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1 SUSE Linux Enterprise Server for SAP
Applications 16.0 BY PXE 5| S#iiA

PXE 5|1 SRIETEVEINSES | SERENSITHIME, MAFAMEMELS, &8
¥ 7748 PXE 7£ SUSE Linux Enterprise Server for SAP Applications 16.0 Agama K252
Bt mZF RGP TERE, ES1HEA GRUB 2 BUEXRECE.

1.1 PXE5|FEMA?

PXE (Fi5|SHITIFIR) B—MiLRSuEE DHCP Ml TFTP/HTTP MRS 2810 ZR5 | S INE
EFNRERRAREREFNGZE. B ZRTERYEEASINRZERERANHENRED

=

ZI~0

1.2 PXE5|SHLE

PXE 5|SEZRAMBZER A FNLE, BHTITENEERRE, BENBERE:
o BEMEUTXTAETHNARLEFZL RS
o EREIRRERFMANS|ISEE
o X%

REMEREWMEAFRE, 815 UEFIZ25|%

* i@ GRUB 2 R/ ERLZEIEFHLESH

1.3 SUSE Linux Enterprise Server for SAP Applications 16.0 &
PXE 5| S8 T{ERIE

SUSE Linux Enterprise Server for SAP Applications 16.0 F#9 PXE 5| S#8 GRUB 2 fE~35|
SMEEZERF, £ Agama TRIEFIFALTREAH. SMEEFNLTEZFXHEET HTTP 5
TFTP i MRIL8IE M, E A GRUB 2 fAST3REXAZ. initrd MISCETERER, PXE ZFinAIiRIEE
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RRLEM (W01 AMD64/Intel 64. AArch64. ppc64dle. s390x) HISER, EAZMEIN (8%

W FRY BIOS 8¢ UEFI) . SISMERER AT HSHAEET. toh, LB FP RN IFT
IPv4 # IPv6 BRI IERIETT.

BISMERRFEEEERNZESE (W root=1ive:) , FAFMEN ISO BIEINEET squashfs B
WX GRS, #HMER Agama RE - Z A HEELAI ATEAMIZIT, WAILUER Web ARSZIETT, KL
ZHHZTE Web Ul 1215,

1.3.1 5 SLESforSAP 15.x WAEHEAM

AXEEEEERT SUSE Linux Enterprise Server for SAP Applications 16.0 XE =k, =
BNEES Agama RERFEM. KESLITREREN PXE 3108, EAXHNES5ITCTER
A, SLES for SAP 16.0 XE=ShR4s5 SLES for SAP 15X ZEUTER:

RERERF
fff dracut #1 Agama, M3E Linuxrc #1YaST,

DHCP BR$333
REZHFFISCDHCP (2022 FELIEARSS) , FHeiA Kea 3 dnsmasq 9 DHCP RS
250

5195#%
M root=1live: ZHUNE Agama KERZFIRE, ERATNESH
inst.install_url=TM3k install= SPEEIFFNINREEEE,

SISMEBEFAEE (W0 GRUB 2. pxelinux %) RIFRENE, FREhRE

1.3.2 ZMATENRERENMTR

AXBEUERETBURFIANEREE, FXSE5ENEBEXNET, BIFRERE
AT EHEnRNENLTE.

WED R
FrEIREDRT, IR TES: xAH. EFLXEEFRE. BE GRUB2 LUK
JIEARSS 28
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XHERERBER
EF HTTP BRS388 (%S Agama $EECER, Wnginx) #1/sK TFTP ARS8 (4N tftp
gf dnsmasq) .

DHCP BR553%
7t#¥ Kea 3 dnsmasqs

@ 3

LN ®

* Kea ;2 ISC #EHiAVF#i—1¥ DHCP AR3528, RI{EZ ISC DHCP BB
£, Bx Kea AL, 15118 https://www.isc.org/kea/ 7, B> ISC
DHCP & 1EARSZEVEH], iEIAIR) https://www.isc.org/dhcp/ 2, Kea RE
DHCP fRS588, FHHEACHEIRRY TFTP ARSEINAER. Kea DHCP fRS5885%
FR@d IPv4 A 1Pv6 KT TFTP/PXE 5| SRVMERIED, t2HnET IPv4 SEIR
HTTP 5| SHYEI, @ IPv6 LI HTTP 5126, ZK DHCPv6 BRSS 234k
figmE P imiRE Vendor Class Option (&0l RFC3315, Section
22.16, ZIERRATH “BRmTAHENE" ) , BarE AL,

e dnsmasq £ DNS fR53288. DHCP BRS328#0 TFTP fRSZS28T—14K. &n]
UEREET TFTP {25 SMEFRERE. Az, initrd REMXH. B
* dnsmasq FOIFHE S, 1EIA1E) https://thekelleys.org.uk/dnsmasq/
doc.html 2, dnsmasq DHCP RRZ528z¥@:d IPv4 A IPv6 SKI TFTP/PXE
SISRMEXRIED, @R Pv4 SSILHTTP 5| SRYED, & IPv6 3K
I HTTP 5|58, EX DHCPv6 fRS583RENSMZ F imik[E] Vendor Class
Option (3£l RFC3315, Section 22.16, ZEEHATF “HE PR
MR ) , BErgAEEFIIEE,
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REXHF IPv6?

