c®E SUSE

SUSE Linux Enterprise Server 15 SP1

fF SR+



A EIRier
SUSE Linux Enterprise Server 15 SP1

1R X ANMAI7E SUSE Linux Enterprise Server EEREFIZEEMER,

HhREHA: 2024 9829H
https://documentation.suse.com 7

HRAXETA © 2006- 2024 SUSE LLC MZT#kE. REFIENHF,

1RIE GNU BEXAYIFATIE (GNU Free Documentation License) fZs 1.2 5 (IRIBEAVIERR) RRZS 1.3 YK
M, EMRTFEES] 2K /SERASHEIIFAIIIR; AARNAERNIFENEMHEARRIEE D 1FaHERZ 1.2
HEIAESERA “GNU BEXAEIFEHE B2,


https://documentation.suse.com

B SUSE &1F, B8 http://www.suse.com/company/legal/ 7. FREEEE=ARIr2ESBREEN
= EifS (0. ™) R SUSE REMBEABNEIT. £35 () KRE=HET.
FEMARBEFIBEFRER. EXHIHERAIEEERTIR, SUSELLC REMBAR. FEMIFEX FrIEE
HILAERIR S I IE AR R R E R AB R .


http://www.suse.com/company/legal/

1.2

1.3

1.4

1.5

1.6
1.7

1.8

H=R

XFAIEF «ii
BIANX xii

iR xiii

XHHLTE xiv

NHRFZGSEN 1

Linux R4 R SGEVELR 2

Ai& 3

Btrfs 3

FE4FME 3 + SUSE Linux Enterprise Server ERIRXHR451&
B 4 - M ReiserFS #l Ext X RFT % E Btrfs 8 - Btrfs &
I 9 - Btrfs FHEETZIF 10 - Btrfs X%/l 11 - BEEH
ERBRSZF 14

XFS 15
AN EASME gL 15 - BIENERHETERESHE
BE 15 - BT ELUBERXHRSER 16

Ext2 16

Ext3 17
FEHSERSEMM Ext2 A% 17 - vISEMMMEE 17 - B Ext2 X%
RS Ext3 18 - Ext3 XHFR4 inode K/ inode #iE 19

Ext4 23
ReiserFS 24

SEHEMX GRS 24

fEFEIEER



1.9
1.10

1.11

1.12

2.1

2.2

2.3
2.4

2.5

3.1
3.2

3.3

4.1
4.2

4.3

Linux 33 KRB XY SZ 15 25
Linux RIZETERIBRH! 26
X RFEERR S 27

Btrfs $81%: 9% L@BRRTIE 27 « BHREANXXERS

W29  RETE SSD HHITHESEEIE 29
H{E 2 30

RABXHFRFAZKR) 31

fERAZ=GI 31

RARRANMEEEN 31

THARKINXGRS 32 - ENXGRFANK) 32 -

RIFRIAR)N 32
E4 Btrfs XHFRFHIA/) 33
FEXFS X RFKHIA/ 34
B Ext2. Ext3 3% Ext4d XHRFGHIA/N 34
£/ UUID ZENIZE 36
BH udev BIKRAMIZE R 36
THEUUID 36
HtES 37
AT RSERIEN S EEEREF 38
—RRARIE 38
BIREFER 39

bcache 40

NS

FEINEE 40 - &E bcachei&& 40 - fER sysfs By bcachefit

B 2

fEFEIEER



vi

4.4

5.1

5.2

5.3

5.4
5.5
5.6
5.7

5.8

5.9

6.2
6.3

6.4

lvmcache 42
BoE Lvmcache 43 + E[REBEREEFMN 44

iZiE% (LVM) 46

LVM g8 47
THRIZIEBEEEE 47

BlIiELELA 49

tliZiZiEE 51
FEEEEMNIZES 54 + BIEERE 55

Hal#CEIE root LVM B4 56
HEMEHAHRIA/N 57
THEIZIEERI A/ 58
MIEREHTIZIEE 60

FA LVM &< 60
BAaS$ARZESAN 64 « 81D Llvmetad shACE LVM T
i 66 « {HHLMBEEIFE 66

FRic LVM2 fETF R R 67

fEFA LVM2 4512 67 - BIE LVM2 FRIEHNEK 68 « sa1TIRIC
EE 68 « EREXMEZE 69 - RANcHATEHETHNERER
fill 70 - EANCEERSETEEENLBEAH 11

LVM &1REE 75
THRERE 75

£ LVM B3 Linux 1RE& 76
HALIRER 76

B Linux TRE& 77

fEFEIEER



vii

6.5
6.6

7.1

1.2

7.3

7.4

8.1

8.2

9.1

9.2

TERE A EN L EREMAAIRER 78
RRIES KIFZEEEH UERERHERELAMIVRE 79

34 RAID 82

3% RAID B2 E 83

T RAID 431 83

RAIDO 83 + RAID1 84 - RAID2FIRAID3 84 - RAID
484 + RAIDS5 84 - RAID6 85 - HREFMEZ RAID K3 85

{8 YaST BE&%X RAID 85
RAID &#F 88

X+ RAID REEREE 89
BEMEHEZ F#ITE 89

BEZER 90

FIRS REREIRSE RAID 91

RS XERFE RAID i§E M RE M o1
AR (/) PKIREEBEH RAID IEFM RS 91

U4 RAID 103188 o5
£ mdadm €72 #E RAID 10 1&& 95

£ mdadm SIZHER RAID 10 (1+0) 96 -+ {#F mdadm SIZHREM

RAID 10 (0+1) 98

B3 E 2 RAID 10 100

7 RAID 10 PRYIEEMEARE 101 + /F 101 - FH YaST HXERF

tl3EE 2 RAID 10 104 + {FMAH mdadm €I3EE %% RAID 10 107

fEFEIEER



10 GUERBELR RAID PE% 109
11 {EH mdadm AEEERH RAID FEFIEYAR/) 111

11.1  EAn%4E RAID AR/ 112
ENAHSXEAN 112 - H2I0 RAID BEFIMIAN 113 - HEINXHRS
BIA/N 115

11.2  B/INER{E RAID BYK/)N 115
RINSTHERZERAN 115 « R/ RAID BEFIRS AN 116« JR/INABESEX
BRI 117

12 &ATF MD {4 RAID Yfi&7=4#158 LED SEFHIER 119
12.1 fE1E#\58 LED ISMARSE 119

12.2 f&7EH15E LED I ATEE 121
WA 122 « &FHIFK 125 - =l 126

12.3 EHM{EE 126

IV WEEFE 127

13 iSNS for Linux 128
13.1 iSNSHIIT{ERIE 128

13.2 &% ISNS Server for Linux 130

13.3 FE2E iSNS &g 131
B2 ISNS ZIE 131 - MAIIHZA iSCSI = 132

13.4 BE5hiSNS RS 134
135 EZEER 134

14 2H IP MEIAKBEETFE: iSCSI 135
14.1 &% iSCSI LIO B#rBRZZ28#0 iSCS| %&ifcim 136

viii e



14.2

14.3

14.4

14.5

14.6

14.7

15
15.1

15.2
15.3
15.4
15.5

15.6

16
16.1

IR E iSCSI LIO BfrfRsS2s 136

iSCSI LIO BATERS BehMBAEIRE 137 - ECE iSCSILIO BirflikitE
ImRIMBBSMIIIE 138 - EHMEEFETIE 139 - KE iSCSILIO B
£ 140 - {BEXISCSILIO B#r4H 144 - MIBRiSCSILIO BHF4E 144

Bo& iSCSI &itcim 145
/8 YaST H11T iSCSI R2IRACE 145 - FEh&E iSCSI ki
s 148 -+ iSCS| RiCimEHUERE 149

LRATER iSCSI A& 151

iSCSI &E$& 151

7£iSCSI LIO BitARS3 28 LIS B BAR LUN BRI & %EIJF$81R 151 « iSCSILIO
BAMEEMHEN ERTN 152 « EFISCSIETNEKIEE 152 - ¥
iSCSIEAF LVM 152 - EEEXHFIZERNFIE, SEENISCSIBin 153

iSCSI LIO BArAE 153

HMES 155
LAKMEeTiBiE fi#fF. FCoE 156
LIS IEHPACE FCoE 0 157

%% FCoE # YaST FCoE & i 158

fiEF3 YaST & FCoE R3S 158
FERm<HEE FCoE 161

£ FCoE B2 T AE3E FCoE 3! 163
HMES 165

NVMe over Fabric 167
BAR 167

fEFEIEER



16.2 % E NVMe over Fabric 4] 167
LRGSITEPIE 167 + &I NVMe over Fabric ¥ 168 - &%
NVMe over Fabric B#x 168 + Z%R&IE 169

16.3 i&E NVMe over Fabric Bfr 169
TEMGSITEFIG 169 - EEESE 169 - FPMMEBIRRE 172

16.4 $SHEHEE 172

¥R 172 -+ Broadcom 172

16.5 ®E%EE 173

17 BRI HREIZRIFI/0 174
17.1 THEZIRIZ1/0 174

17.2 WEHEF 174
Bt MBS RZNMEEEY 174 « MRS 2 REZEER
5 177 - EERTEHNIEREZFEERS) 178

17.3  #MEIZEREF 178
SEREZM 178 - HAETIEMES 179 - HERAID 179 - =0 HMEMR
RAER 179 - WAL initrd 5RARSBFIEET 180

174 ZHEEFEIETA 180
RERNIZEF ZRFER 180 - ZREFI/OEETH 183 « WHKEF
1% & {#EF MDADM 183 + multipath @5% 184 + mpathpersist L% E
FF 186

175 AZBRIFEERS 188
BR. 2H. BofELEZEREFI/ORS 188 « NBEFBES SANIE
& 189 - RBEZREIFREIKX 189
17.6  BIFEE /etc/multipath.conf X 190
BI# /etc/multipath.conf X% 190 + /etc/multipath.conf XH&HH
Z9yr 191« KRIE Jetc/multipath.conf XEFMZIRIFZIEE 192 « W

fEFEIEER



Xi

17.7
17.8

17.9

17.10

17.11

17.12
17.13

17.14

17.15

18

F /etc/multipath.conf X E R AEF ZEREIRET 194 - 4Rk
WWID 195

ECE KN, HEBA R FERIE RIRBIARER 195
RFESZBRREIKETINERRR 197

ECE R P BB iREs& 200
HA B SRR SR IZIRE R 205

FoE R IZ R4 RIS ik 206

Ao B RFPEETEREE 206 - ECEHBFERBMAcALR 207 - IREBIREK
R4H 215

NRIGEEE LT 1/0 215
TENFHEZKREZE/0 215 - AUERRESHZRKREF1/0 218 - 2H
RigE LM 1/0 ZER1R 218

NG RAID BEEEZHK1E 1/0 218
% HRFIGE EFER LVM2 221

ER{ELEE 221

EARES ISWBER TEBMEE 221 - EXAESISNER TR
HPKigE 223 - BEEZREII/ONRE 225 « AHIFKATE
#1/0 226 - FRRMELEAI/0 228 « BCE IBM Zi&EHIZRIAIK
B 228 - {EF NetApp IREMZRREFE 229 - WHHRIFIGEMER -
noflush 229 -« IRIGEANZERIZAIEY SAN EBEHGE 230

MPIO &$& 230

EZBRFIRE LRE GRUB2 230 - BRAZKENALAESISIEFRY
FIRAINE 230 « FRFIZEREIR 0.4.9 HESRASEMEEN PRIO GE
TEEER 233+ FAZLE multipath-tools-0.4.9 ESAGEHEELTEMN
PRIO IZEFRIECIER 234 + FAREEXH 234

EI2 NFSv4 ipinlizhlFIsR 236
GNU ¥8JiE 237

fEFEIEER



St

ISR IR X T NI E R SUSE Linux Enterprise Server 15 SP1 _ EMfEFIREMNER. X%
XMEBBIGENEE, 58N (AEERE) ,F 108 “EXRHXIER . NEFEATERSAE
BR,

1 ATAXE

Q iFE: HELAHEMBRIEM
AT @SR BT M hitp://www.suse.com/documentation/ 7 3R, &Ha] LATELEL
HRISEMEH, USRS THSMHEIHI,

oh, BLEMNRSAH /usr/share/doc/manual TEESIBMS~ R,
XA iR EAI AN T

(RRIREN]) XE
s (BERNID) 3IREEH ML E SUSE® Linux Enterprise Server 15 SP1 B3 32,

(BE+Em)
ETIOARERENRZNRGE, UKIAF A mdt A EZ L A ERRE . BEMA
AR, FJLOARERAZRHMAE RIS, WA LLUERERIDREER. 8E
BE X B RERARHITAIMRELE,

(E+sm)
HRRRERMES, WP, BANBEEXPRLENRS.

{Virtualization Guide)
ORI AR, HNBEMMELISE—EDO libvirt, UREXETHBAESIEEENIFARE
Bo

(fETFERE™)
1R X UNfaI7E SUSE Linux Enterprise Server EBIBMFISEHER.

Xii BT A SLES 15 SP1


http://www.suse.com/documentation/

{AutoYaST Guide)
AutoYaST RAERE SR EME BLIEN AutoYaST BREEX M, iILEUTABEARME
ZRZE SUSE Linux Enterprise Server 4, ZFME5|ISETRENRENELRTE, &
HES. RENEE,

{Security and Hardening Guide)
NARAKLLMNELRHRR, SEFIMReFENNERSAE. HEANAER~REEN
T2 (130 AppArmor) , SEREB A RKRERS X EAREEXBHNERNHEZR

4o

{System Analysis and Tuning Guide)
KFREN. R ANEIERIERE, 7 HRNeAER BN TAREMMRARFA LU
AIENEERR, T8 5 E RIS AR LUK B Ah & B A S AN E R

{Repository Mirroring Tool Guide)
ITREETAEERERE, THEETRZAT SUSE Customer Center HE & E1FERM
AMBERHNARIERS. TRNAZEMEERM SMT RSS2, REMNSE#HEE. §ER
FimitENL, UREEERFinAER SMT,

{GNOME 15/
7748 SUSE Linux Enterprise Server B GNOME £H, 8S&FERAMEES@THEBER
IXREBES. EEEEAEEEGRER GNOME EAEHRARANRZLEF.

2 )i lm
RETZMRINEE:

EiRFILeEIE K
BRI ma ARSI IFED, FBM http://www.suse.com/support/ 2,
B X openSUSE (BN XIRfE, BXEZER, ESEhttps://en.opensuse.org/
Portal:Support @,
BEiR S~ mAMSH Bug, 1EIAIE https://scc.suse.com/support/requests 2 HER, R
fEE &,

Xiii 5 SLES 15 SP1


http://www.suse.com/support/
https://en.opensuse.org/Portal:Support
https://en.opensuse.org/Portal:Support
https://scc.suse.com/support/requests

BRER

AR

3

HNFBLBRRERAFMANA= RPESHEMAENE IR BERBEIX
MERRSN “BFER heegd%El http://www.suse.com/documentation/
feedback.html 2 HIELLMENFRE,

NB X A= X AR s, MRl LIAIXBM4ZE doc-team@suse.com, EFAFRRIEFS
BX N, iR A B EE, EIRGHEIRHABILEEIN, ARHn)ENEE
WEEBHIEHEN ET R ST (3¢ URL) -

NN E

ASEREER T LU @A AR E |

Xiv

/etc/passwd : BRBMIXHEHE

PLACEHOLDER : PLACEHOLDER B=Ei#t A3 rraIE

PATH : IFIBZ =2 PATH

1s. --help: @<, EMMSEK

user: FAFFIA

package name: B

Alt | ALt -F1 . RESHASE, XERUATEAETR, MERE E—#
X X B5FN FEI, 2

KEEABIXS AMD64/Intel 64 (ARLEITER. FTKARIEXAIRBF IR EH]
#ZRUE. J

EEAEIRS IBM Z 1 POWER {ARLEEMIER, FikiMEXARAIFF AL
BNMERUE. (

BREERIEES (RIE—F, THMFMR) | RFS2NEEMEFRIHN—F

WIER root HUETTRIER S, EREFEAILEXLEHLHINL sudo 5<%, LIIFHN
BRBHOFEITEN.

XHEAE SLES 15 SP1


http://www.suse.com/documentation/feedback.html
http://www.suse.com/documentation/feedback.html

root # command

tux > sudo command

A LA IR A P IETTRIER <0

tux > command

o AR

TS EEEA

TERSIREZ AT, BUT BRI AAHRAEE . BSEHEXTERE. BEHR

EEX. BHRENEEENES.

O == =Za&x
TEHEREZ AT, UM TRNEERRER.

Q EE: FE\EN
@%EU,WWE%Q#W¢£EW%EO

O i=x: ErE
BRER, fINES A EERAMEIN.

XV

X E

SLES15SP1



NERGSE

Linux PRIX 4R FEELR 2
ABXHRAZAN 31

5 UUID 12 36

AT RISERENZ EBEERF 38



1 Linux REYXIFRGHIBTIR

SUSE Linux Enterprise Server B8l 7 REINX 4 RS HIERE, BIE Btrfs. Ex-
t4. Ext3. Ext2 I XFS, ST XEHRAETHEZBENNRMIR=. BX SUSE Linux En-
terprise Server PEEXHRFZIFHHINEELLER, FBW http://www.suse.com/
products/server/technical-information/#FileSystem 2 (XERZEZIFNAN) o
AEHR T XEXHRAN TEREURENHNM S,

£ SUSE Linux Enterprise 12 Ff, Btrfs B1RFRANBINX G R L, XFS EFrBEHMERZE
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&, Btrfs XFRAREENERFE. XWTEH snapper BEMEGHNIEX SRS, B=Bo13
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1.1 A&

TUEHE
XHRGARR—TEIELES. OB REE LNREHRIESRERTE, AEA#H)
Bo o JIFE—MXHRSEE B CSHTHRIESN, SERXARGRIMEFR LRSS
HREFRTE. 4P THENTREREER, RANMRAXEF, WAL ERRIXH RS
FREYFRA R,

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 TAPIRM T ELINEMEEINE scrub, ESERIKIWREDLBIRERY
AR T, WIFSURM THIBEM TR, ErIUERRNIX GRS EERRIETT scrub; [ER
1&1EHAIE], EREREET.
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5 Linux ZEEEIELS (LVM) EEXNREM.

5 SUSE Linux Enterprise Server £8 YaST 7 X2 & AutoYaST 5, XIXEIEES
MEE (MD) Mg EMETIEF (DM) fETFECE L BIEE Btris X RS,

MIRERY Ext2. Ext3 LA Extd X4 RFHITHRAEZ.

/boot BIS|SMBAZFHE, RIFM Btrfs 2 X5|F,

* SUSE Linux Enterprise Server }15 SP1 #7#J RAIDO. RAID1 1 RAID10 BEeBEX 4 %1F5%%5
Btrfs, =M RAID KAIHAZ 2R, BRERRAHNIRS ARSI

o {EFH Btrfs s 21K BEBAESE.

1.2.2 SUSE Linux Enterprise Server EMIBEX G RSKIGE

SUSE Linux Enterprise Server BN E AR X{ER Btrfs FIIRER, (R ILLIEENAER
ZEERENRMRMEIRAS, WoliLEB&HX M. RERENHEE SUSE Snapper ERLZEHAEN
B, W (EEEE) , B TE @ Snapper HITRAMENIRBEIR” Fid, B % SUSE
Snapper IBM—ARIEE, 1S OpenSUSE.org (http://snapper.io #1) LB Snapper i JF M
ik Wikio

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

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

/home
MRMIPXFKZE /home , B2 ZBRHRURERIRN LS EHIEEX,

4 SUSE Linux Enterprise Server ERRXHRFAIKE SLES 15 SP1


http://snapper.io

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

/srv

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

/tmp. /var/tmp. /var/cache. /var/crash
BE IR XGMEREFNAE ERTSHRTRETEE 25,

/usr/local
EFILERGNAIITER. 242128 RABRUGRERIRITEIEIXLE LRERIER
%o

/var/lib/libvirt/images
A libvirt EIRREIMWIIGRIEGAGIE. AFREIREREEMWIGERSEIR I IBRZA
m#EHbR. BINERT, LFEEFER B ARFESH] ETEIZER,

/var/lib/mailman. /var/spool

BEEEHREATINBERSHE, URERREERBHER.

/var/1lib/bind
& DNS iRSBBHNXEEHIE. HbRZBEREN 7T HREIRGRMIRS 2R EEIEE,

/var/lib/mariadb. /var/lib/mysql. /var/lib/pgqsl

XERRBEEWIRELRE. AABRT, XEFEEEA BANTER ETEIZEN.

/var/log
HEXHFRENME, HRZEREN T ENZRNASH#ITEIRGREB X BEXH#HTT
o

Warning: BIRZ
NEHEBREBREMIAITIRENFER, SUSE ZRFAZFEIR, FiF, EolLfER YasST
HREREFIT .
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1.2.2.1 ENEZEH Btrfs XIF RS

Q Note: GRUB 2 1 LZO EERB R
GRUB 2 TT7AI%EX lzo EAERBR. REBEAELE, EFELIZBMAY /boot 53X,

M SLE12 SP1 Fa, ZHiE4sE Btrfs XHF&RS. £ compress 3% compress-force &I,
FHEREF EEE 1zo 2 zlib (BN o zlib EENEEERES, M lzo WEEREFR,
BFREM CPU faF /N

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 %, M FEE—LYBRELEIHIBENXHMES, LIETATERE A,
BEE, FEEIRSERTHXE. WNRER compress 3 compress-force EMEAXHEHR
%, WEREENBERTEANNXGRERA=ES . tIt, 88 nodatacow BMEMXHHNAR
KA =ESE:

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

MREHLBIIGERKAMN, BE /etc/fstab BEEXHAHARIM compress & com-
press-force &, f0:

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

£ SUSE Linux Enterprise Server £, MIRER#HITRARIRNIZF @ STMIRERS I FSKAIT,
XEFE—F, BEOIUESETERZE, EETHERNKERE, RBEENFSE, BaIULIM
RIS (BESHVE) .

B& T Section 1.2.2, “SUSE Linux Enterprise Server EFMIIRXHRFIEE” FIIHNFEZ
oh, RAPEEE—NEA @ 6. XRRINNTFSE, BIEARSK (/) EAN. EthFEKE
NEtEEA,

NIREBS|FHT, FERANAE @ 76, MERE, REPEENXGRFIBIRFURIZEREN
A /o EttFHRUTEAFRENTIREF, WRSEIANIGEPRES, TXRESISREER
SRNEE. EEFERAXKARE, BHIT snapper rollback m<, XiFFEBRIZISH
REBENFNEAINTF S, EESISZEREFERTE.

1.2.2.3 KERHAT|E

BEANBENIET df GSORNEXGRANEE, £ Btrfs XGRS L, df NEHATEEIRSE
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

ETRXHRFENEDE (total ) TEIMEATIENE, WNRITHHER total # used B
BEAEEEF, NRRTHIENSHZEREHEDEH L.

