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1 fERBH

B AN BT IR e BB LU T B AT B AR RIS E
o T m: alice (IP: 192.168.1.1) #bob (IP: 192.168.1.2) , m&EzZiEh&ET
LR 1R AR

o —NFTHEEHN IP ik (192.168.1.10), TIRRSFEBINTRLIET, TR REBAEIZ
HINEREEIARSS. It 1P il BT EEE B EE T A Hawk2,

o —EHEEMIRE, FE SBD FilH. XFERBIT RORIE .
o WETHIENAR LR (/L E) Y, REM— I T RBEEEES— 1 TR,

ERAILMEREZENT REEHTUR, UCHR/NEREE, HEBITT R, B&BERTE
FRRZE, FEN (E1EiEE) UIRIEE CHEREBIEE,

2 RHENR

AENEE | THARENNEBRRERK, ERBEERABNITRTESRE, 5% (BE
) , B 28 “RHEBERMEN PRTETIR.

2.1 MEHEX

ARS5 2%
MAEREFE 227 "HHFERT PEERNRARIARSER.
ARSSERAI LU, WATLIZES. MERSBAFTEEABRANES (W, BET
BF) , BENNEREHBIER. FXFETaEE.

BifliEE
BTEETREDAERMD TCP/IP @HEE, MRS EERTREENNENS
I SRR, BTRAN R 100 Mbit/s SlESNEUREEEE, N FRZFREFE
RE, BERERIMAEZTRENRR, Xe@IUTARAKR:

° MEKEHE (BE) -

e Corosync RS —MBEEIE,
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T Bk /STONITH
BT IEEIM T 20 RE R T =k (STONITH) &%, SIUEYIREE (BIRFX) ,
WA LUE SBD (¥&FAER STONITH) XIFMNFISHOEGNAS, SBD AIUSHEFEL
BIBEER, WAUELTHERERN TER. AXENBNEE SBD SHEEFMEIGEHERE
Fo WAUREUTENK:

o —MEFHIGE. BRGEHEEMHIGENES, ESM (SUSE Linux
Enterprise Server 7 E12+5/) (https://documentation.suse.com/sles/html/
SLES-all/book-storage.html) 7, MRERAFERAWHZEFHIZERKHITIL,
BESIMIRA “SBD EZ iSCSI Z6E”

o BHETPHFIET R L, EEFHSENREHBLIKAE—H. ERRENIEESR
#R, 30 /dev/disk/by-id/dm-uuid-partl-mpath-abcedf12345,

o SBD iEFARFERAETFTENH RAID. LVYM2, tBFREE(IF DRBD* 32

BXSTONITHHUiFE R, B2 (S1EiEfE) ,F12F “REREM STONITH” . %
SBD FYiFS 2, 1EEN (EEiEE) , B 13E “IFERIPFM SBD” o

2.2 BEFFES

RN E T R EBEDRLEUTERMYT R
* Basesystem Module 15 SP5
e Server Applications Module 15 SP5

e SUSE Linux Enterprise High Availability Extension15 SP5

2.3 HEXRMEN

RIEIEE
BET RANEIL BIEFERIMI NTP ARS588. B SUSE Linux Enterprise High Availability
Extension 152, A chrony fE9 NTP BUERIAL . BXIFAEE, FEW (SUSE
Linux Enterprise Server 15 SP5 EI215m) (https://documentation.suse.com/sles-15/
html/SLES-all/cha-ntp.html) 2
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MRTRREY, BEARLAEREE. i, BEXHFNEERSECHTRIAIE
T RRMEHITOM. MRFERSIFHE, MNTP HKREE, NRGSREES,

FANBH 1P ik
o fEMRERZ IP ik,
o AXHFFE IP sk,

° 7 /etc/hosts XHHFILMME#HET N, GEZENTLERETVANEEIEN
Ho BHEMRMTEEBIZBTILEIFIL. NRBHTATA, W EHTEERNIE
Ho
SSH
FREBET RE W NEEEE SSH #8E1A1A. crm report (BFZEL) FITAEM Hawk2
HAFIEENEEBERT A ZERALOL SSHiIFRAR, BUENREEMHETT RUkEE
IR,
MRFEASISHAIRERE, RASBIEMHER SSH =,

3 5| FHZAEIR
TS THIT BRI AR T3 S,

o £ crm cluster init AJEXBEEENMENELSH, XRAERHE—EBITHH
BT RER.

o FH crm cluster join AEERIESZT R

e 5 crm cluster remove MEFEFEMFT =,

FrES|ISAEIERE] /var/log/crmsh/crmsh. log . BX5|SEIEMERBTERRI L
BRI, 7E5|SSREPIKERIANEINECIfESER YaST BRI TN, BAXIF4AE
B, B8N (E1HiEr) ,HE 45 “[FH YaST BERER”

S|2#IZA crm cluster init SKEHEIE LI TAM:

NTP
WENTP ERERENTERARSISHER. MRKEEMXF, RASET—FER.
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SSH
BIL SSHEH, UATERETRZE#ITEOER.

