERN

> sudo mdadm -D /dev/md0 | grep -e "Array Size" -e "Dev Size"
3. WAUTSHSREFINIEE ARV ERER

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

B SIZE B NRTFABEANESRE (BN KB) » (1KBRZ 1024 F15, )
Ban, UTa$EE RAID IGEMEEA/NEE NAL 40 GB, HAAMRA/IA 64 KB,
EEE 7 RAID BBIRTHZERY 128 KB,

> sudo mdadm --grow /dev/md2 -z 41943168
4. BEIWANUTHS, BEFREEST BREIBEFIRNFIZE K
> sudo mdadm -D /dev/md® | grep -e "Array Size" -e "Device Size"
5. ITATREZ—:
o WNREMINBAEFETIAR, FMEESE 11237 “F/NEGFSXEIAN

o WNRAKBEMIER—IF AR ETIAR), 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. $IA—RiRiEH &,
2. @EIHALUTEGS, HfR RAID [F5—EHED
> cat /proc/mdstat
MRIRE L AHSHHL, RAID BFEIHNAEERS, WAMERRL TR, A ELREE,
3. M RAID P55 MIRR— N EG DX, F190, EMIBR /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. Bz XEFHAME RAID BEF, 0, EAM /dev/sdal, iFHIAN

> sudo mdadm -a /dev/md0® /dev/sdal

FE| RAID AFH—E, RAEBHET 10X

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

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

fi&TZ41%8 LED 'Sf1SE 32 (Ledmon) #0 LED =4 (Ledctl) SEAEEFET Linux B

F=ENAERF, EfiMERSMROMDICRITHIEFNE LED. ZERFEEME

RRER mdadm SERIEFEIERA Linux MD 204 RAID IEEAIRES. Ledmon TP
T RIS FESIIRTS, AEMEN EMIFENEE LED BURE. ErRILIER ledctl

SLAEFRNIEEMIZREIRE LED B

XL LED SEFiZRFEA SGPIO (@A &1TiAN/tat) FSE (B (SFF) 8485) LUKz SCSI #1178

ARS5 (SES) 2 thilz# LED., E{155HE SGPIO BY SFF-8489 ;e RYEFRIAINFRTUARRE (I1BPI) 12

o IBPIEX T SGPIO FRAERG A aIiRFE B AR Bh 28 A M R AR E RABIERVIRT, ARG 301 &
l\_. LED ?mﬁ1‘l{:ﬂm)lklu\o

BLMEFNFFAR™REE SFF-8489 fIE. VIFEMIERAIRERIES IBPIRN, BR=RE
SFF-8489 FSEIANR LED, si&EAMIEESAIRE(NZIFE0S IBPI#ET,

Lledmon LA ledctl SEAEF 3255 LED BIE(AHCI) F1 SAF-TE ¥

ledmon #1 ledctl W BIEFLIIER LUET Intel AHCI #5528 LUK Intel SAS 1=H125%F Intel
fETFIEHI2R, BN EZIFER PCle-SSD (EZSHER) MFE LED RiZHIEF MD 4 RAID 55—
89 PCle-SSD & EMEENFARE (EE. ME. EEERE) LED, XLENAEFHEIEER
LU THMAENERMENTTS IBPI BUETRIEHI2S (1532 SAS/SCSI #2%128) ; I HhiHi
BRIl g8 R I Mo

ledmon 1 ledctl #EF Ledmon KHEFE, ZBERIANRES TA TR, 1T sudo zypper

in ledmon AI&Z&EE,

12.1 f&FA4E LED ImARARSS

ledmon NAREFR— I TIFEFHIE, EXIFEE MD 2 RAID IR & BVRSEETFHIFEEL
IEh2EHIRARIZEEPINS . —RRBEBIT—METIFEFRIEA, Ledmon SFIPIEFRE Intel
¥\#8 LED SERRERH—& 7.

W&EBE SEEFETINAESIREIBEVER PRI S TMEN WA LED MR ET. NMARERF =S
BEM RAID REHMRUERERS, TEETZNARRFNEREEIRM RAID &,
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ledmon SHPIEFEZIFF LED R4 W LED &% (GEEH LED FIRAS LED) 5= LED &%
(GEBh LED. ZE#k LED #I#4F%E LED) , kT ETEIAIR LED RABRSMER.
EZ5h ledmon, EEAN

> sudo ledmon [options]

Hrh [options] @ F5I—a¢ %I

ledmon BY3EIR

-C KiZ,
--confg=p&F
ECEM ~/.ledctl 8 /etc/ledcfg.conf (UNIR7EE) HIEEL, FEALLERKIEEE
REVECE X 4,
BHEIGENER, AAREKREENEEEXGNZEE,. BXHAT, E=Mman 5
ledctl. conf,

L1z,

—-log=i& 1z
REAMBAEXGNEZT. NMREERAFREXNXYE, WRA2ERA2RAEEXHE /
var/log/ledmon. logs

-t B
--interval=fb%
®E sysfs B3tEEfREYEl, ZEUMNENL, &/IMEN S5, FEERKE.

--quiet. --error. --warning. --info. --debug. --all
BEEKLEN. KAETIRMERE B RIFAEENINFIEE. MRFERBE, NEH
--quiet &, MNRBIERAABEAZR, NEA - -allEkll, MNREESMTUEED, N

=N AL PRRE—TIE.

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

£ ledmon BIhRALARIFRIIERVIARER, FAFIRH.

Q = BmiEm
ledmon SFFIZF T EIR S SFF-8489 #MEHHY PFA (BPETNEST) KRS BT EMN
T E R PFA R,

12.2 f&ZH58 LED =4I HIZF

M#8 LED KL FBTER (ledctl) R—RAF TEINBER, BT EHSEENMEKIRENEETIZF

S MEMEXELR LED, ledctl ZAEFR Intel #1758 LED LAEFIVARMEES .

FEEAHBSHN, IBEIREN LED BEIRENIEENERN, HEFRBEMA LED EIE XA,

BTN BEFEE root KR, BT ledmon KABIEFENIR LED NABRSMESR, Fit

SNR ledmon SFFIEFIETERTT, M ledct IRBEMFLEERXTTREREER ( B B

M)

ledctl MARFZHFMI LED 4. — LED &4t (G&Dh LED AR LED) M= LED &4;
(7&BH LED. #P% LED #1&E#HL LED) »

EEBED) ledctl, EHEA

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

-C K%,

--confg=p&z
REAMEEXGNEEZT. MRIEELED, NeFHEEX4HAFEE X GEREY.

15812,

—-log=i%iz
RERMBAEXHNRRZ. NREEAFEXNXYG, WRFr=ER2RBEXMS /
var/log/ledmon.log,
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--quiet
KHAFERM stdout M stderr RIXRHEE. BEARMIHEH syslog HEEHFNHRIER

XLEHE,
-h,
--help
B ERHERH S, AERE,
- V )
--version

£ ledctl BhRAUURIFRIERIEXRGER, ARIRS.

1221 RARAMR

1R1E SFF-8489 #5E, ledctl NBREFIESZLLT pattern_name BEBIR R,

locate
I SEEIRENTIERXIE LED, RSB FARIRFESIREIES,

locate off
KA SIEEIREHTIEHEXAZEX LED,

normal
XA SIEEIREEXAVIRZS LED. P& LED UAKEH LED,

off
XA SIEEIZFHEXAVIRZ LED F1#PE LED,

ica,

degraded
AL ER In a Critical Array &=z,

rebuild,

rebuild p
AL ETR Rebuild B, HFHRBMEMIBRERERE, ZFFRMELZRT.

IR | SLES 15 SP4
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ifa,
failed array
AL 2R In a Failed Array &=,

hotspare
AI{I{L 2R Hotspare =,

pfa
BIfI{L 2R Predicted Failure Analysis &=

failure,
disk failed
B[ E R Failure &2,

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

FEA L ledctl an<RY, EEIRER LED BRIRBENIEEMNRIN, HEFBEHEMAY LED &%
Ko 1REFIRFAIRA LU TSR —MiEH:

° LESHRALTERINIZETIR
o UERDRERRESHEERNIRETIR

MREFEF—ILPREESMEN, WE—MENBNLET IR UERBEBA B UERT
E. BXERMMTIRBIEIRE, BSRE 12237 107 o
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REMERER /dev BR8K /sys/block BRAXHHERRIR, ZEFRILMRIRRIZE. MD KX
f RAID IR BB AR, WTHMH RAID IREHARIRE, SNABEXEKIRIREIREFRS
A9 LED K7

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

12.2.3 Al

BB MRILE:

> sudo ledctl locate=/dev/sda

BEXRABMRIGEN "B LED” , BHRITUTIRE:

> sudo ledctl locate off=/dev/sda

& MD 2 RAID i MR, HEARMRISEREEWER:

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

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

BREI=MRigE, BETUTHLZ— (MIaLEFR) -

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

123 BZER

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

e |IBPI #5E SFF-8489 (https://ftp.seagate.com/sff/SFF-8489.PDF) &
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13 {4 RAID &

EE /proc/mdstats XHLUAE RAID P XEE =, WNRHEELIMEBEE, 1B5XHE Linux &4t
HAUEEA RS XBMEZ IR B I ENER, ARERMNENRAZHBANG< ndadn /
dev/mdX --add /dev/sdX. ¥ X BRAEIFEIRETIRTT. XEMREEESE RAID
REPHTLENITE (ERATFR RAID 0 LIMIFRE RAID £&31)

REa U EEWEHAEIAIRFFEEIE, {B7F RAID T2 EWR A, HARREBE—LEEaER

o

— = T - 2 S 4= =

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,
MFE—MER, TUEEEEE (JEsB8aEE) 2E, /A ndadn 55 EIERRINAL
FHPERIZE
BT md/mdadm REER] SEMIFI ML A EHIEMRE, Rt SENAE T “EMEEEIR, H
—EBBEAAREIRERMBNSSEMAEHIE, BRI SENIZIEERISEN L,

ERLEERT (0, EEFiSEESWE RAID 5Y) , EERFEEFRIGELREKRENRE,
EXFERT, EelLlE5 mdadm, FIEFHIE, ATLUBOMER - - re-add BEIEFMN
Zg&E. Alt, ErILUETE—174RME /etc/mdadm. conf H:

POLICY action=re-add

BAE, XY udev NS H mdadm -I DISK DEVICE NAME 7EBXEBIMAEMESE BT
(BRIANTTH) , HEBEE write-intent iIE (BUARECE) N, ATREEHLINZEE
EHFRINIZIEE.
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NREFELBI RN AZIEEGEMANARERIRE, BT path=ETURMNE] /etc/
mdadm. conf BBJ POLICY —1T, LURIERGMEIERGINRMEERISENIT. A UERABE
FFRIRFIREE, BXFAES, FS M man 5 mdadm. conf,
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14 iSNS for Linux

fEFXIEMZ (SAN) AJ B S D HEERNREITFSHELRNR. XFIRELKMNILEME
WZIEE R, iSCS| AttimiNaeisiRzl SAN RIVEERR, HRER S X Hi#Tihm,
BEXWEEFRIRARSS (ISNS) B—IEFIMERARSS, ERAEREL TCP/IP M4 L iSCSI 1R&HY
BRI, EEMEE, ST @EMNSKTRIRSELL, ISNS ARt sepfEF A M EIEAR
5o

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

O == z2irEEm
HTRNZRERNE, REERLHAIBMEIFIRREER iISNS,

14.1 iSNS RYT{F/RIE

iISCSI RiimE &I iSCSI Bin, FEIRFIMERNML IS ERMEFERRUSIFRIXLEHRE
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iSNS a4k iSNS 0

LEIG)

AGH(C) HBE(Q)

3. AEANRERET, EXEREEREEANERITH AR BiEE, AIRERBRTRS
SRR/
FREFHIPASER SRS REHEERS.

4. TEEEXRBETIEEEREERNITHERE:

e 5|SHED) - 5| F BB,

o BEED - BBITXRENERT, HREFERHRS.
° REH - RSA BB,

o REHANIRE - FEARSEE,

5. FEESRIE ALiHE Mo
AR5 28 LAY iSCSI &itintE EASTUIERBY iSCSI FREZHR (IQN), Lt A& tif & MR ML
EwmBEE2EE—%. IQN ERUTEIEI:

ign.yyyy-mm.com.mycompany:nl:n2

Hep, n1#ln2 EFE8HFFN. fa0:

ign.1996-04.de.suse:01:a5dfcea717a
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kicin A TGRS EXX M /etc/iscsi/initiatorname. iscsi RAVENEBRD
1H7E,

SNRARSS284R1H iBFT (iSCSI Boot Firmware Table) S23%, WA iin < 7g M IBFT Y
MNEERTE, FEERETEREPERLERZT. T2, EaILUER BIOS i&E Ki#
171828, iBFT B1EE &M iSCSI 5|SHIZERAMNSHIERIR, BIEF AR 2E/Y
iSCSI BAR5 & icintiiR,

6. EAUTAEZ—RIMWLZ LA iSCSI BT,

* iSNS: ZEFH iSNS (Internet Storage Name Service) 3R & iSCSI B4, &
e 15.3.1.2 7 “{EFISNS £ iSCS|I B HpmRekER (7,

o BRMBIR: EFmhAINiSCSI BArigs, EEE 15.3.1.3 7 “Fupkdl iSCSI B
17 HRFR LR,

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. EEILAEA Usscsi ap & iSCS| BIMg @M Aig &Rz,

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,

ISR EDA TSI SR EERER iSCSI BAR; BD, HRBER (/) iIF iSCSI £,
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

RIMMBECE iISCSI EZFEENK iscsid EEIET1T. BRBITAIME, E /etc/iscsi/ BRH
B iSCSI AHCiRrI R BB IR RE,

MBAMZOLHFIF, ME iscsid REFNIIEER. BFERRITEAINABLIEEHAE
£, ELttRTEERRNIBEIERE, R, BAREBEENH /etc/iscsid. conf LURHE
B, BEARIAMOLES, BT /etc/iscsid. conf KERMUTIT:
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discovery.sendtargets.auth.authmethod = CHAP
discovery.sendtargets.auth.username = USERNAME
discovery.sendtargets.auth.password = PASSWORD

AV BB RBEINEREFE—TRSHSABEES. 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 AR5 28 LRIRTA BAR, IBERUTHS:

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

F iSCSI Bin LEXENBEiR, BETR—1T. BXBEEHIENEZER, 55
% 15.3.3% “iSCS| Licim#iRE" -
iscsiadm B945% - -login EMRBIEFAIEEEMILE:

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

HAEMMISEEETRTE Lsscsi WiaEd, ME@EEHIZIEE.

15.3.3 iSCS| &itcim#iiERE

iSCS| Rt kK MAIFRE 1S BEMETEENLT /etc/iscsi PN MNIEEXHH, —MURE

RAFEAMBNER, S— M UEERTAMNT R, HREIEEN, BROGIEEEREMNLIN

SREVEIEIE B M T R BB EEIREN R, BIfEA iscsiadm B9E%K -m discovery #1 -m node
RMITUIRIE, FF iscsiadm BEEEP—1SH, O[REEFIZRIOER:

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

RAPHBRZFRN 1gn.2006-02. com.example.iserv:systems, SitismEdEE+
XHFRERIEERBELZFR, EHME ID /3 ign.2006-02.com.example.iserv:systems
HIRICRIAR, AERUTHS:
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> sudo iscsiadm -m node --targetname iqn.2006-02.com.example.iserv:systems

node
node

node.
node.

node

node.
node.
node.
node.
node.
node.
node.
node.
node.
node.
node.
node.

.hame =

.transport name =
tpgt =1

active conn =1

.startup

session.
session.
session.
session.
session.
session.
session.
session.
session.
session.
session.

session.

tcp

manual

initial cmdsn = 0
reopen_max = 32
auth.authmethod = CHAP
auth.username = joe
auth.password = **fk*xxx
EMPTY
EMPTY

timeo.replacement timeout

auth.username in =

auth.password in =

err _timeo.abort timeout =
err_timeo.reset timeout =
iscsi.InitialR2T = No

iscsi.ImmediateData = Yes

ign.2006-02.com.example.iserv:systems

=0
10
30

EREXLETENE, AF iscsiadm SEIIRE—EER, Hla0, WNRFHE iscsid EHBKL
A& iSCSI BiR, MPIEZEE node. startup MEIRE N automatic:

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

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

5 delete RIEEIRIIIIAVEIES, WRBR
iqn.2006-02.com.example.iserv:systems FEREMMICE, BERLL TR SRR

2R

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

-p ip:port --op=delete

O ==: TwiA

ERLLETNVIZE, RAESBERZIERMAERMINEIAET.

ERENFFEE AWM BIRETIFR, 151517 sudo iscsiadm -m node @<,
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15.4 £ targetcli-fb i€ B34 B R

targetcli 2FAFEE LinuxIO (LIO) B FRAEERNINT. EIUREANIERZINSE,
WA LURTEERRINTRBETERIIT DL, XMUFEFHRINT, EAILUER cd SLER
targetcli THEEE/REEHT, FHEEM s spLFIHRE,

AANGLERTHBER. BAS T ERMEESEHNMSE, BEUE—Lo<aEMER
FHEA (B30 cd M 1s #<) o

targetcli spAIMLANT:
[DIRECTORY] command [ARGUMENTS]

eI UTEERIERPER help S REFTAGLTIR, HEFEXBTHIEFERR.
targetcli TAR targetcli-fb MHBHN—EHD. LWBRHFEEEES SUSE Linux
Enterprise Server R, AIERAU T <HITRE:

> sudo zypper install targetcli-fb

L4 targetcli- fb MF B/, B targetcli ARS:

> sudo systemctl enable targetcli
> sudo systemctl start targetcli

E#0 % targetcli #b5%, BLL root BiE1T targetcli:
> sudo targetcli

Ak, AJLUETT Us s REBEBRIAEE.

/> 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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0- vhost ............... [Targets: 0]
0- XEeNn-pvsCSi .......... [Targets: 0]
/>

9 s sp TR PFIR, HREEEFAGR. Hlt, F—FERE—RZFRHE BT
targetcli LA T igtn:

e fileio: ZASHIBRIGH

block: TRMERDX ERIRMEE

pscsi: SCSI Ei@ig&

ramdisk: EFREMNEIR

rbd: Ceph RADOS Ri&#&
79T K targetcli BTHEE, B create AR IR B N BIF:
/backstores/fileio create test-disc /alt/test.img 1G

XREEENMUE (EARFIF7N /alt) I 1GBH test. img MR, BT s, RNEFE
UT4ER:

/> 1s

()= // bocoonoooooooooboaoccbon0a0D000a0D00aa00000a0000aa0D008a00: [ ]
0- baCKSTOresS ... e [ 1
| 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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WiH$st, B7E /backstores/fileio BRTEIE—MEH test-disc WEFXHNE
R, HESHZRINENX Y /alt/test.img. FER, MNEREMEERIE.

T—FREFE—1iSCSI BirmlimERIZRkiEEF. STEREBAE—1 IQN (SCSI RERN
BiF) . =EAIQN ARV

ign.YYYY-MM.NAMING-AUTHORITY : UNIQUE - NAME
TR IQN BILLT B :
° YYYY-MM: ZBirss ZHELF A5
* NAMING-AUTHORITY: #p&MMMEEXMIEENREEE
* UNIQUE-NAME: srR&MIAERAIME—ITHE
540, ¥+Fi% open-iscsi.com, IQN ALLZE:
ign.2005-03.com.open-iscsi:UNIQUE-NAME

B iSCSI BfrhY, targetcli snLAFEIEIKECHYIQN, REix IQN EEEERISIUED
Al, WEAJLATECIZ BRI EEERIR, Lz <A ELIZ IQN, fla:

/> iscsi/ create

/> 1s

O /e e e [ |
0- baCKSTOresS ..o e [ |
| 0- block ... e [Storage Objects: 0]
| 0- fileio ..ttt e [Storage Objects: 1]
| | o- test-disc ....... [/alt/test.img (1.0GiB) write-back deactivated]
| ] @= BB coooooooabobanab0000000000000000000000ADC [ALUA Groups: 1]
| 0- default tg ptgp ......ovvvt. [ALUA state: Active/optimized]
| 0- PSCSL wii it e [Storage Objects: 0]
| 0- ramdisk . ... ... e [Storage Objects: 0]
| 0- rbd ... e [Storage Objects: 0]
0T I o [Targets: 1]
| o- ign.2003-01.0rg.linux-iscsi.e83.x8664:sn.8b35d04dd456 ... [TPGs: 1]
| O ) (] S L Y [no-gen-acls, no-auth]
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0- ACLS ittt i e e e e et [ACLs: 0]

I

| 0- LUNS ottt e [LUNs: 0]
| 0- portals ... e [Portals: 1]
| 0- 0.0.0.0:3260 ...ttt e [0K]
0- LoopbacK ... vt e [Targets: 0]
0- VhOST . i e e e [Targets: 0]
0- XEBN-PVSCSL ittt ittt ittt it [Targets: 0]

/>

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

EEE, targetcli REIEHBATRINNBRTF4A tpgl. XERERNMUFREFNNEE
auto_add default portal# auto enable tpgt FXINIZEN true,

ZEnLIEfER 0.0.0.0 IPvABETTCIR T EAUANF. XBKE, 12 IPv4 stiltER ] LAAiRIES

BERBE T

T—FHZNiSCSI BfrelZ LUN (ZIB8TS) . RITHIRERREMBCEZIL targetcli B
HEIRERIFMRS, UIHREiSCSI BATFRIERER, PARTE lun BRFEMA create s NE

FAfFf#EIK LUN,

/> cd /iscsi/iqn.2003-01.0rg.linux-iscsi.e83.x8664:sn.8b35d04dd456/
/iscsi/iqn.2003-01.o0rg.linux-iscsi.e83.x8664:sn.8b35d04dd456> cd tpgl
/iscsi/iqn.2003-01.0rg.linux-iscsi.e83.x8664:sn.8b35d04dd456/tpgl> luns/
create /backstores/fileio/test-disc

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

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

0- LUNS oo e [LUNs: 1]

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

0- POrEAlS .ttt e [Portals: 1]

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

M7z, BT —1RE 1G6BBETXHMEREMN iSCSI Bir. ZBEAMNEIFA
igqn.2003-01.0rg.linux-iscsi.e83.x8664:sn.8b35d04dd456, AJMEBRFERIEMRMLE
i iRE .
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&E, BEMFRAREEBARERENET. BEXILEN, —MAEZRNE LS ﬁ'JL—
N RFEIEZEIBATEY ACL I, EXMERT, “IERHE IQN FIHE PRI AR

PATE /etc/iscsi/initiatorname.iscsi X#H#EIIE LAY IQN, @FHLX‘an ST
MFREM LR (TE24SFIA 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 2EARB R AR saveconfig i S RFCIEMEE

/> 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
/>

ENAEEENENEREER LM, BERRE—RALLEMN open-1iscsi iSCSI LicimiEiEE|
ZBIr (51 HOSTNAME Bt ARt BN ENR) .

> 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

#AIE, AJLAGER login iSCSI ap < EEEITIHA BT, XfEBIRA AIEAH#E,

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,
EXNFEAEMXHRFATIES S B0 /usr) , HELEFRIE. Fit, FRIRFGES
= (510 /usr 8 /var) #AZXZE., EFRAXLILE, BHERERRSZENIRSM

R

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 HEXHEEUTHEIR:

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
S {THERA systemctl start targetcli &9 FahE5HiSCSILIO, RAFER,

B UM ANULTHRARICE configfs. iscsi_target mod # target_core_mod 2
Ek)\o ﬁﬁﬂﬂmﬂ'\”ﬁ]lﬂmﬁ]o

> 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

BIEfE, udev SMKEREINLE, HIRCIBIKENFIENAREFIYIEESISNEE), UE
udev ERAECHIEENXEN ARRFIRFILHIEKLE. WRNAERFHRSEHEA BD,
N udev ARTES | FHIBRF B eI EigE

15.6.5 EEXMHFIREANFEIN, =¥EFH ISCSI Bin

NRIEZRIFEERT /etc/iscsi/iscsid. conf BBBEXH, B4, BMEEZXXEHIE
node.startup EWIEENFHN, Open-iSCSI Briffth=iEH Bir.

¥#& /etc/iscsi/nodes/TARGET NAME/IP ADDRESS,PORT/default X, EEEEBEE
/etc/iscsi/iscsid.conf XBI node.startup 8B, WRER YaST FEFHEHIETIE
BAFE, RBSARTE /etc/iscsi/nodes/TARGET NAME/IP ADDRESS,PORT/default X
%I E node.startup = manual,

15.7 iSCSILIO B1rAiIE

E&iEE
e iSCS| in R IKERYSEFREFYIEEF N R

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

CHAP (FRifEF S H3EIEHY)
SX RN (PPP) BB EZRTFAS —a it BN —a it BN S5, HERiT
HIWY (LCP) IEIZM AT ENHHNE CHAP ikfa, BRI mMEELEREIE
B AREZIEEARIEANNUARZHELH UBENBNNE. BHSHINIEELER
A A EE I EENERINZA BN ZHITIRIE, LURERRIASNIIEEEFINE
##, CHAP 7 RFC 1994 H17E X

CID (EZHRIAT)
R&ARREMD 16 (RS, BTMHE—IRFIMT iSCSIIRFZEMER. ERMBRIETIL

HWSo
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iSCSI B#r&#R5 iSCSITPG (IQN +4xid) WIAE.