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

BREMTF IR s Lt S HFTSR R,

BXFAEE, 520 man 8 btrfs-filesystem # https://btrfs.wikikernel.org/in-
dex.php/FAQ @,

1.2.3 M ReiserFS #1 Ext X4+ &% FF5% Btrfs

B LUER btrfs-convert TH, E#UEEMILE ReiserFS g Ext (Ext2. Ext3 =¥ Ext4)
%3 Btrfs X RS, ZIEBAFEIREN (BIV) BIXHRFHFHITIHER, HITIHRE
AREEEMFEHAESE btrfs-convert TEANAS|IRRER R, ZTEASERBXHRANAH

8 M ReiserFS # Ext X4 R T E Btrfs SLES15SP1


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

TEAME Btrfs XH RS, AEZERIEFESHEE. K& L4608 eBATeIZTikdE
RRTA=IE], BNEIEAN. FREXHRERRFAE, Btrfs XFREFSRAEATAT
B, FENZTREXNURATXAHRENAR, ARIEEFESHXHERANR (Bla0s .
BR. FREY) BEMSR. ATRASEESRUE, X425 LSIEER ST INILIRFR
FH=iE), EfERAREEHEAEAR/NES 2 KiB BISX RSN

BRI RGN Btrfs KRS, 51B1T:

root # btrfs-convert /path/to/device

o Important: 16& /etc/fstab
Wife, TR /etc/fstab PRREXHRANMESREBEIARE, MiETREES
Btrfs X R4

¥ikfg, Btrfs XFRFNABREIRMEXGRFNRNS, BEXHRAERK—BEREIEERT
£ fs root/reiserfs_saved/image FEIZERIMEXRIRME AL, ZREX 4 LT EEH
H] ReiserFS X RFAN— “BRER” , &K Btrfs XHFRARNFREHRIZM G, BERRIZM
&, iB5XFR reiserfs saved F#&:

root # btrfs subvolume delete fs root/reiserfs saved>
BRXGRFETRIFBXHRYE, BERU TSRS

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

Warning: Botig &5k
BEXHRRET I Btrfs XM RFEFAIBBVERIERE G ER. Y77 LLERIEIHRITESM
TERME, UL EERMEX GRS,

1.2.4 Btrfs &1

Btrfs 5 YaST 72 X321 AutoYaST Efll. ERILIELREHEIER ERNIRX G RGR IR
AR, ®EZE, EAILUERA YaST P KEFREFMNEIE Btris &,
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btrfsprogs SHRMHT Btrfs EIET R, XA Btrfs (s $HEE, 158 man 8
btrfs. man 8 btrfsck 1 man 8 mkfs.btrfs &<, B% Btrfs THAERIE R, FEN
Btrfs Wiki, MI#EJ9 http://btrfs.wiki.kernel.orga,

1.2.5 Btrfs FEETZHF

Btrfs IRX R %iF% /var/log. /var/crash #M /var/cache EEEGEBE R TARES
FRAPMAR A ETIE, WITESRARKE, HEEHIMILKE, SUSE Linux Enterprise
Server ITERM T Btrfs THECENZ 1. MREIREBAERNA YaST BIGEKBERXHRSK, RAR
ARG RAHITHENIES . FMEFENEEA (qgroup ) MBIRE. BERIGERNXHRS
RS, BRITTFIISE:

1. BRI

tux > sudo btrfs quota enable /
2. BIFFEIIR:
tux > sudo btrfs subvolume list /
SN IEFERERT,

3. NE—DHRRFINEF— P FEREEH. FEFUMAREIIRA (Bld /var/tmp)
WEILIA 0/F7% ID iRF) (BIg0 0/272) . TFEBRFIA /var/tmp IRET 5GBHY

EFo

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

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

4, EEF|HIBEE, BEAUTHES. max_rfer FIUFHARMUE R,

tux > sudo btrfs qgroup show -r /
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) Tip: BUEEH

NREBEUEMBET, BREHA/NIKEN none :
tux > sudo btrfs ggroup limit none /var/tmp

EEZRAE NP X NEME FENRCESZ S, 5FERA btrfs quota disable:

tux > sudo btrfs quota disable /

BXHTS, 1580 man 8 btrfs-qgroup #1 man 8 btrfs-quota. Btrfs Wiki (https://
btrfs.wiki.kernel.org/index.php/UseCases ) £ER UseCases AT TEZEE,

1.2.6 Btrfs &i%/# U

Btrfs MiFEMIRBRIBIR XA RRARVRES. FIU0, Snapper elERLLTIEEERA B L ZAINZ
EEIERE, UEATER. A, BREBSRX/1HNThEEESERER TR & eIZE
PN RAENEIA, Fii, LThRERBTFRITIZEED.

btrfs send EEAITER—FEFR MR IEREBZENER, HEERLEIEIXHH
STDOUT, btrfs receive R{E=IZW send LHILER, HRIREENARIIRE,

1.2.6.1 FoREMH

BEAARIE/1ZITNEE, FEREUTEX:

i (&%) MBEMRE (3FUk) 88— Btrfs XHF RS

Btrfs &ix/i2WREFRIBNITHY, Eit, HNAVHRIEFEREEE Btrfs FEH,

R R BY R ER A B HIAR T

SUSE Linux Enterprise 12 SP2 &= hiiads. P HANRZSHY SUSE Linux Enterprise 73z#F
AIE W
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1262 BEEH

USRI T Btrfs ZiX/1ZBURIENEARRZL, EH/RSETUAIE /backup/data (B#x
im) FelE /data (Rim) BEEHM. /data BIOE—1PFE.

PROCEDURE 1.1: #ligig &

. ERIRCIBAIERER (FEARfIFREAN snapshot_0) , HEBFRFKES Nz#E:

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

sync

BI=eIBE— N #F%& /data/bkp_data. ZFERBEESIEESEMENM, MEER
BNEMR,

2. FaREBAIZE Bifin. AT XERINAE/IZWIRME, FILFEREENRR:

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

Binin_ LB eIE— 1 #F% /backup/bkp data,

TRAIRIRER, AJUEIRBIEEES, FHFSnRESAMRBZENERLIXE BT, &
B2 R 2 HEFERY

1. ERmEEHIRE,

2. JERAEE BT,

3. Ak B RN/ HBEMETAIIRR,
PROCEDURE 1.2: Hi{Fi & &%

. WRRCIEMIRE, HBFREEENZ#BE, T TERRGIH, RERHRA bkp_da-
ta_ SRiHHA

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

sync

BB F%E, W /data/bkp data 2016-07-07,
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2. BaiRBSERIENIREBZ BN ERKXE BiRiE. Ak, sILUEREIR -p
SNAPSHOT #8ECRIBVIRER,

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

B8 — 1 #F% /backup/bkp data 2016-07-07,
3. MEENTE THEMRE, SRg&ER1:

/data/bkp data
/data/bkp data 2016-07-07
/backup/bkp data
/backup/bkp data 2016-07-07
WE, XFunfEdss, B85 =M%E:

o REMIFPRIFAERIE, MRRAXMERE, ERIUEIREIMEFHE—RE, &
NEFFrEHiE. TEERITIIMEE. RITRAIGERNI, FICHERERK
B MREBIEARZIXIRFRI R

o RRFREHIRE—MRIR, REEMETFOFAERIR, LI, RIFEIREIRRE
FRYE—IRER - ZEDREVRIHPREEIRIE, IEXNEMRBRITMABIRREIRIER A
X/RWERIE. TERImRITIN R/ ahi 1,

o NARBMIRFHRG— MR, RAXMGE, BIEEBRRIE—&ED, Z&
AR RFEPERNRE—TRIBEIVRT. RATELREEMIRE, TRENE
PR TR/ RS i (o

a. MRABVRBRFEFHIRE—MRIR, BHRITUTHL:

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

B—FIRMERCABIRIR, B_FHISRKEFIRRESR N /data/bkp_da-
ta, XAIMREMDIRE—MRIRIBASHEN /data/bkp_data. Ft, EHA
PURRER L FE R ENIEELF R ERI R,
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b. NRFBRBEMEPHRE—MRE, BERITUTHL:
tux > sudo btrfs subvolume delete /backup/bkp data

tux > sudo mv /backup/bkp data 2016-07-07 /backup/bkp data

BB RPREFNEMDRER, E&mIBHRMRRERR N /back-
up/bkp data. XAHREHNEMHIRRIGEHEZ N /backup/bkp data,

©) Tip: KRRV E T
BERRBRIXETIZHEN, BEA SSH:

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

1.2.7 EEHUEMRSZE

Btrfs T IFEE HUEMIPRINGE, EAIER LIEMIBAEEMEPHNHE —BIZRNBEEEEIR
X RSZEHTLMEERIR, SUSE Linux Enterprise Server 121t duperemove T AR
AAEDERERSHERNR, 7 Btrfs XHRZ LFERE, St AR XERRITES IR
kR, ALK LBRINFRSZEE duperemove , EfFEILINEERIA, 1EEEE duperemove ,

Q) Note: %S

M SUSE Linux Enterprise Server 15 SP1 /%4, duperemove REERFHENXHR
SHITEELHER R, EEERTX 10 2 50 MA—HNARXHRITES LIERRE
£ (XEXHAIEERBIFZBRAR, HIINEBVIERE)

duperemove BILLEH 3 —RFIXHRME, alULBFAFXABRENBER:

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

EERMRIERIN: RIRMESBUERR. URRKRLETH EIRER -d 7X) , ea3
MOEXHRERFTHEER, FRETEILENR, WERXERTHREXHRS.
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MBS HUERPRER 1T duperemove {X7E Btrfs X RFA L 2= H. ABAEXHHERZ
&, BRRXEERRIHITES HIERIFR.

BXEMER, FEMW man 8 duperemove,

1.3 XFS

SGI 7£ 20 42 90 FERANFIFF & XFS, =AITHIIE XFS 1579 IRIX OS X RS, FA& XFS Y
BERREIE— SN 64 (I B IEXHRAFZRFHE T ERENNREER, XFSIESIRMAT
X, EEImEG LRSS, XFS 2 SUSE Linux Enterprise Server FE3E S XAIBHIAX G &

4t

POEEIER XFS B RBINRERAI RN AL RREIPAERIHITE S AR EMMH XGRS
RUSR KR F I Fo

1.3.1 fERADECHSSIN SR H4E 1%

TEEIEE XFS X RS, XHRGRERIRIZER DM 8 13 8 MALMBEA/NAILNE K,
XERKIF A D IEH, MDA EEECH inode MATA=(El, KfRL, AIRDECHEF
XHRFEPHIX G RG, RADERARERIL, FRURZAIRENYZ N DEHEITI . 1)
RERE XFS LRAVRIHRZEIE XRBZ FRTE. JRUDECANMSBAEEZVIERRAFNTFE,

1.3.2 @EdBENEEEETEIRSSThE

AT A=EM inode 2HJECLHNBI B IAMERY, A B MHIFAKIGIR XFS RUPEREF Rl HR4E
o XFS ERIEEDED, ERLUEBIRFHIED AR O MAEDEL FHEREESMEET RAM
HREBELIHENTIE XFS MARENEFHIENERUE EITEEXHRAR) o WRE
RHGERE &AM, FEEEFRRENIRINEIERI AT ASREFIHE L, XE2EN
£ XFS RERFENRIKIMIERN, XEHIEAIERELEIN T, UXMHA, XFSIERTES
REFRL T XU RGN R, RANERDES RS FHIREEMX 4 RAS T H AR
2R, FAUNRGRERELRERGRD, WBEERAIEIEM™E,
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1.3.3 #H TP ECLOBER X RSt

ERBIES ARS8, XFS{RE (ADE) XAFRBHAAZE. XFESAKNBLXHERS
BREEE. BEAXEHNRBERSIDBEZBINXGRSH, FRUMERURES,

Q) Note: #4 XFS BEAAR
M 12 kRFF#4, SUSE Linux Enterprise Server 325 XFS X R4irH “HEERR”
(v5)o EYaST BIZERY XFS XH AR EAXMMHEN. XMRANEENREE, FiE
XFS STHIRN BT S8, XHRBEZFURZIFX G E SR ENIARIEFITIR,
R, KTF 3.12 kRAY SUSE Linux Enterprise AtZ. {&F 3.2.0 KR xfsprogs, UMTE
SUSE Linux Enterprise 12 Z Rii&#H GRUB 2 IR A3 FZ3F X Mg, INREFRNEEM
ARE LERFAFHENRARERZXGRS, MSHIRIB>,
NREBEBERIA SUSE RATEM Linux X1TEMHS XFS XHRAZ BSSIEIR(E
%, EEA mkfs.xfs SLFIEUXHERS, XFEEIE—RAIRRIAI XFS XH
24 PRIEEMER -m cre=1 EmM) .

1.4 Ext2

Ext2 MBS EILUBHE] Linux FEMNEH. HNSE Y BEXHRS , F 1992 F 4 A5k,
ERRTE Linux 0.96¢ . T EXHRAZHTHREH, BRAMH X2, LEESERBIN
MY Linux KRS, BRE BTt RANOIEUREMERENGEE, Ext2 MEBHEN
i

BERLE X MR SESNTET BAHAEUSE (EREMSIENE) #2 Linux BRS
BEIREAI Linux SRS

AT SEEFIEE
Ext2 @—1 “BHE" , BEH T FLSEHNMBENNR, X AEEM 2 RN
ERNXHRGNER. ERATGE, NRTEMREEXGRS, W e2fsck FHHESD
MXGRGEHIE. RAFETHEME—BIRES, HRERENXHEEIERENIEENE
R (&7 lost+found) . S5HIEXHRSMELL, e2fsck R MENXHRS, AN
NETTHIRP RIA BN, XMREFREMN N EIERTE S NEHIEX G RANBEHK
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PEFTERIRSIEl, RIBEXHRFRIA/N, LIIZRIREFRES/NNHEKNE, Fit, XFE
REKRSAIAMRARSS S, FEERE Ext2, B2, F7 Ext2 AP Ric BERIRTEFE
Eb, FIUEHEEFRFRTEMXXHRS.

B] 75 B ALK
E7 Ext3 LA Ext2 NES A EMH B HE Ext2 AR _ERXMTEHUEETN, FIUM Ext2 #
Z&EU Ext3 E”ET%"%Q‘%O

1.5 Ext3

Ext3 B8 Stephen Tweedie i&it. SMBEEM T —AXHERFAEARE, Ext3 HEEXRALHINL
R, BRTE Ext2 WEM FigitH, XN XHRAZTIXREK, RIS EME Ext2 XGRS

I Ext3 X RS, Ext2 M Ext3 REEMNXFIE Ext3 ZHFHIZ. 22, EXt3E=1NEEM
=

1.5.1 HEASERISFEHM Ext2 A%

Ext2 B9ES /0 Ext3 BEE 7 R SCRIEM, EEERARISETNHN T —RXHAHRS. 7 Ext3
&, ERNEEENRERESHEXARAGNARTEE TR, TMREREEMBIEXH
4t (FISNXFS) AR (FMBIXHRSR, ARMEFRERMEIR) , BT Ex3 RFE
N3 epEdEl, FERE Ext3 B REE, HAMKERIRB I XGRS AESZHLIEE, EEE
FRHARIARXHRFNIE Ext2 RENHE, MREZHBNHA EXB WIFZRHAEER
KA EE, M Ext3 BERE Ext2 SAR—HEH, ¥ Ext3 XHRATEHE, ARERE
B Ext2 XX RGEEN AL,

1.5.2 AJEMEMERE

REHMBIEXGHRSERA “NTHIE BIBRIEHZE. XEWE THIERARE—BEIRE,

BEEBMRIEXERAIIEART —H, Ext3 BNLiTEER] LAREI oidE, AT LABRmE %K

. “HBI MEERLUBEEN. 7 data=journal AXAEA Ext3 AILURERANRZ 24
(EiEEN) , BEANBERTHIENSIEEICANRIE, FRURTRSERARIEE, — M

AT AR KA data=ordered A, XMAXWHRT HIENTHIENTEMSE, BRY
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TCHIBEFERBEIE. XGRARDEFWES —RTHIEEI NI BB, XLEHIBERTE
EHEIEZ AR E NEER, XtF, ETEHMLENERT, TEEMHEN—RER UL
W, B=NEFEAEIZ data=writeback, AFIEEETHIEELRXERIREES
AEEXHRSG, THEAE, IhEMERIANERERT, EEEEIPABXHRATEML
HEES, AFURIHEIBEERSRRHMEEERHIEXHS, Ext3 A data=ordered

IR IAE.

1.5.3 5 Ext2 XHFRGHH]T Ext3

B Ext2 XRG40 Ext3:

e R ARAS LI Ext3 Bic.

BN ext3, ARFREEN.

EZ BT

ABAISTR) -

b. A/Gi51T dracut -f %,

4. B3|FRS

18

force drivers+=" ext3 jbd"

1. ¥4 root FAFIE1T tune2fs -j F6IJE Ext3 Higo

BIEE HICMA/NFIFRIEERNIEE, BNIETT tune2fs -1, EBMERAFAFENHICIE
I size= # device=, tune2fs FMITIHEXT tune2fs EFHEZEE,

2. 7 root APYRIEEX M /etc/fstab, LURAEN S XIEENXHRFALEM ext2

XRA AEMIRAH Ext3 XH RS, WERRE T RESIFEER.

3. 53|FBIREN Ext3 TEXBIRX MRS, IBTE initrd FRIIER ext3 A jbd, #

a. FTHE8IEZE /etc/dracut.conf.d/10-filesystem.conf HHFMUTIT (5
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1.5.4 Ext3 X ZE%: inode K/ inode 2

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

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

per inode

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

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

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

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

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

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

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

blocksize = 4096
inode size = 128
inode ratio = 8192

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

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

IREPBISIE(L)

‘HDHE |

RAN (B)S)

| auto - |

& inode FIFETIE()

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

5.0 |
v EEENGE

Inode A1)

| default - |

v BRE3IHEED)

- EEH) | | WE©O | | ®mEO |

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

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

<partitioning>

BXBAXER, EEN 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

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

1.8 XFFHVHMNXFRS

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

TABLE 1.1: LINUX FRpySZ RGeS EY

X RgpEE

cramfs
hpfs
1509660

minix

msdos

nfs

ntfs
smbfs

Sysv

ufs

24

R

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

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

fat (Z#JH DOS ERANXHARS) MEERSTRERAXRA,

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

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

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

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

4t

ReiserFS SLES 15 SP1



X ZGi5E ik

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

vfat REPAFAT: fat XHRFNT R GHFRXMHR) -

1.9 Linux ':Pi(ﬂtjtﬁﬁﬁﬁig’ﬂi'ﬁ%

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

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

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

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

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

Ext3 16 TiB 2TiB

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

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

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

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

XK 41
E32URSG L, XHFEEI2TB 2 F1) o

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

1.10 Linux RZMEERIPRES!

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

TABLE 1.3: 7R

figfFIhiEE PR

X8 LUN K& 817 16384 1~ LUN,

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

HBA MR K =E

FMRERFFER device-mapper-multi-
path WRAREHE (211

B—MRIGERIRAKN/N

1.11 XARGEEERES

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

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

BRo SERRFRFIENRT 2489 PClHERIER
=18

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

5% 8 EiBo

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

1.11.1 Btrfs F5i%:

& LR BFIREIE

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

1.11.1.1

A RIREEN IR Z .

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

o

=
EEM Snapper FIpR 4 :

27

Snapper [RER{E ARV E

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

=[]

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

tux > sudo btrfs filesystem show

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

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

3. BN

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

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

4. 5 Snapper HBVIRER, @A

tux > sudo snapper -c root list

5. M Snapper Ffifr— Z MR, @A

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

S FMiFRIARVRR, REBERRIBSEEK, HS5ANZEmMER,

AT ERIEFELE, EAILER Snapper BEF%, BX4AT, 520 (E2EE) ,£71E
“#@id Snapper HITRAZKIMEMIREBEIR” ,5867.5.1.27 “FERZLR ., THRBFENEKE
{&% EMPTY *. NUMBER * #1 TIMELINE *,

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

1.11.1.2 BE. BERMERFEXHEREEE

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

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

1.11.2 BHECRERNXFRIUR

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

P,

Warning: RE7E Btrfs {FH wiper.sh

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

nance/btrfs-trim.sh,

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

Linux X+ RSN ITGIR TR R&RERR, Rit@ESEUBERITHAEER, XY
ERZET, BUEEA TS, MAEEH TR B2 LR RIRE .
EMCENERTEARER, EERANFEFSIENESEER (SSD) 1, EfHRHENEER
UHAEEZRBIES NBES . BEEEDBERENEMIE, Rlt, X SSD #1Th HEIE
HABERGAFNNR, RMEAANBNTBERLBIEMZEE SSD BI%F a0,
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HF ERRER, SUSE BEMEBINFZ3S SSD #1TH A EIE, REMVHESESEWEHESHE
BHITHREEFITENGER, XEmEEEERRT:

e HPE 3PAR StoreServ All-Flash

* HPE 3PAR StoreServ Converged Flash

1.12 HER

LFEANENSTXAHRATEHEECHER, JUEETHREBATIRES. BESXHENE

Diie)ER:
» Kernel.org £89 Btrfs Wiki: https://btrfs.wiki.kernel.org/ 2
» E2fsprogs: Ext2/3/4 File System Utilities: http://e2fsprogs.sourceforge.net/ 2

e Introducing Ext3: http://www.ibm.com/developerworks/linux/library/l-fs7/a

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

BX Linux X RFENZEHEEBFIRIE, 1B5S0 IBM developerWork HEY {Advanced
File System Implementor’ s Guide) (BEXHRGINEIER, ML https://www.ib-
m.com/developerworks/linux/library/l-fs/ @) o

Wikipedia INE _EAY “Comparison of File Systems” (XEZRZiLbEk, Bik: http://

en.wikipedia.org/wiki/Comparison_of_file_systems#Comparison #) FE#t T W& M
A5 (FMUXZE Linux XHARES) FRNBIELER,
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2 FRXHFRGA)

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

2.1 fERZEH

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

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

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

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

2.2 HEXKNMEZIEREN
XA RIA NS E— RN, FAESSRAER,

5 2R
HTREBIEEK, BREEFEMIEAMES 2 & HENRIE

IR HRAERNE, BERUTHESERN,
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221 ZFHEBKNIIXHZRS

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

®2.1: XHRFEIFER DI

MRS LHAERF AKX (1EX) KAy (U4g)

Btrfs btrfs BEATL BX#L
filesystem
resize

XFS xfs_growfs BX#L Sz

Ext2 resize2fs BXAN SRR S BR AN

Ext3 resize2fs BXMLE AT AL S R RN

Ext4 resize2fs BXAN SRR AL S PRATAN

2.2.2 BEINXARGRIA)

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

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

o HRNBIAFTFTINTFHINKEAND, RAXHERGERNFREBHRIATIE,

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

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

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

2.3 EX Btrfs XHRFRIK /)

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

1. fFTA—MRIRERIG,

2. BAEBEEINXXERFEEEN.

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

tux > sudo btrfs filesystem resize max /mnt

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

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

tux > sudo btrfs filesystem resize +SIZE /mnt

sudo btrfs filesystem resize -SIZE /mnt

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

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

2.4 FEXFS XTFRZERIA/N

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

BIAR/NTTE R
1. fTA—&iRERIS.

2.

HRERBEBIHIXHFRAERE N,

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

AR FB{E, 5580 man 8 xfs_growfs THEEZED,

tux > sudo xfs growfs -d /mnt

BZRAU TGS, REERAXARFRIFERKR/ NS

tux > df -h

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

2.5 B Ext2. Ext3 8§ Extd XHERSEI AN

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

34

1.

2.

3.

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

o EERXHARRERNTEXND, BHEAN

tux > sudo resize2fs /dev/sdal SIZE

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

FERBEA/NTTRBHSE.

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

tux > df -h

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

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

3.1 BA udev UK A 1ZFAFF

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

%,

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

3.2 THEUUID

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

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

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

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

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

3.3 HitfER

BXEA udev KEEGEINFMES, BBW (E1EER) ,$ 228 “A udev #1TEIE
RIZKEEE

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

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

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

==

Z. bcache # lvmcache,

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

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

BREFLE
INEIRIRIS F o

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

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

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

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

BREEEF
BREF T —EEHFBARISFEEREF I T RBEEREF.

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

5o
SEANEBEREFRNBIERSENERER, FEIZRBIFCHIER, XZHIANERE
TR

HE
REEFENSTREENBEREFREZRE, RAEEREFRNENT Z7M. FESIEB
BEFR, FARERFTHRS.

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

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

4.3 bcache

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

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

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

43.1 FEINEE

o AILfEASNEREFIREREREFESHRENEFINE. TETHATLIEENSER
ENLERFREEIRS.

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

o REME, AIEESHERER.

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

tux > sudo zypper in bcache-tools

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

40 bcache SLES 15 SP1



41

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

3. IEBERERFIRE (BER—1 SSDHE)

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

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

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

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

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

4. bcache IE&EETH
/dev/bcacheN

gl

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

SO UGB —1F IE BV ILFIZEN becache 1&%:

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

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

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

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

BT

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

4.3.3 {EA sysfs B bcache itE

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

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

4.4 1vmcache

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

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

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

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

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

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

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

5 G B AT LEFr IR A% |

tux > sudo lvs -a vg

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

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

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

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

tux > sudo lvconvert --type cache-pool \

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

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

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

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

tux > sudo lvs -a vg

LV VG  Attr LSize Pool Origin

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

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

[origin lv corig]

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

4.4.2 EREREFM

B ZMERH LV BRETF.