Csync2
FoE Csync2, itHAEHEFNE TR LEBEEX G,

Corosync
FEREETAS.
SBD/i8ER

CERLHFENER, HAREEEER SBD EEENT R RAH,

EZEDh IP
WREESREECEE IP ik, LUEMER Hawk2 #1TEBESIE,

P
T BRI T AR S E TR IR .

BER
NEEEX RN, FAINA hacluster, BEERMERNER, X Geo BHERER. B#ES
MERZRRUIE, UEEERZHX Geo BEEABIBIIER,

QDevice/QNetd
WREEEERE QDevice/QNetd ASS5MHEIRTE. BTN EX T SEV BRI
(R 2T =B¥5) A QDevice #1 QNetd,
EXAR2NBIERE, BETUHEGR (E121E50) ,% 14E “QDevice # QNetd” A
FriR# Tt &,

4 ZE High Availability 342

High Availability ERHEREEATRENEERENREE. RBERE SUSE
Linux Enterprise High Availability Extension f5, 7 8EERILIREE,

FER % SUSE Linux Enterprise Server Hijg]ls 25, ErRILUFMEI SUSE Customer Center
%% High Availability Extension, BXIFHIER, 1550 SUSE Linux Enterprise Server By
Deployment Guide (https://documentation.suse.com/sles/html/SLES-all/cha-register-

sle.html) 2,
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3721 : % HIGH AVAILABILITY 3ifE
1. ME$17RE High Availability ZX{45:

# zypper install -t pattern ha_sles

2. TR BEAEHERNFIBITEN L% E High Availability 2t &

© 1B EFETELRERNES
INREBFrhLEE SUSE Linux Enterprise Server 15 SP5 F High Availability
Extension, I5fEM AutoYaST "IEIBET R, BXIFMRER, BFEM (EiFiE
) , % 3E “RE High Availability Extension” , 55 3.2 ¥ “f#F AutoYaST i#
ITHERENEE” .

5 f#EH SBD #1171 Rk

BRESI TR LEHBEANESR, AeeEAs5ISH4EE SBD, SUSE Linux Enterprise Server
BEMT T L ARZIER, AFREH S EEGNRESIRETERF. High Availability Extension
5/ SBD HFIEREN “HER” 1MEBERRHEAL.

PITF2i2EA softdog &R,

@O ==: softdog [R4!

Softdog WahizFRIRELE—1 CPU (HATEIETT. WIRFIE CPUYIEMZE, N
softdog WEhiZF AN L E 5| FRFRIEKEEH AT, HBRit, BIEFRE CPUY
EFfEE, BHREaBNASHETIF

SRS U RIE S G RV IRIR B softdog Rk, BEEFIFIEPRERE
%
g, MFRLESENEGLENINER, NAILUE softdog AIFRZILEBRIR,

i##2£2 : ¥} SBD |5 SOFTDOG &S

1. 8 PR LB softdog &
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# echo softdog > /etc/modules-load.d/watchdog.conf
# systemctl restart systemd-modules-load

2. Mix softdog IEIREEE [EFHAEE:

# lsmod | grep dog
softdog 16384 1

s i -
6 IREF—TTR
A crm cluster init AIARIREFE — TR, LIREFEETEIAFohFIEpkL,
B2 3: FEH crm cluster initiEBE—1MP = (alice)

1. Ll root BXAH sudo FRHIAFR BN EREE—TEET R

© ==: sudo AP SSH BFIHIAINER
BEFRATOL SSH IARINRET R ZE#1TEM. crm cluster init 78
Q& SSH Z$f, MNRTEFE, EEMLILEER,
NREBELERE sudo AR FHEEE— TR, WATHFRZAFH
SSH ZfAFEETZT A4t (REH LERLERH) , MAREETERRSA
Lo