E1: PXE ﬂﬁgﬁlzguu. ZITWU

2 N PXE 5| SFIRSBERME

ARE4BTE SUSE Linux Enterprise Server for SAP Applications 16.0 _E2B5E PXE 3|
SRS FEHERNMEZEMIERENK,
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2.1 &N

PXE fRS5esE1 & =Kk 88 RMMUASISXHE (5ISMEIERF) (IERY DHCP ARS588, KL
MAFIRERHE TFTP #1/3% HTTP ARS528. Lbsh, AIBEIRFE DNS ARS528. NTP BRSS2841
HF IPv6 RUBRREHZS — AT IMRENEHR, XERF[EES PXE RS B[HDAHB. WFIiE1T
SUSE Linux Enterprise Server for SAP Applications 16.0 #9 PXE fR5328, RIREREHITIFEM
MEOIGE. EPAAER RIS ERFACIN, MUKREE SELinux BUMEXINPR, AEF U
THFRXBTR— N EE8E IPSEERMEIFR, FHiRBAR AE SELinux R E RN,

2.2 (BRIKHMEEE RG]
R
* PXE fRSZ 237 enol MO LinlT, MEEEEWT:

& 1: PXE MKEE TG

IPv4 IPv6 DNS & #5
PXE P48 192.168.1.0/24 2001:db8:0:1::/64 example.net
PXE fRS528 192.168.1.200 2001:db8:0:1::200  pxe.example.net
PXE R 192.168.1.1 2001:db8:0:1::1
DNS AR5528 192.168.1.200 2001:db8:0:1::200
NTP ARS528 192.168.1.1 2001:db8:0:1::1

o BUNBRT, B2, NTP BRS32840 DNS ARS8 N5MERARSS 28, IBITREEMITEN L,
AXZRE—ERETR, EFEaETRBEE,

2.3 7 PXE IRSBECEMNZZIZEO. BAAIEF SELinux

FCEMSEROMPIAIE, LIRIT PXE IRS2BFAFRIMAEARSS. A2 SELinuxiRE, UZFHRE
M HE XFFABI A ZRER

1. I93F PXE MEZOHEE SRS LM firewalld X1,
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a. EEYHFERNXIERESERRINEO:
> sudo firewall-cmd --get-active-zones
b. % enol kHEE public XiF, HEEHERRIZXIE:
> sudo firewall-cmd --zone=public --change-interface=enol

c. EEODEERRESISRMER:

> sudo firewall-cmd --permanent --zone=public --add-interface=enol

2. BECEFHAIEELARIFIIE) DNS ARSS.
a. MHFIRIEF DNS ARSS1AIRIANPR -
> sudo firewall-cmd --zone=public --add-service=dns
b. EXEIFAEN:
> sudo firewall-cmd --permanent --zone=public --add-service=dns
3. EEERAIEUARIFIRIE NTP fRSS.
a. MEFIRIEFBNTP RS THIEIR:
> sudo firewall-cmd --zone=public --add-service=ntp
b. EZEIFAEN:
> sudo firewall-cmd --permanent --zone=public --add-service=ntp
4. ECERHAIELASIFIRIE] DHCP (IPv4) ARS3.
a. MHAIRIEFR DHCP ARSS 15 1R)AXPR :

> sudo firewall-cmd --zone=public --add-service=dhcp

b. EIZEIFALERN:
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> sudo firewall-cmd --permanent --zone=public --add-service=dhcp

5. BCEM A A5 1F1R) DHCPV6 ARSS.

a. MEFISIEFR DHCPV6 ARSS1HIRIANIR :

> sudo firewall-cmd --zone=public --add-service=dhcpv6

b. EIZBXFFAEN:

> sudo firewall-cmd --permanent --zone=public --add-service=dhcpv6

6. ECEFAIELAARIFIALIE TFTP ARSS.

a. MEFIRIEFR TFTP RS IARIIR:

> sudo firewall-cmd --zone=public --add-service=tftp

b. EZEIFAEN:

> sudo firewall-cmd --permanent --zone=public --add-service=tftp

7. BEEEHAEELARIFILIR) HTTP ARSS.

a. MYAISIEFR HTTP ARSSIGIRIAR:

> sudo firewall-cmd --zone=public --add-service=http

b. EIZEIFALERN:

> sudo firewall-cmd --permanent --zone=public --add-service=http

8. BCEFAIELARIFIIE HTTPS ARS5.

a. MEFIRFEFBHTTPS BRSSHRIANIR

> sudo firewall-cmd --zone=public --add-service=https

b. EIZBESFFAEN:
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> sudo firewall-cmd --permanent --zone=public --add-service=https

9. IGEY22 A SELinux LLHITIEZE M,

a. B SELinux igBNTMIER :

> sudo setenforce 0

b. & SELinux IKZ:

> sudo sestatus

10. £MHRES PXE HHXHIARSSAIZH SELinuX SRESIRIR,
a. 79 nginx gUEHLRRIR:

> sudo if test “ausearch -c 'nginx' --raw | wc -1 -gt 0 ; then

> sudo ausearch -c 'nginx' --raw | audit2allow -a -M local-nginx

> sudo semodule -i local-nginx.pp

> sudo fi

b. 75 dnsmasq GIEH LEEIEIR !

> sudo if test “ausearch -c 'dnsmasq' --raw | wc -1° -gt 0 ; then

> sudo ausearch -c 'dnsmasq' --raw | audit2allow -a -M local-dnsmasq

> sudo semodule -i local-dnsmasq.pp

> sudo fi

c. A in.tftpd SIEHREEIR:

> sudo if test “ausearch -c 'in.tftpd' --raw | wc -1° -gt 0 ; then
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> sudo ausearch -c 'in.tftpd' --raw | audit2allow -a -M local-tftpd

> sudo semodule -i local-tftpd.pp

> sudo fi

11. =B SELinux s&HIR=,

a. J§ SELinux &BHREIER :

> sudo setenforce 1

b. I&IE SELinux IRZS:

> sudo sestatus

24 B4

B ERdiE, BEEMECE PXE BRSSEMIMEEO. BrASEH SELinux 5RB8, HRARSS26E
ReHIEEERT, BAfREE:

o IOIF PXE BRS3EO (&g enol) HRFEESEZE firewalld B public X1,

o FFHX PXE iIB1TRREERIMA A IERRSS, B3E dns, ntp. dhcp. dhcpv6, tftp. http#l
https,

* I&BTF SELinux ig B permissive fR3, LUEHITARSSMIXFHIER AVC ELEE R,

o {§/ ausearch ] audit2allow £ H L5 nginx, dnsmasqg. in.tftpd ZhR
ZHBE X SELinux SREEIEIR,

¥ SELinux ikER enforcing i1, MRAGEGEFFERER.

SR LS EIG, PXERSHRETHZLEE, FIET IPv4 B IPv6 ML NE P imit BN HAR

5o
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3 RRFIFHHY PXE ARSZ24 4

AEARINMEIFE SUSE Linux Enterprise Server for SAP Applications 16.0 A&y
¥ PXE 5| SFAEMR4E, B35 GRUB2. DHCP. TFTP #1/2¢ HTTP A4,

3.1 @&

ZE7F SUSE Linux Enterprise Server for SAP Applications 16.0 LEZE PXE 5| SRS 2s, BE
TRZNMRS TR, RIERFGERR, TEREUTANG:

e dnsmasq 4. &MY DNS BRZS28. TFTP BRS523#0 DHCP ARR35288 (3235 DHCPv4
DHCPv6) , [EBYXY IPv6 BREHZRE S (RA) IRIHABRN: . BAINaEEE:

e dnsmasq DHCP fR%328: ZIFRIBIBERME P iRfARENE R HMZiE DHCP i
I, EAF:

e {8/ DHCPv4 #1 DHCPv6 By PXE 5| &i&K

o {EF DHCPv4 B9 HTTP 5| SiEK

@ A& dnsmasq @i DHCPv6 23 HTTP 51589
= ]iEyes
H#l, dnsmasq AZ#FKiX HTTP 5|SFrEM vendor-class
DHCPv6 &I,

e dnsmasq TFTP fRS328: 7 PXE 5|1S312H, @it TFTP RS | SMEIEF M.
W*Z*D initrdo
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e dnsmasq DNS fR$528: AR P IREHNLEREF/IRIERFAPH /etc/
resolv.conf $2tif & Kz |P sk AR AR 530

e dnsmasq IPv6 RA: 3 PXE RS 23EEIENRRERARET, ZHFAIX IPv6 RA (ACERE
XPRF “BA RAER )

