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1 Linux REYXIFRGHIBTIR

SUSE Linux Enterprise Server Bl 7 REIBIX 4 R AR EERE, BIF

Btrfs. Ext4. Ext3. Ext2. ReiserFS#IXFS, B MXHARFAEHE R BIM SFER =,
B X SUSE Linux Enterprise Server R EEXHRAFHHINEELLER, BEMW http://
www.suse.com/products/server/technical-information/#FileSystem & (XEZR4E
FHNARD) o REHRTXEXHRFENTEREBURENTNMR SR,

£ SUSE Linux Enterprise 12 H1, Btrfs RIRERAREIAXHF RS, XFS BFrEHMERZA!
MZRIAXE RS, Ib9h, SUSE Mék4isti5 Ext RYIMXER S, ReiserFS #1 OCFS2, 1RIEE
INEE, Btrfs XFRFARNLENERFE. XN TFER snapper EREHNIRXH RS, B
i FRER. BX snapper BNiFE R, BEN (BiFism) ,FT7TE “BE Snapper #1TH
SKMEFNIRBEER .

SR ET R ER I AMEERS. NTTEEMEEBFERAIMENR, SUSE Linux
Enterprise Server 7£ High Availability Extension M= = INT OCFS2 (Oracle Cluster
File System 2) 5 Distributed Replicated Block Device (DRBD), Zsf8RHRi#H KX SR ETE
RHEMRNE, BXFMMER, 1580 (SUSE Linux Enterprise High Availability Extension &
BigmY , MHkA: http://www.suse.com/doc 2,

BE—REREE: REEA—MXERRESHEMENNAE, BTXHERSHBEZENEE
MRMRR, DIFXERRERER, I, BERRERIXHERFEIEEASENSE
P oREE,

ATREANAEHRIERBENSMIE—REATZERATRSE (EHARRFEANEXH
ROEdE) B—E%. EEIERE —BWIHNARERASITEH.

BREART5HEER, BNIRENER D XU HRSFAFN—IFT R, HeJLUER YaST X
2y GRIUEEMER) KT, AXER, 520 (B=ER) B 128 “SREEIKE" -
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http://www.suse.com/products/server/technical-information/#FileSystem
http://www.suse.com/doc

1.1 A&

TUEHE
XHRGARER—TEIELE . CUWREE LN HRIESRERAE, AEAHIAR,
MEF LR, ER "BXREENHE . LFS—MXHERAZRHE B SHNTHIESN, X
HWEXHRZRMEAEMEERENREMRT. P tSENTBEERER, RANNR
AXHE, WeIRETEMIRX RS HRIFRE iR,

inode
XHARZNEBEESHWEEXGNEMER, SEAN HEHRE. LRMEFXHRERIE
FIRAVIEET. GIEE. 1BFNiAIRIAY B HAS B EL,

Hid
EREXHRSN, HicRO8EMBEENME L410, XHRABERNXGRARITTH
BHITHNENMEEELEE . BIRAAKRRXGRANMERNE, AABT EMIE
ERAGBRMNPITXHRAALEAREX—NKNERREF. MAEERHIC.

1.2 Btrfs

Brtfs M Chris Mason FAM—MEREH (COW) XF£E%. ©E T Ohad Rodeh FF&HJIE
BT COW B B, Btrfs EBEHEIERERNNGRES, SARICERENR, MEBRERE N
g, AREELIFR, MEXEL—REET1RR.

1.2.1 FEHHE
Brfs IR, SEMBFEIRNEE, L:
- ASRE, AFNLAEHERREMERRERAFEHX ;.

o FEXH: Btrfs ZEANHEERNZEFIZRIATFE. EAWEEHERZE P EIRE
ZHFE, (FATRNXGRS, FERRBRZ D ERGLMBY=EFR,

* Btrfs s LT TRAPIRM T ELINEMEEINEE scrub, ESERISNPIREGLA PR
AR T, WIFSURM THIBEM TR, ErIUERRNIX GRS EERRIETT scrub; [ER
1&1EHAIE], EREREET.
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* R[E RAID &35!, &R FrodEm AP E#uE,
o BF TR AR HIBNARRIEHN, AISHEIREM,
° 5 Linux BiEEEESS (LUM) BEXNREMK.

* 5 SUSE Linux Enterprise Server £B YaST 7 Xi2F & AutoYaST ¥4, XEEEEZHD
%% (MD) Fli& & RGTFIERF (DM) ETZECE LB Btrfs X R4

o MILBHRY Ext2. Ext3 LAK Ext4 X4 RG#HITRANE,
* /boot 5IRMEIZFZHF, AWM Btrfs X35]F.

* SUSE Linux Enterprise Server }12 SP5 A7y RAIDO. RAID1 #] RAID10 A EXHZ1F%%E
Btrfs, B RAID KAEAZ 2R, ELXEEREAHNRS BEAESZHF.

o {EFH Btrfs s 21K BEBAESE.

1.2.2 SUSE Linux Enterprise Server EMIBEX G RSKIGE

SUSE Linux Enterprise Server BRIANIZE AR XA Btrfs FIRR, REBANLIEEN BT
ZEERENRMRMEIRAS, WoliLEB&HX M. RERENHEE SUSE Snapper ERLZEHAEN
B, W (EEEE) , B TE @ Snapper HITRAMENIRBEIR” Fid, B % SUSE
Snapper IMBMW—ARIEE, 1S OpenSUSE.org (http://snapper.io ) _EAY Snapper [ TP K
ik Wikio

FERRBEIRARSRN, KWAMHRELERERE, HE (GIWAFNEER. Web #l FTP iR 28N
BEAEXMH) FRBRFWES, X—ruBdERRXERS LW Btrfs FELM, FEAIM
TREBFRHERR, REEHAE], 1RHE YaST #iX, SUSE Linux Enterprise Server ERIBRIAMB XX R4
HEBEETIFE. ATFUTERRA, EflsMNREBHHERR,

/boot/grub2/i386-pc. /boot/grub2/x86 64-efi, /boot/grub2/powerpc-
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,

4 SUSE Linux Enterprise Server ERRXHRFIEE | SLES 12 SP5
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/opt. /var/opt
B=FEmBEREER /opt T HbRLLBREN T B LEERIREERX LN BIZRF,

/srv

B & Web # FTP fS3250YEE. HHRIEBERE2N T HLEERIR A EHIEER

/tmp. /var/tmp. /var/cache. /var/crash
BE IR X EMEREFNAE B RTSHRTREEE 25,

/usr/local
EFohLEERGNARILER. RASRKZERARUSEELRIRINEFHX L LRI
.

/var/lib/libvirt/images
28 libvirt EEREIEMABRGEVENAMIE. SR REIAIIEEIWIBRE R &Ry B AR
M#EHRR. BINERT, LFEEFEAEANRESIEDEIEN,

/var/lib/mailman. /var/spool
BEHHE AT B ReHR, USRELRIREEMEBHER,

/var/lib/bind
B & DNS RS RBHIXEEE. HFFZEREN THIEREIRER VARS8 {HEEE(F.
/var/lib/mariadb. /var/lib/mysql. /var/lib/pgqsl
XEEROESWREHE. RINBERT, XEFEEERAT ANFREFIETEIZEN,

/var/log
HEXGFRENAME. HRZEREN T EXNZRNARHFITEIRGEB N BEXHHTT
. /var/log BRIAZIKE NoCOW B, BIEEARES|, Mo 7EeseHF LT
EEMRME, A Lsattr #ITIRE:

tux > lsattr -1 /var/
/var/log No COW

5 [AR>F
RS EREREMTRBNTEH, SUSE BRATHER. Fod, EFALUERA YasT
SRR TS

5 SUSE Linux Enterprise Server ERRXHRFIEE | SLES 12 SP5



1.2.2.1 ENEZEH Btrfs XIF RS

Q +E: GRUB2#ILZO EEIRER
GRUB 2 TAIREY lzo E46IRER. MNREBFEAELE, EFECESIRM /boot FK,

M SLE12 SP1 Fa, Z#§E4E Btrfs XH&RS. £ compress 3 compress - force &I,
HiEZEEGEEE 1zo5K zlib (BRIN) o zlib EEMNEEXES, M lzo WEEREER, HE
FREBEY CPU faE &/,

fBign:

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

MRECET I XHHEEPBENEE, MERSHNERATFHEFTRERENOARN, U
KR A XA RITE NRIEG, Btrfs RIAZLT £S48, MNRERFEEXMITH, BEFER
compress-force &, X FEE—LEYIGREEBIBENXHEMS, EAERER.
BEE, FEEIRSERTHXE. NREH compress 3§ compress - force i AN G R
%, WEREENBERTEANNXGRR=ES . It B8 nodatacow BERINXHHIAR KX
A REYE:

root # chattr +C FILE

root # mount -o nodatacow /dev/sdx /mnt

MEZESEAEBIREILR, EDEKAEN—LEHIESE, BITNAT:

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

MREHLBIIGE BKAMRN, IB1E /etc/fstab EEEXHH 7N compress 5% compress-
force &I, fI90:

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

6 SUSE Linux Enterprise Server FRIRXHRFILE | SLES 12 SP5



1.2.2.2 TENFE

£ SUSE Linux Enterprise Server £, MIRER#HITRARRENIZF @ ST MIRER S| FFKAIT-
XEFE—F, BEOIUESETERZE, EETHERNKERE, RBEENFSE, BaIULIM
RIS (BESHVE) .

BRT S 1.2.2% “SUSE Linux Enterprise Server FRIIEXHFRGHEE" HyBHNFEZIN, &
SKAPREFETE—TEBNeNE, XERIANTE, BEARDK (/) BN, HtFERENTILLSE
o,

MIREES| S0, FRNAE @ FE, MERR. REPEENXERFIBAIEURIEAREN
7 /o BEFEEURNENSRENTIREF, RESFIANIGITRE, TRES|ISEFERE
FINERE, BEEMFETCRANKARE, iEHIT snapper rollback m<, XEFERRIZ|I SR
R AFNERINTE, EE5ISZEHEFERAE.

1.2.2.3 KERHAT|E

BEABNIET df HSRIEEXERFNEE, 7T Btrfs XERZ L, df WAL TIEERIRS
M, BERRRT EGEES BRI ELUIN, Btrfs XERGERSATHIES BHERZTE,

Hit, BMEE XA AENAIATIE, Btrfs XERFABMARESRETERE, XEXMER
B, ARSI eRTaHEAR, FRUTHSEIRE Btrfs XA LS B BNE
EIR

btrfs filesystem show

tux > sudo btrfs filesystem show /

Label: 'ROOT' wuuid: 52011c5e-5711-42d8-8c50-718a005ec4b3
Total devices 1 FS bytes used 10.02GiB
devid 1 size 20.02GiB used 13.78GiB path /dev/sda3

ERXHRZENEXNNRERE, MIRKRE—ITHHIXHMELRE, WRTIXHFRFE LN
eEf=EE E 2 Et &

btrfs filesystem df

tux > sudo btrfs filesystem df /
Data, single: total=13.00GiB, used=9.61GiB
System, single: total=32.00MiB, used=16.00KiB
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Metadata, single: total=768.00MiB, used=421.36MiB
GlobalReserve, single: total=144.00MiB, used=0.00B

ETRXHRANEDE (total) TEIFMEATIENE, WNRTHIEDN total M used EEZ
HHEE, IRRTHENEHTEREHE S HE,

btrfs filesystem usage

tux > sudo btrfs filesystem usage /

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

BREM TR en LM S HFTSREEE,

BXPEFMEE, 5 man 8 btrfs-filesystem# hitps://btrfs.wiki.kernel.org/
index.php/FAQ @,

1.2.3 M Ext 1 ReiserFS X4+ R % 1T =E Btrfs

eI UG EIES MINE Ext (Ext2. Ext3 3¢ Ext4) 3¢ ReiserFS XHRFEHE Btrfs XHR
g, RMIERERSEESMUEMRINANHT. XHERFEEVDFEBRERIRE L 15% BIA]

=alo
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BR X4 RFRERN Btrfs XERGR, BERXGRFBRAN, ARBN:

sudo btrfs-convert DEVICE

BRI IR RIREIRARN XARS, BRXAREHRN, ARRA:

sudo btrfs-convert -r DEVICE

e RS RS
AEZFFBIRX G RAEIEN Btrfs, 1BREBUMBNXH RS, HEMLFBRERZEREN
ENS

O ==: TrsEELs
ELIREIFREN XU RARY, FEKFABEELN Btrfs XU RFAERMBVEIE. tLilE
W, RBERGHESERERATINX SRS,

1.2.4 Btrfs E1F

Btrfs 5 YaST 43 X#2FF#0 AutoYaST &£, &R UELRERERFER TR AB G RKREI RS
B, REZE, EaILUER YaST PXIEFHREBNEE Btrfs &,

btrfsprogs 88H1EHt T Btrfs B TR, BXEH Btrfs as SHES, ES M man 8

btrfs. man 8 btrfsck#1man 8 mkfs.btrfs &§5<, H% Btrfs THEEMEE, BESN
Btrfs Wiki, BIiEA http://btrfs.wiki.kernel.org @,

1.2.5 Btrfs FETEIMEIF

Btrfs IR R4 F% /var/log. /var/crash# /var/cache EEEEEEER FTAES
FFRERIANEETIE, WIESHASKRE, 8RB, SUSE Linux Enterprise
Server BIERME T Btrfs FHECHIZ . WREIRIBAEN YaST ZNIRERXH RS, RAR
FRXERGHITHENAES: FTEFENEEA (qgroup) MEIRE. BERBERXERAT
FHHECE, BERITRIIFRE:
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1. ERBCEF:

sudo btrfs quota enable /
2. IS FEYIF:
sudo btrfs subvolume list /
SEENME FEIREE T

3. A E—DHRIINER—NFEIRBEIE. FEHUBRFIR (B0 /var/tmp) ,
WA 0/ 7% IDIRR (a0 0/272) . TEASEEA /var/tmpiRE T 5 GB BIAD
o

sudo btrfs qgroup limit 5G /var/tmp

K/NBEAA AR F T (5000000000). KB (5000000K). MB (5000M) 8 GB (5G). LFTS
FBEMUEENERERE, ER 1024 F3 =1KB, 1024 KB=1MB %,

4, EESHIEERE, BFEAU TS, max rfer FIUFTARMERECE,

sudo btrfs qgroup show -r /

©) 7 BUEEH

NREEZEUEMBEER, BB EHA/NZEN none:
sudo btrfs qgroup limit none /var/tmp

BEZREN DX NERE FENERIZF, 15fFA btrfs quota disable:

sudo btrfs quota disable /

BXAT, 580 man 8 btrfs-qgroup #man 8 btrfs-quota, Btrfs Wiki (https://
btrfs.wiki.kernel.org/index.php/UseCases #) L# UseCases TIEtIRMHt T EZE L.
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1.2.6 Btrfs &ix/#U

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

btrfs send Z{FAITERE—FEPIH N RIRRBZENER, HEEBRAXIEINXHI
STDOUT, Btrfs receive i#{FIEWNLEGSHER, HIEENARIRE,

1.2.6.1 S REMH
BB Btrfs BIRIX/#ZWINEE, BTEREUTEXK:

i (&%) MBRE (g &8—1 Btrfs XIFRS,

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

IR RV IR A LRI

SUSE Linux Enterprise 12 SP2 & ShR4s. FHAhRZASHY SUSE Linux Enterprise R332 ¥
Rix W

1262 HEEEMD

U ERETRT Btrfs Zix/1HWHIRIENEARRZE, HFRETWME /backup/data (BR
i) BEIR /data (Fim) AEE&ED. /data BHE—1FEo

g2 1.1 YeisE
1. FERIREIEAAREE (EATFIFEZ A snapshot_0) , HRRKET NiZHE:

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

sync

BI=IZ—1#+F% /data/bkp_data, ZFERRAEEREESFMIELM, IFER
BNER,

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

Birim LB =61 —1MHF% /backup/bkp_data.

SERAIIRIRES, FILUBIREERS, FRIUMRESLMRRZENERLZEEBITR.
S I2IR R BAERERY:

1. TERImEIEFTIRER,

2. BERRKIXEBRim.

3. ANk EaRM/SUEEMIERIIRR,
H3i21.2  ITIEESER

1. FERIHEIEMIRIR, HBAERKESNZEE, £ TERRAIF, REBarE7 bkp_data_Y

Eoi=E:iR

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

S5, Bl /data/bkp data 2016-07-07,

2. BB SERENIREBZ BNER KX BiRE. Ak, ol LUERER -p
SNAPSHOT $8E ZcRiAYIRER,

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

Bl 8IiE—1N#F%E /backup/bkp_data 2016-07-07,
3. MEFANTE THENRE, BHREERD:

/data/bkp data
/data/bkp data 2016-07-07
/backup/bkp data
/backup/bkp data 2016-07-07
WME, XFinfEdss, B8 =MutiE:
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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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1.2.7 EEHUEMIPRSE

Btrfs Z3FE S HURMIFRTIEE, BADEARIEMBRAMEEUEPRE —RIANIZEEHEETR
X RFGEHELMEERIR, SUSE Linux Enterprise Server 21t duperemove T BRI 4

AP EREREERIR, 1E Btrfs XHRF LFERN, B UARMNXERRITES R
bR, R4 EBIAFESLEE duperemove, EfFEILLINEERT A, 1B5REE duperemove,

Q ia: wm=M
M SUSE Linux Enterprise Server 12 SP5 F#4, duperemove FE:&EHTFRHENH
ZEHMITEE BRI, EEERTX 10 3 50 M—AHNAE X HIITES HIERIFR
1BF (XEXHRIERAFITZBAR, GITNEHTRE) o

duperemove B LU —RFISHFRIE, alLLEFAPREETER:

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

EERMIRERN: RIRNESHUERFR. URBRETH EIRER -dFX) , ESEE
LEXHHBERPNESR, FRETENER, MEXERTRBEXHRS

IUE S $IEMIPREHIT duperemove {X7E Btrfs X RFE L2, ABAEXHHERZ
5, BoRIXEERRUHITES BHEMFR.

BXEMERE, E2 M man 8 duperemove,

1.3 XFS

SGI 7£ 20 tH42 90 FAHFWBF & XFS, &=AiTXIIE XFS /EA IRIX OS IXH RS, Fr&k XFS Y
BHNZEE—EEEN 64 (I B IEXHRARBEXMNITERNNREERK, XFSESIRMKE
X, EEimEG ERMEF. XFS 2 SUSE Linux Enterprise Server AR KMBIAX 4 F
Hio

TRIR[E]ET XFS B X BINBERI RN T AL X HFRAEEIBESHTEAEEEMBIEXHRA
IR A T F X F,
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1.3.1 fERA7DELESSIN S A ERgEE

EEIEZE XFS X ARG, XHFRGRERRIZER D 8 T3 8 LA LABEA/NEILME K,
XL A FEH. SN DECAEEE S inode MATATE, KfRL, AILRDECHEE
XHRFPNIX G FRG, RAPERARERIT, FAURZAIRERNZ N DEEHITI . 1)
RERE XFS LRAVRIRZEIE RBZ PR, JRUDECANMSBAESZVIERRAANFTE,

1.3.2 BUAMEEMETERGS e

B] FAZIE] inode B ECLAMR BY ALIER), EF B' #HIFAKRIGIR XFS A4 REH Bl eR4E
o XFS ERIERSES, ©rRILLEIRHED AR MAEDEL. FKHEEESMEET RAM
HRBEIHRENTIE XFS MARENMEFHIENERUE EITEEXHRAR) . WRE
R R RENEZl, EEEFHRERENIRNEIERI A IFASREFIME L, XEEN
£ XFS RERFENRIKIMIERN, XEHIEAERELEIN T, UXMHAI, XFSIERTE %
REFH R T XM RGN R, RANERDES RS FHIREEMX G RAS T H AR
2R, FAUIRGRIERRERER GRS, NWHEEXRIESEMN™E,

1.3.3 #HTR LR HRRER
FEHIBS N RSE, XFSRE HE) XHMBNRIRZE, SHEAXBIXHRS
BHHHE. BAXHNABTROBIER I HRAS, FAEEUIRS,

Q EE: i XFS AR
M 12 kRFF#4, SUSE Linux Enterprise Server 23 XFS X R4ihH “HERARR”
(v5)o H YaST BIEEH XFS XHRLGRERAXMIEN. XMRANEIERSEIE, FIE
XFS STHIRRN BB S8, XY RBTFURZIFX M E SR ERNIARIEHITIR.
EEE, T 3.12 hkAY SUSE Linux Enterprise 1%, 1&F 3.2.0 A9 xfsprogs, WUKIE
SUSE Linux Enterprise 12 Z #1& %5 GRUB 2 fRAH R L FXFE L. INREBTIEEM
RS LRFDRFHNRZRERZXE RS, MBI,
NREEBELIA SUSE RASEM Linux X1T7EM4S XFS X RGZ aSE M B 12(E
M, BEA mkfs.xfs mSFIRAUXHRT. XREIR—RAIEETLH XFS X4
A4 (BRIEEER -m cre=13EM) .
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1.4 Ext2

Ext2 MBS ETLUBHE) Linux FEMNEH. HNSE Y RXHRS , F 1992 F 4 A5k,
ERTE Linux 0.96c o BXHRAZHTHORER, BRAMH Ext2, BEESEREIN
0 Linux KRS, BRE BTt RANOIEUREMERENGEE, Ext2 MESHENR
A

HBRE 2 MEAESTETRATAEUNE (ERETHIENS) ¥ Linux B R
BEIREAI Linux XH RS

A SEIEAEE

Ext2 @—1 “BHE" , ©EH T FLSEHNMERNIR, XeIEERAEEN 2 RN
EANXGRANRRE,. ERATE, NREEMENEXHRS, W e2fsck FFHHED
X RFREIE. RAFTHIEME —HHINRE, HEEENXHSHEIRRENIEENE

R (B lost+found) » SHIEXHRZELL, e2fsck SR HBNIXMURS, MARIX
TP R RGL, XMIEEFMENNEEEEEINE i XH A AN B EEIE
FRIERETIE], RIBXHRFANIAN, IIEATREREF/ NIHEKEE, HLb, XFEMA
EREIAMNRSEE, FREIRE Ext2, B2, EA Ext2 REFHIZEERNRERE

b, MUEREFFRTEMXGRS,

A @A
79 Ext3 LA Ext2 AR H BH = Ext2 AHE EARTNMTEHUERTN, FRUAM Ext2 7+
RE Ext3 IFRE R0

1.5 Ext3

Ext3 B Stephen Tweedie i&it. SFAEEMT—ARAXHRAERR, Ext3 HEEXRALHNIG
RN, ©F7E Ext2 R Figitil, XM M XERABIXREK, AILUAFEME Ext2 XHERS
FEIT Ext3 X RS, Ext2 fl Ext3 REEMNXFIRE Ext3 ZHFHId. 82, EXX3B=1EEM
=
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1.5.1 HEHSERIFEHM Ext2 ALK

Ext2 B9fUESN Ext3 B 7 RSy BN, EEERANREBEITNMHN T —AXHRSE. £ Ext3
&, ERNAEENRESESHREXARGNARTEESTE—H. TMEEREEMBIEXH
Z4t (530 ReiserFS 8 XFS) BRATTKZM (BMEBENXHRST, ARMNKFRERER) ,
BME Ext3 RRBOHHE. ARE EXSERRE, AAMKENEIEEINXHRRARES
Mia, FERIFFARIBIEXERFHIE Ext2 RANKE, MREZBENMA Ext3 3
TLRREIERIGULLEE, M Ext3 BEEE Ext2 SAR—FEE, 1§ Ext3 XERSATLH
B, AREMRENN Ext2 X4 R5EE,

1.5.2 walFEMMMEE
RLHMBIEXGRAXE “UoidR” WEIEHZE. XEKRETHIRRARE—BIRE,
BEEZERIEXGRATIES S — Ext3 B&ITEERI LUIBREEI iR, X el URmEIEK
B “B” MIEERILUBENX. 7 data=journal ARXHEA Ext3 A LURHER AN T £
(BUBTRY) , BRANERTHIEMEUEEICARIE, FIUAIESEERANERE, — 1M1
MG A ER A data=ordered A3, XMAHRT BRI THIBNTEMY, BRY
TCEIBFERABIE. XGRARDEFWES —RTHIBEI NI EEHIESR, XLEHIBERTE
BB Z AR E NEER, X, ERERMENERT, THIEMHIEN—IHE UL
W, B=NEFAETZ data=writeback, AFHIETEEHTHIEELKERERIZEBEEA
FEXHRS, TR E, hEMBRIANEREED,. BETEEIFNIXGRATELN
[, AFUBINEIEERGRGHMERBREIMEXSH, Ext3 /A data=ordered &I
ERRINE,

1.5.3 ¥ Ext2 XHFRGHLIT Ext3

B Ext2 XRG4 Ext3:

1. /£ root FAF 1T tune2fs -j KAl Ext3 Hic,
tban I FARINSEEIZ Ext3 Bido
EHEE HicH AN BRISE, BIETT tune2fs -3, FEIRMERFIENAICE
Il size=#ldevice=, tune2fs FMTIHHEXT tune2fs BFHNEZE R,
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2. {8 root AP4RIEXMH /etc/fstab, LURAMBEN D XIEERIXHRFLEM ext2 B
BN ext3, ARREEN.
XRA ARGt Ext3 XH RS, WERRETRESISEER.

3. Z5|EBIRE N Ext3 PXMIBXHERSE, BTE initrd FRINEIR ext3 #1 jbd. 21
FRBIWT:

a. FTHE8IEZE /etc/dracut.conf.d/10-filesystem.conf FHRMUTIT (B

BRISTR)
force drivers+=" ext3 jbd"

b. #AfRizfT dracut -f &<,

4. E5FRG

1.5.4 Ext3 X ZEZ: inode KX/ inode =2

inode ATFEFMEXHRIEXESMEEXGHRGFHBRUE, N T it inode BRI AR
RIEM LR ACL, Ext3 BYERIA inode K/INMA SLES 10 £RY 128 FH3EANE) T SLES 11 £AY 256
¥, 5 SLES 10 #8Lt, HIGTE SLES 11 LRIZHRY Ext3 XA RSET, ABEEER Inode Ml
FDENRNZTRETESEN—F, XHEREFXENATRAZENZBRMENHNEE, A,
BAMS SLES 10 £RY Ext3 X R P HEMFRY inode MX M, TR AERAEARRNS K,
LTI Ext3 X RS, RFERRIERSIZRY Inode BEFASHES Inode RAEHH=
B & inode FF LR UM AR GRIKRIVRE T A LIEIZERY inode ¥&. BIUXHRSR
BY, RiRIES inode FHERMVA(UZEEIE inode:

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

per inode

inode M EITHIBEXHRAR I BRWIXGE: —NXEXN—1 inode. FfRR inode K/
iEmmeER BRI/ DRI, & inode MIFTIERELZRAVERIAEE SLES 10 £/Y 8192 FH51E/0
27 SLES 11 £/ 16384 F3, LEREMEELRE FTLABIRENXHEER R A SLES 10 £ Ext3 X
HRAEPUIBAXXGHEN—F,
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O ==: FHIE Ext3 XHFESH Inode A7)
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.

R Ext3 XERSEY, ErILUIEE inode K/ inode IFETELLE, LIEFHIXHE 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 (&) ZiEB 2895k A51E, 90128, 256, 512, LALLM, REL Ext3 XHRSEL
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, BARKNERTFEHEBIENR/NTEARR, Ext3 XHERFARIAFIRANF 4 KB,
teoh, EERE e R E U R B EFEINXX 4R/ FIi, NRENXHRFZLES
BN, NaILEEE—NNHE inode ETELLER, XESHEM inode BYEK
2, NRXERARBEEEAEY, EAILIEE—TMRANE Inode WFTEELE, X
FERLRZ DB BERY Inode #4
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

INRETE Ext3 XHRZ L RERYT BEME ACL, NEIEXH AR ELEI R inode K/VE
EN 128 713, H¥E inode IFTERELRIEE N 8192 F13, FKIMEE SLES 10 1T, fEFA
U TEA—M7E AR E inode K/NAKRE inode RFYF T #ILEER:
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o EMFRENY Ext3 XHHEGAIRE: T AYRIESRF, 18K /etc/mke2fs. conf X
By defaults ZB43, LA inode size# inode ratio i&EBFFFEMERIAME, XLEEE
RN AAZIFRE IR Ext3 XEERS, fFi0:

blocksize = 4096
inode size = 128
inode ratio = 8192

o ERSITI: HE EX3 KRS, ¥ inode A/ (-1 128) MRS inode BYFHHLL
(-1 8102) 5384 mkfs.ext3(8) Aosi mke2fs (8) M, fltl, EALTHE—®
/%

sudo mkfs.ext3 -b 4096 -i 8092 -I 128 /dev/sda2
sudo mke2fs -t ext3 -b 4096 -i 8192 -I 128 /dev/sda2

o TEfEM YaST RiHAiEl: EREEHAE, FiE Ext3 XHRANEEE inode K/NIE
inode MF L EME, FEEUMIET FHRES XTTEMN YaST #XIEFH, EFEh
SXExt3, RRREHEIET, MXHFRGETIIIEEFRAIRA/N (B). & inode BIFTEUA
X Inode Z/NTFRIMEAR, EZFFRFERIE.

Bgn, EERA (B) THIEHIESE 4096, £ inode BYF T8 FHIMEHIERE 8192, 1E
Inode A/NTHIERIESF 128, AFEEHTE,
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21

SRR

IREPBISIE(L)

‘HDHE |

RAN (B)S)

| auto - |

& inode FIFETIE()

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

5.0 |
v EEENGE

Inode A1)

| default - |

v BRE3IHEED)

- EEH) | | WE©O | | ®mEO |

o TEfER AutoYaST RiEHRIE]: 7F AutoYaST EEBXX R, ERILIERA fs options 4Rid
Ri&E opt_bytes per inode LbZ(E (-i}8192) LUK opt inode densityfE (-
1 79128) :

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

<partitioning>

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

1.6 Ext4

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

B 2.4 RIZIRAMERHEEINGEZ —, ReiserFS fEA 2.2.x SUSE RIZMIIZIE*MERF 1R
¥, FEJ9hRZS 6.4 BY ReiserFS 2H Hans Reiser #1 Namesys FF & FBAI& 1T, ReiserFS B3
EAEBC R Ext2 IEERANBER RS, HEEMAS@IHERIELINE SENHETEE
. BEMEEIARIEE. FIRIERRIRE RN UN AT EM,

@ ==: SUSE Linux Enterprise Server 12 323549 ReiserFS

WA ReiserFS 43X 7E SUSE Linux Enterprise Server 12 FEXEREIIS X, TATT
#. M SUSE Linux Enterprise Server 12 Ff4&, BT BIEH ReiserFS X RFAHIE
o

1.8 XFFHVHMNXFRS

2 L1 “Linux RESZAERGZEET 3 linux SRV E M —EXX A RGHIT T 545, HRXEX
HRAETEEN THRSTERENERNFIRER AL MBI NERIERR MR,

£ 1.1: LINUX PR GETR

X RG5HEE g

cramfs [£4887 ROM Xt &%t —MEEENR 1% ROM XHERS.

hpfs =R RYE: IBM OS/2 tREX RS, RERBR TR,

1509660 CD-ROM ERVTRAEX 4 RS,

minix X HRFREERRERAZNFEATE, E7& Linux PERNE—
IXH&RZ. B, ERBFERENXHRS.

msdos fat (F¥1H DOS FRANXHGHRS) MECHSMHIRIERARA.

nfs MEX GRS EUXERGF, FILURSIEEFEENSPREMAT

BANL, HILEIMERTIARNER,
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X RgpEE P

ntfs Windows NT X &4, ik,

smbfs Windows ZFr= s IR SS 287 H SRR Hplid LS /B B XA Al

Sysv £ SCO Unix. Xenix # Coherent (FF PC B9 Unix &%) Lf&E
F.

ufs £ BSD. SunOS I NextStep /. REREAX TIFIXHR
o

umsdos MS-DOS ERY Unix: EATE fat XHFRFZ LN, BERIRFHX

fH3R1S Unix Thae (BUR. SERFIKXHR) o

vfat EPAFAT: fat XHFRFHIT R GZHRIKXHR) -

1.9 Linux A AREIXFRYSZ F5

B4, Linux THENSAXHANA2GIB (231 FT) . BRIEXHRASFAR M, BN 32
URYE ERRAXHEAR/NA 2 GiBo

Bal, FIEEXHRGEESR LFS (REXMHH) 6, Eie LA AXHR/NA

28 W, F 12 I RANEAAN (G, 4KIB AN BRT Linux X
MX RS EaEE ERIARE. RPHBFETXHRRARER 4 KiB RA/NHRILEH,

XEBANNE, ERARRAN, ERUMARE, ERAKMMAVIRET, = 1.2 "SI
Ay Em AR (FEEEIL, 4KIBIRAN) RRRAXAER/NAIESRTXHRFRILFA

o

Q im: —HIEK
RS 1024 FF =1KiB; 1024 KiB=1MiB; 1024 MiB=1GiB; 1024 GiB=1
TiB; 1024 TiB=1PiB; 1024 PiB=1EiB (SBi&SM NIST: Z#HHIEEMIEIZE (http://
physics.nist.gov/cuu/Units/binary.html) @) ,
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® 1.2 XHNXHRFHRAKRD (EENEI, 4KIBIRKD)

XERFK (4 KiBRKY)
Btrfs
Ext3

Ext4

OCFS2 (FrRIAMY R’
EFRRSEBRAIX R 4)

ReiserFS v3.6
XFS
NFSv2 (ZF i)

NFSv3/NFSv4 (F i)

O ==: kB4

RAXHFRFEX )
16 EiB

16 TiB

1EiB

16 TiB

16 TiB
8 EiB
8 EiB

8 EiB

RAMFR
16 EiB

2TiB

16 TiB

1EiB

1EiB
8 EiB
2GiB

8 EiB

& 1.2 "XHMXGRGHRAKRD (BERIN, 4KBRA/N) MTATEXEE ERI
HIPRE.  Linux RZB &AM REIESER FHEAENXHMX 4 RSGKR/N. TENA

7 XEER

XX

ERMNELL, XHFREEBE2TIB QL FD) o

X ZRGFK

X RFRAALUN 27 NFT, B2, A RNEBEEARBHX—RE,

1.10 Linux RZEERIES!

7 1.3 “hE7FIEE" R£5T 5 SUSE Linux Enterprise Server ¥xEXRIfETZRI IR o
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®1.3: fEEFRE

fiFIhaE PR

SFFHY LUN RAHE F1B17 16384 1~ LUN,

S8R LUN WRABEHRE AINBERTRERG. 8MRERE—TE
#M LUNo

SMBERH LUN B E U KRS HBA B Fr
BERATE T LMRBIRS] (GEeri@iE HBA 4
16777215)

HBA B A= FBR. SERRPRHIBURTF RFH PCl FERYEX
=

FMRERSFEHH device-mapper- KAH 1024, ERMEBURTFENZKRE

multipath BERABEHE (211) BENZESFREKE, ©= multipath-

tools FHY—PMRIFIERIZE, MRILRHS
SERE, NAREHEE.