EUI (" REYME—HRIATT)
EECEREAM—RREMLERN 64 IFES. ERINHIEEATRNM—R 24 (IHSHH
BB D ECLAFTER S ML ER 40 (U4 S HM.

AitSin
SCSI R1ER AR, BRI ENFTHIZE.

IPS (ELEXFI X fiETF)
5 IP AR F MBS T IR — RN I&E. FCIP (BT IP BOCLTE
8) . iFCP (EEXMyteh@Ethil) LA iSCSI (BB SCSI) #BET IPS 1hi¥o

IQN (iSCSI FREHIRTR)
ELIKEEAR—IRMRE MEER iISCSI RAREL (1
#0: iqn.5886.com.acme.tapedrive.sn-al2345678) .

ISID (&EHZIERIAFT)
RARREMRB— 48 iIfFS, ATHIRIIAERSBIRZENRIE. HEEERID
BHEIE, EMNERSER PDU —EAELL BT,

MCS (B SIESEERE)
B2 iSCSI MEERIARER D, AFRERS BinZBfFESZ 1 TCP/IP &,

MPIO (ZE81F1/0)
— e ERSZ B AEF IR B AR Z N REIBREN A%,

-l
iSCSI iR 5 IP #usik X TCP (fefaizhithil) ImOR9LAE. TCP im0 3260 2 IANA (EEX
WMSHBIECHM) FREXR iSCSI hiXBImHA S,

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

target
SCSI IER WIS, BE WAL, HHKaSR N FRE.
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Bi54 (TG)
B AEFXN R SCSI BirmOMFIR, eIZMERIEE L LUN (ZiER
TS) S, SMIETEE —1ERE. ENAUR— LUN.

BinimO
— 1 iSCSl Im R 55— Z 1 LUN BIH S,

BxrisO4 (TPG)
IP 3ER] TCP in OS5I, BTFHRERE iSCSI BARREMITAYEL,

BF&IiERIRE (TSID)
HEMRERDN 16 (4RSS, BTFH—MRkRiEMERZENRIE. LEEERIEFRE
2, £EREES5ERMN PDU (MXEIBETT) —AXL KL,

158 BEZER

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

tboh, FS N iscsiadm. iscsid B9FMTI, ULRBIEBREXH /etc/iscsid. conf,
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16 LAKXMytet@ieligfz: FCoE

WE R EIEFOR LAN AEBHEREE R T LIKK , mHEEFEM NIRRT T t4HEE N
2o FIRLAKMFEETI®BIE (FCOE) Aitinih i AIFECH IAKMIEACE RIARSS 2342 B LUK 48 %
BOTEEETE T RS MEUR, RAWEAE A EEEERINAREMICTBESRMHET
. FCoE RABIZFIMER SR T HIEFONERE., XEMTRIFEEATBERE
Bt m mrIERE, HREMEERE,

LA R L
2% T S 24 T

Jis5 4 1 [ g5 &% 2 5% 3 ko5 e 4 k554 5 k554 6

UARH 9‘ ¢ ﬁl ¥ ﬁ‘i § xgﬂi , gi ¥ gi 10 Cops BUK
4 s . o y y

Open FCoE Open FCoE Open FCoE Open FCoE Open FCoE Open FCoE
KRR KRR KRR KRR KRBT P KT

.
LA ] S { SRAFEIE SAN ]
Z AR SAN Sy, ~ : '
ok eF i AT R B 1 5 Wl'
WIGZ 18 0 4 |
10 Gbps LAKMZZHetl ! FC L' '

16.1 : ARIVUAKFIFELTEE SAN

Open-FCoE AILLIEEEN ELMA R ENSLEACR LNEREG LiZiT A BENN. EER
F 10 Gbps (B8FFIKGL) MUKMIEESSE, BB FEAZIFEEMAIUKMIEEE. i
imAR R YA mE I A IBARIR AR B F AR MBI ZHitR R, Open-FCoE #&1R7E 2 SCSIHY
KR IRTHFEF. Open-FCoE £ net_device X XFFWE, HIEH/OFHE (DCB) IREh
TEF1EMtt FCoE BIARSBRE,

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

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

16.1 EREIEFEE FCoE [

NRERMEER L ARG RS T BEBFEMEM ZERIEZB AT FCoE, MaILUETERT
SUSE Linux Enterprise Server B9 YaST RIER(FRF L AEIR B FCoE iR, BLEXREMA

4 BIOS BEBB B ThtQE FCoE BER, FHM YaST ZEMMIRE ZHE, BFREFAEREH BIOS
#Z+F FCoE AR Bnhtall, EBH R TEEEABMGN, I IEHBRRERE withfcoe

EDUARIN RIS 21T
withfcoe=1

HICME FCoE MR, YaST REFSTEHTIEMHAIE FCoE LHIRNEIN, £ “MEEE ™
mt, FEEAE FCoE ##0, LUAIR FCoE BiRE, BKAE FCoE EOMEER, 1BBME 1631
“fEF3 YaST &1 FCoE BRSZ” »

s
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Q iE: BEaLS
5| SHAlE], FCoEIEBERFP ER. BA initrd AIARNIBXH RS EHISEXLILHE,
EXNFEMEMXERSSNES S (FI90 /usr) , FLURRIE Eitb, FRRSES
= (FIE0 /usrs; /var) #AZEHR. BEFERAXESE, ERARERBSHEMAIARSH

o

16.2 %3< FCoE #1 YaST FCoE & F i

A OB 7E A _E N AR SS 23RV EIZ B FCoE, RTFEFEMIEMTIRE FCOE Mz, 40
S7EZRE SUSE Linux Enterprise Server #21ER %Y FCoE BRI, RARTEAN BRI
FCoOE &iCimikfto

g05R FCoE &i2umsX Al YaST FCoE BFP I fHIARRE, BREATIEFBI TENGLF
MREEA]:

> sudo zypper in yast2-fcoe-client fcoe-utils

WEILAER YaST B EIRER L E LU PRI EL

16.3 f£H YaST EIE FCoE AR5

ERILAERA “YaST FCoE BEFIRALE” RN AT BEMEFEMISHTAY FCoE A, AC
EFMIER FCoE 0, EEMAILEIN, HMELEHIEIT FCoE kifLimARS (fcoemon PR
2F) M “SERBEEAMDIN RIEBEFIFIERE (11pad), FHENFESF FCoE MRS FE A
FCoE ﬁﬁ%o

1. B5hYaST HiEFEMLEARS > FCoE B IRALE,

174 Z4< FCoE # YaST FCoE & i | SLES 15 SP4



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
AR5 fcoemon FIFIEF IR FoIEEN. & TiFIEFATEHI FCoE #0O, Hrl5
Llpad SFHFIEF I IEE, ATRERS IS (BUA) ZFo,.

* 3@ Lldpad BRS3: EEREMRSRIISHER “HERELKMMY AR Llpad F
PIERF, ERFNBNZTIFER. lpad SFFEFEMA fcoemon SFFIEFIREEL
HEHIOIHETNREM FCoE EMECERMEXIER. RIRENSISH FRIN) ZHFd.

NRERRE, NRGHHEREFEANAEN.

3. EEOED+LE, IEEBEXRSSE LAERNEINMEEEENER, E2FFHX VLAN
N FCoE FLEMIE S, ErILIBIE FCoE VLAN 20, FE2XINE FCoE EOMILE, M
B% FCoE &M,
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176

LIRS TR IERCE

| HH() | #00 RE©

128 MAC il s VLAN FCOE VLAN #[0 Sf FCoE HE DCB HEf VLAN 32i¥DCB WapfEfs 47 FCoE
ethO 00:0¢:29:5b:42:55 82545EM Gigabit Ethernet Controller (Copper) &

ethl 00:0c:29:5b:42:5f 82545EM Gigabit Ethernet Controller (Copper) AaTH F el000 fKigF{
eth2 00:0c:29:5b:42:69 82545EM Gigabit Ethernet Controller (Copper) ENDE:] & el000 fig®
eth3 00:0¢:29:5b:42:73 82545EM Gigabit Ethernet Controller (Copper) AATH & el000  kigE
eth4 00:0c:29:5b:42:7d 82545EM Gigabit Ethernet Controller (Copper) AATH F-3 e1000 fKigFH
eth5 00:0c:29:5b:42:87 82545EM Gigabit Ethernet Controller (Copper) ENDE:] & el000 fig®

| EmrE) | | FxieE) || o rcor 0@ | | BrREOr) |

| me | | mHo | | #mEO

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

EO#
Y0SRKs eth4.200 ZRKZ MG ED, N FCOE EXMANLAIA, HEMZER
28 80& FCoE #0,

KECE:
MBIRE RIS, MRREIA LB A FCoE {Bi&k iSRS E5E FCoE £,
ERRIEECRE, AEETOIE FCoE VLAN #0, LAfEEEi2s EarEiEO.

A8A:
MBREAAETH, WRTRDKEEREN EZEEF R FCoE, FTLL FCoE Xf
&2 A rl Ao

. BRRERZIREMZF FCoE RUEHECES, FLUER, ARBEEHEE FCoE VLAN £#0,

LAY RIS B 2 A
ZIEECSRIME = U MEORFRFITE FCoE VLAN 55,

. FEFNERBEEERNLE, BEVIRPERE, ARBHENLE,

AN E Y&

BRUKXMI T EE
BRI EEC2E 613 FCoE £l

BERIEROHE
EEGKEEESFEMEFOTE BERFR) -
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Bz VLAN
187 fcoemon SFFIEFRE E&NEIEE VLAN 0,

NRERIRE, NRE F—PREHNAEN, REKEA /etc/fcoe/cfg-ethX X
o fcoemon SFiFIEFSTEMIA LAY IREVE D FCoE EHOMEE X 4

6. ERXARERERNEO, BMYIERFEEE. BElfFED, ARRE4H45HIA. FCoE
BOBERESRNREE,

7. EREEEBR L, AIEBHIEN FCoE RAAFRSMNEMIKE. ERILIM FCoE ARSSHIZ
fcoemon SFHFIEFFREARBAFNER, HUEERSKHERAZERSAS.

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

8. BHHEREHNAEN,

16.4 {EFHTGSHEIE FCoE
UTHTBEMFE fipvlan i<, WRKLZEZGS, BETUTHIERTE:

> sudo zypper in fcoe-utils
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BERXMAREFRBURNED, BERITUTIRE:
1. fTH AR,
2. BERMFABFTANUANIEOD, BIETUA TGS
> sudo fipvlan -a
3. XFECE T FCok HIFHMBMUKXMZEO, BIEITUTH<:

> sudo fipvlan -c -s ETHERNET INTERFACE

MRZMBIZOREE, ZmIREIE—INEZEO, HEAIMAY FCoE VLAN LiE5h
Open-FCoE &itCif.

16.5 {FH FCoE EIE T HEEIE FCoE 3244

fcoeadm SEFHEFE B KM LA EiE (FCoE) BI2TH, nlLUERZTARAE. HENEE
IEEMLZIZEO LR FCoE 3245, fcoeadm SEBIEFBEIEIZEFZEORBRH S RIXRLEREITITH
fcoemon ##E, Bx fcoemon HIHEX(EE, & man 8 fcoemon,

fcoeadm LRIEFAIILEZ I FCoE AU THEXER
o :-{u
e BFRLUN
o IHOSIHEF
fcoeadm ScFHIZFE fcoe-utils MGERVAMERSY, ZaFLH—RIE AW TAAR:

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]

EXMAT, 5= man 8 fcoeadm,

Ayl
fcoeadm -c eth2.101

7£ eth2.101 £ FCoE SEfl,

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

fcoeadm -i eth3
B0 eth3 LFAE FCoE SEHIBEXIE R, MRXRIBEEMIEOD, NEERFEEL!
2 FCoE LAIMZOMNMEXER. TEHRGIERER 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

EREERE eth3.101 EAIMEIRIFRAE LUN BUIFAER. INRFKIEEREEE, NWEETR

TEFRA FCoE iE# EAMEIBFRE LUN BIEXIE R,

fcoeadm -r eth2.101

HIgE eth2.101 A FCoE £,

fcoeadm -s eth3 3

U= rESa)EFRE AR FCoE SEHIBVHFRE eth 3 ImAMNAITER. SR—KRIEZE
TR—ITHRITERT . BAAREENEER, WERRRIME—,

fcoeadm -t eth3

ETMEH FCoE LIS eth3 iIn O AMEIRIFAE BIFHEXER. B— 1 EXRIET
[EEFIL T FrEXREXRY LUN, ERIEERA], NETKEERSE FCoE LAHIRFMEIRARNE
1Fo TETFIETRE eth0.201 EHEMBEATIEXES:

> sudo fcoeadm -t eth0.201

Interface:
Roles:

Node Name:

Port Name:
Target ID:
MaxFrameSize:

0S Device Name:
FC-ID (Port ID):
State:

LUN ID Device Name
40 /dev/sdqi
72 /dev/sdpk
168 /dev/sdgy

16.6 EZER

BXER, BERLTHE:

180

eth0.201

FCP Target
0x200000D0231B5C72
0x210000D0231B5C72
0

2048

rport-8:0-7
0x79000C

Online

Capacity Block Size

792.84 GB 512
650.00 GB 512
1.30 TB 512

Description

IFT DS S24F-R2840-4 (rev 386C)
IFT DS S24F-R2840-4 (rev 386C)
IFT DS S24F-R2840-4 (rev 386C)
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* BX Open-FCoE IRSBTFHFREFNER, 15EM fcoemon(8) FATL,
° BX Open-FCoE BIETAMNER, 15EM fcoeadm(8) FATL,
° BEX¥EROMZEEETAMNESR, ESM dcbtool (8) FAMII,

o BXERERMMNARIETIFIEFNER, BSN Lldpad(8) FMIL.
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17 NVMe over Fabric

AENBWEIEE NVMe over Fabric A BHi%.

17.1 #E's

NVM Express (NVMe) @B Xi50IEZKMERE (BFERE SSD ME) MIZEONE, 5 SATAHE
tb, NVMe XFHEREESF%Z, FEERER.

NVMe over Fabric T @i RRIMELEF AR NVMe EZRIE RN, XLEWELEN

£ RDMA. TCP SiEFLFiEiER NVMe (FC-NVMe) &, NVMe over Fabric BFUfER T
iSCSl, NIEEBEEES], NVMe over Fabric HE T %812, NVMe over Fabric ZEBERE
BT &40 DM 282,

NVMe EHE1EEZE NVMe BArH9iHEN. NVMe BIRRIEHZHE NVMe HUEEHITE.

SUSE Linux Enterprise Server 15 SP4 5 NVMe, 127 A HF NVMe REF LUK NVMe
over Fabric BIrfl EHBIARIZIRIR,

EEERLNBHRSHEEARKEESI, BBRE 1747 "HRENLE" o

17.2 & E NVMe over Fabric 4/

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

17.2.1 ZEGIITERFIR
E{FEF NVMe over Fabric, BEZR% nvme 5$1TIT R, 15EH zypper T A
> sudo zypper in nvme-cli

£ nvme --help AJFIHFAIEATAMNFH<S, FHIHRMHT nvme FiiSHFM I, H1Tman
nvme-SUBCOMMAND RIEFMEXBIFMIT, 0, BEESE discover FanSBIFMBL, FHIT

man nvme-discover,
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17.2.2 &I NVMe over Fabric B4r
54 NVMe over Fabric B LB NVMe F&R %, FBEBEH ALK IMIEHI2SHEFIARSS 1D,

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

¥ TRANSPORT BN REFHEA: Lloop. rdma. tcpk fco #

DISCOVERY CONTROLLER ADDRESS &#t/y&Ii<HsgRyMtt, %5 RDMAFI TCP, Ltith
HERVR2 IPv4 #hhik, 3§ SERVICE ID BiAEHARS ID. MRARSET IP (40 RDOMA 5
TCP) , MRS ID FEEHAS. WFHLTEE, FFERMEMRS ID,

NVMe ENRASEBIENENEENF RS,

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

EXEZMT, 520 man nvme-discover,

17.2.3 &3 NVMe over Fabric B#x

J0% NVMe F&%/5, ErJLAER nvme connect a5<FiEIEE,

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

¥ TRANSPORT Bt NREEWIEMA: Loop. rdma. tcp I fco ¥

DISCOVERY CONTROLLER ADDRESS &#t/y&k IiTHsgaytitt, %+ RDMAFI TCP, Ltith
HERZRZ IPv4 #itik, R SERVICE ID B EHARSS ID. WIRARSET IP (1% RDMA 5
TCP) , Mtk ID #EEHAS. & SUBSYSTEM NON B AL Map S EINFIEFRLFH NVMe
FRERFF. NQN 2 NVMe FRERZHE (NVMe Qualified Name) 9485, NQN @47 ME—,

N

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

2%, {FH nvme connect-all EZI AW ERNTIE,. BXEHEE, 155 nan

nvme-connect fl man nvme-connect-all,
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MREERIFEKR, NVMe FRAASZABINEZ—EMIE, ZMEH nvme connect i<

B9 ctrl-loss-tmoEWENX, TEXELETE] (BRINMEA 600s) iBf5, RKERFRZEBEH@ER

B (X&&ES%) NER. BRNMERT, BEEURBREHEXERS, XBEAEMEANT
Ao ALk, BIIEE ctrl-loss-tmo &,  NVMe FRALMRFIMIFEZXETEEZ. N
Ite, EEITUATHL:

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

E{E NVMe over Fabric FRHAES I FBIATA, BEFENLEIE— /etc/nvme/
discovery.conf X, HEETEEZIEL discover SWBE (BRE 17227 “%
I NVMe over Fabric B#17 ) o 30, WNREIZWM TR discover &<

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

1515 discover ssSHIBERMNE /etc/nvme/discovery. conf X

echo "-t tcp -a 10.0.0.3 -s 4420" | sudo tee -a /etc/nvme/discovery.conf

SRERB A nvmf-autoconnect IR :

> sudo systemctl enable nvmf-autoconnect.service

17.2.4 ZRiEF

NVMe N ZBEZFINGTFBARS. MREEHBITRIKERIRE T CMICEDT, N NVMe
HRBAINSRE NVMe IREh2RIR5 N ZRIFI%E-
BEESRE, TAUERUTHS:

nvme list-subsys

FIENZRIZIREN® R

multipath -11
e BRAER, 2R NVMe ZERIEE.

nvme-core.multipath=N
SEASISSERINZIETE, F2A NVMe A S,
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Q iFE: EEHRRFIGEDMEA iostat
iostat L EHERSE R nvme list-subsys FIHMFIAEIEHIEE, ZRIANER
T, iostat =HISIEFAESE I/0 L E. Eff iostat BB ILE, 15FER:

iostat -p ALL

17.3 & & NVMe over Fabric Bfr

e

1731 ZRESGLITIRFIH
EFIE NVMe over Fabric B1R, EEZRE nvmetcli d<$1TTE, 15EM zypper Rz T
H:

> sudo zypper in nvmetcli

http://git.infradead.org/users/hch/nvmetcli.git/blob_plain/HEAD:/Documentation/
nvmetcliixt 7 EIZMET nvmetcli R,

17.3.2 BEEDE

TERTFZRHEBUNEIE E NVMe over Fabric B#Fo
BoEMEFEEMELENTD, A cd SIS, A s AIFIHNR, B LUFER create 6
R,

1. B nvmetcli XEYE:
> sudo nvmetcli
2. SIEHIHO:

(nvmetcli)> cd ports

(nvmetcli)> create 1
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(nvmetcli)> 1s 1/
o- 1
o- referrals

0- subsystems

3. B NVMe FHR%:

(nvmetcli)> cd /subsystems
(nvmetcli)> create
ngn.2014-08.org.nvmexpress :NVMf:uuid:c36f2c23-354d-416c-95de-f2b8ec353a82
(nvmetcli)> cd
ngn.2014-08.org.nvmexpress:NVMf:uuid: c36f2c23-354d-416c-95de-f2b8ec353a82/
(nvmetcli)> 1s
0- Ngn.2014-08.0org.nvmexpress:NVMf:uuid:c36f2c23-354d-416c-95de-
f2b8ec353a82

0o- allowed hosts

0- namespaces

4, SIRFRIRM=(E, HEHPIRE NVMe 125§

(nvmetcli)> cd namespaces

(nvmetcli)> create 1

(nvmetcli)> cd 1

(nvmetcli)> set device path=/dev/nvme@Onl
Parameter path is now '/dev/nvmeOnl'.

5. BRLRIEZNRM=TE:

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

6. EREIBRIRIR=IE):

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

0- namespaces
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1. RTFFIBEENERZFRER. REEREFEPA BT,

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

&, ATURATFRENENEILERE:

(nvmetcli)> cd

ngn.2014-08.org.nvmexpress:NVMf:uuid: c36f2c23-354d-416c-95de-f2b8ec353a82/
allowed_hosts/

(nvmetcli)> create hostnqgn

8. FIHBIRMIFIENR:

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

9. fFE4RAIEE TCP f£/A, /9 RDMAfEM 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"'.
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&, EEREI T BEER:
(nvmetcli)> cd ports/1/

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

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

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

IE, TILUER dmesg R ZinsAREERA:
# dmesg

[ 257.872084] nvmet tcp: enabling port 1 (10.0.0.3:4420)

17.3.3 &ipMiREBiricE
AIERL FRLE JSON X ARiRE EATIE:

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

BnEE, BER:

(nvmetcli)> restore nvme-target-backup.json

R LR RIBCE |

(nvmetcli)> clear
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17.4 'SARBEHECE

17.4.1 #t5%

BLEEHRERHANEESEER T BNEUTENRNE, BECESEMER TR
IR A,

17.4.2 Broadcom
IR IE1EE A Broadcom Emulex LightPulse Fibre Channel SCSI IX&hi2%, i57E lpfc i®
RO EFMENRRINAZEEES I

> sudo echo "options 1lpfc lpfc_enable_fc4_type=3" > /etc/modprobe.d/lpfc.conf

1% Broadcom EA02E B4 AIRR A=/ 7 11.4.204.33, BIMBR O LESIFAMRAR nvme -
cli. nvmetcli F1R%,

ERRYch@EmO1E/ NVMe B4R, FEFIMLE—MERSE: pfc_enable nvmet=
COMMA SEPARATED WWPNS, iEMINTEBIE 0x B WWPN, a0

lpfc_enable nvmet=0x2000000055001122,0x2000000055003344, RFLERENBIR
BERXECEYIHR WWPN, By ter@iEim O RCE /9 B Arek A ittin.

17.4.3 Marvell

QLE269x #1 QLE27xx i&figes E#BZ#F FC-NVMe, Marvell® QLogic® QLA2xxx Yt4T @i IR EhiZ
FFHERIAEB R FC-NVMe 5,

ZifANVMe BEERBHA, BEBITUTHS:!
> cat /sys/module/qla2xxx/parameters/ql2xnvmeenable

MRET 1, WERTNMe BEA, B 0 KT NMe EEMA.
R, WEBEUTHTHNEL, #R Marvel E&Ec2sEHAIRASFET 8.08.204:

> cat /sys/class/scsi host/host0/fw version
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BfE, BRELEEAT SUSE Linux Enterprise Server B Hhik nvme -
cli. QConvergeConsoleCLI #lR#%. fli0, ErILLETT

# zypper lu && zypper pchk

RICETFHMH T
EXRENEZAT, ESE T Marvell BFEREHHI FC-NVMe Z5459

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

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

175 BEZER
BX nvme s THTHEERIE Z AT, 755 %E nvme nvme-help.

LU T EEERM T NVMe 1 NVMe over Fabric BYfE 7Y :

e http://nvmexpress.org/#

e http://www.nvmexpress.org/wp-content/uploads/NVMe_Over_Fabrics.pdf #

e https://storpool.com/blog/demystifying-what-is-nvmeof &
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http://www.nvmexpress.org/wp-content/uploads/NVMe_Over_Fabrics.pdf
https://storpool.com/blog/demystifying-what-is-nvmeof

18 EBIEIRBEMZEREZE /O

AENBINEERAZRIZ 1/0 (MPIO) REEARS BMIRMEF IR E 8] Z IRIZRIMIEILIZRIZ 7
T8

18.1 THEZEKZI/O

ZHRECRSH[EEZMERRE (XEBRERERSSHRPHENSDEESEBMILEEZEHIEE
Zig) WE—YIEsZEREFIEEENEES, BE BEILTEE (FC) 51 iSCSI SAN IFiR
Ho

Linux WZRIFIBMUEERHE, HUBSENEERMAHTE, YZSRIFCEEHAER
E178, ExEMREMIRGIEEIEENREE, HEKH I/0 UKL EE,

ZERFH MNEERIEIRERHEES, ERHNEFEREEGNHEREREE. HHEEN
AEBBETRGEEEMIARLIA,

18.1.1 ZREFEAIE

i zedietdl
BEWSHMENSTEMER (TH28) EFRRE, NEFIRRME SAN B NAS fE#F,.
M5 @ A& RAID MBERBINEHZFIZRZ. —HLK, Ea)/&E (BER
%) MEmp/Enh (AETHE) #EERTNEEREXFIM. XEFINAEFE, BEIR
o B TVRE R S FFRYBR IR LA A5 PR S SRVAS FR 1B 5o

EN. ENESK
1517 SUSE Linux Enterprise Server B9t &, 7t HEERTINEF RS,

ZRIEMG. SREFILE
—ARIFIRE. EARMBERT LOEEES, KENRAEANR MRS,

BiFieE. RELE
ZERIZREIRIRL R, BER—1 SCSI 1&&. BTREREARENITENSEIMEFE
ZBRME—ESRE, a0, KB iSCSI ZIEMEERTT, 7 Linux IKEMRETIZFZRIEZT,
BIZIREETNARRERFI LA AE,
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WWID. UID. UUID
“‘IKFRF . ‘M—ARRR . “2RBME—ARRTT . WWID ZEESEHN—1EM,

Fit, ©EZEERSHPIERZIZEZEIEERM, multipath-tools £H WWID
SRHATE NG P LARRIS &L R 2 L R IRET R, SRR MKHER udev RIAERRIZEN
WWID, ZE&{ZBRETHI WWID KIZAEE N, AILIEE /dev/disk/by-id/dm-uuid-
mpath-WWID RISEhifIR % BRIFIE
WWID WiZ5 R BB B IEX D (GFESWE 1891 “ILERF HEFHIEIREH
£7) .

uevent. udev HEfF
HRZAET AP TEIHE udev FRARIENEMH, EHRMN. ERGEREXEB RN

24 uevent,

IRERIIIER
Linux R#ZF AT RIZEIMRISERIESR, WIRFTIKER /0 REREEREIRERIZ
&o IRBMEAILUES, IRSMHIEFLIMBEINEMHES (LN “REMRIEFS
% ® “dmEH ) .