2. BEh5|I SRS

# crm cluster init --name CLUSTERNAME

FR—TERXMEI (GINEFERIMIEAIE CLUSTERNAME) & amsterdam S1iI
. BEIHGOIE Geo B85, XEFMIFAER, FAEFELSIRAIZEESR,
MREFEFALEMAZERE BUARE) RHTEHEEN, BEAEmN - -
multicast (¢ -U) o

ZHASIOERREFENTP REMNBHREGRS. SRRIBZFEEMAT SSH AR
Csync2 RFZ W AEMFAR SSH %8, FHBohENMAYARS
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3. BcEBs&E@IE (Corosync):

a. MABERNMEMIL, BIAERT, HASBINERMSMIE etho, Ha] 4N
Hhpzgstnt, Flanthit bondo,

b. ESEINMIKEO (5405) St N E(hiE,
4. ¥ SBD IRE N 2 REHEAH
a. WAy BIAEE[EA SBD,

b. W A\E SBD EARRIZE D XAFARR, ZBRUAEEHETRIFIE T R4S
_gﬂzo
Aa=EIgE L8R T SBD /A X,

5. ECE R Hawk2 #1TEF S EIEFAFRAIREIA IP ol
a. W\ y WINEEECEEPL IP il

b. /5 Hawk2 BWEIE IP 3AKRMERLY IP #th3k: 192.168.1.10
ARG, FBEALUEZTNZEM P #iit, MEHER Hawk2 ERENEET =,

6. IEFEEHEIE QDevice #1 QNetdo I FAXHFTARMER/NFIE, EHIYIZ n B4, EoTlL
THEBEIE (E12E/E) , % 145 “QDevice #1 QNetd” HFFIRIZE QDevice 1 QNetd,

&G, R EEERRS UEREEA, HEA Hawk2, EAT Hawk2 By URL K ETR#E
Rt
RESTE—NBITRNET RS, BEEEERS, BRITUTERE!

3124 ;. B HAWK2 WEB RE
1. TEMETEN L, Bah Web J¥%28HHR JavaScript 1 cookie BB Ao
2. XF URL, BERINGERSISHAEEIEIN IP Hilk:

https://192.168.1.10:7630/
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Q iiE: EPEL
4RSI URL BB EFEPES, NEREAT BRES TS, BAR
R, ERERESTRDNAEES,
BB REERAT, URRES.
Turss, TEASBFFNO, UBTES,

T Hawk2 E2RRE L, WASISHACIENERENEAZMOS (BF hacluster,

A< 1inux) o

O == %2270
RIRAREZWEEIRIINED

# passwd hacluster

. BEEF, Hawk2 Web RERIAZETR K& B=:

SUSE Hawk P s @  haclustera 2 =

wE E=td s #E B

+ [ ] admin-ip alice ocfheartheatIPaddr2

1: HAWK2 P A #ERNRE
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7T NNEZITTE

£ crm cluster join 5|SHIKRABERME NN R, FIEXREAR— M IEHET R
BRI E Y FIitEY LB RE RIS E,

BEXELZER, 20 crm cluster join FHT,
ZF25: A crm cluster join FEMEZ1T= (bob)
1. M root AE sudo FiNHAF B ERIE N Ro

2. BTSSR
NRELL root BHIRETHE L, WA AEREEMMESHAER BTt <!

# crm cluster join
NREA sudo AR EMEETHE— TR, WHIERLT -c BBEEZAR:
> sudo crm cluster join -c USER@alice

R NTP RECENESISHER, BET—FHS. HAENERSHFERHOESR
K&, WRAEFELRRILE, FamEBRHES,

3. MMREHAKER - ETUEE alice, REFRTERAS— T RAEY Pk,

4, NREHEKREMRSTENZBIEEL DS SSH AR, RFEBRTERAE— TR
O,
BRIEETRGE, HAZES Corosync BEcE. ECE SSH # Csync2, EZHaiitENIE
FHFBET SN, HEE Hawk2 FRERARS

?_ Hawk?2 I:F'*ﬁ ﬁ%dj{lu\o T_'U(n_,\ > 'E—F5 r_lxﬁgglj)lklu\jjéiéﬂgﬁﬁ\qﬁ).ﬁ“
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SUSE Hawk V) EERSAT D haclusterd ? »