B—TRIEERIRAKN/N &% 8 EiB.

1.11 XHRGREERS

AT 4 RS — L ERIREA B] BERVAR R 5 2o
1111 Btrfs $8i%: 188 E2ARIR=

fEF Btrfs XFRFRIR (/) PXEFLIZER IR, BKREIEIR “§& E8ERETE -
BB TIKERD, T A X IR A sER AT HERAE S
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1.11.1.1 Snapper {REE{EHEVEE =IE

9N Snapper Bt 3 Btrfs XHFRFAZITH, W 88 gERRTE REBEEHETRA
AR EE BRI 2R,

AT LA Snapper RERR—LEIRER, FI, REBARIIZAMER, AIEFERRETSENTEE
o

EZEM Snapper FIpR S 4

1. T LIRSS,

2. EHRSIETMAA, WNbtrfs filesystem show, fl#0:

tux > sudo btrfs filesystem show

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

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

3. A

sudo btrfs fi balance start MOUNTPOINT -dusage=5

E LR HREEMREE TN THRIERF, NMATFWREIZEHIFHER
KA TR, IHIRIERTRERE—LErta] (1 TB #UBRIRERERZ /) , Fod, 7ELLEA
Bl RSG5 LAfER

4. 5 Snapper HBVIRER, @A

sudo snapper -c root list

5. M Snapper FfilBR—EZMRIR, A

sudo snapper -c root delete SNAPSHOT NUMBER(S)

SR RIARVIRER, IRERERBVBT AL, HSRRNTEmMER,

ATEGEIREAYE, EEILIEN Snapper BEBE L, AX4AT, BEEN (EEEE) ,BT1E
“IBi Snapper #ITRAAKMEMNRREE” ,57.6.127 “BERLR . EHRREENEKE
{&% EMPTY *. NUMBER * 1 TIMELINE *,
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MNREX M ARG EEECER Snapper # Btrfs, BiERE MG FinEMEFRINEETE
BE, YaST P Xi2F=BETE Btrfs fEER2 IR AR A RGBT ERE T BINRERTE,

1.11.1.2 B&. pnlEFEXHERNEE=IE)

MRAGHEERIEH T 8HIE, BolUA=HAM /var/log. /var/crash. /var/lib/systemd/
coredump # /var/cache FBR 4

Btrfs iR X1 &% F% /var/log. /var/crash# /var/cache EIEEEEEE R FEIgEaE
FFrE A ETE, SR ALALRIE, A BITLERR, SUSE Linux Enterprise
Server {2t T Btrfs FHEH<F. BXIFHAEE, BBNE 1257 “Btrfs FEELIZ

¥ o

A ALHEN L, LHESNARERMERGE, SthalgefEE /var/lib/
systemd/coredump, RIZEZEMBEFEED,

1.11.2 BBCRERANXHEFRSR

EESMEER (SSD) MFBEEEENSY, BRREXHRAFERIRZEER, SUSE Linux
Enterprise Server 2 E S FFEGHM TR A AT E XH RS L HITIXLERE
2i@idintT /sbin/wiper.sh, %5 SUSE Linux Enterprise Server bXX#FMIXH%
4 (Btrfs BRIM) o EBITUHIZRZ AT, ESHEIE /usr/share/doc/packages/hdparm/
README.wiper. MFAZHREMIRSERYE, BARK—XEEREH, £H -0 discard
BNXHRARMEEMERE, FEIREXT SSD WA mmEM fAmERm, EILAREIER L%,

&8 REE Btrfs L{EH wiper.sh

wiper.sh BIASEHRENNIEE extd 3 XFS XHRFEURTEN/RENF R 3
ext2. ext3. ext4 F1 XFS X RFZMEIRIR, BT Btrfs XH-F 4% LEMH wiper. sh,
BNATRERIRIFEIE, WiZ{EMA btrfsmaintenance B## /usr/share/

btrfsmaintenance/btrfs-trim.sh,
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1.12 HER

LFEMANBIXAHRGTEEHEECHEDR, AIUEEFHRIMHTIRES. ESXENE

DA la)R .
* Kernel.org £ Btrfs Wiki: https://btrfs.wiki.kernel.org/#
e E2fsprogs: Ext2/3/4 File System Utilities: http://e2fsprogs.sourceforge.net/ #
e Introducing Ext3: http://www.ibm.com/developerworks/linux/library/|-fs7/ a

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

BX Linux X RSN ZEHEEBFIRTE, 1EE 0 IBM developerWork HH {Advanced
File System Implementor’ s Guide) (BEXHRFALEIER, Mitk: https://
www.ibm.com/developerworks/linux/library/l-fs/ @)

Wikipedia B £ “Comparison of File Systems” (XERZLLEE, Mik: http://
en.wikipedia.org/wiki/Comparison_of_file_systems#Comparison #) 2T W&
A% (FUXE Linux XHRS) BRI,
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2 FRXHFRGA)

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

XU RFENFFRAER/NA R RS B=ENEMNINEE. SUSE Linux Enterprise Server H1g
HTEBRTXHEERS Ext2. Ext3. Ext4 K ReiserFS XGRS FIREA/NLRIEF, XLESA
2R ZHFAN TG MNFLR AN

®2.1: XHREHFAEXRDRZE

XHFRE KHiERF AKX (HBKX) KD (K4E)
Btrfs btrfs BXAN BXATL
filesystem
resize
XFS xfs_growfs BX# RHF
Ext2 resize2fs BXAN BN R BRAAN
Ext3 resize2fs BXATLEI AN X BRAA
Ext4 resize2fs BXAN S ARAN X FRRA
ReiserFS resize_reiserfs BX#lEAAL X BRATAN

2.2.2 BEINXAERGRIA)

ERAILUSX RSB AEIRE LNRARATIE, SHEE—MERK/). BRERERREIN
HRGNANZ BN EHEEEN R,
AX M RYHEERBHA/N, BHREMRANEEUTHRE:

o MRNBIARTFIMBHIENAR/; SWSEKEBIEER.
o HRNOAFTH/NTFHENKEAXD, RAXHERZERNFREBHRIATIE,

2.2.3  BUNXHFRFRIR
LR B & LB RABIA N, EREIIIANARIL TR
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o IRNBRRTFMEBIENARN; BNEREHIEER.
o HRNOAFTINTFHENKEK/), RAXHERFERNFREBHPTAEIE,

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

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

2.3 EX Btrfs XHRFRIK /)

N Btrfs X RSfG, ERILUER btrfs filesystem resize e REMIZXEFRFAHIA
N BNT XHRGEY, 1EINFG%E NKRIIZ I,

1. {TA— P &iRERIS,

2. BAECEENNXHERTEEN.

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, BIHNUTEHL, REBEAXGREHIEER/NEILE
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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

BNXFS XH#SfE, ErILUER xfs_growfs sa < KIGNNIZXERFRIK/N XFS XGRS

BIAR/NTTE R
1. fTA—&iRERIS.

2.

HRERBEBIHIXHFRAERE N,

. &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, REERAXARFRIFERKR/ NS

df -h

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

2.5 B Ext2. Ext3 8§ Extd XHERSEI AN

FTEETENTHNMNOX, ZalLlfFEA resize2fs spS$I18H0 Ext2. Ext3 f Ext4d XHERFEH
Ko BERLD Ext XERZHA/N, BEFEEEH,

33

1.

2.

3.

A — M RiRERIS,
NRBE DX RFRNK), IFREHE.
ERTINE EZ —ERXHRFERIAR/:
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o ERXHRZEXI BARA /dev/sdal BNEENSRARTAXD, BRI
sudo resize2fs /dev/sdal
MRKIBERNBIL, KIRKERRINRZDEBIKR .

o BEERXHARARERNTEKRND, BHAN
sudo resize2fs /dev/sdal SIZE

SIZE B¥IEE NG RFIBERIF AN MBRFIEEEMBNM, WA/NSEHIEAL
BXHRFHBRAK), BRI LLUERERNSHREEMIN L TIEP—FEAIERI: s
RTRS12FTRHX; KREKKB (1KB 1024 FT) ; MESR MB; G&EE GBo

FEFBR/NTTRBHLR,

4, MBERENEZXHRSG, WREENE.

5. BIRANUTEHS, REEBEAXHRSEER/NRILE
df -h

R A (df) sn S EREEN SN ERANRBURXH RS LrTARRER, -h ©®5
SZLAATHHARARTIUVFIENAR/]Y, 11K 234M 5 2G.

2.6 T Reiser XHEHRZHI AN
ReiserFS ST AR NI TRIAN, EEROEAN, UEBHETE,
1. TH—EBEHIA.
2. MELEHOIHRANAD, TXAEREDEN, FELER,
3. ERTHB—MIE, BREN /dev/sda 1i%E EXHRANAN:
. BRXHRAA N ENRENBATRAN, HHA

sudo resize reiserfs /dev/sda2
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FEERNE, XRFEEMEIDEBTER ).
o BRXMARGY BRAEEXND, BN

sudo resize reiserfs -s SIZE /dev/sda2

¥ SIZE B AFRERDN (UFTREM) . EEATUAEIETEEM, 5490 50000K
(KB). 250M (MB) & 2G (GB), f&tAIUEERIEINLNS (+) IES (-), 250E
EIEns4s/ NEBRIRYA/N:

sudo resize reiserfs -s +SIZE /dev/sda2

sudo resize reiserfs -s -SIZE /dev/sda2

FRRBEAR/NTTRB Y,

 MRKRENEX GRS, WIMEENE,
BETRAU TSRS, REERAXGRFRIBEEKR/NIE

df -h

HEERTA (df) < EREENSK/N. FERNRBLUNRX GRS SRR, -h &I
KU ATHHRRRICFIEN AR/, 30 1K, 234M 5 2G,

SR Reiser X RLGTBIA/)N | SLES 12 SP5



3 A UUID ENIKE

KRENAFER UUIDs (2BMB—IRIRT) MASIREZM (5190 /dev/sdal) RKiRFINXH RS
%%, M SUSE Linux Enterprise Server 12 748, FOATES|ISNEIZFXHEHH /etc/fstab X
Hrh{ERA UUID,

3.1 BEH udev Uk AMIZE AR

M Linux R#% 2.6 748, udev ERKAMIREGREAN, AHESH /dev BRIERT—MAR
TIEFRF R, ENMRIRAZN—ES, ERZEPRMSMFRIEERZHIT udev,
BRA—MIMNGIRRE IFE L F B MEHITILA, udev MNERIGHE (£ /etc/udev/
rules.d BRPENX) NIBEEEIGEERETRENZN, TIEENRAIRFS%i%E A
ROEREINE, udev TEKOERNZEIZENARBIERES %, KRB XGRAN A
MBS MER RIS, BXRMEN udev EXEB SHRMNBESR, S Writing udev Rules
(http://reactivated.net/writing_udev_rules.html) 2 (485 udev M) .
MBS U E T RE—HE, udeviETE /dev/disk BRHPLEIFEIEMIZILERIKA
TSHHEMNZE, ZBFH—FL by-id. by-label. by-path#l by-uuid FEREHZ,

Q x=: vuiD AR
BX7T udev ZHMNVEMER (W1 LVM 3 md) tBEI&ERE UUID, BEAIARTE /dev/disk
I,

3.2 THEUUID

UUID (2IKME—ITIRTT) BRTAXGRSN 128 i#F, EARMAANEMAZHEBEM—
B, ERERGRAEEMEE (BOOEMFI—EED) BEHIER. UUID EERTH—MIRC
8o
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ERIERAMR “FHR7 RSB (B30 /dev/sdal) RIRETERINEEN SBASALIT A
SMER. B0, WRIEIR (/) $5IkES /dev/sdal, NIEHEEE SAN BEEHMBRMARSS,
RATRERREEMISIRE /dev/sdgl. EERT, SEARSMMBIEFELEM /etc/
fstab X, BURKBE LIS

BRI BN — N A ARES | SMEIRFS I SIREN /etc/ fstab XHHFER UUID, XE
B% 12 hRLASK SUSE Linux Enterprise FRIZRIANIGE, UUID @XHRZAEN—NEY, NNREH
MICIRENEE, UUID RE N, NRABFERISEBA UUID, B—MEAAH A2 ID iR
FIRFIE &

R RT LA UUID AAAE SBUEI Y RAID i&&BYAEN, HelE RAID BY, md IREhEF=791%
REERM— UUID, HREZEMFFEE nd B3RP,

B LATE /dev/disk/by-uuid B RAPLEIERBIZER UUID, UUID B RHIWTFAR:

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

3.3 HitfER

BXER udev REBIZERIFMEE, BB (E12ERE) , 821 EF “FAH udev #ITIE
RIZEREE" ,
BXx udev mTHIEMEE, BE man 7 udev,
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4 ATFRIREFIR(ENZ EERERF

LEBREFE—MEFN/2HEREBRET, EEVEERTE: — I EHRERIEERNE
MBEEERIGE (FER) RN, Z— 1T ENEES, BERTHIERENEESER (g0, SSD
INER) o

SUSE Linux Enterprise Server AiATFI& & 5ies 1% EHIBIREF R ERH R BN RS

Z: bcache #l lvmcache,

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

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

BREFLE
INEIRIRIS F o

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

AR
MRENHEEFEEENBEREFFHENGER, MZBEREFHRBRATICHIR,
EAZREEREFTERESR, FESMOERIBILE.
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BIRETFR R
/0 BIFERZ M EBREFRENEREF, WRHNAEEKNE, WIERES
SHE, AERESTIE. XMMABEEFRGP.

BiEETFm P
NREEBREFRENEREFTHREIIEKRE, WaJURERMEIZE, XIFAEEE
Faho,

REREE
MREERE (hT) BSREBREFRGPHERETF. THRITEBREFRIZENE
EdiEH, REBREFPIETHE, MMENEREERER,

BREEEF
BRET —EEH B SREREFRRIBERER,

4.2 TBIRZEFEI
THEZEBREFEANERNEREFER: Bh. BEE. KEHIE,

5o
SEANEBEREFRNBIERSENERER, FEIZRBIFCHIER, XZHIANERE
TR

HE
REEFENSTREENBEREFREZE, RAEEBREFRNENT =7M. TEHEIB
BEFR, FARERFTHRS.

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

BHi&
EEAEBEN, BREFLNET#H. BEIBRET, WRIRENZEUEREHR
5o BIEKFRIFLE, EEREFR "R . BEBATEHEEREFIRENRIL
ZISHE—EE, MXZAIULEFD. BETRENTENHT, BREFHZHTIINR

39 HBIREFRT | SLES 12 SP5



o MRELUFETURIEBEREZN—HM, HEFTLUGEA invalidate_cblocks ifl
BREIIXM—EE, NAIUEBREFREDATRERSH, SEiREEREEE
o &, AILAEYREIFAIBIEREFEIZE, AEFBEREFRNE,

4.3 bcache

bcache 2— Linux RIZIREBEEF. EAWEA— IS NESEEZWRE (FI50 SSD)
FA—IEE M RERFSHERNEBEREF. bcache XIHEEMEL, FZFIAXHRS
AR, BIABERT, EREREFRIIREMEN, XMZE SSD H’RT, eXE5RATFEaRN
M. BRSZSEMBImAEEFRET,

43.1 FEINEE

o AILfEASNEREFIREREREFESHRENEFINE. TETHATLIEENSER
ENLERFREEIRS.

s FFEEXNEME - REABREFSRBRE—BETTHE No
* SSD HRZERRFIZZE SSD B E,

s BMMERIKELR. HHIEREZRAIFINFS Ho

o RERISE, AIEEFHRRER.

4.3.2 i%E bcacheig&®
AENBIGEMEE bcache IEZFNTE,
1. &% bcache-tools £:

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. IEBERERFIRE (BER—1 SSDHE)

sudo make-bcache -C /dev/sdc

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

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

O =BT 2REXHE
make-bcache FIEESFFIMEZ N EEIRES —MEEREFIRE. EXWER
T, MEEAEERBREFREFERIEERE:

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

4. bcache ig&EBETN
/dev/bcacheN

gl

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

Eo] UGB —1F IE BV ILFIZEN bcache 185

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

&/ LATE /sys/block/bcacheN/bcache Fi@id sysfs &l bcache i€ &,
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5. IMBREFKENEEHIREE, EERERIREEEIEXNBREFET EEHBR
1z

echo CACHE SET UUID > /sys/block/bcache@/bcache/attach
Hrr, CACHE SET UUID AJTE /sys/fs/bcache A1kEl,

6. FAINBERT, bcache EAEHBBREFIRI. BEMNRIL, g, BEXATREIRI, 5

BT

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

4.3.3 {EA sysfs B bcache itE

bcache i8&FH sysfs EOAXRMBEFEETHNEREME, XiE, BEAIUEN bcache F&HIEE
MBREFHENITH, AEEHEARITEF.

BX bcache sysfs SBHHITETIXR, 1HEF /usr/src/linux/Documentation/
bcache. txt XHHAR, FEEE SYSFS - BACKING DEVICE. SYSFS - BACKING
DEVICE STATS #1SYSFS - CACHE DEVICE ZB43s

4.4 1vmcache

Llvmcache BHZIEE (LV) ARIBEREFIIH. ©6EA dn-cache AEREHERF, XFES
(BRIA) MEEBEREFHE. lvmcache AIRGARIEE LV BB D EURCHSEBEIER. B

RILV, MmiEEHEMEE. AX WM BEAER, 8205 || 5l 255 (VM) .

LVM R/ NBURGE LV AR B R TF it LV, RBUSE LV R Vo BT dm-cache B9EXK, LVM

HE—DFBREFM LV DBIRA-MEE . BREFNE LV NEREFHE L. KERLVE

SIERBSREFTEREFLE LV, UREEE, BREFTHE LV RFIEKER, XE
= BIEESIERIEF B,
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4.4.1 B2E Lvmcache
ETNBONEFNEEET LVM NEBEREFNTE,
1. BIEE LV, Bl LV, SiERIMA LV fERE LV:

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

2. RIBEEREFHEE LV, It LV IHRERBR LV AVEHER, 1t LV IR/ NEBEREFNK
N, RRERNEREFM LV BRI

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

3. BIEEERETFITIE LV, It IV RARFEREFBITHRE. It LV IR/ EBREF IR
1 LV K£9/)V 1000 15, HE/VKR/NA 8MB.

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

5l S B AT A LEFR R A% ©

lvs -a vg

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

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

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

4, BIEEEREETE D LV, BHUR LV FITEUE LV ASH—NBREE N LV, BT LIEE
BIREEM LV BT,
CACHE POOL LV 5 CACHE DATA LV R®.
CACHE DATA LV E#:&A CACHE DATA LV_cdata, FESFREIER,
CACHE META LV E#&A CACHE DATA LV_cmeta, FESFREIHR,

lvconvert --type cache-pool \

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

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

5. BIBEBRETE LV, BT IGEREFM LV FEZEIR LV REIZBIRERE LV,
BRRIAIRMEBERERE VSR LV ER, 8LV IETRERRZ A ORIGIN LV_corig BIBRHE
Vo
CachelV 5 ORIGIN LV [@%,

ORIGIN LV E#&N ORIGIN LV_corig, FEABREIR,

lvconvert --type cache --cachepool vg/cache data lv vg/origin lv

lvs -a vg

LV VG  Attr LSize Pool Origin

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

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

[origin lv corig]

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

4.4.2 EREREFM

B ZMERH LV BRETF.

4421 MEBERERF LV DEEEREFM LV

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

lvconvert --splitcache vg/origin_ lv
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4.42.2 EIFRHBREFMLVERERFREIELY

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

lvremove vg/cache data lv

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

lvconvert --uncache vg/origin 1lv

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

lvremove vg/origin lv

4424 TEZEER

BJLA7E Lvmcache 51 (man 7 lvmcache) A3kEIE X lvmcache WEZ @, a0z
HEREFEN. TRNTFEES. BREFRERRE, HEBUE LV ERAABREFLE,
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Zig% (LVM)

LVM ECE 47

LVM &R 75



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
TIESDKX (PART), 8MOKIERT —T&RER (MP), LUEBRERSGALOLRE]. EAM,
BRIMEE, —MEED N2 MESX, S—MEED N 3 TMEIX. EXTHED LM E
A (VG1HMVG2) . VG1EE DISK1HRIF XA DISK2 FAR—1P57 X, VG2 E& DISK2
PRERR X,
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5.1: ¥ESEXS LVM

£ VM, EHEESHNYIEHE D XITAMIES (PV), EE 5.1 “VIEHXS LVM” B954H
B, EXTOAMEES (WV1ELWV4) , BERGILIEBTXENTER (MP) RERAXLLZIE
o FEEZEEZENORFT—EREMIXIAR, BESRARGIH V1ALV 2 ZEBAR,

LVM IhgE:
o ALIBZREREHZ NP XEHN—IRANIZIES,
o NRAEESIE, HUATEATRE, UKLV (I /usr) o
o BEEEH LVM, AIUEETEEITHRARMNERE LV, BXFEZ RIS (ERATHUE
RERES
o IIEERERAR, A ESETYIREERD LBESWIHIER. NRXEYIEEMUT
RAEMEE L, NSRS MHEE SEF RAIDO)
o ERMRIBRINEER IEEEBITRAATHIT—RINED (LHESIRS:S) -

Q ix&: WMAIRAID
RE LVM th323F 0/1/4/5/6 4589 RAID, {BEEINAER MD RAID (GBBILE 7% “Hiff
RAIDEEE” ) o AZ, LVM BILAS RAID 0 #0 1 #8EcER, FE7 RAID 0 E T BRZE
HEE (FNZEREMHIIRISE EMR) . £ RAID 1 £t EERAR LVM BT LURER
BREEY, HESEBSERP IR, FRAFEEM RAID K3, FEMEB—MEESTP
R RIEMEENEENRES, HEEEEYHIEANBNEER. VM 8&XMHT
PIER, BESEBERT (BIUNg&EHEE) , ZFPEFTEESIE
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ZE: IBMZ: WM EXHRESR

MRIEB RSB RYETEIE LVM S RAID FE5I, MKAUE /boot BEF &34
B9k LVM 3R3E RAID R b, BMRSHEASI S HHRIEINAINS 500 MB, 2
IWBISTHE RSN Extd

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

WX GRS, B2, EiLE, FH WM SERRANDXERTRR.

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

B, EZRNEAN LVM HOWTO (http://tldp.org/HOWTO/LVM-HOWTO/) A,

52 eliEHAH

LVM E4H (VG) =35 Linux LVM 73 XABR B —NZEENRAR, &R I MAR I AxE i3
ZEEE. AP Linux WM XA UEMRESARMBE L, SR LIRS XS MELERT K
HRIR o

BEARME, ZHEFNFEaEANK, FAPKE, FMREANDTX. ERIXRINEI VG
BY, YaST ZBEMFENRNDKEEEN A 0x8E Linux LVM,

1. #Cnh YaST HFT A XiE,

2. MREREEMEENESXKIRE, FHIT TEHIEE. BXAT, BER (BEEmM) ,
F128 "BREEILE” £ 1217 “ERAYaST HKRER" . MIREREEHARERA
MWHENEFENIX, BRI E,

TE. ROXEE ENYIES

ALUERE MRS RWHSRERTIES (PV), SRR TSR ERAIH
&, WRRIBMERGM 3 SHRIR.

TR ENHEERAESIRTARER, ELRESWESREFERD
il
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50

a. 2EASESDKNENER, BRRZEE LB DX,
b. 2ERAIFEENNDK, BRHEERH,

3. FAEMERT, EFREEE
AMERPEISITARE EAHNTIR,

4, 1 “EEE TEETA, BEHAN> 4,

Hmed

amsp K
A5

EEHFNP)
4 MiB v

R : BrEl R .

& Frb BEiE %3 WE kb BME %R
f/dev/sdal 10.00 GiB % Linux LVM

/dev/sda5 20.00 GiB . Linux native i —

/dev/sdb  8.00 GiB E QEMU-HARL

ey 1 (R
/dev/sdcl 4.00 GiB % Linux native Sl

— £k
— 2HER

Bl 42,00 GiB BeAoh: 0B
A (H) HE(B) #1ER) | =mE |

5. WINTAARENXEA !

a. IBEEHBZM,
MRERENOIESES, BiIGHEE S SUSE Linux Enterprise Server X R4
GHEXBEFR system,

b. IEEVIEXIE A,
YRR X I A/ NEX SHPYER AN, BAPHMEEET MR A/NHX
HRFAMIBH, ERTLIZ 1 KB E 16 GB (2 MIBH ) . BERILEIRE N 4 MB,
£ LUM1 /1, 4 MB ¥EEXIZAFHIRA LV K/VA 256 GB, EAENREZRFEN LV R
% 65534 PMX1E, SUSE Linux Enterprise Server E{ERAR LVM2 REREIYIEX 15
HE, XFEHIZRAFMEIESER 1/0 HEe, B VM TANZRE,
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O == mERELN
BNVG FARMNBEB REEXIE AN, KIFTEVIBIRERFRIEN,

c. EARYIEEIIRS, ERERNIEH—EDH Linux LVM 2K, ARBER
g ENZEIPmEYIEE IR,

d. BE5E.
AR L IMESHTIRF.

6. £ “BEE WL, BE T, WIERKIILTHEAR, ARELTH.

1. EREMEYIELERTEAEN—8D, FIMRESITRRSTIIH YasT #KigRr, A
FREEEE > fFHiE > VEinE. BETILEEBFLES.

2RIREF

RGN (22 ¥4 . /dev/DATA
= o " - N
B tnwcvwio whO | EREU EE P
&= Ea :
T sda & Kb FEME %3
+ sdb fdevfsdal 10.00 GiB @ Linux LVM
+l sde fdev/sda5 20.00 GiB % Linux LVM
sdd /dev/sdb  8.00 GiB [ QEMU-HARDDISK
¥ sde /dev/sdcl 4.00 GiB (9 Linux LVM

£ RAID
o2 sem
ISk

GRS

B3 nFs

@ Btrfs

@ tmpfs

& krEE
(2B =gt

HA(H) 1 (R) =

5.2 879 DATA MIEAPHYIRE

5.3 tliEiZES

ERESRE—TE, h=EhSEERENTEEM, Bitit=EAA, FREEXEE
B, BHESAMNT—TEHEDK - EAHUHITRIAMHBEEANRS
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fEF YaST K XIEF MM B EALETIES, BASNEHEEVER—NZES. ErLURES
ZoREHNZES, BIEAPNFERBETEEAT AL, ATLOEF G EEE—1 LVM
BiEE, UWESIBANMNBHIETEINZIESE (BXIFMER, BEIES3.1 1T “HEREDN
BEE” ) o
o TiEE: (RN RAERUADEEMNTIEL
o FEH: BEEETBHELSFERNTEM,. EEUTURENENDEENFAIENTE,
o EE:. ZEWLEBENERSE. BEESERENEMDEFAENTEL,
o Ri%E: ENETESEXHENES.
332 5.1: i88BiZiEE
1. 6 YaST HTH D XiEF.
2. EEMERE, EFREEE, ANERPEISFTHIEEEHNYIE,
3. EREBEEERQIEENER, ARIEFEAN > ZiES,
4, IREENZTT, REERZESE (BXKERGIEENHEXER, BERES3.1T
“EEREENZES ) o BE TP,

7= /dev/DATA LEHiNEHE

£
ERE
LOCAL

ESi|
O E&EE
O
O oEE
B Al

A (H) BB #IER) | F—#M)

5. EEENXINMEZEERZ PR
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53

ERATEXEN, BES MRS ENRHE NRXEYIESRBEERENERZ L, N
BESRSREME (5RAID0EM) . IRFXENEAURENIEENHE. N
{8 (1) REAERZ I HES.

#E /dev/DATA L¥iNEM¥E LOCAL

K
® BH/ (41.98 GiB)
D BNk

41.98 GiB

A

1w

5 (H) BB H1ER) [F—%m)

6. EFREHNAE. EEILAMRBERRSFMEEITFINEERNIUAME, XEEAET—
NMEBRRENR, MRFHE, BiEFEREE CREIUL) o

T /dev/DATA EFHiNZ3¥E LOCAL
fafa
D B{EAR
O HiiEFn ISV B FE R

Bl
® FuE (Femi)

HA(H) EiR(B) % 1ER) F—#N)

AIEB1E | SLES 12 SP5



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

8. BHTTAko

9. BEHET—%, WIEREYIH TMEBVEDR, ARBEEHTTH.

53.1 f15FRIAEERIZES

LVM IZIEERIFEHITIREEE. BEEELESIERANBHITATENZES, LolEs

BXREATE MBHESKENEEFER) NEl, EE3WIENERS, HIRERE

MBI BR8], A LIRIBRESY A, ULIEEZ NSO . BEiRENET

XHFIRER (RILAGEA Snapper #1TEIE) — AXIFMAER, BEN (BiEEE) 718 B

iZ Snapper HITRAMENIREBEIE ,

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

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

e
ZESWEBNERE, EERRFENENDEPIER=E,

O == nEhERENS
EEARETIEERES, FRENEMNESHIER M EERRPEE, Laf
EEHEMEMRAER— TR ELIREFHEN.
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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 1REHKIEraid BEE

BeIERESE, BEA Lvcreate i<, TENTRHNEEIZE— 500 GB X/NMEREH vgl HY
ZiEE, HREEmTEN vl 5K

lvcreate -L 500G -m 2 -n lvl1 vgl

ERZEEE—MEZME (EHE) , IRUXGRFEN=181Z% mETHEERGKITE. L
ETHEE IZ SRR/

ZIEERYD AL TERIAKINN 512 KB X, NRFEBREARNNXE, EEMA -

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,
EfEMA RAID IRERE, BRHUT®<:

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

° --type- HBEEE raidl, S ZesSFERRINIEZERE mirror HEIZE raid 1%
Bo

-m - IEESRRATIT L

-L- IEEEEEHIAN.

-n - ERILETHEEZE TR Mo
° vgl - ZIEEERIEHNRN.

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

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

5.4 BohEyE3E root LVM &H4H

IEAR LVM BEBTECEITE /etc/lvm/ Lvm. conf XY
auto_activation volume list &#izdl, RINERT, ZEHNZT, HAEH, SBE
FiEE. NRRBPERLEA, BEEMEESISH, HAESHRSER, Hiu:

auto activation volume list = [ "vgl", "vg2/lvoll", "@tagl", "@*" 1
WNRTE auto activation volume list BHPENTIIR, BAEUTER:

1. BASRERTIRIOESNEES,

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

5.5 RABUWBEHAHRIK/

FIETHARSPSARMENTZE AT X, MAZERNIESYIEESIEARS Hi. XAk
TRZEERNEAD, BUE 56T “FHEEESHAN R KMEERIR.

W B LU MIFRIRE R AR NEHRIR/). YaST LATFRIBRHERIRERNYEES, E 7 HRL
YIREHFIEEFER, BETFIG<. PE Ranges FIFFIHNAX (#iEE) BIEERTH
X

tux > sudo pvs -o vg name,lv name,pv_name,seg pe ranges

root's password:

VG LV PV PE Ranges
/dev/sdal

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

DATA /dev/sda5

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

DATA /dev/sda7

DATA /dev/sdbl

DATA /dev/sdcl

1. #Enh YaST HIT A X,

2. FEMERF, EFEEE, ANERPEDZITAREEENT IR,

3. MEEFEANEA, ARBHEELR).
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5.6

A /dev/DATA BYRA

AftEE:
& Foh BindE %3
Jdev/sdfl 10.00 GiB (@ Linux LVM

i —

£FFm —

< Fk
— 2WER

Bofesh: 10.00 GiB
HAI(H) [FiR(B)

4. LITUTTBZ—:

fr e

& Fohs
/dev/sdal 10.00 GiB
Idev/sda5 20.00 GiB
/dev/sdb  8.00 GiB
/dev/sdel 4.00 GiB

Bing %m

@ Linux LVM
@ Linux LVM
[ QEMU-HARL
@ Linux LVM

AN 42,00 GiB
FIE(R)

| =mE |

o FWM: BY REAXND, BRE—IZMEE (WM DX) MAIAYEIEETIRE

S EIFTEYIEE TR,

o B BHENEANK), I HEMIEE (WM DK) MFTEYEEETIR

BRI A HYIEETIR,

5. BHTEM.
6. BEHT—%, WIEREYIH TAMEBVEDR, ARBEEHTTH.

EEESER =P )

MRSHEPERERNAATE, WEATLIEXEZEEUREESTRATE, EEAURERN
RNED hEMZAEE ] R ESARN T AT,

S

58

AR BRAL AR

BLEANE, YaST ZEN EEHAZREXAHRFRIAR/N. SHIEEANEEER
BB (BMRFIEENKD) WEBEAXNUATEXHA RS, Btrfs. XFS. Ext3

ReiserFS X HFEXHIE A H RS,
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X Btrfs SZ4FEX#N 48/ X RS, E4a/)\ XFS. Ext2/3/4 # ReiserFS %,
HH. TEMNUXFS R UIIE, ERXFS REZRXG RTS8/

1. &z YaST HFT A7 X2,
2. FEMERF, &FEEEE, ANERFPEISITAREEAHANTIR.