o kea 8. —FX DHCP fR$328, =2 ISC DHCP IRS2ZMMEE, IFRIBERNEF
KRG B ST DHCP &, &R

e {§F DHCPv4 #1 DHCPv6 B9 PXE 5| &i&E3K

o {§FF DHCPv4 B9 HTTP 51§15k

Q iE&E: Keai®id DHCPv6 SEHL HTTP 3| SHBIRIE
BAl, Kea RX#F4&i% HTTP 5| RFrFH#Y vendor-class DHCPV6 &I,
BXIEMEE, BIHIE https://kea.readthedocs.io/en/latest/arm/dhcp6-
srv.html#id4 2,

o TFTP fRS52%: & TFTP RS I SMERRF XM, WIZH initrd; 282 kea S23 PXE
S|1®aY, E@Ed tftp EERME TFTP IhaE, M HTTP 3|STHE AN, WNRFER
dnsmasq, MFEFRE tftp BG4,

* Web fg3588: g0 nginx 46, B HTTP RIELZERFIREK,

Q & HTTPRSBMLEM
JLPFREREGEEEE nginx XFE HTTP/HTTPS fRE28. ERBERXEF HTTP
5|8, TEEUTHRFHARAD:
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https://kea.readthedocs.io/en/latest/arm/dhcp6-srv.html#id4
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* B HTTP 3| RHELRER,

* BWERTERIEM squashfs.img, AJFES|Fan<L1THER
root=live:tftp://.../squashfs.img,

o 3F SLES-16.0-Full-*.inline.iso, MR E&EL
inst.install url=http://.../install/ 3|S&H<1T85A Agama
1R RPM 48, FEEEREREXHREMATFEAETLRENXH,
WEINEER HTTP AR5 28,

° GRUB2 5|EMEBRFHHEE: AXFNEREMISISHRIRHMES | FI08E, FI
i, AMDG64/Intel 64 {AZR M2+ BIOS F1 UEFI ALK S AR b9, UEFIBEESX
5 PXE (TFTP) M1 HTTP 5|5, pxelinux EEM5 | FIMNEHIZEF A5 UEFI FIHTTP 5%,

o AIELAMF: IPV6 BRHZBBETIFIER (40 radvd 4E) o IR SLES for SAP [EBIEA
RERIEFMERERMEE, WERREIANRF, UUSSHLATIO6E:

* JJPXEZ HTTP 5| S &P inAcE MWK,

* 21 PXE Z HTTP 5| P IHTEMLS L DHCPv6,

3.2 EXK

* i&17 SUSE Linux Enterprise Server for SAP Applications 16.0 BA&EEGNREN R
4t, B7E SUSE Customer Center H7ERR, Hi@id SUSEConnect BCE 7 MERNE L fETF
P 8935 11X PR

* BEBBLLT SLE &R Server Applications Module. Legacy Module #1 Base System
Module,

o BIAIEATFRENE RS S SMBAZFHY SLE EIRMEEFE,

o AIIEREEZREERM LRI B,
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3.3 LERHRHE
RUT S B R PXE 5| SRS BFIFRIZOIG S,
312 1 R PXE SISRSBFAFENLERER
1. %% GRUB 2 5| RMEFAZFH nginx HTTP fRS 28 GEAEX)
> sudo zypper install grub2 nginx
2. IRIBEMNAR, BITUTE—HSREXERHGE:
SNER{EF kea fE/9 DHCP R385, tftp {ER TFTP BRS328, 1BiE1T:

> sudo zypper install kea tftp

WMNREA dnsmasq FETEE DHCP. DNS #1 TFTP RS, HE1T:

> sudo zypper install dnsmasq

Q) ;EE: Kea dnsmasq $2ftHI DHCP BRSS9 PR IE
BHi, kea#1 dnsmasq a2 DHCP RSB EARLIFET IPv6 LI HTTP 5|
S, BERB UEFIFSEEKR, @ HTTP & iR (0] vendor-class &I,

3. (Fik) SR RISHFHEMT S, AJREGIMIGREHET A GRUB2 Bir.
X F AMD64/Intel 64 (KR L5 :

> sudo zypper install grub2-x86 64-efi grub2-i386-pc

3FF AArch64 (A Z 251

> sudo zypper install grub2-aarch64-efi

T ppcbdle (KR LM

> sudo zypper install grub2-ppc64le-ieeel275
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Q EE: PXERSBNAAS BB GBREHFENEF iHiE
 GRUB 2 48
it PXE BRSBEBFMEITENERNEWMARLM, GRUB 2 FEREHNE B
noarch. rpm -6 E7ELEER/MEFER noarch FERH, Fld, aIE
iB1TF AMDG64/Intel 64 B LB PXE R385 L, T2 grub2-arm64-efi #l
grub2-powerpc-ieeel275 G, MUZIFHEHMAREHHEFif.