4421 MEBERERF LV DEEEREFM LV

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

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

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

tux > sudo lvremove vg/cache data lv

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

tux > sudo lvconvert --uncache vg/origin lv

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

tux > sudo lvremove vg/origin_ lv

4424 TEZEER

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

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

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 NREEESE, HUATEATRE, AU KLV (Flg0 /usr) o

o BEEEH LVM, AIUEETEEITHRARMNERE LV, BXFEZ RIS (ERATHUE
RERES

o IIBUENER AT, WA ESETYIEERD LZESWHIER. NRXEYIEEMNUT
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

48 THEZIEEEIES SLES15SP1



ZE: IBMZ: WM EXHRESR

SISRIEAE LVM SR T RAID SR A RAEE TIRHRS, MAFUE /boot EF #5k
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 ZBEIFENINDKERENA 0x8E Linux LVM,

1. #Cnh YaST HFT A XiE,

2. MREREEMEENESXKIRE, FHIT TEHIEE. BXAT, BER (BEEmM) ,
BIE EROXERF ,F1017T “EFRATRIKER" . NRERBERRERAN
HENEFENSX, BT E,

TE. ROXEE ENYIES

AIUERE RS REVBRENIES (PV), AIRRIEHA TR R EIRERYA0M
&, WRRIRMERGEMDEI S,
MFRDRWHEERARIBTAAEH, ELREHREENRFERH
el
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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
SHERBE systemo

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.

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

1. EREMEYIELERTEAEN—8D, FIMRESITRRSTIIH YasT #KigRr, A
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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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ERATEXEN, BES MRS ENRHE NRXEYIESRBEERENERZ L, N
BESRSREME (5RAID0EM) . IRFXENEAURENIEENHE. N
B (1) ®REAMERZ T HEX S,

#E /dev/DATA L¥iNEM¥E LOCAL

Fh
® BH/ (41.98 GiB)
D BNk

41.98 GiB

A

1w

) (H) BB H1ER) [F—£m)

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

T /dev/DATA EFHiNZ3¥E LOCAL

s
O #BERG
O RS ISV RER
O 3t
0 [Figs (Ffaih)

HA(H) EiR(B) % 1ER) F—#N)
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7. FERIUGETTT, EERIUDX, ARERFRY, ETRENATERTXHR
4. BEAHEEENAIAME.
TEENETR, EERENDX, AREERER, B Fstab %01, AERIFHRENE
T

8. BHTTAko

9. BEHET—%, WIEREYIH TMEBVEDR, ARBEEHTTH.

53.1 f15FRIAEERIZES

LVM IZIEERIFEHITIREEE. BEEELESIERANBHITATENZES, LolEs

BXREATE MBHESKENEEFER) NEl, EE3WIENERS, HIRERE

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

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

iZ Snapper HITRAMENIREBEIE ,

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

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

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

BIERGEEERE, AIMNXESHITIRERE, FIIECE. ¥ RAMER.

53.2.1 1KERKIE raid IS

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

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

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

BIEEE SR RILNERAKNN 512 KB IKIE, MIRBERAEANNKIE, EFH -

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

5.3.2.2 &E raidl BiE5E

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

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

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

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

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

-m - FEERERAITER.

-L - IEEZBESHIARN.

-n - ERALLETHEEZEEHIZ T,

vgl - BEESEANEARNRT.

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

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

5.4 BohEyE3E root LVM &H4H

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

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

1. BASRERTIRIOESNEES,

2. NRMEAFLE, NRFEFZEES.

56 BEsEIE root LUM #4H SLES 15 SP1



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

5.5 RABUWBEHAHRIK/

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

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

Ext4 XA B RS

TREZAEEHIAR/N
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1X Btrfs XHEXNAE/ X R G, B8/ Ext2/3/4 X+ &RYE, TERHEEE,
XFS AU E, BEN XFS REFXHRG48)

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,

FHK. M. G. T&SI KB. MB. GBFITB ({40 20G) »
5. BEfTE,

6. B F—7, RUERFIHTENR, AFBHTH.
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o RKIN FEEERIA/IVED B BRI R G T SRR S BB

Toikga LA

o BEXK/M: FBEENHA/N. WESTNFLETIHNSIMEMRAEZE, £
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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 VM SONES, BERTRIFMENSSNTHRR. FEHSHBEMNE root 12
A BT, LM sudo COMMAND (RBURFILEAT) , REEMHELL root SHITXEE

LVM &%

pvcreate &%
iaiiE (Blg0 /dev/sdbl) , £ LVM R{EMIES. NREENEE LBEEAXGR
%, BHMES, FicE, RHEELRE blkid B (BUABE%XE) , pvcreate A =&
MEXHZES, R blkid oA, pvcreate FEEMEAES, HLERTEEEEX
XGRFANEREEAES,

pvdisplay &
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 - REEAEARZMEYIEELMNEES, IERENEEESRBETITX
PR anLE.

* degraded - BUIABECERTL. MNRBEBBHUREFKEEXENEES, NEAMERR
DRSS, WEEBEZEES.

e partial - EMER/OELEYIREE, WM BREABEEH, NRENERREBES
RAOBBNYIES, WERETEREZEZES, HSREFNEREMEITLRE,

vgchange -a [ey|n] &HHZFR
BOE (-a ey) BEMA (-a n) BAREZIESENHN/HH.
BUEBETMENER, BSUER ey BT, IHATRIRIATEEZHIADER,

vgremove :E4HZFR
MiksEH, BEERAL S ZaMREES, AEERAEA,

vgdisplay #4032 7F
ETREESHEMEXER,
BT RESAHAMNYIEXIF SN, BRI

tux > 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_NAVE gIBBEBIEEA/NIE myPool,
TENTHIEMELS LOCAL BIEAR/N 5 GB ByEE:

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

lvcreate -T VG NAME/POOL NAME -V SIZE -n LV _NAME
£t POOL_NAME HREIEEIZIES, TEHRGIZMEL LOCAL LAY myPool 8IE
#7 myThinl B9 1GB &%
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tux > sudo lvcreate -T LOCAL/myPool -V 1G -n myThinl

lvcreate -T VG NAME/POOL NAME -V SIZE -L SIZE -n LV_NAME
ERTLOEE — 5 an < [F AT O A2 AR 6 |

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

lvcreate --activationmode ACTIVATION MODE LV NAME
FEEZESHEIR. ATLUEE FMlEZ—:

* complete - (NHZEESNFABYIEEH LT ARSI A BERIEZZEE.

* degraded - FAIABVEUERT MREEBHIURESIFEERNEES, MEMERR
DREYIRS, WEERUEIZEES,

e partial - EMfERR/DELYIEE, VM BEZHHES. NMREEEE DT
A, ERILETRIREZSBEEERR. BETMERLIED, BEREHEN, Enlse
=8,

EaILUBIETE /etc/lvm/lvm. conf H15E activation mode EEEIEIM EREZ
—, RIEEBEZER

lvcreate -s [-L SIZE] -n SNAP VOLUME SOURCE VOLUME PATH VG NAME
BIRIEEZEEHNREBE, NRKREBEAR/)ED (-L 3 --size) , WREBEWEIEN
IR,

lvremove /dev/VG NAME/LV NAME
fipxZiEE.
FERLHSZa, ELMER umount HLEHEIZEESLUSEXA,

lvremove SNAP VOLUME PATH
PR IR IS

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

vgextend VG NAME DEVICE
RieEmigE EE) FMNEMEEL.

e
>
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vgreduce VG NAME DEVICE
MILEEHPRIFFEE YIRS,
HRRYIEE SRIARREEEEM, WREEEAFR, WHAGER pvmove sp SRS E
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 = 0
activation/udev _sync = 0,
BEE, £4 lvcreate ©5$#8E --nodevsync MR 5I&E activation/

udev_sync = 0 MR, HFHEI&E activation/udev rules = 0,
° IREIFIETE DM DISABLE UDEV :

export DM DISABLE UDEV=1

XFWEEE | udev K@, LESS, /etc/lvm/lvm.conf HFRE udev HHXIE
BRI,
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58.1 Hm<TPEEEEX/N

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

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

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

FapiEE LV K/, IR ERERNIRRE

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

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

3. ERIRITHI BT, WAL TS LUEMNZEE A/

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

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

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

5. IRMTTXHZRG, BREEREN.

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

BH/NEERIA), IBHRITUTRE:

1. fTA—&iRERIS.

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

3. EEXMGRZGAND. BXREFHMER, BERE 2E "HEXXHFRZXN o
4, ERIHEHQRTAR, WA TGS LUEEEEN NGB NAXGRFEHARN

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

5. MRHMFTXHZRGE, BRHEEHREN.

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

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

O B#F: ER—E£HSRESNXHRZHAN
M SUSE Linux Enterprise Server 12 SP1 745, lvextend. lvresize #
lvreduce XX#5 - -resizefs &I, ZIRHMANAILUERENK/N, MEEEEEATEX
HRHFHAND. Hit, EEFFIRA lvextend 1 lvreduce REHBEILASR A :

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

BEE, UTXHRSGSIT --resizefs : ext2/3/4. Btrfs #1XFS., BaiR#ErE SUSE
Linux Enterprise Server R ItLEINIAZE Btrfs B9K/)N, BER _EHsRRIES ILIED,
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5.8.2 & lvmetad ShACE LVM TTE

REB7 LM an S EPFRE AW ERREFERANEE RS LAY LVM THUE. T A1 LVM 1%
it, MMRESFRTA, W IVM BIHHERSGTRIFMEYIEHEIRE. TRATSHENRS
B, XFEREMN /0 181F, MRBET AW, LVM 6p<LalseBEFHFHEER A LB,
B lvmetad EIACE LVM TTEIERTARRILIAE, lvmetad SFFREFBIESNKERS
EEICETHIEER, RELDEENTEE, XEE4HET udev AINE Lvmetad &
55, MRTFIPEFRIETT, N LVM MERITEH,

RINBRT2BERILED, MNRIZENMSEENAZELEEZR, FTRITUTRIERBRE:
1. sTA— 1 RIHEHI 8,
2. {1k lvmetad P12 -

tux > sudo systemctl stop lvm2-lvmetad

3. w48 /etc/lvm/lvm.conf ¥ use lvmetad iREHN 1 :

use lvmetad =1

4, ERBTH lvmetad SFIPIER -

tux > sudo systemctl start lvm2-lvmetad

5.8.3 M VM BREEFE

LVM XHHEREERRIZE (FI90 SSD i1%#&E) (FARREABERRENELHNESTERET. %
BREFEZEEREERNESE LV RKIZSATEE LV Y% 8E.

BIRE VM BREF, FEEREFRELBERNEESE. RANEATEREEFELS, B
NERTHEFBREETHE. MM EFRTRAEEAENRE—ITE4H, IEXESRE,
FERERMNEREFY, FRZHERIIRGE:

H3125.2 | IREBREFNEZEE

1. FEFRgE LSRRG E WIREFEFT o

66 @iT lvmetad LS LVM TTdE SLES 15 SP1



2. BiEE (NRZEIRE) FNERISEFRBEHE—EE, AREYES LEZERER
HIEE,

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

4. FEREFHEENTREGAHGH—TBREFLE:

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

5. BBEREFHERIRGE:

tux > sudo 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

67 FRic LVM2 fEFXR SLES 15 SP1



Bal, EEAUESISFHERNRBMERNITIC. TREZER, JIRPHNEEFEZERE
AFEE B REMRES T BEENE — P EHIRAER,
SERETEXRA[EAFAHIMUE, MATERICAEMN LR LS (@) F4F, ki
@mytag., FHMUERRER ‘@ mIRERIEN.

5.9.2 €& LVM2 frigBIEX

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

ZFNEEHNR
A LARIE LVM2 #3855, 4. BEENZEEDR. PVIRCHEFEESHNTHRE

o MFFESASERIERANZEVIEEFRIIRIC, RIEREEARIC, BRIRIRA LTI,
LVM1 R ABEFRIE, FENHEERAZFFLEINEE.

59.3 ®MTIRICIEA

- -addtag 17i2(E R
Rtricamme (84nic) LVM2 fEENR. Rl

tux > sudo vgchange --addtag @dbl vgl

--deltag #ridE 8
MR (BRECHEARIZ) LVM2 fEfEXRHPMIIRIS. fl:

tux > sudo vgchange --deltag @dbl vgl

--tag #RicER
1EE BT 9/ EREREANEAY | REIZEERITIC.
INREHIRC SIRMBIITTCRE, WRAUTSR<SRERE (RF) -

tux > 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, UBAENLE /etc/lvm/
lvm <HOSTNAME>.conf SXHHERITE XY EHFRIC,

tags {
# Enable hostname tags
hosttags = 1

}

RIEECERBEET ENER /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
BRI LMERR /etc/lvm/lvm. conf X, LURIEIRICECE LVM 2185,
EXAYRIELETR, BT RNEIS G

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

}
FERATICER edatabase, A "@*" MBI LIRENEMIFCLAELATIC,
AEin T2 LELEAMEZESHNTHIEPRIREN VGNAME . VGNAME/LVNAME B @ TAG, R
BTHUBIMC LR, RESAENEES. BANERT, NRERTRENASHE,
R volume list A7FE, HENLEBEXFE, WREENWRCSTEIERICLEE, 7
RHESARITES,
SNR volume list BEXEAZR, HEFHLEREXEMAIFE, WAREE,
INRAKEX volume_list, MFRSHEMESR LV BUERS] (RIEFFAEIER o

59.4.4 ESZSTENBEEXHFEXEE

£ lvm. conf XHHERENIRCE, EIEENEEXH (/etc/lvm/
lvm_<HOST TAG>.conf ) P ERBUERIE, Fldl, —PIRSSRE /etc/lvm/ BRFEHED
=04t

lvm.conf
lvm_<HOST TAG>.conf

BEhRY, REH /etc/lvm/lvm. conf XF, HREEZXAFRIEMRIFICIRE, MREXT
FERENATIE, ESEHMEXA /etc/lvm/lvm_<HOST TAG>.conf X, BERIFELENX
HmBE, BeAERENIREXE, ABEEE lvm.conf X, HEKEIE—LECHE
FIEZ, £ Lvm_<HOST TAG>.conf XfH, ERSMMRIRCINFERINT. XERA
U RRGFILERICHIX . ENWREXHFIRE TSR SRR SMYECE X R H

5.9.5 BFicATEETNERIETE
SR LUBETE /etc/lvm/lvm. conf XHHEA hostname tags EWERIGEE R FNZE
EIEHl, BHERAXEATEETNS—a8HENL, UERILBIRE.

1. EXARiERT, BLUATRERMNE /etc/lvm/lvm. conf XHH:

tags {
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hostname tags = 1

}

2. BXHEFRZIBERFRE EN L.
3. MEREHBEMHENL, 3§ dbl AMENFEUE vol/lvol2 Byt EHFIRS:

tux > sudo lvchange --addtag @dbl vgl/lvol2

4. 7 dbl RSS2 L, MAUTARABLUREE:

tux > sudo lvchange -ay vgl/vol2

59.6 ERAFCHEEBHSETEEEN LNEA
A FHTBIRT T R FESHFRR:

o [UHCEEUEREAL dbl A db2 EH9ELA vgls

o ACHEXHARSBEN Fs1 LB vg2.

o BIEXHIRS[/EMEN fsbl EREEEMEL, ENERTESZUMHERSEE
N fsl FEELEH,

5.9.6.1 &M 1: ERUEEMENEFSEEEST
EUTRALRS, BIMREXHEHESETNH,

1. 3% @database FRIZHMNEIELR vgl MITEIET, ERIFEHIE L, WA
tux > sudo vgchange --addtag @database vgl

2. % @fileserver tRCHAMEIBA vg2 NTEHEF. FLIHEGE L, WA
tux > sudo vgchange --addtag @fileserver vg2

3. EXAREERES, BUUTHEBEE /etc/lvm/lvm. conf X, LIENX

@database. @fileserver #1 @fileserverbackup #rics
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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, BEHNER /etc/lvm/lvm.conf XHEFFITMEENF: dbl. db2. fsl
fsbl,

5. NRXHARS[/BENBMHE, NWELXHTHSEFTR LA Ta<EIRE fsbl
LB5h vg2:

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

5.9.6.2 &N 2: A EIRNECE
EUTHRAREF, S8ENERMERES XHEPLESFHNENER,

1. ¥ @database FRiZFHFMNEIELR vgl HITEIES, ERIFHEHIE L, WA
tux > sudo vgchange --addtag @database vgl

2. ¥ @fileserver fRIZHRMEIGA vg2 NEiER. TRIHIEHE L, WA

tux > sudo vgchange --addtag @fileserver vg2
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3. £ /etc/lvm/lvm.conf XEFHBSAFENIFC:

a. B AYREESEh, ALITARBESR /etc/lvm/lvm. conf X, LUBBIENIRE
Ao & X5,

tags {
hosttags = 1
}

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

4. £EN dbl £, BIEEIEEEAN dbl BBUEERENH. EXARmIESRT, B /etc/
lvm/lvm_dbl.conf X&FHRMEL T

activation {
volume list = [ "@database" ]

}

5. EEMN db2 £, BIEEIEEZN db2 HBIEERENH. EXARwERT, S /etc/
lvm/lvm_db2.conf XHFHRIMLA T

activation {

volume list = [ "@database" ]

}

6. EEM fs1 £, SIEEXHRSB[EN sl NBEREXH. TEXAYRIESF, 6IE /
etc/lvm/lvm fsl.conf XEEHRMULTHRE:

activation {
volume list = [ "@fileserver" ]

}
7. MRXHARSBEN sl HIEE, BRMNEAXMARSHZEN fsbl (EAXHIRS 2!

a. EEH fsbl £, SIEEN fsbl NBEREX 4. EXEiEF, CIE /
etc/lvm/lvm_fsbl.conf XHHARMULTRE:

ERMCAUERETE RN EHNEAH SLES 15 SP1



74

activation {

volume list = [ "@fileserver" ]

b. ERIRIEH A L, MAUTHLZ—:

tux > sudo vgchange -ay vg2

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

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

6.1 THREEIRIR

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

O ==: ERERBEANS
EIRBEMHAA, BIITRENRRE, ARABEREANERREZES,

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

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

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

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

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

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

O == pEhERENS

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

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

MREN—PHKREZEELESNRIR, EEFRECIZRRZA, BABBRRIBIRE,

6.2 {EH LVM €% Linux [REE

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

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

WMRFIBEKR], REZCIBNEIRE,
flan:

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

IREBEWOIZESN /dev/lvm/linux01-snap Ho

6.3 AR

AL EERIE, ARBA
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tux > sudo lvdisplay SNAP VOLUME

fBugn:

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

--- Logical volume ---

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

LV Write Access
LV snapshot status

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

read/write

active destination for /dev/lvm/linux01

LV Status available
# open 0

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

Block device 254:5

6.4 MIFR Linux [RE&

FIAKIRER S, ARBA

tux > sudo lvremove SNAP VOLUME PATH

fBgn:

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

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

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

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

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

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

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

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

4. EFREIBMRERENREE,

tux > sudo mount -t auto /dev/lvmvg/myvm-snap /mnt/xen/vm/myvm-snap

78 TERE A L E A RN AT IRER SLES 15 SP1



5. EXAgRERT, EFKREEMVBNEEXY, BEIismZENREE X HE B G
MERIR, REEEXHE, 530 /etc/xen/myvm-snap.cfg,

6. EREIMBEENRIREBEIEML.

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

7. (FIE) RRRRER, ARERREZEESERRERXNEMIRE,

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

8. (FI%) RIEFEEEIIEF.

KIFZHEEEH IR REN[EIRES

6.6 ¥
RIBPIRTS

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

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

II\\

o MRFRZEEMIRBEIIRITH, SHFEILEIFIE,

o MRFRZEERRBEESTH, SHRERREEEHRBESE RSB XHF
FHi8,

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

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

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

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

80

1. FTAKIRESS, ARBA

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

TR RS LIT EEE—SE MR, WalLERBERESRERFIE S M RRZES, A
EESLITLEIERE @<VOLUME TAG>, #ri2EMIEMRESZEHEIHEZBRKFZES
B, BXRAFCEEENMAXER, BBRE 597 "IRic LUM2 fEEHS7 6

IR ELEE!

-b,
--background

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

HEIERIEFRELUE DR S HE, faERVIBIRRIATD S 8B,

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

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

tux > sudo lvconvert --merge @mytag

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

3.

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

tux > sudo umount ORIGINAL VOLUME

tux
tux

tux

fBugn:

tux
tux
tux

tux

>

>

>

sudo
sudo

sudo

sudo
sudo
sudo
sudo

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

umount /dev/lvmvg/lvolol

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

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

RBRIB S KFZEE S H UERENHERELABRE
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11

12

R4 RAID

{4 RAID BCE 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,
£ RAID AF RAID 24T, REETREMH RAID ITHIZZHEIMNEA, BERXFE—L CPU
BHEIARANE, FMURERTFERESMENITEN.

O == HEXHRZLEHRAD
TEFRABHELZIRE BEMD) RREBEHEXHRA THIMY RAID, B0 https://
www.suse.com/documentation/sle-ha 2 _EBY {High Availability Extension EIE15

FY o

SUSE Linux Enterprise 12t 7 & FERLA S H— 13K RAID RFEHNED, RAID BRI ZIREE
B/EM— RAID RAMN SRR, XLRBRHBR. ARRRRAERER, XETHEES
FRYE RAID 51,

7.1 T RAID %3l

7.1.1 RAIDO

RSB FEE N HRAD BB Z MR L, B THIRA R thERITFR EHFZ
RAID, EAEARRHIBIESD, B RAID 0 ERNAXMASZRENITEZ . £HA RAIDO, AL
KRR ZIRERA ST, XFUEEARLY, BUREEA—IREZHIKE, #IFH
7 RAID RAHERIIE
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7.1.2 RAID1

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

7.1.3 RAID 2 #1 RAID 3

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

7.1.4 RAID4

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

7.1.5 RAIDS5

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

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

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

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

Ihie RAID 5 RAID 6

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

BRI am, B n#I, W

g EEMEMEZSFEAEHRER LRAIDSERITEAEEM
1] X

A —MAHIGERE AR B BIEE

7.1.7 #REMEZ RAID %37

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

7.2 f£F YaST BEd& %X RAID

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

2. MRFE, HEENZS RAID ELBEREFERND X, B7RENENL, HEoXAER
IRE I OxFD Linux RAID, ERIIAN XY, FHEEERENINSXEE — YaST =Bzh
T, BXFHAEE, BEN (HBEER) ,F10E “ERDXERF" ,$F 1017 “fF
BERIXRER
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. BEHERAID ZEEH M AT AHig & MEEF R INESHEN T X,
R LOERER S RAID #8Ik— RAID E#%, X#F, RAID WIRFRKZ /dev/
md/NAVME . BXIFMER, IBERNE 7217 "RAID B
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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, BXFBRUEZNFMES, BERER --layout i
IEY0_E man 8 mdadm., MRAFHE, BIEZEINE,

. 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.

fiEF3 YaST ECE %X RAID SLES 15 SP1
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7.2.1 RAID &R

4 RAID IZFBINTE mdN RXHEHERBTR, HP N BT, Fit, U md127 Afl, EF
Bz /dev/md127 XiFEMARH#HITIAM, HHE /proc/mdstat M /proc/partitions
PRI A md127 . EXLEZFRARSEER, Ak, SUSE Linux Enterprise Server 127 #
MARIR T A
RItIEMISEHN AR i8E
LIT(ER YaST Si7Es< 1T LfER mdadm --create '/dev/md/ NAME '8l RAID i&
&FE, ATLUKER RAID IREIBE— 1B KEBMNAZ ndN, BERARCIE—1 5
% /dev/md/NAME :

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

RTTE /proc MIERA md127,

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

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

ERILRFRE myRAID ZEMBZMAM “BEX” BNIZEBF. §EFRETLE /dev/
myRAID Hhifn], MBEWMKTE /proc F55 myRAID, iHIE, REEEXRELEXHZ
&, WA ERTF RAID. T{EHRY RAID B4k ER mdN BHFR, EHEXLE RAID FIEHE
MERZE AL,

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

EFE /proc/mdstats XHLUME RAID PXEBEZH. WNREEZLIMMKIE, BEXHF Linux
AGHAURES XD XHFHERSREMRBANER, ARERHENAAHBAGS
mdadm /dev/mdX --add /dev/sdX. ¥ X BHMALENFEILEIRRT. X=BohiEER
EEEFIRAID RGP H2EMME (&M TFFR RAID 0 LISMIFRAE RAID &3l)

RET U EMREAEISRFAESEE, 1B7E RAID REEMEZAT, (HIATTAEBEI—L1EEER)

o

7131 RBEHEHMEZEHTRE

RAID FEBCRR RS T SR F S REM A EMFE. FEIIH T RERNERE:
o BRIRAHIIE,
o BAEIRADIRINHIE K AW,
o SHESHGEZTF

TR LRI ASRITHISRNIEN, FEERFEEILE. MRKTE RAID PEEEREH, WFRE
FanFlo

MFE—MIER, AIUEEEEE (EsEmMEE) 2/E, A8 ndadn < BoIEMRIL
S HPERIR .