3. EEFEBAREES, ARBHFER).

V% B ¥ /dev/DATA/LOCAL K/h
p i\
@ J/AF (51.98 GiB)
7 f/hfoh (266.00 MiB)
B & L

15.00 GiB

it . 15.00 GiB

() fub© | | mEO |

4. EATHERZ —RBFRBAN :

o AKX T AREBBEESHA/NAERSHPHFIERIRZE,

BHK. M. G. TR KB. MB. GBF1TB ({540 20G) -
5. BEfTE,

6. B F—7, RUERFIHTENR, AFBHTH.

59 TREEZAEERIA /N | SLES 12 SP5

TBEERE]

o RKIN FEEERIA/IVED B BRI R G T SRR S BB

o BEXK/M: FBEENHA/N. WESTNFLETIHNSIMEMRAEZE, £



57 MIFrEHEIZES

0 =5 wEsk
MprEARBETHE M RR S XPHFAEEHIE. MERZEESRITZE LEENRELH
=

1. ) YaST HITH D Xz,

2. FEMERF, EFEEEE, AMERFPEISITAREEHNTIR.

3. EERENFRHNEAENZES, ARBEEHF.

4. RIFERNER, RAZIETESIIEE, BEHEURIANIEE,

5. BT %, REEETIHTRRNEE (BAEFERTHER) , ARRETN.

5.8 {FH LVM &<

B M HLHES, BELTRPMANSSNTRA. FEHSHEERE root 12
R BT, R sudo COMMAND (REREILAR) , B root SHMTXLES
%

LVM &%

pvcreate &%
Ve (5190 /dev/sdbl) LUERYIESME LVLM FH. NFREENEE LEERAX
TR, BRHMES, 7o, REELXE blkid i (BUABXRE) , pvcreate 74
BUMEXHRS. R blkid AAJAH, pvcreate AoEMAEMEE, AERTESESL
XGRFANEREEAES,

pvdisplay i&#&
ERUVMYEBENEXES, fINSs T EEEESTER,

vgcreate -c y VG NAME DEV1 [DEV2...]
ERA—HZMEERILECIEFEESA.
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vgcreate --activationmode ACTIVATION MODE VG NAME
FEESAMEERN. FILUEE FIlEZ—:

e complete - REEAUERRREMIBETMAZIES, BMERERNZESEBRITX
PR anLE.

e degraded - BRIARVAUER R . NRBEBHNAREIRBEENZES, MEMER
DRSS, WEEBEZEES.

e partial - BMERR/DELEYIES, WM BRI BUEEH, MRENFEARZIESR
DEBEMNYIES, WEELTEHEZEES, HASREFNERBRHITLRE,

vgchange -a [ey|n] HHZMR
BE (-a ey) HifEA (-a n) BHENEIBESMNEN /.
BUEBETWENEN, BSUER ey ET, HERBAEETMATER,

vgremove HZHZFN
MprEH. BEFBIL GRS ZAIMREES, ARERESH.

vgdisplay #4HAFR
EREEEHNEXRER,
BYREANYIIEXIFHS KA/, BN

vgdisplay VG NAME | grep "Total PE"

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

lvcreate -L SIZE --thinpool POOL NAME VG NAME
ETH4H V6_NAME 2 BRBIEEA/BYEM myPool,
TEIRGISMELSE LOCAL BIEEA/NA 5 GB Ry !

lvcreate -L 5G --thinpool myPool LOCAL

lvcreate -T VG NAME/POOL NAME -V SIZE -n LV NAME
£/ POOL NAME FREIZEZIES, TEMNRFISMELE LOCAL LM myPool BIEZ A
myThinl 89 1GB &%
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lvcreate -T LOCAL/myPool -V 1G -n myThinl
lvcreate -T VG NAME/POOL NAME -V SIZE -L SIZE =-n LV NAME
HEAI LB — e < R S 2 MANEZES

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

lvcreate --activationmode ACTIVATION MODE LV NAME
FEEZESHEIR. ATLUEE FMlEZ—:
e complete - (X HZIEERFIBYIEEE L T ARSI 7 8BRS ZIZES,
* degraded - BAIARVAUEIR. MNREBEBHAREAKFEREZES, WEMGERR
DREEYNIEE, WG ZEES.

 partial - BMERDELYIES, VM BESRRFES. NREBEESE—MHAH
A, ERILETRIREZSBEEERR. BETMERLIED, BEREHEN, Enlse
=8,

fEa LUBIETE /etc/lvm/lvm. conf F$ERE activation mode EEE R EREZ
—, RIEEBEZER

lvcreate -s [-L SIZE] -n SNAP VOLUME SOURCE VOLUME PATH VG NAME
SIRIEEZEENREE, NRREEA/IET (-LK --size) , MRBEWEIZEIE
TRER,

lvremove /dev/VG NAME/LV NAME
fipxZiEE.
FERLSHSZa, BLFER umount S<SEIFEIZIES LIEEXAL,

lvremove SNAP VOLUME PATH
PR IR IS

lvconvert --merge SNAP VOLUME PATH
RZ e R R N IRERATAR S

vgextend VG NAME DEVICE
FieErigsE (MEL) MIZINEE4H.
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vgreduce VG NAME DEVICE
MILEEHPRIFFEE YIRS,
HRYIESSRAREEEER. MRETERTR, NWATER pvmove ss SREIEZE
S—MEE.

lvextend -L SIZE /dev/VG NAME/LV NAME
T RIEEEZEENKN. MfE, EEBTHENMT KX 4 RF U0 F BT 7TR=E,
BXEAER, BBRE2E “BEXHRAXNN o

lvreduce -L SIZE /dev/VG NAME/LV NAME
VIS EZEERIK ]
TEaNEZR, BRERTBROXGRGNA)N, BNRIEESERSE. BXFAER, B
BAE2E “PFRXHERKEKRI

lvrename /dev/VG NAME/LV NAME /dev/VG NAME/NEW LV NAME
EHBIUE VM BiEE, HEMEASENEHE,

() =R tIEsgsT udev
WNREREMER LVM MAE udev MINIRER LV IRET AT SiE, A UERTIAZE
Z—REIF udev K HIBEHN:

e 7£ /etc/lvm/lvm. conf HEZE activation/udev rules = 0O
activation/udev _sync = 0,
BEE, £4 lvcreate s<$#EE - -nodevsync R 5188 activation/

udev_sync = 0#8[; HFEILE activation/udev rules = 0,
° REIFIETE DM DISABLE UDEV:

export DM DISABLE UDEV=1

XFWEEE | udev K@, LES, /etc/lvm/lvm. conf HFFE udev ¥8Xi&
BRI,
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58.1 Hm<TPEEEEX/N

lvresize. lvextend #l lvreduce ST ATRBEEELE KA. AXIEEMATESR, FS
RENHGSHWFMT. BY B LV, V6 LU AE BB BRSO ETE,

BN YaST P XEFRIE A4/ NEES, £ YaST Y, EHRXHRANK/IMESIER
1TEEhIRZE,

LV A UTEERPIRES FHITF S AR/, BRE LNNHRATEMEZIAE, I EHSE
LV A= BahfEREPXERANK/ N, MEHIERAEMGIIEANE RS, BXAERXGHR
ZRNER, BBNE 2= RGN

FRhiAEE LV KBS, EREERERNIRRE

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

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

3. ERIRITHI BT, WAL TS LUEMNZEE A/

sudo lvextend -L +SIZE /dev/VG NAME/LV NAME

XF SIZE, BIEEEMEEZEENTEAE, FIW10G6B, &/
dev/VG NAME/LV NAME Ei#9i8EER Linux B84, %0 /dev/LOCAL/DATA, fl
.

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

5. IRMTTXHZRG, BREEREN.

Bgn, ¥EE (BEENFHREGE) Btrfs B9 LVH A 10GB:

64 R < AEIZHEE R\ SLES 12 SP5



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

BH/NEERIA), IBHRITUTRE:

. TR &iRERIG,

. IRZEEREE Btrfs XHRSE, BRHEET. WREBSHEMIL (B4 Xen VM) £

ENXHRS, BAXAZ VM, HEE, T8 XFS XHRFEHEREERM DR/,

FABXHRFEHIAR N BXIFMER, BBUE2E “HEMXHRGN o

. FRIFEF SRR, WA TS LUIEEEESNA/NENAXXERFRIAR

sudo lvreduce /dev/VG NAME/LV NAME

5. MRHMFTXHZRGE, BRHEEHREN.

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

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

O =7 FERA—£HRBESNXERARAN

65

M SUSE Linux Enterprise Server 12 SP1 744, lvextend. lvresize #l lvreduce
¥ - -resizefs &M, ZAMAMYAIAEREN KD, MEXREEBEXGERFANK
e Etk, EEFREY Lvextend #1 Lvreduce ;R AT LABK SR 9 -

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

HEE, UTXHRSEIE - -resizefs: ext2/3/4. reiserfs. Btrfs #1 XFS. BrIZAE

£ SUSE Linux Enterprise Server @R ILLEEZEE Btrfs BIA/N, FA LiFERESZILE
I,
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5.8.2 & lvmetad ShACE LVM TTE

RE7 LM s SR B AT EREERRNEEILSE LA LM THUE, TFHF18 LVM 1%
it, MRESEFRATA, W LVM BIEREFNFAEYIEREIRE. TR TSHENRS
h, XEEREMN /0 1§1F. WRMETEMN, LVM 52 AlRERBEF RN R £,
Eid lvmetad BIACE LVM STHIBRAI R IEIERE, Lvmetad SFIFRERBEEERISENRESE
B CETEEER, KRV EPAENEE, XEEHET udev MMM Lvmetad ZHE
S MRTIFERERKRIEIT, U LM MERITHE,

BINBRTRBRLED, NRZEMEEENRALERA, ARITUTRIERBAE:

1. sTA— 1 RIHEHI 8,
2. {1k lvmetad SFH1EF -

sudo systemctl stop lvm2-lvmetad

3. w48 /etc/lvm/lvm. conf HF use lvmetad i&EEHN 1 :

use lvmetad =1

4, EB5H lvmetad SHIPIEE -

sudo systemctl start lvm2-lvmetad

5.8.3 M VM BREEFE

LVM XHHEREERRIZE (FI90 SSD i1%#&E) (FARREABERRENELHNESTERET. %
BREFEHEREFERNESTE LV KIESAR SR LV FIHEEE.

BIRE VM BREF, FEEREFRELBERNEESE. RANEATEREEFELS, B
NERTREBREFTHE. MM EFBTREEMENR—TE4H, ¢IEXESEGE,
FERERMNEREFY, FRZHERIIRGE:

H3125.2 | IREBREFNEZEE

1. BIERKE LSRRG E (WRHERFE -
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2. BiEE (NRZEIRE) FNERISEFRBEHE—EE, AREYES LEZERER
HIEE,

3. QIEBEREFTHES. RENKNNNABREFHIEESA/E 1/1000, &/INKNA8
MB,

4. FEREFHEENTREGAHGH—TBREFLE:

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

5. BBEREFHERIRGE:

lvconvert --type cache --cachepool VOLUME GROUP/
CACHING VOLUME VOLUME_GROUP/ORIGINAL VOLUME

BX WM BEEEFNIFAES, 1HE lvmcache(7) FH T,

5.9 #rig LVM2 fEfFRR

RICBREFHXBFIIERAEEN RITEIENARIE, ERMRICIHEER LUIRBZINNERNA
VR FRIARICTIRMANEI LVM fETE N RTEdE, MMM EENRESHITIE,

5.9.1 f£HA LVYM2 1718
FRiE LVM2 iEfE KRG, AJATES <R ERIREKTTR U TES:
o RIEARNTHERICIERELIER LVM WK,
o EREEXHHRIIRE, ERITERS S EEBESANZES.
o BIAESMLHIEERS, BE2REETINRE.
A ERMMEAE R U TR A& LT VM HRSE!
° WRIIE
o BANR, REBMRICT REIBEITWER
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Bal, EEAUESISFHERNRBMERNITIC. TREZER, JIRPHNEEFEZERE
AFEE B REMRES T BEENE — P EHIRAER,

RERBTEXNOEABERNMUE, BXIEMRICaEMLES LY (@) F7/F, bl emytag.
EEMUIERSER “@” IR B] 1R

5.9.2 €& LVM2 frigBIEX
% LVM EAHRIEE, TR TER:

ZHFHF R
LVM ARCSiR Rl ABE ASCII AEFRF AR Z, NEFFfaflz. HF0EF 9. TRI%
(s 005 (+)s EFF () MER () BIATEUEFHFL. RAKEN 128 TF o
ZFHIEFER

A LARIE LVM2 #3855, 4. BEENZEEDR. PVIRCHEFEESHNTHRE
o MFFESASERIERANZEVIEEFRIIRIC, RIEREEARIC, BRIRIRA LTI,
LVM1 R ABEFRIE, FENHEERAZFFLEINEE.

5.9.3 @ 1TIRICIEE

- -addtagifidE 8
BimcHame (SRia) VM2 EERR. =)

sudo vgchange --addtag @dbl vgl

--deltaginid(E8
kR (SXEUEIRIE) LVM2 (B RAPBIIRIE. ).

sudo vgchange --deltag @dbl vgl

--tagiric(E 8
1EE BT 9/ EREREANEAY | REIZEERITIC.
INREHIRC SIRMBIITTCRE, WRAUTSR<SRERE (RF) -

sudo lvchange -ay --tag @dbl vgl/vol2
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59.4 BECENXFIEE
TS ERT BEAANTRHIRE,

59.4.1 1£ lvm.conf XEFEAHAFENZIFE

¥ TEAREERME /etc/lvm/lvm. conf X, UBBENL /etc/lvm/
lvm <HOSTNAME>. conf SZfFHRERIHTE MBI EMARIC,

tags {
# Enable hostname tags
hosttags = 1

}

RIEECERBE T EN LM /etc/lvm/lvm <HOSTNAME>. conf X, FEN
859437 “EXHE o

5.9.4.2 1£ lvm.conf XA FHNRE 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" ]

5.9.43 TENXHE
&R LB /etc/lvm/lvm. conf X, LUIRIBIRICEUE LVM iBiE5,
EXAYRIELETR, BT RNEIS G

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

}
RERRICEIR @database, /A "@*" IRIBEN LIREREFIFIZILAC LTS,
BEm LR LALESAMNZESHNTEIBFIZERN VGNAME, VGNAME/LVNAME 8% @TAG, RETT
HIRANCILEREY, ABUESHARNZES, RINERT, NRACRENASEE,
R volume list £7EFE, BENLEEBEXIRE, WREENINES TIEIRC AR, 7
RHESARITES,
gNR volume list BENEAZE, HEFH EXRENEMIFE, WRSEE,
INRAKEX volume_list, MFRSHEMESR LV BUERS] (RIEFFAEIER o

59.4.4 ESZSTENBEEXHFEXEE

£ lvm. conf XHHBRAENIRCE, ErRIEFEVEEXH (/etc/lvm/
lvm_<HOST TAG>.conf) RERBUENRE. Hi0, —MRSERE /etc/lvm/ BRPEREC
BEXMH:

lvm. conf
lvm_<HOST TAG>.conf

BohEY, =EE /etc/lvm/lvm. conf X, HAEZXGFHNEATCIRE, NREXTHE
AIENIFIE, EREHERXM /etc/lvm/lvm <HOST TAG>.conf X, ERISEREXH
BN, BSEERINIRCXE, AGEE lvm. conf X, HERIIE— TR LE
13, 1 lvm_<HOST TAG>.conf XHH, ERASMIZFIZINFERMNIRE. XEM A LE
RGIREMICHX . EVAREXHHPIEENFIRCE ML IMIECE X HEH,

5.9.5 BFicATEETNERIETE
SR LUBETE /etc/lvm/lvm. conf XHHEH hostname tags ETERIZE R FEN L
EIEHl, BHERAXEATEETNS—a8HENL, UERILBIRE.

1. EXAYRiERT, FLATHIEAME /etc/lvm/lvm. conf XA

tags {
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hostname tags = 1

}

2. BXHEFRZIBERFRE EN L.
3. MBEERREMHEN L, 5§ dbl FMENEEUE vgl/ lvol2 Bt ENFIRF:

sudo lvchange --addtag @dbl vgl/lvol2

4. £ dbl fR5528 £, WAUTRELEGEE:!

sudo lvchange -ay vgl/vol2

59.6 ERAFCHEEBHSETEEEN LNEA
A FHTBIRT T R FESHFRR:

o (HSESIERE A dbl A db2 LAgEA vgl,

o (UBCEXCHHIRS BRI Fs1 LEIBA vg2,

o BUIEXHIRS[BEMEN fsbl ERBEEMEA, EXNERTESUMERS ST
H fslFEEH,

5.9.6.1 &M 1: ERUEEMENEFSEEEST
EUTRALRS, BIMREXHEHESETNH,

1. ¥% @database fRiZHIMNEIEA vgl BTHdET, EFRHRERIE L, BA
sudo vgchange --addtag @database vgl

2. B @fileserver fRiZARNMEISA vg2 HTEIEF. FLIHEGE L, WA
sudo vgchange --addtag @fileserver vg2

3. EXAGRIERT, BUTHEEN /etc/lvm/lvm. conf X, UEX

@database. @fileserver # @fileserverbackup #xic.
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tags {

database {
host list = [ "dbl", "db2" 1
}
fileserver {
host list = [ "fs1" ]
}

fileserverbackup {
host list = [ "fsbl" ]

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

}

4, ¥EeREH /etc/lvm/lvm. conf XHEFIFIMEENIH: dbl. db2. fs1#l fsbl,

5. MNRX MRS [BENHIEBE, MNELIHTHEHNERAT R LA TaR<RIRE fsbl
rE5hvg2:

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

5.9.6.2 &I 2: MY EIRMACE

AUTRABRS, 58TNUERHREEXIEMLLINENES.

1.  edatabase tRITRINEISA vl MFEEUR. FEABIRSIAL, M
sudo vgchange --addtag @database vgl

2. % @fileserver FZARNEISA vo2 BTTHIET. ERBESIALE, WA

sudo vgchange --addtag @fileserver vg2

3. 7£ /etc/lvm/lvm. conf P BEAENIFIC:
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73

a. EXAYRiEssH, ALUTAREEER /etc/lvm/lvm. conf X&, BB ENIFICE
B,

tags {
hosttags =1
}

b. BEXEM /etc/lvm/lvm. conf XHEHEFIFIWMEFEN L. dbl. db2. fs1#0
fsbl,

. FEEMN dbl £, SIBEIEREEN dbl FEUERCEX ffo EXAYRIESRT, IR /etc/

lvm/lvm dbl.conf XHHRMUTHRE:

activation {
volume list = [ "@database" ]

}

. FEENLdb2 £, CIRHBHEEEN db2 WECEEEX . EXARIESET, B /etc/

lvm/lvm_db2.conf XEFHRMULTHRD:

activation {

volume list = [ "@database" ]

}

. EEN L B, SIBRXMFARSS SR EN fs1 BURUEECENX o EXARIERET, Bl /etc/

lvm/lvm fsl.conf XHEHRMUTRED:

activation {
volume list = [ "@fileserver" ]

}

. NRXHARSSBEN fs1 HIKFE, BERHEAXHRS BN fsbl 1FANHARS S

a. TEWML fsbl b, BIEEMN fsbl NEEEEX M. EXAHmESEF, BIE /etc/
Lvm/lvm_fsbl.conf XHHARMUTRE:

activation {
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volume list = [ "@fileserver" ]

b. ERIRIEH A L, MAUTHLZ—:

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 ==: ERERBEANS
EIRBEMHAA, BIITRENRRE, ARABEREANERREZES,

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

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

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

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

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

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

O == pEhERENS

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

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

MREN—PHKREZEELESNRIR, EEFRECIZRRZA, BABBRRIBIRE,

6.2 {EH LVM €% Linux [REE

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

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

WMRFIBEKR], REZCIBNEIRE,
flan:

sudo lvcreate -s -L 1G -n linux@l-snap /dev/lvm/1linux01

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

6.3 AR

AL EERIE, ARBA
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sudo lvdisplay SNAP VOLUME

fBugn:

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

--- Logical volume ---

LV Name

VG Name

LV UUID

LV Write Access

LV snapshot status
LV Status

# open

LV Size

Current LE
COw-table size
COw-table LE
Allocated to snapshot
Snapshot chunk size
Segments

Allocation

Read ahead sectors
Block device

/dev/lvm/1linux01

vgol
QHVJYh-PR3s-A4SG-s4Aa-MyWN-Ra7a-HL47KL
read/write

active destination for /dev/lvm/linux01
available

0

80.00 GB

1024

8.00 GB

512

30%

8.00 KB

1

inherit

0

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. HIRERNDEXHFEEMNIRGIIRIRIZIES, FIWIERES /var/lib/xen/
images/<IMAGE NAME>ZEN,

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

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

4. EFREIBMRERENREE,

sudo mount -t auto /dev/lvmvg/myvm-snap /mnt/xen/vm/myvm-snap
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5. EXAgRERT, EFKREEMVBNEEXY, BEIismZENREE X HE B G
MERIR, REEEXH, 590 /etc/xen/myvm-snap.cfgs

6. EREIMBEENRIREBEIEML.

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

7. (FIE) RRRRER, ARERREZEESERRERXNEMIRE,

sudo unmount /mnt/xenvms/myvm-snap

sudo lvremove -f /dev/lvmvg/mylvm-snap

8. (FI%) RIEFEEEIIEF.

KIFZHEEEH IR REN[EIRES

6.6 ¥
RIBPIRTS

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

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
FRRITXEE) , ARAKHEHHBC, RARFEEESBEMEN, MEASHTTK
RMERRIES, FRIUAESHTMZANBZIERIEM . SGHTRZE, EALER
HYIZEEE A T eI Lo

BHFBZE, RARERSBERMZEHREEH, HEIGHTM. T&HEE, TENK
RIZEE IR,
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BHEAE, RAXNRFESESENNENRMESIEAEEEEEESHRR, AR
RESSIRIEBMIHRERE, MEINEIZREN—1F, FUFEGHTM.

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

80

1. FTAKIRESS, ARBA

sudo lvconvert --merge [-b] [-i SECONDS] [SNAP VOLUME PATH[...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/linux01l-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.

3.

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

sudo
sudo
sudo

sudo

fBugn:

sudo
sudo
sudo
sudo

(FIiE

umount ORIGINAL VOLUME

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

umount /dev/lvmvg/lvolol

lvchange -an /dev/lvmvg/lvol0l
lvchange -ay /dev/lvmvg/lvolOl
mount /dev/lvmvg/lvol01 /mnt/lvolOl

) MRFKFZEENRBEHESTFERKREEESFEXA (FIINRXHRS)

WERT U ERBRSHHEARREZES, LEaHEERZEIIENFIR.
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R4 RAID

{4 RAID BCE 83

HNRDXECEXH RAID 91

SRR RAID 10 1&% 95

B RAID BE5! 109

/A mdadm JEEHH RAID FEFIRIAN 111
iEFF MD 34 RAID BYfiE#F#1%8 LED ScF#ER 119



7 B4 RAID B &

RAID (I EEERTTRIEY) NARERZMERESXEHM—MAREINER, UERLMEE
M/HEIEL £, KSR RAID 5528/ SCSI X, AR KSR, ©ABLL IDE thilE
BN ANFU, FEFHSHNHTRE, FE—LHF IDE 5 SATA FERRY RAID 12488,
f£ RAID AF RAID ZZNLE, RIVEEREMH RAID ITHISSHNEIMRE, BEEXFE—LL CPU
BHEIARANE, FMURERTFERESMENITEN.

O == HEXHRZLEHRAD
TEFHBEEZRE (B5E MD) RGEHEXHRLA THIHE RAID, IFEE https://
documentation.suse.com/sle-ha-12/html/SLE-HA-all/cha-ha-cluster-md.html#a £
9 High Availability Extension 14,

SUSE Linux Enterprise 12t 7 & FERLA S H— 13K RAID RFEHNED, RAID BRI ZIREE
B/EM— RAID RAMN SRR, XLRBRHBR. ARRRRAERER, XETHEES
FR{E RAID £&31,

7.1 T RAID %3l

7.1.1 RAIDO

HRANBIRENXHRROBEZMEE L, ReTEIE R, XEREHAREERN
RAID, ENEREMEIEZD, B RAID 0 EMNXMEENRGNINERT, £H RAIDO,
AL RR SRR A G2, XIFIEREEARY, BNREEAIRBRHINE, £
R55F RAID RGTH E K IR,
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7.1.2 RAID1

HERANNEBIERE T RO LM, ANEREIER 1.1 EFEISRER b, X5 EMEE
BIRR. WRIREEHRIF, WAILERS RBGHEE AR EIF, EREXEERH,
RBEREELGEHIF, EHRERTZER. B2, MRLERNEHRT, HIFaREe
RERIREEIEMVEE, HUXMANRITELYE. SERR M HEINRELL, SRS
HIIEPHEEHE (18 10% £ 20%) , BRAEEREZAKXNRT EA—REBYIEER, R
FRXEEHIT 7 ER, MMATUFHTRMEN]. RAID 1 BFRME/IFNETHEIRFSZERR
MERER, EESERSBEPEETLFHEE,

7.1.3 RAID 2 #1 RAID 3

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

7.1.4 RAID4

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

7.1.5 RAIDS5

RAID 5 @45/ 0 M1k7 1 TR REM TR AELMENITRE R, BETEF T EANEEL
Lo BIEDHEXLER E, X—=5RAID 08E. BHFLRERER, EEF—PX L
BT HERIER, XLERET XOR EARHRE, HERAGHIKIER, @3 ERANNRIIRE
HEAR. T RAIDS5, ERE—HEREE—REZHIHKE, MR IRERBIMKEE, W
AEBRAVFIPREER, LB EREEE.
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7.1.6 RAIDG6

RAID 6 SEfR EZ RAID 5 B9 B, BEATFE MRS HARAEFBERIEEN (NEFBRE) ,
ARIFEZFHEIEE. AEAREREIETRMERLIEE, RARNFEHREIET, HEFS
EXo

RAID 6 RIAR Z M HITIREHEHIE, MMRHIFESHBIERELRE BT MLER
ERMAREREIE, I, ©EFE N+2 MERZEREFHES T N NMESEREHE. EED
FEMEMEE.

RAID 6 RYIEREFRIIR—L, EEEBEIMBHEMRERIUT RIS RAID 5 5%, CSENEE
HEERH TIFEIE, RAID 6 EEEFRE L AHEEZH CPUHENAE, BTFEANEE.

R 7.1 . RAID 5 #1 RAID 6 AYLLIR

Thie RAID 5 RAID 6

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

BRI I, B H#I, W

48E EEMEMEAFEEPRER L RAID S EHTE5AERM
5] X

B — NMAHIZERIEE M MMA IR ERIEE

7.1.7 #REMEZ RAID 5

IEEF A T EH b RAID &5, 140 RAIDn. RAID 10. RAID 0+1. RAID 30 #1 RAID 50, &
Lt S S RN T M. U2 RAID 10 e BRI RBITITES 9 &=  “OE44 RAID 10158
=7 hEl,

7.2 {#A YaST BEEE3X RAID

BILUEE YaST EX S XIZFiHiA] YaST 2 RAID it E. b9 X TEFRAFHIEMBBIME X,
HOIEATI RAID FIH X, TFFIHEATEIZE RAID £&k51 0. 1. 5#1 6 BH&HM, &= RAID 10
BRERAEWNE O 5“0 RAID 101857 Bk,
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1. &) YaST HFT A XiZF.

2. MRFE, HEENZS RAID ELBEREFERND X, B7RENENL, HEoXAER
IRE I OxFD Linux RAID, ERIIAN XY, FHEEERENINSXEE — YaST =Bzh
Fl. BXFAEE, BN (L) ,F 128 “BREELE" ,£12.17 “#
FA YaST B X#ERF"

BIVBINEERAMEEEMES FNOX, UWERRYED—MEZHRFIS (RAID 10
5) BR¥IBHIXEE, HLL RAID 0 BY%ERE,

XF RAIDO0, EVFERMNIKX, RAID 1 AEEHNK, M RAIDS ELEE=1%
X. RAID 6 IEBEEVHFEMNMO XK, BIERXNMIENSX, RASNENAIEER
W= EIEEN R NKNBIRD X,

3. EAEMERA, #EE RAID,
AMERFEI=ITHIA RAID BEERTIR,

4. 7£ RAID TTEIRAE R 7, S 770 RAID,

%0 RAID /dev/md0
RAID &3 Raid 57 (ATt ) (N)
© RAID 0(5#)(0)
" RAID 1{&f$)(1)
" RAID 5(TT#57%)(5)
7 RAID 6 ( W4 4EL) (6)
RAID 10 ( #iRfI7E) (1)

AfEE: BT & -
& N BinE k3 wE foh BNE £® % T
fdev/sdal 10.00 GiB % Linux LVM
fdev/sda2 10.00 GiB % Linux native m — Mk
fdev/sda5 20.00 GiB '@ Linux LVM LI —
/dev/sda6 10.00 GiB ® Linux LVM BT
fdev/sda7 4.00 GiB % Linux RAID
/dev/sdbl 4.00 GiB % Linux RAID = EFD
fdev/sdcl 4.00 GiB % Linux native — oEER

3
BA: 61.99 GiB mEFRA: OB
i Al (H) 53R (B) 1 ER) T—#H(N)

5. EFERAID A H M AT IS EINEEFFINELEHBNS X,
TSR] LOEEF MM RAID $8k—1 RAID &7, X#%, RAID HRZFFEE /dev/md/NAME,
BEXFHAEE, BFEERE 7217 “RAID I
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10.

0 RAID /dev/md0

RAID %3 Raid Z#f (FJ4E ) (N)
" RAID 0(47)(0) myRAID
~) RAID 1 (i%)(1)

© RAID 5(T4&4#)(5)
" RAID 6 ( WT&SE) (6)
") RAID 10 ( EfffnsrE) (1)

AR E iR
W& Fob EfnE *3 W& koo BIE ER T
Jdev/sdal 10.00 GiB (% Linux LVM fdev/sda7 4.00 GiB @ Linu
Jdev/sda2 10.00 GiB (9 Linux native B — | |/dev/sdbl 4.00 GiB Gunu [ pe
[dev/sda5 20.00 GiB % Linux LVM SEEN — fdev/sdcl 4.00 GiB @ Linu
ldev/sda6 10.00 GiB (% Linux LVM BE
— ,‘
S e
— 2FER
S

BRA: 49.99 GiB R Fh: 8.00 GiB
Al (H) /53R (B) FIE(R) T—#(N)

7.1: RAID 5 Be &Rl

QE—F—ﬁﬁ‘_’Kééﬁo

CEERAIRAN, NRER, BEERGFERINE R, RIERRIRA/NLRIERIZEEA]

RAID B9EBIME. BXIFHMER, BB https://raid.wiki.kernel.org/index.php/
RAID_setup#Chunk_sizes 7, BXFBREEZNFMES, BEHEE - - layout BN
BYf0_E man 8 mdadm, WIRAHE, BESIIAE

. ERENEE, SEIFHEER SRR ETRNEENAIAME, XEERTET—

NERRENR, MRAFHE, BEEREE CREIUL) o

 FERIVGETTT, EERIUDX, AREEXFRY EURBNATEURTXHR

éﬁo l_-%7r EEE&E‘*-L*{EO

TEENETR, EEREANDX, ARERERER, B Fstab %01, AERMITFHRENE
I,

'~

. BBH5ER

BET—%, WIEREYIHTFMRRER, ARBEETMN.
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7.2.1 RAID &R

B4 RAID 1€ FEIATHE mdN IZXEER IR, HPNZHF. ALk, U md127 #51, E8)
& /dev/md127 XA #H1TIERl, HETE /proc/mdstat # /proc/partitions f=
HItH md127, BXLEZFRASEFER, Ak, SUSE Linux Enterprise Server 32{& 7 FfHf#
RFE:

RIHIEMIGE A E R
WIEMEF YaST Si7Ea <17 LA mdadm --create '/dev/md/ NAME' 8 RAID 1§
B, BILUEEA RAID I&&IEE— B EBIFNARZ mdN, ERARCIE— L/
dev/md/NAME:

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

RTTE /proc MBERA Md127,

RILARIGE
TIRER, MNREMIRENAZEHENATBEHE, BE1T Mlen<R CREATE
names=yes 1T/ NZE /etc/mdadm. conf:

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

ERILRAR myRAID 2B FAM “BEX” RIgEEM, RETMMERILUE /dev/
myRAID Fifia), MBWKTE /proc T35 myRAID, HIE, REEFREENXHZ
&, A ERTF RAID, TEHRY RAID K4k4i(ER mdN BFF, BEEIXL RAID RFIEHE
MERZE AL,

5. TRENIA
FRFETAMAULFAS RAD %&, MBTRIAN— RAD BERSER
mdN, ERTEHIRGIZIEE.
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7.3 {4 RAID SRR

EE /proc/mdstats XHLUAE RAID P XEE=H. WNRHEELIMEBEE, 1B5XHE] Linux &4
HAUREAFRS XHHEEBRENABNER, ARESWENRFEHBAGFS ndadm /
dev/mdX --add /dev/sdX. & X iR AEHNIFEIRETIRT. XSEWWEERESEI RAID
REPHTLENITE (SR TR RAID 0 LIMIFRE RAID £&31)
REnUEEMEIRENSAELIE, B1F RAID T2EWEZ AT, (HIATTREBE—L4RER]

o

13.1 BESEHEZ EHITIRE

RAID B R PTAE R th T SFREM R 4. FEIIH T B % HRE:
© BESIRR I,
© BAERIREHIRIEHISE K,
o SHEBHGEZUTHF

FEREHERRAFITHISBIWIEN, FEFIRHEEILE. NRFKE RAID FEEREHE, WEE
FopFi,

MFE—MER, AAMEERSEE (FEx8mEE) 25, FH ndadm &3S BERRINA
HPERIR S,

BT md/mdadm REER] SESFIMTRE R 2 M PEMRE, FWSENAE T ENHEETEIR, 7
—BEBEMAEIRERKISEMANERIE, BIIBHRSIIZEEIEN L.

