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1 EIMr=R

EPMUBENEIIMRIRMIT S I08E RERARUATZMIR. MFEZAXAT, FS
W (EPMetsrE) , TERMTFEN:

o (EMLiER) , %28 “EHMER" %217 REBHESH
o (EMMEiER) , B 1E “EIMEERAR" B 127 “EERRR”

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
o BAEMBEREI A5 K0%. MK NAMEBEMCEMIERET, M. TR
H. BRAEFAREMEERER. MAERNEME RO RINERENEEXREER,
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3 B

3.1 EiNfEA libvirt €L

SUSE 38ZUZINERA libvirt HEZSRECE. EEMRME VM EHBRSSES VM Guest, ZIELR
RET —TMERTHREFHEMRANSG—RE (GUIFMSR) , RIS ETBREERRR
FRITRERSER.

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

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

gemu-system-x86_64 SEIEAY 64 il PC FEMIEMA, BT 32 fidh 64 (IRIERHK
VM Guest, HHF qemu-system-x86_64 @EHE A/ 32 i Guest IREEEMEE, Hltt SUSE
—ARIRIN KVM B9 32 {i1#0 64 {iI VM Guest #R{EF gemu-system-x86_64 ., gemu-
system-i386 AJiRHEEMEERN S RAT SUSE i

Xen WM gemu AR Z#HEIX M, EEHETER gemu-system-i386 , FEFHY

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

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, TNEERHAEXLEHRR, WRAFEE, TVNMERRIMERMm, #MBs
XF VM Guest BY1%8E £ S ERZMElo
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4.1 NTF

Linux AR AT B TR EIBNGEF. TAZHEASL L, BUIATRA/NA 4KB, Linux #1 CPU BE
FEMLE DR FHPLL#HE, ZEEFEENRTP, NREAESHETET, WEEEEZHE
REHRAFRFNMUE, RAERAREENE, AMBRERRE, LA7T TLB (FiREERE
HX) FR, BEEEAERAENRSL, TLB UL EATSHERE K, NBRLEEDEEREK

REBREEEFFHERER, XRBEFEEAENE) , JUFERAR. FRAATURREL TLB FF
HMLAE TLB BYI1ER (pagewalk), ¥FHAFEH 32 GB (32*1014*1024 = 33,554,432 KB). T
K/INA 4 KB BIEN, TLB BE 33,554,432/4 = 8,388,608 N, fFF 2 MB (2048 KB) FITTIA/)
Bt, TLB 27 33554432/2048 = 16384 NI, AJAAR/DITE TLB B91E 5.

4.1.1 ¥ VM MRS 28 VM Guest BCE AERA KT

AMDG64/Intel 64 CPU AR EMZIFAT 4 KB HITT, BIATI, BEfERFK LATAARTIAIAN
(A2 2MBE{ 1GB) , iF&%E /proc/cpuinfo fHFH flags THESTES pse #/
I{ pdpelgb,

F®1: REATANKTIAN

CPU #5& RTARARBIA/)
FFFEHR AR RANAR
pse 2 MB
pdpelgb 1GB

EAARTIA LURHA VM Guest BIMEREFH B/ A ATFHTEFE,
HINBERT, RAMERE THP, EFRF LoJLUERAR, BESISER hugepages=1 R
SEAT, EEILUEREREI hugepagesz=2MB HIIEE RHRIMATIA .

Q ixE: 16BAm
1 GB MTIRBETES IS DD, ZEBTEEK.
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B FAERADIR (HugeTlbPage), EBREMFAERINIRIER hugetlbfs,

Q i ATHARXES
ATIBARBEBIRERENRE, BEHFE LR, EAARN, HEFESK (55
W 6.1.375 “virtioballoon™ ) « KSM (GBEILE 4147 “KSMATIH=E" ) FEIp
BERAE R, HERILERR,

3122 EEEXTAIER

1. 3§ hugetlbfs ###F| /dev/hugepages :

> sudo mount -t hugetlbfs hugetlbfs /dev/hugepages

2. EARRERNRE, BEA sysctl &<, MNRARFLMATIA/NA 2 MB (2048 KB), 1M

fEAEE S VM Guest 1R85 1 GB (1,048,576 KB), BRAMEEESR 1,048,576/2048=512
A

~

> sudo sysctl vm.nr_hugepages=512

ZEBS N /proc/sys/vm/nr_hugepages , RRAZBIARTTAHHFIHFEFERNK
2, HASBNRGE, FEFEENATUSREIEI AT,

3. £ VM Guest BEEB X710 memoryBacking jt& (&di51T virsh edit
CONFIGURATION) o

<memoryBacking>

<hugepages/>

</memoryBacking>

4. B VM Guest, EEXH EEFERT K.

> cat /proc/meminfo | grep HugePages

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

M ERDECHIATUE

EAEMNERDEERARHEITOEHIARTINE

HMEPKF /proc/sys/vm/nr _hugepages FHEMNATIIHE, RABEATIH

/proc/sys/vm/nr_overcommit hugepages =l

© ® 00O

4.1.2 FBEEAKRDI

FIFABEEAADI (THP), &ERILUER khugepaged NIZARZINSHECADL, THEBFHEEAR
D BECAER. THP XM FRAELEANFHERNTIEABEER. EETRAELNFIAR
BN ERTEREET, TIFEIRADEL 1000 &, Rz, MFRABHRAF AR IERE
(BIaNERIEE) , THP AIRERMIRE. EXEIERT, ERFHMIER sER@IT RIS
transparent hugepage=never XZFH THP, AGEME grub2 BBEHESIS, FHAUT

HORRBEELM THP:

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

always madvise [never]

MEEZH, AIESHEERE never, L ERGIFFIR.

Q F&E: Xen
THP £ Xen FARA Ao

4.1.3 HET Xen BATFILA

4.1.3.1 %EIE Domain-0 ATF

7ELAFIAY SUSE Linux Enterprise Server fixd&s/d, Xen ENNFINREDIERNRRFAIEE
MEBAEE A4 Dom0, HFERBSEKNATINE. HEEMABEGE, AESB5
M Dom0 #TRIKNIAT,. ITHERAZ L, FLEZIENIEHEEZR, M SUSE Linux
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Enterprise Serverl5 SP1 g, BMIABERAEMSEKINAT, MEN Dom0 SEE 10% BIEM]
YIIER7ESMIND 1 GB. 30, 7E¥IEAREAR/NA 32 GBBIENL L, §/9 Dom0 5382 4.2 GB A
%o

ENNNDZIFHEBIIE /etc/default/grub FERA domd mem 1T (BXIFHFES,
BELE 75T “E5ISHERNZEH ) o EILUERE dom0 mem &ERNENYIEAE
K/, HTE /etc/xen/x1.conf H/2H autoballoon &E, FmEIRITHA.

4.1.4 KSMFmIHE=E

AIZE TS F (Kernel Samepage Merging) @ —IAZINEE, ALUBIIHE VM Guest £EEH

RFERFHLD VM RS 28 LEENNTE. KSM FPERF ksmd 2 EHRBAFRRE, &
BEMERAS. ATHENERIPIIBIRNT. ZEH KSM RS, BEEHMARERE gemu-ksm
wta, AREITUTHR:

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

M VM Guest WAEMS, FA KSM MRS Z—ZFE Guest AFEZ ENEZAESR. &
AU pagecache. tmpfs 3 Guest R ECHEAIE R INTE,

KSM B sysTfs 1=#ll, ERILITE /sys/kernel/mm/ksm/ & KSM AY(E:
* pages shared: [EEFRAMNEZERHE (RiF) .
* pages sharing: EEHETINMEHE (2 .
* pages unshared: A#HTEHMREVETHNE—IHE (RiF) .
* pages volatile: BRARMIAANTEZEHNIIHE (i) .
e full scans: BREFAEAEHXIENRE (RiE) .