BT md/mdadm REERIEMAMTHER L EHENRE, HSEUNLETENHEEEIR, H
—ERBEAAEIRERKNANSEMAELRE, BEIRRHESAZIEEIEN L,

FEREEERT (B0, EEKEEEARE RAID FF) , EZREFERIE L EBENERERA,

EXMERT, EeIIEH mdadm , EIREHIGE, AIUBOHER --re-add BHIEHR
MizigsE. ALk, ERILE TE—1THRMEl /etc/mdadm. conf A:

POLICY action=re-add

BER, XY udev MMSE2 mdadm -I DISK DEVICE NAME 7EBAXHIMHEMIRE LIE
17 (BRINTH) , HEBRE write-intent iIE (FAIAREE) B, 72T REEMHINZE
B EFANIZIEE.
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INREFH BRIV Y AR REGEMANARERIGE, LS path= ETURMNE /etc/
mdadm.conf BB POLICY —17, LUBFIEEMAIRIERRHIAN RFNEEIKERIT. AILUERBEAD
FIRINHI&EH, BEXIEFEMEE, 15EM man 5 mdadm. conf,

14 BEER
I F FHIMIER HOWTO X4 74X RAID NECE AR IFAE R .
e Linux RAID wiki: https://raid.wiki.kernel.org/ #

e /usr/share/doc/packages/mdadm/Software-RAID.HOWTO.html AR+
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, &
ENTUFERILSXEFABEER (/) PRNAFAIGECERMG RAID, REER /boot HXf#
fF7EF% RAID 1 LASMAY RAID 73X ko

8.1 FtXRIXERITF RAID I RISTRFMF

BWREERE U TEX:

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

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

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

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

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

8.2 MR (/) nXiIgEEABTF RAID IKEHI RS

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

2. BEERSXIEFLITHAEEX I KER,
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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

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

X ER RAID,

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

c. WIHHARANT, EEEEANKD, ARRE T,

d. ZAGBT, EFREHE (KRB .

e. EETEINM, HIEXHRYS IDIRE A OXFD Linux RAID,

f. BEHTHN, ANE-ITIXEEXESRE,

PR (/) PEKIRBERBIM RAID IREN RS SLES15SP1
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1. 3 / BXEIE RAID i&%&o

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

c. MRS SRS PEREE E—PFESIFRIARD RAID IREHFAINEN

%EE—F_iér_*égzo

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

f. ERHAFAHRRERIREN /. B i BHZIEE,

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

9.

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

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

PR (/) PEKIRBERBIM RAID IREN RS SLES15SP1
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10.

11.

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

BRESERIKER.
EINE 7 XE LS BRI

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

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

PR (/) PEKIRBERBIM RAID IREN RS SLES15SP1



9 BIEH RAID 10 1&%&

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

9.1 {£F mdadm €lIZE#E RAID 10 1%

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

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

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

#9.1: #REHRI RAID 43

RAID £&51 R HEEMNB S

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

R ETERERRES, BIRMARA.

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

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

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

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

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

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

O == zxz
NRBEEEIEAGENS R, NEREXLE RAID BE 24, KARESHE
0. 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

9% 5 mdadm BIEFRER RAID 10 (1+0) SLES 15 SP1



[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

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

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

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

WMANUAT <!

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

FRIAKIRA /N 64 KBo

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

tux > sudo mkfs.xfs /dev/md2

BEAEMXERS, BEZHL.

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

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

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

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

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

tux > sudo mount /data

9.1.2 fEF mdadm AIEZERER RAID 10 (0+1)

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

O == zxz
NRFEERILEARENS NS, NAREXLE RAD BE A, KARESHE
0. 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/md1l
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[Riigs RAID 0 (£ 1k) RAID 0+1 (§R{&&wH1L)
/dev/sdel

99

1. sTA— 1M RIFIEHI&,

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

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

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

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

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

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

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

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

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

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

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

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

/dev/md2 /data xfs defaults 1 2

8. T RAID i&#&:

tux > sudo mount /data

9.2 flIEE% RAID 10

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

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

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

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

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

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

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

BREVE AL,

9.2.1 EZ*RAID 10 VIS EME %K

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

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

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

9.2.2 il

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

9.2.2.1 EHE

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

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

BB MEN RN EXEHE:

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

BEHFH I HENR N ERERE:

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

9.22.2 &H/E

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

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

RIEEHREEANNBRER.
BEEBHMMEENB N ELRNZRE:
sdal sdbl sdcl sdel

0 1 2 3
4 5 6 7

BEHFHMEENRINEXNITHE:

sdal sdbl sdcl sdel sdfl
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9.2.23 1RZMAE

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

sdal sdbl sdcl sdel
0 1 2 3

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

BEHFHMEENRINETNREHRE:

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

9.2.2.4 {#M YaST fl mdadm {EEEARENE/H

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

N

oN

S

SHEMBIEE n, HEASAHEIR N, n2 BRIAME, EREEGRBMELRLEIER,

MIZBIEE f, FAERBER N,

MRIZEHMBIEE o, HAERWER N,

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

9.2.3 fE£A YaST N XFIERFEIEEZ* RAID 10

104

. 25N YaST HT A D KZRF-

. SNRFE, BLIENIZS RAID EEEREERERANIX. BZRENERRL, HFBEIXEE

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

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

. EEMERA, %E3F RAID,

EMERFPEISITHILE RAID EEEMTIR.

. £ RAID TNERYAE T, B A0 RAID,

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

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

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

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

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

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

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

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

AIL3R ctrl By shift FEERZMNGE. WA UARELPMEREHFMIFIRREH
EEREERIR,

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

ZHE RRBRARAXNE—NRE, AREBENE—TIRE, MUEEETHT
FREtEIK T REENIRE. BARRE A XNE-_MIRE, BENEZMLE, U
Kift, KBRMFMEIRERHEIREYIRNKE, fl40: ABCABC,
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106

10.

11.

12.

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

c. TEXIEERNRSES, SEHE, UHINERF.

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

/dev/sdcl B

* A %8 *C *D HE

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

RUA(C) #E(0)

. BET

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

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

R RFEMENETURINE RAID 125, ARBETTH.
BEHET—%,

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

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

[FRiieg& RAID 10

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

1. fTA— P &iRERIS.

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

3. WAL Tas<8# RAID 10,

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

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

BHEMIRIBIEISEIEZE - -raid-devices HEMNDXFIR,

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

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

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

tux > sudo mkfs.xfs /dev/md3

EEREHMHERS, BEBZGHT,

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

REHY UUID B LAER LA e 105

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

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

/dev/md3 /data xfs defaults 1 2

7. B\ RAID g%

tux > sudo mount /data
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10 6IEEFEZR RAID BES

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

RAID 33! FEVFERDEYIEER

RAID 1 BR—MIREINIFRBIRE
RAID 4 — Mg

RAID 5 — i

RAID 6 — PR ME

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

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

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

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

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

ZIREHARNNFFHAR TR ENZIR &L E.

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

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

B—RRERM—TRE. BAFEIARWRREHFEHTEEH, TS —T5R

4, EHRLIRTALMALU TGRS, WIMETRE:

tux > sudo cat /proc/mdstat

BESVRMEREENEERILHE, Bl

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

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

REHAK N

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

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

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

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

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

N, BRXFEMEY, HAFINER TR,

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

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

£5 P00 YEmMAA RK
IR  BYIRREE

BESMEGSXHN  EMsSUR NS MG S KES RN —R 1 2

Ko XA IBE—NMAG DX, BeREKD, AR

R HER[EZ] RAID,

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

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

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

®11.2 : EINAHS KBIADIIER

RAID i&& P

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

11.1 EA0%4 RAID BYK/

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

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

11.1.1 EBMAHFZ XK/

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

1. s TA—MRiRIEHIS.

2. BIRALTE<, HiR RAID 5 —HHRSD

tux > cat /proc/mdstat

112 HEHNERH RAID BYA /N SLES15SP1



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

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

FRIRIERT, WAHEERWA &2

. AT TR EZ —, BINTEL—THERHNZEKBIK/N:

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

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

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

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

FE| RAID AFH—E, RAEBHET 10X

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

B35 BN, LERSIEMD KR,

M5 11127 “tE0 RAID PEFIRIR/N o

11.1.2 3EA0 RAID BEFIRI AR/

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

ATIRRIIEN RAID IREEAIKESR /dev/md0, HWRERERSHIKEZMIERZMN,

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

tux > cat /proc/mdstat

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

3. BEBANUTEGS, BT ERRIFETIAR/NIRERN

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

4. PATUATERIEZ—:

o BIRANLU TSRS, KEFIA/NMEMEIRART AR

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

o BIWAUTESL, FEFIA/MEMEIRAXRTAAN

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

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

o BIHALTE®S, RKEFIA/IMEMEEEE

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

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

5. BEMANUTEGS, ENQERSTTREEIBMETIRNNZERN

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

6. FITUUTR(EZ—:

o MMREMINFEREMEFIR/, BHEEE 11,137 “EIIHERGFHIARN o

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

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

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

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

BXREM, HENE 2E “FEXHRFRN o

11.2 B hE(F RAID BYK/)

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

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

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

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

11.2.2

/)N RAID BEFIRI AN

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

=(alo

ATRBEIEN RAID IR EEMAIRER /dev/md0, HIRERERCHIRERMEX LR

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

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

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

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

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

5. PUTUAT#IEZ—:

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

BN RAID FEFIRI AN SLES15SP1



11.2.3 R/NMNAGFZXBIR/N

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

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

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

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

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

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

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

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

FE| RAID AFH—E, RAEBHET 10X

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

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

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

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

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

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

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

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

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

in ledmon AIZLEE,

12.1 f&FA4E LED ImARARSS

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

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

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

tux > sudo ledmon [options]

Hrh [options] @ F5I—a¢ %I

ledmon BY3EIR

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

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

-l 5812,

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

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

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

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

£ ledmon BIRRALUSIFENENEXRER, AERH,

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

12.2 f&ZH58 LED =4I HIZF

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

FMEBIEXEXHY LED, ledctl MARERFRE Intel #1585 LED SERZFHIARM IS

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

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

SNR ledmon SFPIEFIEMEETT, M ledct REBMNFEARRTTEERNEER ( B EXk

a8 o

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

EE25) ledctl, BHA

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

-C B2,

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

-l BBR

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

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

-V’
--version

2R ledctl BURRABLURIFANERNAEXRER, AERL.

1221 RARAMR

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

locate
I SEEIRENTIERXIE LED, RSB FARIRFESIREIES,

locate off
KA SIEEIREHTIEHEXAZEX LED,

normal
XA SIEEIREEXAVIRZS LED. P& LED UAKEH LED,

off

XA SIEEIREMHERAVIRZ LED F#KFE LED,
ica,
degraded

AL ER In a Critical Array &=,

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

hotspare
BIfI{L 2 Hotspare &=,

pfa
AL 2R Predicted Failure Analysis #z.

failure ,
disk failed
AL ER Failure =,

ses_abort
SES-2 R/R ABORT

ses rebuild
SES-2 REBUILD/REMAP

ses ifa
SES-2 IN FAILED ARRAY

ses ica
SES-2 IN CRITICAL ARRAY

ses _cons_check
SES-2 CONS CHECK

ses hotspare
SES-2 HOTSPARE

ses rsvd dev
SES-2 RSVD DEVICE

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

ses _rm
SES-2 REMOVE

ses insert
SES-2 INSERT

ses missing
SES-2 MISSING

ses dnr
SES-2 DO NOT REMOVE

ses active
SES-2 ACTIVE

ses enable bb
SES-2 ENABLE BYP B

ses enable ba
SES-2 ENABLE BYP A

ses devoff
SES-2 DEVICE OFF

ses fault
SES-2 FAULT

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

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

3E SES-2 150 SES-2 &3

locate ses_ident

124 R R SLES15SP1



JE SES-2 5z SES-2 12X

locate_off ses_ident
normal ses_ok

off ses_ok

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

12.2.2 g&®EYIER

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

° LESHRALTERINIZETIR
o UERDRERRESHEERNIRETIR

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

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

12.2.3 Al

BB MRILE:

tux > sudo ledctl locate=/dev/sda

BEXARMRIZERN “Ef LED” , BRITUTIE:

tux > sudo ledctl locate off=/dev/sda

& MD 2 RAID i MR, HEARMRISEREEWER:

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

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

HERI=1REE, BETUTHSZ— (BN ERER)

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

12.3 HMER

BX LED iR UKL EMTEMNFAESR, BHEINUTRR:
e Sourceforge.net B LEDMON FF/EIH (http://sourceforge.net/projects/ledmon/)
e SGPIO #I5E SFF-8485 (https://ftp.seagate.com/sff/SFF-8485.PDF) 2

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

fEFXIEMZ (SAN) AJ B S D HEERNREITFSHELRNR. XFIRELKMNILEME

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

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

5o

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,

129 iSNS By T{E[RIE SLES 15 SP1



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 Hi&E iSNS RS,

Q x=: isNsHiSCSI ER—BRS B L
BILITERE T iSCSI BARE iSCSI &iiniRFrIE—ARS5 88 L R3E iISNS, AXHFER—
3588 LEIRTREE iSCSI BARIAA iSCSI R ECimERfFo

Z4E iSNS for Linux:

1. [55h YaST FiE M43 ARSS > ISNS A55 25,

2. NRMEARRE open-isns , MRFUEZRRREHTRE, BIRHLEMHINE]

3. “iISNSBRSS” BCEMIEESBpiTHH RS ED R,

iSNS RS

iSCSI Tiga RIE

SRS
LEPRE:  HGES
SAEERE:
RIFLURIRE ~
E=)=
TR Z

BraERER
BB AERSTEA:
*isns (FAIA)
EREE LIRS REBEN S,

HE(H)

EUH(O) HREQ)

130

4, EEEIARSHR, EEUTERZ—:
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e 5|SHY: iSNS IRSERS BB BEhE 0,
o Fzj (BA) :© MAEATRE ISNS RBHARS (VT FHI SR FohiEmAN sudo
systemctl start isnsd 3RE5)iSNS 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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SMIFREERR S, BARIMFRISCSI TTRM R,

SMFFRERZT R, EFRSMERZX ISCSI T Ro

Mz T =B, ESMAREN—ET.

HFo
isns IR
IR 1SCSI 8 R
anE
EREE -
B2 i il
ABBR R
iSCSI im&iT  ~ TaER
AIMIMBHY ISCSI T | | B2 iSCSI Bam A s
FEE(H) EGH(C)

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.

132 B &R ISCSI| T =

| mz© |

ZIEEKEHE T A MARN L IE, ErIeZR I, SR anNATN. MR

&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 =

832 ISCSI T = A AVPR R AEMBI T /AR RIS, 3 iSCSI &itcingl B AmE

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

SLES15SP1



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.

NERAKFIH iSCSI Birsi &k icln, FlaeR B/t = LEREiSCSI RS, Ak, ErILLE
17

tux > sudo systemctl restart iscsid.socket

tux > sudo systemctl restart iscsi

BBk, BT
tux > 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

M & BFGARAN iSCSI T = SLES15SP1



6. WANMERAMENTREEL—F, HETHRANTRE, BRETH.
HAER, — 1 ISCSI HRABTZ M &IME.

13.4 B5hiSNS RS

MITIERE ISNS BARSSB EBME. MRERBEIRENTSISHER (BXAT, 5

M 1325 “ZZEISNS Server for Linux” ) , IJBTERIBEESIEHAUTHS:

tux > sudo systemctl start isnsd

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

LB R A R AVFEE iSCSI #1TiAR, (B2 EILUSTTIRM iSCSI B4R Linux ARSS28.
FRERT, HEHNXERSARSHMIH Linux IRSBHTIZBIZREBN, iSCSI BIiFa
508 Linux REIERIGE. FEitk, ATLIER RAID RS SRIEMERTBIRAERE, MSUHEK
IBBRER, BXRADMESER, BBNE 715 “UHRADEE"

14.1 ZZE iSCSI LIO BtriRs3525#0 iSCS| & ifcim

RASBINRE (SCSI ki2ik (B open-iscsi # yast2-iscsi-client) , iSCSILIO B
HENEEFHRE,

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

FBLE SCSI LIO BiriRSS 28, BIERImIEHIaRETUTHS

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

MREFELRLE iSCS| Licima A, FiE1Tam< 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
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14.2.1 iSCSI LIO BtrBRSZ B A LS 1%

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

1. BrhYaST, AGEIMEEARSS > iSCSILIO BEfFo

2. YIREIRRSSEIRo

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

REES

YETRE:  RBUES
SANEEGE:
RFLARS ~
EBE:

FEE

firewalld AOFF MBI E

B EEEEA

HEH) FIER) FiB(B) FERE

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

o Fri: (BN BRB[BEREDIZE, BHIIEIT sudo systemctl start
target HLRFNBoNZRS . RERBIRS G AT UEREREE

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

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

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

5. BE5E, UREFMEA iSCSILIO BiriRSBIgE,

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

iSCSI LIO BfriRS5 2848/ 245 PPP-CHAP (Xt =il -FrifiEF B AR IIENIYN) , ZHhiNE
Internet TH2FE 4R (IETF) RFC 1994 (http://www.ietf.org/rfc/rfc1994.txt #) FRTE X I—Fh=
MERIIEG %, RS SREALSHIIERERLI iSCSI LIO BffS %L, FARTFAHRE
r LRI, MRAHLERSIFEZIMAVIAR, WERLENHIIE, FFHTAI S5 R
INETFERRS. FEEEITFMHIIE, ARS8 EFRE iSCSI LIO BArERR] BE—R4% LAY
fEfaT iISCSI &iCin & Ho

MREBNTENRENEEEMREZZHWIE, el UAERENSHRIE. FHSMWIE, 52
EEFER, mAREHATTEMIIEER ISCSI AfELimiEBREBNE %t iSCSI LIO BAFfEIT4 M.
Riim s AR ENAFRZNOL, ZEMHTSMIIEERISCSI LIO BirmAELinIERE 2
FRHARY B 4T, iSCSILIO BArasim iSCSI LiimigtE AR 2O, AFEANMELLZIN
HNOLSHIARE. MNRBAKXKIMSMIE, NWEIGERKRNEZIFTE iSCSILIO Bird.

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

B2E iSCSI LIO Bir B4 BFxISE
1. BrhYaST, SAGENMLEEARSS » iISCSILIO BEfro

2. R 2 FEET R,
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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.

EE] LUER YaST PN XIBFHGLITRIGES X, BXAT, HEM (HEEE) ,F10E
“ERPXER" ,%£1017T “FERERPEXIERF . iSCSILIO BirrTRRERA N XATF

Linux. Linux LVM 3§ Linux RAID X &% 1D

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 BETFEMIHLEIMEIETZEE /var/lib/xen/images/VM NAME B&H, Hrh
VM NAME REIMHBIRFR,

14.2.4 &% iSCSILIO BirH

el LA YaST B2 & iSCSI LIO BARi&%E. YaST £/ lio-utils ZNHAHZMHAY API, iSCSILIO
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%) ESRTENS BRBERANEITBIRE,

]

. BFrEFENENANENZAR, BT TF—%,

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

BiR IRIRET Jigk:l

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

KR T LUN BRES SIE

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

| men) | | kR || BEE® | F-Hn

TERERAREE T EV—MREiRG, HiELUN, FESHINIE. HENEFRET =R
Fo 18R] LAGER 7RISR E FIK N B ARE AN &Sl -

&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 kitehnits
fR% BiEEET BRUE

REERE
LS BORUEN

SANREGE:

RIFLAIRE ~

EBRE:

RELHEE -
REWEI(0) (D)

iqn.1996-04.de.suse:01:63a71aed9018 A (B =
iSNS Hifit iSNS #]
LG BUH(C) HE(O)

3. EEMARS T, 8 iSCSI RiLimARSZHBEIA
° 5|F8: ARSB/ERTNS BEIETIARS

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

iscsi iscsid @i EXFIBEENZRSE,

4, 57 AL AL IR o
FbARSS 28 LAY iSCSI RSt EARTVIEMRY iSCSI FRERTR (IQN). A S im A FRIE RIS
A EEREE— . IQN ERUTEMER:

ign.yyyy-mm.com.mycompany:nl:n2
Hep, n1#n2 BFHHFFN. Flu:

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

Eitin TG HARS S X /etc/iscsi/initiatorname.iscsi FHIMERN{EBED
1878,
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AR ARSZ 2842 M iBFT (iSCSI Boot Firmware Table) 3%, NIAi#2#1&MA IBFT Ay
MNEEZ, FEETEELARPERLRREM,. i, EelLiER BIOS IREXR#
17124, iBFT 5B AT iSCSI 5|SHIEERAMSHMERR, BIFFHIRSEM
iSCSI Bir5 & tcimEiR,

5. FRUTAZEZ—RZIMWE LR iSCSI BiF.

* iSNS: ZEFH iSNS (Internet Storage Name Service) 3R & iSCSI BFr, &
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.

1. BEHE T —PEMEcE.
ZEMSUBHIECEEZEETF, MEERIEREMISCSIIRE T

8. BHHEREHNAEN,

9. IEAILAER Usscsi ap< & iSCSI Birg &N IZ & IRIZ,

14.3.1.4 7iSCSI Birg&iwERtHHIXIZE

1. 7£YaST /1, & iSCS| &Ricis, FAREHREEZBIMENRUEE SaEREIRS 2/
iSCSI BtRg &R,

2. EEFBEEER ISCSI BinigE.
3. BEHUMEMMERIRE:
Bzh: IEIATF iSCSI RS A5 BBt EiERERY iSCSI Bin. XEHARE,

SISt LA T 5| SHAREEZR iSCSI BAR; Bl, HRBR (/) irF iSCSI LAY,
XHE, iSCSI BIRgEERSS 285 SHPRM initrd ##1TiF(E, LLATET/EM iSCSI 5%
BFa (BlWIBMZ) LB, Rit, EXEFE EANERZED, MmERE
o

4, BEHHEREHNMAER,

14.3.2 FohigH iSCSI &t

KZIMMECE iSCSI FEZFHENK iscsid IEEIBIT. BRBITAMY, BT /etc/iscsi/ BRH
BIF2 iSCS| ZiinRI B &R,

MRRIZOLHEP, WE iscsid IREFHIIEES. AFEXRITAMNAZBEIBEEHTF

£, FLTAERNERSIERE, Bk, HAREBELREXMH /etc/iscsid. conf LUREE
Bo. BAXMAMOLEE, B /etc/iscsid. conf RERMUTIT:

discovery.sendtargets.auth.authmethod = CHAP
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USERNAME
PASSWORD

discovery.sendtargets.auth.username

discovery.sendtargets.auth.password

OB ERBEINEREE—TREMSAKEESR, 1, EIERFRBERNEIRETR.
ERLUTa<LEBITIAIL:

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

10.44.171.99:3260,1 ign.2006-02.com.example.iserv:systems
BRI iSNS Aks32s ERYRTA MR, BEAU TS !

