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1 EIMr=R

EPMUBENEIIMRIRMIT S I08E RERARUATZMIR. MFEZAXAT, FS
W CEdeisrE) , TEHEUTET:

o (EMMLiEm) , %28 “EHMER" , %217 RSBESH
o (EMMEiEm) ,F1E “EIMEERAR" B 127 “EERmRR"

ARELRIERIRHE T EEMNIFE ML EMERNEN IEEEREEN T EREHEN
FABINFEARLE R, BERERBMAITHIATESSE VM Guest BV EEIR = EE FARNEY
KFE,

2 SEhEfECRZ Al

2.1 FiH1TED

LA VM Guest 8L VM EAARSS BHECE A RE S FEEIBEERBREFRBE. ARITERERZ
A, BSEAENXE. BUE. MEFHTED. NAEN, BT EEREERNEEERRE
MERIBNS. BREESRE LRITINRER L,

2.2 MBI ERE

RINMEIFIR IR T RZE R, 457 B BBNEE £ = IF 1R P EC E RN L BT H IEFRAYIE
B MEMERBREMILE—FKiR, ML, MAMBBEIMCERIIDET, NFEF. TER
H. BRAEFAREMEERER. MAERNEME RO RINERENEEXREER,
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3 B

3.1 EiNfEA libvirt €L

SUSE S8ZUZiIN R libvirt \BZRECE. BIEEMIRIE VM ENARS2ES VM Guest, ZIESRER
T —PNERTABEIFHEMEEANSG—RE (GUIMSNR) , Bttt ETBRAEERER
MIAERSER.

BAAZWNERER libvit SE FBRAEEREFNIA, AR libvit TRERIETIAIRFE
ARETEREREFNTRHAITHNEN. BX libvirt BF4EER, B5R (EMKiERE) ,
$£8E “libvirt FHFER"

3.2 gemu-system-i386 5 qemu-system-x86_64 AYXTLL

gemu-system-x86_64 SEIER 64 {if PC FEH4EM, ZHHE1T 32 (Bl 64 HRERZH VM
Guest, HF gemu-system-x86_64 @E W r] /9 32 i Guest I EE48E, HItk SUSE —f%
T KVM _ERY 32 {i1#] 64 fif VM Guest B/ gemu-system-x86_64. gemu-system-
1386 AR EEMRERN T EAT SUSE XHF,

Xen HEMA gemu A H Z#HEIX M, BEHETER qemu-system-1386, [F&EFHY

EATF 32 iif 64 i Xen VM Guest, AFRIFS Likf Xen Tt XIFEE M, SUSE ZiXX Xen VM
Guest £/ gemu-system-1i386,

4 VM EHARSS2FECE M Z IR A

79 VM Guest DECARE EEEPIEXERN—Ro M VM Guest DECHIRET, FEEd

SFEARRATESTM VM MRS 28 VM Guest B914%BE. WNRFIE VM Guest [FBTIERES]

MFIERR, IVNETERHAEXLERR, WRTERME, THNMERRIGERMm, Him
=% VM Guest RUPERES S TAEI RN,
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4.1 NTF

Linux UM AT B TR EIBNGE. TAZHARSL L, BUATRA/NA 4KB, Linux 7 CPU BE
FEMPLETUR T HTR, Z1E RFEEERRT. MREAEHEEET, WEEEEZHE
REHRAFRFNMUE, RAERNREENE, AMPUETRRE, £A7T TLB (RiREERE
HX) FR, BEEABAERENRSL, TLBHLERESHRER R, MEEEEIE@ERE

SRR EZERGPER, XREERENE) , ATUFRAAT. EHAATURELD TLB F
AR TLB 91BN (pagewalk)s 3+FATEHN 32 GB (32*1014*1024 = 33,554,432 KB). &
K/NA 4 KB BIEAN, TLBH 33,554,432/4 = 8,388,608 11, fEF 2 MB (2048 KB) FYTI A/
Bf, TLB 3% 33554432/2048 = 16384 i1, Bl AKB/KAEI TLB HTE o

4.1.1 R VM EHARSS 28T VM Guest BELE NERA KD

AMDG64/Intel 64 CPU (AR LEMZIF AT 4 KB MITT, BIATI, BEMfERFK LATAARTAIAN
(A2 2MBE{ 1GB) , IE&EE /proc/cpuinfo HHEFH flags ITHEREES pse /5K
pdpelgb.

®R1: WETHARNKIIAN

CPU i5& AT FRIKRBIR /)
FF T B2 =)z SPANDA
pse 2 MB
pdpelgb 1GB

fEARAARTIR LURFH VM Guest BIMEREF R EARTZRIEFE,
INBRT, RAFERTHP, EFRSK LOJLIFERAKR, 157E5I SR hugepages=1 &
SEAD, EHu] LUEREREI hugepagesz=2MB BB KR MATTIA /.

Q ix=: 168kl
1 6B MARAEES | SHAE, 2EREARM,

BN FEMERATIR (HugeTlbPage), EHREEMFEHAEMRMAPRIES hugetlbfs,
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Q FE: KTEIEFIRHE
RKUOIBRABEBIRHREMNLE, BUEET—LHRa, FRAAAN, RESEK (85
WE6.1.37 “virtioballoon” ) « KSM (GB&IE 4147 “KSMAITIHZ" ) ZIh
BE AR, HFEKRKALERIE,

B2 2 : EdEKTIAYER

1. % hugetlbfs &% F| /dev/hugepages:
> sudo mount -t hugetlbfs hugetlbfs /dev/hugepages

2. BRARIMEBERNRE, BEMA sysctl @<, MRAZKHARTIA/N 2 MB (2048 KB), T
A8ZE /9 VM Guest T8 1 GB (1,048,576 KB), ABAMHEESR 1,048,576/2048=512 T1:

> sudo sysctl vm.nr_hugepages=512

ZEBEEN /proc/sys/vm/nr_hugepages, FIRIZBIATUA LETFIFAEATIEK
2, HASERE, BAMATIRE R KT,

3. 7 VM Guest BRE X4 H 70 memoryBacking 7t& (G&idisfT virsh edit
CONFIGURATION) o

<memoryBacking>
<hugepages/>

</memoryBacking>

4, BEHVM Guest, EFHEEFEHRT AM:

> cat /proc/meminfo | grep HugePages

HugePages Total: @ 512
HugePages Free: @ 92
HugePages Rsvd: © 0
HugePages Surp: @ 0

@ KRITHEIAR/N
@ HHIERDERARTHE
©® BEAEMERDEERREITOENARITHE
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O M KXTF /proc/sys/vm/nr hugepages FRENATIEHE, RABEATIEE

/proc/sys/vm/nr _overcommit hugepages 1=l

412 FEBHRR

FABEAATT (THP), &ZRILUER khugepaged RiZAIR IS DEATL, TEBFHEEAR
A EMER. THP WFRAEERNFHAERXNTEAREER. ST RAEEREFAIR
BERANER TR ST, TIFEIRADEL 1000 &, RZ, MFRABHRAFHRENNIERE
(BIANEAEEE) , THP ARERIMIRE. EXRERT, WRFNMCEARTERE I RIMAIZSE
transparent hugepage=never X2 THP, AREWE grub2 IEBEHES|T. FHUT

HORBRTERA THP:

> cat /sys/kernel/mm/transparent hugepage/enabled

always madvise [never]

MEZA, AESHRESREnever, WA ERGIFFIR,

Q ¥E: Xen
THP 7£ Xen FAH Ao

4.1.3 $3FETF Xen WIRTZIREA

4.1.3.1 &IE Domain-0 A7F

£ LABIHY SUSE Linux Enterprise Server k49, Xen ENMEIARNGFLEEXERMEE
MAIRERFE 7 ECLE Dom0, HERBEISEKRNE T, HEHMABEE, AFEXBLE)
M Dom0 #ITREKLIBAT. ITHERREZ L, FLtRZEENEEEA, M SUSE Linux
Enterprise Serverl5 SP1 &, RRIABZRABEMSREKINIAT, H=5 Dom0 SEE 10% BIEM]
YIEEATEIMIN 1 GB, 30, EMIEREAR/NA 32GBEN L, 75 Dom0 22 4.2GB A
%o
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BANNZIFHEBINIE /etc/default/grub BfEH dom0 mem S<LTiED (BXFMAEE,
BERE 75T “HE|SHENRAZEET ) o aTLUEEYE domd mem IREAFHIERFK
N, FH1E /etc/xen/x1.conf HZH autoballooniRE, KMEIHITN.

4,14 KSMATIH=E

RIZFETIEH (Kernel Samepage Merging) @—INIZINEE, BILUBTHZ VM Guest £EH
RFERERD VM EVARS 28 L EFENATE. KSM SFPIER ksmd S ERIRMARATE, &K
BEMEEARA. ITHENEFRIPIIBIRNTL. BEA KSM RS, BEFHERERE gemu-ksm
B4, ARIEITUA TGRS

> sudo systemctl enable --now ksm.service
&, WrAlLUETTU e RBohiZiRSs:
# echo 1 > /sys/kernel/mm/ksm/run

M VM Guest WEEMS, A KSM NLRZ—2FE Guest AFEHZENERAFIR, &
BJLAH = pagecache. tmpfs 5 Guest 53 ECAYE(RIE BRI AT

KSM H sysfs 1=Hl. ERILATE /sys/kernel/mm/ksm/ & KSM BI{E:
* pages shared: [EEFERANHEERHE (R .
* pages_sharing: EEHZERMIEREHE (RiR) o
° pages_unshared: A#ITEHMREXLTHE—DTIHE (RIF) .

