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O == FETBE
SUSE Free A EPMARTESEIE, HIHRHENHBIMIENES,

1 fERA virt-v2v T3 KVM

AEUSAEPEFEMINMINIEREERRZRF (BI%0 Xen) FAE libvirt FAEER KVM
HER.

() #=: Microsoft Windows Guest
KREERMRIMMEFER Linux Guest, /A virt-v2v i Microsoft Windows Guest
5% Linux Guest FE3248E, RAFI X EIMNIEzhIZF € (VMDP) B EHRFIA
B, EIMAIREHTIER B XY (https://documentation.suse.com/sle-vmdp/) # ity
BXEHFER VMDP 89 Windows Guest FIE Z4075,

1.1 virt-v2v &7t

virt-v2v @— 1T A, I EBREEREERPR VM Guest 31 ATE libvirt B
Y KVM Liz1T. WMRATEE, ©aERENEINVIFE B3 EINL virtio IRKEiiEF. TH=eX
BFHRERAKNBRAEERREFYIR:

150 GUEST 1215 R 4

e SUSE Linux Enterprise Server

* openSUSE

* Red Hat Enterprise Linux

* Fedora

e Microsoft Windows Server 2003 #1 2008
SRR AERIERF

e Xen
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https://documentation.suse.com/sle-vmdp/

T BIREREEER

e KVM (H libvirt &IiF)

|—\—|s L
1.2 Z&Rvirt-v2v
ZH virt-v2v BRI $:
tux > sudo zypper install virt-v2v

1518ME, virt-v2v E£ZE root 5N, AREFZEELL root BH5iEE sudo =172 T E,

1.3 EEEIHWL

Q & BuditHBHRHG
NSR7E SLES 12 SP1 SR Z HiMIRRZAS EiE{T virt-v2v, STLABUOBGS LS, INREM
MBS EIMEE1E SLES 12 SP2 S{E S kA _Lin{T, el LIZRRILSE,

Xen EIMNA MR ERINNZ. ERREHNITIGRIE, BEEMW_EIETT zypper in
kernel-default,

1.4 BEMVFER AT Llibvirt B2 KVM Ti&1T

virt-v2v Ai§ Xen BAEEREFFHEMYZIEAE libvirt BB KM TiEfT. ET
fBEXx libvirt M virsh MIFESR, BFEW (EMEIEREY o LESh, virt-v2v FHDT
(man 1 virt-v2v)FEMEFE virt-v2v s5S1TAI#HTT 7%,

REDZE, BSUTRUATER:
B2 1 ESRRIRIFR

1. BIEFHBIAHAET .
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virt-v2v 2 REBNEESSIE libvirt FIEENAEEN (RIaEERE
REARE) . EBRIEREPWIEESEE virsh gIEizt. BXFMRER, EEL (F
Meism) B 128 “BEMEF ,$ 1217 “EHEDMMWIEERERMEE M (EN
feism) , ¥ 128 “BEfEE ,$ 1227 “€A virsh BIEEE

2. HEETHIEE,
OBV EAES R VM EANMRS 8F ERAMEIED, ZEORE2— Wi,
MREREXIEO, BRE VaST > 240> WEIEE > 0 > WITTeIE,

Q ix=: M&EEMRYT
FERAUTIED, TTRERNER Xen N EAIMILKIG & RETE] KVM BirEA _LAIHE
RIMLEI&E. a0, BTRESIE Xen M brO BREFE| KVM WL default, /etc/
virt-v2v.conf FRIEHET —LRGIBE . BEERAXLEMRE, BERBZEEHN XML
M, FHHERRU <! -- M --> FFRISERERNES. FIi0:

<network type='bridge' name='bro'>
<network type='network' name='default'/>

</network>

©) == TWHH
NRRETROF, RN EIRB A LER IR,

virt-v2v EARGSIEZMNT:

virt-v2v -i INPUT METHOD -os STORAGE POOL SOURCE VM

input_method
BMANAEEUTAM: libvirt o libvirtxml., BXFMEE, ES N SOURCE VM

S8

storage_pool
&8 N B EIMWES T EETE A,
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source_vm
BEGAIRENN. EEEURTF INPUT METHOD B3 NRMANAEAN libvirt, &
187E libvirt BMIR R, SNRMANFAZERN libvirtxml, BIEEES libvirt SHHFISEAI XML
XFHIEE R,

© 1w i
BMEMNNSSARERARE, TERATEFIEIMNBPENEEIRER, FIRENEIN
M—RRZHEE 10 DEEE, BUREMVIERNEEMGIEE X, BiRNEETREK

BZ.