* sleep millisecs: ksmd £ FRIFHERINARIZT . EIRESIERERA CPU,
SECHER AT HMESH CPU BYal, BTEIFZEIRN 1000 B L,
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S

pages_to scan: 7 ksmd #NERKSZAIEREN IR, EdeadEFH
CPU, EMNTEWERZEIRN 1000, ARRBEENIHEENMREA KSM ERH#ITHE
BIEEE,

merge across nodes : RIANBERT, RASE NUMA TREHIT. FILEDTIZA 0
KBALITA.

xR AR
KSM BiAIEREATEETR— M AR VM Guest #9% MBI B EAAE.
U R AR VM Guest B R —3 R R EMAIMMIEN, BIFRM KM, Jlt,

BT TS

> sudo systemctl disable --now ksm.service
5E, WALUETUTan<RERZRS:

# echo 0 > /sys/kernel/mm/ksm/run

ESENRZEEZMIFES, FJUUEEHEEA KSM, BEWRS VM Guest 2
KSM, BTLAER virsh edit 7 VM Guest B9 XML BREHRFRIMU TRBFREZER Guest
it

o

<memoryBacking>
<nosharepages/>

</memoryBacking>

5 BRHMAFEAENESR
RE KSM I LUBENRY L7z, BREERN SRERBHTHRE LT
SN RONRERRIER. NRARZAFENERLD, REEMRNENERE,
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L& NEFRREER

BRINERT, KSM 2 NUMA TRaHHEAT. NREHEMNERIIEATRZEN
NUMA 2k (#83Fi51T VM Guest vCPU BYTI 1) , XA BERPEME VM Guest B9
fE. WIRTE VM Guest RAINFIHIRIEREN, i5EA merge_across _nodes sysfs
EHZABETRaH:

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

4.1.5 VM Guest: REHIHER

ATHRUCENRENER, EEEBNNIEITEH VM Guest FUENBEZNFOREaBRER. BXIF
AERIER, BASE VM Guest WECEXHHECE <maxMemory> #Rig:

<maxMemory @ slots='16'@® unit='KiB'>20971520 @ </maxMemory>
<memory @ unit='KiB'>1048576</memory>
<currentMemory® unit='KiB'>1048576</currentMemory>

@ I Guest HECHNETTIIRAANTE
® TIET M Guest HMARTZRIFELL
© BNMEBEMNEIE:

‘KB” , RnFFT (1,000 NF)

o “K” I “KiB” , RRTFAZHBIFT (1,024 NFH)

e “MB” , ®IJKFT (1,000,000 NFTI)

o “M” 7 “MiB” , "R ZHFIFT (1,048,576 PNFTI)

e “GB” , ®ATIEFT (1,000,000,000 TF713)

e “G” T “GIB” , RIxTIKIZHHIFT (1,073,741,824 NFH)
e “TB” , ®RFRAIZET (1,000,000,000,000 TFTH)

o “T" 8 “TiB” , ®RAZMAT#HHEFT (1,099,511,627,776 NFH)
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O 7I3|S A Guest HECHRARTE
O R Guest HECHIRNTE
ERRFIRERENTED, BB TFIRE mem-dev. xml XX

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

</memory>
RSB T SMIINZ 4
> virsh attach-device vm-name mem-dev.xml

BERAAFEERER, BAEDH Guest EX 1N NUMA Byt (IBEIE 4.6.3.17 “VM
Guest [EH#A NUMA 3R¥N )

4.2 iR

RSB BERCIARFERTDERNYIEANTF (BEREHKEEXRIFE) . ABBLERAERN
ﬁTE) §§§“L1M12§E’J\ *ﬁo

4.2.1 swappiness

swappiness IREIFEHIRFANRIRITN. SEXMAIERFEEEN#ERE, swappiness BIE
BREaSNASIMERM, FJRENTEENR 0 ) 100, X 100 B, RASTHRIAEETH
BXLERETFTRIER, BN 0 NZART,

BELRNRSE EH#HITIR, aTUBIRERN /proc/sys/vm/swappiness BIfE, ARKEREF
=

- ¢

# echo 35 > /proc/sys/vm/swappiness

> free -h
total used free shared buffers cached

ot
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Mem: 24616680 4991492 19625188 167056 144340 2152408
-/+ buffers/cache: 2694744 21921936
Swap: 6171644 0 6171644

EXAIKE swappiness {8, 157 /etc/systcl.conf FRMM FRIREITT:

vm.swappiness = 35

TEPTLUBEIZTE VM Guest B9 XML EEEHfERA swap_hard_limit jT&RFITHIZIH, B
SHHARBERTESHERZA, BRETIR, FANRZEIR, EVAIERELESE,

<memtune>@
<hard limit unit='G'>1l</hard limit>@®
<soft limit unit='M'>128</soft limit>@
<swap_hard limit unit='G'>2</swap hard limit>@®
</memtune>

0 UTENEREAFTASHE. MR, NEINEHIRIERFIRENIKIAE,

® Guest AJLUERMBANT. % VM Guest EHEIMEMIBIE, FHATBRZIBINAEMEALL
S8,

© TERFFAHEEREIMITHIRNERRE],

O VM Guest B LAERIERAATFMII%,

43 1/0

43.1 |1/OHERER

SUSE Linux Enterprise 15 SP2 MIEShRAH 1/0 AERERF AFIE L TFBAYI (BFQ). BFQ AETRE
FREEBRENIER 1/0 BIENMEHBATHEERE 1/0 HE. BaIUATENIEEERATR
[E#Y 1/0 JEERER.

ATEENM VM Guest EIRIGFIFHIMERE, BILITE VM Guest fER none (2H 1/0 AETE
) , MARECENIER mg-deadline FEERER,

1 3 . EBITHEFMEN /0 BAEERF

1. EEFMWENYF /0 BERER, BIaTU TS (1§ sdX BRANEETENEE) .
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> cat /sys/block/sdX/queue/scheduler
mg-deadline kyber [bfqg] none

HiESHRENHRIFMENRERSF EULRGIFRN bfg) o
2. BA BTN ERAERR, BEEUEAZL root BEITU TGS

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

MREFENESMERIEERREN /0 BERR, BHEIERBZEMFUT RGN /usr/lib/
tmpfiles.d/I0 ioscheduler.conf X, tbXR /dev/sda X mg-deadline A
B/, A /dev/sdb EX none RAERRF. BEIE, RESMOIEEIRELREMSR. LLINEE
X7E SLE 12 ME=hka< LRI Ao

w /sys/block/sda/queue/scheduler - - - - mg-deadline
w /sys/block/sdb/queue/scheduler - - - - none
432 S%1/0

WZ B R R IRESHMEDEER Linux &% 1/0 (aio), EINBERT, aio FIEMNRAKEILE
79 65536, {BINIRIEITHY VM Guest :ZE B, MENNENEERRmNBELEA Linux B2 1/0
WIR, aio FIEHMERTRESEBEZ LR, £ VM EHARS 28 LIBETTKE VM Guest BY, 1FE 1L

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

B2 4 . EETIHEREL AIO-MAX-NR
1. EEFYFIN aio-max-nrig s, 5T TS

> cat /proc/sys/fs/aio-max-nr
65536

2. A UER L o< TSR aio-max-nr:

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

EXKAIKE aio-max-nr, BEBEENX sysctl XXHFRMMERIN, Flg, 7 /etc/
sysctl.d/aio-max-nr.conf FEEUTRA:
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fs.aio-max-nr = 1048576