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

3FF iSCSI B EEX BB, RER—1T. BXEEHIENESZER, 5
WEE 14337 “iSCSI kiEBimEuEE" .
iscsiadm BY45% --login EIMRCIEBFIEEEMNISE:

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

MERISERERE Usscsi MiaHPR, MAEFETENZILE,

14.3.3 iSCSI Ritim#i#EE

iSCSI Ri2im A MAFRE 5 EEMETZEIENLT /etc/iscsi BRI NEIBEXHF, — MR

FERTAMNER, S— 1M EERTRAINT R, HREEER, BAXOTERERREMR
IIRENEEIR M T SR IRENE B, AI{EMA iscsiadm FYE%L -m discovery #1 -m

node RAITIIR(E, FH iscsiadm BEEHEA—INSH, miREEFICROOER:

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

RPN BERZFRA ign.2006-02. com.example.iserv:systems ., SitiFrkEIEER
XIFTERERRBEEL 2R, EREID A iqn.2006-02.com.example.iserv:systems
HIBIERHAR, aIERAUTHS:
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tux > sudo iscsiadm -m node --targetname iqn.2006-02.com.example.iserv:systems
node.name = iqgn.2006-02.com.example.iserv:systems

node.transport name = tcp

node.tpgt =1

node.active conn = 1

manual

node.startup
node.session.initial cmdsn = 0
node.session.reopen max = 32
node.session.auth.authmethod = CHAP
node.session.auth.username = joe
node.session.auth.password = *¥*¥fkkx
node.session.auth.username in = EMPTY
node.session.auth.password in = EMPTY
node.session.timeo.replacement timeout = 0
node.session.err timeo.abort timeout = 10
node.session.err timeo.reset timeout = 30
node.session.iscsi.InitialR2T = No

node.session.iscsi.ImmediateData = Yes

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

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

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

5 delete RIEMIBRIBIRVEIRE. WREW
ign.2006-02.com.example.iserv:systems FEREMNIER, BEAUTHSF LU
B -

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

O ==: Fmik

ERLLETNVIZE, RAESBERZIERMAERMINEIAET.

SRV EE AWM BIRRTIFR, 15317 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, S TEERNRSISSEHT:
withiscsi=1

ZREBPLIINET—TIRER, ILEFTLUE iSCSI HARERTIRS, HaEREIERMUE
Fo

Q i1 muE%H
5| 2HAiE], iISCSIHEEBET B, BA initrd ATHHRRAIBR XGRS EHISEXLEISE,
EXFEAEMXHRARLES B0 /usr) , HELEFRIE. Bib, FRARAR
Fm (B0 /usr B /var) #BARXR. BEEAXLILE, BRERERRTZENBIAR

SMIRE.

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 BHEXHEE S THEIR:

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

& iISCSI LIO BirfRS et EHaikRiz TR ELin@, EffRIRE, 7R YaST, HE
mSITHER systemctl start target s<$FEIBENISCSILIO, AEER,
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B UMAULTHRARICE configfs. iscsi_target_mod #1 target_core_mod 2
BEN. HENERMmEIR G,

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

NRBIMIFRIC, AJREREFE. SUSEBIAMBRRINAZDHEEFE. MRELM iSCSI &l
HIEEWEF, BEBR SUSE B MBEENNITIR SRR, MAREFEN

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

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

14.5.5 EEXHRENFIN, =ANISCSI BirR
NBEZBIFERT /etc/iscsi/iscsid.conf EEEXH, B4, BMEEZXEHE
node.startup EWIEENFE, Open-iSCSI Baiftth=ENE T

& /etc/iscsi/nodes/TARGET NAME/IP ADDRESS,PORT/default X, ©8&
BE /etc/iscsi/iscsid.conf X node.startup &8, WREM YaST EOEE
NEBURBAFR), RS /etc/iscsi/nodes/TARGET NAME/IP ADDRESS,PORT/
default XHH1I&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
#: iqn.5886.com.acme.tapedrive.sn-al2345678) .

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

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

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

-l
iSCSI iR 5 IP #sik X TCP (fefaizhithil) ImORILAS. TCP im0 3260 2 IANA (E
WMSHBIECHM) FREXR iSCSI hiXBImHA S,

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

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

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

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

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

14.7 Hittfs R

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

ttoh, 5N iscsiadm. iscsid BIFMTT, MUKRBIECEX Y /etc/iscsid. conf,
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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

.
TR A ] et imiE 1 JELFiEIE SAN
2 LARM SAN Sy / {
feLTimi R B Y E | '
TIGE 18 A ] |
10 Ghps LI 2 Hebl L ! ' '

FIGURE 15.1: FFAAR SAN H4FiliE

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

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

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

15.1 REIREFEE FCoE =M

NRERMEER L ARG RS T BEBFEMEM ZERIEZB AT FCoE, MaILUETERT
SUSE Linux Enterprise Server B YaST SRTEIR{ER St HAEI IR & FCoE i, BALRAMA
4 BIOS BEBB B ThtQE FCoE BER, FHM YaST ZEMMIRE ZHE, BFREFAEREH BIOS
#2455 FCoE B BN, EUHERTEEZBHABMON, ErIUEFIELENE withf-

coe ETLRMEIRZBSIT:
withfcoe=1

H#ME FCoE BT, YaST RRERTEHITEMACE FCoE LHIRNEL, £ “MEBIE W
mLE, PEFREE FCoE #5, LUAIR FCoE BdE. BXECE FCoE HOMEER, ESMSec-
tion 15.3, “fEH YaST &2 FCoE fRZ” o

se
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Q) Note: AL
5|SHAE], FCOEIREERFET. B initrd TRRABRX G RAIEHSE XLEGE,
B FEAEMXGRARRER FIW0 /usr) , HELERIE, ALk, FARSAR
£ (F190 /usr 5 /var) B AZZE., BEAXLIRE, ERFREBRDSERIR

SR

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

A OB 7E A _E N AR SS 23RV EIZ B FCoE, RTFEFEMIEMTIRE FCOE Mz, 40
S7ELRE SUSE Linux Enterprise Server 1#{F&%E FCoE R RIFH, RASTAR Bohi
FCoOE &iCimikfto

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

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

WETLAGEF YaST - BRI R LR UL EFRFIEL,

15.3 {#H YaST E1E FCoE A5

ERILAERA “YaST FCoE BEFIRALE” RN AT BEMEFEMISHTAY FCoE A, AC
EMMIFR FCoE 0, EEMALLE, HMEEHIEIT FCoE kifLimARs ( fcoemon P4
2F) M “SEREERMBNIN RIEEFFIERE (1lpad), FEMMIEHF FCoE MI3THss B
FCoE ﬁﬁ%o

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

FCoE RERH
O 3|26
@ Fgm

Lidpad RSB
O 3|26
@ Fgm

(1) mao | | ;R |

2. ERZEWMRLE, AIREEEENEN FCoE ARSI Lidpad (5ER&E & ILMYACIESFIFE
) BRS3EnhediEl.

* FCoE lRSREN: IEEREMRSR5ISHBIMUKXMNLTEERS fcoemon iR
EFREEFoIB. ZTIFEFATIEH FCoE #0, H#A5 llpad TiFiEFEIE
EE, AITRENSISH (BUA) F6.

* Lldpad BRSSEN: EERERSRSISHER “ERELIMY AE Ulpad 7
PiER, ERFHBIZTIFER. lpad FiFiEFSME fcoemon SFFEFIRE
LR OMHEETNRER FCOE O EMMXES. AIAENSISHI (RBUA) ;Fl,

NRERRE, NRGHHEREFEANAEN.

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

BO#
YNRFE ethd.200 ZRBMIEIREAGIEO, N FCoE MM LAIA, HEINWIZEE
28 80& FCoE #0,

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

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

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

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

. FEFNERBEEERNLE, BEVIRPERE, ARBHENLE,

AN E Y&

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

=% DCB
EEGKEEESFEMEFOTE BERFR) -
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Bz VLAN
18 fcoemon SFFIEF 2 E BENAIE VLAN #0,

MREBHLE, WEEF T —PREHNAENR. REEE N /etc/fcoe/cfg-ethX X
%, fcoemon FHFIZEFTEVRWETIRENE FCoE EOMECE XA,

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

1. FEEEETF L, AIEFREN FCoE RAFRSHEMIKE. EAILIM FCoE ARSSHIZ
fcoemon SFFREFHFEASZRAREEHNE, HAUEERTHNEAEZERZAS.

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 FEE AKX #EO+R, B9 eth2,
3. By “HEEEAMMY RETFRER (1lpad).
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tux > sudo systemctl start 1ldpad

4, TEUAKMIEECER LB REIER O,

tux > dcbtool sc eth2 dcb on

Version: 2

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

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

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

BEEIREEN:
e:<0|1>

=HIThRERN B A
a:<0|1>

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

w:<0|1>

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

6. ERIEEROTE, LIRS FCoE LRIt E,

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

Version: 2

Command: Set Config
Feature: Application FCoE
Port: eth2

Status: Successful

7. BEIAW FCoE BEEXHERIZ| /etc/fcoe/cfg-eth2,

tux > sudo cp /etc/fcoe/cfg-ethx /etc/fcoe/cfg-eth2
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8. B&f FCoE & ictimAksS

systemctl start fcoe.service

9. ¥ “WEERIMIN RIEFIFER (11lpad)  FCoE AiimARSSIEE N5 SE B,

tux > systemctl enable llpad fcoe

15.5 f£F FCok EIE T AEIE FCoE Ll

fcoeadm LFHEEF UKW L BIE (FCoE) BIET R, rIIFERZTAANE. HERMNEE
IEEMLZIEO LR FCoE 325, fcoeadm SLHEER B EEFIZEOBHG S RIXLIETEITH

fcoemon ##E, BXx fcoemon FIHEXIEE, &0l man 8 fcoemon,

fcoeadm SLAREFAIILEEIR FCoE ERIRLATHEXER:
e 0
e B4R LUN
o WHOFKITEF
fcoeadm LAHRERFE fcoe-utils BRAMERSD, ZpSH—MRIEENTFIR:

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

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

[-v]--version]

[-h|--help]

BXHT, 155N man 8 fcoeadm,
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ANt

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

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

fcoeadm -1 eth3
80 eth3 LFrE FCoE LHINEXRER. MNIRKRIsEEMEO, NEERFAEEL!
#£ FCoE LfIMZEOMMEXER, TEHNRGERER eth0.201 BIEXEERE:

tux > sudo fcoeadm -i eth0.201

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

Manufacturer: Intel Corporation

Serial Number: 001B219B258C

Driver: ixgbe 3.3.8-k2

Number of Ports: 1

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

Node Name: 0x1000001B219B258E

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

Supported Speed: 10 Gbit

MaxFrameSize: 2112

FC-ID (Port ID): 0x790003

State: Online

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

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

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

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

tux > sudo fcoeadm -t eth0.201

Interface: eth0.201

Roles: FCP Target

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

MaxFrameSize: 2048

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

LUN ID Device Name Capacity Block Size Description

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

15.6 HMWER

BXER, BERUTXHE:
* B Open-FCoE fREFIFERFNEER, 158M fcoemon(8) FAATI,
* HX Open-FCoE BIEETAMEE, 12N fcoeadm(8) FHI,

o BXREROTEEETAMNER, 52 dcbtool(8) FMIT
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o BXERERMMUARIETIFIEFNESR, B30 Lldpad(8) FHI.

o HEX—MRIEE, 155 MW Open-FCoE M http://www.open-fcoe.org/dokuwi-
ki/start @,
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16 NVMe over Fabric

AENBWEIEE NVMe over Fabric A BHi%.

16.1 #EA

NVM Express (NVMe) @B XIARIIEZRMEMERE (BEE SSD #A) rIZOMTE. 5 SATAME
tb, NVMe XEFHREESRESE, HEEREIN,

NVMe over Fabric @ AFBI REIMLLEITIHE NVMe EEFEINE RSN, XEMELELEE
RDMA SREFHLHEIER NVMe (FC-NVMe) %, NVMe over Fabric BOfERZEMATF iSCSI. AiE
=AIEHEES], NVMe over Fabric RE T 12X #F. NVMe over Fabric ZEEAEBETEHRN
DM Z &%,

NVMe EH1235EZEE] NVMe BIrEUITENL. NVMe Eir2isEEE NVMe BIEERIITENL.
SUSE Linux Enterprise Server 15 SP1 2 NVMe, 127 AT NVMe RiEF LUK NVMe
over Fabric BIrfl EHBIARIZIRIR,

EEERLNBHRSHEEARKEIESI, BBNRE 1647 "HHRENHLE" o

16.2 & E NVMe over Fabric 4/,

E{EF NVMe over Fabric, #07EBir LERSZIFNEMGE, IRHNAEZEEETHAEE
B9 NVMe #1 RDMA, AT BN B ENZEZEE NVMe Biro

e

24 AU AL ALl
16.2.1 ZTEMGIITEF i
EfFEF NVMe over Fabric, FERE nvme <17 E, EEH zypper REiZTA:
tux > sudo zypper in nvme-cli

£ nvme --help AIFIHFAIETANFGHS, HIHRMT nvme FHSHFEMIL, HIT
man nvme-SUBCOMMAND AJERMEXIFMI, a0, EEE discover FanrSTHIFAMA,

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

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

¥ TRANSPORT B AKEZIEAE: loop. rdma T fc, ¥

DISCOVERY CONTROLLER ADDRESS &k IicHggayMitt, T RDMA, LbitititiviE
IPv4 #tiit, & SERVICE ID B#EAEHARS ID. WIRRSETF IP (%0 RDMA) , MARSS ID
BERAS., MFAFEE, FEERMEMRS D,

NVMe ENRSBIENENEENF RS,

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

EXEZMT, 520 man nvme-discover,

16.2.3 &1 NVMe over Fabric B#x

0% NVMe F &%/, ErJLAER nvme connect a$FiEIETE,

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

¥ TRANSPORT B#EANKEEFWIEA: loop. rdma 3 fc. &

DISCOVERY CONTROLLER ADDRESS Ei#A&IMITHISEAMLL, XF RDMA, LhEthtRE
IPv4 sthib, & SERVICE ID B#EAEHARS ID. MRRSETF IP (%0 RDMA) , Mtk ID $5
EimOS, ¥ SUBSYSTEM NON BN AWM e SR EINFIRTFRSH NVMe FREZ#F. NON
2 NVMe [EEZ R (NVMe Qualified Name) F9485 ., NQN @ATME—,

AN

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

@&, {FH nvme connect-all EZZILMBFIERIT=E, BXa&EZ%, S man

nvme-connect ] man nvme-connect-all.,
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16.2.4 ZRiZ

NVMe AN ZEERIAR T BARS. BEITHZRRIGENER, BFEHAHS nvme list-
subsys . EZHF NVMe Z&HZKEZE, &1 nvme-core.multipath=N HFINH3 IS,

< multipath -1l BRAEEX, AIER NVMe ZERFEE,

16.3 i&E NVMe over Fabric B#x

el

16.3.1 REMIJ(TEFIn
ZFCE NVMe over Fabric BiR, HFEXEE nvmetcli m<iTTHE, BERA zypper £&ZT
B

tux > sudo zypper in nvmetcli

LiRtT nvmetclihttp://git.infradead.org/users/hch/nvmetcli.git/blob_plain/HEAD:/

Documentation/nvmetcli.txt @ BIRETSCHY.

16.3.2 EEDE

TEE 225 H AN IZ & NVMe over Fabric B#r,
BoEMEFEENELENTD, 8 cd TS FH s AFHNR, EAILUEA create 6l
BN R,

1. B5) nvmectli KXEYM%:
tux > sudo nvmetcli
2. SIEFIRO:

(nvmetcli)> cd ports

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

0- subsystems

3. B NVMe FHR%:

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

0o- allowed hosts

0- namespaces

4, SIRFRIRM=(E, HEHPIRE NVMe 125§

(nvmetcli)> cd namespaces

(nvmetcli)> create 1

(nvmetcli)> cd 1

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

5. BRLRIEZNRM=TE:

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

6. EREIBRIRIR=IE):

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

0- namespaces
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1. RTFFIBEENERZFRR. REEREWREHA BT,

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

HE, AURATFRENENEILER:

(nvmetcli)> cd

ngn.2014-08.o0rg.nvmexpress :NVMf:uuid: c36f2c23-354d-416c-95de-f2b8ec353a82/

allowed_hosts/
(nvmetcli)> create hostnqgn

8. FILBIBRIFIE R

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

o- /
0- hosts
0- ports
| o- 1

| o- referrals
| 0- subsystems
0- subsystems

0- nqn.2014-08.0rg.nvmexpress:NVMf:uuid:c36f2c23-354d-416c-95de-

f2b8ec353a82
0- allowed hosts
0- namespaces
o- 1

9. fEBEtRAJET RDMA

(nvmetcli)> cd ports/1/

(nvmetcli)> set addr adrfam=ipv4 trtype=rdma traddr=10.0.0.1 trsvcid=4420

Parameter trtype is now 'rdma’.
Parameter adrfam is now 'ipv4'.
Parameter trsvcid is now '4420'.
Parameter traddr is now '10.0.0.1"'.
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&, EEIRAEShEEER:

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

16.3.3 HFHpMmEBIrELE
AIERA U THSE JSON XEFREZEBIRECE :

tux > sudo nvmetcli

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

BEMEEE, BEM:

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

TR R LR RIECE |

(nvmetcli)> clear

16.4 45RBEFECE

16.4.1 R

BLEHRERHNEEABERIF BNEUTENRNE, BELEEER TR
IR BN,

16.4.2 Broadcom

INERATAEME A Broadcom Emulex LightPulse Fibre Channel SCSI IREhTERF, iB1E Lpfc &Rk
B BARA EN R AR AZECE S5
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tux > sudo echo "options 1lpfc lpfc_enable_fc4_type=3" > /etc/modprobe.d/
lpfc.conf

1% Broadcom EEC2EE IR A ZE /g 11.4.204.33, BIMAFELESIRRAH nvme-
cli. nvmetcli FIR%,

ER A @EmO{EN NVMe B15, FEFIMCE—MERSE: 1pfc_enable nvmet=
COMMA SEPARATED WWPNS, IBHIANTHEHIE 0x B WWPN, {40

lpfc_enable nvmet=0x2000000055001122,0x2000000055003344 , ZLER2RNER
BRHXEES A WWPN, AL @SR AR E A B iR & i,

16.5 BEZER
BX nvme THEENEZATI, FE0 nvme nvme-help.,

LU gEEIR T NVMe #1 NVMe over Fabric 97817 :
e http://nvmexpress.org/a

e http://www.nvmexpress.org/wp-content/uploads/NVMe_Over_Fabrics.pdf 2

e https://storpool.com/blog/demystifying-what-is-nvmeof 2
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https://storpool.com/blog/demystifying-what-is-nvmeof

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 ENEI A TEERES:

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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—RRin, HMMBEFMEYSHE TR, SECNEIGEEESIE, SRR LRI

B, NMRBEFHIERINLE, WAMFohelZMECE /etc/multipath. conf X, X3t
e BTN EINBEHRER. BXER, BE8WE 1767 “GlEIER /etc/multipath.conf

X# o

EFETYEm:

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

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

H MW R RGEFREY | ZEBAI LA, BEEHNERIXEURBEXES. X
multipath-tools ®ALURBIBIERINEERETIRTIER, BEWE 17217 "Bz
RS RZREERET 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 == 5248
R R R E BT ST S S TR 3 B R R BT,

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

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

Efllo

multipath -t RPHFIRF—ERTEZIFEEMS LA SUSE Linux Enterprise
Server, MFEMAIHIEFMEFINGIR, BESNE 17227 “EbI =2 BENGEFE
50”7

17.3 AixZERE
RIS EEE /0 BRASER, EEBATRILT,

17.3.1 FoREFMH
° SBEERERIIHTER.

BT ZREZRENEERTIOTZIFZRE. BXFMAER, HERE 1727 "BHZ
oo

178 HEREB N IEEFRIMEERT SLES15SP1



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 AR RETE I TR NS RERSET. BEREIMTRLEN /
etc/multipath.conf XHHFHEEERETENHEPHREF—F.
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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&REEFRRRED

FERAZEENREEN—HERE, FHRARTRXHRAKRIISRAFAFNFMEEMXGR
%7ME, initrd SERENRKTH—H. MRERKFTEATZRE, BAFER
initrd FEAZREE, RZTFA. BXEFMAESE, BERE 17517 "BEA. ZH. Bl
FIEZRIZ /0 RS -

R initrd SRGAREY, RERFLEERSR, BoIdBERERERINR. BXRMMAET
EELLERBRRE, BERE 17.152 7 "EAZRENASES | SJiEFEREISEE

==
—

JL [¢]

174 ZRITEETA

SUSE Linux Enterprise Server ARy ZE&EZ 1A Linux RIZAYIS & BRETIE R Z B ISR IR K
multipath-tools AR ZFEIEANEM, ErRIUFEAZIEEEELAIER (multipath) &E
ZREIGHENRS.

17.4.1 1B MREIEF ZRIZIRIR

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

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

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

MRKBEENEZERZ, MERLIE /etc/multipath. conf XEFFEHEREE

1o multipath.conf XHEELIRNMEEZRZEARAEFEN. BXER, BELE 1767
“BIFRIEEY /etc/multipath.conf XX
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17.4.2 ZRFI/OEETH

multipath-tools #l kpartx SRMET HBRHNITENREAIMIENTERE, EII=EH
B, X, ZAXMNEREREMEEER, ErEMNENBEH. X URAEEM
PR EIE RN E BN KT,

% 17.2 . MULTIPATH-TOOLS @8/ TH

TH 123U

multipath RERZPNSREFREHFAHREN.

multipathd HEMIEY, ASHIT multipath,

kpartx 4L devmaps BT EI ZERRIGE DK, F1EEEBNIEE

EHIDXEIZZ RS,

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

17.4.3 MKz FEA MDADM

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

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

mdadm. conf ARY DEVICE M TgE:

DEVICE /dev/disk/by-id/*

MRBEAAFAREFNRN, BRUTATEEREE, UETEEZRIEEMNNIRERIIER
AT

DEVICE /dev/disk/by-id/dm-uuid-.*-mpath-.*
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17.4.4 multipath #5%
M Linux B9 multipath(8) SEMENEELSRRIEE. & SH—IIEEWTR:

multipath [-v verbosity level] [-b bindings file] [-d] [-h|-1]-11]|-f|-F]|-
B|-c|-q|-r|-w|-W|-t] [-p failover|multibus|group by serial|group by prio|
group by node name] [DEVICENAME]

BX4T, 155 man 8 multipath,

BB

multipath
FCEFE ZHEI%E.

multipath DEVICENAME
B E ZRFI%E.
fEMEM /dev/sdb (40 udev B9 SDEVNAME ZEFFR) MISETARRA
major:minor A& DEVICENAME » WEILUERIZISEIIZERZMETZ R,

multipath -f
eI 25 PR AR BR AT K HIZ S BRETRY 73 X o

multipath -d
HoE, B REBEZRIFIRE, BRREMEE, UAERMEIRIT,

multipath -v2 -d
ETRRETHEESRFIEENZREMINER, -v2 BTN RAERE, XMiFMAR
AMFTEN QIR EMZERIZEIR, FAT 0 kpartx ZEBEM T AR HEN.
NRiGFELFEEKRFEENR, MLk, A multipath -11 IUEERLENZ R
RIgEFHIRE,

multipath -v2 DEVICENAME
EREEEZREREHETENSRBEMIER. XMIFMARFN(FTENRIZRSEH
HZERERFR, LUAXA kpartx ZEHNEM T EREHBEN,
NRIGFEEFEEKREEN, Nk, A multipath -11 AIUEERLENZ R
RFIgEFHVIRE,
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B /dev/sdb (40 udev Y SDEVNAME TEHFIR) KIEE T R RE*RA
major:minor I DEVICENAME » tBRILUMERIZISEIIZIRIZMETZ TR,

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

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

multipath -ll
ETFEZREILEIIRS.

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

multipath -F
RIFFRBE R ZRFIREMS . ERETZERE, BERRRESE.