EREERT (B, EEREEEWE RAID IFY) , EEFEFERIGELXERENRE.
EXMEFRT, EeER mdadm, EigEHIGE, ATUBUOMER - - re-add BohEFRM
Zi&#E. Ak, EELUE TE—THMEl /etc/mdadm. conf A

POLICY action=re-add

BAE, XY udev MNSH mdadm -I DISK DEVICE NAME 7EBXEBIBEMIESE BT
(BRINTTAH) , HEBEE write-intent iIE (RUARECE) N, ATREEHLINZEE
SHERTAINZIEE.

89 {4 RAID EE3ARE | SLES 12 SP5



NREFELBI RN AZIEEGEMANARERIRE, BT path=ETURMNE] /etc/
mdadm. conf BBJ POLICY —1T, LURIERGMEIERGINRMEERISENIT. A UERABE
FFRIRFIREE, BXFAES, FS M man 5 mdadm. conf,

14 BEER
I F T ERVIREIERE IR T3 RAID NECE HEAME L4 T
e Linux RAID wiki: https://raid.wiki.kernel.org/ #

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

HEAIMTIRME T Linux RAID BREFIZR, B8N0 linux-raid (http://marc.info/?[=linux-raid 7).
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8 NRDXECEF RAID

£ SUSE Linux Enterprise Server 1, 1&&IETTERF RAID TEBEME YaST #KEFH, &
ERAUFERILSXEFABEER (/) XA ZECIERY RAID. T8 /boot HXERF
7£F% RAID 1 LAY RAID DX Eo

8.1 FtXRIXERITF RAID I RISTRFMF

BWREERE U TEX:

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

° WNSRTE MBR RRES|FMEIRRT, NAFEERN /boot SIEIRIINK, WRTEE MBR
REES|ISMEER, U /boot FEHBERMMHNK £,

o XF UEFI BN, FEIRETARY /boot/efi DX, ZDXFERIUILA VFAT, BILL
HE7ERAID 11g& £, LIBIESE /boot/efi FWIEHE & EHIEES HIL 5| SR,

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

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

8.2 MR (/) nXiIgEEABTF RAID IKEHI RS

1. (€M YaST Bap%E, HIRR (H=EEm) ,66F “fEMA YaST # 7 BRI BRZk SR
#1E, BRIREIEVHNDXTRALE,

2. BEERSXIEFLITHAEEX I KER,
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3.

(BT3i%) MNREEER iSCS| BIFgs, NEEMNREA TSNS TRFLE, iE
ISCSI, B3 ISCS| BiEMEMME, BRELMT, BENE 14 S "B P EANADE
figf®. iSCSI” ,

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

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

. NEBRFHMH RAID IS MEFISE 0xFD Linux RAID ¥ %7 /. /boot/efi Z{3X

#53 XfEA RAID,

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

c. WIHHARANT, EEEEANKD, ARRE T,

d. ZAGBT, EFREHE (KRB .

e. EETEINM, HIEXHRYS IDIRE A OXFD Linux RAID,

f. BEHTHN, ANE-ITIXEEXESRE,

AR (/) PKIGBEAEBERM RAID IREM RS | SLES 12 SP5
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7.

8.

9.

h / 92X 8E RAID i& %,
a. EAMNERS, EFERAID, FABREIRH RAID,
b. I/ SXIZEFREM RAID 2£2Y, H¥& RAID ZFFIEE N systems

c. MRS SRS PEREE E—PFESIFRIARD RAID IREHFAINEN

%EE—F_iér_*égzo

d. 7£ RAID TN T, MTHAERIEFEARRKN. RERINKBERRENHE.
e. TABTREIRERS, ARRETHRAE,
f. ERHAFHRBRERIREN /. BHERBRHZMIEE,

4 RAID RBESTRBFMFEFNEIE, HSTE /dev/md/system BBETEIE—
1”&

(FI%E) X+F UEFI B, ERAXMBIPEREIZE /boot/efi EADK, IFiEE, /
boot/efi X3z#F RAID 1, FEMEM FAT X RFAERBA LI Ko

AR (/) PKIGBEAEBERM RAID IREM RS | SLES 12 SP5
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10.

11.

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

BRESERIKER.
EINE 7 XE LS BRI

MERE, WTFEEMIL /boot/efi HXAY UEFI B, BREZZIZERS LBEHSI
S, AERBSISNMEZEFILEN GRUB2 for EFl, ERRAZE5|SZFHIATETEM

o

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

AR (/) PKIGBEAEBERM RAID IREM RS | SLES 12 SP5



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 R HEEMNB S

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

R ETERERRES, BIRMARA.

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

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

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

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

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

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

O == zxz
NRBEEEIEAGENS R, NEREXLE RAID BE 24, KARESHE
0. BRES, WENE 178 “BIEGENSHE0 .

ATRNIEER TRPETIRER, BEREAEECHIKEITEXLEIRERT,

9.2 : BEITERERIZ RAID 10 (1+0) BYIEHS

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

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

1. FIA— 1 RIRIEHIS,

97

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
XHERFZFH L /data MARE SR RAID 1&&BII,

/dev/md2 /data xfs defaults 1 2

8. A\ RAID g%

sudo mount /data

9.1.2 fEF mdadm AIEZERER RAID 10 (0+1)

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

O == zxz
NRFEERILEARENS NS, NAREXLE RAD BE A, KARESHE
0. BXER, BEWE 172 "EERENZREI0T ,

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

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

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

/dev/sdcl

/dev/sddl /dev/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/md® --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=1 --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
NXERGFH L /data MAZRE SR RAID 1&&BII,

/dev/md2 /data xfs defaults 1 2

8. T 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

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

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

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

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

BREVE AL,

9.2.1 EZ*RAID 10 VIS EME %K

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

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

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

9.2.2 il

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

9.2.2.1 EHE

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

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

BB MEN RN EXEHE:

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

BEHFH I HENR N ERERE:

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

9.22.2 &H/E

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

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

RIEEHREEANNBRER.
BEEBHMMEENB N ELRNZRE:
sdal sdbl sdcl sdel

0 1 2 3
4 5 6 7

BEHFHMEENRINEXNITHE:

sdal sdbl sdcl sdel sdfl
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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 Boh A& BRI E 258G A s ER M T 1%,

9.2.3 f{EH YaST nXizFEIZEEZ RAID 10

1. #Cnh YaST HI T AR XiZR.

2. NRFE, BEIENIZS RAID EEEREREANIX. BZRENRIL, FARIXER
IRE A OxFD Linux RAID, ERIMIAEDKE, FHEEERENNDXKEE —YaST 2B
B, BXFMAER, BEM (HEER) ,F 128 "SAHMERE” ,$121%W “&
A3 YaST B X#2F"

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. £ RAID Z£8IF, #EIR RAID 10 (SRS ER) -
BT LR MM RAID $8k—1 RAID 2 7F, X#%, RAID IRZFRERE /dev/md/NAME,
EXFEMER, BEET72.17T “RAID ZFR o

6. TR AIREVIRFEFFAFN 2K, ARREGHAN, BEBEIFNEEETIRP.
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105

#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
—PEEW ("sda.* A") FMBESZENFRKERNLANIEEERFWISIRG LI TIEE
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, BBHAE 2227 "HE"

R RFEMENETURINE RAID 125, ARBETTH.
BEHET—%,

HIABHITIERL, ARBETTALALIE RAID,
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9.2.4 {#H mdadm glI7EEZ RAID 10

ATHHNIREFER TRPETHNIEER. BREAZRSHISEBRTMENXLEIGERT,
#2 9.5 f£F MDADM gIZ RAID 10 BiER

Rigig& RAID 10

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

1. T &iRERIS.

2. NRFEE, B parted FWE D XZFLIEE /DY A/NEREY OXFD Linux RAID 73
X,

3. MIALLTFa<El32 RAID 10,

mdadm --create /dev/md3 --run --level=10 --chunk=32 --raid-devices=4 \
/dev/sdfl /dev/sdgl /dev/sdhl /dev/sdil

BHEMIRIBIEISEIEZE - - raid-devices MEMDXFIR.
Zom P2 ERAEREHFERNEERNMEY, EEXXH MEPRER—1, B
¥59.2.2.4 7 “EHE YaST #l mdadm iEE EARAAE" BFRERA - - layouts

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

sudo mkfs.xfs /dev/md3

BERAHMXHRS, HEZGL.

5. YmiE /etc/mdadm. conf X, MMREREFE, NelEzXXH (fla0@idiE1T sudo
vi /etc/mdadm.conf) . HRINTHIT WIRZXGEFE, F—TRAGHLERE
1)

DEVICE containers partitions
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ARRAY /dev/md3 UUID=UUID

%R UUID BT LA LA e 9103

sudo mdadm -D /dev/md3 | grep UUID

6. 4RiE /etc/fstab XL RAID 10 1% /dev/md3 BINH., FYRGIERT XE
XFS XHAZH L /data AN RE SR RAID I&EHIIN,

/dev/md3 /data xfs defaults 1 2

7. EARAID ig8&:

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 BIIEEL

RAID 1 BR—M&EINIFEIRE
RAID 4 — g

RAID 5 — &

RAID 6 — PN ERME

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<

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

2. NREBHFMNIEGMISEESERSE RAID FEFIHMEEE, MESEHERIZIMTFEEET
B9 RAID P&,
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3. BEMNPEFIHIBIIKERNNER R, a0, EE RAID H70 /dev/sdbl, EHLRER
FFRMNUA TS

mdadm /dev/md0 -a /dev/sdbl

B—RRERM—TRE. BAFEIARWRREHFEHTEEH, TS —T5R

4, EHRLRAFRBAUTSRS, HABEIRE:

cat /proc/mdstat

EESURIMERHENTELHE, BRA

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 1, XHARREFIZREA/NERAEFATRATF Btrfs. Ext2. Ext3. Ext4. ReiserFS #l XFS X
H& % ((NPRIEMAD) « BXEZER, BEEE 25 "HEXHRZRN o

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,

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

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

£5 P00 YEmMAA RK

IR  BYIRREE
BESMEGSXHN  EMsSUR NS MG S KES RN —R 1 2
Ko XA IBE—NMAG DX, BeREKD, AR

R HER[EZ] RAID,

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

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

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

®11.2 : EINAHS KBIADIIER

RAID i&& P

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

11.1 EA0%4 RAID BYK/

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

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

11.1.1 EBMAHFZ XK/

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/md0 --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,

CHRERSE 11,127 “EI0 RAID FEFIRI KRN o

11.1.2 3EA0 RAID BEFIRI AR/

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

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. BEBANUTEGS, BT ERRIFETIAR/NIRERN

sudo mdadm -D /dev/md@ | 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/md0® -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,

BXREM, HENE 2E “FEXHRFRN o

11.2 B hE(F RAID BYK/)

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

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

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

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

11.2.2  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/md® | 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/md0 | 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

BLEAEFENIAEFH RGNS SFF-8489 #IE, HFEAMEEERIRERIES IBPI R, BRASRE
SFF-8489 #MSEIAME LED, & AbIB2RATRE(N 45585 IBPI &R,
ledmon A% ledctl SER 2R A52#5F LED EIE(AHCI) #1 SAF-TE 1%,

ledmon #1 ledctl M AEFLRIIEAT LA T Intel AHCI 3ZHI28 AR Intel SAS =285 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 # ledctl #EF Lledmon B, ZBERIANKES TAFTLE. #1117 sudo zypper in

ledmon AIZEE,

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.
EERE5h ledmon, BN

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] @ FF|—=ZI:

-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 #SE, ledctl NBREFIEZ LT pattern_name BZEME 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.
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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 }

HERI=1REE, BETUTHSZ— (BN ERER)

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

12.3 HMER

BX LED iR UKL EMTEMNFAESR, BHEINUTRR:
e Sourceforge.net B LEDMON FF/EIH (http://sourceforge.net/projects/ledmon/)
e SGPIO #I5E SFF-8485 (ftp://ftp.seagate.com/sff/SFF-8485.PDF) &

e |IBPI #3E SFF-8489 (ftp://ftp.seagate.com/sff/SFF-8489.PDF) #
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13 iSNS for Linux

fEFXIEMZ (SAN) AJ B S D HEERNREITFSHELRNR. XFIRELKMNILEME

WZIEE R, iSCS| AttimiNaeisiRzl SAN RIVEERR, HRER S X Hi#Tihm,

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

5o

O ==: w2zERE
RABETELRENATWEFR, FRER ISNS.

13.1 iSNSHIT{FIRIE

iISCSI ZCImB A iSCSI BIF, FEIRAIMEFHIMLIREBEFRRANINRX LT RE
ZMRLE IP sk, X iSNS ARSSSEHEMRIREIL RinE A REY—1 iISCSI BARA 1P #titay51
o

W EA ISNS, EEIEiSNS R, FEEHR iSCSI BATM AR HEARRX P, &
ERAEFE T RO, SRS ENMBAIHAZRE AT iISNS FEMNRSENBTRF
&, XESHEFENSEIEIRRADENLIMLANRES N ENERILL MK R L EREE]
MZLLBFIZEM X B AT LU HRIA & (s UL B R B AR & inrIE E
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r—
Ll Eh

ERTE ks . ’
(i E g

L]

Hir X&iElF His Hix MRl
B 13.1: ISNS &I

iSCSI B#R#0 iSCSI RiECimERfERA ISNS P in/Bahi@id iSNS X5 iSNS IRSZBIES. A
&, EMNEAHLIEREMLERMEER. THEXHEMEIMEAHENES, URIZEKHI
TEHAISFHEAHRZR DB,

iSNS AiRS328MARZER iSNS & UnfER iISNS MM FEHAY iSNS thiXEIEHMIEK, iSNS ARS52:/2 5D
iISNS MRS B HOEA], FIEMGETEE iISNS #UBEP R EMERIERN S HRIEES.

IEAF Linux BY iSNS {RERV L R E14E:
o RIERIREUMIM. LINEEKMEFE,
* 5 DNS EhtiZE 5.
° 41— iSCSI iy RMMEE,
o EIfLiETFEEL M.
o SHthRMAEMEL, BuH T Al e,
AT ER A AR B S E g i IRAR iISNS B .
RELIABE—KEHE 100 1 iSCSI &k EiHmF 100 1~ iSCSI BFHNAE. RIBENERE, FiE
iSCSI & teinEB T fe= it A T HEHES 100 4 iSCSI BEARMIE—". XREM AT ERZE L IR

H, B R AR BERD AL, &0 LPELEFENEBITRY iSCSI & itink ME SR 189
iISCSI Bfr. XESFBUFESR IR iSCSI RiR{R = & IME T %ER 1 & IMIERY iSCSI BT,
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13.2 ZZE iSNS Server for Linux

iSNS Server for Linux B&MtF SUSE Linux Enterprise Server, {BERAFRS X ENM RIS
B, BEELEME open-isns FIEE iSNS iRS.

Q x=: isNsHiSCSI ER—BRS B L
AILERET iSCSI By iSCSI X Eimi iR —IRS 28 L2 iISNS, AZHFER—
AR$3 28 ERIBY R 3L iSCSI BAREREH iSCSI &RCiminfFo
ZEE iSNS for Linux:
1. 35h YaST FHiZFEMLERRSS > ISNS AR 280
2. MNRBEFRZE open-isns, WRFRINESRREHITRE, BEEFTERIILE,
3. “ISNS BRs3” BREMEERBohiTHH ERRSIETF,

isns PR

B 1SCSI T RHIE

BERS
O 3|=6E)
* FE(M)

SuSEfirewal 12 AR A HKIRE
T B A BRI (F) prAE4T3 (D).

PikiEiROEXE

#BI(H) mEo | | #=o |

4, EEEIARSH, EEUTERZ—:
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e 5|SHY: iSNS IRSERS BB BEhE 0,
o Fzh (BA) © MAEATRE ISNS [REBHARS2IMVEHI &R FohiaAN sudo
systemctl start isnsdREz5iSNS RS,
5. EEEUTHMBIGE:
o FTABAIERIIRO: IEXPZEIRELITAR A, HAFMTETENISRIZAR
5. MINERT, BAsEiROERAN.

o BRSBTS WMRITAMAERD, RINER TSERENSEED LT ZE0.
BEAMEAT LUEREI T Fizin OrED, EEEERINSED, ARSEH
Eo

6. BHiAHE RN AEEREF TR,

7. #4525 1337 “ECE ISNS ZIE

13.3 ECE iSNS &I

1L iSCSI RECimF BEARMER iSNS iRSS, EIUAETENARIEH,

O ==: iSNS BESLFLTERPRS
WMBEREFIEIT ISNS RS, FHEIRE ISNS RIF. BXER, BELE 1347 &
ol iISNS fRS5” o

13.3.1 Bl iSNS &I

LZEISNS fRSSE, KBEIRIR— MR AL DD HBARIE. EERENEER ISNSHIIE
iSCSI Btrfl &R Eim= B iR EIRARY & B,
IR AN

1. Eﬁb YaST, g&EEM%H&%—Fﬁ% iSNS H&%%ﬁo

2. BEHEZIEETR,
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ZIEEKEHE T A MARN L IE, ErIeZR I, SR anNATN. MR
SMIFREERR S, BARIMFRISCSI TTRM R,

&I RY 3 XA S REG Pt R BUAIFRE iSCSI T o ERARNAMASERZ A
ISR A SR TR R IR ATE R & BRI AN MRS iSCSI T =o MIBR iSCSI T =
SMFFRERZT R, EFRSMERZX ISCSI T Ro

832 ISCSI T = A AVPR R AEMBI T /AR RIS, 3 iSCSI &itcingl B AmE
Mz T =B, ESMAREN—ET.

3 iSCSI ZCimniT ZIIERAY, iSNS AR5 ZREIFAR—&IMIHAL S AIFAE iSCSI TTm

E#To
isns IR
IR 1SCSI 8 R
ams
EoEE
Bl & I iz
LM R
iSCSI FRBI 7 PREE
AIMIMBHY ISCSI T | | B2 iSCSI Bam A s
2 mEo | | wEo |

3. BEeIEAIIEEH,
WA LOERINA 2, AR TR mIbRIZ & B,

4. 1EECIZMAIIRBIRTR, RRBEHFE.

5. 484555 13.3.270 “MAIVFIARM ISCSI TR o

13.3.2 [A&RILEAN iSCSI T3 =

1. B5h YaST, ARTEMLEARS Tk iSNS fks525.
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133

3.

2. B iSCSI T Rk~

isns PR
P ISCSI T8 P
ISCSI i
iISCSI ImB  ~ THaEE
Firs
B mEo | | mEo |

BT SR IAFERTIH 7 BER iSNS ARSH iSCSI BAFHI L 2.

WMRAKFIL iSCSI Binsk & icln, PIRERE L s EEFRiSCSIARSS. ALk, EaILlhz
17

sudo systemctl restart iscsid.socket

sudo systemctl restart iscsi

BBk, BT
sudo systemctl restart target-isns

ERBT.

B LUAERE iSCSI TR, ARBEMIFIEEM iSNS BUBESRRIFRIZT R, MRFBERA
RISCSITRBEMHEESR, X+2ER.

BRAEMIBREERR 2 iSCSI BECE XAV iSNS 853, &N, EERBR iSCSI BRSBHESIFIRS
20T, iSCSI TRFERBARINEITIR (ISNS #iEE) -

4, BE&E IR RAEE RN A,

5. BEAMIA ISCSI T, ERBERMEPFPHTR, ARREHFINT <o
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6. WANMERAMENTREEL—F, HETHRANTRE, BRETH.
HAER, — 1 ISCSI HRABTZ M &IME.

13.4 B5hiSNS RS

IR E ISNS WIRS B LEEIE. NRERETIRENESISHER (BXAT, S
T 13.2 7 “L4ESNS Server for Linux” ) , BEXREEHISPEAUTHS:

sudo systemctl start isnsd

&R AT LAFT iSNS 6 stop. status #l restart %I,

13.5 EZER

FXREBIBES N Linux iSNS for iSCSI project (Linux iSNS for iSCSIIE, Mik: http://
sourceforge.net/projects/linuxisns/ a) o IINEMEFARETIRAIIE hitp://
sourceforge.net/mailarchive/forum.php?forum_name=linuxisns-discussion # #$%Zl,
BXISNSH—RRER, 158 M RFC 4171: Internet Storage Name Service (RFC 4171: H4F
MEFIRERBMARS, Muk: http://www.ietf.org/rfc/rfc41712) o
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14 22/ IP MBRIARB=ETF: iSCSI

REZENHAESERTENP ORI RS BT ABANEEETS 22— BEALEHNE

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

Linux RSS2 &2 2P OMEER SR

CEERS AR ) 22 ] M EF

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

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

iSCS| iSCS| iSCS|
REEF REEF RERF

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

BirfRsse  HE#HR

14.1 : {EF ISNS BR5528#7 ISCSI SAN

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

iSCSI BtrARSS5 88,

iISCSI B—ThtiEZEXMNIY, AIfEUIERMEFIREFARSS 88 Z 8@ TCP/IP L83 1THY SCSI &
SRS, iSCSI BARMFEBMRIRS 2 LiB1T, FHREEBITENX N iSCSI BiFig &, iSCS
AR EARRS 2 LI THEREI BrgE, MEIARS S EREFRER A,
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iSCSI LIO B1rfRS5285 iSCSI Zi#imfRSS 28 Z [BI@E 7E LAN BY IP 51 L& 1% SCSI BR#1T1@
o HEARRLIHARS 2 LITITHR AREF BN X iSCSI LIO BAREEMEINN, BRIERAS
RAER SCSI 859, RIS, SCSIHLairNEl IP ShHEZRERBREHITNS, EREE
®ISCSI RiiLli, SEHMASER 1P MEEHEIEMNA iSCSI ITfuh, ZILFRA iSCSILIO BfR
ARs38% (fa#r iscsI BHR) o

T EFRRARAFED iSCSI#1TihE, BRMALIEITIRM iSCSI BARfY Linux fRS 88,
HERERT, HEHNXEHRFRSHEATH Linux IRSBFHITIRBESREEM, iSCSI BIFS
518 Linux BRRIRIGE. Eitt, aJLUER RAID R A RIEINEET BIRAEANTE, MK
EBREF. BXRADMESZER, BERE 75 “UFRADEE"

14.1 ZZE iSCSI LIO BtriRs3525#0 iSCS| & ifcim

RASBINRE |SCSI k2K (B open-iscsi M yast2-iscsi-client) , iSCSILIO B#x
BNFEFHRE,

O == LERTBT TR —ARSR LT
AZFFEEFIMERNE—ARSS 28 _LIE1T iSCSI BARIRH iSCSI &RiEimi o

LI SCSI LIO BIFRSSR, BEARSHAhETUTSS |

sudo zypper in yast2-iscsi-lio-server

MRIEFELLE iSCSI Licima A HHim, 515176 < sudo zypper in yast2-iscsi-
client,

WA LUER YaST B EEERRHITRE
BRT EREZI, EEFINFENERARERFEMRE, NEEEERIZITHELEAY YaST
TRIRET R 2L

14.2 i&E iSCSILIO BirfR%E2E

AE BN fER YaST ECE iSCSI LIO BRARS5 28 LU AN E iSCSI LIO BARik&E. ErRILUE
FA{E{R] iSCSI &R imiain B iR

136 L% iSCSI LIO BFRARS588#0 iSCSI &ifcls | SLES 12 SP5



14.2.1 iSCSI LIO BtrBRSZ B A LS 1%

iSCSI LIO BRRRSZEIIARENFIREE, BRI LU ZIRSECENES IS BMEE. WRRS
2 EEAPASE, FHBEERILISCSILIO B EMIENIR, WA ABERTEARAREY
F—MEMSRITARAEFMEH O, TCP O 3260 2 IANA (EFM S ECHE) PREXHY
iSCSI thilRYiRA S

1. BrhYaST, AGEIMLEARSS > iSCSILIO BEfro

2. tHREIAR S5 EIR.

iSCSI LIO BiF#hA
RS 25 Bif

EEERS
L 5|6 (B)
(&) Fgii(M)

SuSEfirewal 12 HIBS M IR E
A AR O (F) Bk SE4ETE (D).

FdEmOEXkE

BEH) futR | [Trw | [ zme

3. ERSEET, $EXE iSCSILIO BIirRSHEEIAR:
° 5|F8Y: ARSB/ERT BEIETIARS

o Fri: (BN REB[BERDIZGE, EHNIETT sudo systemctl start
target SR FohB6hiZRS. RERIRSEA A UERBIREE

4, NRTEARSS 2 LEAMALS, HEREISCSILIO BisxEMItENAAR, HAERTHE
RipRNE MERSE DT A AIEPRIRO 3260, WNRixOX FFAAE MO X
A, NEfITEAIGTIARER iSCSI LIO BiF.
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NRIERERS S LERHAE, NPHAERESKER, EIIERT, B TS
B, ARGTABARENEE, SRS —NERRASREE,

a. FEARSSEBR L, @ERTAAMETNEOEEE, UBRMAERE,

b. BEMEAT, EENEEBRERANMKZED. JHAEBANNSEDO, HE
AIAEEREF. BUHEERNITANEO LRRERO, fEHEREENRE.

5. BE5ER, UREFMMNA iSCSILIO BiRRSIRE.

14.2.2 ELE iSCSI LIO Bt &itCim A IMAY F 1740 IE

iSCSI LIO EIfRARS 2B8FA4 235 PPP-CHAP (/X Y -BISEF SHIIENY) , ZMNE

Internet TF2ESS4H (IETF) RFC 1994 (http://www.ietf.org/rfc/rfc1994.txt #) FRE X I—Fh=
MBS RIIESE. RSBERALSHIVESERAM iSCSI LIO BARS &iEs, FHAATiARE
W LR, MRAFHEREIFEZIMBFIE, WERLSHIIE, FFH TAI S 950

INETFBRARS. THRELSZMHIE, thARSE: ERFRE iSCSILIO BArEBRIHRE—MLE LAY
R iSCSI &igim & Mo

MRBATENLRENEEMRESMNIIE, NWelERENSHRIE. FHEMEIE, HZ

HEFH, HARIEHTEHIIEER iSCS| XEIHIEETEHENE X iSCSI LIO BARsfT &M,

REmPIIREENAFR O, ZEMHITSHIIEER ISCSI LIO BIifRAERIEAEE
FREARY B 4T iSCSILIO BAR&47AM iSCS| kiciigtitE AR RMNO<S. BFENMELAWM
WOSHARE,. MEBAEAIMEHIIE, NEIRBEKENAEIFE iSCSILIO Bird.,

O == w2
NELEN, ENEREFFARNEIRS SRR LIRS AR,

B2E iSCSI LIO Bfr B P IIEBIEIRE :
1. BrhYaST, AGEIMLERSS > iSCSILIO BEfro

2. JIRE|=EHEITR,
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http://www.ietf.org/rfc/rfc1994.txt

iSCS| LIO H#rtihid
% (S £/ BiFD

v FHHTRINEHAESE O

1% EARHTEHAYNE @
fF ID(U)

iR TRAMIE©
AP ID()

) fb® | [ R |[ #ZRe |

3. BMEIERNARTFERRS (RHTRISHNIE) . BRASHWIE, BEFEELChE
HIT R IIEM/ 3% B S 301E,

4, RIFFMESHIIEFENSHEIE. EANMEHARBNARZMALSHABARE,

5. BETEMREANAIIRE,

14.2.3 EEEFZIE

£79iSCSI BirARS583E0E LUN ZHl, HAUESFEERNMEFETIE, oI LURFRBNREINLH

RIGERER LUN, BRI —8IRE& D A PRI K, HES NI KBERMY

B LUN. iSCSI BfffcES4E LUN SH F iSCSI &itcin.

EEILUER YaST PN XIBFHGLITRIGES X, BXAT, HEM (HEEE) 125
‘BREEIGE” ,% 1217 “(ERA YaST 2XiEF" o iSCSILIO BfFr RN XA

F Linux. Linux LVM { Linux RAID X %4 ID,

O ==: FEHENISCSI BR&E
RESTRAFISCSI BB SN KfE, Y178 EAMRIEERNEH#ITIHN. FEE
BffiRS R LEREANS X,
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14.2.3.1 FEEMUHFERIFIESESX

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

£ Xen EHIRIER, HIUGEAT iSCSI LIO BIRGEMNEEFETEIEIRE guest ML, RARF
EA guest IR BN ISR Z T8, S EINEEIA U — MBS, MEBME
. PXeiE, FEATUR—MNETFTXHHEME, HEhEiliEE Xen THIRS R LKA
YREHGE FRVR NG, A TIRGEREMNRE, EMNYIBRER S XEES M EINEE. A
guest IV BSTEINHRS, BB guest IRZ588, ARIRBYIEIRSSERFIANRE—IEE
IS RN ATE 7 iSCS| BIR&HE.

£ Xen ENARS 2R LOIREFXHRIBEMER, ARRKEIEKE Xen guest fRES28. EIAE
T, Xen BETFXHHIHEIRMEAETZEIE /var/lib/xen/images/VM NAME BRe, Heb
VM NAME REIMNIEI R T,

14.2.4 &% iSCSILIO BirH

el LA YaST EZE iSCSI LIO BARi%%&E. YaST {8 lio-utils H{ERHAY API, iSCSILIO
BAra BRI X AT Linux. Linux LVM 8% Linux RAID X £&%: 1D,

O == 5K
Froe2El, ERIRE 14235 SEE0EEE RRAREASERIE ISCSI LIO BFH
IR,

1. B&hYaST, AERMMEEIRS » iSCSILIO Hifo

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

Btz v NP4 TPG K&

i1

) (H) kR || T2 || 2=mE

3. BEHIN, AREXHBISCSILIO BirA RIS
iSCSI LIO BAREARR BERTE Ein. AR, [JFH 1P HIEBIRIGE O SFER. RIS
EREER S 110k,

a. MREEZIMEEO, BER IP it THERERZ AT I BRAR MO IP
Hoht, BEARSISIREFAEMULTE AR, BERLERAE IP Hilk,

b. MNREARBX I EFAHRITRERSMINIE, BEUEERERASHIIE (REIL
M%) o

C. BEHEAM. BWMNKERDXHERE, HEEIDRNXEBZ. BAILIEERNR, A
[FREHE. RIKGEIEMLUNS (MOFR) . IRKZFEREABAE, &
BEhERE TR,

d. (Eh%) ESFENSBERESZBIRAMNELBiRE,

]

. BFrEFENENANENZAR, BT TF—%,

4, 7EIECRISCS| BfnAiink ENE L, BEEAIHIRERAES LUN BRREIREIES
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2R isCS| BEfnRcinig &

BiR IRIRET Jigk:l

|2016-08.com.example | [2-9e3a-2d7f16639c16| [1 |

KR T LUN BRES SIE

| & | N [pEssnil | B || =5 |

| men) | | kR || BEE® | F-Hn

TERERAREE T EV—MREiRG, HiELUN, FESHINIE. HENEFRET =R
Fo &R AERRNNEE FIK N BARERINE % Ry

&2 ISCSI BT © 3%
o RN J9ETAY iISCSI LIO BARAT NIRRT,

o 4538 LUN: FECEXRE iSCSILIO BARAFRIML LUN B ELEE R iin, A LIRS
FCRYE—1 BARERBREY B BNk Ry & tis.

o RIBEMISE: NEEREREEEESNRIESE EAUEELTSHIIE, 1
A LERERANSDINIE. FHEHIRIEN—E SiE.

o MBR: RhEE RERTM 2 ERL BIRAR KRR TIRPER.

o 8l RMEESEELEHIER LUN BRESH SAIIEIS B AT, il
e, EET LIRS HEBENEE LUN B—DERABETNE— M =,

a. BEHAN, EEARLRZIR, ERHECHERM TPG HFN LUN BE4E, ARE
HifEREFIRE.
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b. ERLCHI, BERIE LUN, 188 LUN BRES, LUERER iSCSILIO BARA A
L LUN D ECAIETE Litdls, AERTEHEREFEN.
YNSR iSCSI LIO Btr¢AE %4 LUN 4AR%, EalLIE—1 3% LUN DERLLIETE &Ritc
e BUABRT, RZATRHE A LUN EIEIRGE LR LUN.
E{E28 LUN 282, IBFER A T —Ins 2 R E:

o B{N: B|HISNMOEFMARE LUN IR, SREEHAEXTFRES—MNER
LUN BREFEIZ I,

o MIBR: EFELEIE LUN BT, ARBEMFREFRBIR LUN RS,

o B SR LUN I, RARERAEN THHEERES ZRSHIBR
LUN,

HAR BRI B EE

o BPERSBIIAN—P AR, KERATFIE LUN DE4AE.
TR AERLtE 2 ARER, NIEEMRSS 28 ZE D4 iSCSI SAN fE#F.

o LIRS RIVIAZ TR, B—THZ DB LUN DELEES— RS
22, BE LUN RoEta— 1 ARSS 25,
EEI LAER L ARG, AEURRORRIEE S8 1SARS X518 B 548 iSCSI
SAN f&f7o

o BENSITRIIAN—1M AR, KFAEHZENE LUN DEESE—1T T o
FRE T RERRERRNIRE, BNTRSEXGRS, BERASIUERER
WLENRRE, FE—RRE—ITTRLEENZIRS. HENXHERS (GI4
OCFS2) AItZMTRERENAERRIXAEN, HLREHRRITAERX
o
ERILMERLL D EREE, FisERRSSSREEZE DA iSCSI SAN fiETF.