18.2 ME{FZHF

ZIRIZIXEIFEFHA T AT 7E SUSE Linux Enterprise Server XiFMFR AR REM EEA. X
TRHBAREFERT T LASHIZILZRENEEE G, FEEEEIIRNEIREE
CHZREEETH, BEEHNENEG X UBEZEMLEIZE,

18.2.1 ZERIZEIM: REFMHIZFF NVMe

Linux REVESIERA SR ERINERIGEMNIZFER, WTF SCSIGEFASHISHEXE, 1§
EMNEFZRESHE—TANXIN, KERNEFZREAGRESNIEEMMRIEME,
Linux NVM Express (NVMe) i FRARERZP AN LM BRI, XML AT LEE NVMe
wE (BERLERRENRERE) ItEHH, A4 NVMe ZBREAFTEAFTEAG. M
SLE 15 748, AWZEE—HRZ NVMe ZRFZENHINLE,
FEMNRTHEINBREMRRNEF SRR,
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18.2.2 X ZRRIFHIMETEREYE T

REMHNEF ZREE—MBRARAR, ZREFIGEQNIERAZCNESL (F190 SCSI) &
%, HAEXNGERMAIEMEZ MEIRIZETRAR—INENTRE “BE" , MAEEMRE
Hi% &

multipath-tools MRHEEIRMN EMN~mBFMENEEREY . ©ERIESMHARREEES R
NWRNERERINME, BEFRFEFMYIRREG S, FEMNER Linux ZREZEERHE TR
AR, EEFERA LONENHNEMREFLE, 1HETH< multipath -T, EFiES
W5 18.45F “multipath #8527

NREEENEFEFINANEBLENAEN, BeIEHEE /etc/multipath. conf XH. &
0% 18.6 T “LHIFEE” .

Q ixE
multipath-tools NiFZMEEMRIHREAETIR. AEBETREELETUIHAE
BB ZEES RNENEEMEA dn-nultipath ML 7%~ 5%, BAREREIZMHNEIA
A A mER dm-multipath. MBELZIFEXMRE, HRATRRIBHENE
X3,

18.2.3 FEREEFLIERFHETFIES

RLAEEETERSITRHHD ST EM—FREREEB I Z—KKE, HEREBIEREN
HEARMIBES F. XLEHFHMm LA AR Linux RIZHRREAMBEIZF NI, izt SCSI fE1ZrE5
15 SCSI FRERE XK “JExIFRBiEE TR (ALUA) FEHF M EFERF, PR ALUA Z4h, SLE N
%X B E Netapp E 2% (RDAC). Dell/EMC CLARiiON CX P52 51F0 HP £ 55045 BB Ab 12
2. M Linux A% 4.4 7348, Linux RiZE BaitMEIAZ 8055 (B1E5FE 235 ALUA B9BE
5l) BOREF R ERRE R

18.3 M¥ZEiE

SN ZERIZ /0 BRS R, IBERAATIHBE,
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18.3.1 JoRFMH

° ATFZRERENEERTISTZIFLZHRE. BXFMAER, HENE 1827 "BEHZ
5o

o (REERSHFFHENSLESEBMIREFIREFNENSEITHIBR Z BEFES MERRE
i, 7 EZEEZRIZ.

o WTREMFES, HUYBSREEB SHSBERGUERZETYEMNZERENZR
2o EXMBERT, ERERENBHXTAXEREE ST,

o SEREMEHRRERZREIZN, SREETVIRSB[FEHIZF, LREREHZE
12, BRHEEIRAGEM Guest iTE.

18.3.2 ZIRRLHELXEIM initramfs

18.3.2.1 MRXHRF{UTFTZEZ L (SAN-boot)

BXHERFMTZRIREL (BF, FEEMXHERFHUTSREEEL) . T NER
SAN 5% NAS 7RI LR RS 28, 1BEENL. FRERF L, FEGSRIZAEETTASI
S, HELTIE initramfs (initrd) FERAZRIZ. BSRE 18.3.2.3 7T 418 RAM HLERE
BE” .

18.3.2.2 IRXHRFMTAMEE

WXt RS (AR BEEMELEXHRS) UTFAMEEFETR, GIa0, IFEEEER SATA
a7 RAID £, BRAFIMEAZERRIE SAN I NAS EERIIXMGRT. AILUBE =FRE
MR EEXMARGRE:

€M root-on-multipath ig &
FRERILEE (BESMEE) BEEREMNN—D. AE, ERGERETNRE—%
FRIZHVPER ZRRIZIRGY . SNRTEFER YaST # TR R AT RAAEIEA T ZHEE, M=
BItEE, XEREENERE, Bar%4EHFHE.
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multipath-tools ZBgsithizR

FUERESR, ZRERE initramfs FEAN, AIUEREEBIRZEHK
find multipaths BEESHIIMILEE.

1£ initramfs PP ZEEF
NREMER YaST #H TR ALK LT EAERBALZRE (RER YaST RQNE| L RF %
%, RERAFPEREHEEERERAZEKE) , UCIZLigE, X& % 183237 “F
#tE RAM LR RFFEID” &R ——MER.

18.3.2.3 {E¥J%4 RAM Wi {FRIERES

O ==
HfR¥)9E RAM BN 5| SN RAREXNFIBERIGEERSBRESERS—BITN. NAZ
BZECE B U EWE initramfs,

MNBERFATBRT ZHE, BAEEE initranfs MEAZRE, RZIMR. LEHINAM
—BIIMEREE 18.3.2.2 1 “IRXHRSAIT AR 7 PETRREIN 71 initramfs FHZEF
iz

ZRIZFEEVITESISHARSS initrd ZEIEYL. HLL, MR /etc/multipath.conf. /
etc/multipath/wwids. /etc/multipath/bindings SRE 15 I&EIRREXEIE X4
5f udev N AL EFR, WEEEAUTHSERRETISE RAMFS:

> sudo dracut -f

MR initrd 5R2EFAL, RARLEERS|S, BIEEAIRETRERING. GRS
RHREEUEIBE R, ESNE 18.152 7 "EREZBENZSATSSHIEFELHIIES
HNET o

NREBEIE—MRIE R TEWEE RAMBEE (I, NMIRRRENE, SERARZEH
multipath=off 5ISEEMWE) , BIEIMID. HENXH dracut 7EHE initrd HREIE
FRNERAMUT ZRFLE LE, EASEHENR RAM BEPEEZRET. EXMHE
T, FEEXAEAHERAZ KR,

E7E initrd PEAZRIESE, WEITUTHS:
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> sudo dracut --force --add multipath
B|IE initrd PRASBEESS, BETUTHS:

> sudo dracut --force --omit multipath

18.3.3 HAEBIEMES

fEA% =7 SAN [EFIE BT A 5IAR REXLIZZERE, FREEREIEN.
REMIGEREE VS MR

ARG ITHNENFRINNERSGS, BRNERAIGEFERENTE SCSI BIRAHEENLE
MBCE 12,

18.3.4 IRf¥ RAID 1B ZAVfETF IR

SWERTE SCS| MASEAEERENTREEN. ESEWEEET, SBERANTR

B. HAE (FIAKEE RAID, BIEHEE, RGEMES) HFESKEZ . Hit, ¥FA
A5 1/0 BEURESHRIER RAD FRERINEMEE, YTSRRERENSTHERE,
A HESIR BRI RAID 1845,

AXNIERM RAD RBESRENEE, BBNE 181205 “NIANE RAD REZHE |/
0” o

18.3.5 S0JRAMHBRAZR

BEMERRNSTRAMMAARETE M A LHNZRERSET. RSN TR/
etc/multipath.conf XHHHNREREEENMEFEPRE X
HRZBRFBIGEEMEIREPNIMEER. BXAT, BHB8EFE 18.9.1 7 "HAEEFTHZ
BERIREBT

BT LAN SIS EN DA EHIRIE % (DRBD) &0 B R A REZRIZMWEM LiE1T,
FFRBEZH1/0 BREHEEITLITE DRDB fRAARPFEHANESMEE, DAL ZIKERE
N%$F% T, BECE DRBD,
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RZBRESKMTERALZMEERIFREFERYT (FIUNEE sbd iY pacemaker) —ifCfE
FARAIEIMIND. BXRIFMMER, BSM 5 1871 "ELEKEHGIL HPA R #[ZEIE RS
BE” o

184 ZRIFEETA

SUSE Linux Enterprise Server By % BZZ LA Linux RIZEYIS & BRETIE R % BR IR AR IR K
multipath-tools AR ZTEIRGEHEM, EOIUFEREZ KT EEXHAER (multipath) &
ELRFRFORS,

18.4.1 IRFEIRIIIEF ZEITIRIR

R EMEIIEF Z K1 (DM-MP) 23R4 Linux efit@ £ K12 IhEE. DM-MPIO @ SUSE Linux
Enterprise Server FiEFF SCSI #1 DASD i &R EIAZ RIZARA S, BSHERAT NVMe 1&g
o

Q i=E: 3% DM-MP BT NVMe &%
M SUSE Linux Enterprise Server 15 738, B4 NVMe ZE&E (55
D 182,17 “ZEETI: EEMEIEFA NVMe” ) BAF NVMe, HERIAER
TEERE. ZB2RAZDYLNVMe ZREHAIGEMNEFZRE, BEARZSEH
nvme-core.multipath=0 5|5,

DM-MPIO RN EMIGE BBt E S HE F RS

LZRZTIFIEF multipathd SR BAHREFAMMOAURBHREENR, UELHLLEHR
BHNERFAEMEEERUUBEMNEREA. XUURAEEMREEERI N E=HFENXE,
DM-MPIO fRIPIGEREURIGE G I LHIE, MR—ENREFEERR (Bla0, — P RI%K
IEFES 1/0 BT S CAF B 4ntEmifR) , 1/0 SEEMEIRIRMERR, NRAMEEMEEHRER
PE, MATIREERERINERIERR, ALMERBRZRER 305, EAEUATHEERTINE
.
NRIEAATEIRENEXBEIMELERE, NAFLIZEN 1/0 FTRERTERNZFHPAL ERYBY
8], EELREAHBA (EXMIERT, HBAK 10 RESZIRARNEHIRED o
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NR—MEEPETNE ZMEFLIESE, EHRIR SAN ST EZTHABE Z1APY LUN RURETFRAE
2o EZWHET L, P LUN BT XA MEFRIERR, FRUM N EREBEEEN.

Q = mEpEs
T%ﬁbm*‘}fﬁ’iut fEFIET BT AR EREEET, UERNER—MEFLRIE
o —MUERDIECNN, B—MEREMN, BERERIE, NREEED %1;‘%9’911%
ﬁﬁiéﬁ (ABERENRENIBD) , WAl EERIFER LUN, XETTREEE
LUN, BEZRXIAREINEHEE,

18.42 ZiFI/0EETH
multipath-tools #l kpartx MHFEIRME T AFTHITESBE AT ENTE,

multipathd
BT i&ENBMZEREMFNTIFRER, UKARSTIFEFHIZEBETANGIITEF i,
BENE 18447 “multipathd SFIFFEZFF multipath <7 o

multipath
BFHRITZRFRENGIITIE, BENE 18457 “multipath %7 ,

kpartx

RATFEESZREFRE LN “PX” NHLSITIR, B8I% 18531 "ZREFLE LS
X" o

mpathpersist
FFEE SCSI KAREWHLITIE, BBWE 18467 “mpathpersist SLHERE"

18.4.3 ZEFigs LAY MD RAID

%12 EBY MD RAID &5 A% udev N BohiK BN, TTHEE /etc/mdadm. conf Hif
TS HECE,
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18.4.4 multipathd sFiFiZF#0 multipath 3<%

multipathd B Linux RERNEFZRFZINEFTHIREERD. LTFIFEFEESE
i$ systemd ARS3 multipathd.service BzhlY, Z#HH@d multipathd.socket BUEER
F, BEFIBNTEESLREEGNAAFLEA nultipathd. service,

multipathd AJRMELITES (Hp—EESKHTERE) -
o BrhY, HNRFIREHIREMENEIRIREZBIZRGT.

o 1510 uevent MIREMEIIZFEMH, RIBEEESRIEMETPRMBEFBRZRG, HE
Lt I A =R

o RUHRVERIZ IR & IS I AR B FTAREY

o ERNERZIREUCNEE, FUXEHENREZ, WEEEIMEEENERSRTE
o

o WIRFAERRZERAEMIE, multipathd RKERSTRN, HERKRGNZETHIREIHAREL
FiLEHBALE E B —ERBT 8],

o MERIFRETEN, FREFEIRRZANENRHSEZ.

o MHRARRIZRY “WFR” K&, BISHBRFRSEERBITMIEERIZTZEREZUHRRE
LGRS0

o RMBFRIZIZFEM SCSIKAREETH (MNREEE) . EEWE 18467 “mpathpersist
LHEEER

multipathd RS LTE iR, SEIRZENLAEEEEETHTIFERRAEX
LS. ATETIEFRESGSHN—REZNT:

multipathd COMMAND
£
multipathd -k"COMMAND"

BHNSTIFEFRXENR, 51E1T!
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multipathd -k

Q) ’x&: multipath f multipathd MNAIEE T1E
% multipathd S<HEFAE SN multipath 65%, %0, multipathd show
topology H{EAS multipath -11HE. MENEEZEFITTF, multipathd Fd=
EFIEEIEITH multipathd SFFRZFIIRNERRE, T multipath NIEEEMRZM 1/
O REREUE 2o
NRZRETIPEFIERIE!T, BiER nultipathd < RFHTENR. BN, <F
FREFIRSIRIREENFNEME RN, EREERT, TirEFEEEREM
THENAMER, Fit, MRENFEFSITHTIFER, multipath 2 BohEELR]
RERRNPLRYER S (BIAISHSRFIRIFTEREGT) ZKEE multipathd,

TEHHNFIRNBT EHB multipathd 5%

show topology
ERERMRERIMIE .

show paths
EREFERBERFRILE,

show paths format "FORMAT STRING"
EARKNFRBETIR SRR E. F show wildcards AIEE RN
BRfFIR,

show maps
ERHAIECE RIS &

show maps format FORMAT STRING
FERARAFRFRBERATEERMENIEE. FH show wildcards AIEE RN
BATT5IZR.

show config local
£/ multipathd HajEEFERANEE,
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reconfigure
EMEEEX G, EFAERE, HFEXKERN, XEX EERTFERR
multipathd, B/ MERERERRIER FLEENR. FMDbimultipath.conf(5)
FRIRE T IXEED, reconfigure 8p< REEMHEH UFEMA N A L BRI IS E,.
Eogb| EHMEHE N RINIEE, 5EH reconfigure all,

del map MAP DEVICE NAME
EUHEC B HMERA ERIMRETHE F R E DX, MAP DEVICE NAME RILARIEET SRR (ffl
0 dm-0) . WWID S{BRETZFR, INRIZIGHEEFERAT, MizHaSBaRK.

Bl LUERE MG S REMBRERES. BRARERANMNIEF. BXFEHARER, BHER
multipathd(8),

18.4.5 multipath #5%

REZRFIREAI D EBENFTEABIHE multipathd 212, B multipath 3 FELEERTE
SHARER. TEHRET /LM a<AZETRA:

multipath
KN FIGEHEICERTINE 2 RZIRET,

multipath -d
EMAF multipath, BERGEFEEMS ( HEB1T )

multipath DEVICENAME
BEEREZRFIRE. DEVICENAME AJLIRIRETIR&ATR (/dev/sdb) ERF B A ER
SHEIFILERS KRRTURBREIRE. HE, EALUESREIRITEI WWID &,

multipath -f DEVICENAME
BCHECE ( “FlE ) SREMSTNES XS, NRZMSSSHEE N XEEFERTP,
Zan B EakM, BX DEVICENAME MaTRE(E, EEI 3

multipath -F
BUHECE ( “RIF” ) FrEZREMFRED KM, MNRXLEMGNIERERTR, &<
KoK,

201 multipath < | SLES 15 SP4



multipath -ll
ERFE SR BN S RIFIREIIRSHET,

multipath -l DEVICENAME
ETELRFZIREIIRE, BX DEVICENAME BYATREE, ES N LN,

multipath -t
ETREEGRINESINZRFEE. EXEESHAT, BEEL
multipath.conf(5),

multipath -T
IheeS multipath -t 8s<RM, ENEREIN ENEIRREHRYBEEHEI,

I - v IEERHAFAREE, B UERNTF 0 ((XWRHGmEHEIR) M4 (FHABREIER) 2
BIR{E, BRIAMMEN -v2, FILUTE /etc/multipath. conf B{ER verbosity K EN
multipath 71 multipathd FYERIAIFARIEE,

18.4.6 mpathpersist SSFEIEF

mpathpersist LAREF AT ERIGHMFERF LRFIRE LM SCSI KARE, KAREH
FXRYFERY SCSI KiCimifin SCSI BIEE T, EZRERLEFR, VAL EENAE I_TH
= (BR) FRMEENEREER; &, F—FEBE L IRRBTHESSHHEMBRRER

=8

BILLRIEFS /etc/multipath. conf XHHH reservation key BMEEFEARTLIZ
B SCSIEHRIKARE, HANHIGE T ILATE, multipathd SFIFEFRA SKERAMB
RN ENBANBERINKARSE,

eI LUEZB M ARINE multipath. conf By defaults st multipaths &5, fFla0:

multipaths {
multipath {
wwid 3600140508dbcf02ach448188d73ec97d
alias yellow

reservation key 0x123abc
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MERTFRABEIENFIE mpath I&&I&E reservation key 2%/, fH multipathd
reconfigure EEHAICE,

Q #E: ®H “reservation key file”
WREmultipath. conf By defaults B ER T (& reservation key
file, MAJATEX S /etc/multipath/prkeys £ mpathpersist shSEIER
BEH,
XENIEL ERIZRGFTHIKR A RERIEIN T E. M SUSE Linux Enterprise Server 12 SP4
FHART AR XM %,

fER® < mpathpersist ZiHFNIZE A SCSIIRFHM NI ZRFMETFIKAGRE. BXAT,
BEIFMITmpathpersist(8). LITIAMS sg3 utils MHEFEH sg_persist AL
HFE. sg persist(8) FMTIIFMEER 7 IEMANE X

EULTRABIA, DEVICE RNIKEMINIEF ZERIFIZE, 190 /dev/mapper/mpatha, LA TFdp
LERKET—ETIE, UETER,. FrERamEr] S RAENFE, 30 mpathpersist
-0GS 123abc DEVICE,

mpathpersist --in --read-keys DEVICE
R ENE MR B ER.

mpathpersist --in --read-reservation DEVICE

ErgENIERE,

mpathpersist --out --register --param-sark=123abc DEVICE
MEEEM—NMEBER. XSAFVLEWRE I_THR (BEFRIgE) FIRBEH.

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

mpathpersist --out --release --param-rk=123abc --prout-type=5 DEVICE
BERig &R 5 RE,

mpathpersist --out --register-ignore --param-sark=0 DEVICE
MigEPRIFRIRENRBZEH.
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18.5 $HWZWIZECERS

18.5.1 EA. BotMELEZRZRS
BEAFSRFRSES I SHNEE, BETUTHS:

> sudo systemctl enable multipathd
BEEERBTHRARFIBZRS, B

> sudo systemctl start multipathd
BERMZRS, BRI

> sudo systemctl restart multipathd
EARZHBERTARBRERNZKRS. BREEMiL multipathd EEHEEKE, 151517
> sudo systemctl reload multipathd
EEZARSEVATS, BRI

> sudo systemctl status multipathd
BFIEHARIEFNZRERS, HIE1T!

> sudo systemctl stop multipathd
> sudo systemctl stop multipathd.socket

& 2 multipathd
BINEINEATEENARZREFEGNES e N LBAHET

multipathd.service, B2, BRAIBERANERT ZHREFENH. BRfEHM— LS

ERGELTEEERN, MEERAZERS.

BNARREZRIISEAZRE, BEARAZSE nultipath=off, XSFM5IFH

Z4M40E ramfs (EXMER FAFEEWE) o
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BRKAEA multipathd BRSS, EEHASESEIISRANBE), HIETUTHS!

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

(BLUZRTERZRERSE, FBEEWE initrd, BBEE 183237 A
RAM B2 1RIFRT” o )

(AM%) thoh, MBEFBHERNLKELSREFILE BMERFoiETmultipath BY) ,
BEEWE initrd 281, FLATJLITAME /etc/multipath. conf BIKE:

blacklist {

wwid .*

18.5.2 W ZERIZ/HER SAN IRE

FCE SAN IREMIZIRIZ 1/0 Z A1, RIRBERITIUATRIEES SAN 185

o ERAMNETAERE SAN HIRERXE,

o ERMNETAENEEREY| EBEN LUN EEE IR,

e N5 SUSE Linux Enterprise Server RFEMt EHELLEEC28 (HBA) NIRGHTERE, &=

HBA Rz {R IHAY Linux ahizfF. BXEZAT, B NHNESE IR,

MRERNEZRZIGEHEEA multipathd. service, NN BERIEIEZRFMET, 0
RRENEIE, EFEA Isscsi ZEMHSRERFIZENIRM. H5h, B journalctl
-b WERFKHE., R HBA RPIEFRICMELXLE LUN, 1H1CE SAN FRXHIGE., 153512
Z10E LUN RikES &0, UNRESER LUN IEfIEIRG RS 28

MR HBA IRGHFZF B LUGIE] LUN, BREIZEENRILE, NelEREFEAMINIAZS
# 5B SUSE 3R (https://www.suse.com/support/kb/doc.php?id=3955167 2) HEY
TID 3955167 Troubleshooting SCSI (LUN) Scanning Issues (SCSI (LUN) Hi&in] &) o
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1853 ZRIFIKTFLHNDTKX

LA T UGHERFRIEE—FEE 7K, SRRABURADXOIEIZET SR ERH
kpartx TEZERAFZEFHITH. kpartx B udev MMNBzhAR; BERAZEFMIETE.
MR LW, kpartx BIEH “OX” EHEHRBIGEMHFEFIEE, XEGHFISMERERIE
FZFHLLIMESEERIR, ATLUEE /dev/disk/by-id/dm-uuid-partN-mpath-WWID BI5EHIA
I ZRFIRFNEFEN WWID Y55 N N2

Q siE: 2 kpartx 5
BILATE /etc/multipath. conf HfEH skip kpartx IR EE A Xk E AY 2 BR 1R IR
JAH kpartx. a0, FEEMMEEN L, XMEBCETTEERBR.

B A FEBS—HEE R YaST & FERA fdisk 3% parted T T ERIZELRFILE LD XERM
AX, BHXTHEREN, RARKIETHRAFOXKRNENR, NERXMHEFEER (BF
RREMEEEIL) , BEEIAEBITmultipathd reconfigure {ES|IS RS
FEEUEMARFERAE S XHNZREF LS. G0, FEMESXIEECIE LVM ¥EBE, EH
TIHREZHI, BEEBRIXR,

18.6 ZiRITACE

AER multipath-tools BMINEZEATFAZELE. MFEHTEEN, FTECIE—IE
BX, TEEXHHN /etc/multipath.conf, Lb4h, S5%EE /etc/multipath/
conf.d/*. conf LEEHNXHRHIZFBINFEE,. BXRMTEMN, ESNE 18627

“multipath.confi&%” .