* pages volatile: BHRXKRMIAALEEHNTIHE (RiF) .

full scans: BHREMBERESHXFENXAE (RifE) .

sleep_millisecs: ksmd 7 FRIIERINIAIRRIZM 2. EFREIEFEMACPU, &
BUBEFE R LU FHEHMESH CPU BEl, BATEIRZEIRN 1000 B L,
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e pages to scan: 7 ksmd HEANERRESZEIBREN ST, BEdexsdEFH
CPU, AT RZEIEN 1000, ARREENIXEEZN VR KSM ER#HTTE

£

1iEo

* merge _across nodes: BIANERT, RARE NUMA TREH T, FLERIEH 0 =
ZRIIT A

Q & wREM

KSM I ARIEBESEBITE— T AERFE VM Guest FIZ M EFIEHT EFER EHHNFo
SN AR VM Guest REAR—HBAHZERHLAHIEN, &IFEH KSM. ALk, 1§
BITU TGRS

> sudo systemctl disable --now ksm.service
&, WAILUBETTU TS RERZRS
# echo 0 > /sys/kernel/mm/ksm/run

ESFENEZERZEMIMESR, FTUEENLEEHE KSM, BEMNES VM Guest 22
KSM, BILAfEA virsh edit 7 VM Guest B9 XML B2 B FRIMUTRBFREZA Guest T
T+

it

<memoryBacking>
<nosharepages/>

</memoryBacking>

5 BRHMAFEAENESR
RE KSM Bl LUBEN RS L — L7z, (BREERN YRS BB
SN RONRERRIER. NRARZAFENERLD, REEMRNENERE,
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L& KSM fERLfEE
MFETERIE, KSMAEAERRRBERAR Guest ZIEAIDEE, EREMITRE
FERLIAH Guest BFFER, RIS KSM.

s N7EIAEIER

FRIANERT, KSM 2B NUMA TREHERADT. IREHENHAITIMEMFRITA
NUMA T2 b (#83FF3B81T VM Guest vCPU 9T 1) , XIFAIBERFRME VM Guest B9
BE. WIRTE VM Guest RATNFIHIRIERIEN, i5{ERA merge_across _nodes sysfs
ERIZRABETREH:

# echo 0 > /sys/kernel/mm/ksm/merge across nodes

4.1.5 VM Guest: NEHIER

ATHREENRENER, EEEBFNIEITEH VM Guest FUENBEZNFOREaBRER. BXIiF
AERIEIR, BT VM Guest WECE X HHHECE <maxMemory> tRid:

<maxMemory @ slots='16'@® unit='KiB'>20971520 @ </maxMemory>

<memory @ unit='KiB'>1048576</memory>

<currentMemory@® unit='KiB'>1048576</currentMemory>

o
(2]

)

7 Guest D ECRIIEI TR ARE
B AT [ Guest FRINATZRIFEER
BRRAUEE:

e “KB” , RIRTFH (1,000 NFF9)

o ‘K’ 8 “KiB” , RRTRZ#FIFT (1,024 DFH)

e “MB” , FIJKFT (1,000,000 NFHI)

o “M” T “MIB” , RRIKMUZHFIFT (1,048,576 F)

* “GB” , ®RTFIFT (1,000,000,000 FF3)
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e “G” F® “GiB” , RRTIKMUTHEIFT (1,073,741,824 MFT)
 “TB” , RAZF™ (1,000,000,000,000 1NFT3)
o “T" & “TiB” , RTRAZMATHEHBIFT (1,099,511,627,776 TFTI)
O T7E5|88H Guest PECIRANE
O EPRA Guest PEZHIATE
ERANFREPIENEIER, BRI TR mem-dev. xml Xf4:

<memory model='dimm'>
<target>
<size unit='KiB'>524287</size>
<node>0</node>
</target>
</memory>

AEER U T e LMz :
> virsh attach-device vm-name mem-dev.xml

BERARAFIRERER, BAEDH Guest EX 1N NUMA Byp (IBBIE 4.6.3.17 “VM
Guest B NUMA 3738 ) &

4.0 i

AYUBEERAXMREEAT O EANYERNE (ERRRRIKMERAE) o ABLERS
RERRE, BBV ER/IVIHR,

4.2.1 swappiness

swappiness IKEBIFEHIRANRIRITN. EENXIAIGAEFERRIEEIME, swappiness B{E
RERSBARAFIIERME. TTRENEEN 0 2200, #2008, RASKTHIEZHNRHE
XLETTE T RIRET. B 0 B,

BN RS E#TNER, AILBEIRER /proc/sys/vm/swappiness BIE, ABINERNE
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# echo 35 > /proc/sys/vm/swappiness

> free -h

total used free shared buffers cached

Mem: 24616680 4991492 19625188 167056 144340 2152408
-/+ buffers/cache: 2694744 21921936

Swap: 6171644 0 6171644

EXAIKE swappiness {8, B7E /etc/systcl. conf BRI TFEIRAYT:

vm.swappiness = 35

&R R LB 7E VM Guest B9 XML BRE HfEA swap hard limit seEFITHIZR, GBS
BHBEHBTESHIRSRZA, BRHTIEH, RANRZEIR, ENNAIESFLLD,
<memtune> @

<hard limit unit='G'>l</hard limit>@

<soft limit unit='M'>128</soft limit>@

<swap hard limit unit='G'>2</swap hard limit>@

</memtune>

LT RABIRMAFAIES R, RZEE, NEINMGNRIERGRERROAE,

Guest Bl LUIEAMRANTE. JE%R VM Guest FHIMERIAH, KiTZRZIBINAEFEAIL
S,

ERFSRAHREREG R TRIRZRE.
VM Guest FJ LAERBI R ARTFINEIHR,

® e

© 0

4.3 1/0

43.1 |1/0OAERERF

SUSE Linux Enterprise 15 SP2 M1&E&hk 4 I/0 AERR HME AFFATI (BFQ). BFQ EETZ
FRFEEETRENIEK /0 RENFMEHEATHECHRER 1/0 5. EaUNFARNGEERT
B89 1/0 BAERER
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RTEEHNH VM Guest EIRETBEFRIIMERE, BILATE VM Guest fEF none (2H 1/0 AETRE
) , MAEPMEENER mg-deadline AERER.

18 3 : EETHERMENR /0 BERERF
1. ZEEMENGHE /0 BERR, BETUTHS (I sdX BRANBEEENMEE)

> cat /sys/block/sdX/queue/scheduler
mg-deadline kyber [bfqg] none

HESHNENLSFIMENAERSF (EULTRAIFR bTg) -
2. BRAILEEITHEREAERRF, RAMERIU root BMEITUTH<L:!

# echo mg-deadline > /sys/block/sdX/queue/scheduler

MREFZENESMHUEIEEREN /0 AERRE, BRIBABTERIMFUTRAEIB /usr/lib/
tmpfiles.d/I0 ioscheduler.conf Xff, b7 /dev/sda EX mq-deadline AE
2R, 79 /dev/sdb EX none AERERF., FER, KEBOEEIGEREMF. LIhEENX
£ SLE 12 MBSk~ AT Ao

w /sys/block/sda/queue/scheduler - - - - mg-deadline
w /sys/block/sdb/queue/scheduler - - - - none
432 R#1/0

2 IR S IR7E SEHERERER Linux B 1/0 (aio). EINERT, aio FEBEHNRANEIRE
7965536, {BINRIZITH VM Guest :ZHET, MENIRIEMEERNMARLA Linux 2 1/0
I8, aio MBEHMEFRESBITZ LR, £ VM EHRS2BR LIEITAE VM Guest B, FZEIE

10 /proc/sys/fs/aio-max-nro

2R 4 . EIETHESMEL AIO-MAX-NR
1. EEEYFI aio-max-nrigEy, iHETUTHS:

> cat /proc/sys/fs/aio-max-nr
65536
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2. R UMER L TSz TII 8K aio-max-nr:

# echo 131072 > /proc/sys/fs/aio-max-nr

ERAILE aio-max-nr, BEBEENX sysctl XEFRMBRAI, Fla0, 7 /etc/
sysctl.d/aio-max-nr.conf HEEUTHREA:

fs.aio-max-nr = 1048576

433 /0 ML

SUSE Fm #5350 1/0 EPMEEAR, TRIIETEMERANMRRR, BXREMLTH /0 #9F
MER, BEN (EPMLiEm) , 18 “EIMEAR" , %147 /0 BIMME -

R2: 1/0 EMLBRG S

AR me= 7 31
K’REDE (B@) Guest B¥ZIHRNIE %1 Guest Z[E|IAHE
MEERS S ERR N E SR

81 Guest B9 PCI & & FEFIS

8
AR5 28 L AVIRFEELAR

SEPML VM Guest A4 MHRERRE
(IDE. SATA. SCSI. e1000)

EF LTS B2 1E
EEIME (virtio-blk. virtio- [HBEIRGF Z(EH Guest (PV IRGHEZ
net. virtio-scsi) )

EF LTS

FH5 VM Guest ER0EE
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4.4 EFEMXERSR

VM Guest BITFE=S IR AR HIESE (BIa0, YRS EMHX) , el R XERS EriRG
A

£ 3. RISESHEMEGILL
AR = R
Hig & o MREELF o REERE

o ERTETAEHRITEE/
HAER1EY

o AIMENIRE F5

9
BRISSC I * BESTRAEE ° MEREEERIZER

o EIRMATEED. FE. ¥
. &1

o IR TIREMENLE
BT AE (guestfs)

SRR R D5

ZCLFZL

d e D BCRIR
fE

BRRERINLEIFREIFAES, BERES T VM Guest BRE”

V
MNRERIPRRTERETE NFS HE0h, FIOEFLIRZ BT P IS ECREGHIT VM Guest BRHERRY
Hial,

4.4.1 NFSIZEY/EN (FFim)

rsize M wsize EIIEE R P iR 5 RS 258 2 8K EMEEEIRKIRAI A/ N, SRR NFS
REYBAKRNEBR (REBXMFRAMI/O) o 15 /etc/fstab B rsize Mwsize &
BHIEIEE 16 KB, XEHHRTEEEMIECSLAIRY, FRaR Eala LIBUERLS,
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nfs server:/exported/vm_images@ /mnt/images® nfs® rw@® ,hard® ,sync@®,
rsize=8192@ ,wsize=8192@ 0 0

@ NFSRSZHBHNENBISHER,

® & NFS SEMHZEHIINMUE,

© XZEnfsiE#HS,

O IHEFHSATLUREY B NER AR,

O AT NFSIEREBH/E NFS BFIHIIMEITH. hard @& REUBIRIFIREEDT,

0O EAFHIES NZESH S LNXHEN ARG RRRSSRERAARBEINRELBR T
8] Z RS EIERIFT EIAR S 28

@ NFSEFiRM NFS fRSS 28 EBYSXHHIRENEIERT, &ML READ &R LUZIRHIR K
FIH

O NFSZEFimF NFS ARS8 LM HE NIER, T8 WS WRITE i KRR IAREN &
RFTHE

442 NFS %12 (fRS3E8)

NFS BRS3 22N YA BB S NFS A2 RVIBS LT FAH. £/ nfsstat TRRIREURS
28 _EB9 RPC 4iit:

> sudo nfsstat -rc

Client rpc stats:

calls retrans authrefrsh
6401066 198 0 0

WR retrans FF 0, MRFZ—INEE. BN, FRIHZEEENER, LERFTIEK /etc/
sysconfig/nfs HfJ USE_ KERNEL NFSD NUMBER TE£3#H#1THEN 1A%, HE retrans &
F 0,

4.5 CPU

FHCPU “HAH” EHECETEM “HEH” /9 VM Guest RBVEIA CPU, XLELAHAIRER
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e CPU &3#2%: k= CPU BT, BEEZ MrOH ErI R B4R,

* CPU#il: —1E CPU BTl LRI ZMLD, S MBS it I 2 mEHA+
PEARAETR A AN,

° CPU B4R LtSEMAT U ERNHITH, BEERERRMTRAZ D,

45.1 453fc CPU

FiB VM Guest BYEEH#A CPU FURIRINEBI A CPU BVERER, =A% CPUIEfER, H&
BEIEEAHESTEM CPU YILE VM MRS 2 LR —MEMLIER RO, FEE
E{E1ERE. VM Guest T—adEFANEN LIFITLEERNEEM, HES VM Guest
METEFEIRENER . Fit, BREBEIERER CPU,

BREREBAVTIEMRM CPU, FENBEAILEMHERIFNLR T, fla, NREREFR
B VM Guest )k CPU BAEERAR =BT 50%, ABAEIMAILURIZEENIE6£H 2 B (X
EREE—8HRB 64 M CPUMENE, S2HE 128 NEWI CPU) FAILUEE IR BE, 1R
EHIE VM Guest BIFTB EIA CPU ERZ B R T =X 100% BIRAEETT, ABARMERE
A CPU LEEAMA CPU Z— M BEFRESHMEE,

T EEARAT—ENZERN, BEMCPUKNZRRUERET VM RS H[YIEZOHRER 8 &
B, FIRERSBASGHIBENRRE, R 8% hIX—I155k.

BRAEEHALIAIE— 1 VM Guest BE S/ DA CPU, BUEM— CPU FH8. 3 VM HRRY
CPU TFAHBMMTHITERL 70% (BXBIETANER, BER (ReohNtuEER) |
F2E “RHEWITIARR ,$E23T TET ) o WRETE VM Guest RO ECHIAMIERRIET
FE, XM ENM Guest BUMEREFENER M, BIFMERFRER, EAKRERR vCPU
MARSHITETE M. WREFETE VM Guest LIEITRERENARER, BARNEM CPU
EERIFRNER,

EZ—1 VM Guest EBRIEM CPU tb VM EHARSSBEER CPU XS, NI—RETAEHH
fcE,
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45.2 VM GuestCPUBCE

TN BEUAA VM Guest iEFRFIECE CPU 2£8Y, G T REINMEDEEI CPU EER) M,
A% LB9YIE CPU, BXEI CPU BBEMBIASHENFHESR, BB https://libvirt.org/
formatdomain.html#elementsCPU 2 B libvirt 344,

4.5.2.1 [ ElCPU B SHThEE

Bl LAAE VM Guest BBIHIETE CPU SN, ECE R EIERZRIFER CPU RAANHE
BRIELE CPU THRESE, /usr/share/libvirt/cpu map/ BRHFHIXETIE T IE XK

CPU BT, XRASENEMI CPU B SHRINEREIRIERERE. ATLUBTIEIT virsh
capabilities RERFNIRES CPU BLSFNFREM,

NRFER T ZRINEEIN CPU BCE, 7E35 VM Guest T EIBHARRMEN, FEXH VM
Guest, H% VM Guest THHFMES, SR (EBINMLiErE) ,F17TE “FTHB M

Guest” o

7 VM Guest I8EEMIER CPU BIS, 15[ VM Guest BL B XHARINMEN M, FEAYRE
FeE 7T BEBERE TSC Ih8ER Broadwell CPU:

<cpu mode='custom' match='exact'>
<model>Broadwell</model>
<feature name='invtsc'/>

</cpu>

FWFS5ENYIE CPU RRXMARIEI CPU, AJLIEA <cpu mode="'host-

passthrough'>, host-passthrough CPU ESERES EHYIE CPU HR52RI4,
79 KVM BAERIREAA AT EThEE. 190, invtsc MAEETEREM CPU ThaEEH, BA
libvirt ATFEEERE KVM 8521758, BEHFEEZIFENEIA KYM 1T, ikl invtsc
761, EEILATE VM Guest BEEXHHERAU T TITEBREMEN CPU (84 invtsc)
HE&E:

<domain type='kvm' xmlns:qgemu='http://libvirt.org/schemas/domain/qgemu/1.0"'>
<gemu: commandline>
<gemu:arg value='-cpu'/>
<gemu:arg value='host,migratable=off,+invtsc'/>

</qemu: commandline>

17 CPU | SLES 15 SP7


https://libvirt.org/formatdomain.html#elementsCPU
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</domain>

@ 732 host-passthrough &5
BT host-passthrough FEIA CPU AFFHIE CPU AT, FLLTETBEIRRRVEE
B, BXEZER, BENE 45237 “FINCPUEZEESI

4.5.2.2 RE#ICPUERE

RE#X CPU BEIE B TR EEH CPU ZAZFRHIZ —B4IE CPU . vcpupin stEIEEEM CPU AL
EFRRIIEEN CPU, WIRKIREMTEERIETE vepu 7TER cpuset B, MEHACPU ]
B RfEREIE CPU,

A CPU BEIE AR =R CPU EiFanT X, ¥ CPU ZER TEAHALRR. EREPICPU
EIEFFENYIE CPU, IBIBITU TS

> virsh vcpupin DOMAIN ID --vcpu vCPU NUMBER
VCPU: CPU Affinity

0: 0-7
# virsh vcpupin SLE15 --vcpu 0 O --config

RE— TR EXMLEBEFRER TE—I:

<cputune>
<vcpupin vcpu='0"' cpuset='0'/>

</cputune>

Q ¥E: NUMA T LEIEH CPU BIE
R VM Guest B CPU FIRTEREIA—1 NUMA T, AJLITE NUMA 245 EEREIN
CPU EBEMAFHE R, BX NUMATGRANFRER, BEENE 46T “NUMA T
" o
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TE . B CPU EEMLR T
B4 vepupin AILUREIEEE, BERMSERIEBERK. HREMN CPUEBTR
FMEREER, WBME 4523 “EUCPUTBEEET ,

4,5.2.3 [ElCPU B EEHEM

RO EFERMIEENER CPU B S AT LIIRE VM Guest TIEAEHBIIERE, BEESIAEHA
T, BRIEBFEFIFIE VMO SR CPU IhEE, [NMRBRENE D FINEE, T
BETRERR M. SNRECERIA CPU IhRE, EAEEMZE RN CPURIRIES ML, AN
fERfRELR CPU B SHIThAESE, virsh cpu-baseline s5<EIEEBNE X AT LABSFRA 4
TEBRENLEM CPU, LTS (EXBHEFNESEEN LEITHR) S all-hosts-
caps . xml RiEBAFRE EHNIhEENE S

> sudo virsh capabilities >> all-hosts-cpu-caps.xml

BT LUERA virsh cpu-baseline 1R1E all-hosts-caps.xm| FUREERIE N EHNBITHEERI B
PR TN FRBRIEIN CPU E X

> sudo virsh cpu-baseline all-hosts-caps.xml

AR CPU EX AT ATE VM Guest BREXHHH cpu o

HZEREELMS, EPCPUEBER—MEAEENR . CPUBRERRKYIERRS BN R
1TECx, XWAJRERA I TR, G, WRERNYEZFEERENLATR, HE
RENS BAREANRI NUMA F3HAR, IBRIKY. BXEEIBNEZEN, BEN (E
wMkiEm) ,FE1TE “THEVMGuest” , ¥ 17271 “TBEKX” ,

4.6 NUMA 73

NUMA 2 Non Uniform Memory Access (FF—HERTFIAIR]) WEFEES. NUMA REESE
ZEE CPU, 81 CPU BMBEERMATE, 81 CPUEAILUAEEM CPUMNKE (FfH ‘&
BAFIRE" ) , ERELLHRXMAFTERFSZ, NRFETARY, NUMA RFESFT VM Guest
MEEIERR A E R, ATINETE NUMA A _EEFE VM Guest BIW HE[ERVITH], FERE
FIEBUR T Tt E, EECEMEE VM BY, 1BREZEIENIE,
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SUSE Linux Enterprise Server @& — NUMA B&h 28, ZFEss@dERAERETESL
HER CPU A/ NUMA T1 = ERRITENEZAFIAR,. fETR (B30 cgset) FEM
KITE (B9 libvirt) 1R2ET R VM Guest ZFIRRHIAYIEZ RIS,

numactl BFHE

> sudo

available: 4 nodes
node 0 cpus:

79 80 81 82

node 0 size:
node 0 free:
node 1 cpus:

94 95 96 97

node 1 size:
node 1 free:
node 2 cpus:

111 112 113

node 2 size:
node 2 free:
node 3 cpus:

129 130 131

node 3 size:
node 3 free:

FEH NUMA IhaE

numactl --hardware

(0-3)

012345678910 11 12 13 14 15 16 17 72 73 74 75 76 77 78
83 84 85 86 87 88 89

31975 MB

31120 MB

18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 90 91 92 93
98 99 100 101 102 103 104 105 106 107

32316 MB

31673 MB

36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 108 109 110
114 115 116 117 118 119 120 121 122 123 124 125

32316 MB

31726 MB

54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 126 127 128
132 133 134 135 136 137 138 139 140 141 142 143

32314 MB

31387 MB

node distances:

node 0 2 3
0: 10 21 21 21
1: 21 10 21 21
2: 21 21 10 21
3: 21 21 21 10

numactl i BiX
CPU #1K£9 32G A7F, virsh capabilities

20

— P EBANMTHRHETHNUMA RS, S TRHBETEE 361D

EEAFHE RS NUMA THEEFD CPU #RFh.
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4.6.1 NUMA Ffi