C. EERREIHRM, BERFES NI, BEEAECKRNSMNIIERE, ARREHER
A=
ERIUERAH T RIS, WRAIEE L & in it T 2 0 EM/s = B 510
Ok, EXFIAB T AEREE —MNAPRZMAOL. NFAEiRHEAMELSH
IIE, SHFEUERTUEMAE. S1AERNSHRIBIARE.
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d. X NEILLARILEBEARAR iISCSI RiEREES LIRS,
e. KERRIERIERE, BEH TP,
5. BRTRREANAIRE,

14.2.5 {24 iSCSILIO B1r4H
el URERIN T A B IE iSCSI LIO Bnd:
o EERAFRIMMEREAR LUN &&
o N BERERINEERARR
o NBEMANREREULERR LUN ZIE4F LUN BYBRSY
o BRARRSMHINIE (BN, FHKZH) WAFZMOLEHEIL
EBWIEELISCSI LIO BIrARNIRE :
1. 35 YaST, AEERMLEHRSS > iSCSILIO EiTo
2. YHRE B AREDR.
3. EEEERAYISCSILIO Bind, RERERE,

4. 7 “ErRiSCSI B4R LUNIRE” TIE L, R LUNZMNEIB4R4E, W38 LUN f5REM AR
MIFRE#R LUN. TEXNATHFIERENENRG, BE D
BXREER, BSRELLISCSI Bin | %,

5. £ “BRiSCSI BifRiEEimigE” NE L, EERIFAEERAF LUN BREIRRIES.
EXATERFMERENENE, BE TP,

6. BEHTAREHNAIIRE,

14.2.6 PR iSCSI LIO B4r4A

MIER iSCSI LIO BARA R ERRABE X AR R RiRAIEXRIKE, € LUN BREHM S {IIER
IE ZBREASHERD X LR EERE T RERHRNRR, ERILUGETR LUN SELE R
EREFHERAE, HAHEEEREHRARINR,
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1. BEhYaST, AREMLEARS > iSCSILIO Bifo

2. YNEEIE LR,

3. IEEFEERIPRRY iISCSILIO Bind, SARREHMPR.

4. RYURTEY, BEASHIAER, SKETEUETFUBUE.

5. BETERREAHNAIRE,

14.3 ECE iSCS| &ittim

iSCS| &Ritinr] FAFEEEER iSCSI Bff. EEAMRTE 142 &€= ISCSILIO Hinfiss
25 WBARY iSCSI BATERT 3, iSCS| RiTmEcEREM N EBRL R — RKIATA iSCSI BARrH
IRE iSCSI 21, XM NTBREFALET YaST TThls

14.3.1 fER YaST $17 iSCS| XicimAcE
FEYaST#, “iSCSI REMIA" SIE=PETF:

AR5 :
Bl AR SSIETRKES I SR B iSCSI kiR, EXEAITIREM—I & LimHE7F iSNS
AR5 28 AR T Ao

2iEZBa .
EIEZEIRET DR T YETEEER iSCS| Bff. S5EAUEMEMERMN, TifisH
BT ARSI B FRAYEIT,

exMmBs:
B A I BRI -EEEREBF o A ML HY iSCSI BHF.

14.3.1.1 E2& iSCS| %&itcim

1. BaEhYaST, ARERMLEEARS > iSCSI AZittim,
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2. IHREIARSSET R,

iSCSI Rit2imiEhid

e EEiEET E&AET
RRIBS
5|SH(B)
* Fah(M)
EERE() fnE-+ (D)
iqn.1996-04.de.suse:01:5365c2817cfa 2R () -
iSNS Huht ISNS 0
#E(H) mEo | [ mEo |

3. EEMARS T, #ERE iSCSI RiLimARSHNBEIA
° 5|F8Y: ARSB/ERTS BEIETIARSS

o Fri: (BN REB[BERDIZE, BHIIETT sudo systemctl start

iscsi iscsid < EFBNIZRS.

4, TR L FLIHZ T,
HIARSS 28 ERY iSCSI & icimts ERTLIEMRY iSCSI FRERZFR (IQN)o. Lt & FCIRZ FRTEMILE
R MEELREM 4, IQN ERUTEIRKI:

ign.yyyy-mm.com.mycompany:nl:n2
Hr, n1# n2 BFHHFFR. Flu0:

ign.1996-04.de.suse:01:a5dfcea717a

RicinZ TG RIRS 88 XX /etc/iscsi/initiatorname. iscsi FAYMER{EBEED
1E7E,
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AR ARSZ 2842 M iBFT (iSCSI Boot Firmware Table) 3%, NIAi#2#1&MA IBFT Ay
MNEEZ, FEETEELARPERLRREM,. i, EelLiER BIOS IREXR#
17124, iBFT 5B AT iSCSI 5|SHIEERAMSHMERR, BIFFHIRSEM
iSCSI Bir5 & tcimEiR,

5. FRUTAZEZ—RZIMWE LR iSCSI BiF.

* iSNS: ZEFH iSNS (Internet Storage Name Service) 3R & iSCSI BFr, &
e 14.3.1.2 71 “fFEFISNS &£ iISCSI Ein” HFmR4rEa2(E,

o BAMBHR: EFmhAIISCSI BIn&E, BIRE 14.3.1.37 “FupkliSCsI B
i1 FFRIRG SR,

14.3.1.2 {EHF iSNS &I iSCSI B#r

NRERIER EREHEE iISNS iREe8E, AREMFERLIED, BXER, BERE 135
“ISNS for Linux” o

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

3. BEHEREHNAER,

14.3.1.3 Fnp&I iSCSI B

WHEMBIRE iSCSI RILHHIARS SIHIENE N iSCS| BAFRSBREE M TFigiz.
1. 7£ YaST 1, ¥ERiSCS| &g, ABERE LY EIRETE,

2. BFH LT iSCS| itk & HIHEE,

3. B P RIBEEEEXIEO. BIARORA 3260

4, IREBXRHAITHMIIE, WEUHER AT RIS HIIE, ARAELERETEHE
IEEZ B AR T B (0 JIEE RE B 7R

5. B TP BEh&MHAERE iSCSI BinRSS 28,
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6. MMREBRZEMB MR, ERIIAIG, BEREEEEB T
AR SRS PO RIERIELERPME iISCSI Bir.

7. B NP emBLE.
ZERSUBHIECEEETF, MEEREREM ISCSIIRE T

8. B EREHNAEN,
9. A LAER Lsscsi mp<EH iSCSI BRI AMIGFIRR,

14.3.1.4 7 iSCS| BirgFEERIEHIXIZEE

1. 7E£YaST 1, B iSCS| &Rils, FAREFREEREEMANRUEE SaEREIRS M
iSCSI BRig& IR,

2. EREEIEN ISCSI BIRgE,
3. BEYIREMMERIRE:
Bzh: IEIATF iSCSI RS A5 BBt EiERERY iSCSI Bin. XEHARE,

SIShY: WETR T3 SHABEEER iSCS| BAF; Bl, HiRESR (/) fiiF iSCSI L,
XHE, iSCSI BIri8S1EIREZ 85| SIEM initrd BT TG, TEFTEM iSCSI 5|1 SHTES
(5140 IBM Z) t£7Z2BRIGETR, Fith, EXEFE ERNERIZEDR, mAER S,

4, BHHEREHNMAES,

14.3.2 FohigE iSCSI %itcim

RIMECE iSCSI EIEFEENK iscsid IEFEITTT. BARIBITAIE, B1E /etc/iscsi/ BRH
B iSCSI AHCiRrI A BB IR,

MBAMZOLHFP, ME iscsid REFNIIEER. BFERRITEAINABEIEEHAE
£, FLbtRTAERRIEIERE, R, DAREBEENH /etc/iscsid. conf LURHE
B. BRARIAMOSER, BT /etc/iscsid. conf REFMUTT:

discovery.sendtargets.auth.authmethod = CHAP
discovery.sendtargets.auth.username = USERNAME
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discovery.sendtargets.auth.password = PASSWORD

AV BB RBEINEREE—TREHFABEES. It exERAERNIEIRBT.
ERLUTa<LEBITIHAIL:

sudo iscsiadm -m discovery --type=st --portal=TARGET IP

WA AR

10.44.171.99:3260,1 ign.2006-02.com.example.iserv:systems
BRI 1SNS ARs588 LRI A B MR, BEAU TSRS -

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

F iSCSI Bir LEXENBEiR, BETR—1T. BXBEEHIENEZER, 55
MZE 14337 “iISCSI| REmEIEE" o
iscsiadm B945% - -login MR BEFFIEEEMILE:

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

WMEMRIZE R ERE Lsscsi BiHP, WEBAIENZILE,

14.3.3 iSCSI X itcim##EE

iSCSI| & A MAIFRE 1S BEETRENT /etc/iscsi MM MNEEXHH, —MURE

RTFAMMET, S—MUEERTAMNT R, HRESIEEN, BAMGIEEERFENLZIN

REVEUEIR B M T BB IRENEIB, TIfEMA iscsiadm 89584 -m discovery #1 -m node
RUITIEIR(E, £ iscsiadm BEHEAP—MEH, ARHEFIZRAOBLAR:

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

AR BARZFRN 1gn. 2006-02. com. example.iserv:systems, SitiEFHEdEEE
XHFRERIESEENZ T, BEHNE ID 1 iqn.2006-02.com.example.iserv:systems
HIRICRIINS, AIERAUTHS:

tux > sudo iscsiadm -m node --targetname iqn.2006-02.com.example.iserv:systems
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node.name = iqn.2006-02.com.example.iserv:systems
node.transport name = tcp

node.tpgt =1

node.active conn = 1

node.startup = manual
node.session.initial cmdsn = 0
node.session.reopen max = 32
node.session.auth.authmethod = CHAP
node.session.auth.username = joe
node.session.auth.password = *¥*¥fkkx
node.session.auth.username in = EMPTY
node.session.auth.password in = EMPTY
node.session.timeo.replacement timeout = 0
10
30

node.session.err timeo.abort timeout

node.session.err timeo.reset timeout
node.session.iscsi.InitialR2T = No
node.session.iscsi.ImmediateData = Yes

EREXETENE, K iscsiadm SEIIRE—FER. Hla0, MRFE iscsid EHIEL
A& R iSCSI B#R, MIEZTE node. startup MEIEE N automatic:

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

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

/8 delete RIERIBRIIBITEVEIES, WIRB4R
iqn.2006-02.com.example.iserv:systems FEREMMIZE, BERLULTHSF UM
B :

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

O ==: Fmik
ERIGATINEIEN, BN AMSR R RAET.

ERENFFEE AWM BIREYGIFR, 151517 sudo iscsiadm -m node @<,
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14.4 ZIEBYfER iISCSI hGE

A% iISCSI E AT, Z3FM AMD64/Intel 64 1 IBM POWER A& 45+ B9 iSCSI #E2 5|
=

BEEREIREZRFER ISCSI HE, I TFEERNESISIEDT:
withiscsi=1

ZREBPLIINET—TIRER, ILEFTLUE iSCSI HARERTIRS, HaEREIERMUE
Fo

Q i1 muE%H
5| 2HAiE], iISCSIHEEBET B, BA initrd ATHHRRAIBR XGRS EHISEXLEISE,
ERFEAEMXERAERZES (I /usr) , FLWEFRIE Hit, FRARSKRE
= (510 /usr 8 /var) #BAZXZE., EfFAXLILE, BHERERRTHENRSM

o

14.5 iSCSI&EIE

AT NE—LEERMIEEM X iSCSI BARA iSCS| &itinminl Ay rl1TRIERT 50

14.5.1 7£iSCSILIO Biriks5es LigE BTR LUN BI &£l P $E1R
ANE4REE iSCSI LIO BfRAR R EEiR:

Problem setting network portal IP ADDRESS:3260

/var/log/YasT2/y2log HEXHEELUTHEIR:

find: " /sys/kernel/config/target/iscsi': No such file or directory

# iSCSI LIO BtriRS B3 HF HriR TS A E LR, BRRILAE, 17IRE YaST, HE
BYITHER systemctl start target ®<FENEE)iSCSILIO, AEEIR.
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B UM AULTHRARICE configfs. iscsi_target_mod # target_core_mod 2
ﬁ)\o %Eﬂmmuﬁ]mﬂ_\ﬁk

tux > sudo lsmod | grep iscsi

iscsi target mod 295015 ©

target core mod 346745 4

iscsi target mod,target core pscsi,target core iblock, target core file
configfs 35817 3 iscsi target mod,target core mod

scsi mod 231620 16

iscsi target mod,target core pscsi,target core mod,sg,sr mod,mptctl,sd mod,
scsi dh rdac,scsi dh emc,scsi dh alua,scsi dh hp sw,scsi dh,libata,mptspi,

mptscsih,scsi transport spi

14.5.2 iSCSILIO BirfEEMITEN LRI

MR BARIRS 28 EEABGASE, MAFTHEFEREL ISCSI %O, LXfcifFH@iJr%mE@J iSCSI
LIO BT, BXER, BFBWE 142.1 7 “iSCSILIO EAES Bl MiEEE”

14.5.3 EZFIiSCSIENNEIES

NRBMIFRIC, AJREZEFE. SUSEBIMBERINAZDHEEFE. MRELMHAIEIETE
EFISCSI@INE, vJLE R SUSE BIAEECE N BHIBA, MARKITHERFE.

1454 R iSCSIE&HTF LVM

£ iSCSI BfR LfERA LVM BY, BERSHDHIERERT.

14541 1MEES|IFHEEHITISCSI Zitm &I

IRE iISCSI RiLimhY, HR5ISHEALM, LUE udev 7£5|FHIAILILTIL iSCSI %%, HigE
BIf# LVM fER IR &,
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14.5.4.2 1ZE iSCS| BirtEs| SETeETR AN

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

14.5.5 BECEXMHIZEAFOIE, =N iSCSI B4

MBI ZBIFERT /etc/iscsi/iscsid. conf BBEXH, B4, EMEEZXHETIE
node.startup EWIEENFHN, Open-iSCSI BEIEftH=ENB R,

¥#& /etc/iscsi/nodes/TARGET NAME/IP ADDRESS,PORT/default X, EEEEBEE
/etc/iscsi/iscsid.conf B node.startup 8B, WRERA YaST EOEE LTS
BAF5, BIFNS7E /etc/iscsi/nodes/TARGET NAME/IP ADDRESS,PORT/default X
%I E node.startup = manual,

14.6 iSCSILIO H1rAIE

E&iEE
e iSCS| in R IKERYSEFREFYIEEF N R

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

CHAP (Challenge Handshake Authentication Protocol)
R RN (PPP) BAIEGZATFRAS—a BRI —a BN G M5, R
Y (LCP) EZM A1+ ENHHE CHAP FiifE, BRRIEERRANEFELIERENIE
mle RARIZMNEFEBIEGNUNRZRLHUEHENZBENNE. BHSHIIEELERRA
AR A EE ST EHNER N ZB AN EZHITRIE, LURAEEHRIAS MHIIEEEHRE
%, CHAP 7£ RFC 1994 F7E X,

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

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

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

AitSin
SCSI R1ER AR, BRI ENFTHIZE.

IPS (BRI X fiETF)
5 IP AR F MBS T IR — RN I&E. FCIP (BT IP BOCLTE
8) . iFCP (RHFMyeLh@Eihil) L iSCSI (F4FM SCSI) #BET IPS 1hi¥o

IQN (iSCSI FREHIRTR)
ELIKEEAR—IRMRE MEER iISCSI RAREL (1
#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 #sik X TCP (fefaizhithil) ImORILAS. TCP im0 3260 2 IANA (E
WMSHBIECHM) FREXR iSCSI hiXBImHA S,

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

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

BirinO
— N ISCSI iR 5 —1 a8 Z 1 LUN A S,

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

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

14.7 Hittfs R

iISCSI hNEEZHE, BIFLWILR iSCSI 5 SAN R A EELLIR. WNERE, IMNEE—H
XAt ARR SR, B X open-iscsi NEZER, BEENUTEER@A:

e Open-iSCSI A (http://www.open-iscsi.com/a)

TE—LEEH SRS, 1§28 iscsiadm. iscsid. ietd.conf #lietd WFMTT, UKRH
FEEX{ /etc/iscsid. conf,
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15 LAKXMycet@ieligfz. FCoE

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

LA R L
2% T S 24 T

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

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

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

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

15.1 : FFRLAKFI SAN FE4Ti@iE

Open-FCoE AJitEE XN EMAREN S LSE S LN T BEN LT @Eml. BT H
F 10 Gbps (BFFIKML) LAKMIEECES, BHREAFEAFFEEMAILUAMEEES. Lt
IRER R T @IE IS IR DU BT LUK E 4R, Open-FCoE #R3R7E 5 SCSI #Y
RRIFEHFERF. Open-FCoE fZ4afEMA net_device ZXEMiFURE, #HIEH OWFHE (DCB) IXah
21t FCoE MARSSRE.

FCoE B—ME NN, Er LUBE UAKMERE LT BENIURE ML HE LT BERE
Ml WNLE—3K, ERINER MRS EEEMILEME LUIGRERC@E —# M FCoE,
MREFETINER, ERILOEREERE I FERE FCOE:

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

15.1 REIREFEE FCoE =M

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 iR Bnhtall. EBER TEEBABMEN, ErUEAFRRENE withfcoe

EDUARIN RIS 21T
withfcoe=1

HICME FCoE MR, YaST REFSTEHTIEMHAIE FCoE LHIRNEIN, £ “MEEE ™
mt, FEEAE FCoE ##0, LUAIR FCoE Bi2E, BKAE FCoE EOMEER, 1BBME 1531
“fEF3 YaST &1 FCoE BRSZ” »

s
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Q iiE: mEAXH
3ISH#AIE, FCOE RERRHRT. BA initrd AMRHBX M RAEHREXLRE,
EBHFEMEMIH RARRES (BI90 /usr) , HEUBRIE. B, FARKRE
= (I /usr 8 /var) MFEXE. BEMRLERS, BREEBFESELORSH

o

15.2 %3= FCoE #1 YaST FCoE & F i

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

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

sudo zypper in yast2-fcoe-client fcoe-utils

WETLAGEF YaST - BRI R LR UL EFRFIEL,

15.3 {#H YaST E1E FCoE A5

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

1. #Cnh YaST HiEFEMLEARS > FCoE B IR E,
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IR T EERE
B el BE(C)

FCoE RERH
O 3|26
@ Fgm

Lidpad RSB
O 3|26
@ Fgm

(1) mao | | ;R |

2. ERZETR L, AIREFEEEERWNEN FCoE FRSAH Lidpad (55R&E & ILIMYACIESFIFE
) BRS3EnhediEl.

* FCoE RS RTN. 1EE=TERS 2R3 ISHBNUAXMI LT @ERRS fcoemon SFIFIE
FiEEFohBal. & TR ATIEH FCoE #0, Hr5 lpad SFIFEFEIEE
¥, JRERNSISHE FRIN) SF .

* Lldpad BRS5BEN: EEREMRSR[IISHER “HRELMMY AIE Llpad F
PR, REFUBZTIFER. Llpad FIFEFZME fcoemon SFFIEF RS
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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160

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&

J&F FCoE
BRSRZBE &R 2SI FCoE 241,

=% DCB
EEGKEEESFEMEFOTE BERFR) -
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Bz VLAN
187 fcoemon SFFIEFRE E&NEIEE VLAN 0,

MREHKE, WEE TP REHNAENR. REBEE AN /etc/fcoe/cfg-ethX X
%, fcoemon STIPIEFSTEMIAETIREVE S FCoE 2O E X4,

6. EEXMRERERNEO, BMIIRPREFE, BEMFFED, ARREH45HIN. FCoE
EOERESAKREE,

7. ERLERITE L, AJEEHIENR FCoE RFARBIEMIZE., &R UM FCoE BRSZHIZSFD
fcoemon SFPEFTEAREZAAIRINE, HrEERTENEAXERFZEHE.

LUIAMX T BERE
| (E15) | #0() RE(©
EERE
iR (D)
= ;
ERARGEEW
|2 v
| @mae | | BHO | BEO |

8. BHHEREFHNMAES.

15.4 {Efa<HECE FCoE

1. fTA— P R&iRERIS.
2. fEF YaST EEE AKX O+, B0 eth2,
3. By “HEERAMMN RETIFRER (Lpad)
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sudo systemctl start lldpad

4, TEUAKMIEECER LB REIER O,

tux > dcbtool sc eth2 dcb on

Version: 2

Command: Set Config
Feature: DCB State
Port: eth2
Status: Successful

5. BRFIEHER OHENR AR RERS] (PFC) IRE,

sudo dcbtool sc eth<x> pfc e:1 a:1 w:l

BEEIREEN:
e:<0|1>

=HIThRERN B A
a:<0|1>

R A SR DR SR N R A A HE T ThRE,

w:<0|1>

6. ERIEEROTE, LIRS FCoE LRIt E,

tux > sudo dcbtool sc eth2 app:fcoe e:1

Version: 2

Command: Set Config
Feature: Application FCoE
Port: eth2

Status: Successful

7. BEIAR FCoE EcBE X4 EHIZE] /etc/fcoe/cfg-eth2,

sudo cp /etc/fcoe/cfg-ethx /etc/fcoe/cfg-eth2

162 e

EHITIRER & % B IRIEM N TR U B BY = Ik B e E IR FECE

% E2& FCoE | SLES 12 SP5



8. B&f FCoE & ictimAksS

systemctl start fcoe.service

9. ¥ “WEERIMN RIEFIFIER (11pad) M FCoE RiEEmARSIEE N5 FHBE,

systemctl enable llpad fcoe

15.5 f£F FCok EIE T AEIE FCoE Ll

fcoeadm SEFIZF S KM ILL@iE (FCoE) BT H, AILERIZTAME,. HREMNEE
FEEMLZIEO LB FCoE 325, fcoeadm SLBIEF BT EZEFEOFHS XL ETEIEITH
fcoemon ##E, BX fcoemon HIHEXIEE, 15 man 8 fcoemon,

fcoeadm LR AIILEE FCoE EHIMUATHEXER:
e 0
e BFRLUN
o WHOFKITEF
fcoeadm SLFATERFZE fcoe-utils BRVAMEDS, Zem<TH—MRIEEMN TAIR:

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

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

[-v]--version]

[-h|--help]

BXHT, 55 man 8 fcoeadm,
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ANt

fcoeadm -c eth2.101
£ eth2.101 £ @I% FCoE 326,

fcoeadm -d eth2.101
ffiB& eth2.101 £AY FCoE 5=,

fcoeadm -i eth3
B0 eth3 LPFA FCoE LAIMMEXRER. MIRKIBEEEEND, NWEERFEEL!
#£ FCoE LfIMZEOMMEXER, TEHNRGERER eth0.201 BIEXEERE:

tux > sudo fcoeadm -i eth0.201

Description: 82599EB 10-Gigabit SFI/SFP+ Network Connection
Revision: 01

Manufacturer: Intel Corporation

Serial Number: 001B219B258C

Driver: ixgbe 3.3.8-k2

Number of Ports: 1

Symbolic Name: fcoe vO.1 over eth0.201
0S Device Name: host8

Node Name: 0x1000001B219B258E

Port Name: 0x2000001B219B258E
FabricName: 0x2001000573D38141
Speed: 10 Gbit

Supported Speed: 10 Gbit

MaxFrameSize: 2112

FC-ID (Port ID): 0x790003

State: Online

fcoeadm -1 eth3.101
ERTEER eth3.101 LA I EIBIFAE LUN B9IFER. MNRFKIEEEMEE, NEER
7EPRE FCoE H#E E A M EIBIFRE LUN B9HEXER,

fcoeadm -r eth2.101
Ei%E eth2.101 Y FCoE 324,
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fcoeadm -s eth3 3

=R E)EFR 2R EA FCoE SEAIRITE eth 3 I OMSIHER. BRE—RNEISE
m—ﬁéfﬁl‘l'é‘&—?o HRIEE MR, WERARIAME—,

fcoeadm -t eth3
ETMEE FCoE LHIRERE eth3 in ORI EIRIPAE BIsIEXER. 8— 1 EXIBIR
A% T B XEXBY LUN. EXRIEESRA, NETRFKEERSR FCok EAIRFIAIRORE
T TEBRFIEREKE eth0.201 EZHBERNEXER:

tux > sudo fcoeadm -t eth0.201

Interface: eth0.201

Roles: FCP Target

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

MaxFrameSize: 2048

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

LUN ID Device Name Capacity Block Size Description

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

15.6 HMWER

BXER, BERUTXHE:
* B Open-FCoE fREZTIFIEEFMER, 152N fcoemon(8) FATL
* BX Open-FCoE EEETAMEE, S fcoeadm(8) FADi,

o BXREROTEEETARNER, 52 dcbtool(8) FHT.
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c AXERERMMUARIETIFIEFNER, BSN Lldpad(8) FMIL.

o HEX—MRIER, 5B MW Open-FCoE EM: http://www.open-fcoe.org/dokuwiki/
start <,
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16 NVMe over Fabric

EEBNBUEHEE NVMe over Fabric =B 45,

16.1 #id

NVM Express (NVMe) @B Xih0IEZ K MERE (BER SSD M) MIEONE, 5 SATAHE
kb, NVMe XEFEMEEESHEZ, FHIERER.

NVMe over Fabric 2 BT @I A RIMLELE R NVMe ETZRIERREN, XEMBLELT
RDMA S BFHc£Fi@iERY NVMe (FC-NVMe) &, NVMe over Fabric B9ERIZRIATF iSCSl. AR
SR$E8EH, NVMe over Fabric RE T Z 21,

NVMe EHE1EEEE NVMe BATHYITENL. NVMe BirZiEHEH NVMe BRISERITEN.

SUSE Linux Enterprise Server 12 SP5 #F NVMe, 127 aJAF NVMe SREFLIAR NVMe
over Fabric BRI ENBIARIZAEIR,

EERLNBEARSHEARKEIESI, BBRE 1647 "HHRENHLE" o

16.2 1&E NVMe over Fabric 4],

E{EM NVMe over Fabric, #47i7E BiF EEAZIFNENTG E, N EEEETLHEE
BY NVMe #1 RDMA, LAFJL TR a0ER EHEREE NVMe BT,

16.2.1 ZEGIITEF IR
E{FF NVMe over Fabric, BER%E nvme 17T R, 1B5EH zypper TEZT A

tux > sudo zypper in nvme-cli

£ nvme --help AJ5IHFAIEATANFH<S, FHIHEMHT nvme FiiSHFM T, H1Tman
nvme-SUBCOMMAND RIEFEXBIFMIT, 0, BEESE discover FanSBIFMBL, BFHIT

man nvme-discover,
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16.2.2 &I NVMe over Fabric Bfr
E5IH NVMe over Fabric Bi5 EBIBIH NVMe F &%, BEEGAIMITHI2EHHFIARS ID.

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

¥& TRANSPORT B ANREEFWEMA: Loop. rdmadk fc. &

DISCOVERY CONTROLLER ADDRESS &gk IiTHsgaytitt, %t RDMA, LbitititiiE
IPv4 #tiit, & SERVICE ID BigAFHMARS ID. tNRRSET IP (5150 RDMA) , MARSS ID
BERAS., MFAFEE, FEERMEMRS D,

NVMe ENRSBIENENEENF RS,

NN
tux > sudo nvme discover -t rdma -a 10.0.0.1 -s 4420

BEXELZAT, 5= man nvme-discover,

16.2.3 &1 NVMe over Fabric B#x

JA%) NVMe F & %G, ErJLAER nvme connect a8<FiEIETE,

tux > sudo nvme connect -t transport -a DISCOVERY CONTROLLER ADDRESS -
s SERVICE ID -n SUBSYSTTEM NQON

¥ TRANSPORT Bt N REEFIEA: Loop. rdma Z fc,

DISCOVERY CONTROLLER ADDRESS #ift 4k IizHI23aIit, *+F RDMA, Lkt 2E
IPv4 H#ifib, 3 SERVICE ID BiAEHARS ID. SNRARSEZET IP (520 RDMA) , Mtk ID 5
EimOS. 3§ SUBSYSTEM NON B A LI T EINFIE FRSH NVMe [REZ#. NQN Z
NVMe PRER R (NVMe Qualified Name) B9485 ., NQN @ATHME—,

NN

tux > sudo nvme connect -t rdma -a 10.0.0.1 -s 4420 -n
nqn.2014-08.com.example:nvme: nvm-subsystem-sn-d78432

&, A nvme connect-all EHZEZNLMHFAERNTE, BXERAZE, 155X man

nvme-connect fl man nvme-connect-all,
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16.2.4 ZRiZ

NVMe ZH ZEREFRINSTF2ARS, BITHZRFIRENFE, B5EAGS nvme list-
subsys., EEMA NVMe A ZKZ, &% nvme-core.multipath=on HMA5ISEE,

16.3 i&E NVMe over Fabric B#x

16.3.1 ZRMIITEFIn
EFfZE NVMe over Fabric B1R, EEZRE nvmetcli d<$1TITE, 15EM zypper R&i2T
H:

tux > sudo zypper in nvmetcli

iR nvmetclihttp://git.infradead.org/users/hch/nvmetcli.git/blob_plain/HEAD:/

Documentation/nvmetcli.txt @ BIRETSCHY.

16.3.2 EETRER

TERTFEEIHEBUN{EIZ & NVMe over Fabric B#To
ECEMRFEENESENTD, FH cd LS. FA s aFHNR, EEJLIFEH create 6
R,

1. B5h nvmectli XEYME:

tux > sudo nvmetcli

2. SI@HFHIHN:

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

o- 1
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o- referrals
0- subsystems

3. B NVMe F&R%:

(nvmetcli)> cd /subsystems

(nvmetcli)> create

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

(nvmetcli)> cd

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

(nvmetcli)> 1s

0- nqn.2014-08.0rg.nvmexpress:NVMf:uuid:c36f2c23-354d-416¢c-95de-

f2b8ec353a82
0- allowed hosts

0- namespaces

4. BIEMBIRI=(E], HEHPIRE NVMe &,

(nvmetcli)> cd namespaces

(nvmetcli)> create 1

(nvmetcli)> cd 1

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

Parameter path is now '/dev/nvmeOnl'.

5. ERkRItEIRIR=IE:

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

6. BREIERNRIR=IE:

(nvmetcli)> cd ..
(nvmetcli)> 1s

0- Nngn.2014-08.0rg.nvmexpress:NVMf:uuid:c36f2c23-354d-416c-95de-

f2b8ec353a82
o- allowed hosts
0- namespaces
o- 1
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1. RTFFIBEENERZFRR. REEREWERA BT,

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

&, AURATFRENENZELER:

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

allowed_hosts/

(nvmetcli)> create hostnqgn

8. FILBIBRIFIENR:

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

o- /
0- hosts
0- ports
| o- 1

| o- referrals
| 0- subsystems
0- subsystems
0- Ngn.2014-08.o0rg.nvmexpress:NVMf:uuid:c36f2c23-354d-416c-95de-
f2b8ec353a82
0- allowed hosts
0- namespaces
o- 1

9. fEB+RAlEE RDMA A

(nvmetcli)> cd ports/1/

(nvmetcli)> set addr adrfam=ipv4 trtype=rdma traddr=10.0.0.1 trsvcid=4420
Parameter trtype is now 'rdma’.

Parameter adrfam is now 'ipv4'.

Parameter trsvcid is now '4420'.

Parameter traddr is now '10.0.0.1"'.

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

16.3.3 &HNEBTERE
AIGER I T A7 JSON X iR EARERE

tux > sudo nvmetcli

(nvmetcli)> saveconfig nvme-target-backup.json
EmERcE, BFFEM:

(nvmetcli)> restore nvme-target-backup.json
R LURFR R ECE |

(nvmetcli)> clear

16.4 FSAREHFECE

16.4.1 #iA

BLEEHRERHANEESBER L BYEUTENRINE, BECESEMER TR
IR BN .

16.4.2 Broadcom

IR IETEEA Broadcom Emulex LightPulse Fibre Channel SCSI IXE5#2%, iB7E lpfc i®
R BRI ENFRIMAZECE S

tux > sudo echo "options lpfc lpfc_enable_fc4_type=3" > /etc/modprobe.d/
pfc.conf
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81X Broadcom E&EC2REHFRIRRAZE D/ 11.2.156.27, BIMNMHRERERIIRASH nvme -
cli, nvmetlci MAR#%.

ERAYch@EmO1EN NVMe B15, IBIKERIRSE Ipfc_enable nvmet=
COMMA SEPARATED WWPNS, RZERE=NBIMENECESIHAY WWPN, R EE R OAS
BN ERE AR,

16.4.3 Marvell

QLE269x #1 QLE27xx i&fges E#BZ#F FC-NVMe, Marvell® QLogic® QLA2xxx Ft4F @i IR EhiZ
FREIA=ER FC-NVMe X #F,

ZiIANVMe BB ERBHA, BE1TUTH !
tux > cat /sys/module/qla2xxx/parameters/ql2xnvmeenable

MRET 1, MERANVMe BEEH, E7F 0XRT NVMe EEA,
RAfE, WEUTaTHREE, HR Marvel :EEc2sEHHIARZASFETF 8.08.204,

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

BfE, BRBLEZERT SUSE Linux Enterprise Server FIEHARZS (nvme-cli.
QConvergeConsoleCLI) &A%, a0, EoILUETT

root # zypper lu && zypper pchk

KB B IEHMETFo
BXLENEZHAT, 155E T5 Marvell HFEFEHRY FC-NVMe 3853

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

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

16.5 EZEE

BX nvme s THINEENE ST, i5E%E nvme nvme-help,
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http://driverdownloads.qlogic.com/QLogicDriverDownloads_UI/ShowEula.aspx?resourceid=32761&docid=96726&ProductCategory=39&Product=1261&Os=126

LUTFEEIR M T NVMe 1 NVMe over Fabric B9fE7Y:

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

e https://storpool.com/blog/demystifying-what-is-nvmeof &
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17 EEIENZREZEI/0

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

17.1 THEZH?F1/0

ZRIEERSBEBESMIERETE (XEREZERSHBPHENELSE BN IREEFITHIZE
zZi8) ME—YRESZERGEFIRE®INREES, BERELLTEE (FC) 5 iSCSI SAN IR
Fo HEMEEAAN, SR USSIS B ERNETFRN S NEE,

Linux WZREFRMUEERE, HAUBS MEmhERRMARTE, SSRFEEEHAER
Z178, ESEMREMIRNIREERRE, HERE /0 TERE,

wIERIR GRS, BATUEHISENE, SN—MKERESKE /08, SBREREE
FRERIREZEINENER, SZREIEDIEFQNE—EDREZLI /0 #HiRN, ER
RIS RIZIeENIEEE AR, HEERERXERNR, EHNRSROZIEERZ.