Q FE: £mHEEXH
X4 /etc/multipath/wwids. /etc/multipath/bindings #/etc/
multipath/prkeys HHmultipath-tools 43P, S3BEFEEFEEXRTAICIENZE
EREY. BRETZFRF] SCSI KA RBHEREEIFANKAGES. BREREBEERNXLRE
X1
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Q iEE: IRBHRE

B% /etc/multipath.conf ZIMIEMECE B RMXHNRZZAIERER, BRI
FEEXLERRZ,

18.6.1 BI# /etc/multipath.conf X4

TR LIMAERIMEER multipath. conf &1k, XSKFABERIANKEIRNENIRE. FRIEE
EUERBI M, BN multipath-tools WITAARSEN. BEMEERNR, BET!

multipath -T >/etc/multipath.conf

HE, AILBIE—MMRER /etc/multipath. conf, HPXEEEEERNMBLIRE, ZIT
FNERTF BN E R BIEIR P RIER T,

18.6.2 multipath.conf &%
/etc/multipath.conf X ERBEED. FEHAHMBEE/EXHRNEREE,

o LHEHBTROMR. FIFEESISH BERTX) , SUESHNERFFREHER—T
o

o FRAHS #) MBS (! ) FRESERITHINERABR N EREFR

o BAMFERDER—ITHUBRBIMMEKRES ({) 73k, ARBUN—ITHFUERES
(}) &R

o BEMERSE—1TH. FHFET.
o BEMEDBIMBINEREF. multipath.conf(5) RERT RIFRIREF,

o EALFEEXNSIS (") F. MREVEETHRICERFTR, WBIRKREEESISH. B
MBI SFRFE—WNEIS ("") FTo

o HEEMAMER POSIX IENRIEAR (GBEMW regex(7)) - Bl IXAXK/NEBAERE
E, B0, “bar” ILEE “rhabarber” .
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=y vant]l

section {
subsection {
attrl value
attr2 "complex value!"
attr3 "value with ""quoted"" word"
} ! subsection end

} # section end

RN

N5 18.6 T "ZRIZELE" BFFKFTA, AILGIESMECEXH. WINMIXHERS /etc/
multipath.conf MEEEVEZEZMRN. BAMEMERTUAZREI. WRESIXAEFREER—
XHNZTHRETR—NEYE, WERNRE—MEMR .

18.6.3 /etc/multipath.conf &%

/etc/multipath.conf XA THIE DM, FLEBHRTUHMESNEBDF. BXIFME
B, @&l multipath.conf(5),

defaults
—RREINIEE,
blacklist

FIHERRRIIEE. BENE 1887 “RIEZREEEMANEZE"

blacklist_exceptions
FIHEHITZREFVIENIGE, BMEESRB RN, 52RE 1881 “HiEZRE
REMANERR”

devices
BETEFITHIRANEE, 292 device FHOHES, EPHNESES
defaults ZfoHEEIRMRES
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multipaths
BNZIRIZIGENGE, 1E9 2 multipath FEDHGIR, EEEE defaults

devices 25,

overrides

BEFTAEME D PRERIRE,

18.6.4 [NH /etc/multipath.conf &K
ENVAREEN, /BT

> sudo multipathd reconfigure

BAESIES initrd FRVECERID . 18BWE 18.3.2.3 1 “E4)1A RAM MR FREFED" o

ZE: AEFAmultipath NS
Y multipathd [E7EiE17RY, IBAEMEA multipath SN AMEE. TNAESH
BER—BEERAT,

Q iiE: KLEEKMLE
B ATEN A BRI E Z A H# T, HiERIET:

multipath -d -v2

thap < B R B EREINAVEINIZIFRE, B2, ZBTFETREEREMR/RIHTIR
S, BERNELER, HETUTHL:

multipath -d -v3 2>&1 | less
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18.6.5 AL WWID

AT ERENREEZE LIRGIEE, ZREFEASSIGENSKERTR (WWID), MRA MK
ERZEY WWID 48[, MIREENNERA—81&HE. FRIFEETNIER, TURNAEENRERK
WWID B 57%. BX4T, 1550 man multipath.conf,

18.7 FEoEK[OlxE M. HERA K # P& o] S HY SRR
PN BRTRUNAHENREE nultipath-tools BBBESH,

polling_interval
MEBFIGEHITRSICERITEIEIR (U ARA) o FIAMER 5T, FizitpTElEiREia
EEWENIEE. WTEBNILE, RZARKEERIEAZ max polling interval

o

no_path_retry
T LA T L REMSHFIERESLAERES ERN LA ABR. ATENESR:

fail
EZRREME R 1/0 KK, XESHEE (BIEHNXHRS) A% 1/0 iz
SEMPXHRS (WAEEENEN) BHNERIER,

queue
ZERFIGY ERY 1/O iR IR IZF EHRHIIA, HERFIREEMA AN AIXTIR
Fo XEBHRERMENRLLIAT, BNRBFZIGEKMNEITERE, NERZE
AlRERIERAEF . MIZFIZESIENHIZRSIEEH L TRERAKER (D) K.
HEPARVEURE = SRNE, M#ESANREFEAHHREER, &%, REESHER.

N B—DEEH, EIRGTISERIFHIAEIUN NKEEEMR, EXEEEH

#f5, multipathd BEFEIRETIGEELK. NR polling interval A5FE

no path retry 26, M multipathd =3§ 1/0 HIPAKLY 6 *5=30 b, AISfHEM
5918 89 1/0 K, FEOEFBRERER TR I/0 LKSHBAZEMHH ST
AN o
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LR /0 EETRERASRS R ZEREEESE. MENRIAMTABURTIRS 2B IR
Sk A AR E P — M o

EEREMIIRSRBNSZREIZ /0K, no path retry B RIPIRSBISERKERTREKN
BHEINASIZUR 1/0 iR, EEHMSRIFHFEESFIRDESHIRA, FHREEFEERE,
EANEUTAMBEPNTREEZREI /0O, BEEILZREFIREG /0 K&, Ltk RREHR
PREREMASEGLRENERGRMAR, TEEFREDR, BXTEHN no_path_retryig
B, UARISHERASAEZN, #BETsBEISEHERIEHEZERXN /0 #iR (BiNH
Heartbeat Z$50Y 50%) . LtSh, EWEFERZEEZ /0 HiIRLSIRAFE, UBEERFHR
PEMmER ZRA & BN,

/etc/multipath.conf XN EE—1 defaults 2649, EaIAFELLAMEEKEIRM. HERA
R PEE ERERIATT R, WRIZFERRFE device FpHHIEE, Mz SAN ELERFAERIA
%8,

UTEMEEmFNHINGE. BFRIEECIENREENEN /etc/multipath. conf XHBIIRE
5, SN ERXLE,

defaults {
verbosity 2

# udev dir is deprecated in SLES 11 SP3
# udev dir /dev
polling interval 5
# path selector default value is service-time in SLES 11 SP3
# path selector “round-robin 0"
path selector "service-time 0"

path grouping policy failover

# getuid callout is deprecated in SLES 11 SP3 and replaced with uid attribute
# getuid callout "/usr/lib/udev/scsi id --whitelisted --device=/dev/%n"
# uid attribute is new in SLES 11 SP3

uid attribute "ID SERIAL"

prio "const"

prio _args o

features "0"

path checker "tur"

alias prefix "mpath"

rr_min io rq 1

max_fds "max"
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rr_weight “uniform"

queue without daemon "yes"

flush on last del "no"

user friendly names “no"

fast io fail tmo 5

bindings file "/etc/multipath/bindings"
wwids file "/etc/multipath/wwids"
log checker err "always"

retain attached hw handler "no"

detect prio "no"
failback "manual”
no_path retry "fail"

}

BRKEHEN, HAMSKERS RERISERER, BB0E 18.10 T "ICEREN[FHEIZEHER
MILFeek” RIS

e polling interval
® no_path retry

e failback

& /etc/multipath.conf XHE, HAERS LIETT dracut - f EFEIE initrd,
REERDIRSE2R, BlA=EN. BEXFHARGEE, /BN 5 18647 “[UH /etc/
multipath.conf &K .

18.8 WIZRFZIKFMNEZE

/etc/multipath.conf XHEEEEE blacklist 5, HEHRXRVILAMEIEZHRRFILE. &
B LGB WWID (wwid X838)  1&&EHF (devnode X#iA) FiKHFXE (device #85)
BIGEMANERRZ R, EEAILUER blacklist exceptions #8493, @it blacklist Z45
FETRANEMFREXMARLZ EHN—EEEEALRREZ.
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Q iFE: BEMMABRRESE
BHEEMARZBEIES EE@ET WWID 0@ RN S~ RiET. BREEY
devnode IINEBRE, ANEETRARSENR, EMKAIRRIZETE,

& multipath.conf FRYIENFRIET

/etc/multipath.conf FHIENIRAEX—MRIER FTREEHR. RBESERFRHELA
B, EflASEER. A2, ZRENTERE S8 ITFZIEMENERIENRER,
BIENRAR S HENRATBCERE M. 5V R 55T nultipath -t FE
TRV FERFER#HITILEL,

B E e ZIRIEZIR1ZIGE, B0 hpsa. fd. hd. md. dm. sr. scd. st. ram. raw
# loop. N, Zsih SATA EEFMAERLZEZ KRR, REHE multipath ZEEEEREZ
%%, ERE(IHNE blacklist &5,

Q = wan
*##i7 devnode blacklist EFFRABB#E#A blacklist,

£ SUSE Linux Enterprise Server 12 & glibc e fNIEMTIAN. ESTEEFRIHT
Ao, INTELIER " . *" TARER "*"

40, BEAMIGE hpsa WEIIEFFFAEMETINMARZ S, URSHZREANEE, N
blacklist ZBHMA:

blacklist {
wwid "26353900f02796769"
devnode "~ (ram|raw|loop|fd|md|dm-|sr|scd|st)[0-9]*"
devnode "~sd[a-z][0-9]*"

}

ER LA — N IREIRRF P D XM AZENEVIMARRZ R, fli, ERILUERUTIEMK
AT, R¥F cciss W2 RIS XMIEBMEFIMARZ S

blacklist {
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devnode "~cciss!c[0-9]d[0-9]1*[p[0-9]*]"
}

f&0] ATE blacklist A78A0 device 3493, FHEF vendor #1 product XBIEIZIFEIREFIEE
ANEZE,

blacklist {
device {
vendor "DELL"
product ".*"

}

&I LAEA blacklist exceptions #f43, i@ blacklist &5 -RFRARIIERZRETUM
AEZEN—ESRERASKRER, EaTLi@id WWID (wwid Xx#33) . &&RBFF (devnode
X8A) FOFLE (device B893) RIS, ERTLUEHENISEMANRE RHERA TS
EHIG. BRiER, wwid FISMNERTF wwid EZE, devnode FISMEATF devnode BEEEH,
MmigELRGIINER FIRE LB RE R,

BN, NREHEREFEMENFIIGEEL, ATUHMNARNSEREBRAZERE. &
blacklist ZBBRPREFABEHNEHINZERBMANERE, ABTEblacklist exceptions
AR device 857, HXMFABMISEREBRAZ R,

blacklist {
devnode "~(ram|raw|loop|fd|md|dm-|sr|scd|st|sda)[0-9]*"
device {
vendor "DELL"

product ".*"

blacklist exceptions {
device {
vendor "DELL"
product "MD3220i"

}

f&IFa] LAfER blacklist_exceptions X 3 H4FEIREFBAZ KRR, FI90:
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blacklist {

wwid ".*"

blacklist exceptions {

}

wwid "3600d0230000000000€13955cc3751234"
wwid "3600d0230000000000€13955cc3751235"

&2 /etc/multipath.conf XHfE, HIAERS% LizTTdracut -f EFEIE initrd,
AREERIRSEE, B ER. EXEFHAER, 58W % 18.647 “[VH /etc/
multipath.conf 824"

B35|1¥2ZE, d&%kt multipath -11 &<, XEAXMZENFAEIITSERZRETH,

Q ix&: M find _multipaths 3R

215

M SUSE Linux Enterprise Server 12 SP2 718, %iRIFETELHF /etc/
multipath.conf By defaults Z5HHY find multipaths &I, IthiEMN=FALES
BEM multipathd ARERENTRENILFIRELREZMS (BXAT, =W man 5
multipath.conf) . ik, ERLEREFR, BIERMIEF A SATAEEFCER
B EBI,

RAMEA find_multipaths ETEMRAE, BHEHEKR, EEERATISERK
B#REZIE, AANTIINEG|IRE, 5| SEENFEFINRINTAEIREZEAEMH
EREEEBFERE TR, LI, H—LRIFEXANTSISHAER TR eI HIR
B — AlRE SR IR IR E 1NN B RZIREFHEE, SHEEMINE ZRZIRIELR
Mo

find multipaths 2% /etc/multipath/wwids HFFFIFIEHGITE WWID BIFREIR
BEMNZRZFIES. BEE, F—ECE find multipaths RASFHEEAME, R
EMIPRHRIE T /etc/multipath/wwids, EAFFBLHIEENZREME (B1FE
ERIZEREGY) #BFITFZ wwids X4, EEBEZEBRERXERSLDN SAN-boot REH, 1B
1R /etc/multipath/wwids £448 RAM BB XH R ZEIREFREY .

BME2, BATEREERTER find multipaths FIRERA@E, 1B SUSE {HENfE
FIEHECE T B2 RMEZR2HI5MIBINEE,
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18.9 ECERIF ATFRIRAIREHHA

ZRIZIGEF LIE WWID. AP AKFHIR R EIEKEAIRH#HITIRR. MU /dev/sdn #
/dev/dm-n MISETRBFEES ISR EEN, BESREAIESBIERE T ERILE,
Mmig&EH WWID. AP RFRMUKRANBNERS|ISHHEHREAE, AEERRIENEEs
o

O == ENERXANEH
HAEX S /dev/sdn # /dev/dm-n NG E TR BMEESISNEAEENR, FAUR
YFERE WWID SRRTRZBEFIGE. N7 EESISHE—INRIEE, EHallERS
WWID BRETHIFE P &R 4F B FREA B

TRNABT /etc/multipath. conf XEFETHEFIRENKERIRLE, BX
multipath.confiEBERRAI, 1558 /usr/share/doc/packages/multipath-
tools/multipath.conf.synthetic X,

#®18.1: SHRIFTIRFRMAEBLLR
BIRER ULz

WWID (X  WWID (£2IKXt1iRTT) FIIERIELIkE—BEASEin

IA) ZRRRIGEITIRTT. EZREPERANBIAZITZ /dev/
disk/by-id BRHRIFESE TR ID. FI80, WWID 7
3600508e0000000009e6baabt609e7908 MR EIFIEN /dev/disk/
by-id/scsi-3600508e0000000009e6baa6t609e7908 FIIH,

R RYF /dev/mapper BRHF MG HMNIEF LR GHRTESEIBIER TN
ID, XLEZERFZIGERIFEBEAFR KIFHBRIR, XA /dev/mapper/
mpath<N>, tta0 /dev/mapper/mpath0, ZREH—BHKAN, ERE
IMEA /var/lib/multipath/bindings X ERER UUID F1EF &FHY

BIRZ BRI KEXo
Alias B EHEERNZRIRERHENEEHE—R. 3IE=EBE WWID A

PRIFH /dev/mapper/mpathN &R,
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EpeSiY A

NEREFEARZ user_friendly_names, BEAREEHIRIEN mpathN R,
BN eSS BafekNAR RIF2MFE AR, SHARHZET RSB
MRARERA.

/etc/multipath.conf XMW ELFE%ERE user friendly names ETRETF M ZEKEF
REBRNZERAFPEFNE. IREEIREN no (BHAE) , ZERESER WWID /F
MKEBBRIR, MNRETIREN yes, ZHEFFER /var/lib/multipath/bindings
X, 7E /dev/mapper BRH L mpath<N> B NIREIER—NKANE—RIR, /etc/
multipath.conf X#&HH bindings file EIMAIATFIEE bindings XHMERAIE.
/etc/multipath.conf XHHRNLFE LR alias A TRBAIEEIER— 1 EM. W
RANZRIFRERE THE, WEARISR, MAER WWID AR RFHER,

£ user friendly names &I, FELATFERHRIESHILRA:

IRISFIEEERSRE:
MRAFRIGEEANEZHKE, MEERR user friendly names i&EDT, N
initrd Xt#rHiE£E4E /var/lib/multipath/bindings X##H AR KIFIEE.
NMREEEREFLE, LA mMEmbET &%, Winitrd RMBEIREM /var/
lib/multipath/bindings FREIRE Z BISEE LA,

EE PEALED
initrd # /var/lib/multipath/bindings ZEIM4E R LA S SBIHEEIE
TEIRAER R, #HMSEX 4 RFARITMEIEER.

AT EERLER, BNHRSRISEERIRIAWWID IRE, W FRFRIREFNERS!
Bo HFIRERBMAR, FILERZESRELT EZBINZBLTEEXAZ KT,

MB—1 73 X$EH /var:
user friendly names EeEXHHIEIALIER /var/lib/multipath/bindings,
MR /var HIEFRRUT RS root 1&F L, MEMS—MIXER, MNEZREFHN
bindings XA,
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BHR /var/lib/multipath/bindings XHERS root i&& LRI, HEZREIEA
BUIREIE. i, AILURII MRIERBRIX—ma:

1. % /var/lib/multipath/bindings X##5h% /etc/multipath/

bindings.

2. 3§ Jetc/multipath.conf B defaults 264HI bindings file EILEE AL
WAIE, Bln:

defaults {
user friendly names yes
bindings file "/etc/multipath/bindings”
}
initrd PIEEEZ IR

BERAIRIEE A EZREL, ZERELAUEEE initrd . G50, MREAHKRIGHE
fiIiF LVM £, SegEsREXMIE R, NREFEH user friendly names %I, B%
BERE initrd B, NINYERASHE multipath=0ff #175|F, UREIEH,
XEERAS|ISIEPNERT initrd PFRZRER. RA5|IS/E, boot.multipath
M multipathd 5| SHIARBERBIEZ R,

HA B¥SERBY 2 BR1Z:
EXFEMER, S E 18917 “HABEFMNZERRFIGEHIZIN

BREBRPRFEFRHIEER B :
1. B root SPRTEX A YRiEzsHITH /etc/multipath. conf XX,

2. (F%) & /var/lib/multipath/bindings XHHINIE,
FRABRFEXTERFZRIGE LR, BEZREAIMUIRIIE,

a. ¥ /var/lib/multipath/bindings X{4#5h%l /etc/multipath/

bindings,

b. ¥ /etc/multipath.conf By defaults ZBEI bindings file EIIKE AL
wWOE, fFlan:

defaults {
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user friendly names yes
bindings file "/etc/multipath/bindings"

3. (FIIEEARENER) BRBRPRFHNAFR.
a. BUH IR defaults B REHLEREES,

b. BUEER user_friendly names &I, ASEEEM No XA Yes,
fBgn:

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

4. (A[i%) FERA multipath FHHFH alias EMAIGEEELEESHNEN.
g0
## Use alias names, instead of using WWIDs as names.

multipaths {
multipath {

wwid 36006048000028350131253594d303030
alias bluel

}

multipath {
wwid 36006048000028350131253594d303041
alias blue2

}

multipath {
wwid 36006048000028350131253594d303145
alias yellowl

}

multipath {
wwid 36006048000028350131253594d303334
alias yellow2

}
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O == wwiD 5 WWN #gdtt
7£ /etc/multipath.conf XHFHRENIZEHZE, BERFAERS
MEEBI WWID (41 3600508c0000000009e6baabT609e7908)
MAEEN WWN (X ox B#igs ID NE—1MFR, M
0x600508e0000000009e6baabf609e7908)

5. REFEN, ARKAZL Mo

6. 18X /etc/multipath.conf XHfE, BAERS LiETTdracut - f EREIE
initrd, RAEERMIRSEE, ERASER. EXFMER, B8W F 18647 [V
/etc/multipath.conf &K o

NREBEIZFFEREA LUN (Fla0, sNREFER SAN THEEXEEX S X) , Al mkfs. /etc/
fstab. NAREFEFER /dev/disk/by-id/xxx 8. B XIEENIEEIMEFEM
_part<n>, fjlg0 /dev/disk/by-id/xxx partl,

7£ /dev/disk/by-id BR®H, @ETIZER dn-uuid* HFIE (GORTE /etc/
multipath.conf X#FRARIERTH8) RESEEFMNIEHE, €FS scsi- Mwwn- R
TS EHIERRER,

18.9.1 HABEFHIZRIZIREZM
BT T INRERIBR S B ERE RIMEFI A 8 E P ERER

° (A UVUID M5 BHARZRFZREFEZMEHETINME TR LFE— . JBEMETR
ERTME—, ¥ /etc/multipath.conf XHEMZT REFIZIBEEFFREEHMTI R/ /
etc/ BR T,

o HEAZRIZMEILENTEERN, BIRTE /dev/disk/by-id BRHP4EE dm-uuid*
BMREHIE, MABKENEERRERE. BXES, BEWE 1897 "EEEMAF AL
RRMERIZ" o

° FFuser friendly names BBEETUZEN “no” UERAE. ARFRFZMHENTR
S, BEEFEITHRLNEERFEREENEF RFET.
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AR AP RIFZFR
MREHRBBERBFRFEH, WAUHIT FIIRME, BHRGRE WA RFEH
FEBRMIFTS TS RIS — B

1. F— 1= ER /etc/multipath. conf X

1. ¥ user friendly names ECEBXTUZEN “yes” LUIBHET.
ZREFAER /var/lib/multipath/bindings X4, £ /dev/mapper
B RP L mpath<N> HILAIZHFIER—DKARNE—Z T,

2. (AN%) &8 /etc/multipath.conf XA defaults 2B HHY
bindings file &I, L3ERE bindings XHHERMIE.
EAIE RN /var/lib/multipath/bindings.

2. KEZT R ENFIESRBREIRE.

3. ¥ /etc/multipath.conf XHEMZT REFIEIBEFRBEEMT S /etc/ B
T

4. Mz =¥ bindings XHEHIFIBFEPFREEHM T =AY bindings file B
Zo

5. 182K /etc/multipath.conf Xffg, HAERL LIETTdracut - f EfEIE
initrd, AREEMTR, ERXASEN. BXFEHAEE, BB £ 18641
“RF /etc/multipath.conf 2%’ » XIERAFAEZEMEIT o

18.10 ACERIZMIZEILTZRESHLITR

£ Linux EHH, SEESTRIFREEFZGZEN, SMREHBETARIAREE, FH
BN LUN BZ M RIGE, RERFAEFZRERSWVEIAEE— LUN ID NSRRI, HiE
Fiz ID 81T — PSRRIk E. F0, WREEF HBA BIEHET BN RIEE XN
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HAFBE RV IEER — NN R O fEER2E, WSFIEMRILE: /dev/sda. /dev/
sdb. /dev/sdc #1 /dev/sdd, &EMIIEFZRERZZLIZBENHIEE /dev/mpath/
mpathl, HEREIU LEONMNKERIGEEFRRA /0.

AR N EHE E SRS SRR E R ENM LR, EFR, B8 /etc/multipath.conf
XfE, $AERSK LIEITdracut -f EfCIE initrd, AEERIRSES, BlA2E
Mo BREFMESR, BB F 18647 “[H /etc/multipath.confE2” o

18.10.1 FCEREHIERIZ R
fEFB®S -p AT multipath ®<i8 E M RIS

> sudo multipath DEVICENAME -p POLICY
¥ POLICY B AL REERZ —:

7% 18.2 : MULTIPATH -P s < HYZH SR ER %N

RBRIEIN 3 EA
failover (ZN) B MELRANN—MEER,
multibus — MR BB RRR.

group_by_serial FMENEINFEHIS— MR E,

group_by_prio BMRERARE—NMERA, RERBRALERE /etc/
multipath.conf ECEXHHIEE 7 global. per-controller 5 per-
multipath ZEI R E.

group_by_node_nan@ M BIrmRE—MLERA. BIFTREERE /sys/class/
fc_transport/target*/node name {iEFREXHY,
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18.10.2 ECEMPRALIZINIR

WITE /etc/multipath. conf XHHRFohEINIEHEIIHRIEFEZ M TR, /usr/share/doc/
packages/multipath-tools/multipath.conf.annotated X4HEFREIREMETN

il

18.10.2.1 TREMKRANEE

RERARERR—IE LUN NEERNES. BUAERT, /0 EAHEFNRERERUETRA
X927, multipath < 2ETF SAN B9 path_grouping_policy i & 1% SAN HE9&E4 LUN
Bt RH, multipath SSRFE—NMAFRBEEREFRLIZANR LR UBEB M ERE
H, TEEMESRSNARNNEEH, HEAPHMERERANEN, EE T — 1 aRaENMNTE
¢HBPT F ERDAYEH,

RIERARZRIERE— M RENBHRE, BHE, NELkEE. BEA—MIIMNIREFERIERE
MERENMER. MTLEMNLE, EEHERMNEEANREZERETE—MRERLE,

prioi®&TE /etc/multipath. conf X4 defaults{} =X devices{} ZPHFFEH, HA
multipaths &89 multipath EXIEEZILEN, RASLTRTIHIEREE, priofT
RTFHEENEEHFRER. NIRNEEHFEFRESH, BETE T LFER prio_args X
BRFIEESH.