£ NUMA BN L, WR CPUIRIEIREANTE, BREMMEEIRL. NUMA BEh
FHIhEERTRES I = B HEBUETIRET, XFME LIASNTTE S EHK

B, EERLERMBEIBIGTESHNAMATT R, EEXNER (EH

numa balancing scan delay msEE) A, ZES=HAEEMIITEPTRIGHEAK
/N, BITI%R (fFH numa balancing scan size mbECE) . EEAMITEIMNKRERN, H
R MELERFEA,
RENIFBESBRENARSKE, BANIHBRIEIR, HEETHEHIE, BiEXH
=, STEMERIERN, EEHNAEIBIRMT RFRERER, XFTRARERLD
TIZRTE AR REE A M. LU sysctl #5< BT IEH SR RE BT

> sudo sysctl -a | grep numa balancing
kernel.numa balancing = 1@

kernel.numa balancing scan delay ms = 1000 @®
kernel.numa balancing scan period max ms = 60000 ©
kernel.numa balancing scan period min ms = 1000@®

kernel.numa balancing scan size mb = 256 @

B /ZREF IR NUMA BapF)

SRR E R B FES iR AEER

PIEESHENRENRARNIE (UZF 984
PEESHEMRENR/NEE (U= REM)

ERGeENPAREZEARNTIAN (LUIKFHHE)

BXRIFMEE, BN (RESRNRIBERE) ,$£ 115 ‘B FEIE—RERERA
(NUMA)”

NUMA BohEEMNEFEBMEEERT RNRNELERRZHMES (LUE CPU IREAE) , IE
BARENREHNIEENTRLE (UERERRECPU) .

® 6 ® ®© O
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e )

BT ARENES ZERgaREERE, FFLERIEXIEITESHNREUERNEA
MW, ATRFEREMRE, RMNBENEHER—TR EWRENESSHR—H. ER#
cat /proc/vmstat | grep numa_#1ZE NUMA 4iits

4.6.2 {EHMA CPUset 1=H28iTHIRNF R B

cgroup cpuset =20 B FRERERNNEFRSBIE—" NUMA T2, BIFR cpuset R7ESR
BRIERE LU T =

e interleave: RFHERE, BMARE. W THEERLEIMBEREENT R LAY
Rk, IEERBEFIIRMEEZRICOH, SREEMATAN, EREEZIS— 1T R.

° bind: WEREOEAERE—INRLE, XERSNRAETE, DEBEEEW.

e preferred: ItRBEYAEEIRETROERNT. MRIET R EXERBEHNRNEFZE,
M =ELHREIS — 1M <o

fE&o]LAEA Libcgroup-tools B EHHY cgset TREENANERIIEL:
> sudo cgset -r cpuset.mems=NODE sysdefault/libvirt/qemu/KVM NAME/emulator
ERTIBIENT S, i5FEM nigratepages TE:

> migratepages PID FROM-NODE TO-NODE

X

KRERE—VIEE, &FH: cat /proc/PID/status | grep Cpus

@ EE: N NUMA/cpuset RTZERAS
BXFAER, B8R NUMA R7FHEE (https://www.kernel.org/doc/
Documentation/vm/numa_memory_policy.txt) 2§ cpusets NI (https://
www.kernel.org/doc/Documentation/cgroup-vl/cpusets.txt) 2, HIFEF Libvirt
NUMA i34 (https://libvirt.org/formatdomain.html#elementsNUMATuning) @,
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4.6.3 VM Guest: NUMA fB<ECE

libvirt AFEE R NUMA MIAEARISES, virt-install 5 virt-manager R $5ED
EXLGE, BEMFEA virsh edit F5h4R1E VM Guest LB SR FERIZI21E,

4.6.3.1 VM Guest EE#l NUMA rih

BIEZLEMATFEN NUMA 3T VM Guest B2 NUMA (VNUMA) i@ E vl LURSE LI AR AT B
TERFHBMERE, BJLATE XML EEERER numa 7tRIEE VM Guest yYNUMA 3h3h:

<cpu>

<numa>
<cell@ id="0"@® cpus='0-1'@® memory='512000' unit='KiB'/>
<cell id="1" cpus='2-3' memory='256000'@®
unit='KiB' @ memAccess='shared' @ />

</numa>

</cpu>

B cell THRIEE— VNUMA BT TR

® FIERETEHNEASR idEY, ATFEHMEERPSIAMERT. NREE, KM 0 iR
AR AHETHE 1D,

©® EFTHS—E85H CPU K CPUSBE

0 TRAF

0 EBETSNENFTRNEREA

O mEEM, AEHIERNEMS N shared & private, W ZIHATTHAFEE R,

EEHKR VM Guest ERHECRIBVIE, B5FA cat /proc/PID/numa_maps # cat /sys/
fs/cgroup/memory/sysdefault/libvirt/qemu/KVM NAME/memory.numa_stat.

g NUMA 1SS
libvirt VM Guest NUMA #5E B HiI{GERF QEMU/KVM,
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4.6.3.2 £ libvirt iITHAEFESE

IR VM Guest 2B vNUMAIEF (GBBIE 463177 “VM Guest FZIL NUMA $RFE )
@A numatune TEBREFEEEEEN NUMA T E, A ZEBRIGERTF QEMU/KVM
Guest, IEBIEZE: JF yNUMA VM Guest T 2N{ABEZEIE vNUMA VM Guest,

<numatune>

<memory mode="strict" @ nodeset="1-4,73"@ />

<memnode @ cellid="0"@ mode="strict" nodeset="1"/>

<memnode cellid="2" placement="strict"@® mode="preferred" nodeset="2"/>
</numatune>

O TTHRKEEENE: interleave (EMFHE) . strict (BAIA) T preferred,

® 1EFE NUMA T35,

© IEES Guest NUMA T mIAEFEHECHEEE (MIRKREXITER, WEEIRHER
memory 7t &) o

0 WEMNAIREM Guest NUMA TimF ik,

O TILUEA placement BHRIETEHFHENAREFERERT, ERJUE autod strict,

© ==: 3 VNUMAVM Guest

£3E vNUMA VM Guest £, FAEEZEFEN NUMA T SBIa ML T RFIFTR:
<numatune>

<memory mode="strict" nodeset="0-1"/>

</numatune>

IREIMNENT R 08 1 DEERNTF. MR EHEXLERNEFEER, B VM Guest BIIR/E
BEKM, virt-install B2 FHES - -numatune &R LA E

Z& . B NUMA TTERIRTER CPU
&R B E NUMA 15 20 BE VM Guest R7E, HBALEREIA CPU BB NUMA T35 5% 50,
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5 VM Guest I{&

BRE AT FME VM Guest FURIERRAEURR EIMEE, FILUERA gemu-img 65 KEIE.
LEIFMEINIRE. BX gemu-img TEMRAIMFAEER, 52N (EMLiEm) , %36 F
“Guest ®E” ,5%36.2.2 11 “GUE. BRMMNEBERE” .

5.1 VM Guest MEIET,

QEMU FIiRFR B Bt B MU AR R LA BRI, BT IRFIXLEART, QEMU BJLUF A&
AT EXLEHMEMMERA TIEITRSIEEFHESED Guest, BERARZIRFRIRER. B
BEY/ENEREREN], EEA qemu-ing FE(1ERNTLREHFN QEMU Fi#gl. &
W, Ef17E QEMU Guest 3§ RaEAERIREURFMEX,

M qemu-img info VMGUEST.IMG AJ3REXEXMBERERIESR, FIMIRIN. EHK/N 9
BA/NIRE (WRE) o

Q & Mk
BRI IR FE R raw B qcow2 BT LURIFIRGFRIME AR,

L5 TAEEMZERE
QRBMEEY, TRIEW AR ERES (- o) WRBEEMEAT (-e),

5.1.1 Raw &=
o ER+HBR, HEBSSHIFEEMEINS/ BREEER.,
o TIRHIMEEREE (I/0 FFHEED) .
o EREAXHRS ENFREESREE.

* Raw &L A1FIE VM Guest BUEEHI IR (dd if=VMGUEST.RAW of=/dev/

sda)e

* X5 VM Guest BEINFTHNFTHEE, RS RBEARETIE,
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5.1.2 qcow2 &=

o ERIRIATENRER N (XEXHREARZHTFRER)
s EARRENAES NE (MEFHA) -

o EF Zlib BIE4EET,

o XEFZ M VMIRER (REB. M) o

o AHRFIEREMIRE 1%,

o XFBEHEEX M.

o XFH—EMNE,

o MEERT raw BIlo

12-cache-size
qcow? B] LAABENLIREY/ B NiAERMES raw 18 NEREERE, BFESENEFKR.
AINERT, ZERIIEEN 1 MB, XERMEAK 8 GB B/ NIRIFIERE. MREFE
EEANHEKR), WEEZRBEFK. NRER KR/ 64 GB (641024 =65536), M
EE 65536 /8192B=8 MB 4&7% (-drive format=qcow2,12-cache-size=8M),

BEXD
qcow2 IR ECRBI A/ NBIINEE, EXINTT 512 KB I 2 MB Zia], B/NBIBEER
INA] LA E BRESCFRIR )Y, THERKRIBE SR A/ NI TR B 4F BV 1E RE,

FiisrEc
BEMD ECTIENRGERDERA, BEETEE KRR EEE,

IRERIS| AT
AT ERTTHIE I/O FHiREMEE, RAKIEREMSIAITE. XWF
cache=writethrough E’le%j‘ NER. ILEMASHEHITTEHIEEH, BNRAT
FHER MO NERZES | BitEER, WETXRER qemu-img check -r alliTHAR=
B ENE, hEEREEE—ENNIE,
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5.1.3 qged &R

ged @—MH#HE qcow (QEMU ENBYERI) &= BT qcow2 AJigfft ged BIFRE AU
Ehhae, Fitt ged MEFHA,

5.1.4 VMDK#&Z

VMware 3. 4 3 6 BRIV, BT 5% maHRBRE,

52 BEMEMEKR

qcow2 #l ged MIURM T —MEIZE ARG (BIMNEEXMH) MEERMREHEM EEE
RENGZ. EEXHNTFERIEMNRTHEFEBESREGIFEER. IREREENBIE,
FEERGRERIFAE, MEERERBIEREBEREXEH, FRIFEEA commit iFaH< (8
gemu-img commit) , BNEFEXMHKITEFZIEN.