433 |/0 E#ML

SUSE FmX# 550 1/0 EIMUERAR, TRIIE TEMRANNIRR, BXEMLTH1/0 B9F
MER, BEW (EIMuiER) , B 18 “EIMUEAR" , %147 “1/0 EIMME -

|2 1/0 EMERRS =

BEAR =1 fRe
KESE (B#l) Guest BiZihRigE % Guest Z [~ HEE
HRER S ENFRRAESR

81 Guest B9 PCI & & FESIS

8
AR5528 ERVRFELE IR
SEPMY VM Guest EA M MRERE
(IDE. SATA. SCSI. e1000)
EF LTS B2 1E
EEBIME (virtio-blk. virtio- {BEERGF ZIEH Guest (PV IXEHFE
net. virtio-scsi) FF)
{EF LTS

FH5 VM Guest SRGEE

4.4 TFENXHFRS

VM Guest BITZEZSBIR LB HISEE (Bla0, YIRS FMHX) , eallEXERS FRRG
XA
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£ 3 RIGESHBMEHITILL
BA

Rigd

BREG S

BRRGEIALEIFRGRIFAER, BHERE5T

=
o MERETEYF

o ERMNETRHAT
HhER1EER

o AIMENIAE (RIS

#)
- BRTFRGEE

o FAIRMBEN. TR i
B, &1

o IRIHEATFIREMGRLE
BILAEE (guestfs)

o BEHE IRV FFEE

o BIRENERRER
{E1%RE

“VM
FLEAR

HIRIEHIBMEIEAETE NFS HEh, iB5iaE
1518,
4.41 NFSIEEY/EN (BFim)

rsize fl wsize EIHEER P inS kS350 B Z BIREIZ BN EIEKIRBIA .
NFS B/ EARNEBK (LHEHZ

wsize S¥BEIEE

B/

ER

o IREEE

o MERELEIRIER

Guest I1{&”
SMNEF iR

SECRMGHTT VM Guest BRERY

JRNIVATEAES

FHFIERABI1/0) o 15 /etc/fstab M rsize M
16 KB, XEHRTER EIECSLFIRY, FRraiREERnl LIBIERLE,

nfs server:/exported/vm_images@ /mnt/images® nfs® rw@® ,hard® ,sync@®,

rsize=8192@ ,wsize=8192@ 0 0

@ NFSERSH[HENBNFHEEZ.

14
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® FNFSSHNHZ=HEHIIMNMUE.

© X2 nfs EHS,

O IHEH SR LUREY/ B N NE A,

O E NFSIEKEBEE NFS ZFPRVRETTN. hard BB REHIEIRIFRIREERDL

0O EMBHIEE N ZEHR FNXHNARA AR 2SHERARABIEFINRESLART
8] Z AR SR R 2 AR S5 880

@ NFSEFimM NFS ARS5 28 RIS HHRENERIERY, £8 W48 READ IEKAA] LU RIER K
FHE

O NFSEF %R NFS fRS28 LRI B NEIREEY, E81WLE WRITE iERF A LA XN &
RFTE

442 NFSZ%E (BRs328)
NFS ARS3 5857 45 RIS S M NFS SIZRMES AR T RS, £/ nfsstat TEATKIURS
22 | RPC ZEit

> sudo nfsstat -rc

Client rpc stats:

calls retrans authrefrsh
6401066 198 0 0

R retrans FF 0, WRT—IER. BN, BRIHFEEHEHE, REEKX /etc/
sysconfig/nfs #f USE KERNEL NFSD NUMBER T E&Hi#{THHNIEZE, HF retrans
EF 0,

4.5 CPU
FAHCPU “Af” EHEIKEPREHR 4™ 79 VM Guest FRBVEIA CPU, XEAHAIRER
o CPUAMEZ:: B E CPU BT, BEAZMMaUIt B R R FHBLAIE,

e CPUZLy: —1E CPU Btr] URHZ ML, OB MREBMIRITEIIZHER
RETRBYZSo
o CPU fB4eiz: IWSRIATFHEHBENHITH, BEMERMEBZO.
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4.5.1 #5JkCPU

FiB VM Guest BYEEH#L CPU FURIREBI A CPU BWERERY, =A% CPUZEfER, Hk
BEIEFEAHBESTEM CPU BYILE VM ARS8 EAI— MR IERETIL 0N, FREE
EfEMERE. FELE, VM Guest T—ATEEANEN LIZITRREILREM, 81 VM Guest
MELEBEIRENET . Eit, BREEEIERER CPU,

BREREBATIEMRM CPU, FENBAILIEMHERIFNILR T, fli, NREREFR
A VM Guest ) CPU M1 EEBARSBT 50%, BALTAILURISE ENITEFEA 2 FH (X
BEHEE—8AB 64 N CPUMENE, BHE 128 NEWI CPU) FAILUEE IR BE, 1R
THIE VM Guest RIPRB EHA CPU ERZHIE/R TS =R LA 100% BARIETT, ARABMERE
#4 CPU LEEAR CPU Z— BB T RESEE,

S EERRAE—EZERN, RIEM CPURNRRMBEBT VM EHARSHIVIELORER 8 &
B, FIRESSBASGHIBENRRE, FIbW 8% HIX—1E5R.

PRIEEHLIRE— D VM Guest FE LD EIA CPU, BNEM—1 CPU F8. & VM Ry
CPU TR HBEMMERIEARLY 70% (BXEMTANGER, BBR (RAnlEiER) ,
F2E "REWEALAER ,HE23T MR ) o WRETE VM Guest 3 ECHIAMIERR B
FRE, XXM ENM Guest UMEREFERNER M, BIFMERFZRER, EAKRFERR vCPU
MARSEITEEPRT. WREFETE VM Guest LIEITRERENARER, BARNEM CPU
EERIFBNER,

BZ—1 VM Guest EBRIYEHL CPU Lt VM RS BEBM CPUES, N—FEFRESRY
fcE,

452 VM GuestCPUBCE

TN BEUAA VM Guest iEFRFIECE CPU K8, &7 T REINEDSEI CPU EE R 4
45 LRUYIE CPU, BXEM CPU BCEMMIASEENFHAER, BB hitps://libvirt.org/
formatdomain.html#elementsCPU 2 B3 libvirt 344,

16 CPU SLES 15 SP5


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

4.5.2.1 E#CPUESHINEE

B IS VM Guest £IIETE CPU B SHNEIN, ELEEMBIEEIFIFERN CPU REAHE
PRELE CPU IhEEZ, /usr/share/libvirt/cpu_map/ BRHHIXXEHFIE T FENXY

CPU BS, XASENMEMN CPU B SHIAINEEEIREREMEE, PILUEIIZETT virsh
capabilities RERFHNIRL CPU B SFIFREM,

WREXRT ZAEM CPU BCE, 1538 VM Guest B EIBEEAREMENE, FEEXH VM
Guest, BX VM Guest THMIFHER, BEN (EPMEERE) ,F11E “BERVMGuest B
B” O F 1177 “EFB VM Guest” ,

FE9 VM Guest IEEREMIEN CPU &=, 15[ VM Guest EEEXHFARIIAENIT, TEERH
BoE T ABEE TSC IhEERY Broadwell CPU:

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

</cpu>

HTFEEHNYIE CPU &RIFEMBIEIA CPU, AJLUIER <cpu mode='host-passthrough's>,
#EE, host-passthrough CPU RS 5EHMIE CPU HATEAEM, EH KM A
SRRIEAARELESBINEE. 5190, invtsc MAEESTERE CPU Thae&kH. ZA libvirt AIFE
EEHBE KM s 1788, BeEHAEEZIFESBIAKYM 1TA. B invtsc Afl, &aTLL
7£ VM Guest EEEXHHEAUTHSITEEREIEN CPU (84 invtsc) WEE:
<domain type='kvm' xmlns:qgemu='http://libvirt.org/schemas/domain/gemu/1.0"'>

<gemu: commandline>

<gemu:arg value='-cpu'/>

<gemu:arg value='host,migratable=off,+invtsc'/>

</qemu: commandline>

</domain>

Q i#E: host-passthrough &z
HF host-passthrough SEEI CPU AR CPU AT, FEILTETBEIRRED
B, BXEZER, BHBBNE 4523 “EilCPUTEEIEST
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45.2.2 RE#ICPUERE

R CPU EIE B TR EHL CPU ZAZRFIZ —B4IE CPU . vcpupin JTERIEEREH CPU BILL
ERNYIEEN CPU, INRKRIKEITERRIETE vepu 7TEM cpuset B, MEIA CPU
FI LA B RfEREAYIE CPU,
A CPU BIRE AR 432 CPU EiFa R, X CPU BEERTEAHALRA. BIFEM CPU
EE ZIFERNIEE CPU, BT T@m<:

> virsh vcpupin DOMAIN ID --vcpu vCPU NUMBER

VCPU: CPU Affinity

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

BRE— 1 HSEEXMLEBRER TE—I:

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

Q ¥E: NUMA T LRI CPU BEIE
)% VM Guest B9 CPU FIRTZIESIF—D NUMA T2, ATLTE NUMA R4 _HEREI
CPU EEMANESE R, BX NUMARIBMNIEHAEE, BBRE 467 “NUMA T

T B CPU EEMER T
B4 vepupin AILURRMAE, BEFMERERINEBERK. HXREM CPUEREE
FMRAER, WBME 4523 “ECPUTBEEET ,

45.2.3 [ElCPUTIEEERIN

RS ESFE MR ED CPU B S A LIRS VM Guest TR EAIIERE, BEEIHA
T%1%. FRAFBFEFIFE TN SR CPU Ihae, [NNRBIRENERDFINEE, T
BERIRER KM, WIRLLECERFTRY CPU IhaE, EAEBRMZEEM CPURAIER S, ABANY
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fEAfRELE CPU BUSFIThAESE, virsh cpu-baseline g5 RIZEENE X AT LABSERA 4
THIFENEM CPU, LTS (EXTBEEFTNEEEN LIETTH) 27 all-hosts-
caps.xml HiXBAFRE EVINEERES,

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

EELUERA virsh cpu-baseline iR#E all-hosts-caps.xml FURENE N EHHIHAECIZE
FRE ENFRABEIM CPU E X,

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

4RI CPU EXRTATE VM Guest BEEEXHHHY cpu oo

TZBEEELME, E CPUBER—MEBEHEBEI . CPUBESKYIER RS EMNE IR
17ECH, XAJRERA I TR, FlW, WRERNYEZFTERENLATR, HE
RENS BARENRY NUMA #3ARE, IBRIEW. BXEEBNESRI, T2 (EF
MviEm) B 11E “BARVMGuest BIE” ,F 11717 “TBEKX .

4.6 NUMA 73

NUMA 2 Non Uniform Memory Access (FF—HMREFAIR) MEFEEES. NUMA RERSE
L2 CPU, &1 CPU ZIBEAMAF. &1 CPUEAILIARIEM CPUMIAE (i “iT
BAEFRE" ) , ERELLHRSMATFEEFSS. NRATFRH, NUMA RFASIT VM Guest
MRS A E RN, ATNETE NUMA A _EZFE VM Guest BIR HEERVTH], RiTRE
RIEBUR T T &, EEEMEE VM B, 1BEREZERENIE.

SUSE Linux Enterprise Server @& — NUMA BnhF#i28, ZFas@diERNERETES L
TR CPU MR/ NUMA T3 = ERRITBERRAFIRE. tnETR (190 cgset) FEH
IR (B30 libvirt) 3BT VM Guest FIRRHI YR RBINE,

numactl AFHEFH NUMA IhgE:

> sudo numactl --hardware

available: 4 nodes (0-3)

node O cpus: 6123456789 10 11 12 13 14 15 16 17 72 73 74 75 76 77 78
79 80 81 82 83 84 85 86 87 88 89

node 0 size: 31975 MB
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node 0 free: 31120 MB

node 1 cpus: 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 90 91 92 93
94 95 96 97 98 99 100 101 102 163 104 105 106 107

node 1 size: 32316 MB

node 1 free: 31673 MB

node 2 cpus: 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 108 109 110
111 112 113 114 115 116 117 118 119 120 121 122 123 124 125

node 2 size: 32316 MB

node 2 free: 31726 MB

node 3 cpus: 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 126 127 128
129 130 131 132 133 134 135 136 137 138 139 140 141 142 143

node 3 size: 32314 MB

node 3 free: 31387 MB

node distances:

node 0 1 2 3

0: 10 21 21 21

1: 21 10 21 21

2: 21 21 10 21

3: 21 21 21 10

numactl HHETXZ—TEE 4 M THRHETH NUMA RS, S HTRHETEE 361
CPU 1A% 32G A7F, virsh capabilities Ar]HTFHE RS NUMA IHEEF CPU $R#h,

4.6.1 NUMA Ff

£ NUMA &N E, WR CPUILRIZRERE, FoiEmttaeiik. NUMA B

THIhEER PRSI = B HBUETIRET, XAFHA] LIASNTTE S [EHK

B, IEESERMBIHIEITESHNAMAEFT R. FEXMNER (A
numa_balancing scan delay ms BEE) A, ZESSPEEMIITEFHNTRIFER
)\, BITI%% (A numa balancing scan size mb ECE) . fEElAME=EIMKER,
RiEBRSMLE A,

RENAREXRSHRENASKAE, AASITHEIRTEEIR, HEETBHE, EEER
&, HTEMEIREN, ESNNETBIARMT SRRERBIR, XEFETRARERLD
ERERFIAIRI M MEAEEMAIRM, LT sysctl 59 IERMREMHEAI T

> sudo sysctl -a | grep numa balancing
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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 @

BR/ZRBET RN NUMA Ba)F&

ES R B FESHERREER

TS NEIARERNRARNIE (UZEF 78I

RIS EIANENR/NIE (UZEF 7 8MI0)

HRATENFBREENTTARN (LIEFTH RN

BXREMERE, BB (RAITNFHEER) , %105 ‘B FEIE—BIERFSLRE
(NUMA)”

NUMA Bzh @M EEEREEERT RNNE LEHRTHES (U CPU IRKEA®E) , &&
BRENIEFZERNT R L (UERERR CPU) .

® 6 ® © O

g%:ﬁ%ﬁﬁ
BT RRNES 2 EaELHENE, Rt Ea e ETESNREMENERM
WoﬁT%ﬁriEm,&MLNH%;H—*ﬁtWWﬁWE%ﬁm—ﬁoﬁﬁ#

cat /proc/vmstat | grep numa_ & NUMA 4iits

4.6.2 f£A CPUset f=Hlg8t=HlNTF 2 BC

cgroup cpuset 1=HI23 8] A FRHIZERINFREFITE— NUMA T2, BIFR cpuset RFESR
BB A U T =

* interleave: REFMERRS, WIFAKE, NTEERLARESEHEREIEN T = £
R, IERBEFIIRMEEZRICOH, SREEMATAN, EREEZIHS— 1T R.