Defaults ¢ Devices Z§4 87 PRIO 18 &

prio
EEZRRANM AR HIFER, LIREBERRARNE BNESESNRIZANNEURE
REBENBEFERIT—MBRREH,
NRIEERNNALRHFIEFRESH, WERAXEF prio_args IEESHK.
MRKIEEXETF prio, NFFBRIZABHERNELR. AINLKEN const, B

prio argsiRBENT,

prio "const"

prio args ""

AR AR R BINT

223 FCEMPEAE5 US4 | SLES 15 SP4



(R HFIZF

alua
const
emc
hdc
hp sw
ontap
random
rdac

weightedpath

path latency

A

BT SCSI-3 ALUA I B4 BB IZ 5K

N BEERB LR,

79 EMC P55 BB R Ko

79 Hitachi HDS Modular #7454 BER R L e 4ko
REN/EAERAY Compaq/HP 1THI2s 4 R IR L LR
79 NetApp FEFI A RER IR 5T R.
NENRFERPENN LR,

79 LSI/Engenio RDAC =284 Rk B 1R L 5o Ko

RIBETE prio_args BWSHHPIEERINISUEERERZ M
Ko

RIBERE A B IR TR, 2B 7A@ prio args X
FhE,

prio args &

XETFBESHNNARHFIEFNEH. KEK prio BFHATEESH. TEIAME, BEIUR
F prio KEUKRMERHFEFEETEU TMERSE:

weighted
FZENRNNA [hbtl|devname|serial|wwn] REGEX1 PRIO1 REGEX2 PRIO2... K&

EMREX KA SCSI H:B:T:L 4=, 90 1:0:...40 *:0:0:., HHEEMNNE, HAE
H. B. T# L 25ARIGENEN. 24&. BB LUNID, fign:

prio "weightedpath"
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devname
Regex Mig& &M1&, HIE0: sda. sd.e

serial
Regex NF5IS1&. fI40: *J1IFR*324, {5 multipathd show paths format
%z MY BEWEMNFYIS, (multipathd show wildcards 2ERFE format i@AD
)

o

alua
MRAFEMLE (alua exclusive pref bit)i&ET exclusive pref bit, B4
RET preferred path NEBERBEAXTHESHRZEAEP,

path_latency
NFInZETF FEFIFRN At BT P57 E R RVRE SR BUMEE], MBI LAGER path_latency 3K
TEEXRNEF 2 BVER, T2y ERERBEES, FLERILOARER, F/RD
FEIRIBY B F iR, XFBER io num=20 base num=10 BYEXL,
io num BELAIXRT HRIRFAVIREL 10 #, BT i+EYREER, BXER 2 F 200
HIEEEL,
base _num @KL, BTFRAENREEFEZSXK, BEN 2 B 10 NEEH. &K
FIGIER(E N 100s, &/MEN 1us. a0, 1R base num=10, MFRFREH 7 EIEKET
HER <=1 ps. (1 s, 10 ps]. (10 ps, 100 ps). (100 ps, 1 ms). (1 ms, 10 ms). (10 ms,
100 ms). (100 ms, 1s). (1s,10s). (10s,100s). >100 s IR AERE,

ZRIZBMEATIZFNISENZRIZ /0178, BRILIRRNGRANEZRIRREEERE. 1B
AILUBEE E S RIZEEX R multipaths BB REIEIREIMAIA I, FEEMIHEEZRIZIR
BN AR M.

user friendly names
IEERMERLEK ID (WWID) IX2ER /var/lib/multipath/bindings X4 LA /dev/
mapper/mpathN B9 A ZERFIZEIBR— KA —I51HE,
LEIEE] LATE devices #8931 multipaths EB9ER.
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& LA

no (Bt3\) f#H /dev/disk/by-id/ (iIiE+HZRA WWID.
yes B4 A P RIFHNBFRMEA Z RIS B MA IR Do
failback

EERGRMARMEZIME, FEEAKMEBRENERZ/GHKELSERIIYE,
SEAMHBREMER, RASREISERZBEEFN AN S BRENRZTIRF.
ZRETEMARE, AEETRENNRELERANBERERMNTRE,

& LA

manual (FHN) REMEAMHBEREME, EERIEITmultipath
S UUE R E AR EMMIARE,

followover NEHBRRAMNE — N REREN A RITEIKRIERIE, XA LA
EEMRES—I T RIEKT HIERE BaiffER S,

immediate H—TREMERN, ILEE R %R,
N HREMEN, FFNUBERARREIZ. HEAT 0 NERE,

AT ZBRERERBHINEENN, BIREENRE THZRESERISIREN

manual,

failback "manual"

O == &%
BESYHENEFEFARARENERIAKERSIRE, TRNEERSAIGESEREN
REBEK,

no path retry
R ERERMEERRTT A
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& LA

N 57 multipath FIEHMAMBRERRMZAIRIER R EEKX
F 0 EHIE,
EErER, ERILUREREN 0 LUBRAEHIAIMER, HARITHA
R TEERR .

fail EEIRRY (FRHEPA)

queue KAELLEHPN (—EH, BRZRERAERDRE) -

TEBFSERT{ERY, BIVIE /etc/multipath.conf XEFIEEINIEEIR N fail 5 0,
Witb—3%, HSEEREEPIER L RR#HITHRERZE, SUSREEHMARAR
FRRBRETE,

no path retry "fail"
no_path_retry "0"

0 == g%
BESHRAEHNEEFRAABYBFRINERIRE, TRNEFRATESERENIGE
EKo

path checker

227

HE R ZEVRT.
=] iEA
directio BIRASEEI/ONE—TBK, XNTF

DASD 1&FIEEHEH, 7£systemd BE
FIEREAMEE (B0 (BEfERE) ,

%21 E “journalctl: &iff systemd

=
10N o
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tur

CUSTOM VENDOR VALUE

path grouping policy

iEA

EI&&E & H SCSI MK BT, MR
LUN %#F, MIXEBEHIXIZE, NRHLEL
¥, EXRSE systemd HEFIENEE,

—LE SAN N IR T BE XHY
path_checker 3%&I ;

e cciss tur: & HP FHEEfiEFR
FIREE R IR

e emc_clariion: i EMC
Clariion EVPD F1 0xCO LAH8E BRIRAR

[a3Ye]

* hp_sw: fEAED/&REMHRE HP
ETEPEFIMERZIRS (Up. Down iF
Z Ghost) »

e rdac: #Z LSI/Engenio RDAC fi#
FEHIZSE RIS

1ETE HAATEIT ISR BN S BRIRIRE R D AR,

=] iR

failover (BRIN) A NMUERARR—TBE, UESERRER K
2o

multibus BB RE—TMIRRET. BNEEAREERZEZIE
Tt H,

group by prio HNFENREMTRE, MBEFET—MMUTEE. BEHEEMEE
KB RER— AR A, HALEBIMNIIEFIEK.

228
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=] HiER
group by serial B&fF#& SCSI BirF5IS (ITHIZET S WWN) £4H,

group by node namé&g MBI RBIRIR—NMUAERE. BInTTRBEE /sys/
class/fc_transport/target*/node name H3REXHY,

path selector
EE R T 1 EHF 8 path-selector Bi%,

=] A
round-robin 0 BT Fai kR AR EMREZENENN A B TERE X,

queue-length 0  BAFFEHEREIFLEITH I/0 ISR EFHFE2S, XT least-
pending &I,

service-time 0 (BAIAME) ERARSHIER. BT RIBIERIERIETES I EBE
EBY1/0 By & F 2R,

pg_timeout
FEE R IZABITNE, FEEIEEEMEE, BIgE T NEAIAE,

polling interval
BEEENTBENERRERI T — M RERIQERRFBZENEE (UFREA) .
BEART 0 NEHE, FRINMEN 5. BSHRENEFERAMBLESIA polling_interval
®E. FENHEERAAESEAANZEEK,

rr_min io rq
FEEEERAETIERM device-mapper-multipath i 2) Y 18R R AP T —MNERR A1,
FEEENERZH 1/0 ERIEHE,
IBEAT 0 BVEHME. BIAMEN L.

rr min io rq "1"
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rr weight
YETE TR 1ZRIINAN TS Eo

11 WiBA

uniform (BRIN) FREREFEBMHERNEITRERNE,

priorities B REINEEDREMIEIEL rr_min_io_rq IKE KR
Eo

uid attribute
IRAME—ERZIRIRFTH udev B, ERIAE7 ID SERIAL,

18.10.2.2 ECEMBMAETE

FREREEEEN. |/0 WEBENFRBIE—ER /0 F5H, BEIFIIFT—NIAN
BBiZo

18.10.2.3 ECERRITZMIERE

BEREMEE (REENRE) W—NREIEDN, TU#ITER. HMBREIATHE
%1%, BEERAERERBIASER.

18.10.2.4 5 1/0 BIZ A LUHITREIF A Z T 1

BEMRERARNZSNREDEEDRAR, HZAPNFAERIRNE, REIHRERIEE
T EENERNE, ZAPHAEREUEFRAHTENSAEZERAE,

18.10.3 #xHBIRERIZA

fEF SCSI ik 5 Btnin 4 (sg_rtpg(8)) 5<%, AXIER, 1HEM sg_rtpg(8) HIFMIT,
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18.11 FEEERIGEMNZIREZE /O

SUSE Linux Enterprise Server 58 /boot # /root A LA A H X IFG S MATEF Z iR
£ 1/0 (DM-MPIO), IttFh, YaST REFZFHH YaST P XEFZIFERENBHAZ R,

18.11.1 ZLENBAZ®KEZEI/O0

BAEZRRZIEF LRERFRS, RENUIEITZRENMF. nultipathd FIPREFERS
ZRIEP I =BohEE. ERILUER YaST P REF R E Z R IZETRBEIE.

18.11.1.1 ZENEIEEH/ EoIZEHFMEEFE LUN EBREZEKEZEI/0
1. REHE, EEVNSERE DERERHKIZF.
2. ERESTEN, BERSKE, ASERREZKBEZ,

3. BaiZ KR,
YaST 2 REREEE, HETRABANSZEKREFILE (W /dev/disk/by-id/dm-uuid-
mpath-3600a0b8000014593000012ae4ab0ae65) , TN MFFE H—T MIEHIE

o
4, BHET—IRERE,

18.11.1.2 HENEEDN/WNIZEKIZMHETF LUN LERAZRREZE /0

multipathd SFIFEERERATEIETASBIEE. EEILUER YaST 2 XEFPEE 2
HIFIEIRBE.
ERER N0/ ZERZETE LUN BEZKREZF1/0:

1. ZEHE], FENHNDXFS LEFET RO XiER,

2. EREEEENR, BHEERHE, ARERILEZ R,

3. Eﬁbﬂﬂg'flo
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YaST SHREREHE, HERTANZRFIZE (80 /dev/disk/by-id/dm-uuid-
mpath-3600a0b80000f4593000012ae4ab0aeb5b) . EMNMFIEH—F A IBRIE
%o B TFIEERFRMUUID, BUESEEXEER,

. BERT—IHRERE,

. PEREFIIFARETME, YaST BIZFHRENSISMERFES, #AERERHAR

SRR, BREFIHRAFEEETEY, AR i -aw - JpRiEEl S,

BEITHI B RERETE /boot/grub/device. map X#HH hd0 £FBENT NEDNEE
=
X—AENEN, AARENREX S EEHFRENKRRRE,

a. WAL T e RRIZEER /mnt
> sudo mount /dev/disk/by-id/UUID; part2 /mnt

f5lan, A

> sudo mount /dev/disk/by-id/dm-uuid-
mpath-3600a0b80000f4593000012ae4ab0ae65 part2 /mnt

b. AU T R5|FI12EEE /mnt/boot
> sudo mount /dev/disk/by-id/UUID partl /mnt/boot

f5lan, WA

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

c. £ /mnt/boot/grub/device.map XHH, HE hdo £EBEREBIEAFNENHKEZ,
REHRIT TR A —IRE:

o ERNEEIR: ARFERITEMRF. REMBERRNIE, & crl - At -F7
iR[E] YaST EIFZIF R, AR,

o RETHERTR: WAENEEHENLESISNHER,
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7. W1 hd0 FEEEANELRRIZ, BEREEHENRES I FMEERF:
a. IRl SRR AL T

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

chroot /mnt

b. EFHI&H, BfTmultipath -11, AEKRERLIKEEMNER,
TIENERIZATE ghost FH%,

c. 7£ /boot/grub/device.map X, ¥ hdo FEEXREMRRER, REENHF
KA o

d. MAUTHLTERLRESISMHER
grub-install /dev/disk/by-id/UUID partl /mnt/boot
fgn, A

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

e. WAUT&HS:

exit
umount /mnt/*

umount /mnt

8. ¥ ctrl - At - F7 iR[O] YaST EfZIFIE,

9. PEMESELEESIS,

18.11.2 AUBRIKEFEAZHKEZEI/0
1. Linux REAE—MEEER), BIFRSEKEFHIIE by-id BFSFEENEE,

2. fEALEHREEAR /dev/disk/by-id BRIZHEHHIRE,
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3. $IHFHEIE /etc/dracut.conf.d/10-mp.conf, HEEFFMUTT (FIEFS
=)

force drivers+=" dm-multipath"

4. XF IBM Z, 15751517 dracut ZaiscéwiE /etc/zipl. conf X, Ll /etc/fstab A
fEABYHERE by-id SE2FEK zipl. conf HEY by-path 58,

5. izfTdracut - f 37 initrd B,

6. 3F IBM Z, BTEIETT dracut 251517 zipl,

1. B35Sk

18.11.3 #ERIgE EFERAZREFEI/O

ERZEELITHAIN multipath=off, XAJLUET YaST 5| RMBIEFERKTM. TH5IS
MEFERF %% > NiZZE, FRBBRMEIR I e S1TH.
XNZEIRIEE. FHMIEEMIZS,

18.12 AMBEHH RAID BLEZER1E 1/0

BRMERT, MAENMSEERESRE, BREXEIRERFNRM RAID IRENAN. WRCIRE
a4 RAID IRE 2 e INZR1E, WEESISH, DM-MPIO ARSSAIgEALE multipath ARSS
Bk, SBESREMFARAT RAID, ErILERATRIIIEFESREXN A IMA R
% RAID 117

Bign, ERIEEFEE U TIBE RPN RAID FEVISEECE ZHKRIE:

o NREEHLEIARIBERKFE— MRV RAID QIZADKIRBEN—E5.

o R RAID KR EREMSISENERIRE 2R, RERXEREEHRENIFTZR

A
2o

o IR BEI MARSSER AN HBA SECER Y & SAN FRRVfiETFFREMIEM T RFENIE.
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Q =E: msR#

235

I TFUtBBBRE IR RAID €% 2 /dev/mapper/mpath0, XZMIZALURRIAYE
#8. CRIGEERAE 1897 “MEASAEFOETNIE" FIRE Jetc/
multipath.conf X#shEfAE T AR RIFHE.

HRRREXEE Y BRI & R IE P ERIE M RAID BYIRE R,

. TR &iRERIA,

BRESITIHER, BERIEH SMAUTIEBRNGS,

. R ISFEEHHIEEIEITEMIRM RAID 185, BRNEMKBFRAUTGLRONEFHZ

g,

> sudo umount /dev/mapper/mpath0

> sudo mdadm --misc --stop /dev/mapper/mpatho®

. WA e 2fFLE md ARSS

> sudo systemctl stop mdmonitor

. WAL TS B5 multipathd SRR

> systemctl start multipathd

. BEIZRERSZE, R RAID FAFIREREEYIE /dev/disk/by-id BRH.

BITUA T REZ—!

o BYIHIEH: MERERNEABIHIEEMIIEFZREFZRERNTSH®E,
i /dev/dm-1,

o KyIigE: WAUTHSBEEHENRLAMILE, BEIZRIERSIRANEN]

> sudo multipath -F
> sudo multipath -vO

XSGR MENBETE /dev/disk/by-id 7, HEBEHIGEMHGERZREF
REBNR S %E, il
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lrwxrwxrwx 1 root root 10 2011-01-06 11:42 dm-uuid-
mpath-36006016088d014007e0d0d2213ecdfll -> ../../dm-1

6. WAL TsHSERBE mdmonitor BRSSH1 RAID 8%
> sudo systemctl start mdmonitor
7. BIBWALUTHL, KERH RAID VIS

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

RAID FY4R & & W ILECTE /dev/disk/by - id BRHFIAGE T STFHZNIGEIRFERF
ZRIZIRERo

8. IR (/) REXHEEMEES (5180 /var. /etc. /log) fiiF SAN £, HEFZEFEHA
k51T, BEWE initrd:

> dracut -f --add-multipath

9. B3SRBS F[UNBEN.

10. BT RAID KA, RIGH4 RAID PEFITELRIFIEE T FIFMTE,

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

fBugn:

Number Major Minor RaidDevice State
© 253 0 0 active sync /dev/dm-0
1 253 1 1 active sync /dev/dm-1
2 253 2 2 active sync /dev/dm-2

Q iE: B mdadm 52HRFRSEAER
mdadm T EZREM ID MARRE T SBEHNRE. BRAT, HBEE 18437
“ZE%1F1%%E B MD RAID”
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18.13 fEZEiFixE LEM LVM2

ERZREN, XENMEREHMETHIEENTINIEE. BIAMBERT, LM SNEILEN
PEAIEENMERSFEEZRFILE. IR VM ETNEKE T ZRFILE, ERISZK
BEZHREANG, HRE (KE) 1&&. XRoJEEEHAENTTN, BHaTE /etc/lvm/
lvm. conf FEX, IR multipath_component_detection BN 1, LVM 23S KRFRA
%18, lvm.conf FRIERIATRZ

# By default, LVM2 will ignore devices used as component paths
# of device-mapper multipath devices.

# 1 enables; 0 disables.

multipath component detection =1

18.14 &{E3Kix

18.14.1 #EAES|FMIER TREMLE

NREBRABENBAZRRIZE, HEEHEEER SAN FNE7E, MR LEER rescan-
scsi-bus.sh AT EHIKE. RINBERT, HHEAEHEEEHE LUN SEEIRFRE HBA,
ZEo S —RE AN TR

> sudo rescan-scsi-bus.sh [options] [host [host ...]]

MFREZHEEFET RS, HARIELEDNER FRNET. Fd, ERERHKERT, 1
BEREFER—HZMNET, EX4T, 15517 rescan-scsi-bus.sh --help.

g4 EMC PowerPath Ifi5
7£ EMC PowerPath If 5, 15/7{ERRERFAREMIAY rescan-scsi-bus. sh LR
75k HBA N i A3k 131 SCSI B4k, N T BRI REAENXHRFHRIF, EMCEXR

1738 B8 EMC PowerPath for Linux BRI 75 SCAY FRi2 (a0 3 1248,

FERAUTIERRREHERESSRANER TEXEREITRATERZ.
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5.

1. EEFEFREL, ERENENITASERIREHEMEFRIZENIRE, YA Linux RE

IRFBEFX. BXAT, FSINHNMERXE,

. EFrE BRI

ARIFERI S RTRE T, BWA

> sudo rescan-scsi-bus.sh

*E?Elu\m-l'ﬂ%, & __l- g __I-li

% rescan-scsi-bus.sh --help.

. 1B7E systemd BEHRERHEH

“journalctl: &Eifj systemd HE”

> sudo journalctl -r

AL BT

> sudo journalctl -r
kernel: SCSI device sde: 81920000
kernel: SCSI device sdf: 81920000

Feb 14 01:
Feb 14 01:
Feb 14 01:
Feb 14 01:
Feb 14 01:
Feb 14 01:
Feb 14 01:
Feb 14 01:

03
03
03
03
03
03

03:

03

4, E8 ERAFPE,

iz{Tmultipath &%

multipathd:
multipathd:
multipathd:
multipathd:
multipathd:
multipathd:

BUARINIE

> sudo multipath

ASH&®RRE 7. Fla0:

mpath4:
mpath5:
mpath4:
mpath5:

& Linux &4

MERTUNZRIZEEMKE T

BEHR—NEN, EEINEERN Linux Rz SCSI FRGEBIEIEFT AL

#UE1T rescan-scsi-bus.sh, BX4T, 5

#HE (BX4T, BEW (EEER) , %218

) o ERIRIERIGRTET, WA

sde: path checker registered
sdf: path checker registered

event checker started
event checker started
remaining active paths: 1
remaining active paths: 1

RIS E RV E M HBA SEC23AIER R,

L LLIR%I DM-MPIO BECEMIR . EXREH RSN T, WA
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18.14.2 HEARES|IFMER FEMNDXigE

ERATRRG, ERESISHBER MLNFTARIMAIZEEZ LUN.

&4 EMC PowerPath 1%

7£ EMC PowerPath M55, E7IERRIERAMMIAY rescan-scsi-bus.sh LATE
FFak HBA 1R R4k 358 SCSI B4, AT @R AIREAENXGR ST, EMC EXK
&38R EMC PowerPath for Linux BYH R & S A4 PR AT 12124,

1. fTA—R&iRERIS.

2. EFRE BIRFHEEER— NN, EEMIREN Linux A% SCSI FREFRIFRIE A,
AERIRERI S RTRE T, BA

> rescan-scsi-bus.sh

RIEEANISE, EoEREBELE SIS EE1T rescan-scsi-bus.she BX4AT, S

% rescan-scsi-bus.sh --help.
3. BIBMAUTHIREZIEEEE AN (HINsEHERSE — MNBRE)
> 1s -1lrt /dev/dm-*
TR LB RN T <R 1GEFFET /dev/disk/by-id
> ls -1 /dev/disk/by-id/
4. BEWAUTHS, REMSESEHINETAS

> sudo journalctl -r

5. EANXAYIESS, 1 /etc/multipath.conf XHHRAZIGERNFHZNBEN, a0
data vol3,
4N, R UUID 2 36006016088d014006e98a7a94a85db1l, MIHITLATE:

defaults {
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user friendly names vyes
}
multipaths {
multipath {
wwid 36006016088d014006e98a7a94a85db11
alias data vol3

}

6. BIBWALUTGS, NZGHECIEDSXER
> fdisk /dev/disk/by-id/dm-uuid-mpath-<UUID>

ERIEEI WWID (3136006016088d014006e98a7a94a85db11) ik UUID,

-

7. BT E<LM% udev
> sudo echo 'add' > /sys/block/DM DEVICE/uevent
Bgn, A dm-8 LRI XEMISEMREIZEFIRE, BN
> sudo echo 'add' > /sys/block/dm-8/uevent

8. 7£i&%#& /dev/disk/by-id/dm-uuid-mpath-UUID partN E8IEX
HRG, RIBEERENXERS, EIUERUTEPR— <L ILLE
#9: mkfs.btrfs mkfs.ext3. mkfs.ext4 5{ mkfs.xfs, x4,
B2 NABNMFMTL, FASLRRRY UUID 19 X4RSEHE UUID partN, a0
36006016088d014006e98a7a94a85db11_partl,

9. MALUT LRI XEIRITE:
> sudo tune2fs -L LABELNAME /dev/disk/by-id/dm-uuid-UUID partN

FASERRAY UUID #193 X 4R SE# UUID_partN, {4l
36006016088d014006e98a7a94a85db11_partl, FEEIFRIIREE#E LABELNAME,

10. WA T S LIERSE DM-MPIO, FHEIZEGIZ:

> sudo multipathd -k'reconfigure'
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11, @A TES, REZIEESH multipathd iR3
> sudo multipath -11

12, ERANXARIESSTE /etc/ fstab XERARMETAEEHI,
bRy, &7E E—FReIBRIRIRIERTE /dev/disk/by-1label BRH, /3 /dev/dm-9
BIZAIN— N ERD, AT NRESISEILUTH B ZAEZEH

LABEL=LABELNAME

13. QIZEMFNEHR/IER, AREHIRE.

18.14.3 BEEZRIZFI/ORES

BN /0 RS ZERERETBY LTRSS,

multipath -U&EDAIETRM ERIEITREFENEERLURNEFBERS. ERSBITRER
BiERF.

multipath -1LEBNZ{TRIZNERRF, EMRIZER, ARETITRKSES. v
KETFXTRERSHERES.

> sudo multipath -11

3600601607cf30e00184589a37a31d911
[size=127 GB][features="0"][hwhandler="1 emc"]

\_round-robin O [active][first]
\ 1:0:1:2 sdav 66:240 [ready ][active]
\ 0:0:1:2 sdr 65:16 [ready ][active]

\_round-robin 0 [enabled]
\_ 1:0:0:2 sdag 66:0 [ready ][active]
\ 0:0:0:2 sdc 8:32 [ready ][active]

NFEMLE, ERBTRZIGER ID. K/ ThEEMBE4LERR,

FIRE AN, BOZKENRESENDANZSMKRE. —RIAE—MELRBREDD
B, XNTFEEDENECE, FrEREINER—H . W&/ NEEE, NEMNRERBIE
FIMIMFRAF,
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SR NMEETRTINER:
o AFEARTE /0 WEHERHERE, HIaEF
o ZHNEDN. BEEAXERERH
o ZHARBRE— (BEMER) A
° ZHANBEMEEZF
SHNENMEREER TGS
o YIIEME, &0 HOST:BUS: TARGET: LUN, %0 1:0:1:2
o KBTRE, I3 sda
o FERBRS

o IRERVIRE

Q iFE: EEHBRFIGEDMEMA iostat
TELZHIFFIRR, iostat BLTARSSHEINER. BINBERT, lostat 28R
B%E /0 R, Bff iostat BRFrEIESE, BERM:

iostat -p ALL

18.14.4 TFHRIZKATEIEI/O

MRFAERFRTEK, NaTaEEE @S EA queue_if_no_path RELE ZEEELUE 1/0 HEPA.