BEEIRBEMRE, BBITUTEH<L!

# gemu-img create -o@backing file=vmguest.raw® ,backing fmt=raw@® \
-f@® qcow2 vmguest.cow®

fEF -0 ? FIFREXA] AT ATHE o

[FEX AR

HEE e XIS ST,

1EE VM Guest BYBRIGAE T,

VM Guest BIBRERTE, ERZRBREFEXHHES.

®© 6 ® 0 O

ZE. EERGERRE

ERUBHEERGNRE, SURBBNLHTEE, BEFHTESREXT. B
BHEE, BRI MRS S, RS gemu-img rebase
YT

# 1n -sf /var/lib/images/0LD PATH/vmguest.raw \
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/var/lib/images/NEW PATH/vmguest.raw
# gemu-img rebase@ -u® -b©O \
/var/lib/images/0LD PATH/vmguest.raw /var/lib/images/NEW PATH/vmguest.cow

O rebase 7 &£ qemu-img ELNEE RS,
0 - UENMSHEALZEER (FERTENERE) . rebase ERMARRMNIEITE
=

 BE: XERIMRH, MITEENTEZF, L2RAR—MIRNFENAIER
Eo

e FR2! FRERN (-u) RAEHEEXHBZMXARIEIN, MAREHH
NB. BEoRWBoIEEXMF, BEALEI

© fEA -bRIEEEEANEEMRE, BRERERMTHEE—1TSK

B REREREE X4 RBohIM Guest, RIEHKNBE— A LUERR slel5 base.img
VM Guest (RETEAMEANIFRE) . XBERINEEXH. MEREEENSHNRA
ABBERRAZNAS LA — MRS, HKITTLUER slel5 base.img, @I BIEIER
tbE&EXH (slel5 base.img) BY qcow2 BEX MR EFILHFTHEI SUSE Linux Enterprise VM
Guest,

FEARAIF, BITENEHRENRSMER slel5 updated.qcow2, NEBRBERIZMNRSIE
B slel5 kernel.qcow2,

ZEIBEXM MR RS, BEAT -b EWIAY gemu-img 85217

# gemu-img create -b /var/lib/libvirt/slel5 base.img -f gcow2 \
/var/lib/libvirt/slel5 updated.qcow?2

Formatting 'slel5 updated.qcow2', fmt=qcow2 size=17179869184

backing file='slel5 base.img' encryption=off cluster size=65536

lazy refcounts=off nocow=off

# gemu-img create -b /var/lib/libvirt/slel5 base.img -f qcow2 \
/var/lib/libvirt/slel5 kernel.qcow?2

Formatting 'slel5 kernel.qcow2', fmt=qcow2 size=17179869184

backing file='vmguest-slel5 base.img' encryption=off cluster size=65536
lazy refcounts=off nocow=off
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BUGIMTEERIMBER, ERUERELEI#%E slel5 base. img E&XEMER FHRITMR. FR
BENEB TN ERRET, XA LUERXEHIREIEANFEX R BB EMR

Bo

# gemu-img create -b slel5 kernel.qcow2 -f qcow2 slel5 kernel TEST.qcow2

#£4 - -backing-chain %EI{EMA gemu-img info B, Zém<I53)IREIE X BN EEHEN

FrEES:

# gemu-img info --backing-chain

/var/lib/libvirt/images/slel5 kernel TEST.qcow2

image: slel5 kernel TEST.qcow2

file format: qcow2

virtual size: 16G (17179869184 bytes)
disk size: 196K

cluster size: 65536

backing file: slel5 kernel.qgcow2
Format specific information:

compat: 1.1

lazy refcounts: false

image: slel5 kernel.qgcow2

file format: qcow2

virtual size: 16G (17179869184 bytes)
disk size: 196K

cluster size: 65536

backing file: SLE15.qcow2

Format specific information:

compat: 1.1

lazy refcounts: false

image: slel5 base.img

file format: qcow2

virtual size: 16G (17179869184 bytes)
disk size: 166G

cluster _size: 65536

Format specific information:

compat: 1.1
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lazy refcounts: true

BEXH
(REZSEFREFFRNAZE)

______________________ slel2 updated.qcow2

BRI

______________________ slel2_kernel.qcow2

e g

slel2_kernel_TEST.qcow2

TERIRIR R | R AR
- gemu-img rebase -b sle12 base.img sle12 kernel TEST.qcow2

1: IBRRGES

5.3 3#TF VM Guest BR{&

EiFRMEN RS, 15ER questfs-tools, MRRAFKLEERENT R, EAJLUER
Hith Linux TREHRE, RESEIFEARRMSEARAAY VM Guest USRS, HAXFIRER
SHLLET (BXFMER, EFIED. Berrangé L mHNEF (https://www.berrange.com/
posts/2013/02/20/a-reminder-why-you-should-never-mount-guest-disk-images-on-the-

host-os/) @) o

5.3.1 #TH Raw BR{&
iI3IE 5 . HEH RAW BR{&

1. BEHME, BRI —ETHNEIFIEE. UTHLETE—SRERNEIFEE (Eh
TElgA /dev/loopl) o

# losetup -f
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S

2.

3.

/dev/loopl
B (TE4RBIH R SLELS. raw) SEFISEMEREL:

# losetup /dev/loopl SLE15.raw

BRI X B EIFAE R REEREE T BRI SEIFREXE:

# losetup -1

NAME SIZELIMIT OFFSET AUTOCLEAR RO BACK-FILE
/dev/loopl 0 0 0 0 /var/lib/libvirt/images/
SLE15. raw

4. f£f kpartx TEREGMNHKX

# kpartx -a@ -v@® /dev/loopl
add map looplpl (254:1): 0 29358080 linear /dev/loopl 2048

0 FNMHXigERSY,
0 FAIRTL,

5. MAEEHMEDX (UTRAKEEHE /mnt/slel5mount) :

# mkdir /mnt/slel5mount
# mount /dev/mapper/looplpl /mnt/slel5mount

AR 83 VM B Raw BR1&
H15E raw BMRELE LVM 48, B4 WM TREBHSR, GX#EES, H50
$£533% “HHFEE LM HBE .

312 6 : EDE RAW BR{K

31

1. MHRERIFFEEEHDX, 0.

# umount /mnt/slel5mount

2. £ kpartx MR Xi&&ERET:
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# kpartx -d /dev/loopl

3. {#H losetup fEFRI% & <EX:

# losetup -d /dev/loopl

5.3.2 FTH qcow2 &

B2 7 . HEH QCOw2 P&k

(max_part=16). {FF dmesg ICEIR(ERTHRIN:
# modprobe nbd max part=16

# dmesg | grep nbd
[89155.142425] nbd: registered device at major 43

2. {EF gemu-nbd 85535 VM Guest A% (5130 SLE15. qcow2) i
579 /debv/nbd0) . EA=WHEI NBD i&&:

# gemu-nbd -c@ /dev/nbd0o@®@ SLE15.qcow2@®

@ & SLE15.qcow2 iEEEZ3t NBD i&% /dev/nbdo
® ZE{FFAMNBDI&E
© ZE{FAIY VM Guest &

O =R RERTETWHNBD 1&&

ZKNE NBD KB ERTH, BBITUTHRS:

# lsof /dev/nbd0O

1. B, BFEEME nbd (MEIRIE) RR. LUTRAIMBIZIEIRASHF 16 MRIKE

ZEREEINBD & (ETF

COMMAND PID USER FD  TYPE DEVICE SIZE/OFF NODE NAME
gemu-nbd 15149 root 10u BLK 43,0 0to 47347 /dev/nbd0O
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MR LEMINEFIRIREL, MRFEFLFICRRES FEDHN) » ELUES
BEEEEBTFE /sys/devices/virtual/block/nbd0/pid XHRHINREZ

|—\q\
BN

3. {£H partprobe BIIRERAB X XKRNEN:

# partprobe /dev/nbd0 -s
/dev/nbd0@: msdos partitions 1 2
# dmesg | grep nbdo | tail -1
[89699.082206] nbd0O: pl p2

4, £ LfI%, SLE15.qcow2 BEFNIX: /dev/nbdOpl # /dev/nbd0Op2, FEIEEHX
LS X a1, EH vgscan REENIREET LM &

# vgscan -v

Wiping cache of LVM-capable devices
Wiping internal VG cache

Reading all physical volumes. This may take a while...
Using volume group(s) on command line.
No volume groups found.

5. NRZEHEI VM &, FILIERA mount #HH DX

# mkdir /mnt/nbd0Op2
# mount /dev/nbdOpl /mnt/nbdOp2

BXUAEAE VM EREER, 1B8IE L3317 “FITHES VM BIRE”
372 8 . ENE QCOw2 P&k
1. HEFHMEGFIBEEEH X, flu:

# umount /mnt/nbd0p2

2. WiFFBRIRS /dev/nbd0 g &EHYIERE,

# gemu-nbd -d /dev/nbdo
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5.3.3 FIAESE LVM BRE

o
=

MR VM ENARSRBEHAB VG B system, 1 Guest BUKEERR VG BE N
system, LVM BEEBEIEFIRTE, —MHT@ESESENEDR Guest VG, MMIEH
AR Guest FAS VM EHBRSZBAREM VG B Ko

/=8

3129 HHEE LVM fBRE&

34

1. ZNEMERESTEE LVM A, 15FR vgscan -v, MIREEE LVM A, ss<mEE

W R

# vgscan -v

Wiping cache of LVM-capable devices

Wiping internal VG cache

Reading all physical volumes. This may take a while...
Finding all volume groups

Finding volume group "system"

Found volume group "system" using metadata type lvm2

2. ERZLIRFT system VM %40, AILUEA vgdisplay VOLUMEGROUPNAME (FE7s

f5sh VOLUMEGROUPNAME 73 system) JREXEXUILERFMER, NHEBEXNEHLE
LVM B XENGE LT, XEFERKREEEH TN, 8 vgchange:

# vgchange -ay -v

Finding all volume groups

Finding volume group "system"

Found volume group "system"

activation/volume list configuration setting not defined: Checking only
host tags for system/home

Creating system-home

Loading system-home table (254:0)

Resuming system-home (254:0)