* bind: WEREMEAERE—TRL, XERBWNRAERE, DEEKZKK.

e preferred: WWREENAERIKRETRIERE, MRLET R 2B EBNAET
&), WEERES— M.
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EAI AR libcgroup-tools B4 EHH cgset TEFERAEFEHRIEIER

> sudo cgset -r cpuset.mems=NODE sysdefault/libvirt/qemu/KVM NAME/emulator
ERTIBIENT R, BFEA migratepages TA:

> migratepages PID FROM-NODE TO-NODE

ENERS—VIER, #ffA: cat /proc/PID/status | grep Cpus,

@ AR WZ NUMA/cpuset RTEERES
BXBEMER, BB WKernel NUMA memory policy (https://www.kernel.org/
doc/Documentation/vm/numa_memory_policy.txt) # Flcpusets memory policy
(https://www.kernel.org/doc/Documentation/cgroup-vl/cpusets.txt) @,
5iEEE Libvirt NUMA Tuning documentation (https://libvirt.org/

formatdomain.html#elementsNUMATuning) <2,

4.6.3 VM Guest: NUMA HB<BCE&

libvirt AFIKEE NUMA FIRFA)EKES, virt-install & virt-manager R
FIEXEIRE, FTEMFA virsh edit Fah4wiE VM Guest BRE X4 R 5T IZI21E,

4.6.3.1 VM Guest E#l NUMA $R#h

BUEESSMATF EH NUMA A3 VM Guest EEHX NUMA (VNUMA) @ E o] LIRS EAR AR I &
TERERIY%EE. ATLATE XML BBEAER numa JTTEIERE VM Guest YNUMA $RFh:

<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>
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</cpu>

81 cell TEIBEE—T" VNUMA BT =

@ FFERTENAER id BlE, BTEHEHMEERPSIAFRERT. RKE, HRMOF
GV F B TTIEIK 1D,

©® RETT=—afso8 CPUEL CPUEE

0 TRAE

0 EETRAERFANSL

O FIEEM, FHTEIEREMUNA shared 2 private, XZIRFATINAEFE.

EEF VM Guest BETISECEINAIE, iEFH: cat /proc/PID/numa_maps
# cat /sys/fs/cgroup/memory/sysdefault/libvirt/qemu/KVM NAME/

memory.numa_stat,

&4 NUMA #I5E
libvirt VM Guest NUMA #3e B HI{ERF QEMU/KVM,

4.6.3.2 f{EMA libvirt IEEIRESE

IR VM Guest BB vNUMA$EFN (GBEIWE 4.6.3.177 “VM Guest B2 NUMA RN )
@rfEA numatune TTEBARZFEEZIEN NUMA T, A ZERIGERTF QEMU/KVM
Guest, IFEMWEZE: FE VNUMA VM Guest T fREN{AIEZE IE vNUMA VM Guest,

<numatune>
<memory mode="strict"@ nodeset="1-4,3"@/>
<memnode @ cellid="0"@ mode="strict" nodeset="1"/>
<memnode cellid="2" placement="strict"@® mode="preferred" nodeset="2"/>

</numatune>

O TIHEHREEEIE: interleave (EMUFRE) . strict (BAIA) T preferred,
® 35T NUMA TIs,
© EEST Guest NUMA TRMARESERE (MRKREXITER, NELRHER

memory 7T&) o
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O MNEWAIEERM Guest NUMA TT 234k,
O FILUEA placement BMRIERIFHEMNAERERR, EALURE auto ¢ strict,

© ==: 3 VNUMAVM Guest
7£3E VYNUMA VM Guest £, ERFEEEEHN NUMA T3 SB9ap SUA TR BIPAR:

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

</numatune>

REIMNENTR 0 M 1 DEEREF. MR EHEXLERNEFEER, B5) VM Guest BIIE
B =RM, virt-install B FREE - -numatune ETIREILACE,

=4 B NUMA T ERRTEM CPU
&R BT 75 NUMA T B2 VM Guest R7E, FBALEEA CPU B NUMA 5 527250,

5 VM Guest I&

MG 2 TEME VM Guest BRIER AR EUVEN IR, TTLUER gemu-img 5K EIE.
HIPE RIS, BX gemu-img TEFRGIFGFMESR, BN (EiERE) B34 E
“Guest ®E” |5 34.227 “QIE. BRIGMIOEHEMRE

5.1 VM Guest MEI&,

QEMU FlIRZIE B HM B IR AN R LZ MR, BiiRFIXLERTN, QEMU AILUIFI AR
RATFAEXLEHEMEPUREA TIEITRHIBEMERE Guest, BEBRAIAZFFRITRN, EIU
BEE/BENEEREN], BEA gemu-img FENTHFIRNTLZ RN QEMU ZiEEH. &
W, Ef17E QEMU Guest R REEAIER IEIEF#EX,

f£F gemu-img info VMGUEST.IMG RIZREXEXMEMERIEE, HIMRERIN. BRI 9
BANMIRE (JRA) -
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Q m: Mt
BISHEBUG IR raw 3 qcow2 18T LUERF R HIMEBE,

() &&: TEEBMZRE
BIIRMREY, AR X HRERESE ( - c) NEISEMZENED ( - )o

5.1.1 Raw &=}
o R+ 0ER, HERZSHIIFEHMIENSE/BREIEERF,
o EIRMENMEERE (1/0 FFHEELD)
s ExdAXHRZK LHNFIEERETIE,

e Raw & A 1FIE VM Guest U EHIZI#I218% (dd 1f=VMGUEST.RAW of=/dev/

sda)o

* X5 VM Guest BEINF TN FTEE, RS REBEAETIE.

5.1.2 gcow2 &I\
o ARG/ NRER) (XEXHFRFAFZFTHANEER) -
s CEABMENAES IIE FEEFA) -
o BT Zlib BE4E %D,
o RPN VMIRER (REB. SMER) o
o AJRRFAMEREMRE 1o
o XFFEREEXMH.
o THR—HENE,
o 48T raw &=,
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12-cache-size
qcow? B] LLABENLIREY/ B NG ERMES raw 1 NERAERE, BFEESENEFKRD.
AINERT, EERIIEEN 1 MB, XERMEAK 8 GB BN/ NIRIFIERE. MREFE
EEANHEKR), WEEZRBEFKD. NRERKR/NA 64 GB (641024 =65536), M
EE 65536 /8192B=8 MB4&7% ( -drive format=qcow2,12-cache-size=8M),

BEAN
qcow2 R TVIR LB CREF S X/ \BYTHRE, (BT T 512 KB B 2 MB i8], BUNHVEFEX
INA] AR BRESCIFRIR /)Y, TARRRIBE SR A/ N IR B 4F BV 1% RE,

b il
BEMDETESIENRGERDERA, BEEFTERE KR LR EEE,

IREHIS| ISR
AT ERITTEIE I/0 HiIREMEE, RAIEREMSIRAITE. XWF
cache=writethrough MIEEXLNER. LEMASHEHITTEIEEH, BURHATF
FARRRMANELES|BIHEER, WETFXER gemu-ing check -r all ITHARNS
B ENE, hIEFERE—ERETEL

5.1.3 qged &=

ged B—Mci#HE qcow (QEMU ENEYEHR) o BT qcow2 mI1EE qed WFAB MR AR
Hithzhee, Atk ged MEFH.