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

multipath -p [ failover | multibus | group_by_serial | group_by_prio |
group_by_node_name]
EE FRPFTARE P — A RBETURIS B 4H 5REK
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£ 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—

RAERAR, MERBALEZEFTE /etc/multipath. conf
ECE XA E N global. per-controller 2 per-multipath i%
TSR

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

fc_transport/target*/node _name fiiEREXHY,

multipath -t
ETASEHRIENNZRIZEE. BXEESHNAT, SN man multipath,

17.4.5 mpathpersist SEFERF

mpathpersist LHEEFAARERIGEMRSFTIER ZHRFIZE LR SCSI AARE, ZHSTH
—MRIE AW AR

mpathpersist [options] [device]

XTS5, 15280 man 8 mpathpersist,

BIEARERS /etc/multipath. conf XHHHRSIZEREET (reservation key
B) BiER, 188 SCSIHZENKARE, RMNBRTA=ERZEY. IRKIZEIZE
%, multipathd FHFREFFASEEHAINEREEEHBANREINKARE,

reservation key <RESERVATION KEY>
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eI LUEZB MRSl defaults 5% multipaths 4%, HI40:

multipaths {
multipath {
wwid  XXXXXXXXXXXXXXXX
alias yellow
reservation_key 0x123abc

REFMEEAKABENZIRIZIZEMN reservation key 28, ARBITUTHSERL)
multipathd FiP1ERE:

tux > sudo systemctl restart multipathd

REBEZE, BALE mpathpersist sp$HiEERE A,

ANl

mpathpersist --out --register --param-sark=123abc --prout-type=5 -d /dev/mapper/
mpath9
i /dev/mapper/mpath9 &&EMIRSIZEREZEH,

mpathpersist -i -k -d /dev/mapper/mpath9
J¥EEY /dev/mapper/mpath9 &EMIIRSIEEREZH,

mpathpersist --out --reserve --param-sark=123abc --prout-type=8 -d /dev/mapper/
mpath9
RE8 /dev/mapper/mpath9 &EHRZIZIERBZZH,

mpathpersist -i -s -d /dev/mapper/mpath9
3%£EY /dev/mapper/mpath9 i&EHIREIRS.
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175 NAZRREEERS

17.5.1 3H. ZH. BoiflELEZEE 1/0 RS
BAUSBERSIES SN, BETUTHS:

tux > sudo systemctl enable multipathd
SHEEEETNRATTHRDES, REREELRS, FRALTEF— 6

tux > sudo systemctl start multipathd
tux > sudo systemctl status multipathd

BREYAISIERELEZRRRS, UNBZAZRSUBERATRSIENABEHE, BB1T
U<

tux > sudo systemctl stop multipathd
tux > sudo systemctl disable multipathd

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

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

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

blacklist {

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

90K HBA IXapiz B EIXLE LUN, BSBEHENMRIEE, NREEMRZSEKENR

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

1753 RZREIFiwEIX

FENEREFEZSTRIENDXIRE. /A kpartx TRALHFESISAAESRIFZIRET
SIS X, WAIUERHECEZRIZZAT, A YaST 8 “DXiZF" haEsERE =77 KX
TEMEEDXK.
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https://www.suse.com/support/kb/doc.php?id=3955167
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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 RIESHIEDR /etc/multipath.conf X4

RBGIE /etc/multipath.conf, BEXHAEEET. FIEEEIEZRIFEEXHHHATD
MIgE, SNEETTIFER multipathd B, BBEMNARIANZREFIZHLE.

O == MR AAMRA /etc/multipath. conf FREIEX
TR B SHIEER /etc/multipath. conf X, HRFZEXENEARBEHR
%R, XiF, GETUERRENRZA, T TIHETURIXEEN, MRMEN
BHNSERE, ErI%%E 17.6.4 T “NHA /etc/multipath.conf X B LIEH Z B2 MR
G17 HRETRRER SRR IZRET

17.6.1 glI# /etc/multipath.conf X4
1. FRAUTHS, M\—A—RENEEZEETF:
multipath -T > /etc/multipath.conf
X2 NEHFEGCIEFIEEXIZE,

2. WR7VIERT SAN RINMERZEY device 7). ZEMENEIRMXFIEWMHLE device &5
B, EFE, RER SAN FEHIMA device Z5
MREFERBEENENEEFRSE (FERE 17217 "HiWlE 22 RE0E
ZEDT ), MAFEARN device, ANELIERTREMALLIRENEINRE,
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3. 8 blacklist F5, EEHPEAEITEVMNAMEIEZRELE. BXFHAEE, FS
ME 1787 “BEZRFZGHIINERZE”

4. MEZFELEXGPRRMBERED. BXEENAR, BEEE 17627 “/etc/
multipath.conf SXHEEFS” o iE9T man 5 multipath.conf RNSEE LT
AR,

5. THifG, R7F /etc/multipath.conf HIEE 17637 “KIG /etc/multipath.conf 32
TR ZBRFEE" PRI IERIZE,

6. RIIRBEERS, B1RE 17.6.471 “NA /etc/multipath.conf X4 E K LAE# % BRI
57 PETRNARE.

17.6.2 /etc/multipath.conf X{&4HRIERSD

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

defaults
ZERR /0 NBEARINEE. WREENIKERZREBOPRIERE, NWEFERAXL
B, BXER, BBRE17.7TT “EXKEHM. HRAKMFERIS AR

blacklist
FIHFENEE L BRIEMEFIGEZ T ATLUBTIEETRE (devnode ). &&F
WWID (wwid) & B HNEH~RFFTE (device) FiRF&E, FBEIHESZ
EZR1ZIGE, B9 hpsa. fd. hd. md. dm. sr. scd. st. ram. raw
loop. BXFMEEFTRG, BEBNE 1787 “BEZHRFEEIINEZRE"

blacklist_exceptions
FIHEMEE BERE BRNMMAIRES BENIGENIGEZT, TLUBIIGET "B
(devnode). &&E WWID (wwid) SI&EHNEH~mFRE (device) FiRFIKE. &
WIEREZ RRERNMERXEFIEEANIINIGE. Fli, NRETEZRPINGERE
BT X#F devnode, NFER#HEFEHAXHF devnode EEZRHISMHEPR—LEIEE,
BIEER devnode XIS EMANRZ R, WIEFER wwid XEIAHBREPEL
®E. BXRIFHAEEMNRA, FENE 1787 “HEZRFREIINEZE"
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multipaths
BERNEZREFLENLE, BRAFEMEENLEI), XEEREEREXHH
defaults #1 devices P HHEMIEEE,

devices
BERMEFITHIZRINLE, XEESEEREXHH defaults FHPEENE. 0
RIEERMINER T AZZREIMEFES, WeTLAeIE devices F&B5, LISEZERE
FEFIRNERIANIRE. NRXBEFRT, VWLERRENZRFREFNGSETEXEE,
BXER, BEILUTARA:

e 1797 "EEERAFRIFHZMEHIR”

e £17.146T “ECE IBMZiEENHINGE”

17.6.3 38 /etc/multipath.conf XN ZHRIFIKE

TR EAIBY B SRIEER /etc/multipath. conf X, HERFZXGNBASEMNNAE
o BRAIIEEMZREMPZAMNZIRERT “HiziT , URESRERE,
TERRSS 2R Ep LR N

tux > sudo multipath -v2 -d

LEmSRIELE, ARETNRIEREHZERTENUR, Zn<TRISTEEEN /etc/
multipath.conf XHHHITEHIEZEITE, FFER multipathd BfERIERN (ZEN) 2B
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 XEHMEKIE multipathd BTRASEN, #HITEXGE, R
FEFHxEmzX M, AERITUTREUNRAENRH EH L REMET:

1. =1k multipathd ARZ3:
tux > sudo systemctl stop multipathd
2. BIWAU TS, BRIANZRIEHNE
tux > sudo /sbin/multipath -F
3. BEWAUTEHS, QIBFNZREHNE

tux > sudo /sbin/multipath -v2 -1
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4, EF5) multipathd BRSS:

tux > sudo systemctl start multipathd

5. ERZFAHIETT dracut -f EFEIE initrd BYE, AEES|ISLUETFRER.

17.6.5 “ER WWID

AT ERENEE LIRAIGSE, ZREFEASIGTENLIERRR (WWID), WRMEME
KA WWID [, MEBREENARE—818E. RIFEEXMINIER, SNERINAEENER
WWID 8957%. BXAT, 1550 man multipath.conf,

17.7 BECEK[aIN. HEPAK S FE RS RYRA SR

LT /0 EETHEFAASRSEZIEEMERERE. FIENERIAT AR TIRSSZZMIIAR
SHREEHITAMEEFN—I TR

EEEERIIIRSRBNSZKRIZ /O, no path retry iEBESFIPRSBIRIERAERATAEK
RETBIAAR UL 1/0 $51R. ESEHMZREFNREEBZTIEESHA, HRHEEENEE,
ENETAMBEETNTREEELZREI /0N, BEBILZHREFIRE /0 &, Ltk ZIFHR
(RIS AEE G L REMEEB WA, TEEIMER, BMITYER no_path_retry &
B, UARISHERZAEZN, #ETasBREISEHERIDHERXN /0 iR (BiNH
Heartbeat Z$50Y 50%) . L5, EWEFERZEEZ /0 HiRLDSIRAFE, BEERFHR
PEMIE R R B

/etc/multipath.conf XHREE— defaults Zf5y, ERILIELLMEEKEIEN., HE
FAARz PR B S BIEIATT . INRIZFERARIBE device HHIETE, Mz SAN ELE R AR
INEE,

UTEIEEmENBRINEE. FRIFEIEREEMEN /etc/multipath. conf XHEIH
55, BIRERXEE,

defaults {

verbosity 2
# udev dir is deprecated in SLES 11 SP3
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H*

# W

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

# 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"

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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828 /etc/multipath.conf XHE, HIEZRLLIEIT dracut -f EEHFEE initrd,
AEERIIRSEE, FAER. BXRIFMAER, B8NE 17.647 “[VH Jetc/
multipath.conf X ERAFEH ZERTHET” o

17.8 RKIEZRFBIZFIINERZE

/etc/multipath.conf XHEaJEEEE blacklist %), EFSFIHFRIEIEZREIF
%, EolLU@iE WWID (wwid X$iE) « i&&BM (devnode X)) HIgHEE
(device #5) BIREMANEZR, BXRILUFERA blacklist exceptions &f4%3, i@
iT blacklist ZBRHFAAMEMKRARNMAER EN— T BRAZ KRR

Q iiE: EHEMMARSHSE
ISR MANERRZ BER AR BT WWID S (N @l midT,. BNAE BT
devnode IINERRBE, AANKETRAGESEN, AL KARRIZETLEER.

& multipath.conf FRYIENFRIER

/etc/multipath.conf FHENRER—MRIBER T HEER. RESBEFRHBLT
fcit, EflA=iEER. f3, ZRENIVELREE S FZEENHMEINENRE
o WENFRAXSHENRANABLEFEIER. ESHR5IE1T multipath -t
BEETRHNFRFRFITEA,

BB RE s RIRIEZRIFZIRE, I

hpsa. fd. hd. md. dm. sr. scd. st. ram. raw # loop. 530, i
SATA EERFMNEFEREEZNREFRE, NREHFE multipath ZERERFILE, BERBEIRE
blacklist B4,

Q & #EM

%237 devnode blacklist EFRBEBEAN blacklist,
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£ SUSE Linux Enterprise Server 12 A glibc 2RV IEMTEAR. ESERFRRMET
Ao, IERAER . *" MANER "+,

flan, BBAMIGEM hpsa RepiZFHHFAEMRFINMAZRRZRE, URRIZRENEE, U
blacklist BN H:

blacklist {
wwid "26353900f02796769"
devnode "~ (ram|raw|loop|fd|md|dm-|sr|scd|st)[0-9]*"
devnode "~sd[a-z][0-9]*"

}

ER LA — N IREIRRF PR D XM ARENEFIMARZ R, Fli, ERILERUTIEMK
AT, R cciss WapizF RIS XMIERNEFIMARZ S

blacklist {
devnode ""cciss!c[0-9]d[0-9]*[p[0-9]*]"
}
B LATE blacklist HIN device &B53, FfERA vendor M product XEIAIAFEIGESR
BMANERRE,

blacklist {
device {
vendor "DELL"
product ".*"

}

&R LUfEA blacklist exceptions 43, @i blacklist ZpoARFRARVIERMZR
RIMABZ 2N — LR EBRAZEKE, EAILUET WWID (wwid XEE) . iI&&BFF
(devnode X##id) HIKEFELEE (device &) HMBISh, ERTLISHEEIGEMANES
BRMERAIEESII. BIER, wwid FISMERTF wwid BEZE, devnode FIIMNERTF
devnode BREHE, MEHFXEFIINERBFIREREERZE,
Blan, MREHEREFARHMEIIZEEE, ATUHMARNEEREERZRE. &
blacklist ZRHFIFFAEHRNEFISERBMANEZE, SABTE blacklist exceptions
ERIFRARIN device BF497, FHMAARAISEREERAZRIZ.
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blacklist {
devnode "~ (ram|raw|loop|fd|md|dm-|sr|scd|st|sda)[0-9]*"
device {
vendor "DELL"
product ".*"

blacklist exceptions {
device {
vendor "DELL"
product "MD3220i"

}
AR BI LAER blacklist_exceptions {33 EIRERAZRIF. FIi0:

blacklist {

wwid ", k"

blacklist exceptions {
wwid "3600d0230000000000e13955¢cc3751234"
wwid "3600d0230000000000e13955¢cc3751235"

}

B /etc/multipath.conf X#fE, BMERLK LIEIT dracut - EFEIE initrd,
REERIRSR, BRASEN. BXFAEE, BEBNE 17.64 7 "L Jetc/
multipath.conf X ERAFEH ZERTHET” o

55|82/E, HE%H multipath -11 <Y, XEARMIGENRABEYITFZEREMITH,

@ AE: FH find multipaths &R
M SUSE Linux Enterprise Server 12 SP2 711, ZHRAET AL /etc/
multipath.conf By defaults ZHHHEY find multipaths &I, BEMEZ,
bR APALE Z B R multipathd ARBENEREMNIEHIGELREMES (BX4H
T, 1521 man 5 multipath.conf) . ik, EREEEF, EEAMLEENARM
SATA i FRIR B R BTN,
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BAFEA find_multipaths EMEMRAE, BHEHKR, EFEGERASISERK
BRETIE, AAMNTRINEGRIEE, 5|ISEENEEFINRINTREIREZE 6
EIGBEREFEEFE-NRRZ. L, H—LERIFEXFNESISHERRAIMNTER I
B — AIRER IR IR BN A RRFZIGEH NS, SBEERNESBERIEL
Ko

find multipaths &% /etc/multipath/wwids HFrFIEIEHFITE WWID FIFRE
RBEMAZRFIEE. BER, F—REE find multipaths RARSFEEANE,
BRIEMIBRENRIE T /etc/multipath/wwids , EIRFAELRIFENSZREFME (B1F
BRRZMGY) #51F1Z wwids XHEH, TEBESRFRXHERFR SAN-boot R,
JBHfR /etc/multipath/wwids 7E#7%8 RAM BRI H R F Z BIRFFES
BMEZ, BATEFRLEERTHER find multipaths FAIRERAE, 1B SUSE MEEINE
FIERERE T B2 RN EZ2HISMIBARE.

17.9 BCE AP BEFHRAIRE 53

ZRRZIGEFA LR WWID. AP AKFHRIREETE RS2 HTIRR. 84 /dev/sdn #
/dev/dm-n NIRETRBMEESISHSILKEEN, BERTAESEIERETRNIRE,
Mig&EH WWID. AP AFRMUKRANZNERS|ISFHHEREAE, RAEERRIRENEIES
o

O == BVERXANETT
REAEKXHA /dev/sdn 1 /dev/dm-n BIEE T RBIEESISNLEFH, FL
RIFERAHE WWID RRRZFIRE. A THEESISHNE—IRRILE, SHoUERS
WWID BREYRI AR F R 4P & FREA B o

TRNEBT /etc/multipath.conf XEFATATFIERNSEINEE, B
multipath.conf RERRAI, EEMW /usr/share/doc/packages/multipath-
tools/multipath.conf.synthetic Xf%,
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R17.4 . SHETREBHRBE
BIRERE {7308

WWID (X  WWID (2IKtRRFF) FHIRFRIILEk—BEFASENN

IA) ZRRFIGEITIRTT. ELZREPERANBIAZTRZ /dev/
disk/by-id BRPHEESETH ID. FlE0, WWID 59
3600508e0000000009e6baabt609e7908 HIIREIFIEA /dev/disk/
by-id/scsi-3600508e0000000009e6baa6f609e7908 FIH,

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

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

FPRIFH /dev/mapper/mpathN ZFF,

NREFEABIZ user_friendly_names, EAREREFIZIZN mpath N 1%
. BUATEESS EERNABRRFEM=EARR, SBAMRENIGED
RE MR IEH,

/etc/multipath.conf XHHPHLFEZER user friendly names EWAF I ZEREF
REBARZRABFRIFNE . NMRETIKEN no (BUAE) , ZBRESFERWWID /A
RENEIF. MRFEIKEN yes , ZRERFFER /var/lib/multipath/bindings X
%, 7 /dev/mapper BREHLL mpath<N> B RIGHEIER—NKANE—ZFR, /etc/
multipath.conf X#HHH bindings file FEIMAIATFIEE bindings XHFHIFRML
B,

/etc/multipath.conf XHEHFMLFHZERR alias EHETHEBHNIEEIER—NEF. 0
RANZRFRERE T34, WEARIR, mAER WWID AR RIFNET.

£ user friendly names EIBY, ELATNER A EIGESHINIR:
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IRigEEANESRE:
MR AFERIGEFFEANE ST, MEFEHANRE user_friendly names &I, N
initrd XHHESEE /var/lib/multipath/bindings XEHFMBFR KFISE,
NRFHEENEFILE, LA MEMBRT &S, W initrd ANYEIREM /var/
lib/multipath/bindings FHIEIKE Z BISTFE AL

EE PEALED
initrd # /var/lib/multipath/bindings ZEIMHAERLESSEES
BREIRNRER, #HMSBXGRARTFMBIEERX.

AT ERILRE, B RFRIGEERRIAWWID IRE, HFRARIGERNERS!

B ATFIREBFAE, ALFERNZESFELEBEIAZGHITREXRAZ BT,
MB—1TREEN |var:

user _friendly names ECEXHHEIAIERE /var/lib/multipath/

bindings. 1R /var FERRMAT RS root iIE L, MEMB—TIEXEN, MK

BZKRRN bindings XHEARE A,

EMR /var/lib/multipath/bindings MXHHERS root i&& LAIH, HEZKREFED

LIREIE, flil, AILURI MRERBRX —=:

1. ¥ /var/lib/multipath/bindings X&#hE] /etc/multipath/

bindings.

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

defaults {

user friendly names yes

bindings file "/etc/multipath/bindings"
}

ZIRIZTE initrd H:
BMERSRIZEFAEZSHREL, ZREFEHLIUEEE initrd R FM0, MRAFRIZE

fiiF VM Lk, siolgesfEXMiER. WREFER user friendly names &, H
ZIRFTE initrd 1, NN YEASE multipath=off #175|S, UGEHIRI,
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XIFERSSISEIZPNXEAT initrd FNZRIEF. R£45/FfE, boot.multipath
M multipathd 5|SHIZABERSRUE L RZ,

HA B SRR SRR
BXFAER, BENE 17917 "HABETHNZRZLERZN o

BRBFPRFEIRHIEERS:
1. (£ root NPRTEXALRIEZZHPITH /etc/multipath.conf X,

2. (F%) 18k /var/lib/multipath/bindings XEFHIIE,
FRABRFELTERSZRIGE LR, BEZREAIUIRIEIE,

a. ¥ /var/lib/multipath/bindings X##&hZE| /etc/multipath/

bindings,

b. 3% /etc/multipath.conf 89 defaults Z%AY bindings file EIKE RN
e AIE, Fg0:

defaults {
user friendly names yes
bindings file "/etc/multipath/bindings"

3. (AIEERENER) BRRPKFHNRIR:
a. BUHERE defaults B MHERERES,

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

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

}

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

203 FcE R A B2 a3 SLES 15SP1



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

5. REFEN, ARKHZLX M.

6. 182X /etc/multipath.conf X/, BIERSK LT dracut - EHFEIE
initrd, AEEEMRSS, ERAER. BXFMAER, BHBRE 17647 I
F3 /etc/multipath.conf XA E R EF Z LS o

NRBEIZFFERAEAN LUN (0, NREFER SAN HEEXMEEXSX) , 714 mkfs. /etc/
fstab. MNAREFEFER /dev/disk/by-id/xxx &, BHXIGEMIEEZIREIFEM
_part<n>, fflg0 /dev/disk/by-id/xxx_partl,
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£ /dev/disk/by-id BRH, @ELIRER dm-uuid* HHE (ORE /etc/
multipath.conf XHHREIERTHR) RAZEREMFIEHE, &FB scsi- M wwn-
RTIEFHYIERR,

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

o fEF UUID IR B BRZ BB RFIMMEEHTINMET R EFREF—. JREMET R
LioniE—, ¥ /etc/multipath.conf XEMIZT R EFRIBEFREHEMT R /
etc/ BRT,

o LEAZRIEMMSFEELN, BWRTE /dev/disk/by-id BRFHEE dm-uuid*
BHFR, MABRENEEREZEEG. AXER, BBHAE 1797 "LERAFALK
RMERIZ" o

* ¥ user_friendly names ECEEIIKEN “no” UEAE. ARPRFIEMNENT
REM—R, BEEPEI TR LNEENFHEERNAFRIFRTR.

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

1. T—M S ER /etc/multipath. conf XA

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

2. (ANi%) &8 /etc/multipath.conf XA defaults ZFHHH
bindings file &I, LA3EE bindings XHH&ERAUE,
BAIE R /var/lib/multipath/bindings,

2. REZT R LA ZREILE,
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3. ¥ /etc/multipath.conf XHFMZTREFEIBFEPRBEEMT R /etc/
BRTo

4. M\izTim¥ bindings XHERZISEHFREHMTRA bindings file B8

PA
=o

5. 1824 /etc/multipath.conf XfE, BMERLKLIZIT dracut -f &
B8l initrd, RARERMTR, BFRASEN. EXAT, BEENE 17641
“NZF /etc/multipath.conf XHERABHZ RIS » XiEBTFRESZE M
FOREP=

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 — NN ZRFIEE. FlW, MREFFH HBA HENIEE BN KRIEE KIFAIE
BB ERR R — N E R NR DN EFER, UEROMRUIEE: /dev/sda. /dev/
sdb. /dev/sdc 1 /dev/sdd. EHEMHNIEFZRERSSLIEEMRIEE /dev/mpath/
mpathl, HAEREL U EOANMNEERIGEEMRRA /0,

AR IS E MRS R B R RN A R, AR, 8K /etc/
multipath.conf X, “WAERS LIETT dracut -f EEFEIE initrd, ABRERBD
R$523, BoASEN. EXFMER, BBWE 17.647 “[VHA /etc/multipath.conf 321
BRUEMZBREFMR

17.10.1 EcERIZHMIEFLIERES

fEA™T -p AT multipath <RI EREHIERERR:

tux > sudo multipath DEVICENAME -p POLICY

¥ POLICY B#ALITIREIEDZ —:
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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 BMREMERE—MERA. NALBBHIZFE /etc/
multipath.conf BC&EXHHHEE N global. per-controller 5
per-multipath JEIFHE.