Found volume group "system"

activation/volume list configuration setting not defined: Checking only
host tags for system/root
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35

Creating system-root

Loading system-root table (254:1)

Resuming system-root (254:1)

Found volume group "system"

activation/volume list configuration setting not defined: Checking only
host tags for system/swap

Creating system-swap

Loading system-swap table (254:2)

Resuming system-swap (254:2)

Activated 3 logical volumes in volume group system

3 logical volume(s) in volume group "system" now active

3. HHEPIFIBE D XERYIF /dev/mapper BRH., MERIAIEHEN .

# s /dev/mapper/system-*
/dev/mapper/system-home /dev/mapper/system-root /dev/mapper/system-swap

# mkdir /mnt/system-root
# mount /dev/mapper/system-root /mnt/system-root

# 1s /mnt/system-root/
bin dev home 1ib64 mnt proc root sbin srv tmp var
boot etc 1ib  lost+found opt read-write run selinux sys usr

#1210 HHESSE LVM BIBR{E

1. & umount HIEHFIE DX

# umount /mnt/system-root

2. £/ vgchange -an VOLUMEGROUPNAME {2 LVM &4H

# vgchange -an -v system

Using volume group(s) on command line
Finding volume group "system"

Found volume group "system"

Removing system-home (254:0)

Found volume group "system"

Removing system-root (254:1)
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Found volume group "system"
Removing system-swap (254:2)
Deactivated 3 logical volumes in volume group system

0 logical volume(s) in volume group "system" now active

3. IEB T RMERE:
o 3FF qcow2 BRE, BRI 2 FRFTRY4KLE (qemu-nbd -d /dev/nbdo),

o XF raw BRE, 1EIRSE 2 hFR4%4: (kpartx -d /dev/loopl; losetup -
d /dev/loopl) .

O == KEHNHRETHY
[NfEF losetup. gemu-nbd. mount 5 vgscan EREMSHINHERES
I, SNRZEMINENE, EIEFER VM Guest BARESBEINE, EATHRSM
BT ERIM G ER,

54 XHRZGHEE

EaJLAER filesystem st& A VM Guest FRIENBE R, TEUUTROIH, HITBEHEE /
data/shared BR B HEHEE VM Guest 1, accessmode SE{GERATF QEMU/KVM IREHFE
FBY type="mount' (type IARZHEMENATRTF LXC RpiEF) o

<filesystem type='mount' @ accessmode='mapped' @ >
<source dir='/data/shared' @>
<target dir='shared' @ />

</filesystem>

EHE#H VM Guest WEHBE R,

HiER (ZeER) IREHN mapped B AHREBREEEFHINR. 5
passthrough LA VM Guest 1 P BIARIFRILL HE=,

E5 VM Guest EEMERIF,
EH SR ENZ IR,

® e

© 0
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BEB7E VM Guest L% shared BR, BFERUTHS: £ VMGuest T, MEZTEEH

target dir='shared"':

# mkdir /opt/mnt shared
# mount shared -t 9p /opt/mnt_shared -o trans=virtio

BXFAEE, BEBWLibvirt SXHES (https://libvirt.org/
formatdomain.html#elementsFilesystems) # #1 QEMU 9psetup (https://wiki.gemu.org/

Documentation/9psetup) A,

6 VM Guest BicE

6.1 Virtio IXchizR

AT IRE VM Guest 1£8E, FRITRINIE VM Guest FERF EIMLIRENTERF, LT KVM
IR EHIZF N EIMUATER virtio Wik, EENEEPNMERZEITMIZIT. Xen EH
MBI B EIREIEF (%0 Windows* Guest B9 VMDP (https://www.suse.com/
products/vmdriverpack/) @) o

6.1.1 virtio blk

virtio blk EHAERT virtio IRI&EF. BENRIGEFEM virtio blk KEhiER, IB7E disk &
XHIETE bus="virtio' EBM:

<disk type='....' device='disk'>

<target dev='vda' bus='virtio'/>
</disk>
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O == wEREsH
virtio #&ig&aEN /dev/vd[a-z][1-9]. WMRMIE virtio BEEE Linux
Guest, BEZHE GRUB ELEFHY root=38%, HEWMER initrd X, TURS
¥E%51R. TEBITHMSIERSR VM Guest b, AR R FE BN AR EHRES|
SmEREF.

@ ==: &7 gemu-system-ARCH £ virtio M4
1517 gqemu-system-ARCH B, EfEMA -drive &K E VM Guest AR, 7S
W CEBMEIEm) ,5E 36 E “Guest ©E” ,5636.1 T “fFH gemu-system-ARCH i#
TEARE” hiRfl, -hd[abcd] FEIMAREATF virtio &,

6.1.2 virtio net

virtio net 2 virtio M&KI&E. RIZIERNTE Guest 5|1 SRYEMEREFPME,. BREBZ
AR S5 LAERIEE BT o

<interface type='network'>

<model type='virtio' />
</interface>

6.1.3 virtio balloon

virtio balloon BF 3 Guest SLFEENIAF I EFE A, XIF Linux Guest, SEKIRTHFZ
F7E Guest RIZHIETT; MXF Windows Guest, SIKIREITZF B & 1E VMDP &1
., virtio balloon BT VM Guest S ECKEIURATER PV IRTHTERF.

o EMSER: M Guest BIRAERIEL ENAZ FF KVM) SBREEER (3T Xen)

o KWLESIK: Guest EEZOANTF

B currentMemory 1 memo ry JEIIEH,
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<memory unit='KiB'>16777216</memory>
<currentMemory unit='KiB'>1048576</currentMemory>
[...]
<devices>
<memballoon model='virtio'/>

</devices>
BRI LAER virsh REXRE:

> virsh setmem DOMAIN ID MEMORY in KB

6.1.4 K& virtio BBEE
AILERL TSI E virtio 3R PCI:

> find /sys/devices/ -name virtio*

/sys/devices/pci0000:00/0000:00:06.0/virtio0
/sys/devices/pci0000:00/0000:00:07.0/virtiol
/sys/devices/pci0000:00/0000:00:08.0/virtio2

BEEHS vdX REXBIIRIGE, BIETUTH<:

> find /sys/devices/ -name virtio* -print -exec ls {}/block 2>/dev/null \;
/sys/devices/pci0000:00/0000:00:06.0/virtio0
/sys/devices/pci0000:00/0000:00:07.0/virtiol
/sys/devices/pci0000:00/0000:00:08.0/virtio2

vda

BIREVE X virtio RIVFAER, BBITUTEH<:

> udevadm info -p /sys/devices/pci0000:00/0000:00:08.0/virtio2
P: /devices/pci0000:00/0000:00:08.0/virtio2

E: DEVPATH=/devices/pci0000:00/0000:00:08.0/virtio2

E: DRIVER=virtio blk

E: MODALIAS=virtio:d00000002vOOO01AF4

E: SUBSYSTEM=virtio

EREMEERERAD virtio WapiERF, BIEITUTHL:
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> find /sys/devices/ -name virtio* -print -exec ls -1 {}/driver 2>/dev/null \;
/sys/devices/pci0000:00/0000:00:06.0/virtio0

lrwxrwxrwx 1 root root 0 Jun 17 15:48 /sys/devices/pcif000:00/0000:00:06.0/
virtio®/driver -> ../../../../bus/virtio/drivers/virtio console
/sys/devices/pci0000:00/0000:00:07.0/virtiol

Trwxrwxrwx 1 root root 0 Jun 17 15:47 /sys/devices/pcif000:00/0000:00:07.0/
virtiol/driver -> ../../../../bus/virtio/drivers/virtio balloon
/sys/devices/pci0000:00/0000:00:08.0/virtio2

lrwxrwxrwx 1 root root © Jun 17 14:35 /sys/devices/pci0000:00/0000:00:08.0/
virtio2/driver -> ../../../../bus/virtio/drivers/virtio_blk

6.1.5 TEHIKEIRCHIZFIE

Virtio IeFMEMIRIIZEF BB Z Nk, E5IHFAEED, 15 gemu-system-ARCH &3
B help &,

> gemu-system-x86 64 -device virtio-net,help
virtio-net-pci.ioeventfd=on/off
virtio-net-pci.vectors=uint32
virtio-net-pci.indirect desc=on/off
virtio-net-pci.event idx=on/off
virtio-net-pci.any layout=on/off

6.2 Cirrus fisRIXchIE T

NTIHRF 16 I, SRAEEMEEMRE, BATBRNER cirrus SRRENER,

Q EE: libvirt
libvirt 2B vram &, EAMSIA/NEERIZTE QEMU A,

<video>

<model type='cirrus' vram='9216"' heads='1'/>
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</video>

6.3 FEIFRINME

Virtio RNG (BB FER2E) SENEY RNG 8% @ Guest AFFRIEEIMKIEE, TEEM
s, MRKEEHFZE, JUBEEEIZNMEREZ— (BF—8EEMNEH RNG I&EME
B9 /dev/random) . Linux RiZE1E 2.6.26 MIEShRAHIIEEH Guest IREHTZE,

AGBREBZSMIFREMENHEN, TERTMENRRER. EMMEIRFTERSRRE (F
REIMEIRE) ATFEVRBEZEE VM Guest #2{FRFE, XKFTE VM Guest /=L E TRV,

E{FEF Virtio RNG, IBTE virt-manager I EIE7E VM Guest B9 XML B2E #7700 RNG 1%
&

<devices>
<rng model='virtio'>
<backend model="'random'>/dev/random</backend>
</rng>
</devices>

FHNIENEFER /dev/random:

> lsof /dev/random
gemu-syst 4926 gemu 6r CHR 1,8 0t0 8199 /dev/random

£ VM Guest £, RIfERLTa<HREMIFRIE:
> cat /sys/devices/virtual/misc/hw _random/rng available
BIfEAU TR E LRI ATRNIRE:

> cat /sys/devices/virtual/misc/hw random/rng current
virtio rng.0

RR1E VM Guest ER%E rng-tools M8, BRAZRS, AERKEBEN, 7 SUSE Linux
Enterprise Server 15, HfTIUAT&<:

# zypper in rng-tools

# systemctl enable rng-tools
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# systemctl start rng-tools

6.4 FRAXREANIAMRE

MEa ENNNER—EM R, Fla, FEER—aENLER KYMH Xen, BNETEE
ZEMARRFRLD . REXFQEM, URMRAEEMATIZ KR, BEFAECE T DEch
BMRANAZFE, TV AIESHNBEARERRMERE TEIER.