4, (A%) WtNREEJ AMD64/Intel 64 5% AArch64 B UEFI £4€8|S, BRFEFEHRL
FIRK 1SO R, AIRE shim IHEE,

> sudo zypper install shim

5. (Fli%) WMNRFHEN PXE IRSZI[AERHAZE (REEFERTEFIENLE) , AJRERAHZS
BEFFTER radvd,

> sudo zypper install radvd

6. & rsync SLARER, LUEEREMERIEESD ISO 1B R,

> sudo zypper install rsync

1. BIRIRS ELXREBHKRBH. EEETRNBEKEE,

4 73 PXE BR3528€132 GRUB 2 M85 | S B R

AENAINAFERE grub2-mknetdir d3<$ 5 PXE fRS236IE GRUB 2 WM4E5|SH
%, Zm<R79 AMD64/Intel 64 (UEFI # BIOS) . AArch64 # ppc64le R R K
AEMEAER. NMRFEXHF UEFI 2258, EBERAMTINRERFREHEESE
Y EFI X, SR shim RMGEBRBINANRE R S| SMBRERE .
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4.1 &N

RENBUEI N ZERLEN PXE IRS52550E 1% E GRUB 2 45| SEH =R, grub2-mknetdir
STt /srv/tftpboot/boot/grub2/ TARETEEEIERARENETRER.
i, AMD64/Intel 64 RS 4R UEFI (x86_64-efi) F{E4: BIOS (1386-pc) HR, AArch64
# ppcbdle RAZBIEZ BRI UEFI BR (arm64-efi fl powerpc-ieeel275) ,
FINHKRE R core.efi XHARLHF UEFI £25|T, MNRFELFHFILINEE, BERAM
LIRS HIE R ZH EFI X, % shim MEaHFIISFRENS I SMERER X4
(shim.efi, grub.efi, MokManager.efi) EHIFIESNAREHNBR, FRBERTS
SEIZREIE MR, BRRBE XA TF TFTPIRBRW.

42 ER

o BLRRUTHRHEE: grub2, tftp, UKFIEEMEREIEZ I GRUB 2 RHEE (W
grub2-x86 64-efi, grub2-i386-pc) ,

o BESTRTERNTEEME (1SO), HFREFLELRE shim R4S, AIM SUSE
Customer Center & EIRMAREIN LR (1SO).

4.3 EEMESIFEHRM UEFI 25|

AT IR eI PXE M5 FFFER GRUB 2 BR4EHM, HARFEMEMANSAREWEE UEF
Z25|$%H.

1. 83 GRUB 2 W35S HREM,

> sudo grub2-mknetdir --net-directory=/srv/tftpboot
--subdir=/boot/grub2

e LS eIRARRENTRAER:
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* AMD64/Intel 64: /srv/tftpboot/boot/grub2/x86 64-efifll/srv/
tftpboot/boot/grub2/i386-pc

e AArch64: /srv/tftpboot/boot/grub2/armo4-efi

® ppcbdle: /srv/tftpboot/boot/grub2/powerpc-ieeel275

O wx
= H

BEFohE S grub2-mknetdir s5$ 612/ grub. cfg x4,

2. ¥ /srv/tftpboot/boot/grub2/ BF TR AMEMAREMTXER (10
fonts/. locale/) E#IZ TFTP fRSS 28

3. AMDG64/Intel 64 B¢ AArch64 (AR5t AT EA grub2-mknetdir spSREERY /Srv/
tftpboot/boot/grub2/ARCH-efi/core.efi X&i#1T UEFI PXE 5|5, BIXLEX

HRFER, FZF UEFI 225|F. NFENZFN AMD64/Intel 64 F1 AArch64 (KR 451
R EE UEFI £225|8, IRITUTE—STE:

MBEIRAE 1SO EFIMNE !
a. EH I1SO M,

> sudo mount -o loop /PATH/TO/SLES.ISO /mnt

b. & EFI X4,

> sudo cp -v /mnt/EFI/BOOT/*.efi
/srv/tftpboot/boot/grub2/ARCH-efi/ @

@ ¥ ARCH-efi#i#i)y x86 64-efizfarmed-efi (LiF UEFILL3|S
BIERLEM) o

c. EFEREHRE SO,

> sudo umount /mnt

INRAFHLEERALEERAE 1SO Ry, PIfERA shim 26!
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a. IREKRZE shim e, LRITRE,

> sudo zypper install shim

b. NFIEARREMEF EERNS | FINEHIZFRXMHF:
i. 24%|shim.efi ¢4,
« T AMDG64/Intel 64 {EFR L5

> sudo cp -v -p -L /usr/share/efi/x86_64/shim.efi /srv/
tftpboot/boot/grub2/x86 64-efi/bootx64.efi

«  F AArch64 (AR &M :