B, 1/0 BE@SFEREEIIANAK, ERLEHT, BIREITERF. HBA Syt B RIFM4
Ei=EY, RZiZFF DM-MPIO BEE ATEXLHIRSREKREREIEFRE 1/0 HBA, FEKRMA

FEGERR,

ERENFEARAZRIZIGERN, ATLUEREA queue_if_no_path, XS BNERIRRY, M-S

i 1/0 HEBA, FHF4R 1/0 FHiRLAS | & B SE BRI BPETE TS,
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ENBHA queue_if_no_path =53 1/0 TRHBA (BRIEE— 1 EEEME) , FILUSHAR
multipathd EFEETEHEENIMEPFRIER. BN, JEFEEEREMNSZRFILE LXIT
{Z1E1/0, BRIES|ISHFohREIEIMEZZ A HEA

M IZ B -
1. fTA— P &iRERIS.
2. WAL e <BUEIRE /0 BIHIBAM AR L1
> sudo dmsetup message DEVICE ID 0 queue if no path

¥ DEVICE ID BRANEIgENID, B0 ARARBX, EAEERXERNFERZE
Bian, HiN:

> sudo dmsetup message 3600601607cf30e00184589a37a31d911 O queue if no path
3. WA TaHRERILE /0 BIHIEE

> sudo dmsetup message DEVICE ID 0 fail if no path

Zm SR ENSHEREHBAR 1/0 LK,
¥ DEVICE ID B#AEI&E8Y 1D, %0, A

> sudo dmsetup message 3600601607cf30e00184589a37a31d911 0 fail if no path

FEFRBERERMBER TIKER 1/0 HBA:
1. FIA—1M&IRIEH &,
2. EXAIRIERRTITHF /etc/multipath. conf,

3. BUEERE defaults R MELREIES, AGEWN TR default features KE:

defaults {
default features "1 queue if no_path"

}

4. &K /etc/multipath.conf XfffE, BHIAUETT dracut - f TRAEPEMEIE
initrd, ZARESISUFEERER.
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5. SEESFREIRIZE 1/0 NKFEEIZET, BN

> sudo dmsetup message MAPNAME 0 fail if no path

& MAPNAME B iZzig &R 5 R EIRE ID. B0 ARBK, EFAFEBXESIE
JZERERIE
e L I ENFEFABHIPARY /0 KW, HBERZEREREZARNNAERF.

18.14.5 f#ERZLER1/0
NRFAIERREIRMK, HE /0 HAHELE, BEHRITUTRE:
1. ERIRIEH SRS FRAU TG

> sudo dmsetup message MAPNAME @ fail if no_path

R MAPNAME B IRERIIERILE ID MGIHIE. EONERBK, AFFEBXERN

fERIZIE,
e L RIENFEFABHIPARY /0 KIW, HBERZEREEZARNNAER.

2. WAL e L EFAUSHIRA:

> sudo dmsetup message MAPNAME 0 queue if no path

18.14.6 FZE IBM Z iEEHEIANIRE

M EE ZHRFETIEER IBM Z 18&#ITRONIRARA, 3§ dev _loss tmo B¥IEBENES
(2147483647), £ fast io fail tmo BEIREBANS#. WREMFEAMZE IBM Zi&H, 1%
UTFARER /etc/multipath. conf XHERIEEIXLE(E:

defaults {
dev _loss tmo 2147483647
fast io fail tmo 5
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dev_loss_tmo SIGBEREN LREFHHEMICATRZ AR SFHNTEH, NREBEERK, T
BRMEEE EREFZRE]T /0 BRW. FIAMEREFRERANIEERIEFME. EERAKRIER
HIREREE, IBREIRENT (0). AILUEHEIGER “infinity” 3¢ 2147483647, fNtb=RH
KB RERAIE 2147483647 7> (68 ) o

fast io fail tmo BELBNTNFEZRIZETE |/0 HEAKWZ BIESFFHE, FHAIK
HIEFFRY 1/0 KM, SNR 1/0 HEiERIASIH, NKE dev_loss_tmo BtE] B FATIKEDE
28 1/0 FaX K.

NREELLT /etc/multipath. conf X4, PN ERR BEEEHN S RFMNERLD
multipathd sF#PFEF (systemctl restart multipathd) 54 &N,

18.14.7 B ZIE5 NetApp 1KEFECSFEH
fEFERT NetApp IREHIZRIZRY, BIIE /etc/multipath.conf XHEHHITUTIRE:
* 77 NetApp IEE2RBEBEUTESHHAINE:

max_fds max
queue without daemon no

o TEREFERAFT NetApp IRERILA T SEHIRERIME:
dev_loss tmo infinity

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

18.14.8 ¥% --noflush 5ZBRRIGFESER

EZRRIRE LIB1TH, WIGLMER - -noflushiEDi,
g0, EPITEREHRAEIASR, WASMER - -nof lush EBUBFRIERKARRY /0 A s
WRIH, BANEEESHRERIMER.

load
resume --noflush
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18.14.9 RIKENZEIZETH SAN B IKE

FRIERIZHERMHEMNRLKTEMGN, ZRFRELESRER (/) WRFAIERFL, BN
EZoazWEIEEFRS (Bt @afEErEyl) &HRYdev_loss_tmo EBES@A,

MBRFISEEHE T SKRIZ, BEKRZE no path retry @§BATERE, WRNAERNMER
EEFARSZH dev loss tmoiRE, URRIERESMEMEASHIPRMEMIZSE. BB INE
¥ dev_loss tmo HIRBEANFTFTHATZEIZAI no_path _retryigE,
BRI T ANREREFR AN dev_los_tmo:

<dev_loss tmo> = <no path retry> * <polling interval>
UTEXERTZHRZE:
* no_path_retry @¥BREANERHFLE 10 HPARIZERIZ 1/0 FNEIHRE.
e polling interval @EEFHEMNEIIREE (UFREG) .

M SRR EENIZM /etc/multipath. conf BEEEXH#HITIRE. BXES, /S
ME18.6 T “ZERIZEE" o

18.15 MPIO &t

ZAT3%F MPIO BY—L B R)E AR FI1THIARR 75 S8 1T 7 35 B

18.15.1 7#EFZERRFiLF LLTE GRUB2

£ EA Btrfs WIE4: BIOS 245 L, grub2-install aJREsskl, HETINREIE, SRR
B, BHEES (rw) BUEEH /boot/grub2/SUBDIR/ F%, SUBDIR RILLE x86 64-
efigf i386-pco

18.15.2 FEAZBENASESISIREFREIZIING

E5193EF, RAFARBEIZRRING, ARREMOTRER:
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[ OK ] Listening on multipathd control socket.
Starting Device-Mapper Multipath Device Controller...
[ OK ] Listening on Device-mapper event daemon FIFOs.
Starting Device-mapper event daemon...
Expecting device dev-disk-by\x2duuid-34be48b2\x2dc21...32dd9.device...
Expecting device dev-sda2.device...
[ OK ] Listening on udev Kernel Socket.
[ OK ] Listening on udev Control Socket.
Starting udev Coldplug all Devices...
Expecting device dev-disk-by\x2duuid-1172afe0\x2d63c...5d0a7.device...
Expecting device dev-disk-by\x2duuid-c4a3dlde\x2d4dc...ef77d.device...
[ OK ] Started Create list of required static device nodes ...current kernel.
Starting Create static device nodes in /dev...
[ OK ] Started Collect Read-Ahead Data.
[ OK ] Started Device-mapper event daemon.
[ OK ] Started udev Coldplug all Devices.
Starting udev Wait for Complete Device Initialization...
[ OK ] Started Replay Read-Ahead Data.
Starting Load Kernel Modules...
Starting Remount Root and Kernel File Systems...
[ OK ] Started Create static devices
[* ] (1 of 4) A start job is running for dev-disk-by\x2du...(7s / 1lmin 30s)
[* ] (1 of 4) A start job is running for dev-disk-by\x2du...(7s / 1lmin 30s)

Timed out waiting for device dev-disk-by\x2duuid-c4a...cfef77d.device.
[DEPEND] Dependency failed for /opt.

[DEPEND] Dependency failed for Local File Systems.

[DEPEND] Dependency failed for Postfix Mail Transport Agent.

Welcome to emergency shell

Give root password for maintenance

(or press Control-D to continue):

TELEBNER, EIBTE initrd FRRBVIGES dracut BRIMNTRIE. BXAREUTMARERE
B, ERERELRARIIMEFHRITEEN,

1. BERSIR (/) XIHRSF. K& /proc/cmdline WABHERK root= 5%,
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2. REEREHEHIRHRS:

> sudo systemctl status sysroot.mount

0O #x

FINBERT, dracut SRIRXHRSFEHE /sysroot 2T

MIEFE, BIMRISBRXHERKEEHE] /sysroot T

3. £ /sysroot THHRSKFAFNXHRS, £H chroot LI ZBR, AREHME
XHRS. Flan:

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

> sudo mount -a

BEXEZIFAER, B20 (BEEER) ,F48F “BERREREBRLE,
55485231 “BRIBRERSA o

4, IFRUTERPNERINENRL RN dracut BBE, FICBEME initrd LEEEXK.

5. BN exit S5 IBH chroot 515, AERHERINTHIZ carl -p REF|ISRS
2%

B31218.1: B2 5%: BXHREEMARRE

MRBXHRARELZREL, HBATZHRE, WREEE, FIIEREHR, %
BERSEZHARMNEZEHFRFEIRFREERR. ATEERXHAFAIZEERE
H, EXTZREMsLAARN, AMESHERIREXRK. EoILUE /etc/
multipath.conf FRRIGFMARRERIEMSELRIT, MMEELtR-,

1. FERINEFIEITmultipath -v2 HAERXHRFRIRSE. FERRBIIN TR

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

| #: ZENFRFEZMAERRSBRFEN WWID,
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2. ¥TH /etc/multipath.conf HHFMUTAS:

blacklist {
wwid "WWID"

fEREL—D IR ID B WWID, BXEZER, BENE 1887 "HIZRER
BIAERRER”

3. ERAUTa<LEWE initrd:

> dracut -f --add-multipath

22 18.2: ER95%: EME initrd

R initrd SRAEZENZSBRERS (EEANERER) FEE, WEERTREES
12, BEEIRE, BEWR initrd:

s MRBERZHTRBAZRE, FBEIUTHTEMEZIFLHZERN initrd:

> dracut --force --add multipath

MREARFATRAZRE, HEIUTHLENRZIFZRZN initrd:

> dracut --force -o multipath

22 18.3: ER95%: EME initrd

gNR initrd A EERA T IHRINEEREEFNEDER, WEBIMES. f0, MRRLER
ERBEZRENBER TRERN, NESFNNERENEGE, REIERERTIESEST

2o

1. BERERIRHIZERINENX M /etc/dracut.conf.d/01-dist. conf FHZEE
force drivers, 30, ARRLKEE hpsa IKshiZF MY RAID =528, HZEREF
REEEDIA gla23xx KEhiZFIHIRIRY Qlogic 1FHIEE, ZIUE I TFIR:

force drivers+="hpsa gla23xx"

2. ERAUT<LEMRE initrd:
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> dracut -f --add-multipath

3. AT HLETEHIZENEEFERAMIN RS 5| SRIE2IRER, BiUEEHIAIN netdev HINE)
/etc/fstab FAIHENIN,

18.15.3 FHALKFIZERF 0.4.9 HESIRAFEMEER PRIO 1€
A fER

M 0.4.9 hrFFI8, ZRFRITEMFEH /etc/multipath. conf X4 defaults{} & devices{}
PRI prioi&E. HAmultipaths{} BHHWEN multipath EXIEEXEF prio
By, ERHEZEEMIR R,

ZKRETHE0.4.8 ¥ multipaths{) BB multipath EXHH prio REEBE
defaults{} @ devices{} L+ prioigE,

18.15.4 FHKE) multipath-tools-0.4.9 S EShRAEHESHH
PRIO & ERE(EA

M multipath-tools-0.4.8 #&ZE multipath-tools-0.4.9 8, EMEEHFIEFE
ESH, M /etc/multipath.conf XHHH prio i BSHiF, £ multipath-tools-0.4.9
h, RAXEF prioIEEMEEHFRER, FRAXEF prio_args ARESHNNEEHEF
EFIEESH. MERFRETR, RAESHIFERRESHIHER— prio T LIEE,

B0, 7£ multipath-tools-0.4.8 1, AIfEAUT—1TesTIEEMLEHFEFRESH,
prio "weightedpath hbtl [1,3]:.:.+:.+ 260 [0,2]:.:.+:.+ 20"
FHRZE] multipath-tools-0.4.9 SXESRAE, ZBLTESHEIR. HIAVES LN TRIR:

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

BRI, IEERANAEIE2MEIR /etc/multipath. conf XEH M prio 17, BIER
17, EF prioTiEEMALIFIEF, MTAB prio args TIEEES:
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prio "weightedpath"
prio args "hbtl [1,3]:.:.+:.+ 260 [0,2]:.:.+:.+ 20"

iz1T sudo systemctl restart multipathd EF&multipathd sFiPER, LUEER4E
Ko

18.15.5 BEAREFEXH

B X SUSE Linux Enterprise Server £ % &% /0 RIEMNERESR, 558N SUSE MIREFHT
B ARFEE XA (TID):

e Using LVM on local and SAN attached devices (TEASHi&& £ SAN BI&E _EFEA
LVM) (https://www.suse.com/support/kb/doc.php?id=3617600) <

e Using LVM on Multipath (DM MPIO) Devices (£%E&E (DM MPIO) i&& _EfEMA LVM)
(https://www.suse.com/support/kb/doc.php?id=7007498) 2

e HOWTO: Add, Resize and Remove LUN without restarting SLES (12{F1gf5: EARER
& SLES BB R TR0, BEEANFIERR LUN) (https://www.suse.com/support/kb/
doc.php?id=7009660) <
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19 @ NFS HEXH RS

PIE X FRYE (NFS) B 15 RIARSS 28 LRISXHRIINNY, 1AIRA RS ihR A S 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

PEXHFRS (NFS) BRALE W B SR ZRHREMMENY, EAFERIHMENZIE]
HEXH,

MFZEBARSS (NIS) IR TFEMEFRHITEFRXAFEE, & NFSH NIS EE&FERAREE XY
B RBREMLEFHITIHTES NFS 5 NIS —t2 R ML E R AP 23558,

TN EF, NFSTL2EENSE, Rt EMEZIREMENERITEN. ErhEdYE
AUiA1E NFS RS 28FrE EMEAMSHNE M EN L, TAAE SRR AP &R LIS
10)3Z AR 55 2R M BYER A XX 1o

—Rms, EREURFEEETFUTER: FAEENNESEENTHEME, BEFETE
MIBENHERANE, HETEHTREFNIAE, BENFMEA—IBIAESENEMIE
FRRGIRZ, EEERENEENG. AT HEXLBERHNEE, NFSEH Kerberos EitiZE
MR Z IR IR 2R, Kerberos BE NFSv4 (BHAERZMYN) - BXEFMAEE, BS

W (Zefsaibism) , B T7TE “fFH Kerberos HITMEFMHIIE" -

THEE YaST RRPEAIARIE,

S
H NFS fRZaSHMNBE R, BERHAIEEEREIRFT,
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 28 A % Fimie it NFS ARSS. BITHRHARS ST LU T FIF#ERF: nfsd
(worker). idmapd (F3F NFSv4 89 ID EIRZFRMRES, NERLEHGETEE) . statd (X
HPIE) M mountd (EHIER) .

NFSv3
NFSv3 Bhi4As 3 3LhtE, ZIFRFImSMIIER “IBrR” TR NFS,

NFSv4
NFSv4 B HIRRZS 4 55, @ Kerberos #ITR AP 5H%IE, NFSv4 REE—
MEO, Eitk, Bk NFSv3 BiE & AT AE RIS,
EETE A https://datatracker.ietf.org/doc/html/rfc3530 72,

pNFS
H1T NFS, BT NFSv4 B9—HMiili B, 1Ef] pNFS B im#la] LAEE1H10) NFS fRSS28
LR,

O ==: ZEONSHEER
MIBIE Eift, FRESHERTLURGER IP Il SR5ER. FEEREr, BFEE— 1 EHH
DNS &%, E/MRTBEIERBEMBREER DNS, EA mountd SFFREFRITRAE

o

19.2 %3 NFS 5528

BIATRZRE NFS fRS3588, EfER YaST R NFS fR5588, IBMERNT > DrEE, 15
i, ARBRIRSEEER DRI IR S 2%, RHiESREMMBERTE.

5NIS—#%, NFSEB—1MEFIR/IRSZBER. B2, —SHBENAZIAXEMAR: Bk
BEMERHXG RS (|E) , BAMMEMETEEXHRS (|N) -

Q iE: ESHRSE LAMEL NFS &

SUSE Linux Enterprise Server ERZHFHE S HIRS ][/ AHIER NFS &,
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19.3 ECE NFS fxs52%

AET YaST B & NFS fRSS28, WA LIFIECEE. NFSIERI S Kerberos &K #1TH 1R
o

19.3.1 fER YaST SEXHRS

fER YaST FMBHRIRE S ENEZIRA NFS frs5es, WARSHZARERMXAGFHEIFEENN
EENENHSHEENMENFRERSR. BAlt, TEESaENAMLENAER, RSHEE
REfR N T2 o

BIRB LRSS, BRERITUTIE:

38 19.1 : i85 NFS fRs32%

1. 35) YaST FHIEZFMLARSS > NFS ARS5288; 1BBME 19.1 “NFSRSZHEETR” o RR
SRR EREEME .

YaST2 - YaST NFS Server — YaST2 - nfs_server @ localhost x
NFS fRS2RECE
NFS AR5 82
° BES)
FREEN)
FriEREE

BHBMERSTAMA:
* nfs-kernel-server (FE]FB)
BREE GRS A i B AIE,

B NFSv4
v B NFSv4(V)

SN NFSv4 248 (M)

localhost
BA GSS Z2(G)

FEEIH) BUH(C) T—FN)

19.1: NFS fRS523ECET R

2. BHEREEH,
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3. IR firewalld ERAL L FEDRE, BRI NFSECE firewalld (BB (L2
MeRIEm) , B 248 “WEiRFIFHAYE" 582447 “firewalld” ) . YaST HATE
¥ firewalld, FEBEZEE “THAERAIRCE” HEFHAHLE,

4, EHEEEF NFSv4, TNREEE NFSv4, YaST B2 NFSv3. BXEH NFSv2 B{5
B, \EEW+EE: NFSv2,

o WNRIERE NFSv4, BIMEERNMERE NFSv4 1%, idmapd SFFiEFSER
tb5%, Kerberos I8EREZTIFIER, AXFIHLEVIERFHAAEN, 1
FEFERZTIPER. NRETREIT idnapd ALEMFHER, BECHREN
localdomain (ZRINE) - B idmapd SFPEFNIFMAEE, BFEN /etc/

idmapd. conf,

5. REEELLIFRRSEE, BREEA GSS T2, FARAFUHRENIGHFRET
Kerberos H HIRSZEBME FiHEE KA Kerberos &4, BEHE T —PHEHTT—NECE
FHERE,

6. BHEIHEELEFEDPHAINEZUEHENBE R,

7. MREEKREEERTFNEN, RAESEEHEB —PINEENRBNAEDR, HERAZTHP
REE, WAFVEERER (BEETUERERIMETRE)
AUASNENIERETLRENEERRT: BN (BRI IP L) WA, BERT (90 *

RTFTEITEAERERARSSEE) P M,
BXRXERTNESER, B3 exports FH.

8. BETEAATERECE

19.3.2 FoHSEHXHRS

NFS S HARSHEE X HZ /etc/exports l /etc/sysconfig/nfs, MR NFSv4 iRsS28
FEE G &4 Kerberos BAKIER NFS, SEREFIHRTEERABFRIAE, NRTXEXH
4, BFEE /etc/idmapd. conf,

BRI ERRS, 1551168 S systemctl restart nfsserver, WSS ESERT)
NFS BR$328FTER RPC i OB TER

FHIR NFS BRSS2RIEA7E5 | SR B, 151517 sudo systemctl enable nfsserver,
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Q i&E: NFswv4
NFSv4 & SUSE Linux Enterprise Server LRI FBBYEHhR NFS hi¥. ITE, @i NFSv4
SHTANEE B R 518 NFSv3 SHFTBNE REE.
£ SUSE Linux Enterprise Server 11 Lk, @#77E /etc/exports FIEEHEEH. Zi&
BNAR X, BIREEFR.

/etc/exports
/etc/exports XHEEMYIR, B8MFERTIHEZNERUNREZNS. /etc/

exports FHKXBEBEES:
/SHARED/DIRECTORY HOST(OPTION LIST)
f54n:

/export/data 192.168.1.2(rw,sync)

fEitb, M IP il 192.168. 1. 2 tfRRAWNEF iR, SEaIUERENE. *Ri—4AE
HBEBERT (*.abc.com. * %) FMLELH (@my-hosts),

BEXFAEEMNES XBFEHMNER, 1580 /etc/exports BIFEARTT (man exports).
WNRITTE NFS BRSZ28121TAHMERT /etc/exports, NIFEEH sudo systemctl
restart nfsserver s EREN NFS RSS2, LUEEER.

/etc/sysconfig/nfs
/etc/sysconfig/nfs XEEE—LRTE NFSv4 fREZ B TIFEFRITANSE, BSHE
SEUNFS4_SUPPORT &N yes (BRINME) o NFS4_SUPPORT RFE NFS fRSZ 2B EBE =I5
NFSv4 S HNE F i,
WNRITTE NFS RSB ETITIHMER T /etc/sysconfig/nfs, MZEREH sudo
systemctl restart nfsserver s <$E/FE) NFS fRSE8, UFEEHRER.

O =T EHEm
£ SUSE Linux Enterprise Server 11 £, ®7TE /etc/exports F$E%E - -bind
EH. ZgBNARZE, BIMEEFH. WE, @ NFSv4 SHFFAMNEEER
5i@d NFSv3 SHFrA B RER.
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Q x&E: NFsw2

AR NFS B IGMEKE T NFSv2, 157EARS 2889 /etc/sysconfig/nfs FIKE
PR LIS Az il

NFSD OPTIONS="-V2"
MOUNTD OPTIONS="-V2"

ERmARSE, BERUTHSKNERE 2 2GR A:

> cat /proc/fs/nfsd/versions
+2 +3 +4 +4.1 +4.2

/etc/idmapd. conf

257

{RHEMA Kerberos M IIERE F i REFERMFAA R, 7 FE idmapd SFiF1E
FFo B Linux A1%2.6.39 &, Linux BFRImA]LUERKFHAFZ. idmapd SFHFERSRF
KiXFIARSS23HT NFSv4 IER#ITRIRE] ID BUBREY, HEEXRFim.

NRFE, idmapd F7E NFSv4 iR 88 LiETT. B IR EMZIRE ID BRETRE BTG
BIRMEH nfsidmap K#1T: nfs-client.