K& am P = BF
A alice @ @ * o Q
[ ] bob @ @ * 2 Q

E 2 WHRBERRE

8 MhalE+se

BALUTWHA B FEIRFBHEREFENRIE, BEXFRBNES K55 RER T RMIBIR,
RizEBSERTEFHIRZA, 15RIES CHIRGI#HTEEN I,

* shd -d DEVICE NAME list @$ <5t SBD A WAVFAE T Mo M FIRANXFIRELE
MBS, MR E R alice # bob.

e F8.17 “IhHAZFEHIEEE” B2—IERENN, SERSEPHIIETRENTRISE
73 standby BY, KEBFEZEREM IP it S5 — M=,

e 55827 “@FMcrm cluster crash test @< TIR" SIRINEERIEHIREL
e

8.1 MHAZFIRBIEHETE
AR U T IRENN IS R E R R R
TSI 6 Mk FERPERTS
1. THRIEH ping 192.168.1.10 (IZAYEEIN IP dk) -

# ping 192.168.1.10

12 i B#EE | SLE HA 15 SP5



2. BF Hawk2:

3. IR HIET, BRIBTIZED IP it (FF admin_addr) MW=, IEEREZ
TR alice LiBTT,

4, % alice BEFSHHER:

P BE
0 -0 ==
K& =t P 5# - 43
@ | © ?a

bob @ @ -2 Q

B3 AFHFIRANT R alice

5. BF KRE > AR, AFEadmin addr 2% bob,

AR, NMiZSBEFXEM 1P HURYRERTEY ping o XRTEBEIRENFE IPIE
fEIER, #& ctrl - ¢ $2EUH ping #5 <

8.2 f{#F crm cluster crash_test @<# 17k

crm cluster crash_test apSfRABIENIE, UBHEHRIE, TEFIMEPEREEZ
g, BN ERLLE S RKBR—IF ST
ZmSZFUTRE:
--split-brain-iptables

B PELE Corosync s IRIRIN T R A RIS, KEZRT IRFHHIRKR— T =
--kill-sbd/--kill-corosync/ --kill-pacemakerd

£k SBD. Corosync # Pacemaker B95FiF1EF. BITHHA—IUNIXE, ErIUTE /

var/lib/crmsh/crash_test/ BR THEI—HiRE. ZREPEMIAZEFIIHEA.
TEEZIRR AR ] B =4 1945 R A9 BR.

--fence-node NODE
FEBM IS TE BT E T Ro
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BXFMAEE, EB0crm cluster crash_test --help,

B mideEs: NRRRK

# crm_mon -1

Stack: corosync

Current DC: alice (version ...) - partition with quorum

Last updated: Fri Mar 03 14:40:21 2020

Last change: Fri Mar 03 14:35:07 2020 by root via cibadmin on alice

2 nodes configured

1 resource configured

Online: [ alice bob ]

Active resources:
stonith-sbhd (stonith:external/sbd): Started alice

# crm cluster crash_test --fence-node bob

Testcase: Fence node bob
Fence action: reboot
Fence timeout: 60

11l WARNING WARNING WARNING !!!

THIS CASE MAY LEAD TO NODE BE FENCED.

TYPE Yes TO CONTINUE, OTHER INPUTS WILL CANCEL THIS CASE [Yes/No](No): Yes
INFO: Trying to fence node "bob"

INFO: Waiting 60s for node "bob" reboot...

INFO: Node "bob" will be fenced by "alice"!

INFO: Node "bob" was successfully fenced by "alice"

EEMEHIEPREN bob BHURE, BER Hawk2 #ASMENRE » T 0
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0 EHSE

fEMAS IS4 UREIRE B FNEAENEASETANRSE, ~F, BERLEETEN
ERBTAEARTEFHRNEIAMES, BNERTESTE,

NERETREHERERNRNITHSR

RMESTR
ERUTER—MGEANBEERMIESTR:

o BE—RAIN— TR, BRETT “ANE_1TTs" BFmRER crm cluster
join 7,

s EMELRLZITL, 15k (BIEIER) ,B3E “LE High Availability
Extension” , % 3.2 % “fEA AutoYaST #1THtELEMILE" FFHIRFER
AutoYaST,

— N ENBEERZHEES 32 1A, BB pacemaker remote k%, AILUESAA
MESHTTT R, CHESBHIEFNGN TR, BXIFAEE, SN (Pacemaker
IERZRIRNTY XE

fidE QDevice
WMRBIEMNT =22 BE, BECE QDevice 1 QNetd UB 5 RE, QDevice K1l
— M EIECERVIR SR, LUERF SR LIAR K FAREMRRNIPR 2T mlfEEE, BX
HHER, 1580 (EEEm) , % 14E “QDevice #1 QNetd” .