NRERDEN EATRNRENRSHEE, KSBEANREIRERAE LA X VM BIEERA
HITR. FILBERERIERERAN, FHEFRVM Guest FRIFTEHMA N

Windows* Guest:

o RRARSMRIPIER

o EERFIBBEIRIR

o BRABERS (WFAFE)

* NEBRINRSTIRARZRFTTENRS

o WEHABEAFTENLE

s BRARGZEN (WNAFER) , SWNHEHHATEEERES|FHXHA N HIERIER
o KBRS

o EHMTHENMIRSER

o L% VMDP (https://www.suse.com/products/vmdriverpack/) # 3 EILIRTHFZ R LLTE
FaxlEeE
o BERERFEIN, FIE07E Windows* 7 IS ERIEEEAYIET (https://
windows.microsoft.com/en-us/windows/optimize-windows-better-
performance#optimize-windows-better-performance=windows-7) 2 P71 _EFrig#tHy
IV
Linux Guest:

o ERHARERZEN X Window &% (MNFHE)
c REERHINRSTIEHAERAEENRS
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o EEAXAKLUEEEERNARSERIVIZERFEN
* (RLRERIEFERIRHA

o (RALRIFNMESS (RATEH. BENEE) NEH

6.5 BT Guest iITEHZEEY

QEMU I ENERTE X 5B KEEELNEXNEREMAT, MEX QEMU RIELLEIK
B, FENTENERREREM, HFREMEZE, EBITEVNERMAR R, BN THERN
HINEE, FNTBNEARN—EIBIRMITENEE,

79 Linux Guest 24 Guest i+ BHRERIREEERAR. T Windows* Guest, F{TEINEIZE
Guest FUIREE 19 Guest, LUBFHIN Windows* TEEA NN EREIHENEE FiafTR LS
&, FEEAPEREICE Guest BHERBRIEITEN LR ER,

Q EE: FrutEmMsE
MXXHE, FEN (Eism) , 2158 “EAvirshBEEPWY , %1527 “E
BT EMER”

7 123 EF VM Guest WECEFIRE
Q =

ATABMNEAF QEMU / KVM BREIRTER,

7.1 ACPI M=

BER B VM Guest BPRSTERAERE LEURTIZIER S, EEFIMEHRER VM Guest Z A1,

SENMRAIEIhEE, FIa0, KZE Linux RERAIASZAILLINEE, RItEERBBILRE
(GEE@EE Polkit) o

WATTE Guest F/S A ACPI A REIEE XM, BENEREEREE ACPI, BEfTUTHS:
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> virsh dumpxml VMNAME | grep acpi

MREGEFNEEARNE, WiHBBTEN 2B B ACPl, A virsh edit £ <domain>TF
BT XML £58S

<features>
<acpi/>

</features>

YR ACPI 27E Windows Server* Guest Z3EHAB/Z M, ABANTE VM Guest FEEFHBEH
g, BXRFMAEE, HEM https://support.microsoft.com/en-us/kb/309283 2,

T8 VM Guest BIECE N, IGLRERRILAM Guest IRERFAMEBSEINIE B Ko

1.2 EEfNH

RERLIEE gemu-system-ARCH 15 ERERE, BIFHIVEINTE Libvirt XML XHAED
BREHRE. BEMFEA vnc EHIERIRTE VM Guest WEXEEHF, 15548 VM Guest XML LB
X, 80, EFRN en-us RS, I57E <devices> AN

<graphics type='vnc' port='-1' autoport='yes' keymap='en-us'/>
¥2& vncdisplay ECEFHEZEI VM Guest:

> virsh vncdisplay slesl5 127.0.0.1:0

7.3 Spice BAIAmlfr URL

MRENLERT Lo LUNKBEREMMLZIZOEIK IPv4 itillk, spice ARS528 PR IR A
EfER. BN FHER:

> virsh start slesl5

error: Failed to start domain sles15

error: internal error: process exited while connecting to monitor:
((null):26929): Spice-Warning **: reds.c:2330:reds init socket:
getaddrinfo(127.0.0.1,5900): Address family for hostname not supported
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2015-08-12T11:21:14.221634Z gemu-system-x86 64: failed to initialize spice
server

E&E ke, aJLUERZA IPv6 ik : 11 ek /etc/libvirt/qgemu. conf FREYERIA
spice listen{&. WAILIAE VM Guest EEcK spice AkS52smiftthit, £/ virsh edit
£ graphics type='spice' JTEFARMMIT XML BiE:

<graphics type='spice' listen='::1' autoport='yes'/>>

7.4 XML % QEMU e
B, A QEMU f<$1TM XML X&/E5h VM Guest FTRER B o

> virsh domxml-to-native@ qemu-argv@® SLE15.xml @

Q@ RE XML A8TCHY XML X IR A ZSH, Guest FRE
® YT QEMU/KVM BREIEER, MANSHER gemu-argy
© ZEFERARE XML XX

> sudo virsh domxml-to-native gemu-argv /etc/libvirt/qgemu/SLE15.xml
LC ALL=C PATH=/usr/local/sbin:/usr/local/bin:/usr/sbin:/usr/bin:/sbin:/bin \
QEMU_AUDIO DRV=none /usr/bin/gemu-system-x86 64 -name SLE15 -machine \
pc-1440fx-2.3,accel=kvm,usb=0off -cpu SandyBridge -m 4048 -realtime \
mlock=off -smp 4,sockets=4,cores=1,threads=1 -uuid
8616d00f-5f05-4244-97cc-86aeaedB8aea7 \
-no-user-config -nodefaults -chardev socket,id=charmonitor,path=/var/lib/
libvirt/qemu/SLE15.monitor,server,nowait \

-mon chardev=charmonitor,id=monitor,mode=control -rtc base=utc,driftfix=slew

-global kvm-pit.lost tick policy=discard -no-hpet \

-no-shutdown -global PIIX4 PM.disable s3=1 -global PIIX4 PM.disable s4=1 \

-boot strict=on -device ich9-usb-ehcil,id=usb,bus=pci.0,addr=0x4.0x7 \

-device ich9-usb-
uhcil,masterbus=usb.0,firstport=0,bus=pci.0,multifunction=on,addr=0x4 \

-device ich9-usb-uhci2,masterbus=usb.0,firstport=2,bus=pci.0,addr=0x4.0x1 \

-device ich9-usb-uhci3,masterbus=usb.0,firstport=4,bus=pci.0,addr=0x4.0x2 \
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-drive file=/var/lib/libvirt/images/SLE15.qcow2,if=none,id=drive-virtio-
disk@, format=gqcow2, cache=none \
-device virtio-blk-pci,scsi=off,bus=pci.0,addr=0x6,drive=drive-virtio-
disk0,id=virtio-disk0,bootindex=2 \
-drive if=none,id=drive-ide0-0-1, readonly=on,format=raw \
-device ide-cd,bus=ide.0,unit=1,drive=drive-ide0-0-1,id=ide0-0-1 -netdev
tap,id=hostnetd \
-device virtio-net-
pci,netdev=hostnet0,id=net0,mac=52:54:00:28:04:a9,bus=pci.0,addr=0x3,bootindex=1
\
-chardev pty,id=charserial® -device isa-serial,chardev=charserial@,id=serial0

-vnc 127.0.0.1:0 -device cirrus-vga,id=video0,bus=pci.0,addr=0x2 \

-device virtio-balloon-pci,id=balloon®,bus=pci.0,addr=0x5 -msg timestamp=on

1.5 TESISHERAZEER

7.5.1 SUSE Linux Enterprise 11

BEE5| ST SLE 11 F=RME, FEEEK /boot/grub/menu. lst X, TEEAZRM
OPTION=parameter, AEESIS &S,

7.5.2 SUSE Linux Enterprise 12 #1 15

BE5|SERSLE 12 1 15 =meVE, TERBN /etc/default/grub X, &EiIL
GRUB_CMDLINE LINUX DEFAULT FFkHVZE, SARIEREZRNM OPTION=parameter (WE
=1E, WRESESAERNE) .

MEZFEEMEM grub2 iLE:

# grub2-mkconfig -o /boot/grub2/grub.cfg

ARESIF RS

46 E5| S ERAZSEL | SLES 15 SPT



7.6 7 XML EcEHANINIREE

ZEET XML XHEIZHEI VM Guest, BIfERRIZRATIC gemu: commandline RKIEE QEMU #p
$17. B30, FFIN virtio-balloon-pci, IBTE XML ERBEXHRIKE (</domain>tRKIZ Z )
RIS

<gemu: commandline>
<gemu:arg value='-device'/>
<gemu:arg value='virtio-balloon-pci,id=balloon®'/>

</qemu:commandline>

7.7 ANAERR CPU

FLE EIMEIFMR R BITEPMWIRY R RN R CPU
BEREAERR CPU, IBRPITUT oKX CPU FA

# echo 0 > /sys/devices/system/cpu/cpux/online

B X BN CPU RS, BfE CPU EMEL, BT

# echo 1 > /sys/devices/system/cpu/cpux/online

1.8 ZRiF1ge L SCSI KA

SCSI KA TR vl A FRRFIF HZF IR EPIRIGERIGR, XAk NSt s iniE 4 89
MEAHRRE—MRIGEHIT AR ENZRIFITIHR, WA SBOSE R ETERIR,
BEXEEGEMEZEE /O MFAREE, B8N (FHEEEm) , £ 18E “BEGENSRE
1/0” o BX SCSIKATIBHNIFMER, BN (FHEERIEE) , % 18 % “BIESENZK
£1/0” ,5%618.6.471 “SCSI XARZEF mpathpersist” .