X FrEIREfER NFS REZXHAZITEN, HHAEUA—NAREXLETTENE AR
FEERFP A ID (UID)o XATLAfER NIS. LDAP SR {E RIS —RIIE S 19 30 EA HIS 52
Mo

7 /etc/idmapd. conf X, BMAKFiHEHARS2ZILEMEFR Domain &%, IR
BARHAE, FERSBNEFHXXGHRIHARE N localdomain, EEEXHHEFARIT:

[General]

Verbosity = 0

Pipefs-Directory = /var/lib/nfs/rpc_pipefs
Domain = localdomain

[Mapping]

Nobody-User = nobody
Nobody-Group = nobody
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EF5) idmapd SFIFIERF, 181817 systemctl start nfs-idmapd, IREETFIFIE
FFiE{TRERT /etc/idmapd. conf, MFEHEHA systemctl start nfs-idmapd &

LERDTIFER, UEEREK.
BEXEZER, 1580 idmapd 1 idmapd. conf FIFMBT (man idmapd ] man

idmapd.conf) o

19.3.3 3F Kerberos BJ NFS

Z 33 NFS £/ Kerberos B350, #BRBEALZEARS (GSS). EH#I4A YaST NFS ARS5 283t
IERERIEEREE GSS ©8. BMABR—MEME Kerberos fRSZ 284 BEERILLINEE. YaST A&
RBIRS 2R, MREARMENIIEE, BFEMA Kerberos #TEMIIE, BRT YaST BB, &
DIRSER A T H B A 8EIE1T NFS ECE

1. BHRRIRS I E P IREBTER— Kerberos i3H, EAIXIAIRIERA KDC (5
AL RSBHHEZH krb5. keytab X (FEEFTEN LHERINUER /etc/
krb5.keytab) . BX Kerberos WEZER, SN (L&t iEEm) , T8 “F
FA Kerberos #1TME S ML o

2. TEZFiF EiB{T systemctl start rpc-gssd.service B gssd iRSS.

3. 1EARE 28 LinfT systemctl start rpc-svcgssd.service BE) svegssd RS,

E#1T Kerberos B9 50IE, WEEERS S LIETT idmapd FiFiER. BXIFHARES, S
W/etc/idmapd. conf,

BRECEXRF Kerberos INFSHNEZ(ER, BBNE 1967 "EZEE" PRIHER,

19.4 BLEEFim

ERENEEN NFS BEF IR, TRELEEMNMG. BERNLEMEEERNIRAE,
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19.4.1 fEFA YaST SAXHEFRS

?’*1‘2%)*‘ BJLAA YaST NFS Z P ImtEIR M NFS ARS528% NFS B REHASMA, RINTFR

#7219.2: SANFSBR
1. B5h YaST NFS FFimigiR,

2. B NFS HERMRANFM. BN NFS IRSZZBNENR. BESANBRURBEEEM
R EE R ERIEE R

3. FA NFSv4 BY, 7 NFS & EXMRHRIEFRZFH NFSv4, B9, NFSVA IHZATEEH
NFSv4 BRZ52sFrRVABEEE. ZXiA1E 9 localdomain,

4, E3F NFS £ Kerberos B19503E, WERE GSS &M, EFEEH GSS 45,

5. IREERAMAEHBREARTFNZIZTHENILRRS, 1BEA NFS & ERB-RRRITEH N
B LA THIm . BIAEIRSR B R ESEERS T,

6. BEAERFEN.

&S N/etc/fstab, HREHIEENXHRS, HEHEERE YaST EEERFF iR, BIER
AU X R BECE

@ . NFS BERX RS

EEEMSE L NFS HEFREHIBOXE (CHEE) R4EH, BEERMIANE NFS HEH
MEEIR IR REFEIE,

KAKES SRS, FRIANLIBINFZILXAMBIERE, AEMEIRI X, XF NFS
BXHZRS, KIIFSHRH, AAEEFERS NFS HENREEZNERT, 8BS
XEEZEHEH. ALERAEAEXNNEILE, Bk (EEERE) ,£238 “BX
MLEIR" , %6 23.4.1.2.5T “BUEMBZILE” FAMRITAMNKGEEE XD+, AF

s s A S ERPIEFEET NFSroot,
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19.4.2 FohSAXHEFRS

FohM NFS RSB BSAX G RARNFTREZ M RIETT RPC i ARETES. nfs RSB A RIEMWBINZ
2F; Eit, B root B9 systemctl start nfs KBEEhZIRS. ARTET UG A
D XBBHEER mount FEEX M RAFEHIIXHRAT:

> sudo mount HOST:REMOTE-PATHLOCAL-PATH

a0, BM nfs.example.comitBHENAFBER, &FER:

> sudo mount nfs.example.com:/home /home
BEXEFimZ] NFS frs32589 TCP i1, AILIEA mount 53y nconnect B, &I
LSENTF 10 16 ZBIREAEHF, HR 1 Z2ERIAME (NRKRIEEEEED)
REFEF—REHIERITFFE NFS IRS28MA nconnect &8, MNRE—FFimxE— NFS
RSGSBHIITEHG, WREZFREERLNERE, MASBEILMNERE, EE nconnect
RE, BIHHIEE NFS RSSBNABEFIRERE. ARG, @A nconnect iETE X —
MBS,
1&B] LUTE mount BYEIHE S /proc/mounts I EIHATAE MM nconnect B, WNRIEH %X
usEE, WEEHMREASFERZED, MEERRIAE L

Q E&E: BHEHS nconnect EXHAF
AFETEE—REREXAFITFRERE, EISSFREEIT Y5 nconnect BIfE
t8E,

19.4.2.1 {ERABMNEHRS

autofs SFFRERF AT T ENEHIRIEX GRS, 1BTE /etc/auto.master XHEFRRMUTR
H:

/nfsmounts /etc/auto.nfs

MR auto.nfs XEIEMIET, /nfsmounts BRBENTFIE_LFRA NFS EEB root B
Fo iEF auto.nfs XNBIMBAT AEEN, BILUEFREMBIR, £ auto.nfs HAFRE
NFS ZEHAMEE, WMTFFR:
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localdata -fstype=nfs serverl:/data
nfsdmount -fstype=nfs4 server2:/

Pl root B19i51T systemctl start autofs KEEIZIZRE., WFURF, /nfsmounts/
localdata, serverl By /data BR&E@I NFS =&, server2 89 /nfsmounts/
nfs4mount ¥5@:3 NFSv4 =,

WNERTE autofs RSB IEEITITAISRIET /etc/auto. master X4, MHTER systemctl
restart autofs EFcHEIEH T BEFEERNEK,

19.4.2.2 Fohémig /etc/fstab

BE, /etc/fstab HAY NFSv3 HFHH I T :

nfs.example.com:/data /local/path nfs rw,noauto 0 0

3F NFSv4 &, BEFE=5IHRER nfs4 TA=Z nfs:

nfs.example.com:/data /local/pathv4 nfs4 rw,noauto 0 0

noauto EM A I E B BehEHXHF RS, NMREEFHLTREEZIXHRS, AIUGEERE
EEHANZEGRS

> sudo mount /local/path

Q iiE: BohEH
NREZB RN noauto EI, AL init MAIGTE B ohE IR ST RARYIER,

19.4.3 34T NFS (pNFS)

NFS BRENMINZ —, FEAFLHEE/N\+ER. Hlt, MREBHLZ/)H, NFSEERE
BREEK, B, BEBEEAXXAHTERENZ P HEIHRHIER, NFS RSSEZN
M, MmEFMASIEE. XRRAXFREEKX, MUKXMBENEERETRR EX—%
o
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HERER NFS RFEFIERXHY, RBF[BEERMTTHRIE. WEFIARIEHBEITMESIF
EEXIENEFiR. B2, TIEXHFRANOfE, HaERITEILELR:

o MRB/NX M, MAERBSEIERFETEURETTEIE Lo
o MRBAXM, MAERZDBSEEEREIEMARSS BTIXEIE ik Lo

pNFS 1T NFS ISR 7 IbMIRE, HAERXARRTHIEMNBIEMLIE D BHR,
Itk, pNFS TEMEARSS2E:

o — I rHiRTIERIRS 2R, AT AEFEIESUEER
o — I RENMEFIRSS R, BT EREE

ﬁ%ﬂEﬂlﬁ%ﬁﬁ&“ﬁ%ﬁﬁi%&—/\ﬁiﬁ NFS Ak5588, HEFPRBIRINHENN, TEIERSS2E
&HIF NFSv4 Z P inE A MEEFIRSS BIHRIX IR, &P ine] LIEEIIZARSS 28 _ERYER
?Eo

SUSE Linux Enterprise Server {X7E& F i L2 #F pNFS,

19.4.3.1 {£H YaST & pNFS & i

BHAITHE 19.2 “SANFS EF” BRSSP RE, Bk pNFS (v4.2) E5EELUA BER
NFSv4 H=, YaST 2WITFREMNENTE, HESTEXH /etc/exports FE NFRENER
i,

19.4.3.2 FohficE pNFS B im

BBRAE 19427 "“FEISAXHRES” EFALE, KZHECEET NFSv4 RSB 238(5T/M. T
PNFS, M—MIX5IZ%E minorversion B cEIEIRS 28 VDS JR<2 22 INEIZRY mount

e
> sudo mount -t nfs4 -o minorversion=1 MDS SERVER MOUNTPOINT

NFHERER, BER /proc XHERGFE:

> sudo echo 32767 > /proc/sys/sunrpc/nfsd debug
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> sudo echo 32767 > /proc/sys/sunrpc/nfs _debug

19.5 EIE NFSv4 ihn)iEH5 R

7Z Linux 9, BRTHXERF. AFMEMA (ugo) BIIEEL. BA. 1T (rwx) XL EIRE

4b, BIAENEFIFIZR (ACL) RBEHR—BIRE, ITHIEENEMNBIFHN—MEERE (Draft POSIX
ACLs) (POSIXACLE#®S) , T©iHEKEE POSIX WERIFAL. B—MNERRE NFSVAACL, ©
& NFSv4 B XM RA—ER5, BRIZE N TTE Linux £AY POSIX 245 Microsoft Windows
EBYWIN32 R4tz ERHE HRIFRE .

NFSv4 ACL R LAEH S ERS POSIX ACL, EIbAR#FITIE NFSv4 B F i EBREY ACL i5IR]RY=
i (EbanfEA setfacl) o

5 NFSv4 BY, BMEEAEERN TR AEAER POSIXACL, HEEZEHZER NFSv4
ACL, XEME, B setfacl BEISTE NFSv3 Ein1T, HIRABETE NFSv4 EinfT, N T HENSTE
NFSv4 X2 4; A NFSv4 ACL, SUSE Linux Enterprise Server 12f£7 nfs4-acl-tools
B4, HhEgToIgm:

* nfs4-getfacl
e nfs4-setfacl

e nfs4-editacl

XEIRERNIZEAR S AT ENIER NFSv4 ACL By getfacl #l setfacl 2, X% NFS
RS 88 LRI M RAIRMIT NFSv4 ACL VL HESZHFEY, XEmSA BN, BAFLLIARITHIm
(ACE) W5 EHEFIReE R FinRArI A, BXFis EEiTHNEFERZEIRS =MV ERR
HIBYRZ A,

RZFFERIL NFS ARS528 LA S NFS 5,

ERRIIEERS

BXER, B8 Introduction to NFSv4 ACLs (NFSv4 ACL f&i7T, BIHEA hitp://wiki.linux-
nfs.org/wiki/index.php/ACLs#Introduction_to_NFSv4_ACLs 2),
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19.6 EZER
PR7T exports. nfs #lmount BWFAATISN, EAITE /usr/share/doc/packages/
nfsidmap/README ik EIXFECE NFS BRSBHEFIRIVERS. BXEZEHIXE, BEL
LU s :

o BEXMBLEN—MES, BB (LeflmbiciEm) ,F24E “WRMBAE

o NREEEBHERNFS S, BBWNE 2147 “BopiEH NFS H="

o BX{EM AutoYaST BCE NFS IEZAT, 15EI (AutovaST #5m) , B 48 “WENE
TEB , %4207 “NFS BEFIRMARSEE -

° BX{EH Kerberos {71 NFS SRR, EE W (L2MatisE) ,F 78 “FH
Kerberos #1TRIE FPIRIE” , %6 7.6 T “Kerberos #1 NFS” ,

e 1 SourceForge (http://nfs.sourceforge.net/) 72 LEXNIZEFRIFMMAIE AR SHY,

19.7 IREEE LU NFS &8

19.7.1 ®ENE:E

RLBERT, BB IREERBEIREEHEE /var/log/messages XK T #E NFS
FREYRE, BIRZEE, FHIRESM /var/log/messages FIREREERBIFM, EXLEE
R, LB B ERNEEIEERTD TRRAE S NFS a7,

BRE X a/, BT AR FANMXRAH A E AN L ENERIEER @, RESSHEH
NRERELE, ARZ=HEBTERIIZENINZ,

312 19.3 | B

1. FHIRMEEIEE. 7E Linux £, ATLAER tcpdump BEGEEIRHER tcpdump 65<,
tcpdump EERRAIGAT

tcpdump -s0 -i eth® -w /tmp/nfs-demo.cap host x.x.x.X
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265

uE:
s0

B LEEHE B B

eth0
WM EBEEIEEN A IZONRTR. LR any ERT#ERAEEO,
BEAILLEYEESSBEIERE T EHEMR DT REL.

EEZES NBHRAF R,

X.X.X.X
R NFS E#Z 5 —imay P sk, 140, 72 NFS ZFImIREX tepdump BY, 545
TE NFS BRS32809 IP tthiit, R Z7R5A.

=

Q &
TERLEBERT, RFENFS BF IR NFS RS SBE—IRFREEREHE T, B4
R RE R IRMEITEEE, NEEFEEMIRHREE.

BEAREXHA tepdump HEHYET—F,

(A1) SNRPIMELETE nfs mount BLASHITIET, EAIUEIREEA nfs
mount S LHISIFHIZREIEIN (-vvv) KIRFE ZHH.

(FTi%%) SREVEBILA AR strace, BIIS B strace FBHIER T A RS ARRHHT]
Bl Lt R AFH#H—PHRELERNZFE tcpdump PRIMILEE A,
a0, WNREAIIE NFS HH _EH1T mycommand --param e85, AT LAER LA
Tk strace <

strace -ttf -s128 -o/tmp/nfs-strace.out mycommand --param

MRERRFEABMSEDN strace, FEERIBMABITE, % /var/log/
messages HENX GRS AL,
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4, —BpJ@BM, & R - ¢ RKELEFELRIFFZITH tepdump, IR strace anLFEEHE

g, BEXI strace s,

5. Ii7E, AEESHIEEREMN strace HIBERNEERALUIEE /tmp/nfs-
demo.cap # /tmp/nfs-strace.out FHIEIE,

19.7.2 =%k NFS iR

O == 54BERERTEX
BEE, UFEDMNERT 7 #E NFS BB EHkEE NFS B R, Ait, 1/
7219717 "BIEET RFRNE—Y, U NREEE, HEMERETHE
EARANNAT A RFEMLELEANEIRRE WMRE) .

A B AR RUETIMNI NFS BXER. AT, HESIFEEEXEE, HEMEE
EX, EitERBRABAIESEMASIEE. CEERRENRAERIZIMAZEE LU LE

AL, KZHIERTEHBAFEZEACEHEL, XFRRRE NFS BRI AR, BEd
B4R,

19.7.2.1 £ rpcdebug FUEIEIA

rpcdebug T B[ EIEBEERR NFS B MRS SB1EIRFE. WRTE SLE %15
rpcdebug TE, AILIM nfs-client 8f nfs-kernel-server Z{EE7 NFS [RE[BREIN
TH,

BigBIEGE, 15E17!
rpcdebug -m module -s flags

Z2ERAERRE, 15E1T!
rpcdebug -m module -c flags

Heh, module AJLARE:
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nfsd
NFS AR5 23 CERYEI

nfs
NFS & P imfCiEa91E1

nlm
NFS $iEIE28AIR (£ NFS B IR NFS iRSS281) - 1SO&EMAF NFSv2/v3,

rpc
AES TR BERIAR (7 NFS B IR NFS fRSS281H) o

BX rpcdebug ss L IFARZENER, BERFMIT:

man 8 rpcdebug

19.7.2.2  $H%F NFS Friki By H A CRE R0 E

NFS ;AT REMR T EMAEXARSS, B30 NFS 3EHFIPEF—rpc.mountd, ERILITE /etc/
sysconfig/nfs RAHEXARSEIZEED,

540, /etc/sysconfig/nfs BELUTSE

MOUNTD OPTIONS=""

ZERAIAARIC, IR -d&m, FI|RUTERME: all. auth. call. general B

parse,

fign, UT™REEAERAER RN rpc.mountd HEIER:

MOUNTD OPTIONS="-d all"

BXRFFERIARD, BERFMIT:

man 8 rpc.mountd

B /etc/sysconfig/nfs 5, EEERRS:

systemctl restart nfsserver # for nfs server related changes
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systemctl restart nfs # for nfs client related changes
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20 Samba

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 RERMBFR DNS EXMBFREHE
ERZ 4, NetBIOS FHEECH. TEMIMNHRAE, BAT HESERELNER
DNS, ZBIEFERS DNS ENBAMEAIZFR, Samba BRIARAXFHA T

Samba R32

Samba RSB EE P imte it SMB/CIFS BRES#1 NetBIOS over IP #5 &Z RS, FTF
Linux, Samba fREZ 2B =FFREFAA: smbd BF SMB/CIFS fR%, nmbd BF&&
AR55, winbind BF &% IE,

Samba E i

it

DC

270

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 RS EEIHENEFIRRERR. HERERSHLNER (BFHFER) M
ENHle MBI HERFAISEMARHEZ, ATURHEEMGENEAEN — F—EEF
BRIZT. HETEWIHEBENZTR. B ] LDARIEHE B RAITENNRIR MRS
mefl

RIRG), UERTFN ($) ERNIHAERMIZEER, BrEiR, SEMA Windows itEH

NEATAEZEN, EMBFARET.

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 systemctl stop smb nmb A{ZLE Samba FREERIARSS, £ systemctl
start nmb smb RIEEIE(T. smb RSZSIBIBEEELIE winbind,

(@) i&7%: winbind
winbind @—TUHiIIRE, RFHE LB samba-winbind BRHEFEIRMA,

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
& 2r SMBL/CIFS thill. B2, MAM Samba SEHIFTAEECE J9{NER SMB1/CIFS MY AL
BHE, ES5HERFIRRE, £ Samba BBEAZE/MER SMB 2.1 thilCRAHZRHARS
EXRLEIRERHEEEEA SMB1, i, HXLEGERMT SMB1/CIFS #Y Unix i BEY, XL R
W ARSIEDESINARD, RGBT XMER, BERENRE, HSNF 20527 1+
P um L3 SMBL/CIFS £E”

BENILE, BEEEXM /etc/samba/smb. conf FIRE2F/HEE server max
protocol = SMB2 10, BXFrERBEENTIZR, 1FEH 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
=

TP HEZEREAFHARRARRAIUSEMAREZMIBENER. #I9, users
AT AusSEE, DOMAIN\Users BTIECERE, AR UREHERXHRENRAFAR, SA
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, 380 (LefsEism) ,%8 6E “fEMA 389 Directory Server
BY LDAP”

20.4.2 FohEcERSS 28

MNREZ Samba BAEARSEZ2E, %L samba, Samba WEEIEBE XM R /etc/samba/
smb.conf, BILUSIHEXHED ARENIBLESLD. [global] REEFRMLEIEE. UTEIA
A BEEZNIXXEMITEMNIHE:

e [homes]

o [profiles]
¢ [users]

* [groups]
* [printers]
* [print$]

BEITTE, ERLISERRNERIERD, H7E [global] MoiREL/HZRN, XFEFE
EXHERZIER,

20.4.2.1 global 2%

[iZEeK [global] EIRHIUTESHKHEMBIRENER, UEEMITEYIEETE Windows
IR iEHhiEd SMB if18) Samba fRSE 28,

274 FHIEERSSEE | SLES 15 SP4



workgroup = WORKGROUP
6474 Samba ARS3235REI T1ELH, 351§ WORKGROUP & 0 f& MLKIF R AR T1E
‘H, ZRY Samba ARSSZFFHIMIEE DNS BIFT, FRIFLLBIRERRIREMEZFRIEMITE
Hlo WIS DNS ZRFFAAIA, &M netbiosname=MYNAME & BRS2EZ. BXxIEES
HEZAT, FSN smb. conf FAMTL

os level = 20
IEEHHAERER Samba IRESBES XM AETIEAR LMB (A2 . AT
ERIME Windows MLEE Samba RS 2REE R MR, FOEZFIEEENE, 2, &
KIEFFHELZEE, AILITE (Samba 3 Howto) (Samba 3 i&fFEm) BY “Network
Browsing” (RI&NI%) —EHkEl; BX (Samba3 Howto) NEZER, ES
WE209T “BHEE” o
INERMLZHEEHEM SMB ARSS2% (W1 Windows 2000 ARs388) , HEEHE Samba RS
BRB—HEHIMEPEFENFABERANTIR, B/ os levelIEEN—ITRENE (I
W 65) o SAGERLLERER Samba RSB 2B EAZASHIMLERT LMB,
EEXUZER, MINEZEXEMIIME Windows MEIREMN N, MiZELE—"
NI ML —RPBIIEEE I EINIH X L B L,

wins support flwins server
AT EIEW Samba BRSS28&EM EIE B /EDRN WINS BRZS2389ILE Windows M4EH, B
wins server EIFHREE(EIZE /I WINS ARS5250Y P ik,
NRRFER Windows HHENVIEZETI R MEIFH, ANXEFEZC(EEET, WEE
RE— WINS fRS588. ZE4§ Samba MRS 2R T /XIFR WINS ARSS28, EIRE IR
wins support = Yes, HRMEHRIE— Samba [RZEEHE T IKE, YINER
89 smb. conf XHAHENBAEDN wins server flwins support,

20422 H=

AR Gl#ER T 4N CD-ROM JxzhedFI A B3R (homes) ¥f SMB & F % E] Ao

[cdrom]
AT EBREIMEE CD-ROM IReh2E TR, MERERFRINE (EXflPENS) BUEX
17, WFRE—FIHFHDS, UES Samba #= CD-ROM Kzpas.
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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] ZBHIEML EAIFRE SMB ZR IR BEINHZNZFR. =JLURIN—
AN comment RFHF—FHER I HE,

path = /media/cdrom

path SHER /media/cdrom,
B AR REIRAIALCE, AEXMEEHERSE L FENAF A, NRMERHEE
WERERF AR, BRAEERRIN—IT guest ok = yes, HEBENMKZ EMFRERAF
RAIEANFR, BIWGINELEILSE. 7 [global] ER5ERLLSHEIENULL,

[homes]

276

[home] HEAEXEBRHIEE, NRAFAE Linux XHRSBBRIKPNOSURE
CHEER, NI LUERRIHE,

f 20.2 : [HOMES] #£=

[homes]
comment = Home Directories
valid users = %S
browseable = No
read only = No
inherit acls = Yes

[homes]
OESHEHEMHEZFAEED SMB iRZ:3APHHEERIR, SR [homes]
HERLSHTER—TMHE, SRHNEZIZ MR, Bo

valid users = %S
BINEILEERE, SERERNEZZATRE %S, XTF [homes] &=, IERFRIAL
AP H. XA LUEEFBHEEIFRSUREHIF LR .
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browseable = No
IS B FEHEEMEIRERARA] I,

read only = No
BRIAERT, Sambai@id read only = Yes B FHMERESHEZNE S
B, BFELEAE, HI&EE read only = No, ES5writable = Yes 25X
58

create mask = 0640
ARLEARZETF MS Windows NT IRFAREEIRRE Unix fXPRAVEES, FRLLENZEIZ
XA REEETRANPR, S create mask EX T AR HIEIKAIIAENPR, X
ERTFREHEE, ELfirt, WSERTMEERERIRENR, MEENTAMRA
BIZEWPR, valid users = %S =PELEEENAE], BMEZARBIREAREZU
b, EfFEZAREBHITIRNE IR, MEUH valid users = %S —1T.

g4 RELS Samba HZ NFS H A
5 Samba H= NFS R TAESHMIEES, HERLIFXIEM, BEEEXARSSE
2% Samba, WEEEEHEMRAR, HII0iSCST,

20.4.2.3 Z2ME7
ERER2M, AUEROSKFIFETNHENR. SMBRHEUTREFRINRIGI:

BPRRELME (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

277 FHIEERSSEE | SLES 15 SP4



kLt (security = domain)
REHBEHEMA Windows NT 135S, HENAREEET{F. Samba == FAF &
A< 15&45 Windows EZE 5 AEITHIZRIIEZES, X5 Windows Server KR
FER,. BHERMZECOSESHIZEN 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%, ROERIEW interfaces M bind interfaces onlys

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 =

E—> SMB L& X hR4s SMB1 5 CIFS @A L2 RN, HFF&E Microsoft IERKEHF
. HFLLERA, SUSE Linux Enterprise Server £# mount 65 <$ ZIA R SEREHAIINY
hr7s (BP SMB2.1. SMB3.03f SMB3.02) ## SMB =,
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B, WHERRSEMmEST /etc/fstab HATTHI mount spSAERIR(E, EHARTLIRI A
WERN G RMER SMBL, BEAUTEE:

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 AINZIFFAR mount f5<1TH:

# mount -t cifs //HOST/SHARE /MOUNT POINT —o username=USER ID,vers=1.0

&, EHAILTERER SUSE Linux Enterprise Server F 252 A SMB1 £, EXLHILHE
89, E7E /etc/samba/smb.conf 1 [global] 53 FARMUTRE:

client min protocol = CORE
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20.6 ¥% Samba B{EERIRS2E

EESIRER, AREERHREIAITEEFORG EMBAF#1TiARE,. EE8F Windows RY
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] ZpHIKERII,

{51 20.3 : SMB.CONF iy GLOBAL Zf%

[globall
workgroup = WORKGROUP
domain logons = Yes
domain master = Yes

FEHEFIES Windows IIEEXNAFKFANOS, FHm< smbpasswd -a name AJ5ERK
ES. FRUTHELSHITENIEIE Windows IEBESE KAV |

useradd hostname

smbpasswd -a -m hostname

£/ useradd i LA AN — N ETRIS. ¥ smbpasswd FEFERSEL -m BYBohiE
NS, FERIECERMI (/usr/share/doc/packages/samba/examples/
smb.conf.SUSE) & BaITILESEIZE,

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
ANE] ntadmin £BAR, SABRILUMERU TSRS AETFILL Linux AB9FFE R 18Kk Domain
Admin R

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 BFRHB5H YaST,
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 BohiEH CIFS X1 AL
HERSHI A LUER systemd i CIFS £F, Ak, BRITIOTIRE:
1. BIEEHS:

> mkdir -p PATH SERVER SHARED FOLDER

He PATH SERVER SHARED FOLDER RE4$BHIREIMN /cifs/shared,

2. gUE systemd B, AN LE—TEPIEENBRREMXHR (HFH /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=
RKEEESR, XBEFUTNEEERE, T9, AinRXANIIEMEIN CPU T, 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

FahiAmE /etc/samba/smb.conf PR EZEE, SEMERE YaST: WLEARSS > Samba fR5S
25> N, REEHER Btrfs ThEE,
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 MAAFHEXAFIARIRBERMN. BXEZER, ESMN vfs_snapper FHTT (man 8
vfs_snapper) 89 PERMISSIONS (1XfR) ZF45

BRI, BEEX /etc/sanba/smb. conf Xfk, BRMIRIE, BEES
YaST» B4R > Samba R 5828, BEBAUTHSFMHHBIBRIRLTEHS

vfs objects = snapper
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HAR, RBEEERR Samba fR$S/E, FEhxt smb. conf #ITHELA BEER:

> 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,
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] 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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BRT 26 20.8.3.1 7 “LIgiH9kRZA” SHERRBECEFAIREGLIIN, EEETE /etc/samba/
smb.conf HIEEUTERBEE:

[globall
rpc_daemon:fssd = fork

registry shares = yes

include = registry

SRfG, FSRVP ZP % (83E Samba #Y rpcclient LAz Windows Server 2012
DiskShadow.exe) {ERJLUER Samba HIEENEZCIEHIMIPRIRER, HEEZIRBLF