17.2 M2

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

LigE,

17.2.1 HohiallE] 235 % RS EFES
multipath-tools S EaNE AT EE-ES:

3PARdata VWV

AIX NVDISK
AIXVDASD

APPLE Xserve RAID
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COMPELNT Compellent Vol

COMPAQ/HP HSV101. HSV111l. HSV200. HSV210. HSV300. HSV400. HSV 450
COMPAQ/HP MSA. HSV

COMPAQ/HP MSA VOLUME

DataCore SANmelody

DDN SAN DataDirector

DEC HSG80

DELL MD3000

DELL MD3000i

DELL MD32xx

DELL MD32xxi

DGC

EMC Clariion

EMC Invista

EMC SYMMETRIX

EUROLOGC FC2502

FSC CentricStor

FUJITSU ETERNUS_DX. DXL. DX400. DX8000
HITACHI DF

HITACHI/HP OPEN

HP A6189A

HP HSVX700

HP LOGICAL VOLUME

HP MSA2012fc. MSA 2212fc. MSA2012i

HP MSA2012sa. MSA2312 fc/i/sa. MCA2324 fc/i/sa. MSA2000s VOLUME
HP P2000 G3 FC|P2000G3 FC/iSCSI|P2000 G3 SAS|P2000 G3 iSCSI
IBM 1722-600

IBM 1724

IBM 1726

IBM 1742

IBM 1745, 1746

IBM 1750500

IBM 1814
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IBM 1815

IBM 1818

IBM 1820N00

IBM 2105800

IBM 2105F20

IBM 2107900

IBM 2145

IBM 2810XIV

IBM 3303 NVDISK

IBM 3526

IBM 3542

IBM IPR

IBM Nseries

IBM ProFibre 4000R
IBM S/390 DASD ECKD
IBM S/390 DASD FBA
Intel Multi-Flex
LSI/ENGENIO INF-01-00
NEC DISK ARRAY
NETAPP LUN

NEXENTA COMSTAR
Pillar Axiom

PIVOT3 RAIGE VOLUME
SGI IS

SGI TP9100. TP 9300
SGI TP9400. TP9500
STK FLEXLINE 380

STK OPENstorage D280
SUN CSM200_R

SUN LCSM100_[IEFS]
SUN STK6580. STK6780
SUN StorEdge 3510. T4
SUN SUN_6180
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—ARE, HREEMEYZSHE TR, SaQNEIEFEESIR, A ZRENRIAE
B, NMRBEFHIERINLE, WAMFohelZEMECE /etc/multipath. conf X, XA
BEE TN RINEGRIER. BXER, BENE 1767 “6liEZE0L /etc/multipath.conf

XH .

BB FYIED:

o H3EFRE BrhuNEIRE7ZRE5ERE7E SUSE Linux Enterprise Server E£&idiMid, Fi5
BI%E 17227 “MAENZIFZRENEEES

o REAEFIETIARER RN ENBALIERER, BALEEFE— AR, STRRE
LAFNRIE 1/0 SR HITIRE T AR, BXER, BBIE 17237 "H2EEME
GRUSELEIE: N rvea Ty

o M8 /etc/multipath.conf XHfE, EHIUETT dracut - f TRZE EEHCIE
initrd. RABRESISRFZUBERER.

17.2.2 MRS B2 RIEMEFET

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

EMC

Hitachi
Hewlett-Packard/Compaq
IBM

NetApp

SGl

HMENEEEREY S U, BEEHNENXELERBEXES. BX
multipath-tools BRILURGINBIAMERFETINGIR, EESWNE 17217 “Hipl@ll =z 5

ZRIZEEET o
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17.2.3 FEREEFLIERFEFRES

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

O == =28
BB R R R B S G AR SRR KRR,

multipath -t &< ER—1"EXRFERNEEGLEREFHITRFROCENRNIEERES
FKo BETHIIRFEZZIHEEMETINS TR, XY HERFFHFOEH BET AT A HAE
multipath-tools F& A GAILLIARIBIARLEES,

O ==:
HE 5 RS B AN RERIEHAIE, Al multipath -t HOTRFIH
=08

multipath -t RXRPWIIRFA—ERTETZFFEBEM LMHE SUSE Linux Enterprise
Server, X FEMXIHEEREFINGIR, BERE 17227 I p =22 BIE0EEFE
57

17.3 AixZERE
RIS EEE /0 BRASER, EEBATRILT,

17.3.1 FoREFMH
° SBEERERIIHTER.

BT ZREZRENEERTIOTZIFZRE. BXFMAER, HERE 1727 "BHZ
oo

179 FERERMLIEIZFBMEFRS) | SLES 12 SP5



o (REERSHFFHENSLSERBMIREFIREN NS EITHIBR Z EFES MERRI
iy, Z7EBEEZRIZ. EAURKEZERENSRERENMNIRSS AT L.

o WTFELEAMEEFNT, HUBREEBSHNSBRERHUEEZETWIENZEIRENZR
2o AXMIBERT, BNEBHRNEXTAXEREICEZRZAIRA,

o HEEMEIFRRERZREIZN, SRIFEIVIRSB[IFEFRIZG, LRERENSR
12, BIRHEIERAGEM Guest 1B

17.3.2 HEEEES
ZRABSITRENYIENEERERESREZA, BRITUTHEERES:

c FRE=FTERYIBEREZI N NBNNEERE,

o FRF=AIARYESZEEES X, IRTETHRAGTERSK, RERFEFZ
B&1Z (DM-MP) #RIR A= B ah il & BUX L E LY, DM-MPIO AAEHFIAK, XBHEE
KE5|Fo

o EA%E =7 SAN (45| EIET AGZMECERM RAID 1&&

o EFA%E =7 SAN [E5IEIET AIEEM LUN MiZiEIRE. LEMTISZIFNEEREEE
BURTF BEFIH N o

17.3.3 %% RAID

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

BXRAUMERMH RIAD IREZRENGER, BERE 17127 "NIENHFRAD EEEZRIT |/
0” o

17.3.4 SrRMEBRALE

HEER NS AMRAARETS I TR LNZRERSIET. BAREMNHELEN/
etc/multipath.conf XHHHREEIREEZE N EHEPFRE—,
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HRZRIZREEMEIREPNZNEER. BXFAEE, BFBNE 17917 "HAEES
MZHRIZIRERIT o

FFE LAN $55I§EN DN EFIRIZE (DRBD) S A AR S RIE L BEENEM HiE1T,
XNFRBEZ /0 BZHBEITLITE DRDB fBRAEREANE MRS, YIS RIREEE
AXFFZE, HBECE DRBD,

17.3.5 &AL initrd 5&REEFRRRD

FERAZEENREEN—TERE, FHRRERXHRAKRIISRAFAENFAEEMXGRS
FHE, initrd SERENRFTH—H. NRERKTEATZRIZ, BAWFEE initrd
FEAZHE, RZ7FA. BXRIFAER, BERE 17517 "EH. A, BililELEZE
Z1/0BRS" -

R initrd 5REFRT, REARLTEEEST, BHIIERETERING. BXUAER
HESLEB RN, HSRE 17.15.1 7 "BAZRENAZSES SJiETENEISEZ)

——
1

Ju o

174 ZRIFEETA

SUSE Linux Enterprise Server ARy ZE&EZ 1A Linux RIZAYIS & RETIER Z BRI E IR K
multipath-tools AR ZEIENEM, BEILERAZISEEELAIRER (multipath) EE%
BRI HIIRS,

17.4.1 1REMEIIEF ZERIZEIR

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

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

o ERNEEHLERF, BXER, BBRE 17237 "TE2EEEFDIERRFMETME
I

o ERLLEREEAERENOHTER L.

DM-MPIO WA i fa R B e R A M D AU KR BB EEMNE, UERFIKKAEE
EMEERRFIUBMERBR. XAIUSAREEMFREERNEFFRNXE,

DM-MPIO (RIFISEBRRZUSIKE I AILEE, NR—EHRIEER (Bl, —PMNKE
FCas 1/0 B s cer g ififg) , 1/0 SEEREIRIRIER. MR EEZEDD/ A&, N
BRESHEEERBE I NEMREZE. MREEEABRMAHTEEE, WRERRESRKRE
FENRNE, MRFIEEMBREHIRK, N AMRENEENHEERKE, RIEFLIALI30F
HUIER Z fa 7 IR tRFEE:T5.

MR—MEEFEFIE S MEFLIESE, EHRR SAN TV ERZABE EIARIN LUN BIMEFR0IE
2o EZSWHEFET L, P LUN BT XA MEFIERS, FrUM N ERSEEE0.

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

| 17.1: EERESIRSERTE 1/O Thik

i zediet oy 3 E1:pU
IR SEREAL — MEHISREEMN, NFAE LUN 2RSS, E2MEHIZsRY

SIS, ETMIHISRIEE LUN A SBREEN, LUE
BIERGT MASKE, MBTEHIREN, B MEHRSE
&, H#ETHFE LUN RERS.

FEREEIESIR, LUN BTLUSTRATRMEEISE, AT LUN 15
AT M E R SR I — MEHIEE, — MEHIR—REI A
LUN $04T048E 1/0, B MEHISRER LUN & Missse, $=
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fEfF RS RIThEE

SEDh/JETNIEHIZR

AETE

I HISR RS

SIS/ RIS FF

E1::pU

MRS BRAXLERR, BARRTHRITHE /0. A% LUNR
S5 8RR 1% LUN BUHEIRAVITHIRS. WISR—4H LUN Ry
2R, B MEHBEZEE, FEEHPIE LUN ZEARSS.

MMZHIZEY 2 PE LUN B9, HERTLICEIER LUN BYEE
£ 1/0, WMR—NMERIBWAW, FoNERZENIEFIER
o

RERNIZF Z RIZIKEIIZF B o i E & shER 2 PRV E T
A

HIEDNIEH SR RRB RN ER TR (ARSI M, %
FHIRNIEF ZREREHIEF S B hEUE TV & AT 88 Z B/
Bz, EelliAER.

7£ SUSE Linux Enterprise Server 10 f1EShraH, 1R (/) &F
XL HRIT. ENRS[OIEREEIS| IGE SRDENNITHI2E
M7 L8R,

£ SUSE Linux Enterprise Server 11 ;1EShkAH, /boot i&#&
XRZHIZ,

RERNEFLZHRERZRIFRENEDRFNFIMIIAY SCSI 18, SCSIIRERMERT /
dev/sdN, Hf N BAZKEFEMERNFE, MaFfia, AERECIBENIRFLK, Fla/

dev/sda. /dev/sdb 3. RIKEHEL 26, WEEARINFE, XHE /dev/sdz GHT

—M&ER R /dev/sdaa. /dev/sdab %,

MBKRBETCNEIZ KR, MEEILIE /etc/multipath. conf XERFREREE

1o multipath.conf XHELLIEMNEEZRIERFEN. BXER, BENE 1767
“BIFRIEEY /etc/multipath.conf XX

183

IRERPIIZF ZERIZIRIR | SLES 12 SP5



17.4.2 ZRFI/OEETH

multipath-tools #l kpartx SR H T AFRITEMRIEAMMIEN TR, ENSEHE
hMiRERTE, Xt¥, FRRMHBEREREERR, EBENENRBH. XeURAEEE
RERREFIFIRRIK L,

% 17.2 . MULTIPATH-TOOLS @8/ TH

TH 123U

multipath RERZPNSREFREHFAHREN.

multipathd HEMIEH, ASHITmultipath,

kpartx 4L devmaps BT EI ZERRIGE DK, F1EEEBNIEE

EHIDXEIZZ RS,

mpathpersist EIRgFMPNTERF SR 1F18E £ SCSI KARE,

17.4.3 MKz FEA MDADM

udev BRINEERIEERF, RASEMNFEIRENLIK ID MARRETRE. SRR T L
hfi4<#9 MDADM # LVM HpyialER, BPECE X (mdadm.conf #1 lvm.conf) FREEIEMIRG|%
HBIFIEE

5 LVM2 —#¥, MDADM thZEKi@:d ID MiAFg&ET R FiARIig&E. ALk, /etc/

mdadm. conf ARy DEVICE NN FIZE:

DEVICE /dev/disk/by-id/*

MRBEAAFAREFNRN, BRUTATEEREE, UETEEZRIEEMNNIRERIIER
AT

DEVICE /dev/disk/by-id/dm-uuid-.*-mpath-.*
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17.4.4 multipath #5%
8 Linux B multipath(8) Hi<HENEEZRRIER, ZHSHW—MIELNTFR:

multipath [-v verbosity level] [-b bindings file] [-d] [-h|-1]-11]|-f|-F]|-
B|-c|-q|-r|-w|-W|-t] [-p failover|multibus|group by serial|group by prio|
group by node name] [DEVICENAME]

BX4T, 55 man 8 multipath,

BB

multipath
FCEFE ZHEI%E.

multipath DEVICENAME
B E ZRFI%E.
& /dev/sdb (30 udev #9 SDEVNAME ZTEHFR) HISET SARZHRA
major:minor #& Bk DEVICENAME, tATLUERIZIEE M SRR METR R,

multipath -f
eI 25 PR AR BR AT K HIZ S BRETRY 73 X o

multipath -d
HoE, B REBEZRIFIRE, BRREMEE, UAERMEIRIT,

multipath -v2 -d
ETRRETHEESRFIEENZREMINER, -v2 BTN RAERE, XMiFMAR
AMFTEN QIR EMZERIZEIR, FAT 0 kpartx ZEBEM T AR HEN.
MRIKFEELEFEEREEN, NEHE, A multipath -1 AIUEBREENZREZE
IR EIVIRS,

multipath -v2 DEVICENAME
EREEEZREREHETENSRBEMIER. XMIFMARFN(FTENRIZRSEH
HZERE R, LUAXN kpartx ZEEM T AR EBEN
NRiGFELFEEKREEN, NELhkit. A multipath -1 AIUEBREENZEBEF
R EHVIRES,
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/B /dev/sdb (31 udev # SDEVNAME T EHFfR) MIGET R38R A
major:minor A& DEVICENAME, tA]LUEAIZIE &2 KR METZ R,

multipath -v3
MEEEZRFRFFAETRCIINZREMIEE, XMIFARFITENFRE K NEI RV
7. ZREFMEEMST, WWID 1 devnode FINBEZENIGEHEETo

multipath -v3 DEVICENAME
RERERAEZRREEHETEXER, V3 EMETRTENRZEIIR, XMHFMALF
FTENFRERMEINERER. ZEREMIEEMES. WWID #1 devnode FINBZ 2R EEH=
T
&S0 /dev/sdb (30 udev #Y SDEVNAME ZTEFFR) MIEETRZTHEA
major:minor f&TE#E DEVICENAME, WAJLAERIZIRE YL ERIZMET &R,

multipath -ll
ETFEZREILEIIRS.

multipath -l DEVICENAME
ETHEZRFZIZENRT.
fERIEW /dev/sdb (40 udev #9 SDEVNAME ZLEFHFIR) MIRET AR RE
major:minor A& DEVICENAME, tA]LAERIZIE &M% IRFMETZ R,

multipath -F
RIFFRBE R ZRFIREMS . ERETZERE, BERRRESE.

multipath -F DEVICENAME
RIFSE SR BIZENRAZRFZIGEME, EARIFZREIE, BFRHRILE,
fEREW /dev/sdb (40 udev #9 SDEVNAME ZLEHFIR) MIET RRERA
major:minor f&NE R DEVICENAME, HA]LUERIZIREHZIREIRETE R,

multipath -p [ failover | multibus | group_by_serial | group_by_prio |
group_by_node_name]
EE FRPFTARE P — A RBETURIS B 4H 5REK
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£ 17.3 . MULTIPATH -P 5 < rY4E SRR IEIR

ER BRI R

failover (BRIN) S MUEFANN—NEER. E—RREEFERA—IEE
o

multibus —MEFER AP R,

group_by_serial MM SCSI YIS (ITHIBRTREKES) —MUER
4,

group_by_prio S BRERERE—NMERA. EEHRRARNERER—

AR A, MELBALIZEFTE /etc/multipath. conffd
BEXMHHIEEN global. per-controller 2 per-multipath 3%
SRIfAE

group_by_node_nameB 1 BirTRBA—MLEERH. BIirTRBEE /sys/class/

fc_transport/target*/node name {iEIREXHY,

multipath -t
ETASREHRIENNZRIZEE, BXEESHNAT, FSH man multipath,

17.4.5 mpathpersist SEFERF

mpathpersist L HEFAIAREEGEMSFTER ZHRFIZE LB SCSI XARE, Zm<TH
—MRIE AW AR

mpathpersist [options] [device]

XTS5, 58 man 8 mpathpersist,

B ARERS /etc/multipath. conf XHEHHRZIZIEREEH (reservation key
B) BiER, 188 SCSIHZENKARE, RMNBRTA=ERZEY. IRKIZEIZE
%, multipathd STHFEFASRERLANNERHEEHBRANBREFIKARE.,

reservation key <RESERVATION KEY>
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BRI LUEZE M ARINE) defaults 8 multipaths 2%, fFla0:

multipaths {
multipath {
wwid  XXXXXXXXXXXXXXXX
alias yellow
reservation_key 0x123abc

REFMEEAKAEENZIRIZIZEEMN reservation key 38, AEBEITUTHSERD
multipathd sFiPTERE:

sudo systemctl restart multipathd

REBEZE, EALI7E mpathpersist e HIEEREZEH,

ANl

mpathpersist --out --register --param-sark=123abc --prout-type=5 -d /dev/mapper/
mpath9
i /dev/mapper/mpath9 & EHIARSZSIZEIRE A,

mpathpersist -i -k -d /dev/mapper/mpath9
J¥£EY /dev/mapper/mpath9 i&EHIARSZIZIERE A

mpathpersist --out --reserve --param-sark=123abc --prout-type=8 -d /dev/mapper/
mpath9
fRE8 /dev/mapper/mpath9 &M IRZIZIEREZH,

mpathpersist -i -s -d /dev/mapper/mpath9
3%£EY /dev/mapper/mpath9 i&EHRE RS
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175 NAZRREEERS

17.5.1 3H. ZH. BoiflELEZEE 1/0 RS

B AW SBERSEISHE, BETUTHS:

sudo systemctl enable multipathd
SHEEEETNRATTHRDES, REREELRS, FRALTEF— 6

sudo systemctl start multipathd
sudo systemctl status multipathd

BREYAISIERELEZRRRS, UNBZAZRSUBERATRSIENABEHE, BB1T
U<

sudo systemctl stop multipathd
sudo systemctl disable multipathd

O ==: e initrd
BREANRERAZRERSEN, RFEEME initrd, ZUWREKJELEBSIS. BA
ZRERSN, REBTUTHSUEWE initrd:

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

(AIi%) Itoh, MNREFRHENKEZREFZIRE BMEFHBET ZKRE) , BEEN
2 initrd 281, BLUT/LTHRME /etc/multipath. conf BIKE:

blacklist {

wwid ".*"
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17.5.2 HZHFTES SAN IKF

BCE SAN IZEMZ IR 1/0 280, BREBMITUTIRIEES SAN 188!
o FRAMNETARE SAN HIZREXE,
o FRAMNETRNEFES] ERFEN LUN BEEEIHRINPR.

* L& Linux HBA IREIRZF RN, LRFIER/G, WEiiRF=BEIAM HBA, LUAIMIZE
MBI PRAVESR SAN i&&. ERXLE SAN ig&iRHL TN UH I TH—PHERE,

Q iEE: TAMBRE
HRISIETEFERAN HBA REEF & B RA AN Z KR,

BXEZAT, B NHNBEERR.

n
o BRHREFERZ G, KIMIERLFEMEY] LUN RO XBNIZET Ro

o WNRIF SAN IRERAMEARSS B LAVIRISE, 1B 17.14.9 7 "IRIZENZEIZHTHT SAN
BRE" FAmMEigEBIRE.,

9NR HBA IRohiZF & B HEIXEE LUN, MATLUEMR Lsscsi MBIRERAR T ERBFEIXLE
SCSI &%, WX HBA IRGHIFEF BB EXLE LUN, ENE SAN WXKIHIZE, R ENRE
LUN B ES a0, UKREEER LUN [EfiEKkEARSS 28,

90K HBA IXapiz B EIXLE LUN, BSBEHENMRIEE, NREEMRZSEKENR

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

1753 RZREIFiwEIX

FEVEREFEZSTRIENDXIRE. £/ kpartx TALFE5|FHAESZRIZIERETR
SIS X, WAIUERHECEZRIZZAT, A YaST 8 “DXiZF" haEsERE =77 KX
TEMEEDXK.
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ZRRISERIEEMRNERIESE. BAGHAMBSITIAR (Y0 parted. kpartx 3 fdisk) BILL
BHIZEMNERILE, BXHAT—EIEREREMBAAFERN udev E. MGHMNIERIE
BOX2ZE, BRZKEZREMRE, BEREMEHEEMFAER LS. NRFRMHNEN], &A]
MEMMHNZREFILE, HESITRSE, UNEZREMNTHARAETRDX,

ZRFRE LN— P KINSEMRREFSE AR T — MG E. FRABMEEEIE LM IE
EER, BIEEFNEERXKNIEE. IRKSZEEIKIEEN VM ZEENEITEE, N
VM KINHNRBMIEISEE DK, BIEBRRK. NRFEHMS SAN &&, ALK SAN 1%
F LA LUN, 81D LUN FARTNSZRFIREETAIRS .

17.6 BIEIEER /etc/multipath.conf X4

REEIE /etc/multipath. conf, EXHAZFE. FIFEEIESBRREXAHHITME
WigE, BUEEBITTIPER multipathd BY, B ARINNZRFIGELE,

o FE: MK MK AMNAE /etc/multipath. conf YT
TSRS IR EIEER /etc/multipath. conf X, HRFIZEFRER= BTN
B, XiF, ETMUERRERZA], SEHTIRETURIXLE N, MR EHRE
MIRERE, A 17.6.47 “[A /etc/multipath.conf X EELLIEH 2 2R
597 HRFTIRSREH % B IZIRET,

17.6.1 ®I#E /etc/multipath.conf X4

1. FRIGANREERECIE—ITE /etc/multipath. conf XX,

2. WRVIERT SAN FINMERZRY device 897, ZHMNEHRHEXTEMRIZE device &7
B, EFE, RRER SAN FEHIMA device &5
MREFERBEONENBEEFRSE GFERE 17217 "HiWlE 22 RE0E
FEDT ), MAFZEARI device, RAFELER MERNAIREHNERIARE.

3. gl blacklist #53, EEPEEEHBNNFAEESRRIEIRE. BXFARES, 7S
ME 1787 “FEZBRKEIINERRR ,
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4. MEZFELEXHPAIMELZHD. BXEENA, BEEE 17627 “/etc/
multipath.conf XFHEIES” o iEZfTman 5 multipath.conf RIRBEEZMATA
o

5. THifG, 7 /etc/multipath.conf HIRE 17.6.3 7 “KEG /etc/multipath.conf 32
R ZBRFEE” PERRIRERIZE,

6. AINRIECES, 1HIRE 17.6.4 7T "/ /etc/multipath.conf X E R LIE T Z B2
517 FRFTRN RECE.

17.6.2 /etc/multipath.conf X{rIER%H

/etc/multipath.conf XHH TS D 1. BXHT, EZE M man 5
multipath.conf,

defaults
ZEREZ /0 NEMEIANKE. NREENISEHZREDBDFREHRE, NSFERAXLE
B BXER, BERE 17.7T “BEEXKEIEN. HBAKREPERISEIAKR

blacklist
FIERMENEEZREMEFNGE R, AILUBTIRETRE (devnode). &&
WWID (wwid) S0i& & HNEH~mF RS (device) FiRF)EE, LBEEIHESZKIES
RR1%%, 5190 hpsa. fd. hd. md. dm. sr. scd. st. ram. raw#l loop, BXi¥
MEEMRG, EBWE 1787 “HEZHREFLEIINEZR

blacklist_exceptions
FIHEMfEE A TR RPMANEREZRENIGEINIZE R, AJLUBIRET KRB R
(devnode). &% WWID (wwid) i&EHENEH~mFFTE (device) KiRFIZE. Eab
fEARE BRERERXEFIEEFINYILE. Flil, NREERZRPNILEFEH
T XH#F devnode, MERHEFEHAXET devnode EERZ BHISMNHIBF— 8T, B
AR devnode KBRS EMAERZ R, WA EER wwid XEFHBREPELIZE,
BEXFAERNRA, BERE 1787 “HIEZREEEIINEZR
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multipaths
BERNEZREFLENLE, BRAFEMEENLEI), XEEREEREXHH
defaults #l devices ZBHHHEMIEEE,

devices
IBERENMEFIEFIZNSE, XEERESREXMHN defaults BOPIEENE, AR
BERRRINER FTAZZHNMEERS, WelLe)ZE devices 7885, LUBEIXEEME

FIRRGAIRE. MRXEFAVF, WAILERENSREFRENIREEEXEE,
BXER, BERUTRE:

e 1797 "EEERAFRIFHZMEHIR”

e £17.146T “ECE IBMZiEENHINGE”

17.6.3 38 /etc/multipath.conf XN ZHRIFIKE

TR EAAIBY B SRIEER /etc/multipath. conf X, HEFZXHNERBNAER.
TR UEEMSBRERN ZATZIRERIT Riz1T , MREZREFIRE.
TERRSS 2R Ep LR N

sudo multipath -v2 -d

s

LRSS, AEETIREREMSEF=ENRR, ZnRIGEEBH /etc/
multipath.conf XHHHITIHZEITH, FFER multipathd EFEEIEE (FEIN) 2
RIgBIEIT. MREBRAER, BRET—D,

HHEMFOTAS:

26353900f02796769
[size=127 GB]
[features="0"]
[hwhandler="1 emc"]

\_ round-robin 0 [first]

\ 1:0:1:2 sdav 66:240 [ready ]
\ 0:0:1:2 sdr 65:16 [ready 1
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\_ round-robin 0
\_ 1:0:0:2 sdag 66:0 [ready ]
\ 0:0:0:2 sdc  8:32 [ready 1

BEADASNMELRE. —RRBE—MIGRAREDN, BXEDECHEERER, FTERK
RHEDNA—1H, BEWEEN/FNENERE, FRENESNREERE/L N TRRNMEEK
HR, XERFERUPBEEENLLE,

WS TREARRARTES /0 NIRF. BETHSREEURESMUTRANRRZR. I TFEMRE,
SEREYERIE (host:bus:target:lun). RBTRBR. TEREBHRS UIRKRES.
EIXETHER AL -v3, BIAEEFRERNFINER. ZBREMLEMS,. ERNETR
WWID A& T RINER R BRILE.

T RAIERT B Qlogic HBA % E! Xiotech Magnitude 3000 SAN #4 64 {iZ SLES 11 SP2
AR5 2800 -v3 HitH. AT EIHRAI, BT —LLED,

tux > sudo multipath -v3 d

dm-22: device node name blacklisted

< content omitted >

loop7: device node name blacklisted

< content omitted >

md0: device node name blacklisted

< content omitted >

dm-0: device node name blacklisted
sdf: not found in pathvec

sdf: mask = Ox1f

sdf: dev t = 8:80

sdf: size = 105005056

sdf: subsystem = scsi

sdf: vendor = XIOtech

sdf: product = Magnitude 3D

sdf: rev = 3.00

sdf: h:b:t:1 = 1:0:0:2

sdf: tgt node name = 0x202100d0b2028da
sdf: serial = 000028DA0014

sdf: getuid= "/lib/udev/scsi id --whitelisted --device=/dev/%n" (config file
default)

sdf: uid = 200d0b2da28001400 (callout)
sdf: prio = const (config file default)
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sdf: const prio =1
[...]

raml5: device node name blacklisted

[...]

===== paths list =====

uuid hcil dev dev_t pri dm st chk st vend/prod/rev
200d0b2da28001400 1:0:0:2 sdf 8:80 1 [undef][undef] XIOtech,Magnitude 3D
200d0b2da28005400 1:0:0:1 sde 8:64 1 [undef][undef] XIOtech,Magnitude 3D
200d0b2da28004d00 1:0:0:0 sdd 8:48 1 [undef][undef] XIOtech,Magnitude 3D
200d0b2da28001400 0:0:0:2 sdc 8:32 1 [undef][undef] XIOtech,Magnitude 3D
200d0b2da28005400 0:0:0:1 sdb 8:16 1 [undef][undef] XIOtech,Magnitude 3D
200d0b2da28004d00 0:0:0:0 sda 8:0 1 [undef][undef] XIOtech,Magnitude 3D

params = 0 0 2 1 round-robin 0 1 1 8:80 1000 round-robin @ 1 1 8:32 1000
status =200 021A010880A0EO1O0®8:32A0

sdf: mask = 0x4

sdf: path checker = directio (config file default)

directio: starting new request

directio: async io getevents returns 1 (errno=Success)

directio: io finished 4096/0

sdf: state = 2

[...]

17.6.4 [NF /etc/multipath.conf X452 LAE 7 % BR 12 A&+

3t /etc/multipath.conf XEFRIERRTE multipathd TITHRASEN, HITENGE, F7EF
HRAZX M, AT TRELUR B B % R F ST

1. 21k multipathd RS
sudo systemctl stop multipathd

2. BIWAU TS, BRIANZRIEHNE
sudo /sbin/multipath -F

3. BEWAUTEHS, QIBFNZREHNE

sudo /sbin/multipath -v2 -1
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4, EFshmultipathd BRSS:

sudo systemctl start multipathd

5. ERZFiEiT dracut -f EFHCIE initrd &, REES|ISLUFEERER,

17.6.5 “ER WWID

AT ERENEE LIRAIGSE, ZREFEASIGTENLIERRR (WWID), WRMEME
KA WWID [, MEBREENARE—818E. RIFEEXMINIER, SNERINAEENER
WWID 89757%. BXAT, i5&0 man multipath.conf,

17.7 BECEK[aIN. HEPAK S FE RS RYRA SR

LT /0 EETHEFAASRSEZIEEMERERE. FIENERIAT AR TIRSSZZMIIAR
SHREEHITAMEEFN—I TR
BRI IRSRBNSZKRIZ /0K, no path retry iEBSRIPIRSBISERKERTREKN
BRI 1/0 $8iR. ESTHIZREHRERSAIRIESHIN, HRHEERNEE,
ENETAMBEETNTREEELZREI /0N, BEBILZHREFIRE /0 &, Ltk ZIFHR
(R M A B G ERERERE WA R, TRHEREP, BUTE no_path_retry i%
B, UARISHERZAEZN, #ETasBREISEHERIDHERXN /0 iR (BiNH
Heartbeat Z$50Y 50%) . L5, EWEFERZEEZ /0 HiRLDSIRAFE, BEERFHR
PEMIE R R B
/etc/multipath.conf XN EE—1 defaults 2649, EaIAFELLAMEEKEIRM. HERA
UK PEE S ERIATT R, WRIZFERRFE device FHHIEE, M SAN ELER AN
%E,

UTEMEEmFNMINGE. BFRIEECIENREENMEN /etc/multipath. conf XHBIIRE
5, SR ERXEE,

defaults {

verbosity 2
# udev dir is deprecated in SLES 11 SP3
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H*

# W

# getuid callout is deprecated in SLES 11 SP3 and replaced with uid attribute
# getuid callout "/lib/udev/scsi id --whitelisted --device=/dev/%n"
# wuid attribute is new in SLES 11 SP3

uid attribute "ID SERIAL"

prio “const"

prio_args o

features "o"

path checker "tur"

alias prefix "mpath"

rr_min io rq 1

max_fds "max"

rr weight “uniform"

queue without daemon "yes"

flush on last del "no"

user_friendly names "no"

fast io fail tmo 5

bindings file "/etc/multipath/bindings"

wwids file "/etc/multipath/wwids"

log checker err "always"

udev dir
polling interval

path selector default value is service-time in SLES 11 SP3

path selector
path selector

/dev
5

"round-robin 0"

"service-time 0"

path grouping policy failover

retain attached hw handler "no"
detect prio "no"
failback "manual"”
no path retry “fail"

}

BREEHEN, HAMSKERS RERISERNER, B80E 17107 "IERENR[EEIZER
MILFeel” BB

e polling interval
® no _path retry

e failback
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fBEX /etc/multipath.conf X5, WIAERSA LiE{Tdracut -f EFHEIE initrd,
REEBIRSEEE, EXAEN. BEXRIFMER, BBRE 17647 “[VH Jetc/
multipath.conf X ERAFEH ZERTHET” o

17.8 HEZRZIKFIINEZ SR

/etc/multipath.conf X4AIEEE S blacklist 2849, HARYIHBREESRRIEE, &
AILLGEE WWID (wwid X8i8)  &&EBF (devnode X$23a) FigHEED (device &)
BIRENMANERRZE, EIEATLIER blacklist exceptions 284y, @it blacklist Z45
FETRAMNEMRERNMARLZ EHN—EEEEA LSRR

Q EE: BEMNMABRZBESE
R IMANRZ BE RS A @Y WWID @ I EM~EmET. BiAEET
devnode NIANEREHE, HANRETRAIESEN, HLNKAITRIGELER.