> sudo cp -v -p -L /usr/share/efi/aarch64/shim.efi /srv/
tftpboot/boot/grub2/armé4-efi/bootaabs.efi

ii. E%lgrub.efi ¥,

«  XFF AMD64/Intel 64 (KA FR L5

> sudo cp -v -p -L /usr/share/efi/x86_64/grub.efi /srv/
tftpboot/boot/grub2/x86_64-efi/

«  3F AArch64 (AR5 :

> sudo cp -v -p -L /usr/share/efi/aarch64/grub.efi /srv/
tftpboot/boot/grub2/arm6e4-efi/

iii. E%lIMokManager.efi X%,

- ¥F AMD64/Intel 64 (KR LEHT:

> sudo cp -v -p -L /usr/share/efi/x86_64/MokManager.efi /
srv/tftpboot/boot/grub2/x86_64-efi/

«  WF AArch64 (A FR &M :
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> sudo cp -v -p -L /usr/share/efi/aarch64/
MokManager.efi /srv/tftpboot/boot/grub2/arm64-efi/

3=
@ TR

-L iR SR TR SHEE, BERXMIATF TFTPRERA.

5 HEREREFIREAR

REBINMEIM SUSE Linux Enterprise Server for SAP Applications 16.0 ZEEi# (A
FRIRENHELIE PXE 5| SIMEFIRNRERRF XM, NERE . install. iso &
RPM B4 ERMIEEN A, HIREH N RREREMN LRELTME KA,

51 &

SUSE Linux Enterprise Server for SAP Applications16.0 It Z ML EREF S, X
BAREH PXE 312198, Agama ZERFZEBE=PMIEXMH: RiZRE (1inux). initrd RAM
FEE (initrd) MIESIRXXH RS (squashfs.img), XEESTHAM M RIEEARPIZEY, HEIE
Fn]i@id TFTP 0 HTTP AR89 B R+,

AERNLBM . install. iso BUEH RPM B EHIRENUHFII S A, FARIEHED SUSE Linux
Enterprise Server for SAP Applications 16.0 T3S IMA R LTI RELT,

52 XK

e SUSE Linux Enterprise Server for SAP Applications16.0 &£k (AJM SUSE
Customer Center 3REX) . BAIEEBRINT:
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° ££21S0: (NEARERERF, ATFMELE (SLES-16.0-
Online-ARCH-BUILD.install.iso)

o TR ISO: BFLEREFMREMFE (SLES-16.0-
Full-ARCH-BUILD.install.iso)

* RPM #4fE1: tftpboot-agama-installer-SUSE SLE 16 PXE-ARCH
o ImEdHERH= (W0 /mnt)

e /srv/tftpboot #1/srv/install BERTERENHEETE RIEFMERESNM
E) o

o AESIZBERMERXHHIEE R,

53 R ISO BREEFELTERZFEXH

ISO BRIGIR M T IRIVREIZF XM REES . U T IIERETELL 1SO MTTE 1ISO mMEEL,
EERRIEREM,

53.1 {ERTEL ISO IR

£4% 1SO MG N B ERERERFAN, RAAREIEPFTEB LML IHNLE#EFEF. 5 GRUB
Y SLES-16.0 Online Installation 5|&EBINITN,

3122 0 MTEL 1SO RZEIXF (iEFF X86_64 1 AARCH64 (A% 4514)

1. IBRREREFXHHNEREN:
> sudo mkdir -p /srv/tftpboot/boot/images/SLES-16.0/ARCH/
2. HETEL 1SO IR

> sudo mount -oro,loop /srv/install/iso/SLES-16.0-
Online-ARCH-BUILD.install.iso /mnt

3. EFIARZA initrd 34!
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> sudo cp /mnt/boot/ARCH/loader/linux /srv/tftpboot/boot/images/
SLES-16.0/ARCH/

> sudo cp /mnt/boot/ARCH/loader/initrd /srv/tftpboot/boot/images/
SLES-16.0/ARCH/

4. EHIEERXFRS:

> sudo cp /mnt/Live0S/squashfs.img /srv/tftpboot/boot/images/
SLES-16.0/ARCH/

5. HIF; 1SO BRfR:

> sudo umount /mnt

3123 ¢ MTEL 1SO FRENXf+ (GERT PPCOALE (FR4EH)

1. SIEEREM:
> sudo mkdir -p /srv/tftpboot/boot/images/SLES-16.0/ppc64le/
2. IS0 k.

> sudo mount -oro,loop /srv/install/iso/SLES-16.0-Online-
ppc64le-BUILD.install.iso /mnt