5.1.4 VMDK &=
VMware 3\ 4 ﬁ 6 Hyd%*%ﬁ) Fﬁ?%ﬁ#lﬁ]?&*ﬁﬁ%{%o

52 BEMEMKR

qcow2 # qed MIURM T —RIZEARE (LIFNEEXH) MEESREGEZ LBEREKH
Hit. REXHNTERIIEMASHEFBERGIFEER, NRARGENLE, FER

BRERFAE, FAEREIFEREBEREXHP. FRIFER commit Bla< (3 qemu-
img commit) , BNEFEXMHKITEFZIENR.
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BOIZBEMER, BEITUTom<!

# qgemu-img create -o@backing file=vmguest.raw® ,backing fmt=raw@® \

® 6 ® 0 O

27

-f@® qcow2 vmguest.cow@®

£/ -0 ? FIEREXAI AEBIRIHE R,

[EEXHR.

HERE [ X RIS ST,

1ETE VM Guest BYBRIGAE T,

VM Guest BIBRERTE, ERZRBREFEXHHES.

8. EERGERE

ERUEHREERENEE, TUSBENEHTEE, BEFHIESREXT. B
BHHBE, HOR— N MRREEIIBENTSIHE, AEHEMA qenu-ing rebase
pa

# In -sf /var/lib/images/0LD PATH/vmguest.raw \

/var/lib/images/NEW PATH/vmguest.raw
# gemu-img rebase@ -u® -b©® \

/var/lib/images/0LD PATH/vmguest.raw /var/lib/images/NEW PATH/vmguest.cow

@ rebase Fir<SEA gemu-img BEE M,
® -uEMSFEFALZLERX (FERTEIER) . rebase BFMMAHRRERIEITIE
=

o T XEMIMREI, MITEENTERIEE, ReBRAR—MIRNFEN IR
Fo

o F&el AR2RY (-u) RENEEXHRIXHRIRA, MAREXH
AR, BEMRVEHEEXH, BHEAIERI.
© fEA -b KIEEEEANGERER, RERZEGTHEE—TEHK.
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BUNEEREREE XM RBohHT Guest, RIGHEKNTE— AT LUERRN

slel5 base.img VM Guest (REEMEANIFMRE) . XBERNNEEXH.
MESEEENENAZNAEERRNZMN RS LS — MG E. FITEILUER

slel5 base.img, @I EIBIEEILLEEXMH (slel5 base.img) BY qcow2 BEXHHRE
4L FrBY SUSE Linux Enterprise VM Guest,

FEARRAIF, BITENEHRENARSMER slel5 updated.qcow2 , AEBERBRZNERS
M slel5 kernel.qcow2,

ZEIBEXM MM RSE, BERAT -b &I gemu-img 3<1T7!

# gemu-img create -b /var/lib/libvirt/slel5 base.img -f qcow2 \
/var/lib/1libvirt/slel5 updated.qcow2

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',6 fmt=qcow2 size=17179869184

backing file='vmguest-slel5 base.img' encryption=off cluster size=65536
lazy refcounts=off nocow=off

MGIMTEERHER, EeLIERKEIVIE slel5 base.img EEXHHIER FHRITMI,
FRE B GEETE T B EME T, S n] UERXEFMEIEN &G RAERNEES
BR{R,

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

&4 --backing-chain EINfER qemu-img info BY, Z@<$ERE)ARMOE BN GEHE
HNFrBER:

# gemu-img info --backing-chain
/var/lib/libvirt/images/slel5 kernel TEST.qcow?2
image: slel5 kernel TEST.qcow2

file format: qcow2

virtual size: 16G (17179869184 bytes)

disk size: 196K

cluster size: 65536

backing file: slel5 kernel.qcow?2
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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: 16G

cluster size: 65536

Format specific information:

compat: 1.1

lazy refcounts: true
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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: ERRGEES

5.3 ¥JF VM Guest if&

Eifn RGN H RS, BEFER questfs-tools, MNRAKLGELRENTR, ErJLUE
FREM Linux TRZEHMRE, ROERIHRIARREEARA VM Guest UG RS, EAXAIEE
LE8HL2NT (BXEAEE, BRIED. Berrangé's post (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 #TF Raw Bf&
i3I8 5 0 #HE RAW B{&

1. BEHBE, BRI —ATHNETIESE. UTHSERE—ARERANEIFLEE (X
A /dev/loopl) o

# losetup -f
/dev/loopl
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2. BME (E4RBIF A SLELS. raw) SEFIGEHEXEL:
# losetup /dev/loopl SLE15.raw

3. BEREVA X BRI ERIFARE SR ERER S EMI S BIFR&E X!

# losetup -1

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

4. A kpartx EEREGHNDKX:

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

0 FNMHDXigEIRSY,
0 IFMET
5. MAEEHMEDX (UITFRAKEEHE /mnt/slel5mount)

# mkdir /mnt/slelSmount
# mount /dev/mapper/looplpl /mnt/slelbmount

Q iE: B4& LM B Raw B
NR raw G EE LVM BA, BN EHEA LVM TREEHSX, EXBFHAER, B5ER
55337 “4THESE LVMBIRE”

312 6 EDF RAW BR{%

1. MHMRERIFFEEEHDEX, f0:

# umount /mnt/slel5mount

2. {EF kpartx MRS XI&EMRET:

# kpartx -d /dev/loopl
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3. M losetup f#FRISEXEX:

# losetup -d /dev/loopl

5.3.2 #TH qcow2 M&
127 ¢ HH QCow2 BR%

1. 8%, BFEEY nbd (MBRIGH) R, UTROIRFIZERAFZHF 16 MRIZE
(max_part=16). f#f dmesg KEIRIERTMIN:

# modprobe nbd max_part=16
# dmesg | grep nbd
[89155.142425] nbd: registered device at major 43

2. £ gemu-nbd <R VM Guest BR{R (40 SLE15.qcow2) E#ZEINBD && (£
TrfIFS /debv/nbd0) . FRATIHAEI NBD i&&:

# gemu-nbd -c@ /dev/nbd0@® SLE15.qcow2@®

@ & SLE15.qcow2 HF#EZ|ZAH NBD i&% /dev/nbd0
® ZE[FHINBDIRSE
© ZE{ERM VM Guest &

©) =R KESTETWHINBD &
ZKE NBD KERBTN, HEBETUTHL:

# 1lsof /dev/nbd0
COMMAND PID USER FD TYPE DEVICE SIZE/OFF NODE NAME
gemu-nbd 15149 root 10u BLK 43,0 0t0 47347 /dev/nbd0O

NRFLTEMMN LRI EL, WRTIEEFLFICRRKS FF=RN) . BaILUEE
BERBTEE /sys/devices/virtual/block/nbd0/pid XHEFREINESEE

BTN
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3. f£MA partprobe EHIEERYIH X XKRAVELL:

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

4, T EEMRGIA, SLE1S5.qcow2 BEMMZEX: /dev/nbdOpl M /dev/nbdOp2,
EHEHXESXZA, FH vgscan KEE(IRERT LVM &

# 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. MEZEHRE VM E, AJLUER mount HEHIKX:

# mkdir /mnt/nbd0p2
# mount /dev/nbdOpl /mnt/nbd0p2

BXRIMAAE VM BSHER, BBRE 5337 IS VM BIBRE"

312 8 : HENE QCOW2 Brf%
1. MFMGEHFMEEEHSX, fFiin:
# umount /mnt/nbdOp2
2. MRS /dev/nbd0 &&EHEE,