& multipath.conf FAYIENIFRIAT

/etc/multipath.conf FHENRER —RFER FTREER. RE5BAFRFERLA
BY, EMNFASEER. A2, ZHREMINEREBEERFZIgEMENERIENZRIA,
BIENFRAXSHENRARNBLEARIER. B0 R5iETmultipath -t /58
REFRFRFITIA,

B RS ZIRIEZRIRIGE, 180 hpsa. fd. hd. md. dm. sr. scd. st. ram. raw
# Loop, N, zsih SATA EERFMAEREZEZ KR, REFHE multipath ZEEREF
%%, BB T blacklist ZF459

Q iiE: FaM
%837 devnode blacklist EFHAHEBE#N blacklist,

£ SUSE Linux Enterprise Server 12 Fff glibc IREMNEMT AR . ESERFREBLT
fo, INTEXIER " . *" MAREER "*",
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a0, EEAMIGE hpsa REHEFFRFAERETINMAREZE, UERIZRENEIE, N
blacklist 259N :

blacklist {
wwid "26353900f02796769"
devnode "~(ram|raw|loop|fd|md|dm-|sr|scd|st)[0-9]*"
devnode "~sd[a-z][0-9]*"

}

B L — 1R R XA ENEYIMAERR R, a0, EaTERUTEME
AT, 2 cciss BopiE 2 XA N EFINMANERE

blacklist {
devnode "~cciss!c[0-9]d[0-9]*[p[0-9]*]"
}

& AT LATE blacklist N0 device #8593, FHEA vendor # product XEIARIGEIRFEE
MARBE,

blacklist {
device {
vendor "DELL"
product ".*"

}

&I LU blacklist exceptions #f43, i@ blacklist &5 RFRARIIERZRETUM
AEBZBEN—EISRBERASKRER, ErTLi@id WWID (wwid Xx#33) . &&RB#F (devnode
X8A) FOKFLE (device B8593) HBIG. ERTLUEHENISEMANRE RHERS XS
EFIIh. EFEW, wwid FIIMNERTF wwid BEZE, devnode fIMERTF devnode BB E,
MmigELRGIINER FIRELERE R,

BIan, MREHEREFRAMYEFINZEEE, TUHNARINEEREERZRE. &
blacklist ZBBRPREFABEHNEHINZERBMANERE, ABTEblacklist exceptions
AN device 857, HXMFABIISEREBRAZ R,

blacklist {
devnode "~(ram|raw|loop|fd|md|dm-|sr|scd|st|sda)[0-9]*"
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device {
vendor "DELL"

product ".*"

blacklist exceptions {

device {
vendor "DELL"
product "MD3220i"

1R R] LAER blacklist_exceptions {XE A E IR E B A ZHZ. HI490:

blacklist {

wwid ".*"

blacklist exceptions {

wwid "3600d0230000000000€13955cc3751234"
wwid "3600d0230000000000€13955cc3751235"

f&ck /etc/multipath.conf XHfE, “ANERS LiE{Tdracut - f EFEIE initrd,
REEBMIRS2R, BERAEN. BXFHAER, BEENE 17647 “[UH Jetc/
multipath.conf X4 EUAFE I ZRFIRET” o

55|%2fE, HE%kE multipath -1 &<, XLERMIGENAEYITFZREFREF,

S

200

AR R find multipaths &R

M SUSE Linux Enterprise Server 12 SP2 F#4, ZRIRT A% /etc/
multipath.conf B defaults #4558 find multipaths &, @MSZ, Ik
ML ZEZEM multipathd ARBERENMEENIGEFIRESREMRS (BXAT, 18
£l man 5 multipath.conf) . #Witt, ERLREF, EERMITHT M SATA I

BEECEEL BT,
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RAMEA find_multipaths EIEMRAE, BHEHEKR, EEERAIISERK
BEREZE, AAMNTHINEGaE, 5ISEERFEFINRIN THEREZET 6
EIREELFER TR, i, 5—ERIZEXANESISHAER TR PIRES HIR
&l — FIRER R IR I F NN RRFIREHNE, SREERMIEZRZARIER
Ko

find multipaths &% /etc/multipath/wwids FFrFIRIEEILE WWID BIFRIBEIR
BEMNZHRFILS. BER, F—RCE find_multipaths RASF=HEEMRKE, B
IEMIBRINRIET /etc/multipath/wwids, EAFRELRIFENZREFME (BiFE
BRIZERGY) #BFITFZ wwids X, EEBEZBREIFRXHERSH SAN-boot REEH, 15
WafR /etc/multipath/wwids E4%8 RAM BEE X RS 2 BIRIFRYD

BMaZ, RBATERLEERTEAR find multipaths AJEERAE, {8 SUSE {BEINE
FIEHECE T EZ2RMEZR2HI5SMIRINEE,

17.9 BCE AP BEFHRAIRE 53

ZRZIGE A LUIR WWID. AP KFHR IS REVE 2 H1TIRIR. IV9 /dev/sdn #l
/dev/dm-n HISETRIMEESIRNIREEN, BEREAIEIKERETENIZS,.
Mig&EH WWID. AP AFRMUKRANZNERS|ISFHHEREAE, RAEERRIRENEIES
o

O == BVERXANETT
REAEKX A /dev/sdn F /dev/dm-n BiEE T RBIEES I SNSAEFH, K
SFERE WWID RRTRZHEFLE. AT7TEESISHE—IRRILE, BHaIUERS
WWID BREYRI AR F R 4P & FREA B o

TRNEBT /etc/multipath. conf XHFRTATFIRENIGEBZILER, X
multipath.conf &ERIRAI, EEMW /usr/share/doc/packages/multipath-
tools/multipath.conf.synthetic X,
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R17.4 . SHETREBHRBE
BIRERE {7308

WWID (X  WWID (2IKtRRFF) FHIRFRIILEk—BEFASENN

IA) ZRFIGEITIRTT. ELZREPERANBIAZITZ /dev/
disk/by-id BRFHIZELETTH ID, Fl0, WWID 79
3600508e0000000009e6baa6t609e7908 HIIEEIEIEA /dev/disk/
by-id/scsi-3600508e0000000009e6baa6f609e7908 FIIH,

AR &RYF /dev/mapper BRHHIGHIRNIEF ZRFGHRTESEZER TN
ID, XLEZEIFIGERME AP KFHRFR, N /dev/mapper/
mpath<N>, ttal /dev/mapper/mpath0, ZFEM—HXAN, BHNE
IMEA /var/lib/multipath/bindings X#ERER UUID F1EF &8

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

FPRYFHY /dev/mapper/mpathN &R,

NRIEEABIZ user_friendly_names, BEAEREFIRZIEN mpathN &=
BN A5 BB R RF/FF=EHR, SHAMRHNEET A
FRARIERo

/etc/multipath.conf X#HHMWELF%EKE user friendly names EDRE T ZEKEF
REBANERRBPRIFNE,. NREEIREN no (RRINME) , ZRESER WWID 1
FEENET. NRGEIREN yes, ZHEFRMEA /var/lib/multipath/bindings
X, 1£ /dev/mapper BRH L mpath<N> R IR EFIER— MK ANE—RZ IR, /etc/
multipath.conf X#/FB bindings file EWAIAFIEE bindings XHMERMIE.
/etc/multipath.conf X#HHMLFEZIREIF alias EMATFHEBAEHIER— 1B 0
RANZRFRERE TR, WEARIR, MAER WWID SR RIFNET.

B user friendly names &Ry, 7ELAFIBER A RIEESHINA:
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IRigEEANESRE:
MRAFRIGHFFEANE LK, MEFERANE user_friendly names &L, N
initrd XEHiESEE /var/lib/multipath/bindings XA KIFISE,
NRHEENEFIGE, LLNRMsmPRTI8E, W initrd WEYSEEIZEM /var/
lib/multipath/bindings FEIHEIR E 2 B S TFEARILHE,

5. PEARCTHEIm
initrd # /var/lib/multipath/bindings ZEIM4E R LA S SBXHEEIE
TEIRNRER, #HMSEXGRFARITMEIEER.

AT ERLRE, BINIRARIGEFERBRINWWID KB, WTFRARIGERNFERZ

Bo BHFIRERBMAME, EtERNBESBRELEIEINZGFITLEXASRBIZ,
ME—1THEEN [var:

user friendly names BEEXHHIRRIAIER /var/lib/multipath/bindings,

R /var BIEAZATF RS root k&L, MEMB—PHREKEN, NIZEZRIFE

bindings XHAAT A,

BHR /var/lib/multipath/bindings XHERS root i&& L0, HEZKREIED

LIREIE, Fl0, AILURINMRIERABRE—R:

1. 3% /var/lib/multipath/bindings X% #5hE| /etc/multipath/

bindings.

2. ¥ /etc/multipath.conf B9 defaults 298I bindings file EIZE At
W&, flan:

defaults {

user friendly names yes

bindings file "/etc/multipath/bindings"
}

Z IR initrd H:
BERAIRIEE R EZRE L, ZEREHLAIUSEE initrd . G50, MREHKRIGE
fiIF VM Lk, siolgesfEXMiER. WREER user_friendly names &, B%
BRZRE initrd B, NN YERASE nultipath=off #175|S, URBINIEH,
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EXIFERSSISEIZPNXEAT initrd PHNZRIZ, £45/F]/E, boot.multipath
M multipathd 5| FHIZBENS A ZRRIZ,

HA B SRR SRR
BXFAER, BENE 17917 "HABETHNZRZLERZN o

BRBFPRFEIRHIEERS:
1. M root NPRTEXARIRIEESHITFF /etc/multipath. conf X4,

2. (F%) & /var/lib/multipath/bindings XHHIIE,
FRABRFELTERSZRIGE LR, BEZREAIUIRIEIE,

a. ¥ /var/lib/multipath/bindings X#&#5h%El /etc/multipath/

bindings,

b. ¥ /etc/multipath.conf By defaults Zf4H9 bindings file EILEE AL
W&, flan:

defaults {
user friendly names yes
bindings file "/etc/multipath/bindings"

3. (AIEERENER) BRRPKFHNRIR:
a. BUHERE defaults R RHELRIES,

b. BUHE ¥R user friendly names &I, SAEEEEM No EEXA Yes,
Bign:

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

}

4, (Ai%) {FEF multipath Z5AHEY alias ETAIREIEELZB S8R FR,
fan:
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## Use alias names, instead of using WWIDs as names.
multipaths {
multipath {

wwid 36006048000028350131253594d303030
alias bluel

}

multipath {
wwid 36006048000028350131253594d303041
alias blue2

}

multipath {
wwid 36006048000028350131253594d303145
alias yellowl

}

multipath {
wwid 36006048000028350131253594d303334
alias yellow2

}

O == wwwiD 5 WWN BIEEER
7 /etc/multipath. conf XHHEXIZENBE, BREFERS
MEEEIWWID (41 3600508e0000000009e6baabT609e7908)
TIARRTH WWN (Ll 0x E#ig#% ID WE—NFR, 10
0x6005080000000009e6baabf609e7908) o

5. REFEN, ARKAZLF.

6. 182 /etc/multipath.conf XHfE, BRMERLK LIE{Tdracut - f EEFEIE
initrd, AEEE&IRSE, EXASER. BXIFMAEE, BENE 17647 [
F /etc/multipath.conf X E AT ZERZIRET” o

MREBEZEFEREA LUN (0, sNREHEHE SAN EER#EEXSX) , AIA
mkfs. fstab. WAEFEMER /dev/disk/by-id/xxx B, BN XIGEFINKERBIREE
iBAN part<n>, f5l§0 /dev/disk/by-id/xxx_partl.

205 FcERF AR MeksI% | SLES 12 SP5



£ /dev/disk/by-id BR®H, B IIRER dm-uuid* F51HE (WIRTE /etc/
multipath.conf XHHAEIERT 518) RAZHREMFNIGH. %ER scsi- Mwwn- R
TREHNYIERRR,

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

o fEF UUID IR B BRZ BB RFIMMEEHTINMET R EFREF—. JREMET R
FioniE—, ¥ /etc/multipath.conf XEMIZT R EFRIZIBEEFFREEMT A8 /
etc/ BRTo

o HEASRIZMITISERVEHERN, BHIRTE /dev/disk/by-id BRHHERE dm-uuid*
BHFR, MABRENEEREZEEG. AXER, BBHAE 1797 "LERAFALK
RMERIZ" o

e fuser friendly names EEEXIIZEAN “no” UERAE. ARPRFEMIENITR
EW—R, BEEPEITRLNGERFEIREENAFR RFET.

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

1. T— = ER /etc/multipath. conf X

1. ¥ user friendly names ECEIETUREN “yes” UBHTE.
ZWARAFER /var/lib/multipath/bindings X, 7£ /dev/mapper
BRH L mpath<N> 18X A& EIER— KA —E TR,

2. (ANi%) &8 /etc/multipath.conf XA defaults 2B HHY
bindings file &I, LA$ERE bindings XHRIERAIE.
EAIE RN /var/lib/multipath/bindings.

2. REZT R LA ZREILE,
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3. ¥ /etc/multipath.conf XHFMZT R EHZIBEFFREEMT R /etc/ B
R o

4. M\iZzTi=% bindings X ERIFIEEBFPFABEEMTI KM bindings file &

PA
=o

5. 2% /etc/multipath. conf Xf4f5, HAEHRS LT dracut - f EfCIE
initrd, ARERITR, EXASEN. BXAT, BENE 17647 U
Fi /etc/multipath.conf XA BRI ER ZREZEMS” , XIERTFHREREMAT
=

WO

17.10 BCERZMIEILTZ RIS LR

£ Linux ENAR, HEEZSIMBEIIEMEEFITH SN, S BERBETAIMINRIEE, SN
B LUN BZ M RIEE, REIRREF ZRERSONEIRAFRE— LUN ID WS EEE, FHE
FZ ID I T — M ZRFIEE. Fid, MRAEFHED HBA NENIBE £ KRAE XIS
FERBE NS — MR N RO RMEEITEE, WRBIMEMRIEE: /dev/sda. /dev/
sdb. /dev/sdc #l /dev/sdd, &ERGNTIZFZHRIFRSZEIERMIRIGE /dev/mpath/
mpathl, HEFRBEIULONMNEEHIEEERHERE /0.

AR N EHE E RS SRR E R ENM TR, EFR, Bk /etc/multipath.conf
X, “AERSK LIEITdracut -f EFEIE initrd, AEERIRSEE, BlA =%
o BXRIFMER, BBWE 17647 “[VA /etc/multipath.conf 3B LI EH ZERIZM
5”7 o

17.10.1 FECEREMIERZRE
fEFB%S -p MY multipath H< 58 B I RIS E:

sudo multipath DEVICENAME -p POLICY

& POLICY BiA LU ERBEIAIZ —:
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£ 17.5 . MULTIPATH -P 5 < RY4R S$EB& %R

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

group_by_serial SMENEINEFEHIS— MR H,

group_by_prio BMRENARE—NMELAB. RERBRALERE /etc/
multipath.conf ECEXHHEE 7 global. per-controller 8 per-
multipath EIRHE

group_by_node_nan@ M BirH K@ —MLELA. BT REREHE /sys/class/
fc_transport/target*/node name {iIEREXAY,

17.10.2 ECEHPERBMAR

WTE /etc/multipath. conf XHFPFopRNIZHIRPEERBM TR, /usr/share/doc/
packages/multipath-tools/multipath.conf.annotated X4 BEFREIREFETHN

il

17.10.2.1 THRERFTFKANEE

KRR BERR—IE LUN NEREME S, BUABRT, /0 EAPBFERERLUEIRA
X9, multipath <$2ETF SAN By path_grouping_policy I§E 1% SAN FEJE4 LUN
BHeIZ MRk E, multipath SSE—MEFRRBEHRLOUZANMITEUAEB MEEE
H, TREENERSNAEZEEH, SFHPHMEREFERKN, AE T 1T HRSENNEE
(BN S ETNAYAE,

BEATRZIERE— M BENBHE, B, WEREE. BERA— I INIEFRIERE
MEENRER. HFLAENLE, BEHEEMNEANRBREREETER—MTRE.
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prioiKE7E /etc/multipath. conf X8 defaults{} =¥ devices{} B HFEH, HA
multipaths ZHHED multipath EXEEZIKEN, RASTIRTHFGEREE, priofT
AT EERAEHFERF. NIRAALHIIFEFREETE, BETFE T LEA prio_args
KEFIEEETE,

Defaults ¢ Devices Z§%8J PRIO 18 &

prio
EEZRANRAEHIFREZR, R ERNARNE BNESNRFHNNEURE
REHENEFERN T — 1 EBIEH,
MFEENRALHFEFEEETE, NERXEF prio_args IEEBEE,
MRKIEEXREF prio, NMEREFEBHEREMNSTR. FRIAIREN const, B

prio argsigBEHNZT,

prio "const"

prio args ""

g HFREF AT

(RzRHFIZRF R

alua EF SCSI-3 ALUA IR B R R TSR

const AN BRIRERE— Ko

emc 79 EMC &5 R 1R ISR

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

random NENBRIZERBENMNTR.

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

weightedpath RIBETE prio_args BT EFHIEENIMSEEMERZMA
Ko
path latency IRIBER B ZE RS IR MR, B EBd prio args X&#&
FREE
prio args

NEEBLENEENAIHFEFEEEEE, XEH prio EFATEEEEE,
FTRIAE. ZEBURT prio REURRNASHIFIEFRESREBLE,

prio args BEE L)z
weighted FZENRH [hbtl|devname|serial |wwn] REGEX1

PRIO1 REGEX2 PRIO2... B9{&

hbtl

Regex must be of SCSI H:B:T:L format, for
example 1:0:.:.

and *:0:0:., with a weight value, where H, B, T,
L are the

host, bus, target, and LUN 1IDs for a device.
For example:

prio "weightedpath"

prio_args "hbtl 1:.:.:. 2 4:.:.:. 4"
devname Regex Nig&&MFER. FIWl: sda. sd.e
serial Regex NF5IS1&. For example: *J1FR*324, 1EfEMA

multipathd show paths format %z S<EHEFES
5. (multipathd show wildcards =Z/RFiE format
BT, )
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prio args BEE L)z

path latency NRTARETFFEF IR A HAETF P55 (2 FE Y 2 M RIS B AV
, EAILUGER path latency AEEXFPESZ [BHIEE
R, BEERT, ZEMEY ENIERRER. XHEEERIAA
io num=20 base num=10 BYERT,

io num

The number of read IO0s sent to the current path
continuously, which

are used to calculate the average path latency.
Valid values are

integers from 2 to 200.

base num

The base number value of logarithmic scale, used
to partition

different priority ranks. Valid values: Integer,
2 - 10. The maximum

average latency value is 100s, the minimum is
lus. For example:

If base num=10, the paths will be grouped in
priority groups with

path latency <=1lus, (lus, 10us], (1lOus, 100us],
(10Qus, 1ms],

(Ims, 10ms], (10ms, 106ms], (100ms, 1s], (1s,
10s], (10s, 100s],

>100s

alua MBRAEMNEE (@alua exclusive pref bit)iZET
exclusive pref bit, BBAIRET preferred path A9
R ATHBE BREREAP,
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ZREBIEATERIRENZRZ /0177, EFRRAGNAFESBRRRERERE. 1
A LUBI A ZRIFEEEX A multipaths MO AEIBISETNAN, EEMNNIEEZBERER
BENANEML,

user friendly names
IEESFEHSIK ID (WWID) iR 2 /var/lib/multipath/bindings XL /dev/
mapper/mpathN A& LA LR F L FIER— KA —151HE,
LRI AT AT devices 53 FI multipaths &3 EA,

=1 faiR

no (BKiN) fEF /dev/disk/by-id/ fIBHZEREI WWID,

yes B AR RFNEIRMENZREFIRENGIBMAZERR Do
failback

EERTHMRMERRIME, HisBARMBRERERZEAKIERSERIIE,
HEMHNBEMER, RASREILERZBREENMIZIEZBRENRETIRF.
ZRETEMARE, AEETRENNRELERANBEUEILTRE,

11 R
manual (FHIN) REMAMHBREREME, BEREZEITmultipath

an % LUE S A RIBR IR L Fe k4o

followover RERZANE N RREENZ HITEBERIE, XA LU
LRI REF— T RIBERTHELEN B ESERE.

immediate H— 1 REMERN, IIBNBERIZEKER.
N LUEREMERN, FFNBERIZER, BEAXT 0 FWEHIE,

AT HLEZREREEZHIIE RN, BIUSEEFE THSRERERSIREN
manual.
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failback "manual"

O == &&®
BESYHENEFEARENERIAKELNEIRE, FRNEEFERZADRIEREN
REEK,

no path retry

FEEERERMEIERITN.

& 1 pu

N 5% multipath {FIEHBAMBRZRMZ ARV EIHLRER. FEEX
F 0 HURBEIE,
TS, ERILUBEISEN 0 LUBRREHAISR, HATFHA
RHITIR RS,

fail FEEILBRIRI (RHEBA) ©

queue KAMFLEHN (—EHBA, BEFNZEBRERAEDRE) -

EBER T ERY, BiIVFE /etc/multipath. conf XEFEEIRIGEIE N fail 5 0,
Wt —3K, YSMEEFENEZPNERLER#ITHERE, TS EEHNATASE
G RRREFE %,

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

O == &%
BESWRATHEFRAAHNEHINERIRE. TRANEEFERRFAESEAENIRE
EXo

path checker
A E B IR RIS
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& R

directio RENAEEEZ /O MNE—BX, X3WF
DASD i&&IFEBE M. 7 systemd Hig
FIEREKIAE (SN (EiEiEm) ,
% 15%Z “journalctl: Z&if systemd

Hi2” ) o
tur [ A& SCSHNR B Tmdamn<, MR

LUN £#F, MIXZ2ERIRE, RGITE
¥, EXRSTE systemd HEHIENTLE,

CUSTOM VENDOR VALUE —4b SAN LR T BE XH
path_checker 3%&I :

° cciss tur: 1E HP FHEEfiEFR
FIRIERIZIRTS
e emc_clariion: i EMC

Clariion EVPD T 0xCO LAHAE BR1IRIR

y[A%Ye]

 hp_sw: AR/ &BAEHGE HP
(E1ZFEGIBIEE IR (Up. Down iE

= Ghost) o
* rdac: #% LSI/Engenio RDAC fi&7Z
T HIZFHI R RIS

path grouping policy
EE A EEFIZITEN ZRIZILERIRIZ AR,

=] R
failover (BRIN) AENMUERARR—BE, UESRRAEA—
g
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& ik

multibus FIEERBERE—NMUARAF. BREZAFREENRE
2B,
group by prio HNFENBEMITRE, BEFE—MLUERE. EBEHERENR

SRR ER— I RAP . HARBIMNBIEFIE K,
group by serial 1217 SCSI Bfn5IS (IBHIZ8TH = WWN) 7348,

group_by node name #BPTEMFTRBER—MIERHA, BRFTREREE /sys/
class/fc_transport/target*/node name F3REX
8

path selector
e BT S FERY path-selector Ei%,

& R
round-robin 0 BFEEmiRkAFREEoREZEE RN A H TSR £,

queue-length 0  BAFFEEREIFLEITH I/0 ISR EFHFHE2S, XT least-
pending &1,

service-time 0 (BAIAME) ERARSHIER. BT RIBIERIBERETES I EBE
LAY 1/0 By R TR,

pg_timeout
IEERFAEBNNIE, TeElEERAE, Bi%E T RSEIME.

polling interval
EEETRENERBAERE T — M BEOERBAABZERIETE (ARSI .
EEART 0 HUBEE, FAIAEN 5. BSRAENEFRAMNERIA polling_interval
K8, TANMEEAZRATRSENENIZEENK,
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rr_min io rq
fEEEEAETIERM device-mapper-multipath 2] Y TR R AP T —MNERR A0,
EEHEENERERN 1/0 EREHE,
BEART 0 EHE, ARIAMER L.

rr min io rq "1"

rr_weight
e B TR IZRIINAN TS 7o

11 R

uniform (FN) FIEREABHERNETERNE.

priorities B RANEREIT R AEKIEL rr_min_io_rq & & X
Eo

uid attribute
RMHME—ERIZARARTHY udev B, FAIAMEJ ID_SERIAL,

17.10.2.2 FEEEREIFAEH T

PRERZEREERN. I/0 WEBENFRIFH—ER /0 51, BEEFIIFT—MIAFHN
&2,

17.10.2.3 FCERRFHREETE

BEEEMNAR (REENRR) B REIEZEN, AILUHTET. EttREIATHE
%1%, BERAERERBIASER.

17.10.2.4 REFAEHFENE /0O BREDA

BEMERARNSMREDEERAR, BZARNFIERIRNE, REIRERIZE
T ESMNARNE, ZAFHAEREUERAHTFENSALEZENRH,
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17.10.3 #kxSEBIRBIZA

£/ SCSI IREBtrimE4A (sg_rtpg(8)) ii¥. BXEE, 15BN sg_rtpg(8) BIFA I

17.11 ARIKFEEZHZ /O

SUSE Linux Enterprise Server H8 /boot # /root AJLAEAH X IFIS S MATEF SR
#£1/0 (DM-MPIO), Lt4h, YaST REERZEFHH YaST D XEFZFHELENBRAZ R,

17.11.1 LRNEBEAZREZEI/O

BAESRRILFLRERERS, RERNUIETZRIENM. nultipathd FIFIEFERS
LEIEPAZBEAE, EEILUER YaST D XIEFFRIICE Z BRIZETRBEE.

17.11.1.1 RENEER/EIZEEMET LUN EERZREIE /0
1. REHE, RN KRB LEREROXER,
2. EREATEN, PERERE, ABERREZKE,

3. BaIZEKR,
YaST 2 REREEE, HETRTBNLZEKREFILE (W0 /dev/disk/by-id/dm-uuid-
mpath-3600a0b80000f4593000012aed4ab0ae65) » BEMNMFIEH—F A IBRIE

o

4, BHET—IHERE,

17.11.1.2 ZLENTEFEO/MMoIZEEZMETF LUN EEHEZEREZE /0

multipathd SFHFREFERAREIREFTAZEMIE, ERILUER YaST oXEFPHEEZ
BIZRIRBEIE,
ERER N/ WEhZ HRIZ6EF LUN BRZEKRE 1/0:
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. REHE], EENHNDEERSLERTRDXER,
EREEEEN, RELERE, ARERILEZRZ.

. BEIZERER.

YaST = ERMHME, AERAIANSKEZIRE (4 /dev/disk/by-id/dm-uuid-
mpath-3600a0b80000f4593000012ae4ab0aeb65) . EEMNMFTAH—F BIEHIE
%o IBFMRFREM UUID, BUESEEXLERER,

. BERT—IHRERE,

. FREIREEIRIFERETME, YaST ISFIRENSISNHEFER, HETERHAR

SRS, BEHFIHIRAFEIEETRY, AR ol - A -5 JpRiEEl S,

S

Gl

TEHIBHRERSE /boot/grub/device. map X7 hd0 ZFEBNT N/ETNE

—RENFEN, AARERNAZXDEHRENEIR,

M RN fE

a. WALUTa<SRRIZERAN /mnt
mount /dev/disk/by-id/UUID; part2 /mnt

fFan, wA

mount /dev/disk/by-id/dm-uuid-
mpath-3600a0b80000f4593000012ae4abbaeb5 part2 /mnt

b. WALUTHLRK5IRIgEREAN /mnt/boot
mount /dev/disk/by-id/UUID partl /mnt/boot

fFlan, A

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

c. £ /mnt/boot/grub/device.map XHH, HE hdo B EREBIEAAFNEHKEZ,
AEHIT FHIE A —IRE:
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o JETNERIR: AFREBHUTEMRIE. BRIMERANTRE, & ctrl - At —F7
R[E YaST EFZIF IR, ARUERE,

o FESRIR: WINEAREHEMRESISMNHIERF,.

7. 30R hdo FEIERTENRRE, BTEAREHENLESISMEER:

a. EIEHl SRR AL T < !

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

chroot /mnt

b. TiFHI&H, EITmultipath -11, ARKERLUIKEENEEZ,
FEBERIFIRE ghost Fi¥o

c. £ /boot/grub/device.map XHH, ¥ hdo FEENRAENERIR, REENGH
KA

d. WAL TSLERLESISMEREF

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

f5lan, WA

grub-install /dev/disk/by-id/dm-uuid-
mpath-3600a0b8000014593000012ae4ab0ae65 part2 /mnt/boot

e. MAUTHS:
exit

umount /mnt/*

umount /mnt

8. & ctrl — At — F7 IR[E] YaST EfZIFIE,

9. BEMESELEESIS.
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17.11.2 HMBERIGEBAZHEZI1/0

1. & Linux REANE—ITRBREFER, RIFEDKEFFRTIL by -id {FSHFEENREZ,

2. FHRETEHREERD /dev/disk/by-id BBIRENIEHE,

3. FTHAHEBLIE /etc/dracut.conf.d/10-mp.conf FHRMUTIT BIFENSTN)

force drivers+=" dm-multipath"

4. 33F IBM Z, 1Ei51T dracut ZHi%c4miE /etc/zipl. conf X, LA /etc/fstab #fE
FARYAER] by-id 5 282k zipl. conf Y by-path 5 8.

5. izfTdracut -f EH initrd B&,
6. 3F IBM Z, 7Ei5fT dracut ZFIE1T ziplo

1. B352SR

17.11.3 ZAEEIRE LR 1/0 ZERiE

MERZSELITHRARN multipath=off, XAJLUET YaST 51 RMMBEFERKTM. TH5IS
MEIEFZE > NZZH, FRSERMEIRT e <1TH.
XNSRNRIZE. FETMFrE MRS,

17.12 AUBEHE RAID EBBEZ KR 1/0

BAEMNBRT, NANSEIRELZREFE, BEXEIREFRENYG RAID IRFAN., MNREIEE
AR RAID B ZBRAMZHKEZE, WEES|SH, DM-MPIO fRSZAIGESLEL multipath BRSS

Bk, SEEZREMUFEARTAT RAID, ErlUERATHNSIREZREN eI AR
% RAID i&1T,

a0, EeIREBEEUTIBERHAXIERMY RAID HIK B E ZHKE:
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o IRFTE MM REHARIENE— MBI RAID SN XIRERN—E57.
o R RAID KiREREMISENERIRE 2R, RERXEREERENIFTZR

A
()

o IR BEI MARSSER AN HBA SECER Y & SAN FRETFFRLMIEM T RFENIE.

Q E: misR#

MU TFiRBEBRE M RAID &2 /dev/mapper/mpath0, X2RZA LURRIRYIE
#BR. BRIFEBIREE 1797 "IIERF R ME512" FHRTE /etc/
multipath.conf X4 EAT AP RFHEFR,

IR LR AR BIR & R BN BRI RAID BIRE R
1. TP &iRERIS.
BRESITIHER, BERIEH SMAUTIBRNG S,

2. NRHFIEENHIETETEARH RAID 185, BXRNEMEEWMAU TS REZHE
JJ:]«R%O

sudo umount /dev/mapper/mpatho
sudo mdadm --misc --stop /dev/mapper/mpath0

3. WAL T e {=LE md ARSS
sudo systemctl stop mdmonitor

4, AN TS Ba multipathd SFIPERF:
systemctl start multipathd

5. BRIZRERSZE, RN RAID WAMKISEEERTIE /dev/disk/by-id BRH,
HITUL T g2 —:

o BYIHIEHE: IERRBRNEARIHEEMINIEFZRFIEZFINTSiEE, 5
i /dev/dm-1,

o KIMIRE: WAUTHLHEEHERLNIRE, BFIZRERSIRAIEN]
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sudo multipath -F
sudo multipath -vO@

LG FIMENETE /dev/disk/by-id F5IH, HEEFIHIGEMRNEFZREF
REBNNT SR, .

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

6. WAL TS ERZR mdmonitor AREH RAID i&&
systemctl start mdmonitor

7. BB TS, 1ERH RAID BIRES
mdadm --detail /dev/mapper/mpatho

RAID B4R & & W ILECTE /dev/disk/by-id BRHFIAIEE TS THZNISHIRFER
ZRIZRER.

8. WNRIR (/) &BFHEEMERS (0 /var. /etc. /log) fIF SAN £, #EEEFH
ZRZE518, BEWE initrd:

dracut -f --add-multipath

9. B3| SMRSB[/UNBEN.

10. @BIHLE RAID R, RILINH RAID [EFITEZRIFIREZ EIEHIF. BN

mdadm --detail /dev/mapper/mpatho

fBgn:

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
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Q EE: WHRRFi§EFEA mdadm
mdadm TEEXEFH ID MARIKED RERiIFAIKE. EXIFHMER, B
WE 17437 “WEZBEEFI&EER MDADM”

17.13 EZRFB[IEE EER LVM2

FRLZEEN, ZHENMEREHETRNIEENPNIGEE. BRINERT, VM SOEIZEN
FEASENTNEREFEZSRRILE. IR VM ETNEKRE T 2KRRIEE, E2RIEXE
BEELHEAN, HRE (KB 8§, XRAESEIHENITA, BHALUTE /etc/lvm/
lvm.conf FREX, MR multipath_component_detection €& R 0, LVM 1S IREZ A
#i&#%&, 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

17.14 s{EKE%

17.14.1 7HEAES|SHIER M EEMeE

NRAFAE TN ZREFRHITEREEHBHEEEER SAN FMEZMEEX, WA LUERMA
rescan-scsi-bus.sh 9EHIKE. FABRT, XK EHEEEHRE LUN SEENFIE
HBA, ZanSM—RE AN RFIR:

rescan-scsi-bus.sh [options] [host [host ...]]

HFRSHEET RS, WHATETIERNIER FTRINET. 7D, ERERHRERT, 1
BEREFA—IZ ML, BXHT, 31517 rescan-scsi-bus.sh --help.
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& EMC PowerPath 118
7Z EMC PowerPath 157, B71ERRIERSMEMIAY rescan-scsi-bus.sh AR

Fra HBA R/ iR AkiTH SCSI B4k, N T BRAGELRENXHRARFIRIF, EMC EX
183888 EMC PowerPath for Linux B i A4 P AV 3 12421,

ERAUTIRERRIREAHEAESISRENFBER TEXEREAIRTZRIZ,

224

1. EEFEFRE L, ERENBNIASEKIREHEMEDRIEENIRE, U Linux RE

IREREE X, BXAT, BS N RIS,

. EFE B REER— TN, EEMIREN Linux A% SCSI FRFRIFRE A,

ERIFTHSRTIFT T, BA
sudo rescan-scsi-bus.sh

RIBENISE, ErlaEE A% SHUETT rescan-scsi-bus.sh, BXAT, FS

% rescan-scsi-bus.sh --help,

. 757E systemd HidhEREHE (BXAT, BEW (BE2Em) ,F15F

“journalctl: & systemd Hig” ) . ERHBEFHIESIERTFT T, BWA
sudo journalctl -r

e < EREENRE 17, Flu:

tux > sudo journalctl -r

Feb 14 01:03 kernel: SCSI device sde: 81920000

Feb 14 01:03 kernel: SCSI device sdf: 81920000

Feb 14 01:03 multipathd: sde: path checker registered

Feb 14 01:03 multipathd: sdf: path checker registered

Feb 14 01:03 multipathd: mpath4: event checker started

Feb 14 01:03 multipathd: mpath5: event checker started

Feb 14 01:03:multipathd: mpath4: remaining active paths: 1
Feb 14 01:03 multipathd: mpath5: remaining active paths: 1
[...]