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

17.10.2 ECEHPERBMAR

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

17.10.2.1 THRERFTFKANEE

A Z2BrRE—YIE LUN NEREMNES. RIABERT, 1/0 EAFHFREREFERLUBEIRA
X%, multipath < =ETF SAN B9 path_grouping_policy IRE /1% SAN FE9&E4 LUN
BHeIEMSRAE,. multipath FF<SE—MAFHRRFHRLOZAMMR TR UBE R MEZE
FH, HTEENERSNANNEEH, HFAPNMERERKE, BEET— I mEENMNE
REBBNT o ERNRYEE,

BZMihREka— M BENRBEE, ElEs, Ehis. BER— M INIEFRIERE
MEENRER. HFLAENLE, BEHEEMNEANRBREREETER—MTRE.
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prio i®E7E /etc/multipath.conf XHH defaults{} =¥ devices{} ZFHHfE
Fo % multipaths Z9BIEA multipath EXIEEIZIREN, RASTIRTHIBER
B prio ITRATFHEEMEEHFER. IRNALEHFEFREELE, BETE T LE
FA prio args XRBFIEEETE,

Defaults ¢ Devices Z§48J PRIO 18 &

prio
EE BB ARAIFER, LIREBRERMILENE. BNSS M RIHNNEURE
REHEREFERIN TN RREH,
NRIEENRAERFFEFFTEGTE, WFEAXEF prio_args EEEBEE.
MRRIEEXRRETF prio, NIEREZEGHERMLER. PIANREN const, B
prio args REHNZ,
prio "const"

prio args ""

AR IR R BN

RFRHFIZRF R

alua BT SCSI-3 ALUA IR B R R TSR

const AN BRIRERE— Ko

emc 79 EMC B BB 1R SR

hdc 79 Hitachi HDS Modular &5 4 BER R L ST 2Ro
hp_sw JoiEDh/ & BRI Compaq/HP =528 R ERR M1 5tk
ontap 79 NetApp BE5E R E TR

random NENBRIZERBENMNTR.

rdac 79 LSI/Engenio RDAC =284 R BRI oK
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(R HFIZF iR

weightedpath RIBETE prio_args BEEHIEERMAEERERFEMI
&, Bln:

[hbtl|devname] REGEX1 PRIO1 REGEX2 PRIOZ2...

hbtl regex BELEMIFA SCSI H:B:T:L FiniE (flu0
1:0:.:. 1 *:0:0:.) HFHHEEMSYE, HFH, B. THIL
DRRTRIGENEN. 24, BRI LUN ID, #30:

prio "weightedpath"

devname IEEMXRANBELTERINERRET RBMUKLED
IRERINARE, Fl40:

prio "weightedpath"
prio _args "devname sda 50 sde 10 sdc 50 sdf 10"

prio_args
NEEBLENEENALHFEFEEEEE, AZH prio BEFHTEEBRTE,
FTEIAME, ZEBURT prio REBUKRMALHIFEFEEFTEETE,

ZRIEBRMEATIZHNISENZRIZ /0 178, BALURRNARANEZRIRIREREERE., 1
AR A ZRRIRECEX R multipaths BRDHEIRIRETNAI, EENXMIEEZRIZIL
BENANEM.

user friendly names
IEERERALEK ID (WWID) IB2fEA /var/lib/multipath/bindings XL /
dev/mapper/mpathN BIM&I0H ZEEF L EIER— KA —15HE,
EEI AT IATE devices #3340 multipaths B2 {ERA.
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& E1:pUS

no (2X3\) A /dev/disk/by-id/ B EREI WWID,
yes B AP RIFNBTTMEN ZRFIREMF B MA LR ID.
failback

EERTRARMEBRRIZEME, HIsEARMREENERZ GHKELOERIETE,
HRMIRIEMER, RASRBEINLEFTZRREZEMNAMIZIZFZBRENRZTIRP.
ZRETEMARE, AEETRENNRELERANBEUELTRE,

1| R
manual (BRIN) FEMEAKHBRREREME., BERIZTT multipath

an % LUE TS AR ERZ A L Fe k4.

followover RERZANE T RIZHER A HITEERERE, XA LU
LEEMTNRESF— M T RIBER T REREN B EERE.

immediate H—MEREMERN, IZEIERZERIZ.

N HBREWEN, FF N WBERZER. BEKRT 0 IR
{Bo

ATHIESBRERERBHIEENN, BIREHENR THZREHERSIREN

manual,

failback "manual"

O == &%
S RPN RO AN B, FRSEE R A RE
REENR,

no path retry
FEEERERMEAERRTT .
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& E1:pUS

N 5 multipath FLEHAMBRERKMZANEIXRE. E5E
AT 0 HEHIE,
EErER, ERILUREREN 0 LUBRAEHIAIMER, HARITHA
R TEERR .

fail EEIRRY (FRHEPA)

queue KAELLEHPN (—EH, BRZRERAERDRE) -

TEBFERTERY, BITE /etc/multipath.conf XK EIXIEEIEHN fail ¢
0. Wtb—3k, HSEEFNEEPIIMER LR RHFHITHRIERTE. SNSREEEHBAMAR
SRERFER R,

no path retry "fail"
no_path retry "0"

O == &%
BESYMENEEAZENERINAERIRE. TRNEERARNESEFAANSE
EKo

path checker

HaTE B 12 APIRTSo
| ik
directio BEREREE /O WE—TEEK, XXF

DASD 1&FIEFEHEH, 7£ systemd Hid
RIEREKGAE (GFER (EiEiEmE) ,
% 15% “journalctl: &iff systemd
Hig” ) .
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tur

CUSTOM VENDOR VALUE

path grouping policy

R

EIRE AL SCSI Mt B TimEm<S. W
R LUN ¥, IIXEEFIRE, NRmS
KK, EXRSTE systemd HEFIENTA
B

—4b SAN HLZEIRE T BEXH
path_checker 3%

° cciss tur: & HP BEEMETERE
FIREEIERTS
e emc_clariion: ZEIBHEMC

Clariion EVPD T 0xCO LAFAE BRRHR

&N O

e hp sw: &SN/ FREHRE HP
EFREYBERRIRE (Up. Down ik
Z Ghost) »

e rdac: #% LSI/Engenio RDAC f&7F
1T H BRI

1T LA EIT RIS BN S BRI E R D AR,

&

failover

multibus

212

(BN REIMMERBER—TRE, UWESR
RfER—1 R

FRrEERBRRE—MUARES. BNERERE
Ll A IR S ik
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& 1P

group by prio HNFENEEMATRE, BFET—MUERSE, B
BEMHERMRARNBRREER—LIARAR. KihH
S ERIEFFHETRo

group by serial ER1ZIE SCSI BfRFSIS (T2 TR WWN) 43
4,

group by node name BTMERTRBER—MIERH. BRFRTRE

®7E /sys/class/fc_transport/target*/
node name A3REXHY,

path selector
e T 1 88 path-selector Bi%,

/I E1:pUS
round-robin 0 BT FE N RABFFREEMNREZENENN R TERX,

queue-length 0  FAFFHEEF _ETITH I/0 NS RETFHEES, FKMUTF least-
pending 3%,

service-time 0 (BRINME) EmARENEN. BFIRELERB IR FEHZINERE
89 1/0 B9 HF 728,

pg_timeout
FEERERHEBIAIE, TeIEEEEE, BiE T RERIAME,

polling interval
EEETREOERPERE T — M REOERBAAEZERIETE (U ARRAD) .
BEKRT 0 WEHE, BIAMEN 5. ESVAERMETFRAMNEHIA polling_interval
KB, TRANEERAKAESBETENISEENK,

rr_min _io rq

IEEEEAETIERM device-mapper-multipath Y2 Y 1R 1R A AT — MR /I,
EREEENREM /0 BERIEE,
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EEAT 0 WEHE. BRIAMER L.

rr min io rq "1"

rr_weight

EE BT BRIZRIINNTS 7o

1] R

uniform (BHN) FRrEREZREEHERENEIRE ANE,

priorities BMREIONEBED BRI ALKIELL rr_min_io_rq K&K
Eo

uid attribute
RMHE—RZIRIARTE udev Blt. EAIAEXD ID_SERIAL,

17.10.2.2 ECEMREMAETE

FRAERIZER AN, /0 WECENFERBMH—ERT /0 F51, BRIFTHRT—NTAH
BB1Zo

17.10.2.3 ECERRIIHERE

BAERaEiE (REENKR) BW—NBREEEN, TU#TEN. EMBREIATHRE
®%, ERERESEREIARER.

17.10.2.4 ABEMFAETFER 1/0 BiZDAE

BEMEERARNSZ N REDEECIRAR, HZARNFIBRIKRNE, REIRERBZE
T &EMALNE, ZAFHABREUBERAHTFEHI S ALZENRH,
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17.10.3 #kxSEBIRBIZA

£ SCSI RS EFImOLA (sg_rtpg(8) ) <, BHXS
T,

F

g, 52 sq_rtpg(8) MIFA

ail

17.11 AR IKFEELREZHIZ1/0

SUSE Linux Enterprise Server H8 /boot 1 /root B] LUERH ZHZEMEIIEFZ
E&121/0 (DM-MPIO), Itb9h, YaST REIEFFHH YaST S XEEFZIHELRENBAZ R,

17.11.1 ZENEAZ®REEI1/0

BAEZRRZIE LRERFRR, RENGIETZRERMG. nultipathd TFEFERSR
LZRESEPRZBEHCE. EEILUER YaST S XEFHIILE 2 BEETRBEHE,

17.11.1.1 ZEBNTFEFED/EoIZEEMEE LUN EER%KRE1/0
1. REME, EEVNHKRE BEREROXIER,
2. HEREETEL, BERERA, RASERME2KBZ,

3. B,
YaST SHBERREE, HERUTANZREFIKE (W /dev/disk/by-id/dm-uuid-
mpath-3600a0b80000f4593000012ae4ab0ae65) . EMMFIEH—FTAIBIE
%o

4, BEHT—IRERE,

17.11.1.2 LENFEEZEH/WIZRZMEE LUN EERZEKREIE /0

multipathd SFFREFERAREIEFAZENE. EAILUER YaST D EEFFNELE
Z BIZIRBIREBEE.

ERER N /REhZ RIZ6EF LUN BRZEKRE 1/0:
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1. ZEHE], FENHNDEXEFS LEFT RO XiERF,
2. EFREEEEN, RELERE, ARERLEZRZ.

3. BEhZ R,
YaST SFHAERMMEE, HETRBNZRIFIRE (W /dev/disk/by-id/dm-uuid-
mpath-3600a0b80000f4593000012ae4abbae65) . EENMFAEH—TLIEMNIE
o B TF&EKFEMUUID, ELUERFTEXLEER.

4, BET—IRERE,

5. FFAIREMRIFARESTHG, YaST BRSNS SMBREFES, HETRERDR
SRS, BEHFIHIRAFEIEETRY, AR ol - A -5 JpRiEEl S,

6. BIIEHIBHERSETE /boot/grub/device.map X#HH hd0 £BEBENT NEENER
=
X—RENEN, AARERNRARXDTEEMAEDRRZ,

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

fFan, wA

tux > sudo mount /dev/disk/by-id/dm-uuid-
mpath-3600a0b80000f4593000012ae4ab0aeb5 part2 /mnt

b. WAUTEHLRK5IFIEEREN /mnt/boot
tux > sudo mount /dev/disk/by-id/UUID partl /mnt/boot

fFlan, A

tux > sudo mount /dev/disk/by-id/dm-uuid-
mpath-3600a0b80000f4593000012ae4ab0ae65 part2 /mnt/boot

c. £ /mnt/boot/grub/device.map XH&H, HHE hd0 FBEREIEEFECHE
2, RABRWMIT TR AP —TRE:

216 LZRNBAZEEZEI/0 SLES 15 SP1



IR[E] YaST EfIRIR, SAEHE R,
o FiEEDIRR: WA EREEHENRESISNHER.
7. 3R hdo FBEBANEDNRE, BEREEHENRES ISNHER:
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

FEERIEIRE ghost FH#¥,

FH XA Mo
d. AU T SEMRESISMERER
grub-install /dev/disk/by-id/UUID partl /mnt/boot
Bian, mA

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.

217 LENBEAZKREI/0

b. TEiITHI&H, B1T multipath -11, AEKERELULENENERZR.

o JETNERIR: AFREBHUTEMRIE. BRIMERANTRE, & ctrl - At —F7

c. £ /boot/grub/device.map XA, & hd0 FEHENXNENREZ, REEX
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17.11.2 HMBERIGEBAZHEZI1/0

1. ¥ Linux REANE—ITRBEFED, RIFEDKEFFRTILH by-id fFSHEHERNERZ,

2. FRAREAEIGERAN /dev/disk/by-id BEENEE,

3. fTHELIE /etc/dracut.conf.d/10-mp.conf FHRMUTIT (FEIEFSTHE)

force drivers+=" dm-multipath"

4. 3F IBM Z, iB5TEIETT dracut ZEifcémiE /etc/zipl.conf X4, LA /etc/fstab
FREEARYAER by-id E2ER zipl.conf #HY by-path F 8.

5. 11T dracut -f 3 initrd B,
6. XF IBM Z, IB1EIETT dracut Z/5iE1T zipl,.

1. B352SR

17.11.3 ZAEEIRE LR 1/0 ZERiE

MR LITHRIN multipath=0ff . XEILUBE YaST 5| SMEAIZFIEIRKRTM. FTFH5I
SNEEFZE > NZSH, ARSERNER N E<L1TH.
XNSRNRIZE. FETMFrE MRS,

17.12 AUBEHE RAID EBBEZ KR 1/0

BAEMNBRT, NANSEIRELZREFE, BEXEIREFRENYG RAID IRFAN., MNREIEE
A% RAID & & Z ERINZKREZ, NEES|ISHY, DM-MPIO RS AJREALL multipath ARSS
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#

LU EBREIMY RAID &&= /dev/mapper/mpath0, XA LLRFIEY
KER, SRELECKREE 1797 “EHAF 252" FRfE /etc/
multipath.conf X#HFEBT AP RIFHIETT.

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

tux > sudo umount /dev/mapper/mpatho
tux > sudo mdadm --misc --stop /dev/mapper/mpath0

3. WALUTFe=LE md ARSS
tux > sudo systemctl stop mdmonitor
4, WA TS B5) multipathd SFPIERE:
tux > systemctl start multipathd

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

o BYIHIEHE: IERRBRNEARIHEEMINIEFZRFIEZFINTSiEE, 5
i /dev/dm-1,

o KIMIRE: WAUTHLHEEHERLNIRE, BFIZRERSIRAIEN]
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tux > sudo multipath -F
tux > sudo multipath -vO

XLEGFMEN ST /dev/disk/by-id HFIH, HERIHIGEMHNIZR ZHKIT
REBNNT SR, .

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

6. WALITE<SERZREN mdmonitor ARSSHN RAID 18
tux > sudo systemctl start mdmonitor

7. EBIWMAUTERS, KRB RAID BRES
tux > sudo mdadm --detail /dev/mapper/mpath0

RAID RZEHIE R W ITETE /dev/disk/by-id BRHFIAIEERT SHEZNISSIREIEF
ZRRIFIRE R

8. MR (/) EFHEMEMZS (B /var. /etc. /log) fIF SAN t, HEEERF
F%E51S, EEME initrd:

tux > dracut -f --add-multipath

9. B3| SMRSB[/UNBEN.

10. @BIHLE RAID R, RILINH RAID [EFITEZRIFIREZ EIEHIF. BN

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

fBgn:

Number Major Minor RaidDevice State
0 253 0 0 active sync /dev/dm-0
1 253 1 1 active sync /dev/dm-1
2 253 2 2 active sync /dev/dm-2
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Q EE: WHRRFi§EFEA mdadm
mdadm TEEREH ID MARIKE T REKREIHNIKE. EXIFMAER, B
WE 17437 “WEZBEEFI&EER MDADM”

17.13 EZRFB[IEE EER LVM2

FRLZEEN, ZHENMEREHETRNIEENPNIGEE. BRINERT, VM SOEIZEN
FEASENTNEREFEZSRRILE. IR VM ETNEKRE T 2KRRIEE, E2RIEXE
EELHEAN, HRE (KB &&. XEAESEHENITH, BHALUE /etc/lvm/
lvm.conf FEX, WRE multipath_component_detection €& 0, LVM 23S KREZ
AHIEE, lvm.conf FRIBRIATIRE

# By default, LVM2 will ignore devices used as component paths
# of device-mapper multipath devices.

# 1 enables; 0 disables.

multipath component detection =1

17.14 s{EKE%

17.14.1 7HEAES|SHIER M EEMeE

MRERRFREENERAZRE, HEEWHEFEZEM SAN FNiEE, WAILIFER rescan-
scsi-bus.sh flARENIgE. FINERT, EARKFEHESER LUN SEERIFRE HBA.
T L —RRIERU TR

tux > sudo rescan-scsi-bus.sh [options] [host [host ...]]

MNFRESHEFEF RS, WHARTELIERNIER TRINET. TZ, ERLERHRERT, 1
BEREFA—HEZMNET, BX4T, IFIBIT rescan-scsi-bus.sh --help,
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g4 EMC PowerPath IFi3
7Z EMC PowerPath 15, B71ERIRIERFPEMAY rescan-scsi-bus.sh SEATE

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,

1. EEFEFRE L, ERENBNIASEKIREHEMEDRIEENIRE, U Linux RE
IBEFEGEEX. BXAT, FSNHNEXE,

2. EFRE BIRFHEEER— NN, EEMIREN Linux A% SCSI FRERIFRIEEFF,
AERIRERI S RTRE T, BA

tux > sudo rescan-scsi-bus.sh

RIBEENSE, EoeRELESHIASEIEIT rescan-scsi-bus.sh, XA, &

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

3. JB7E systemd HidHhiEHEHE (BXx4AT, EEW (BEEm) , 155
“Journalctl: & systemd Hig” ) o E%%Eﬁﬂéha—'\ﬁ"ﬁ BN

tux > sudo journalctl -r

Jttﬂ /7\\ 2 H E,JE_}: 1T 15”9[1

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. &1T multipath @< LLIR%I DM-MPIO BEERVIS&E. EXIHITHISRETR T, WA

tux > sudo multipath

MEAUNZRIZEERMKE T

17.14.2 HFEAESISHER TEEMBNIXIRE
ERABRIRE, ERES|SHER T RNFRINNSEE LUN.

Z& . EMC PowerPath Ifi5

£ EMC PowerPath ¥FEH, ENERRIERABEMEY rescan-scsi-bus.sh SLATE
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

tux > rescan-scsi-bus.sh

RIEENISE, EuEFEBELESHIASHISIT rescan-scsi-bus.sh, XA, &

2 rescan-scsi-bus.sh --help,

3. BIMAUTHIREZIEESEAN (HINEHERSE — MR E)
tux > ls -lrt /dev/dm-*
BRI OB N A T ap @ KRB IgEFET /dev/disk/by-id
tux > ls -1 /dev/disk/by-id/

4, BIWMAU TS, REMEESSHMERS

tux > sudo journalctl -r
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5. EANXAYHIESS, £ /etc/multipath.conf XHFRIZIZERMMNGIBEN, FlU0
data vol3,
flgn, R UUID 2 36006016088d014006e98a7a94a85dbll , MI#HITLATE:

defaults {
user_friendly names vyes

}
multipaths {
multipath {
wwid 36006016088d014006e98a7a94a85db11

alias data vol3

}

6. WIHAUTEHS, NZREEEDEE

tux > fdisk /dev/disk/by-id/dm-uuid-mpath-<UUID>

fEAIZER WWID (30 36006016088d014006e98a7a94a85db11l) ik UUID,
7. BT e <% udev

tux > sudo echo 'add' > /sys/block/DM DEVICE/uevent

fplgn, Fr dm-8 EMDKEMISEMRFRFIZE, HRA

tux > sudo echo 'add' > /sys/block/dm-8/uevent

8. £1&% /dev/disk/by-id/dm-uuid-mpath-UUID partN EgIEX
HRF, RIBEEEENNHRS, EaIUERUTEFR— LI IIE
#9: mkfs.btrfs mkfs.ext3. mkfs.ext4 =¥ mkfs.xfs, BXAT,
BB AR FMTT, AR UUID 19 XESER UUID partN, a0
36006016088d014006€98a7a94a85db11_partl,

9. WAL T NIHDXENERE

tux > sudo tune2fs -L LABELNAME /dev/disk/by-id/dm-uuid-UUID partN
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FASERAY UUID M1 X 4w S84k UUID partN, il
36006016088d014006€98a7a94a85db11_partl, FAEEIFRIIREER LABELNAME

10. AU TS UELRE DM-MPIO, fEHEIREAR:
tux > sudo multipathd -k'reconfigure'

11. BERAU TR, REZIZEFEH multipathd iR5!
tux > sudo multipath -11

12. FEAXARIEETE /etc/fstab XEERRMETRIZENIT,
AT, EE E—ShRIEMFIZIERTE /dev/disk/by-label BREH, A /dev/
dm-9 BERNI—NMENR, ARETRESISEIUTNE Za1EXRZINE

LABEL=LABELNAME

13. SIBEFNRERNER, ARENES,

17.14.3 EBEEZHRRFI/O RS

BN /0 RSt ZIRIZRETBI L APRE.

multipath -1 3&IE]2RM ERIBITERERERZF LCRIHFIRZRES. ERRBITHRER
BiEF.

multipath -1l EBUETRENERER, EMREER, ARETIARKEERS. <A
KB TRXTRERSHRRER.

tux > sudo multipath -11

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 O [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

ZEANB BRI

SHNENMEERETR FIIES:
o YpIEMINE, &= HOST:BUS:TARGET:LUN, f%01:0:1:2
° IgETRE, i 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 EEEITEEENIFEREER, S, ATREEERTEMMNZRFIRE LKIT
{£1E1/0, BEFIES|ISHFohREIEIHFEREZ A H
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MR IZIERZ -
1. fTA—M&iRER e
2. WA T e BUEIRE 1/0 BHIAMAESIEEETS
tux > sudo dmsetup message DEVICE ID 0 queue if no path

¥ DEVICE ID B#EAKIZEN ID, H0RKEXBX, ERAEERXEENERZE,
a0, %mN:

tux > sudo dmsetup message 3600601607cf30e00184589a37a31d911 0
queue_if no path

3. WA Ta<REIR)RE /0 BIIETS

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

Zam L2 ENSHAREHBARY 1/0 L,
¥ DEVICE ID BAEI&&EB ID, a0, AN

tux > sudo dmsetup message 3600601607cf30e00184589a37a31d911 0
fail if no path

EFTBRERKBVIER TIZER 1/0 HEBA:
1. STA— P RIRIEHE
2. EXAYRIEZZFITH /etc/multipath.conf,

3. BUEERE defaults B MELEEES, ARWTAARAIN default features 128!

defaults {
default features "1 queue if no path"

4, 1828 /etc/multipath.conf XH/E, BHIETIT dracut - ERAFEMECIE
initrd, ARESISUEEHREN.

5. BIERFROZILE /0 NRFERRZE, BN
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tux > sudo dmsetup message MAPNAME O fail if no path

¥ MAPNAME BEHAIZIKEREIAIFIRILE ID. B0 ARBX, EFARERXERHE
Rix{E.
e L RIIENFEFABHIPARY /0 KW, HERZEREEZARNNAER.

17.14.5 fRRE1ERI1/0
NEFAERERRERN, FEH /0 HAFHELL, EHRTUTRE:
1. ERHEH SRR PN TGS
tux > sudo dmsetup message MAPNAME 0 fail if no_path

¥ MAPNAME E#RAISERIEMRIZE ID HIRGIHIR. B0 ARBK, EFAFEBXER
B fE A% E,
e L RIZENSEFAEHIPARY /0 KW, HERIZ#EREEZARNNAER.

2. WAL e L EFEUSHIRA:

tux > sudo dmsetup message MAPNAME O queue if no path

17.14.6 [ECE IBM Z GFHIFRIANKE

M EE ZHRETIEER IBM Z 1&&#HITRONIRNREA, B3E dev _loss tmo BEIGENLS
(2147483647), ¥ fast io fail tmo B¥IKEHN 5. MREFERNE IBM 2185, B
LUTFARER /etc/multipath. conf XHFRIEEXLAE:

defaults {
dev loss tmo 2147483647
fast io fail tmo 5
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dev_loss_tmo SHIGERENZHREHFITC AT Z IR F TN, WRERFRK, N
BRMEEE EREFZRE]T /0 BRW. FIAMEREFRERANIEERIEFME. EERAKRIER
HIREREE, IBREIRENT (0). AILUEHEIGER “infinity” 3¢ 2147483647, fNtb=RH
KB RERAIE 2147483647 7> (68 ) o

fast io fail tmo ZELZENFFEZRIMETE /0 MENKM ZBIHER[AIETE, FhX

IXTHAERERY 1/0 RM. SN 1/0 HEEmERIATIR, NMKE dev_loss_tmo BI{E] HPAFIFRET
WBZHI /0 FEEKM,

NREELRT /etc/multipath.conf X, FifVENREEEEMZREZMNHERDY

multipathd sF#PFE (systemctl restart multipathd) 54 &N H,

17.14.7 {EF NetApp &ERZRIF

ERIEAT NetApp IKEH SRR, BIIE /etc/multipath. conf XHEAFRHFHITITIR
=

* 79 NetApp IREEFIKEUTSHIEINME:

max_fds max
queue without daemon no

o TEREFERAF NetApp IRERILU TS EISERIAME:

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

17.14.8 X ZEIZIKEER --noflush

HSHEIRE LETH, [AAEA --noflush T,

BN, FERITEFERROMAS, ASER - -noflush ETLMBREFKBRE /0 F
LHAF, BNEBBESHEEIMES,

load
resume --noflush
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17.149 HRIKEANZRIZETH SAN B IKE

FRrERREHMERMHEMRRF LR, SRIERELESRER (/) NRAAERFL,
NREZWEIEETFRE (FlINych@ErEFriEy)) ZHR dev_loss_tmo EBES@EA,

MBRGISEEHLE T SKRIZ, BEHKRIZ no path retry igBATFENRS, NRABRHIER
EEFRFAMN dev_loss tmo KE, UHRFIEREHRKASRBRERNIZS. RFZUEIN
8% dev loss tmo EIKBENFTFTHATZHEM no path retry &,

BRI T AN EMRGFEFRAR dev_los_tmo:
<dev_loss tmo> = <no path retry> * <polling interval>
UTEXERTZRIZE:
° no path retry BREREMAZEXHEL 10 HARIZEF 1/0 WEIRXRXE,
° polling interval BEEFEMNERETE (MFRREA) .