# gemu-nbd -d /dev/nbd0
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5.3.3 FIAESE LVM BRE

o
=

AR VM A RS EMERAI VG A system, M Guest BRIEERR VG {Ff L
system, LVM BEEBEIREFIRE. MBS EZRENERS Guest VG, MIEMH
I EZ N Guest RS VM EHIRSZSB/AREM VG B,

/=8

3129 HHEE LVM fBRE&

1. EREMEERSESE LM A, EEA vgscan -v, TNIRIEEE LVM A, <L
R TFR:

# 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. ERFLEHET system LVM E4H, vILUERA vgdisplay VOLUMEGROUPNAME (FE7K
% VOLUMEGROUPNAME /4 system) FREXEXULEMFHAEE. NEHBEXMEHU
¥ VM DXERIGE AT, XERFEEEHEN], 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. BHEPWIFIBE D XERYIF /dev/mapper BRH. WMEEIRHEHTEN

# 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. €A umount EIFHFFFEHKX

# umount /mnt/system-root

2. f£/A vgchange -an VOLUMEGROUPNAME {£H LVM %E4H

# 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 XF qcow2 BRER, BRI IE 2 PPTIRY4KLE (gemu-nbd -d /dev/nbd0 ),

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

O == KEHNHRETHY
[Z{EFA losetup. qemu-nbd. mount I vgscan FRFAGSHINNEZ
e WMRZEMINEE, EIEMFER VM Guest BIAJRERBINE, FAANENRFM
BEERRRMAFER.

54 XHRZGHEE

SR LIER filesystem FT&iAR] VM Guest FRENBE R, EUTRAIF, FHITEHE /
data/shared BRHIEEHIEZ VM Guest F, accessmode SE{UERF QEMU/KVM IREf
ZFEY type="mount' (type BIKRZEHEMENTRETF LXC KEHFEF) o

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

</filesystem>

O ZE3EH VM Guest WENBE R,

@ HRE (REER) IREN mapped BHILRIREBAEEREFHNIR. FH
passthrough &L VM Guest AP HIRPRIFIEILLHE,

©® E5VMGuest HERERRR,

0 HHHTHRENAIFFITE,
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BT VM Guest t## shared BR, BFEARALUTHS: EVMGuest T, MEZEESH

target dir='shared"':

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

BXFAEE, EBMW Libvirt File System (https://libvirt.org/
formatdomain.html#elementsFilesystems) # FIQEMU 9psetup (http://wiki.qemu.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
RIREhIZRF IR AR virtio BEhiERF, EEAEEIMIFIERIEITMIZIT. Xen EH
MBI B EIREIEF (%0 Windows* Guest B9 VMDP (https://www.suse.com/
products/vmdriverpack/) @) o

6.1.1 virtio blk

virtio blk ZHER virtio RI&TF. BEARIGEER virtio blk R&hi2r, 1B7E disk
EXHIERE bus='virtio' B%:

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

<target dev='vda' bus='virtio'/>
</disk>
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O == WEREEH
virtio BEIEE®ME N /dev/vd[a-z][1-9] . WRMIE virtio BEEER Linux
Guest, BEZHE GRUBELEFH root= B8, HEWER initrd X, BTUR
GRETES T EBITHMIBERSH VM Guest b, FIREREEAAN AR EHRE
SIS MEER,

o BE. Bid gemu-system-ARCH £ virtio #&
iB1T gemu-system-ARCH BY, 5 -drive &R VM Guest iR, 55
W CEMEIERY , B34 E “Guest ©E” 5341 % “fFH gemu-system-ARCH i#
FRARE” bR, -hd[abcd] ERANERT virtio B,

6.1.2 virtio net

virtio net =& virtio M&i&EF. WIXIERNTE Guest 5| SN EMEHPREH, BEERDNZ
AR SS LAEMLE BT Ao

<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
B, virtio balloon 2RATFM VM Guest IRESIREXNAZH PV IREHFER-

o BRI KAEM Guest REIZIEHIRZ (FF KVM) SEBREERRF (33T Xen)
o ASAIK: Guest REEZRAIHARNE

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

</devices>
&R AER 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

BERS vdX KEXEBRIZE, BEITUTHL:

> 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

Trwxrwxrwx 1 root root O Jun 17 14:35 /sys/devices/pcif000:00/0000:00:08.0/

virtio2/driver -> ../../../../bus/virtio/drivers/virtio_blk

6.1.5 EHIKEIKEHIZFIEN

Virtio Ig M EMIKENIZF BB S Mk, BYIHFAEED, 156EM gemu-system-ARCH &3

£ help B,

> 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 SR chIE =

NTHRIF 16 I, SRAMEMEENRE, BAMENUER cirrus MSRENER.

Q EE: libvirt
libvirt =728 vram 8, EAAMIAKNERERIBE QEMU H,

<video>

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

6.3 BIrHIE

Virtio RNG (FENIZAF 4R 23) =IENMEMH RNG I&& M Guest AFFHIFEINLIEE. EEMN
i, WNREEEGZE, IUREERIZMERRZ— (BE—8EEREH RNG ig&ME
#HBY /dev/random) . Linux NiZEE 2.6.26 1ESRASHIIRER Guest IXKEITEF.
ARBBEBZMIERELEGSY, TERTNENRRER. EPMENHRFERRRE (¥
EIMEIEE) RFENREEZRE VM Guest IR S, XIEE VM Guest =L BHFHIE,
Z{EA Virtio RNG, i57E virt-manager R EIZETE VM Guest B XML ECEZRNN RNG 1%
&
<devices>
<rng model='virtio'>
<backend model="'random'>/dev/random</backend>

</rng>

</devices>

FHIENEFER /dev/random :

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

£ VM Guest £, RIERAUTa<HREMIFE:
> cat /sys/devices/virtual/misc/hw _random/rng available
EfERAU TR ELRATRINIRE:

> cat /sys/devices/virtual/misc/hw_random/rng_current
virtio rng.0

RRZTE VM Guest R4 rng-tools M€, BAZMRS, AERKHERBR, 7 SUSE Linux
Enterprise Server 15 T, HiTIUT&%:

# zypper in rng-tools
# systemctl enable rng-tools
# systemctl start rng-tools
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6.4 FRAKREANIANRE
MEaENNER—MEMERAR, FlM, FEER—SENLEER KVM H Xen, BNETEE
SEMEATAHRFRLD. REXPIE, URRGEHRATIZKZE, BEFARE T Hickh
SMEANFRE, BRI BIEAE BRI TREAER.
NRERDEN ERTRRMEMIRSHIHRE, ASEENNLERIRERSEZB T VM BIER
HITHA. RIBERERIERERNAMN, HEFRVM Guest FRIFTEH AN
Windows* Guest:

c ZRRSRIPIER

o EIRFIEEISRR

 BREERS| (NFAFE)

c REERIHNRSIIEAZAFAERIIRS

° WEHAFFIETERLE

s BRRSEN (WAFE) , SHEHH#TRELEEESISTXHA TN HIVERER

o KBRS

o EEMLAENMREEN

J

H

VMD
(EJed

O

(https://www.suse.com/products/vmdriverpack/) # ¥ gE#\bIREhTERE LUK

dm Wt
< I

(37ay

o BEBRIERGEIN, 5190 Microsoft Windows* 7 better performance (http://
windows.microsoft.com/en-us/windows/optimize-windows-better-

performance#optimize-windows-better-performance=windows-7) 2 MTI_ERIEEIN,
Linux Guest:

o ERHARERZEN X Window R (MNFHE)

° REERIHNRSIIEAZBTERNIRS

o BEERXARIEEMENRZSHERURERFEN
* (RRERIEFERINM

o (RALRIFNESS (R4TEHH. BENES) NEE
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6.5 FEH Guest i+EHILEE

QEMU HENRBEXSEIBMNREEELNBRNERENAT, BEX QEMU BYELER
, ARV EAEER M. HTFRAERR, BiBENEENARSS, BRATH AN
#E’JIJJHb, BANBNEARN — BB E ST ENRE,

79 Linux Guest X Guest 1HEAEEABRIER TR, F Windows* Guest, F{iTiEINEIE
Guest BYIRIBEL &1 Guest, LABFHIR Windows* {EE QMBI E XAV BN LR HixfThER)
M, FEfRAPERERIE Guest BMERMERIAITTEN LR MBI,

Q iFE: EXxitEmMAE
XX, BEEW (EMEiEmEY ,$ 158 “EA virshBEEMN ,% 1521 “8
BT EMERY

7 4FEF VM Guest WECEFIIRE
Q =

ATABMUEATF QEMU / KVM BREIRTERF.