3. EFIRZA initrd X CEE ppcbdle FREMNRFLEWRE)

> sudo cp /mnt/boot/ppc64le/linux /srv/tftpboot/boot/images/SLES-16.0/
ppc64le/

> sudo cp /mnt/boot/ppc64le/initrd /srv/tftpboot/boot/images/SLES-16.0/
ppc64le/

4. SHIEERXHRS:

> sudo cp /mnt/Live0S/squashfs.img /srv/tftpboot/boot/images/SLES-16.0/
ppc64le/

5. ENE 1SO IR :
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> sudo umount /mnt

532 {ERA5E ISO B

5T ISO MG AL REFNLRMETE, THERBIMIMBENATRAMEZR, 5
GRUB Higy SLES-16.0 Local Installation 5|®REBINMLN, BEEINRINSEK
inst.install url=http://pxe.example.net/install/SLES-16.0/${arch},

324 1 M5EE I1SO HhiEfF
1. ARERFXHNREMEFECEER:

> sudo mkdir -p /srv/tftpboot/boot/images/SLES-16.0/ARCH/

> sudo mkdir -p /srv/install/SLES-16.0

2. HEE5TE SO Mk

> sudo mount -oro,loop /srv/install/iso/SLES-16.0-
Full-ARCH-BUILD.install.iso /mnt

3. EHIRZA initrd X (ppcbile (FREMREFLAIXFIAIIZFE) .

> sudo cp /mnt/boot/ARCH/loader/linux /srv/tftpboot/boot/images/
SLES-16.0/ARCH/

> sudo cp /mnt/boot/ARCH/loader/initrd /srv/tftpboot/boot/images/
SLES-16.0/ARCH/

4. SFRIEBRIXFRL:

> sudo cp /mnt/Live0S/squashfs.img /srv/tftpboot/boot/images/
SLES-16.0/ARCH/

5. EflREMEEFRE, HA HTTP fRSSL:1710):

> sudo rsync -avP /mnt/install/ /srv/install/SLES-16.0/ARCH/
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6. EHZ 1SO MfR:

> sudo umount /mnt

54 fEM RPM R EARREREF XM
RPM S SR T SREME AR EARR XA B —Fh 5 R
g2 5 | REHEM TFTPBOOT RPM {4 &

1. REFIBHORGE:

> sudo zypper in tftpboot-agama-installer-SUSE_SLE_16-ARCH

2. % linux. initrd. squashfs.img £%I%! tftpboot H:

> sudo mkdir -p
/srv/tftpboot/boot/images/SLES-16.0/ARCH

> sudo cd
/srv/tftpboot/boot/images/SLES-16.0/ARCH

> sudo cp -v /usr/share/tftpboot-installation/agama-installer-
SUSE_SLE_16/ARCH/loader/linux .

> sudo cp -v /usr/share/tftpboot-installation/agama-installer-
SUSE_SLE_16/ARCH/loader/initrd .

> sudo cp -v /usr/share/tftpboot-installation/agama-installer-
SUSE_SLE_16/ARCH/loader/squashfs.img .

55 HEHBEREW

RULT B REWBIBRINAIX G, UBER-EIEM 4P, 2SN EMERENNRE

RE,
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11 : 5T PXE lRS{EBA RGN

/srv/tftpboot/

— boot/
F— grub2/
| | x86 64-efi/
| | — bootx64.efi
| | L— grub.cfg
| F— i386-pc/
| | L— core.0
| F— arm64-efi/
| | '— bootaa64.efi
| — powerpc-ieeel275/
| L— core.elf
L— images/
L— SLES-16.0/
— x86 64/
|  — linux @
| initrd @
| L— squashfs.img ©
— aarch64/
| L— ppc6dle/
/srv/install/
L— SLES-16.0/
— x86 64/ @©
— aarch64/
L— ppc64le/

ML EIFA PR BB AR BR

¥4 RAM R B

Agama REREFNEEEX MRS

F5E¥ ISO A install BRTHNLEMERE (AE)

© ® 00

56 IR

REHABELERFXME, FERIEFMAEVEAGESFEHAERE,

26 7£ SUSE Linux Enterprise Server for SAP Applications 16.0 Li&& PXE 5| SR8



B2 6 WIEPRE
1. WEXBEXHERFE:

> 1s -la /srv/tftpboot/boot/images/SLES-16.0/ARCH/*
2. BIRXHINIRIERTIX:

> sudo find /srv/tftpboot/boot/images/ -type d -exec chmod 0755 {} \;

> sudo find /srv/tftpboot/boot/images/ -type f -exec chmod 0644 {} \;

O == xxtapak
HRFTERENRY S RI4R TFTP A0 HTTP BRS31REN. PXE BFIRRTES|ISEEPRIAELX
Lz tt, EERNRMARSEEXNEERNEXREE,

57 BEFTE

FHESHEERREREF MG, THSERITUTRE:
 B2& GRUB 2 LA #F PXE 512, ERBIA5|AXLENH
° IZE HTTP M TFTP ARSS, LURMHIREEHIRNA
* BLE DHCP, 3|2 PXE B imfERELMS|ISMEERF