4, E8 FRPRE, DUNINET Linux &% LiEEZIIMSERVEM HBA SECERIKEZ.
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5. 1517 multipath &< LAIRAI DM-MPIO BCEMIRE. ELXIREHISRTRA T, WA

sudo multipath

MEAUNZRIZEERMKE T

17.14.2 HFEAESISHER TEEMBNIXIRE
ERABRIRE, ERES|SHER T RNFRINNSEE LUN.

Z& . EMC PowerPath Ifi5

7£ EMC PowerPath Ifi5/, E7ERIRIERAFEME rescan-scsi-bus.sh ERAE
FF 3% HBA R FfIZSSRITH# SCSI Bk, AT ERAIBERENXHRFARIF, EMCER
83888 EMC PowerPath for Linux BY{E Rz S PR YD A2 11,

1. fTA—T&iRERIS,

2. EFRE BIRFHEEER— NN, EEMIREN Linux A% SCSI FREFRIFRIEEFF,
AERIRERI S RTRE T, BA

rescan-scsi-bus.sh

RIEEANISE, EuEREBELE SIS E0E1T rescan-scsi-bus.she BX4AT, S

W rescan-scsi-bus.sh --help,
3. BIMAUTHIREZIEESEAN (HINEHERSE — MR E)
ls -lrt /dev/dm-*
S eI LUBIE N LA T ap @ SRR IR EFET /dev/disk/by-id A
ls -1 /dev/disk/by-id/
4. BIWAUTEHL, REMSTESEHNEAT

sudo journalctl -r
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5. ERAXAYRIESS, 7 /etc/multipath. conf XHFRIZIGERMINANZEX, FlU0
data vol3,
g0, R UUID 2 36006016088d014006e98a7a94a85db1l, MIHITLATE:

defaults {
user_friendly names vyes

}
multipaths {
multipath {
wwid 36006016088d014006e98a7a94a85db11

alias data vol3

}

6. BIHMALUT®L, NZKEEEDIXE

fdisk /dev/disk/by-id/dm-uuid-mpath-<UUID>

fEAIZER WWID (%10 36006016088d014006e98a7a94a85db11) i UUID,
7. BT e <% udev

sudo echo 'add' > /sys/block/DM DEVICE/uevent

f5lan, EH dm-8 EMNXEMISEMREIZFIRE, BRI

sudo echo 'add' > /sys/block/dm-8/uevent

8. 7£i&#& /dev/disk/by-id/dm-uuid-mpath-UUID partN _ESJEX
HRESR, RIBERENXERS, EAIUFERAUTEA— ST E
#9: mkfs.btrfs mkfs.ext3. mkfs.ext4 =¥ mkfs.xfs, Hx47,
BSIENAFMTT. AR UUID M9 XRESE UUID partN, fli0
36006016088d014006€98a7a94a85db11_partl,

9. WAL T NIHDXENERE

sudo tune2fs -L LABELNAME /dev/disk/by-id/dm-uuid-UUID partN
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FESEBRAY UUID M X4mS &4 UUID partN, a0
36006016088d014006e98a7a94a85db11_partl, FIEEIRMIFRE &R LABELNAME,

10. MANUTHSLUEERE DM-MPIO, {FEIZEGIZ:

sudo multipathd -k'reconfigure'

11, BEBAUTHS, REZIKEFEA multipathd IR3

sudo multipath -11

12. FRANXARIBIRTE /etc/ Fstab XHHARMIFAIZE NI
B, &7E E— el EmMFIRIEARTE /dev/disk/by-1label BEH, 7 /dev/dm-9
BRERIM— NN, ARENRES|ISEUTIME ZsESZInE

LABEL=LABELNAME

13. QIEBFNLRERNER, ARENRE.

17.143 BEZREZFI0ORE

BN /0 RESHH ZERZMRETE L FPRE.

multipath -UEHARTRM EDRETRELSERF URNHFEZRS. EFRETRER
BiEF.

multipath -lUETUEITRENSRF, BHMEREEE, ARETHIRSES. i
KRETXTFRERSHENES,

tux > sudo multipath -1l

3600601607cf30e00184589a37a31d911
[size=127 GB][features="0"][hwhandler="1 emc"]

\_ round-robin 0 [active][first]
\_ 1:0:1:2 sdav 66:240 [ready ][active]

\ 0:0:1:2 sdr 65:16 [ready ][active]

\_ round-robin 0 [enabled]
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\_ 1:0:0:2 sdag 66:0 [ready ][active]

\_ 0:0:0:2 sdc 8:32 [ready ][active]
MNFEMEE, ERBRZISER ID. K/ ThEEMBE4 L IERR,
EIRERMEY, BEZIKENRESENDIENSNMARE, —RRE—NMUERARERN
o XNFERN/ERECE, FRERIEIYER—AR, WFER/FEDERE, NEHHNBEIBIE
IR FRAF
SHWENMETTINER:

RTELRTE /0 FIBELHRRS, FIMTER

ZANE. ERAREEERHA

ZARTEE 1 (&RekR) 4

ZARNEERREZE
SHNENMEERETR FIIES:
o WpIEME, &0 HOST:BUS: TARGET:LUN, %0 1:0:1:2
° IgETRA, Ul sda
o FEARBRT
o IGEIIRES

17.14.4 EFHIFRETEREI/O

WMRFAERFRNEK, NrgEEE@EEA queue_if_no_path REZE ZE&E LAE 1/0 HEFAS
AN, 1/0 BEBIFABERERIEIAN,. EELBHET, BNRaiiER. HBA st BEIER s
FBIREY, NiZ¥E DM-MPIO BEENTEXLERIZRSHERFIEREIESE /0 HBA, HEXAHE
T EIEERIR

EREDFERZRFIGENY, TLUEEFEEZHE queue_if_no_path, X=BERIFREN, MAE
£ 1/0 HEBA, FHFHK 1/0 IS | R BEE R RAVEESR 2,

EANBA queue_if_no_path =82 1/0 TEHIA (FRIFE—EREME) , FRLUEHRERE
multipathd EEE{TEEENIFEDRER, SN, AIREEEREMMNZRFIRE EKIT
{£1E1/0, BEFIES|ISHFohREIEIHFEREZ A H
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MR Z B -
1. fTA—M&iRESa
2. WA T e BUEIRE 1/0 HIAMAEMIRSETS
sudo dmsetup message DEVICE ID 0 queue if no path

¥ DEVICE IDBMAEGEN ID, B0 ARBX, TAFEBXERRERZE,
BN, N

sudo dmsetup message 3600601607cf30e00184589a37a31d911 0 queue if no path
3. AU Ta<RERIEE |/0 R
sudo dmsetup message DEVICE ID O fail if no path

Zom LRI ENSHEREHBAR 1/0 LK,
¥ DEVICE ID B#AEIg&EY 1D, 540, A

sudo dmsetup message 3600601607cf30e00184589a37a31d911 0 fail if no path

TEFERZRMBVER FIRER /0 HEPA:

1. fFTA—MRIRERIG,

2. EXASYREEZRTFTF /etc/multipath. conf,

3. BUHFR defaults B3R MELEES, AWM TFEAIRAM default featuresi&&:

defaults {
default features "1 queue if no path"

4, &% /etc/multipath.conf X#fE, BiaiTdracut -f ERFFEMEIE
initrd, RABRES|IFUFERER.

5. SIEFFROIFIRE |/0 NHFEHEE, BN

sudo dmsetup message MAPNAME @ fail if no path
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& MAPNAME Bt izig &R 5 28L& ID. 0 ARBK, EAFEBRXESE
FizE,
e L I BENFEFABHIPARY /0 KW, HBERZEREREZARNNARERF.

17.14.5 fEREIER1/0
NRFAIERFRERK, FHE /0 HAHELE, EHRITUTERE:
1. ERIRIEH SRS FRIAU T2

sudo dmsetup message MAPNAME 0 fail if no_path

R MAPNAME BIKERIIERILE ID MGIHIE. BEO0HAERBK, AFAFERKESR
fERIZE,
It L RIIENSEFAEHRIPARY /0 KW, HERIZ#HREEZARNNAER.

2. WAL e L EFEUSHIRA:

sudo dmsetup message MAPNAME O queue if no path

17.14.6 ECE IBM Zig&HIERAIANIRE

I EB ZERFTHEER IBM Z 18 &H#HITROMIRARAE, 4§ dev loss tmo BEILBANLS
(2147483647), ¥ fast io fail tmo BEIEEHN 5., WREEMNE IBMZi8%&, iB&
2 /etc/multipath.conf X, IEEWMTE:

defaults {
dev_loss tmo 2147483647
fast io fail tmo 5

}

dev_loss tmo BHIEBRENZREZEBRIFCAHTRZ AT ST, MRERFRK, N
BARWERE EREAHE 1/0 BRW. BRINEREFAERNIGERDEFMS. EFERRER
HASFER, BREIREANT (0)o WAILEHEHIGERN “infinity” 3 2147483647, MtSFH
BB NERAIE 2147483647 #> (68 £F)
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fast io fail tmo BEUEERNTIFHZRBETE I/0 BERNKMZ BIEERFMNE, AR
NIRRT /0 KM, SNR 1/0 HEERIRASIH, MKE dev_loss_tmo BYiE] ERAFIKERE
ZH1 /0 FaKK,.

NREEELT /etc/multipath. conf X4, MM ERRBEEEMLZREMFPRERZ
multipathd sF#P#2F (systemctl restart multipathd) G4 &MNA.

17.14.7 £ NetApp IEBHZKIF
fEFAERT NetApp IREHIZERIZNY, BIFE /etc/multipath.conf XHHHITUTIRE:
° 77 NetApp IEEEREBEUTSHHRINE:

max_fds max
queue without daemon no

o EREHRP NetApp IRENUTSEISERIME:
dev loss tmo infinity

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

17.14.8 X% ERFi1&FFER --noflush

EZRRIRE LIBITH, MIGLMER - -noflushiEDi,
g0, EHITEREHREIASR, WASER - -nof lush EBLUIRFRIERKARE /0 A s
WRIH, BANEEESHRERIMER.

load
resume --noflush

231 {73 NetApp 18 & #2872 | SLES 12 SP5



17.149 HRIKEANZRIZETH SAN B IKE

FIEREHMERMHEMNRZHRERE, ZREFRELEERER (/) NAFKAIREREL, EX
RARWEIREFRE (BN EEMEERS) &HAY dev_loss_tmo EBEHEX.
MBRGFIGEEHE T ZKRIZ, BEKRIZE no path retry BT ERE, MWRAERNMER
EEFARGH dev loss tmoiKE, URRAIERESHEMENASHFREMIZSE. BIVBIE
¥ dev_loss_tmo HIRBEANFTFTHATZHIZAI no_path_retryigE,

BT ANgEEETF RS dev_los_tmo:

<dev_loss_tmo> = <no_path retry> * <polling interval>

U TEXERTZRFE:
* no_path_retry @REBEMAEZRHEL 10 HARIZEIZ 1/0 WEIRRE.
* polling interval @RFCEMNEIIREIE (UFREA) .

LU EZRRIFEHBNIZM /etc/multipath. conf EEEXHGHITIRE.,. AXER, B%
F%E 17.6 T “GIEINEEX /etc/multipath.conf X~ ,

17.15 MPIO &t

T3 MPIO FY—LE B RN R AR BT TRYARR 75 S8 1T 7 5 ER.

17.15.1 BRZBEENARSES|SIREFERLEZRINT
3190, RABHIERINE, HEREMMTHRE:

[ 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...
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[
[
[*

[*

0K
0K

0K

0K

0K

0K

0K

0K

] Listening on udev Kernel Socket.
] 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...
] Started Create list of required static device nodes ...current kernel.
Starting Create static device nodes in /dev...
] Started Collect Read-Ahead Data.
] Started Device-mapper event daemon.
] Started udev Coldplug all Devices.
Starting udev Wait for Complete Device Initialization...
] Started Replay Read-Ahead Data.
Starting Load Kernel Modules...
Starting Remount Root and Kernel File Systems...

] Started Create static devices

13.682489] floppy0: no floppy controllers found

] (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):

ETFAIERT, ATsexRELtnR:
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s ERAZREMNERT, REESERERXGRSGNMARZE, BERIE17.1 "WEH

=
7T

D BXHRGMARZ R

s TEBZRIRXHRAGNAZ L, BR/RARTZHRE, BXREWE initrd, FER I
2172 “NR5MT BEME initrd”

s TEEMKEHEMEFERR T ZRENARS L, initrd PRRDNEEFHIRENIZR.
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HBE17.1: MRSE BXHRFMARRE

MERXHERAFEZREL, BATERE, WFELEBE, THELER, %
BERXEHARMARZENFAEIGEREERRT. BTEAEGRXHRARNLEEE
N, ERNTFEZREMS LA, RSB FILELM. ERILUTE /etc/
multipath.conf FERIGHEIMARRBR BERIEMSGELKIT, MNMEEILtR,

1. FERINTFIEITmultipath -v2 HAERXHRZERIRSE. FENRBIN TR

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

| M : ZENFRFESMANERLEREN WWID,
2. ¥TH /etc/multipath.conf HHFMUTAS:
blacklist {

wwid "WWWID"

FITE_E—# SRKERRY ID BHR WWWID, B3SHAER, WBNE 1787 BH2HERE
FINBRE

3. & ctrl -0 BHERINEHESI SRS S

B 17.2:: MRS 5w: EMWE initrd

R initrd SRFEZENSHRERS (EEANERA) FEE, NFEHITHEES
12, BEEIRE, FEWR initrd:

1. MIREFERAFFTRBRAZRE, BEIUTHLEWEZFZIRZR initrd:

dracut --force --add multipath

MREERFATRAZRE, HEIUTHLENRZFZRZEN initrd:

dracut --force -o multipath

2. & arl-p BHEERINEHES SRS,
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HBi2 173 M3Sh=: EME initrd

SNR initrd AEEAFIHRNEEZEFENEDER, WREEES, fi0, MRELR
EREZRENERNTREN, HEINNBERENERN, MAgFERTIMEESD

2o

. BFrENRGIEEARMEXH /etc/dracut.conf.d/01-dist.conf PR E

force drivers, i, MNRARLKEE hpsa IRTHFEFIAIRIAY RAID =428, B LRI
REEEDIH qla23xx IXshFERFIAFIRIEY Qlogic FHI28, ZUUE SN FFIR:

force drivers+="hpsa gla23xx"

. ERU T SEMRE initrd:

dracut -f --add-multipath

. ATHILEEEENEEFERMN ARG SRR, BIREENED _netdev FNE!

/etc/fstab FRYENIR,

AR an b BREERINEHES SRS,

17.15.2 HEKEIZERR 0.4.9 AESRA GRS PRIO K&
AEefER

M 0.4.9 fixFF18, ZRIZTEMFER /etc/multipath.conf X defaults{} 5 devices{}
EAFH prioiRE., HAmultipaths{} ZPPEN multipath EXIEEXEF prio
B, E¥RZERMERGR.

ZETH 0.4.8 AiF multipaths{) &5 multipath EXHH prio KEES
defaults{} & devices{} Z;PFH prioi&=E,
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17.15.3 F#ZE) multipath-tools-0.4.9 Y EFEAEFEELTE
HY PRIO 1 E A ECER

Mmultipath-tools-0.4.8 #A£kZEI multipath-tools-0.4.9 K, BREEHFIEFE
ZBTE, N /etc/multipath.conf XHHH prio BRI, 7 multipath-tools-0.4.9
i, FAXREF prio BEMELHFER, FRAXEF prio_args IFEBTENMALHE
FREFIEEEEE, MERAREFR, REAHIFEFAEBEEWER—1 prio {7 LEE,

{5180, £ multipath-tools-0.4.8 1, RIfERAUT—{TaaIEEM A HFEFREBELE,
prio "weightedpath hbtl [1,3]:.:.+:.+ 260 [0,2]:.:.+:.4+ 20"

F4LE] multipath-tools-0.4.9 kEShRAS G, ZS2FHEIR. HIEEXMOTFIR:

<Month day hh:mm:ss> | Prioritizer ‘'weightedpath hbtl [1,3]:.:.+:.+ 260
[0,2]:.:.+:.+ 20' not found in /lib64/multipath

BRI, IEERANAEIE2MER /etc/multipath. conf XEHH prio 17, BIEMR
17, EF prio TIEEMELHFIEF, MTFAW prio args TIEEEBTE

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

i51T sudo systemctl restart multipathd EEzhmultipathd sFHPERE, UEERE
Ho

17.15.4 ®mAREREXE

A% SUSE Linux Enterprise Server E %8812 |/0 [ AW EEES, 155 SUSE FiREFHT
HIFEAREE XA (TID):
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e Using LVM on local and SAN attached devices (FEZ3i&&EFN1ERE SAN BIR&E H{ER
LVM) (http://www.suse.com/support/kb/doc.php?id=3617600) <

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

e HOWTO: Add, Resize and Remove LUN without restarting SLES (12{Ff5fE: EAER
&h SLES BYIE R TaRmN. JATANFIZERR LUN) (https://www.suse.com/support/kb/
doc.php?id=7009660) <
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18 BIE NFSv4 ifaliz4l5+R

£ Linux AR, BRTHXMARF. AREMA (ugo) BIIREL. BA. 1T (rwx) XLEEREGEZ

ah, BIARNEFIFIZR (ACL) EBHR—IRE, THIEENEMNEIFHN—MEEE (Draft POSIX
ACLs) (POSIXACL E#5) , E#KEE POSIX WERINEN. B—MEEE NFSVAACL, B
& NFSv4 XX HRAERN—ER5, BEIRATIE Linux _£BY POSIX R4S Microsoft Windows
FHIWIN32 Rz EiRHiE LM RA M,

NFSv4 ACL A LAEHSEEERS POSIX ACL, EIEARFHITIE NFSv4 B im EBREY ACL i51E]RY=
i (EbinfER setfacl) o

fEF NFSv4 Bt , BMEEAERT T /AEAER POSIXACL, HEFEHZFERA NFSv4
ACL, XEMKE, B setfacl BEISTE NFSv3 EinfT, ARBETE NFSv4 EinfT, N THENSTE
NFSv4 X4 LA NFSv4 ACL, SUSE Linux Enterprise Server 32f#7 nfs4-acl-tools
1, HPREETyIRm:

* nfs4-getfacl
e nfs4-setfacl

e nfs4-editacl

XEREREEA RS TR EMEH NFSv4 ACL B9 getfacl Al setfacl 25, X2 NFS
RS2 LG RFIRMEI NFSV4 ACL L E 1Y, XESA BTN, BIAFLERIEHIIN
(ACE) W EASHREERFimP A A, EXF i LETHEFEEZRIRS [ HINAERR
cllsf=AU

AFsfEmt NFS fRS528 LA N\ NFS &,

Hit5 8

BXER, B8 Introduction to NFSv4 ACLs (NFSv4 ACL f&i7T, BIHEA hitp://wiki.linux-
nfs.org/wiki/index.php/ACLs#Introduction_to_NFSv4_ACLs a),
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A GNU licenses

This appendix contains the GNU Free

Documentation License version 1.2.

GNU Free Documentation License

Copyright (C) 2000, 2001, 2002 Free Software Foundation, Inc. 51 Franklin St,
Fifth Floor, Boston, MA 02110-1301 USA. Everyone is permitted to copy and
distribute verbatim copies of this license document, but changing it is not
allowed.

0. PREAMBLE

The purpose of this License is to make a manual, textbook, or other functional
and useful document "free" in the sense of freedom: to assure everyone the
effective freedom to copy and redistribute it, with or without modifying it,
either commercially or non-commercially. Secondarily, this License preserves
for the author and publisher a way to get credit for their work, while not being
considered responsible for modifications made by others.

This License is a kind of "copyleft", which means that derivative works of the
document must themselves be free in the same sense. It complements the GNU
General Public License, which is a copyleft license designed for free software.
We have designed this License to use it for manuals for free software, because
free software needs free documentation: a free program should come with
manuals providing the same freedoms that the software does. But this License is
not limited to software manuals; it can be used for any textual work, regardless
of subject matter or whether it is published as a printed book. We recommend
this License principally for works whose purpose is instruction or reference.

1. APPLICABILITY AND DEFINITIONS

This License applies to any manual or other work, in any medium, that contains
a notice placed by the copyright holder saying it can be distributed under the
terms of this License. Such a notice grants a world-wide, royalty-free license,
unlimited in duration, to use that work under the conditions stated herein. The
"Document", below, refers to any such manual or work. Any member of the
publicis a licensee, and is addressed as "you". You accept the license if you copy,
modify or distribute the work in a way requiring permission under copyright law.
A "Modified Version" of the Document means any work containing the Document
or a portion of it, either copied verbatim, or with modifications and/or translated
into another language.

A "Secondary Section" is a named appendix or a front-matter section of the
Document that deals exclusively with the relationship of the publishers or
authors of the Document to the Document's overall subject (or to related
matters) and contains nothing that could fall directly within that overall subject.
(Thus, if the Document is in part a textbook of mathematics, a Secondary
Section may not explain any mathematics.) The relationship could be a matter
of historical connection with the subject or with related matters, or of legal,
commercial, philosophical, ethical or political position regarding them.

The "Invariant Sections" are certain Secondary Sections whose titles are
designated, as being those of Invariant Sections, in the notice that says that

the Document is released under this License. If a section does not fit the above
definition of Secondary then it is not allowed to be designated as Invariant.

The Document may contain zero Invariant Sections. If the Document does not
identify any Invariant Sections then there are none.
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The "Cover Texts" are certain short passages of text that are listed, as Front-Cover
Texts or Back-Cover Texts, in the notice that says that the Document is released
under this License. A Front-Cover Text may be at most 5 words, and a Back-Cover
Text may be at most 25 words.

A "Transparent" copy of the Document means a machine-readable copy,
represented in a format whose specification is available to the general public,
that is suitable for revising the document straightforwardly with generic text
editors or (for images composed of pixels) generic paint programs or (for
drawings) some widely available drawing editor, and that is suitable for input
to text formatters or for automatic translation to a variety of formats suitable
for input to text formatters. A copy made in an otherwise Transparent file
format whose markup, or absence of markup, has been arranged to thwart or
discourage subsequent modification by readers is not Transparent. An image
format is not Transparent if used for any substantial amount of text. A copy that
is not "Transparent" is called "Opaque".

Examples of suitable formats for Transparent copies include plain ASCII without
markup, Texinfo input format, LaTeX input format, SGML or XML using a publicly
available DTD, and standard-conforming simple HTML, PostScript or PDF
designed for human modification. Examples of transparent image formats
include PNG, XCF and JPG. Opaque formats include proprietary formats that can
be read and edited only by proprietary word processors, SGML or XML for which
the DTD and/or processing tools are not generally available, and the machine-
generated HTML, PostScript or PDF produced by some word processors for
output purposes only.

The "Title Page" means, for a printed book, the title page itself, plus such
following pages as are needed to hold, legibly, the material this License requires
to appear in the title page. For works in formats which do not have any title page
as such, "Title Page" means the text near the most prominent appearance of the
work's title, preceding the beginning of the body of the text.

A section "Entitled XYZ" means a named subunit of the Document whose

title either is precisely XYZ or contains XYZ in parentheses following text that
translates XYZ in another language. (Here XYZ stands for a specific section name
mentioned below, such as "Acknowledgements", "Dedications", "Endorsements",
or "History".) To "Preserve the Title" of such a section when you modify the
Document means that it remains a section "Entitled XYZ" according to this
definition.

The Document may include Warranty Disclaimers next to the notice which

states that this License applies to the Document. These Warranty Disclaimers
are considered to be included by reference in this License, but only as regards
disclaiming warranties: any other implication that these Warranty Disclaimers
may have is void and has no effect on the meaning of this License.

2. VERBATIM COPYING

You may copy and distribute the Document in any medium, either commercially
or non-commercially, provided that this License, the copyright notices, and the
license notice saying this License applies to the Document are reproduced in

all copies, and that you add no other conditions whatsoever to those of this
License. You may not use technical measures to obstruct or control the reading
or further copying of the copies you make or distribute. However, you may
accept compensation in exchange for copies. If you distribute a large enough
number of copies you must also follow the conditions in section 3.

You may also lend copies, under the same conditions stated above, and you may
publicly display copies.
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3. COPYING IN QUANTITY

If you publish printed copies (or copies in media that commonly have printed
covers) of the Document, numbering more than 100, and the Document's

license notice requires Cover Texts, you must enclose the copies in covers that
carry, clearly and legibly, all these Cover Texts: Front-Cover Texts on the front
cover, and Back-Cover Texts on the back cover. Both covers must also clearly

and legibly identify you as the publisher of these copies. The front cover must
present the full title with all words of the title equally prominent and visible. You
may add other material on the covers in addition. Copying with changes limited
to the covers, as long as they preserve the title of the Document and satisfy these
conditions, can be treated as verbatim copying in other respects.

If the required texts for either cover are too voluminous to fit legibly, you should
put the first ones listed (as many as fit reasonably) on the actual cover, and
continue the rest onto adjacent pages.

If you publish or distribute Opaque copies of the Document numbering more
than 100, you must either include a machine-readable Transparent copy along
with each Opaque copy, or state in or with each Opaque copy a computer-
network location from which the general network-using public has access to
download using public-standard network protocols a complete Transparent copy
of the Document, free of added material. If you use the latter option, you must
take reasonably prudent steps, when you begin distribution of Opaque copies in
quantity, to ensure that this Transparent copy will remain thus accessible at the
stated location until at least one year after the last time you distribute an Opaque
copy (directly or through your agents or retailers) of that edition to the public.
Itis requested, but not required, that you contact the authors of the Document
well before redistributing any large number of copies, to give them a chance to
provide you with an updated version of the Document.

4. MODIFICATIONS

You may copy and distribute a Modified Version of the Document under the
conditions of sections 2 and 3 above, provided that you release the Modified
Version under precisely this License, with the Modified Version filling the role

of the Document, thus licensing distribution and modification of the Modified
Version to whoever possesses a copy of it. In addition, you must do these things
in the Modified Version:

A. Usein the Title Page (and on the covers, if any) a title distinct from that
of the Document, and from those of previous versions (which should,
if there were any, be listed in the History section of the Document). You
may use the same title as a previous version if the original publisher of
that version gives permission.

B. List on the Title Page, as authors, one or more persons or entities
responsible for authorship of the modifications in the Modified Version,
together with at least five of the principal authors of the Document (all
of its principal authors, if it has fewer than five), unless they release you
from this requirement.

C. State on the Title page the name of the publisher of the Modified
Version, as the publisher.

D. Preserve all the copyright notices of the Document.

E. Add an appropriate copyright notice for your modifications adjacent to
the other copyright notices.

F. Include,immediately after the copyright notices, a license notice giving
the public permission to use the Modified Version under the terms of
this License, in the form shown in the Addendum below.

G. Preservein that license notice the full lists of Invariant Sections and
required Cover Texts given in the Document's license notice.
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H. Include an unaltered copy of this License.

I. Preserve the section Entitled "History", Preserve its Title, and add to
it an item stating at least the title, year, new authors, and publisher of
the Modified Version as given on the Title Page. If there is no section
Entitled "History" in the Document, create one stating the title, year,
authors, and publisher of the Document as given on its Title Page, then
add an item describing the Modified Version as stated in the previous
sentence.

J. Preserve the network location, if any, given in the Document for
public access to a Transparent copy of the Document, and likewise the
network locations given in the Document for previous versions it was
based on. These may be placed in the "History" section. You may omit
a network location for a work that was published at least four years
before the Document itself, or if the original publisher of the version it
refers to gives permission.

K. Forany section Entitled "Acknowledgements" or "Dedications",
Preserve the Title of the section, and preserve in the section all the
substance and tone of each of the contributor acknowledgements and/
or dedications given therein.

L. Preserve all the Invariant Sections of the Document, unaltered in
their text and in their titles. Section numbers or the equivalent are not

considered part of the section titles.

M. Delete any section Entitled "Endorsements". Such a section may not be
included in the Modified Version.

N. Do not retitle any existing section to be Entitled "Endorsements" or to
conflict in title with any Invariant Section.

0. Preserve any Warranty Disclaimers.

If the Modified Version includes new front-matter sections or appendices

that qualify as Secondary Sections and contain no material copied from the
Document, you may at your option designate some or all of these sections

as invariant. To do this, add their titles to the list of Invariant Sections in the
Modified Version's license notice. These titles must be distinct from any other
section titles.

You may add a section Entitled "Endorsements", provided it contains nothing
but endorsements of your Modified Version by various parties--for example,
statements of peer review or that the text has been approved by an organization
as the authoritative definition of a standard.

You may add a passage of up to five words as a Front-Cover Text, and a passage
of up to 25 words as a Back-Cover Text, to the end of the list of Cover Texts in the
Modified Version. Only one passage of Front-Cover Text and one of Back-Cover
Text may be added by (or through arrangements made by) any one entity. If the
Document already includes a cover text for the same cover, previously added by
you or by arrangement made by the same entity you are acting on behalf of, you
may not add another; but you may replace the old one, on explicit permission
from the previous publisher that added the old one.

The author(s) and publisher(s) of the Document do not by this License give
permission to use their names for publicity for or to assert or imply endorsement
of any Modified Version.

5. COMBINING DOCUMENTS

You may combine the Document with other documents released under this
License, under the terms defined in section 4 above for modified versions,
provided that you include in the combination all of the Invariant Sections of all
of the original documents, unmodified, and list them all as Invariant Sections of
your combined work in its license notice, and that you preserve all their Warranty
Disclaimers.
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The combined work need only contain one copy of this License, and multiple
identical Invariant Sections may be replaced with a single copy. If there are
multiple Invariant Sections with the same name but different contents, make
the title of each such section unique by adding at the end of it, in parentheses,
the name of the original author or publisher of that section if known, or else

a unique number. Make the same adjustment to the section titles in the list of
Invariant Sections in the license notice of the combined work.

In the combination, you must combine any sections Entitled "History" in the
various original documents, forming one section Entitled "History"; likewise
combine any sections Entitled "Acknowledgements", and any sections Entitled
"Dedications". You must delete all sections Entitled "Endorsements".

6. COLLECTIONS OF DOCUMENTS

You may make a collection consisting of the Document and other documents
released under this License, and replace the individual copies of this License

in the various documents with a single copy that is included in the collection,
provided that you follow the rules of this License for verbatim copying of each of
the documents in all other respects.

You may extract a single document from such a collection, and distribute it
individually under this License, provided you insert a copy of this License into
the extracted document, and follow this License in all other respects regarding

verbatim copying of that document.

7. AGGREGATION WITH INDEPENDENT WORKS

A compilation of the Document or its derivatives with other separate and
independent documents or works, in or on a volume of a storage or distribution
medium, is called an "aggregate" if the copyright resulting from the compilation
is not used to limit the legal rights of the compilation's users beyond what

the individual works permit. When the Document is included in an aggregate,
this License does not apply to the other works in the aggregate which are not
themselves derivative works of the Document.

If the Cover Text requirement of section 3 is applicable to these copies of the
Document, then if the Document is less than one half of the entire aggregate,
the Document's Cover Texts may be placed on covers that bracket the Document
within the aggregate, or the electronic equivalent of covers if the Document is in
electronic form. Otherwise they must appear on printed covers that bracket the
whole aggregate.

8. TRANSLATION

Translation is considered a kind of modification, so you may distribute
translations of the Document under the terms of section 4. Replacing Invariant
Sections with translations requires special permission from their copyright
holders, but you may include translations of some or all Invariant Sections in
addition to the original versions of these Invariant Sections. You may include

a translation of this License, and all the license notices in the Document, and
any Warranty Disclaimers, provided that you also include the original English
version of this License and the original versions of those notices and disclaimers.
In case of a disagreement between the translation and the original version of this
License or a notice or disclaimer, the original version will prevail.

If a section in the Document is Entitled "Acknowledgements", "Dedications",

or "History", the requirement (section 4) to Preserve its Title (section 1) will
typically require changing the actual title.

241

9. TERMINATION

You may not copy, modify, sublicense, or distribute the Document except as
expressly provided for under this License. Any other attempt to copy, modify,
sublicense or distribute the Document is void, and will automatically terminate
your rights under this License. However, parties who have received copies, or
rights, from you under this License will not have their licenses terminated so long

as such parties remain in full compliance.

10. FUTURE REVISIONS OF THIS LICENSE

The Free Software Foundation may publish new, revised versions of the GNU
Free Documentation License from time to time. Such new versions will be similar
in spirit to the present version, but may differ in detail to address new problems
or concerns. See https://www.gnu.org/copyleft/ 2.

Each version of the License is given a distinguishing version number. If the
Document specifies that a particular numbered version of this License "or any
later version" applies to it, you have the option of following the terms and
conditions either of that specified version or of any later version that has been
published (not as a draft) by the Free Software Foundation. If the Document does
not specify a version number of this License, you may choose any version ever
published (not as a draft) by the Free Software Foundation.

ADDENDUM: How to use this License for your documents

Copyright (c) YEAR YOUR NAME.

Permission is granted to copy, distribute and/or modify this document
under the terms of the GNU Free Documentation License, Version 1.2

or any later version published by the Free Software Foundation;

with no Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts
A copy of the license is included in the section entitled “GNU

Free Documentation License”.

If you have Invariant Sections, Front-Cover Texts and Back-Cover Texts, replace
the “with..Texts.” line with this:

with the Invariant Sections being LIST THEIR TITLES, with the
Front-Cover Texts being LIST, and with the Back-Cover Texts being LIST.

If you have Invariant Sections without Cover Texts, or some other combination of
the three, merge those two alternatives to suit the situation.

If your document contains nontrivial examples of program code, we recommend
releasing these examples in parallel under your choice of free software license,
such as the GNU General Public License, to permit their use in free software.
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