BREHRER
BARUREE EEMIEIEIRER softdog iRk, BELFMERERRS, BX
FHER, BE0 (Ei2fEm) , % 138& “FHEERIPM SBD” ,$£ 1361 “KRERE
' .

10 EZER

https://documentation.suse.com/sle-ha/ 7 IR T EZH XM, BXHMEE
MBBMAS, BFERNFRMN (BE1EiEm) (https://documentation.suse.com/sle-ha/html/
SLE-HA-all/book-sleha-guide.html) <
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A SBD HYEZ iSCSI 771

L5
o B9 iSCSI B4RAY SUSE Linux Enterprise Server B3\l It VM RR2EFER—EB9

° VM LM BINE#EIRE: — 1 20GB & (BFHRLK) , —11GBRE (AT
SBD) o

o FANEARRNINEIS A B4EEEERY SUSE Linux Enterprise Server T35,
B, R EIEE iSCSI BiR:
Hi2A.1: ECE ISCSI Bfn

1. REREE yast2-iscsi-lio-server:
# zypper install yast2-iscsi-lio-server
2. £ YaST B iscsi-lio-server i&iR:

# yast2 iscsi-lio-server

3. ERFBEMRPMERET, ®ESISHE,

4, BUETEPR NS LT HIR O,

5. ERIETRP, BELIINIE,

6. EHEMIMET, WMABAAEMNOS,

7. HHRAEHINET, MANEEAF2MEEED, EOSRESHERIMENOSER,
8. TEE Rk HIEEFE R,

9. &ift . com.example KEXEim&FFo

10. FRANARS523HY IP ik,

11. &,

12. Z LUNATEOP, WA 1GBF#EIREM LUN 212 (130 /dev/vbd)

13. EEHE,
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14, EFRET—D,

15. EZE5TA KA YaST,

16. ZMNEBRISE, BHYIHREIBMR CLI:
# targetcli
ERBCE:!

/> 1s

BTFRIET S LR E iSCSI R, ERNHALEEN T
B2 A.2 1 FRE ISCSI Rl
1. ZEHHE yast2-iscsi-client:
# zypper install yast2-iscsi-client
2. Bapiscsid fRSS:
# systemctl start iscsid
3. £ YaST H#JH iscsi-client t&RIR:

# yast2 iscsi-client

4, EERIEREDRH, EELI,

5. BN iSCSI B4RHY IP #thiit,

6. B HEITRZIINL,

7. TERAERINET, BALKRERAF 2O,
8. EHEMIAMLET, BMABFARZMO<,

9. EET—%,

10. & YaST &I} iSCSI Birfa, @E&HFiEE,

11. FEF, &EFE5ISH,
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12, EETF—0,
13. EFIHERMA YaST,

14. ¥ iSCSI &l
# lsscsi

[0:0:1:0] cd/dvd QEMU QEMU DVD-ROM 2.5+ /dev/sr0
[2:0:0:0] disk LIO-ORG IBLOCK 4.0 /dev/sda

EHEE IBLOCK 1917, TELLRFIA, iSCSI&&E N /dev/sda,
15. K& iscsid RSBHVIRE:

# systemctl status iscsid

f&oIA7E /dev/disk/by-id/ PEBRRENIZE B, iSCSIIEFNRZMBEELL scsi-SLIO-

i La\

ORG_IBLOCK FFsk,
FCEBER, BEFERUTHEP—MAERIEERENZERM:

e izfTcrm cluster init By, IR TRHEANRERNIZSEZTFR.

* izfTcrm cluster init @i, 7£ /etc/sysconfig/sbd FFINBEMIGERIR:

SBD DEVICE=/dev/disk/by-id/scsi-SLIO-ORG IBLOCK DEVICE ID STRING

iz{T crm cluster init B, XM TEAYEIZAEE n:

SBD is already configured to use /dev/disk/by-id/scsi-SLI0-ORG IBLOCK ... -

overwrite (y/n)?

B GNU licenses

This appendix contains the GNU Free Documentation License version 1.2.

GNU Free Documentation License

Copyright (C) 2000, 2001, 2002 Free Software Foundation, Inc. 51 Franklin St, Fifth Floor, Boston, MA 02110-1301 USA. Everyone is permitted to copy and distribute

verbatim copies of this license document, but changing it is not allowed.
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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.