1.4.1 ETF libvirt XML H RS HRY5% R

ATIBAIAIMER libvirt XML BB XHEFERAH Xen Bl MR EHBEIEEIT KVM BLK
BIRER, WESFERALAZE, BEEDSMIEN _ETUERFERERMVIE libvirt XML XL
KEGS|HEM libvirt E1FH,

1. FREUREIANBY Libvirt XML iR,

() =7 FEXML X
THRTGRBIMNGG Libvirt XML ST, EAFE Xen P FIEITENURIERS
NREEHINEISERMT KM B, HEEEISE Xen 91, 563
libvirt XML X, SAEBES|SE KVM IF15,

B4, 8% virsh TRYTEREINH:

root # virsh list
Id Name State

2 slesl2 xen running
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slesl2 xen BEHMRAVRED. ME, SHE XML HREFF slesl2 xen.xml:

root # virsh dumpxml slesl2 xen > slesl2 xen.xml

2. M KVM ZEHNAEREFIEHERERIRZEEER. T—aItEH LR, RZER
S5EFITERE, BfER XML EZEMEMENHITRRE, AJRFEEFNENRRI,

<source file='/var/lib/libvirt/images/XenPool/SLES.qcow2'/>

O = S5mE
MEEFIREEFIFR, FEEFIFEEMREERE libvirt #fEt. B

XML 8RS HRRYREX 4, virt-v2v #2ENRIIEHE, HrittEiX
LR

3. iB1T virt-v2v LUEEHEA KVM B

root # virt-v2v slesl2 xen.xml@ \

-1 LIBVIRTXML® \

-0s remote host.example.com:/exported dir@ \
--bridge bro@ \

-on slesl2 kvm@®

Q@ ET Xen RURESMIEY XML 3k,
® virt-v2v M libvirt XML XHHIZEE XREPMWIANIER.
© FMEBEMHEERERIET N, FHRGS, RERKETE

remote_host.example.com AR552889 NFS = /exported dir L.

0O ET KVMBBEREMWISER TN LIRS bro,
0 BEREMVIEESREN slesl2 _kvm, UMSEIRBIILEEMILERIRHR,

142 EF libvirt iHEpEEis

SNRIGHTE Xen FizfT libvirt, FTBHEESISE KM BRERRER, NG ERER.
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1. EEERIRAIEMAAT libvirt 5#&,

root # virsh list
Id Name State

2 slesl2 xen running

slesl2 xen BEHAVEEIAN.
2. iB1T virt-v2v LUEHRH KVM BR300 :

root # virt-v2v slesl2 xen@ \
-1 libvirt® \

-0s storage pool® \
--network eth0@ \

-of qcow2@® \

-0oa sparce® \

-on slesl2 kvm

BT Xen BYEIABYIE R

virt-v2v FEEESEN libvirt EERERE X FEEMVNES,
BIRHE R MG E A Libvirt #EEHF,

B Guest Rt (ML) EBIFERTAHEIRAIMLE,
BRI AR R BRIR RIS, ZIFHIIRINA raw 3 qcow2,

IR Guest AR B R A i IRIUIE R FiH B 3o

@ ®© 6 ©6 0O

1.4.3 ALHITAE Xen EEHAAN

NREFBILITTIZEN LITTH Xen B, A EIFEER. AR virt-v2v @
ssh EZFITZEN, FHRERIENLEIETT SSH RS,

7 BEMWIEERATE libvirt EIERY KVM TIBTT SLES 15 SP2



Q ¥=: £O% SSHiAM

M SLES 12 SP2 ¥, virt-v2v EXREZ O SSH A IEZEETEE,

XERE

F A ssh-agent ZMN—MER SSH ZARER. BXXHEYT, 520 man ssh-
keygen 1 man ssh-add., (%Z£i5F) ,5E 18F “SSH: REMMEIRIE LR

HTIFAER.