—_
=

7N 5"0

20.8.3.3 {EH rpcclient M Linux PiziE SRR

samba-client 8FFE— FSRVP %, BALUZIEIERK Windows/Samba AR 2562 H
NFEEHERNRE, ARG, ERILMER SUSE Linux Enterprise Server FILAE TEEH A
FHOHREHEHEX Y, ARSI/ EHIIEREFER rpcclient ZHFIXHEF LI

{51 20.4 : {EM rpcclient iR WINDOWS SERVER 2012 #Z 1R

L EXAMPLE 1 EE R E{5EIEEI win-server.example. com fR5%2§:

# rpcclient -U 'EXAMPLE\Administrator' ncacn np:win-
server.example.com[ndr64,sign]
Enter EXAMPLE/Administrator's password:

v

(173

SMB HZZEEXTF rpcclient AJ N

# 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

EHAT LUM Windows ZF G EE Linux Samba fRS528 £ SMB H£ZAYREE, Windows
Server 2012 127 DiskShadow.exe 2R, ZEAREFRIUERASSE 208337 “EH
rpcclient M Linux T2 EIRRIE" RETAR rpcclient SN AR EETEHRE,
FAR, BABREEREIRE Samba RS8R,

RGBSR T WfAIR E Samba ARS588, LUE Windows B inEB SRR HZ AYRE
BAR, EXAMPLE @MiRXIFIEAREARY Active Directory 33, fsrvp-server. example .com
;& Samba fRSZ 2 ENE, /srv/smbE SMB HEEMEER,

-0

o

1372 20.1 : SAMBA AR5 23 ECE ¥ 4HiA EA

1. @i YaST MIAZ| Active Directory i, BXIFHER, BENE 2077 “ELE T Active
Directory IWZEHH) Samba ARS528” o

2. HafR Active Directory 15{#9 DNS IIE iR :

fsrvp-server:~ # net -U 'Administrator' ads dns register \
fsrvp-server.example.com <IP address>

Successfully registered hostname with DNS

3. £ /srv/smb I EAIiE Btrfs &

fsrvp-server:~ # btrfs subvolume create /srv/smb

4, J9B&TE /srv/smb & Snapper BEEE X4

fsrvp-server:~ # snapper -c <snapper _config> create-config /srv/smb

5. BIEIRIZ N /srv/smb EFTHE, FHi%kd YaST AT IREBE EIE, HBEFUTRBER
f0%l /etc/samba/smb.conf B9 global #f43, 0% 20.8.3.2 7 “mizH=|REE" HFR

R
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[globall
rpc_daemon:fssd = fork
registry shares

yes
include = registry

6. {£F systemctl restart nmb smb EE5) Samba

7. B2E& Snapper R :

fsrvp-server:~ # snapper -c <snapper_config> set-config \
ALLOW USERS="EXAMPLE\\\\Administrator EXAMPLE\\\\win-client$"

HafRiE A 1FFRE ALLOW USERS 32f7liAia] . snapshots FER.

fsrvp-server:~ # snapper -c <snapper _config> set-config SYNC ACL=yes

O == BEEX
WIOER 7 BX! EERXFR, LR /etc/snapper/configs/
<snapper_config> FEFHNEEX—R,

"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. B DiskShadow.exe, AGHBHITEMDIIE:

PS C:\Users\Administrator.EXAMPLE> diskshadow.exe
Microsoft DiskShadow version 1.0

Copyright (C) 2012 Microsoft Corporation

On computer: WIN-CLIENT, 6/17/2014 3:53:54 PM

DISKSHADOW> begin backup

6. IEEMRREIAEIEFRE. BIREMES|SHIENFLEFE.

DISKSHADOW> set context PERSISTENT

7. REEENHZEEREIFIRE, AFCIE—MRE:

DISKSHADOW> add volume \\fsrvp-server\sles snapper

DISKSHADOW> create
Alias VSS SHADOW 1 for shadow ID {de4ddca4-4978-4805-8776-cdf82d190ada} set
as \
environment variable.
Alias VSS SHADOW SET for shadow set ID {c58e1452-c554-400e-a266-
d11d5c837cbl} \
set as environment variable.

Querying all shadow copies with the shadow copy set ID \
{c58e1452-c554-400e-a266-d11d5c837cbl}

* Shadow copy ID = {de4ddca4-4978-4805-8776-cdf82d190ada}
%VSS SHADOW 1%

- Shadow copy set: {c58el1452-c554-400e-a266-d11d5c837cbl}
%VSS SHADOW SET%

- Original count of shadow copies =1

- Original volume name: \\FSRVP-SERVER\SLES SNAPPER\ \

[volume not on this machine]
- Creation time: 6/17/2014 3:54:43 PM
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- Shadow copy device name:
\\FSRVP-SERVER\SLES SNAPPER@{3lafd84a-44a7-41be-b9b0-751898756faa}
- Originating machine: FSRVP-SERVER
- Service machine: win-client.example.com
- Not exposed
- Provider ID: {89300202-3cec-4981-9171-19f59559e0f2}
- Attributes: No Auto Release Persistent FileShare

Number of shadow copies listed: 1

8. STREMIEIE:
DISKSHADOW> end backup

9. gIEREfE, ZEEMER, HimIAMIERSE
DISKSHADOW> delete shadows volume \\FSRVP-SERVER\SLES SNAPPER\
Deleting shadow copy {ded4ddca4-4978-4805-8776-cdf82d190a4a} on volume \
\\FSRVP-SERVER\SLES SNAPPER\ from provider \
{89300202-3cec-4981-9171-19f59559e0f2} [Attributes: 0x04000009]...
Number of shadow copies deleted: 1

DISKSHADOW> 1list shadows all

Querying all shadow copies on the computer ...

No shadow copies found in system.

209 BEZER

o FMa: EEEM samba R E—IKLENFIEFHRIITIFKR, 1BIETT apropos
samba, fFF man FmFFIFE—FMD,

e SUSE 43578 README X {§: %4+ fl samba-client &% /usr/share/doc/
packages/samba/README . SUSE,

o HithiREEXHy: {F zypper install samba-doc L% samba-doc 3£,
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g RS /usr/share/doc/packages/samba . HEFEEFMTIA HTML kR
AU BHIECERE (5130 smb. conf. SUSE) o

o BXINSCH#: https://wiki.samba.org/index.php/User_Documentation # £#J Samba
Wiki & FERIFHF 1,
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21 {FF Autofs IREHZ

autofs E— A RIESZEEMEHIEEERNIEF. EET —TAZERIEITIURE
MEME, HEATURNEEREAMERNNELE, XEHMEHRANIERIFIRN
EH, —ENENANENESWHE,. XMIRFTHTETE, HXULL /etc/
fstab EEMNFRSEHESNMEE. B autofs BiFHIfZ4<, {8 automount 72
KFHRITEDEENGS (FIPER) .

21.1 %I

SUSE Linux Enterprise Server EBRIAKRREE autofs. EFRAEHBEIZEETIEE, BAERT
AT REZER

> sudo zypper install autofs

21.2 BcE

CEBFEA vim FNXARIERERIE autofs WEEXHRFHEET. BCE autofs BRIMNE
KL — master BRET SRR E BRET X5

21.2.1 Master BREISC {5

autofs FIBRIA master EEBE X4 /etc/auto.master, Bl@ITE /etc/sysconfig/
autofs SXHEHRER DEFAULT MASTER MAP NAME i&TREMEREMEME, T2 SUSE
Linux Enterprise Server FERIA master BRESXHFRINA :

#
# Sample auto.master file
# This is an automounter map and it has the following format

# key [ -mount-options-separated-by-comma ] location

295 4 | SLES 15 SP4



# 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 FAAT1 (man 5 autofs) BT FZHEXZENHEHRMIIRANEEEFE,
BAXLERNBRINSHERFIE (#), BERASE R BohEHSIRINEETG
NREFER master U D BB L X, IBRZITEUHERE, FHRG (B&A
.autofs) BEF /etc/auto.master.d/ BRH.

O +auto.master AIFAREEA NIS (BN (Z2M={tiEm) ,£4E “ANIS”
F£417 “EEENISHRSE2R" TRNISHEZER) WARPMAHREIE master B4,

auto.master FHNMBE=NFEL, BEUWT:

® ® Q

mount point map name options

mount point
EFHEHFEH autofs XHRANERUE, {90 /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
BXiEHA map-type. format #l options FISEEMNEZFMEE, BFEN

auto.master 51 (man 5 auto.master),

auto.master AR TFE—E autofs EF /etc/auto.smb, FH1E /smb HRAEIEIER
=

/smb /etc/auto.smb

21.2.1.1 EiZHEHZH

BEEEHITAXMEXAANEERZIBEH R, XMAARZE auto.master FIEE
HHS, MEA /- BEH~RFR. fla, T17#ET autofs 7 auto. smb FRiEERIIEE!
BiEHS:

/- /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
BAXHZFER autofs BolEHNRENRGEE, ERFEHM LA, MET
FSER UL, tWAILIE LDAP SEUBEFRE RS R, BXMFLXENELF
EE, 580 man 5 auto.master FAATI,
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BRESSCHHIERE (ASHhEimLg) SKIRME, UNEARMESSRENES S, BREN—RIEX5S
master BET4E{M. XBU7ETF options {iIF mount point 5 location Z[&], MAEZIAIEK
E:

mount point options location

FIRIRGY A RATIE BT HAT M. FIEIEHIT chmod -x MAP FILE RBRETHITXAHIL

mount point
BEBKRUEEZ I TS, XA LZERME auto.master FRIIEEEMIER =
HNENERET (FMEREEER) , UAIUEERRNTERE (BiEESH, 55
WHE 212117 “BIFEEH ) .

options
AMEXTHEE hEEEETTIR, HHETNLLES HfR. R auto.master £BE1LL
BREY ST ROIETR, XEERTNSMINTEEE.

location
BEEFHNXHRSARB ML, BEENFSH SMBE, EARTERINZ KBRS
FRo MREEHBIXGRSKLL /7 Fk (FlalAH /dev gk smbfs £EF) , EEEFE
m—rE8s %7, B30 : /dev/sdal,

21.3 BAEFIIE

ATNBNEIER] autofs BRSZBIE, UNRMAEREZBDEHHBRERNEEESFRE

gl

o

21.3.1 =%l autofs ARSS
autofs PRZAVIRIER systemd T4, autofs BY systemctl SSHI—RRIBEN

> sudo systemctl SUB COMMAND autofs

Heh, SUB COMMAND @ F3ImBZ—:
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enable
£5| S8 Bz B ehiEHRETIFER.

start
BBz B aEHER T PR

stop
FlEZBohiEERTIFER. BEE S ABEEIA,

status
TED autofs ARSRVHAPRELURAEX BEXHHE D AE.

restart
ZILAGBohiZBohiEHizs, UWEXIFAEIEEEITHTIFER, AGBRIFTIFE
o

reload
KEHFIE auto.master MY, EEsHMEEXNTIFIER, HAMDBIFTIFIZ

[e]

Ft

21.3.2 B BoERESE)

INRICTEREA autofs HEBERIERREA, FohizfT automount FIFEFHEEFHBHIER
RIEEEA:

1. {Z1k autofs,
> sudo systemctl stop autofs
2. MN—1RimiIF1 & FEhiE1T automount, EIFMMEL.
> sudo automount -f -v
3. ME— 1&g 2@ ipiRERR (B9, @3 cd 5 1s) EHBHEIHEXERS,

4. NE—MEHIHE autonount KU, T RRA XERNMANNERENFAKELE
HNESEL.
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21.4 BohEEH NFS H=

THEREIZHE T INAEE autofs LUBHEH M ERTAM NFS 2, Z31EEARFIEImEmiR
FMER, HRIGEAENFS FH, BEXNFSHEZEER, F80E 19Z “Eid NFS H=

RS o

1. Ym3E master BREI X /etc/auto.master:

> sudo vim /etc/auto.master
7£ /etc/auto.master REFFBY NFS =EEH R IN—5FHI00:
/nfs /etc/auto.nfs --timeout=10

t3ESHER autofs BEAXREHSE /nfs, NFSHETE /etc/auto.nfs BRETHIEE, H
BEBRESRRFRIEHEE 10 M AEBNER B hEE,

. 7 NFS HZ=0IRFEVBRGT S 4
> sudo vim /etc/auto.nfs

MEMNFSHE, /etc/auto.nfs BEHZEERMN—1T. AXERI, S
WEE 21227 "BREISZAT o BITHT, 1EHEHRR NFS HEREHt:

export jupiter.com:/home/geeko/doc/export

FEMTRTHEKENEREY, RS jupiter. com £H1ERY /home/geeko/doc/
export BRBEH A EN LM /nfs/export BR (/nfs BYH auto.master
Ed) o /nfs/export BR¥EH autofs BatIE,

(E#ZEM) MREFAILESARER TIZNFS HE, 151 /etc/fstab RAIMEXITE
B, ZITR T

#jupiter.com:/home/geeko/doc/export /nfs/export nfs defaults 0 0
4. iR autofs FREBEERSEEIIE:

> 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/

NREEEBIIDEHE FRIXHFIR, NFRT autofs TIEIER,

21.5 FhEDR

ATITICHWERBL T autofs BEATARER — BapiEHME ERTAR NFS =, RS
R ERBECRT, UREET CIFS XHFRZRIER.

21.5.1 /net#ZFEFHR

MREFEATFS NS HE, XTBFEHSEIEEERH, /net 2RIBEFZTEBhEH AL
LFBIFRE NFS ®HZ=, ZINTE auto.master XHBELEFE, Ak, BREFHECH IR, A
JEEB5hautofs BE]:

/net -hosts

> sudo systemctl restart autofs

fign, WREBRA jupiter RS I]BUKRE A /export BINFS H=E, ErJUEHRSIT LR
A

> sudo cd /net/jupiter/export

KEHTE.

2152 fERBENBEIEHTFER

MRENENERESESTFER, AHEFES T EEIXEFER (—RERT, &8
REERER AP EERM /home BR) , autofs R T EREMBRS .
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MREXLEFAREEER, WTFE auto.master FRMTIT:

/home /etc/auto.home

ITE, EFEE /etc/auto. home XHFFANEMRIREY, UEBMEHAANEER. —
HERNETBEREERIRBITN:

wilber jupiter.com:/home/wilber
penguin jupiter.com:/home/penguin
tux jupiter.com:/home/tux

[...]

XM EIFERM, HAEHFETT auto.home REERABFFIR, EEILMERES 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” ) , BEEHMHSTXHENEE, 1E option FERHAM - fstype=cifs, HEHE
fIEa@EmmE—rES <7 .

mount point -fstype=cifs ://jupiter.com/export
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A GNU TFrRIIE
AHIREA GNU EIBRYFATEARA 1.2,

GNU free documentation license

Copyright (C) 2000, 2001, 2002 Free Software Foundation, Inc. 51 Franklin St,
Fifth Floor, Boston, MA 02110-1301 USA. Everyone is permitted to copy and
distribute verbatim copies of this license document, but changing it is not
allowed.

0. PREAMBLE

The purpose of this License is to make a manual, textbook, or other functional
and useful document "free" in the sense of freedom: to assure everyone the
effective freedom to copy and redistribute it, with or without modifying it,
either commercially or non-commercially. Secondarily, this License preserves
for the author and publisher a way to get credit for their work, while not being
considered responsible for modifications made by others.

This License is a kind of "copyleft", which means that derivative works of the
document must themselves be free in the same sense. It complements the GNU
General Public License, which is a copyleft license designed for free software.
We have designed this License to use it for manuals for free software, because
free software needs free documentation: a free program should come with
manuals providing the same freedoms that the software does. But this License is
not limited to software manuals; it can be used for any textual work, regardless
of subject matter or whether it is published as a printed book. We recommend
this License principally for works whose purpose is instruction or reference.

1. APPLICABILITY AND DEFINITIONS

This License applies to any manual or other work, in any medium, that contains
a notice placed by the copyright holder saying it can be distributed under the
terms of this License. Such a notice grants a world-wide, royalty-free license,
unlimited in duration, to use that work under the conditions stated herein. The
"Document", below, refers to any such manual or work. Any member of the
publicis a licensee, and is addressed as "you". You accept the license if you copy,
modify or distribute the work in a way requiring permission under copyright law.
A "Modified Version" of the Document means any work containing the Document
or a portion of it, either copied verbatim, or with modifications and/or translated
into another language.

A "Secondary Section" is a named appendix or a front-matter section of the
Document that deals exclusively with the relationship of the publishers or
authors of the Document to the Document's overall subject (or to related
matters) and contains nothing that could fall directly within that overall subject.
(Thus, if the Document is in part a textbook of mathematics, a Secondary
Section may not explain any mathematics.) The relationship could be a matter
of historical connection with the subject or with related matters, or of legal,
commercial, philosophical, ethical or political position regarding them.

The "Invariant Sections" are certain Secondary Sections whose titles are
designated, as being those of Invariant Sections, in the notice that says that

the Document is released under this License. If a section does not fit the above
definition of Secondary then it is not allowed to be designated as Invariant.

The Document may contain zero Invariant Sections. If the Document does not
identify any Invariant Sections then there are none.
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The "Cover Texts" are certain short passages of text that are listed, as Front-Cover
Texts or Back-Cover Texts, in the notice that says that the Document is released
under this License. A Front-Cover Text may be at most 5 words, and a Back-Cover
Text may be at most 25 words.

A "Transparent" copy of the Document means a machine-readable copy,
represented in a format whose specification is available to the general public,
that is suitable for revising the document straightforwardly with generic text
editors or (for images composed of pixels) generic paint programs or (for
drawings) some widely available drawing editor, and that is suitable for input

to text formatters or for automatic translation to a variety of formats suitable

for input to text formatters. A copy made in an otherwise Transparent file

format whose markup, or absence of markup, has been arranged to thwart or
discourage subsequent modification by readers is not Transparent. An image
format is not Transparent if used for any substantial amount of text. A copy that
is not "Transparent" is called "Opaque".

Examples of suitable formats for Transparent copies include plain ASCII without
markup, Texinfo input format, LaTeX input format, SGML or XML using a publicly
available DTD, and standard-conforming simple HTML, PostScript or PDF
designed for human modification. Examples of transparent image formats
include PNG, XCF and JPG. Opaque formats include proprietary formats that can
be read and edited only by proprietary word processors, SGML or XML for which
the DTD and/or processing tools are not generally available, and the machine-
generated HTML, PostScript or PDF produced by some word processors for
output purposes only.

The "Title Page" means, for a printed book, the title page itself, plus such
following pages as are needed to hold, legibly, the material this License requires
to appear in the title page. For works in formats which do not have any title page
as such, "Title Page" means the text near the most prominent appearance of the
work's title, preceding the beginning of the body of the text.

A section "Entitled XYZ" means a named sub-unit 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.

304

H. Include an unaltered copy of this License.

I. Preserve the section Entitled "History", Preserve its Title, and add to
it an item stating at least the title, year, new authors, and publisher of
the Modified Version as given on the Title Page. If there is no section
Entitled "History" in the Document, create one stating the title, year,
authors, and publisher of the Document as given on its Title Page, then
add an item describing the Modified Version as stated in the previous
sentence.

J. Preserve the network location, if any, given in the Document for
public access to a Transparent copy of the Document, and likewise the
network locations given in the Document for previous versions it was
based on. These may be placed in the "History" section. You may omit
a network location for a work that was published at least four years
before the Document itself, or if the original publisher of the version it
refers to gives permission.

K. Forany section Entitled "Acknowledgements" or "Dedications",
Preserve the Title of the section, and preserve in the section all the
substance and tone of each of the contributor acknowledgements and/
or dedications given therein.

L. Preserve all the Invariant Sections of the Document, unaltered in
their text and in their titles. Section numbers or the equivalent are not

considered part of the section titles.

M. Delete any section Entitled "Endorsements". Such a section may not be
included in the Modified Version.

N. Do not retitle any existing section to be Entitled "Endorsements" or to
conflict in title with any Invariant Section.

0. Preserve any Warranty Disclaimers.

If the Modified Version includes new front-matter sections or appendices

that qualify as Secondary Sections and contain no material copied from the
Document, you may at your option designate some or all of these sections

as invariant. To do this, add their titles to the list of Invariant Sections in the
Modified Version's license notice. These titles must be distinct from any other
section titles.

You may add a section Entitled "Endorsements", provided it contains nothing
but endorsements of your Modified Version by various parties--for example,
statements of peer review or that the text has been approved by an organization
as the authoritative definition of a standard.

You may add a passage of up to five words as a Front-Cover Text, and a passage
of up to 25 words as a Back-Cover Text, to the end of the list of Cover Texts in the
Modified Version. Only one passage of Front-Cover Text and one of Back-Cover
Text may be added by (or through arrangements made by) any one entity. If the
Document already includes a cover text for the same cover, previously added by
you or by arrangement made by the same entity you are acting on behalf of, you
may not add another; but you may replace the old one, on explicit permission
from the previous publisher that added the old one.

The author(s) and publisher(s) of the Document do not by this License give
permission to use their names for publicity for or to assert or imply endorsement
of any Modified Version.

5. COMBINING DOCUMENTS

You may combine the Document with other documents released under this
License, under the terms defined in section 4 above for modified versions,
provided that you include in the combination all of the Invariant Sections of all
of the original documents, unmodified, and list them all as Invariant Sections of
your combined work in its license notice, and that you preserve all their Warranty
Disclaimers.
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The combined work need only contain one copy of this License, and multiple
identical Invariant Sections may be replaced with a single copy. If there are
multiple Invariant Sections with the same name but different contents, make
the title of each such section unique by adding at the end of it, in parentheses,
the name of the original author or publisher of that section if known, or else

a unique number. Make the same adjustment to the section titles in the list of
Invariant Sections in the license notice of the combined work.

In the combination, you must combine any sections Entitled "History" in the
various original documents, forming one section Entitled "History"; likewise
combine any sections Entitled "Acknowledgements", and any sections Entitled
"Dedications". You must delete all sections Entitled "Endorsements".

6. COLLECTIONS OF DOCUMENTS

You may make a collection consisting of the Document and other documents
released under this License, and replace the individual copies of this License

in the various documents with a single copy that is included in the collection,
provided that you follow the rules of this License for verbatim copying of each of
the documents in all other respects.

You may extract a single document from such a collection, and distribute it
individually under this License, provided you insert a copy of this License into
the extracted document, and follow this License in all other respects regarding

verbatim copying of that document.

7. AGGREGATION WITH INDEPENDENT WORKS

A compilation of the Document or its derivatives with other separate and
independent documents or works, in or on a volume of a storage or distribution
medium, is called an "aggregate" if the copyright resulting from the compilation
is not used to limit the legal rights of the compilation's users beyond what

the individual works permit. When the Document is included in an aggregate,
this License does not apply to the other works in the aggregate which are not
themselves derivative works of the Document.

If the Cover Text requirement of section 3 is applicable to these copies of the
Document, then if the Document is less than one half of the entire aggregate,
the Document's Cover Texts may be placed on covers that bracket the Document
within the aggregate, or the electronic equivalent of covers if the Document is in
electronic form. Otherwise they must appear on printed covers that bracket the
whole aggregate.

8. TRANSLATION

Translation is considered a kind of modification, so you may distribute
translations of the Document under the terms of section 4. Replacing Invariant
Sections with translations requires special permission from their copyright
holders, but you may include translations of some or all Invariant Sections in
addition to the original versions of these Invariant Sections. You may include

a translation of this License, and all the license notices in the Document, and
any Warranty Disclaimers, provided that you also include the original English
version of this License and the original versions of those notices and disclaimers.
In case of a disagreement between the translation and the original version of this
License or a notice or disclaimer, the original version will prevail.

If a section in the Document is Entitled "Acknowledgements", "Dedications",

or "History", the requirement (section 4) to Preserve its Title (section 1) will
typically require changing the actual title.
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9. TERMINATION

You may not copy, modify, sublicense, or distribute the Document except as
expressly provided for under this License. Any other attempt to copy, modify,
sublicense or distribute the Document is void, and will automatically terminate
your rights under this License. However, parties who have received copies, or
rights, from you under this License will not have their licenses terminated so long

as such parties remain in full compliance.

10. FUTURE REVISIONS OF THIS LICENSE

The Free Software Foundation may publish new, revised versions of the GNU
Free Documentation License from time to time. Such new versions will be similar
in spirit to the present version, but may differ in detail to address new problems
or concerns. See http://www.gnu.org/copyleft/ 2.

Each version of the License is given a distinguishing version number. If the
Document specifies that a particular numbered version of this License "or any
later version" applies to it, you have the option of following the terms and
conditions either of that specified version or of any later version that has been
published (not as a draft) by the Free Software Foundation. If the Document does
not specify a version number of this License, you may choose any version ever
published (not as a draft) by the Free Software Foundation.

ADDENDUM: How to use this License for your documents

Copyright (c) YEAR YOUR NAME.

Permission is granted to copy, distribute and/or modify this document
under the terms of the GNU Free Documentation License, Version 1.2

or any later version published by the Free Software Foundation;

with no Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts
A copy of the license is included in the section entitled “GNU

Free Documentation License”.

If you have Invariant Sections, Front-Cover Texts and Back-Cover Texts, replace
the “with..Texts.” line with this:

with the Invariant Sections being LIST THEIR TITLES, with the
Front-Cover Texts being LIST, and with the Back-Cover Texts being LIST.

If you have Invariant Sections without Cover Texts, or some other combination of
the three, merge those two alternatives to suit the situation.

If your document contains nontrivial examples of program code, we recommend
releasing these examples in parallel under your choice of free software license,
such as the GNU General Public License, to permit their use in free software.
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