A "Transparent" copy of the Document means a machine-readable copy, represented in a format whose specification is available to the general public, that is suitable
for revising the document straightforwardly with generic text editors or (for images composed of pixels) generic paint programs or (for drawings) some widely available
drawing editor, and that is suitable for input to text formatters or for automatic translation to a variety of formats suitable for input to text formatters. A copy made

in an otherwise Transparent file format whose markup, or absence of markup, has been arranged to thwart or discourage subsequent modification by readers is not
Transparent. An image format is not Transparent if used for any substantial amount of text. A copy that is not "Transparent" is called "Opaque".

Examples of suitable formats for Transparent copies include plain ASCII without markup, Texinfo input format, LaTeX input format, SGML or XML using a publicly
available DTD, and standard-conforming simple HTML, PostScript or PDF designed for human modification. Examples of transparent image formats include PNG,

XCF and JPG. Opaque formats include proprietary formats that can be read and edited only by proprietary word processors, SGML or XML for which the DTD and/or
processing tools are not generally available, and the machine-generated HTML, PostScript or PDF produced by some word processors for output purposes only.

The "Title Page" means, for a printed book, the title page itself, plus such following pages as are needed to hold, legibly, the material this License requires to appear

in the title page. For works in formats which do not have any title page as such, "Title Page" means the text near the most prominent appearance of the work's title,
preceding the beginning of the body of the text.

A section "Entitled XYZ" means a named subunit of the Document whose title either is precisely XYZ or contains XYZ in parentheses following text that translates XYZ

in another language. (Here XYZ stands for a specific section name mentioned below, such as "Acknowledgements", "Dedications", "Endorsements", or "History".) To
"Preserve the Title" of such a section when you modify the Document means that it remains a section "Entitled XYZ" according to this definition.

The Document may include Warranty Disclaimers next to the notice which states that this License applies to the Document. These Warranty Disclaimers are considered
to be included by reference in this License, but only as regards disclaiming warranties: any other implication that these Warranty Disclaimers may have is void and has
no effect on the meaning of this License.

2. VERBATIM COPYING

You may copy and distribute the Document in any medium, either commercially or non-commercially, provided that this License, the copyright notices, and the license
notice saying this License applies to the Document are reproduced in all copies, and that you add no other conditions whatsoever to those of this License. You may not
use technical measures to obstruct or control the reading or further copying of the copies you make or distribute. However, you may accept compensation in exchange
for copies. If you distribute a large enough number of copies you must also follow the conditions in section 3.

You may also lend copies, under the same conditions stated above, and you may publicly display copies.
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3. COPYING IN QUANTITY

If you publish printed copies (or copies in media that commonly have printed covers) of the Document, numbering more than 100, and the Document's license notice
requires Cover Texts, you must enclose the copies in covers that carry, clearly and legibly, all these Cover Texts: Front-Cover Texts on the front cover, and Back-Cover
Texts on the back cover. Both covers must also clearly and legibly identify you as the publisher of these copies. The front cover must present the full title with all words
of the title equally prominent and visible. You may add other material on the covers in addition. Copying with changes limited to the covers, as long as they preserve the
title of the Document and satisfy these conditions, can be treated as verbatim copying in other respects.

If the required texts for either cover are too voluminous to fit legibly, you should put the first ones listed (as many as fit reasonably) on the actual cover, and continue the
rest onto adjacent pages.

If you publish or distribute Opaque copies of the Document numbering more than 100, you must either include a machine-readable Transparent copy along with each
Opaque copy, or state in or with each Opaque copy a computer-network location from which the general network-using public has access to download using public-
standard network protocols a complete Transparent copy of the Document, free of added material. If you use the latter option, you must take reasonably prudent steps,
when you begin distribution of Opaque copies in quantity, to ensure that this Transparent copy will remain thus accessible at the stated location until at least one year
after the last time you distribute an Opaque copy (directly or through your agents or retailers) of that edition to the public.

Itis requested, but not required, that you contact the authors of the Document well before redistributing any large number of copies, to give them a chance to provide
you with an updated version of the Document.

4. MODIFICATIONS

You may copy and distribute a Modified Version of the Document under the conditions of sections 2 and 3 above, provided that you release the Modified Version under
precisely this License, with the Modified Version filling the role of the Document, thus licensing distribution and modification of the Modified Version to whoever
possesses a copy of it. In addition, you must do these things in the Modified Version:

A. Useinthe 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. Preserve in 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.
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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.

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.
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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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