EEEIRE libvirt &%, BWEEEENEXERERE URl, T TENRAIHR, TEeE
M&7 remote host.example.com, HEZEWAFEA root. &E#H URIBURENUI TFAR:

xen+ssh://root@remote host.example.com/

BX libvirt &E#Z URIBNIFAER, BB http://libvirt.org/uri.html 2,

1. HERBZRIEMIZZEIWIAY Libvirt H2,

root # virsh -c xen+ssh://root@remote host.example.com/ list
Id Name State

1 slesl2 xen running

sles12 xen REFIRAVIEEIMANo
2. EAEEREN virt-v2v SR

root # virt-v2v slesl2 xen \

-1 libvirt \

-ic xen+ssh://root@remote host.example.com/ \
-0s local storage pool \

--bridge bro

8 BFEIWEEHR AT libvirt BIEM KVM TiB1T
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http://libvirt.org/uri.html

1.5 BITHARAVEIMIL

virt-v2v iR 2 G, BEA -on ETIEENRIFEIE—HE libvirt i3, @R
BRIBE -on, BEASREEMAERENZIR, ErILIER virsh BV EIRSEFIE
libvirt TEEIEH Guest,

©) =R Z3IStEN
MREEIRE 1427 “EF Libvirt EHEZ89507 PPMARTE Xen e, RIREE
EEH5|FEN, FHERIEXen WIZHAITEIS

2 Xen F| KVM BYFshiE %

2.1 —fgiid

EENENVEBRASRZE libvirt E#TER,; EXFMESR, BSN http://
libvirt.org/ 7. SFshEXFMESEITEMNBANEL, ERBZIMRE — libvirt aJAETF
8, I/FTFZBLAEEIER, BEReNnEEEBIREUKRENNMEINEE, REENE, B
RES—HEREREEEDN. AL, AXEEFNA libvirt BBRAE,

BE, #1T Xen Bl KVM BIEBBHITUTEARDSE:

1. BUEERYA Xen VM Guest BIE R EIZ,

2. ANk SKHEASE FHEIME Guest IERL,

3. JREXBX Xen VM Guest WIER, FHREEFN KVM HFTL,

4, x4 Xen ENL LR Guest, ABTE KVM BREIRIZF FIia1TH Guest,

TS TAKIR

LB VM Guest IETEIE1TH, TR Xen SEBHTFRE| KVM, iE1THHY KVM FL4E VM
Guest Z g1, BIXEXARIE Xen VM Guest,
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2.2 %19 Xen VM Guest
EZD Xen VM Guest, BERITUTSE:
1. RSEETRHHEE Xen Guest FHIRMEE ID/EFR.

tux > sudo virsh list --all

Id Name State
0 Domain-0 running
1 SLES11SP3 running

[...]

tux > sudo virsh shutdown SLES11SP3

3. BHECEEMNE XML X,

AR 2MEA mdSsum S E RIS,

tux > sudo virsh start SLES11SP3

2.3 FETFEEMME Guest WEDX

2. XM Guest, AILUEITXH] Guest I2ERFKER virsh HITILIRIE:

tux > sudo virsh dumpxml SLES11SP3 > slesllsp3.xml

4, SHEBEEMEX S, €A cp X rsync (L BIEEMNEIAR, HicHE, LEBEFIHIELS

5. ENREXHZIE, ERILUERMUTH<SERBE) Guest

WNRIEMFEIAME Xen Guest #1173, BLHEUTER, ErRILUEFER guestfs-tools TEia

17989 Guest T E1ZLERY Guest EHITILIS(E,

O ==

LHERTHFPRNERG, S5THH VM Guest B XBIMESIHFIE TR ETE Xen TfE

Fo
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23.1 ZTEIIANZ

L5 TiE5IS

RERNAZZ G, BAREZREREZALSIF Xen Guest, RAEFAR5Fo

5of& Xen Guest HAEMUEG LATE KVM BREIEIZER MERA 2], 1BRFRIZMEGAIE 25 Xen B
EEEFNERTSIS. X—ESXFEEIKE Xen Guest IFHEEE, AAE(TEEES—MF
ey Xen A%, FERBERTETER GRUB 2 5| SmMERERF