M EZBRZBEENIZM /etc/multipath. conf BEEXEHHITIZEE, BXER, 58
H5E 17.6 T “GIEIiEK /etc/multipath.conf XH&” ,

17.15 MPIO &=t

ZATixt MPIO BY—LEBE R LA BT TRIRR TS 21T 7 1 Ao

17.15.1 #HEZRIFIwE L% GRUB2

7£EA Btrfs 4 BIOS &R4i £, grub2-install AIRESLM, HERNERIE, BfR
RIEEIER, BHERUET (rw) BEEN /boot/grub2/SUBDIR/ F%, SUBDIR AR
x86_64-efi B 1386-pco

17.15.2 FEAZRENZSFESISIREFTRLZZRIINT
73ISR, RABHIERINE, HEREMMTHRE:

[ OK ] Listening on multipathd control socket.
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[*
[*

0K

0K
0K

0K

0K

0K

0K

0K

0K

]
]

Starting Device-Mapper Multipath Device Controller...
Listening on Device-mapper event daemon FIFOs.

Starting Device-mapper event daemon...

Expecting device dev-disk-by\x2duuid-34be48b2\x2dc21...
Expecting device dev-sda2.device...

Listening on udev Kernel Socket.

Listening on udev Control Socket.

Starting udev Coldplug all Devices...

Expecting device dev-disk-by\x2duuid-1172afe0\x2d63c. ..
Expecting device dev-disk-by\x2duuid-c4a3dlde\x2d4dc...
Started Create list of required static device nodes
Starting Create static device nodes in /dev...
Started Collect Read-Ahead Data.

Started Device-mapper event daemon.

Started udev Coldplug all Devices.

32dd9.device...

5d0a7.device...
ef77d.device...

..current kernel.

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

(1 of 4) A start job is running for dev-disk-by\x2du...
(1 of 4) A start job is running for dev-disk-by\x2du...

(7s / 1min 30s)
(7s / 1min 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):

ETAIERT, ATk ELtinR:
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s TEAZRENBRAT, REESHRERXHERFEMARZR, BN IE 17.1 "WEIH
7. BXHRGMANERZE”

c EERZRERXHRANRE L, BR/FATZHBE, BREWE initrd, BSNL
T2 17.2 “NRINT EME initrd” o
s TEERNEEEMTFERA T ZRENAR L, initrd PRRDMKZEFNREIER.

B2 17.1: HR2SN=E: BXHRAMANERRE

MERXHRAFELREL, HBATZRE, WFELEE, EUHEKLER, %
BERSFHARMAEZRENFABIEHEEERR. BTEEGRXHRAANLEESE
N, EXNTFEREMSELEARN, BMESBERIRERNK, ERILE /etc/
multipath.conf FERIEEMABRBEREMGELZREFT, MMBEILLR]E,

1. FERINEHIETT multipath -v2 HBERXHRFKNIRE. FERNEMEI TR

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

| # : ZENFRBEIMANELZBFIFN WWID,
2. ¥TFF /etc/multipath.conf FHRMUTHE:

blacklist {
wwid "WWWID"

}

BEL—PHIREEY ID B WWID, BXIFMER, BENE 1787 “HIFZREE
BIINERRER

3. & ctrl -0 BHERINEHESI SRS

B2 17.2: HMR2%%: EME initrd
MR initrd 52K ZENZRERS (BEERRERZHE) A48E, WEEHITIHEE
o2, EREn#E, FEME initrd :

1. MREBERFFEAZREZ, BEIUTHLEMNEZIFZRZER initrd:

tux > dracut --force --add multipath

232 BRZRIENARSHESISITREFRIEERIINS SLES 15 SP1



MREFERFPEALRE, FRIUTHTENRZFSRZEN initrd:

tux > dracut --force -o multipath

2. & arl-p BHEERINEHES TR,

#2173 M3SR: EME initrd

gNR initrd FEE AT LM EEEFNEDER, WFEIEE. i, NRESHZE
ERBEZSRENBER TRERN, NESRNNERBNEE, RAIERERTIESESD

2o

1. BFrEMNIRIIZEFERIMENMY /etc/dracut.conf.d/01-dist.conf T E
force drivers., flg0, MNRRFKEEE hpsa REFEFIHIRIAY RAID 174128, BZKREF
REEEDIH qla23xx IXsHFERFIAFIRIEY Qlogic FHI28, ZUUE SN AR

force drivers+="hpsa gla23xx"
2. EAUTHLEME initrd:
tux > dracut -f --add-multipath

3. ATHLEEEENEEFERAMN RS I SEIESER, BIUEENEIT netdev ZINE!
/etc/fstab HFRYENIN,

4, ¥ arl -p BHRRINEHESI RS2

17.15.3 FAHLEIZHKZE 0.4.9 HESRAFEMLEFHN PRIO &
RABIEF
M 0.4.9 i FF18, ZIRIZTEMFER /etc/multipath.conf X defaults{} =

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

ZIETH 0.4.8 A1F multipaths{) 22D multipath EXHH prio KEBE
defaults{} =¥ devices{} Z2HH prio &E,
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17.15.4 FH4ZE) multipath-tools-0.4.9 S EFEAEFEELTE
HY PRIO 1 E A ECER

M multipath-tools-0.4.8 #4&Z) multipath-tools-0.4.9 BY, HRELEHFIZ

FEEBTE, M /etc/multipath.conf XHEHH prio RESRIHIF, 7 multipath-

tools-0.4.9 ¥, FEAXEF prio ETMEARHFRER, EAXEF prio_args HEEH
TENNERHFEFIEEELE, MERFIREF, RESHFEFREETENER—
prio 1T E¥EE,

40, 7E multipath-tools-0.4.8 , AIFEAUT—1TaLIEEMALHIFEFAREETE,

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

F2& %) multipath-tools-0.4.9 SE=M AT, EHF<TESEIREIR. HIMAVHBEMUTAIT:

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

BRI, BEAXAEIEEEN /etc/multipath. conf XHHM prio 1T, SIEM
17, H prio 1TIEEMALHFIZEF, M FAMW prio args TIEEHBLZE:

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

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

17.15.5 ®ARERXE

& 3% SUSE Linux Enterprise Server - Z&4F 1/0 [ ERES S, 1530 SUSE HIREHRT
FIFEAREEXH (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 &, BRTHMAF. ARMEMA (ugo) BIREL. BA. HIT (rwx ) XEEETEZ
oh, BIBIEEHIFIR (ACL) REBA—IIRE, THIBENEXRIFHN—MERERE (Draft POSIX
ACLs) (POSIXACLE#S) , BEAKSEI POSIX WIEXInAL. B—1NEER NFSVAACL, ©
= NFSv4 ML X RKERI—ER9, BBIZA T 1E Linux £ POSIX £4:5 Microsoft Windows
EBIWIN32 R4z EHRHE HMFRE .

NFSv4 ACL @ AEFASKEETS POSIXACL, HELR#ITIE NFSv4 &P im EBRSY ACL iRIRIIYE
i (bbanfER setfacl) o

fEF NFSv4 B, BIMEEREERN T EFERER POSIXACL, HEZFEEIZFER NFSv4
ACL, XEMkE, BIA setfacl BENSTE NFSv3 EimfT, ANFAETE NFSv4 BiiT. AT HES
£ NFSv4 X% %5 E{EF NFSv4 ACL, SUSE Linux Enterprise Server 12t T nfs4-acl-
tools &, HPEESTHIZM:

* nfs4-getfacl
e nfs4-setfacl

e nfs4-editacl

XEEIREMEEA R SR TR EFNEH NFSv4 ACL Y getfacl #1 setfacl 2, X2 NFS
RS 28 LRI M RAIRMIT NFSv4 ACL NS E 2758, XEmSA BN, BAFLIHRITHIm
(ACE) WS EAHESFIReER Fin AR A, BXFis EEiTHNEFERREIIRS S= MV ERR
GHllENALE S

RZHFERIL NFS AR5 28 AN NFS %5,

Ht5 2

BXER, iE8 M Introduction to NFSv4 ACLs (NFSv4 ACL f& 7Y, BIHEA http://wiki.linux-
nfs.org/wiki/index.php/ACLs#Introduction_to_NFSv4_ACLs 2),
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A GNU TFrRIIE
MR A GNU B FATEARA 1.2,

GNU Free Documentation License

Copyright (C) 2000, 2001, 2002 Free Software Foundation, Inc. 51 Franklin St,
Fifth Floor, Boston, MA 02110-1301 USA. Everyone is permitted to copy and
distribute verbatim copies of this license document, but changing it is not
allowed.

0. PREAMBLE

The purpose of this License is to make a manual, textbook, or other functional
and useful document "free" in the sense of freedom: to assure everyone the
effective freedom to copy and redistribute it, with or without modifying it,
either commercially or non-commercially. Secondarily, this License preserves
for the author and publisher a way to get credit for their work, while not being
considered responsible for modifications made by others.

This License is a kind of "copyleft", which means that derivative works of the
document must themselves be free in the same sense. It complements the GNU
General Public License, which is a copyleft license designed for free software.
We have designed this License to use it for manuals for free software, because
free software needs free documentation: a free program should come with
manuals providing the same freedoms that the software does. But this License is
not limited to software manuals; it can be used for any textual work, regardless
of subject matter or whether it is published as a printed book. We recommend
this License principally for works whose purpose is instruction or reference.

1. APPLICABILITY AND DEFINITIONS

This License applies to any manual or other work, in any medium, that contains
a notice placed by the copyright holder saying it can be distributed under the
terms of this License. Such a notice grants a world-wide, royalty-free license,
unlimited in duration, to use that work under the conditions stated herein. The
"Document", below, refers to any such manual or work. Any member of the
publicis a licensee, and is addressed as "you". You accept the license if you copy,
modify or distribute the work in a way requiring permission under copyright law.
A "Modified Version" of the Document means any work containing the Document
or a portion of it, either copied verbatim, or with modifications and/or translated
into another language.

A "Secondary Section" is a named appendix or a front-matter section of the
Document that deals exclusively with the relationship of the publishers or
authors of the Document to the Document's overall subject (or to related
matters) and contains nothing that could fall directly within that overall subject.
(Thus, if the Document is in part a textbook of mathematics, a Secondary
Section may not explain any mathematics.) The relationship could be a matter
of historical connection with the subject or with related matters, or of legal,
commercial, philosophical, ethical or political position regarding them.

The "Invariant Sections" are certain Secondary Sections whose titles are
designated, as being those of Invariant Sections, in the notice that says that

the Document is released under this License. If a section does not fit the above
definition of Secondary then it is not allowed to be designated as Invariant.

The Document may contain zero Invariant Sections. If the Document does not
identify any Invariant Sections then there are none.
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The "Cover Texts" are certain short passages of text that are listed, as Front-Cover
Texts or Back-Cover Texts, in the notice that says that the Document is released
under this License. A Front-Cover Text may be at most 5 words, and a Back-Cover
Text may be at most 25 words.

A "Transparent" copy of the Document means a machine-readable copy,
represented in a format whose specification is available to the general public,
that is suitable for revising the document straightforwardly with generic text
editors or (for images composed of pixels) generic paint programs or (for
drawings) some widely available drawing editor, and that is suitable for input

to text formatters or for automatic translation to a variety of formats suitable

for input to text formatters. A copy made in an otherwise Transparent file

format whose markup, or absence of markup, has been arranged to thwart or
discourage subsequent modification by readers is not Transparent. An image
format is not Transparent if used for any substantial amount of text. A copy that
is not "Transparent" is called "Opaque".

Examples of suitable formats for Transparent copies include plain ASCII without
markup, Texinfo input format, LaTeX input format, SGML or XML using a publicly
available DTD, and standard-conforming simple HTML, PostScript or PDF
designed for human modification. Examples of transparent image formats
include PNG, XCF and JPG. Opaque formats include proprietary formats that can
be read and edited only by proprietary word processors, SGML or XML for which
the DTD and/or processing tools are not generally available, and the machine-
generated HTML, PostScript or PDF produced by some word processors for
output purposes only.

The "Title Page" means, for a printed book, the title page itself, plus such
following pages as are needed to hold, legibly, the material this License requires
to appear in the title page. For works in formats which do not have any title page
as such, "Title Page" means the text near the most prominent appearance of the
work's title, preceding the beginning of the body of the text.

A section "Entitled XYZ" means a named subunit of the Document whose

title either is precisely XYZ or contains XYZ in parentheses following text that
translates XYZ in another language. (Here XYZ stands for a specific section name
mentioned below, such as "Acknowledgements", "Dedications", "Endorsements",
or "History".) To "Preserve the Title" of such a section when you modify the
Document means that it remains a section "Entitled XYZ" according to this
definition.

The Document may include Warranty Disclaimers next to the notice which

states that this License applies to the Document. These Warranty Disclaimers
are considered to be included by reference in this License, but only as regards
disclaiming warranties: any other implication that these Warranty Disclaimers
may have is void and has no effect on the meaning of this License.

2. VERBATIM COPYING

You may copy and distribute the Document in any medium, either commercially
or non-commercially, provided that this License, the copyright notices, and the
license notice saying this License applies to the Document are reproduced in

all copies, and that you add no other conditions whatsoever to those of this
License. You may not use technical measures to obstruct or control the reading
or further copying of the copies you make or distribute. However, you may
accept compensation in exchange for copies. If you distribute a large enough
number of copies you must also follow the conditions in section 3.

You may also lend copies, under the same conditions stated above, and you may
publicly display copies.
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3. COPYING IN QUANTITY

If you publish printed copies (or copies in media that commonly have printed
covers) of the Document, numbering more than 100, and the Document's

license notice requires Cover Texts, you must enclose the copies in covers that
carry, clearly and legibly, all these Cover Texts: Front-Cover Texts on the front
cover, and Back-Cover Texts on the back cover. Both covers must also clearly

and legibly identify you as the publisher of these copies. The front cover must
present the full title with all words of the title equally prominent and visible. You
may add other material on the covers in addition. Copying with changes limited
to the covers, as long as they preserve the title of the Document and satisfy these
conditions, can be treated as verbatim copying in other respects.

If the required texts for either cover are too voluminous to fit legibly, you should
put the first ones listed (as many as fit reasonably) on the actual cover, and
continue the rest onto adjacent pages.

If you publish or distribute Opaque copies of the Document numbering more
than 100, you must either include a machine-readable Transparent copy along
with each Opaque copy, or state in or with each Opaque copy a computer-
network location from which the general network-using public has access to
download using public-standard network protocols a complete Transparent copy
of the Document, free of added material. If you use the latter option, you must
take reasonably prudent steps, when you begin distribution of Opaque copies in
quantity, to ensure that this Transparent copy will remain thus accessible at the
stated location until at least one year after the last time you distribute an Opaque
copy (directly or through your agents or retailers) of that edition to the public.
Itis requested, but not required, that you contact the authors of the Document
well before redistributing any large number of copies, to give them a chance to
provide you with an updated version of the Document.

4. MODIFICATIONS

You may copy and distribute a Modified Version of the Document under the
conditions of sections 2 and 3 above, provided that you release the Modified
Version under precisely this License, with the Modified Version filling the role

of the Document, thus licensing distribution and modification of the Modified
Version to whoever possesses a copy of it. In addition, you must do these things
in the Modified Version:

A. Usein the Title Page (and on the covers, if any) a title distinct from that
of the Document, and from those of previous versions (which should,
if there were any, be listed in the History section of the Document). You
may use the same title as a previous version if the original publisher of
that version gives permission.

B. List on the Title Page, as authors, one or more persons or entities
responsible for authorship of the modifications in the Modified Version,
together with at least five of the principal authors of the Document (all
of its principal authors, if it has fewer than five), unless they release you
from this requirement.

C. State on the Title page the name of the publisher of the Modified
Version, as the publisher.

D. Preserve all the copyright notices of the Document.

E. Add an appropriate copyright notice for your modifications adjacent to
the other copyright notices.

F. Include,immediately after the copyright notices, a license notice giving
the public permission to use the Modified Version under the terms of
this License, in the form shown in the Addendum below.

G. Preservein that license notice the full lists of Invariant Sections and
required Cover Texts given in the Document's license notice.
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H. Include an unaltered copy of this License.

I. Preserve the section Entitled "History", Preserve its Title, and add to
it an item stating at least the title, year, new authors, and publisher of
the Modified Version as given on the Title Page. If there is no section
Entitled "History" in the Document, create one stating the title, year,
authors, and publisher of the Document as given on its Title Page, then
add an item describing the Modified Version as stated in the previous
sentence.

J. Preserve the network location, if any, given in the Document for
public access to a Transparent copy of the Document, and likewise the
network locations given in the Document for previous versions it was
based on. These may be placed in the "History" section. You may omit
a network location for a work that was published at least four years
before the Document itself, or if the original publisher of the version it
refers to gives permission.

K. Forany section Entitled "Acknowledgements" or "Dedications",
Preserve the Title of the section, and preserve in the section all the
substance and tone of each of the contributor acknowledgements and/
or dedications given therein.

L. Preserve all the Invariant Sections of the Document, unaltered in
their text and in their titles. Section numbers or the equivalent are not

considered part of the section titles.

M. Delete any section Entitled "Endorsements". Such a section may not be
included in the Modified Version.

N. Do not retitle any existing section to be Entitled "Endorsements" or to
conflict in title with any Invariant Section.

0. Preserve any Warranty Disclaimers.

If the Modified Version includes new front-matter sections or appendices

that qualify as Secondary Sections and contain no material copied from the
Document, you may at your option designate some or all of these sections

as invariant. To do this, add their titles to the list of Invariant Sections in the
Modified Version's license notice. These titles must be distinct from any other
section titles.

You may add a section Entitled "Endorsements", provided it contains nothing
but endorsements of your Modified Version by various parties--for example,
statements of peer review or that the text has been approved by an organization
as the authoritative definition of a standard.

You may add a passage of up to five words as a Front-Cover Text, and a passage
of up to 25 words as a Back-Cover Text, to the end of the list of Cover Texts in the
Modified Version. Only one passage of Front-Cover Text and one of Back-Cover
Text may be added by (or through arrangements made by) any one entity. If the
Document already includes a cover text for the same cover, previously added by
you or by arrangement made by the same entity you are acting on behalf of, you
may not add another; but you may replace the old one, on explicit permission
from the previous publisher that added the old one.

The author(s) and publisher(s) of the Document do not by this License give
permission to use their names for publicity for or to assert or imply endorsement
of any Modified Version.

5. COMBINING DOCUMENTS

You may combine the Document with other documents released under this
License, under the terms defined in section 4 above for modified versions,
provided that you include in the combination all of the Invariant Sections of all
of the original documents, unmodified, and list them all as Invariant Sections of
your combined work in its license notice, and that you preserve all their Warranty
Disclaimers.
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The combined work need only contain one copy of this License, and multiple
identical Invariant Sections may be replaced with a single copy. If there are
multiple Invariant Sections with the same name but different contents, make
the title of each such section unique by adding at the end of it, in parentheses,
the name of the original author or publisher of that section if known, or else

a unique number. Make the same adjustment to the section titles in the list of
Invariant Sections in the license notice of the combined work.

In the combination, you must combine any sections Entitled "History" in the
various original documents, forming one section Entitled "History"; likewise
combine any sections Entitled "Acknowledgements", and any sections Entitled
"Dedications". You must delete all sections Entitled "Endorsements".

6. COLLECTIONS OF DOCUMENTS

You may make a collection consisting of the Document and other documents
released under this License, and replace the individual copies of this License

in the various documents with a single copy that is included in the collection,
provided that you follow the rules of this License for verbatim copying of each of
the documents in all other respects.

You may extract a single document from such a collection, and distribute it
individually under this License, provided you insert a copy of this License into
the extracted document, and follow this License in all other respects regarding

verbatim copying of that document.

7. AGGREGATION WITH INDEPENDENT WORKS

A compilation of the Document or its derivatives with other separate and
independent documents or works, in or on a volume of a storage or distribution
medium, is called an "aggregate" if the copyright resulting from the compilation
is not used to limit the legal rights of the compilation's users beyond what

the individual works permit. When the Document is included in an aggregate,
this License does not apply to the other works in the aggregate which are not
themselves derivative works of the Document.

If the Cover Text requirement of section 3 is applicable to these copies of the
Document, then if the Document is less than one half of the entire aggregate,
the Document's Cover Texts may be placed on covers that bracket the Document
within the aggregate, or the electronic equivalent of covers if the Document is in
electronic form. Otherwise they must appear on printed covers that bracket the
whole aggregate.

8. TRANSLATION

Translation is considered a kind of modification, so you may distribute
translations of the Document under the terms of section 4. Replacing Invariant
Sections with translations requires special permission from their copyright
holders, but you may include translations of some or all Invariant Sections in
addition to the original versions of these Invariant Sections. You may include

a translation of this License, and all the license notices in the Document, and
any Warranty Disclaimers, provided that you also include the original English
version of this License and the original versions of those notices and disclaimers.
In case of a disagreement between the translation and the original version of this
License or a notice or disclaimer, the original version will prevail.

If a section in the Document is Entitled "Acknowledgements", "Dedications",

or "History", the requirement (section 4) to Preserve its Title (section 1) will
typically require changing the actual title.
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9. TERMINATION

You may not copy, modify, sublicense, or distribute the Document except as
expressly provided for under this License. Any other attempt to copy, modify,
sublicense or distribute the Document is void, and will automatically terminate
your rights under this License. However, parties who have received copies, or
rights, from you under this License will not have their licenses terminated so long

as such parties remain in full compliance.

10. FUTURE REVISIONS OF THIS LICENSE

The Free Software Foundation may publish new, revised versions of the GNU
Free Documentation License from time to time. Such new versions will be similar
in spirit to the present version, but may differ in detail to address new problems
or concerns. See http://www.gnu.org/copyleft/ 2.

Each version of the License is given a distinguishing version number. If the
Document specifies that a particular numbered version of this License "or any
later version" applies to it, you have the option of following the terms and
conditions either of that specified version or of any later version that has been
published (not as a draft) by the Free Software Foundation. If the Document does
not specify a version number of this License, you may choose any version ever
published (not as a draft) by the Free Software Foundation.

ADDENDUM: How to use this License for your documents

Copyright (c) YEAR YOUR NAME.

Permission is granted to copy, distribute and/or modify this document
under the terms of the GNU Free Documentation License, Version 1.2

or any later version published by the Free Software Foundation;

with no Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts
A copy of the license is included in the section entitled “GNU

Free Documentation License”.

If you have Invariant Sections, Front-Cover Texts and Back-Cover Texts, replace
the “with..Texts.” line with this:

with the Invariant Sections being LIST THEIR TITLES, with the
Front-Cover Texts being LIST, and with the Back-Cover Texts being LIST.

If you have Invariant Sections without Cover Texts, or some other combination of
the three, merge those two alternatives to suit the situation.

If your document contains nontrivial examples of program code, we recommend
releasing these examples in parallel under your choice of free software license,
such as the GNU General Public License, to permit their use in free software.
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