HFEINEIHS, QEMU BY SCSI Bifi&#& scsi-block #l scsi-generic HPEIHE XA
BiER &R BB SNAVINEBEEBIAER gemu-pr-helper, ZIEFEEAE QEMU ZHIBHN,
HElBR—MEZENEENOIRRERT S QEMU BHl,
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Q iE: FRAZREFRENLIBTHS
BB WERZERERNBMIE wwide XTE VM Guest BB F#EIZRHIEEFTR, AAX
Al BT LA AR IR EANA B AT EN N F B ZMEE,
BXZRENFAGEE, 2N (FHEIEER) ,% 188 “BIEFRENZREI/07,
$£18.12271 “AZREMRGSENE” o

id#E 11 £ VM GUEST A1, £33 VM EHBRSS 23 FEIAEX 2 ER1IZILE RN SCSI K AT :

1. £ VM ENARSBHEEZRIEZNIR, BXEZER, 58% (FHEEER) ,% 18
& "EEREMNZREII/07 ,FE187TT “HNZRIEERS M (FHEEEER) ,
F18 % “BEIGEMZIEFEI/0” ,5£ 1887 “ZRFAME .

2. 7EVM ENARS ][ LM Libvirt IECEH, BE <source/>7tEH (BFEE lun il
<disk/>7t&) W <reservations/>FitH. BEEM Libvirt i XML &L (https://

libvirt.org/formatdomain.html) 2,

3. TEVM Guest F, f££/ sg_persist ap¥ &% sg3 utils MEBHIRFETNE SCSI 4
&
1 : SERRTHG

1. 7 VM VRS EH, K multipathd.service @B IEHEIETT, UNREREEFRESERR
WEHEmR (fli storagel) o

> sudo systemctl status multipathd.service
@ multipathd.service - Device-Mapper Multipath Device Controller
Loaded: loaded (/usr/lib/systemd/system/multipathd.service;
enabled; preset: disabled)
Active: active (running) since Sat 2023-08-26 21:34:13 CST; 1 week
1 day ago
TriggeredBy: o multipathd.socket
Main PID: 79411 (multipathd)
Status: "up"
Tasks: 7
CPU: 1min 43.514s
CGroup: /system.slice/multipathd.service
L-79411 /sbin/multipathd -d -s

48 ZIR1Fie%E £RY SCSI KATRE | SLES 15 SP7


https://libvirt.org/formatdomain.html
https://libvirt.org/formatdomain.html

49

> sudo multipath -11
storagel (36589cfc000000537c47ad3eb2b20216e) dm-6 TrueNAS,iSCSI Disk
size=50G features='0' hwhandler='1l alua' wp=rw
| -+- policy='service-time 0' prio=50 status=active
| - 16:0:0:0 sdg 8:96 active ready running
“-+- policy='service-time 0' prio=50 status=enabled
- 17:0:0:0 sdh 8:112 active ready running

2. £ VM ENARS2F, @LIE{Tvirsh edit 72 VM Guest BEE XXM <disk/> 7t

<disk type='block' device='lun'@>

<driver name='qgemu' type='raw'/>

<source dev='/dev/mapper/storagel'>

<reservations@® managed='yes'@® />

</source>

<target dev='sda' bus='scsi'/>

<address type='drive' controller='0' bus='0' target='0' unit='0'@ />
</disk>

O NTHZIFKATYE, HIBHEIRIZH block ZEEH Lun, LUE QEMU 1T SCSI
BHii,

0® WMREFEZTER, WSHAET SCSI WHEEBRKATE. ZTRAE—TTWEREM
managed, ZEMIEZHIEN yes #l no,

© R managedig&Nyes, libvirt 2EEHEEREMNEMRER.
INREM managed BEN no, BAEEEFSZIEET G, HESAEZFTRR
PIRUHRSBERFHREZ, ZFoRREAMNERUATEMN:

type
ME—BWAYEDTTA unixo

path
RS SR ERF R,

mode
BAEEEFNA®. BREN client,
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O MINFEEEIED virtio-scsi HBA BEEFEEHEETHET (81 virtio-scsi HBA MYz
KEBTHRNT) o BN, BEEFLHHN virtio-scsi HBA, L& libvirt Bhim
LSI HBA, 40

<controller type='scsi' index='0' model='virtio-scsi'>
<address type='pci' domain='0x0000' bus='0x03' slot='0x00"
function='0x0"'/>

</controller>

> sudo virsh domblklist sles1l5sp5
Target Source
vda /mnt/images/sles15sp5/disk0.qcow2
sda /dev/mapper/storagel

3. 7 VM EHBRSS 2B VM Guest, libvirt £B50 gemu-pr-helper SEFI{ER VM
Guest sles15sp5 BIARSS 28, FAE/EBN VM Guest sles15sp5 fEAE F o

> sudo virsh start slesl5sp5
Domain 'slesl5sp5' started

> sudo virsh list
Id Name State

4 sles15sp5 running

> sudo ps -eo pid,args | grep -v grep | grep gemu-pr-helper
37063 /usr/bin/gemu-pr-helper -k /var/lib/libvirt/gemu/domain-4-
sles15sp5/pr-helper0.sock

> sudo virsh dumpxml slesl5sp5 | grep -All "<disk type='block'
device='lun'>
<disk type='block' device='lun'>
<driver name='gemu' type='raw'/>

<source dev='/dev/mapper/storagel' index='1l'>

<reservations managed='yes'>
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<source type='unix' path='/var/lib/libvirt/qgemu/domain-4-slesl5sp5/
pr-helper@.sock' mode='client'/>
</reservations>
</source>
<backingStore/>
<target dev='sda' bus='scsi'/>
<alias name='scsi0-0-0-0'/>
<address type='drive' controller='0' bus='0' target='0' unit='0'/>
</disk>

4, 7T VM Guest 1, {FFZREA 123abc %8 scsi i (f5I%0 sda) »

> lsblk

NAME  MAJ:MIN RM SIZE RO TYPE MOUNTPOINTS
sda 8:0 0 50G 0 disk

vda 253:0 0 206 0 disk

Fvdal 253:1 0 8M 0 part

Fvda2 253:2 0 2G 0 part [SWAP]
L-vda3 253:3 © 18G O part /

> sudo sg persist --verbose --out --register --param-sark=123abc /dev/sda
inquiry cdb: [12 00 00 00 24 00]
TrueNAS  iSCSI Disk 0123
Peripheral device type: disk
Persistent reservation out cdb: [5f 00 00 00 G0 00 00 00 18 00]
PR out: command (Register) successful

> sudo sg persist --verbose --in -k /dev/sda
inquiry cdb: [12 00 00 00 24 00]
TrueNAS iSCSI Disk 0123
Peripheral device type: disk
Persistent reservation in cdb: [5e 00 00 00 00 00 00 20 00 00]
PR generation=0x5, 2 registered reservation keys follow:
0x123abc
0x123abc

5. 7£ VM Guest 1, fFEFZ$A 123abc B sda i,

> sudo sg persist --verbose --out --clear --param-rk=123abc /dev/sda
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inquiry cdb: [12 00 00 00 24 00]
TrueNAS  iSCSI Disk 0123
Peripheral device type: disk
Persistent reservation out cdb: [5f 03 00 00 00 00 00 00 18 00]
PR out: command (Clear) successful

> sudo sg persist --verbose --in -k /dev/sda
inquiry cdb: [12 00 00 00 24 00]
TrueNAS  iSCSI Disk 0123
Peripheral device type: disk
Persistent reservation in cdb: [5e 00 00 00 00 00 00 20 00 00]
PR generation=0x6, there are NO registered reservation keys

8 BEER
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fEFE KSM 1EINRTEZREE (https://kernel.org/doc/ols/2009/0ls2009-pages-19-28.pdf) #
linux-kvm.org KSM (https://www.linux-kvm.org/page/KSM) &

KSM BYPI#Z3AY (https://www.kernel.org/doc/Documentation/vm/ksm.txt)

ksm - &R F linux v4 BIShSTIHEZIRENFER (https://lwn.net/Articles/329123/)
A7FESRIK (https://www.espenbraastad.no/post/memory-ballooning/) #

libvirt virtio (https://wiki.libvirt.org/page/Virtio) <

BFQ (FIEAFPAFI) (https://www.kernel.org/doc/html/latest/block/bfg-
iosched.html) <

sysctl B934 (https://www.kernel.org/doc/Documentation/sysctl/kernel.txt) <
LWN FE#HERZF (https://lwn.net/Articles/525459/) #

MiZBEK (https://git.kernel.org/cgit/linux/kernel/git/torvalds/linux.git/plain/

Documentation/admin-guide/kernel-parameters.txt) #
ATRERE (Mel Gorman) (https://lwn.net/Articles/374424/) &

W% hugetlbpage (https://www.kernel.org/doc/Documentation/vm/
hugetlbpage.txt) #
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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 public is 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.

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.
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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.

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. Liston 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.

54 5572758 | SLES 15 SPT



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.
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.

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.
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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.

9. TERMINATION

You may not copy, modify, sublicense, or distribute the Document except as expressly provided for under this License. Any other attempt to copy, modify, sublicense or
distribute the Document is void, and will automatically terminate your rights under this License. However, parties who have received copies, or rights, from you under

this License will not have their licenses terminated so long as such parties remain in full compliance.

10. FUTURE REVISIONS OF THIS LICENSE

The Free Software Foundation may publish new, revised versions of the GNU Free Documentation License from time to time. Such new versions will be similar in spirit to
the present version, but may differ in detail to address new problems or concerns. See https://www.gnu.org/copyleft/ 2.

Each version of the License is given a distinguishing version number. If the Document specifies that a particular numbered version of this License "or any later version"
applies to it, you have the option of following the terms and conditions either of that specified version or of any later version that has been published (not as a draft) by
the Free Software Foundation. If the Document does not specify a version number of this License, you may choose any version ever published (not as a draft) by the Free

Software Foundation.

ADDENDUM: How to use this License for your documents

Copyright (c) YEAR YOUR NAME.
Permission is granted to copy, distribute and/or modify this document
under the terms of the GNU Free Documentation License, Version 1.2

or any later version published by the Free Software Foundation;

with no Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts
A copy of the license is included in the section entitled “GNU

Free Documentation License”.

If you have Invariant Sections, Front-Cover Texts and Back-Cover Texts, replace the “with..Texts.” line with this:

with the Invariant Sections being LIST THEIR TITLES, with the
Front-Cover Texts being LIST, and with the Back-Cover Texts being LIST.

If you have Invariant Sections without Cover Texts, or some other combination of the three, merge those two alternatives to suit the situation.
If your document contains nontrivial examples of program code, we recommend releasing these examples in parallel under your choice of free software license, such as

the GNU General Public License, to permit their use in free software.
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