1. YN5RE SLES 11, i5%E#H /etc/sysconfig/kernel X, ¥E2X INITRD MODULES
S8, BEMHMUERERE Xen IEEhi2FEFH LA virtio RS2 F B UK LR ThIZR. &

INITRD MODULES="xenblk xennet"
=R
INITRD MODULES="virtio blk virtio pci virtio net virtio balloon"

MR SLES 12, ATE /etc/dracut.conf.d/*.conf #3%ZE xenblk xennet, #

BeN&i®n virtio blk virtio pci virtio net virtio balloon

2. FEIME Xen Guest IBITHIZIFER Xen W%, B7E KVM TiafT Guest, EFEREM
INAZo

Q iFE: RiAzERE

T EEIME Guest, BEFLRERINAZ, BNEERE,

7 Xen Guest £ rpm -q kernel-default, UUMIAZRIAANIZEEERE, NRXE
Z¥, {5EM zypper in kernel-default #17%%,

BT RATFE KVM 515 Guest IR B BT virtio (FEIME) RupiERF. &
TUTHLHIART L. FESISE 5.3.18-8 BiRANEHAZARE:

tux > sudo sudo find /lib/modules/5.3.18-8-default/kernel/drivers/ -name

virtio*
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/lib/modules/5.3.18-8-default/kernel/drivers/block/virtio blk.ko
/1lib/modules/5.3.18-8-default/kernel/drivers/char/hw_random/virtio-rng.ko
/lib/modules/5.3.18-8-default/kernel/drivers/char/virtio console.ko
/1lib/modules/5.3.18-8-default/kernel/drivers/crypto/virtio

3. B /etc/fstab, BAAE#EFIREM xvda BN vda,

4, FH5|ISMBIEFICE. 7 Xen Guest LI rpm -q grub2, Uil GRUB2 @&
ZE, WRAKLE, BFEH zypper in grub2 #HITRE,
M7E, FHMRENRIANZIESARINRIER A SIS, LI, X/ EFOIERs|IBREE
T Xen NG EBIRIZELITIEDL, ERILUER YaST (%\éﬁﬁlvbﬂiﬁzr ) FEIITLL
#2175

° FILFRAE Linux 5ISXET, UHEEIES|SHRBEI:
tux > cat /boot/grub2/grub.cfg | grep 'menuentry '
BIEREHRENTENFS (MEBFHEITE .
o BHIGHBMINS ISR

tux > sudo grub2-set-default N

BN BAZAERNGISRETES,

* ¥JFF /etc/default/grub #H1T4REE, HEHK
GRUB CMDLINE LINUX DEFAULT #1 GRUB CMDLINE LINUX RECOVERYiﬁ
o BIFR/EFIMEET Xen BNIKEMIFIB5IA. ETENRGIF, EaTbi

root=/dev/xvdal disk=/dev/xvda console=xvc

B

root=/dev/vdal disk=/dev/vda

EAER, BEEXMRI xve KEBUTHIG (B1W xvcd) BIFFESIA,

FE T HREPME Guest BYELR SLES 15 SP2



5. E# /boot/grub2 % /boot/grub2-efi EFR—1BERHH device.map. BEFrE
BEFIZEM xvda BXA vdas

6. ERNHHRINLE, 1BIE1T

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

2.3.2 B Guest LITE KVM F5|&
1. BFAGLUERRIARITIEGIG, FHEENITHE, HEER xve? IT5 8RS 5%

tux > sudo 1ls -1 /etc/systemd/system/getty.target.wants/
getty@ttyl.service -> /usr/lib/systemd/system/getty@.service
getty@xvcO.service -> /usr/lib/systemd/system/getty@xvcO.service
getty@xvcl.service -> /usr/lib/systemd/system/getty@xvcl.service

# rm /etc/systemd/system/getty.target.wants/getty@xvc?.service

2. ¥ /etc/securetty X, ¥ xvco BEiA ttySo,

2.4 TF#H Xen VM Guest it &

BN BUASHEIS Xen VM Guest WERE, LUK T BEIZIEIZ Guest {9 KVM Guest &\
E| libvirt AENELHERNRSEER.