7.1 ACPI: M\

BETR E LN VM Guest WIRBTERAZE LBURTIRIER K, TEEFIFIEPRER VM Guest Z &1,
S BN LEThEE. FIa0, KZ% Linux RERARIASEBLLIIEE, FtFESALIRE
(ﬁﬁﬁ POlklt) )

7T Guest FEFH ACPI A BEIE B XM, BENERETERE ACPI, BETUTHS

> virsh dumpxml VMNAME | grep acpi

MRLBEFEEARNS, Wi EN ERBRBEA ACPl, £/ virsh edit £ <domain>F
EAINLATT XML A3

<features>
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<acpi/>
</features>

9N5R ACPI 27 Windows Server* Guest Z3HAEIE R, AL VM Guest EEBEFRHFEEH
g, BXREMEE, BB https://support.microsoft.com/en-us/kb/309283 2,

I VM Guest IECE N, IBLREREILAM Guest IRIERLFZNEBSLINIE & X Mo

7.2 EEHE

RETLUEE gemu-system-ARCH si$I5ERERF, BFHITENIE libvirt XML XH&H
REREEHE. BEFEA vnc EEZE)TIE VM Guest NEXRERHE, 15418 VM Guest XML E2
BEXH, a0, EFHNM en-us #IRES, iET7E <devices> EPH AN

<graphics type='vnc' port='-1' autoport='yes' keymap='en-us'/>
& vncdisplay BREH1EIEEI VM Guest:

> virsh vncdisplay slesl5 127.0.0.1:0

7.3 Spice FIAEEMT URL

NRENLEFRT Lo LUMNSERNEMMZIZEOIEIR IPv4 Hitlk, spice ARS328 ImITRIRRIAMIIERE
TEER. BB THEIR:

> virsh start slesl5

error: Failed to start domain slesl5

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

2015-08-12T11:21:14.221634Z gemu-system-x86 64: failed to initialize spice
server

EEE e, FILUERZ IPve ik : :1 BeK /etc/libvirt/qemu. conf HAYER
I\ spice listen fE, WAILIAE VM Guest X spice RSS2 EMTHEAE, /A virsh
edit 7f graphics type='spice' FTTEFRMAIF XML B%E:
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<graphics type='spice' listen='::1' autoport='yes'/>>

7.4 XML % QEMU #541
BB, A QEMU #5<1TM XML X4 /E5N VM Guest ATEERE Ao

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

@ FE XML AEIAI XML XXHHER A A Guest e &
® T QEMU/KVM BLEERER, RISHER gemu-argy
© EEMAYY XML XX

> sudo virsh domxml-to-native gemu-argv /etc/libvirt/gemu/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-86aeaed8aea7 \
-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 \

-drive file=/var/lib/libvirt/images/SLE15.qcow2,if=none,id=drive-virtio-
disk0, format=qcow2, 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 \
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-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 7E5|FHERAZESH

7.5.1 SUSE Linux Enterprise 11

EE5| SEA SLE 11 =@E, FEEEK /boot/grub/menu. st X, EEARM
OPTION=parameter, REESIS RS,

7.5.2 SUSE Linux Enterprise 12 #1 15

EBES|ISAE SLE 12 70 15 F=miE, FE1BIK /etc/default/grub X, EHLUL
GRUB CMDLINE LINUX DEFAULT FFkmT =2, ARTERESRI OPTION=parameter (%
BFE, WEXAFEAERNE)

MEFTESHEN grub2 i2E:

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

ARESIF RS

7.6 1£ XML ECEAARINISE

ZEET XML XHRIZEHFHH VM Guest, BIfER4FHIRIE gemu: commandline R3iEE QEMU dn
21T B4, EZRN virtio-balloon-pci, IB7E XML BBEEXHRIERE (</domain>txicZal)
AAALEIR :

<gemu: commandline>

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

7.7 AMAEER CPU

FLE E MR RIFTEIZTTREIMWIRIEB AN AR CPU,
BREER CPU, BRFITUTHRRXLE CPU 1ZH

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

B X BN CPU RS, EfE CPUEMEN, BHIT

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

8 EZER

e Increasing memory density using KSM (https://kernel.org/doc/ols/2009/0ls2009-
pages-19-28.pdf)

e linux-kvm.org KSM (http://www.linux-kvm.org/page/KSM) 2
* KSM BIAZXH (https://www.kernel.org/doc/Documentation/vm/ksm.txt)
e ksm - dynamic page sharing driver for linux v4 (https://lwn.net/Articles/329123/) #
e Memory Ballooning (http://www.espenbraastad.no/post/memory-ballooning/) #
e libvirt virtio (https://wiki.libvirt.org/page/Virtio) #

e BFQ (Budget Fair Queueing) (https://www.kernel.org/doc/html/latest/block/bfg-
iosched.html) <

e sysctl BIHERHY (https://www.kernel.org/doc/Documentation/sysctl/kernel.txt) 2
e LWN Random Number (https://lwn.net/Articles/525459/) &
e KVM / Xen tweaks (http://wiki.mikejung.biz/KVM_/_Xen) <

e Dr. Khoa Huynh, IBM Linux Technology Center (http://events.linuxfoundation.org/
sites/events/files/slides/CloudOpen2013_Khoa_Huynh_v3.pdf)
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o A1ZB%L (https://git.kernel.org/cgit/linux/kernel/git/torvalds/linux.git/plain/

Documentation/admin-guide/kernel-parameters.txt) @
o KTIEE (Mel Gorman) (https://lwn.net/Articles/374424/) a

e kernel hugetlbpage (https://www.kernel.org/doc/Documentation/vm/

hugetlbpage.txt) <

~ V4 e
9 EE=HH
KRR © 2006-2024 SUSE LLC f1Z=EE. FEFAENRF,

RHE GNU B EXH41F 8] (GNU Free Documentation License) hik7s 1.2 8¢ ({RIBIEHIER) HRk
A 1.3 SR, FELIRTEER. 9&M/FERASHEAINR; kR BRI ME Al
TEpSY, HWATARZS 1.2 BB S7E A “GNU Free Documentation License” BYEB43

B SUSE &t5, B8 https://www.suse.com/company/legal/ 7, FRBEME=AEIRD
SIRBRFIEENMT, BirS (6. ™) &K SUSE REXBXATINGER. 25 () KKRS$
=5 Et%

KB IKEEFIEAT, BEXFEeHRAIEREERTIR, SUSE LLC REXEXRR. FEME
EX T IR IR EIRE LS R BY /G R &R H&E R .

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.
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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.

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.
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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.

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".
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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.

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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