241 T XenVM Guest icE
B/LFH Guest NECEHRFRIRE XM, BENSHINTAR:

tux > sudo virsh dumpxml SLES11SP3

<domain type='xen'>
<name>SLES11SP3</name>
<uuid>fa9ead4d7-8f95-30c0O-bce9-9e58ffcabeb2</uuid>
<memory>524288</memory>

<currentMemory>524288</currentMemory>
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<vcpu>1l</vcpu>
<bootloader>/usr/bin/pygrub</bootloader>
<0S>
<type>linux</type>
</0S>
<clock offset='utc'/>
<on_poweroff>destroy</on poweroff>
<on_reboot>restart</on reboot>
<on_crash>restart</on_crash>
<devices>
<emulator>/usr/lib/xen/bin/gemu-dm</emulator>
<disk type='file' device='disk'>
<driver name='file'/>
<source file='/var/lib/libvirt/images/
SLES 11 SP2 Je0S.x86 64-0.0.2 para.raw'/>
<target dev='xvda' bus='xen'/>
</disk>
<interface type='bridge'>
<mac address='00:16:3e:2d:91:c3'/>
<source bridge='bro'/>
<script path='vif-bridge'/>
</interface>
<console type='pty'>
<target type='xen' port='0'/>
</console>
<input type='mouse' bus='xen'/>
<graphics type='vnc' port='-1' autoport='yes' keymap='en-us'/>
</devices>

</domain>

http://libvirt.org/formatdomain.html 2 E3RHTHX VM Guest #IRM libvirt XML #&TUAYIE
éE1§l§\0

2.4.2 3t Guest BEEM—RREEX

BREEXNF LAY Xen Guest XML FeEHIT—E—RRIHEELR, HAIEHE KVM BREEREF Tz
7o LIPS 2 ESMEAF EME Guest 19ER, 15EE, ENARKEKETHATEERST
BIFRE XML Tt
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O =7 EENLE
AT RRXMLEEXHFHIT R, BNXEPEFER XPath &%, a0, NERT

<domain> tRi2HAY <name>,
<domain>

<name>slesllsp3</name>

</domain>

¥ fER XPath 325101 /domain/name,

[

. %% /domain 7TEM type BMEM xen BHH kvm,

N

. &P /domain/bootloader JTEZ4,

w

. 5=B% /domain/bootloader args JTZ&EBS.
4, ¥ /domain/os/type JTREM linux EXA hvm,

5. 7£ /domain/os JTE TN <boot dev="hd"/>,

6. £ /domain/os/type FJTERHM arch B4, FHEZHERN arch="x86 64" T
arch="i686"

7. % /domain/devices/emulator Jt&M /usr/lib/xen/bin/qemu-dm' EXf /
usr/bin/qgemu-kvm,

8. WS5HEIML (PV) Guest XEXHI B MEEFHITUTER:

e ¥ /domain/devices/disk/driver B name BMM file BN gemu, %A
B0 type BHMLUEEMAEZRE, Flw0, BREMEIE raw I qcow2 .

* ¥ /domain/devices/disk/target 7tEH dev BMM xvda EXA vda,

* ¥4 /domain/devices/disk/target 7TER bus BMEM xen EXA

virtio,

9. WEMWEEOREITUTENR:
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* YN8 /domain/devices/interface FENXT model, HEH type BHESE
8 virtio

<model type="virtio”>

o fHBRFRE /domain/devices/interface/script 243

o Hip% dev BMLL vif. vnet = veth FFkBIFEFE /domain/devices/
interface/target &, MRFEANEEEXWE, 15 dev BEXRNIZE

FRo
10. £f& /domain/devices/console TEZSH (FIREE) o
11. XPB& /domain/devices/serial FT&EZSD (WREE)

12. 3% /domain/devices/input JTZB bus BMM xen BHA ps2,

13. 7£ /domain/devices TR AU TEXHNESEKINEERN TR,

<memballoon model="virtio"/>

O B#7: ’ES
<target dev='hda' bus='ide'/> I=HITEMMEE T M Guest IRERF L FHL
. dev BliET “BE 1§&BW. BRIV EARIELMEENIZERBTS Guest #21E
AREPIIGEBTNN, Hit, ErIEEEE G| SMEEFG T LEERST, fl
0, NRSISMEZFTHEAREE S hda2 , B KVMMEENA sda2, i5E5ISmME

EFELITM

[...] root=/dev/hda2 resume=/dev/hdal [...]
B

[...] root=/dev/sda2 resume=/dev/sdal [...]

MRBHEIME xvda &E, BREEHRN

[...] root=/dev/vda2 resume=/dev/vdal [...]
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BN, VM Guest FE47E KVM IR EH5| &,

2.43 B#% KVM Guest it &

Kt EIRFREEEUE, R KVM Guest BIRARCE W TR :

<domain type='kvm'>
<name>SLES11SP3</name>
<uuid>fa9ea4d7-8f95-30c0O-bce9-9e58ffcabeb2</uuid>
<memory>524288</memory>
<currentMemory>524288</currentMemory>
<vcpu cpuset='0-3'>1</vcpu>
<0S>
<type arch="x86 64">hvm</type>
<boot dev="hd"/>
</0S>
<clock offset='utc'/>
<on_poweroff>destroy</on poweroff>
<on_reboot>restart</on reboot>
<on_crash>restart</on_crash>
<devices>
<emulator>/usr/bin/gemu-kvm</emulator>
<disk type='file' device='disk'>
<driver name='qgemu' type="raw"/>
<source file='/var/lib/libvirt/images/
SLES 11 SP2 Je0S.x86 64-0.0.2 para.raw'/>
<target dev='vda' bus='virtio'/>
</disk>
<interface type='bridge'>
<mac address='00:16:3e:2d:91:c3'/>
<source bridge='bro'/>
</interface>
<input type='mouse' bus='usb'/>
<graphics type='vnc' port='5900' autoport='yes' keymap='en-us'/>
<memballoon model="virtio"/>

</devices>
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</domain>

RBEEFRFIHEERINEIN XY, BHERESAZE, EXEFIEIZEIAN /etc/
libvirt/gemu A, BRIZERFXHRFESN SLES11ISP3 . xml

2.5 1T VM Guest

F# VM Guest ELEFH X Guest 1 ERATENENERZ G, 1BXRAIRI Xen Guest H1E
KVM BREIREER FiaiTH = ERE,

1. L root B3 MIE41E151T shutdown -h now, LUK Xen EH_EM Guest,

2. RIBFEEFHIS VM Guest XEXRVIZE X . EAIABCEERIG Xen BEERSUHEM /var/
lib/xen/images E#I%| /var/lib/kvm/images . dIREZHiF*EIE VM Guest,
M=TgeFHEELL root F1p6IEE /var/lib/kvm/images BR.

3. SUEHEL, AREIEME libvirt &

tux > sudo virsh define SLES11SP3.xml
Domain SLES11SP3 defined from SLES11SP3.xml

4. RRIEFH Guest @B EETE KVM BEEEH,
tux > virsh list —all
5. Si@iEZ G, ERLREBD:

tux > sudo virsh start SLES11SP3
Domain SLES11SP3 started

3 EZER
Bx libvirt BIEAEE, ES W http://libvirt.org 7,
http://libvirt.org/formatdomain.html 2 ERMETHEX libvirt XML &RXHIEZHT,

https://documentation.suse.com/ 7 _ERY SUSE Linux Enterprise Server 341t T &%
Xen 1 KVM E#MEBYIF4(E R
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4 E1EEHEH
KRR © 2006- 2024 SUSE LLC M1T=EAE . FEFrBENRF,

R4E GNU B R34 A1 (GNU Free Documentation License) fras 1.2 5 (1RIBZAVIERR)
hRZs 1.3 HIIRFR, FIRFEEH. 2%/ FERASALYRFRINERE; 2shRANAE B aliE
MR AR LY, WFRHEMZA 1.2 WRIAESERN “GNU BEEIFRLE BIEE45,

B SUSE &t5, B8 https://www.suse.com/company/legal/ 7, FiEEME=AEIFE
HEBREENM™., Birfs (6. ™%F) K SUSE REXBEATNET. 23 () {FRE=
75 BT

BIERAKAZFAEAT, EXFERRTIERERTIR, SUSE LLC REXBEAQF. fFEMIZF
EXWNFr R MR ALLERNEREREABRE,

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.
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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 http://www.gnu.org/copyleft/ 2.

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

Software Foundation.

ADDENDUM: How to use this License for your documents

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

or any later version published by the Free Software Foundation;

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

Free Documentation License”.

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

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

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

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