GRUB 2 EEBEHE@ 32U root=1ive:http://pxe.example.net/boot/images/
SLES-16.0/ARCH/squashfs.img B985 | FRIREXRI S 14,

6 ECE GRUB2 LIz PXE 5|5

EABINMETE SUSE Linux Enterprise Server for SAP Applications 16.0 EAZE
GRUB 2 5| MM#EIZFLIZHEF PXE 51R. AR EIECIENMESISEREN. RERKR
EWERASISMERER, UNEMZFZARREWNEMERGSNREGILE RS
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6.1 (&7

GRUB 2 &9 PXE &P ImHYMNLE5 | SMEIZT, HSMEAZAM initrd XA LUSE) Agama &3
EF. AERETRINALIEINGETTERN GRUB2 BCE: AJEMKRNEFIRAREN. BIERSKEE
OikH, HREFSZSMERELBMBIMAREHNNSE—3ISHKE,

ZECERARRUIZH, BERKEWEN. TEEXMS|FRENDHIFEEFRXMAF, X
BRI EITBYNEE, A REEEXH, FRXEEEARRESTaER
2,

6.2 ZEXK
o BRAIXETFRIZELF GRUB 2 M5 EREM,
° BERAINETITRERHEEREREZR XM,

o BEREMBBRAEARLEMI GRUB 2 S4E: grub2-x86 64-efi, grub2-i386-
pc. grub2-aarch64-efi#flgrub2-ppc6dle-ieeel275,

° EXREATIRM UEFI RE3|1SZHFH shimBHEE (AIE)
o B&X /srv/tftpboot siF PXE RB RHEEGZIHIEANIR,

6.3 @liE GRUB2EE

GRUB2ECEXHEBAR=IES: NP RAREN. EEMKED, UAMNHEAMEE
X, EMIERIZIHRM TRANREN, AIXFAENHEDR.

BT i8EF grub.cfg X¥
e 7£ /srv/tftpboot/boot/grub2/grub.cfg &2 TEIE GRUB 2 FEIE 4!

> sudo cat > /srv/tftpboot/boot/grub2/grub.cfg << 'EOF'

# Architecture detection and mapping

if [ "$grub cpu" == "i386" 1; then
set arch='x86 64'

elif [ "$grub cpu" == "x86 64" ]; then
set arch='x86 64'

elif [ "$grub cpu" == "arm64" ]; then
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set arch='aarch64'

elif [ "$grub cpu" == "powerpc" ]; then
set arch='ppcb64le’

fi

if [ "X$arch" == "X" ]; then
echo "ERROR: No architecture found for ${grub cpu}"
exit

else

echo "Running on $arch CPU architecture"
fi
export arch

# Network interface configuration for PXE-selected NIC
# - dracut based images on SLE-16:

set ipcfg="ifname=pxe0:${net default mac} ip=pxe0@:dhcp"
export ipcfg

# - linuxrc installer on SLE-15:

set ifcfg="ifcfg=${net default mac}=dhcp"

export ifcfg

# Define typical serial console kernel parameter
#set sconsole="console=tty® console=ttyS0,115200n8"

#export sconsole

# Load machine-specific configuration if available

if [ -s "${config}/${net default mac}/grub.cfg" 1; then
## Source a host specific configuration of grub menu:
source "${config}/${net default mac}/grub.cfg"

else
## Source default grub boot menu:
source "${prefix}/menu.cfg"

fi

EOF
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XREMETE

E RSN
¥ GRUB 2 CPU REMPELITEMHEREH, FHA—NRBNAIEAREFFELIER
T

M&EOEE
5 GRUB 2 £ ${net_default mac} EX ${ipcfg} TE, XFTZ N pxed iy PXE
5|S#Z 0 LEA DHCP, # %R SEORSKHIMZR NI,

TAEX
EXBEHRTEHRSSHNAR ${sconsole} TE,

fHREITRENMNERE

1RIE MAC st N & PR E T BAEE X, SIFEEXREITENNGISSEMBE
KR EX .

6.4 GIESH—5I1TX

SISRBERAFEETHEERMSHEREWITRIRET, AIBMEENEEFTFaMRE
%ggo

1312 8 . i8E MENU.CFG Xf¥

e 7 /srv/tftpboot/boot/grub2/menu.cfqg FElIEK—3|S3E:

> sudo cat > /srv/tftpboot/boot/grub2/menu.cfg << 'EOF'
menuentry 'SLES-16.0 Online Installation' {
linux /boot/images/SLES-16.0/${arch}/linux showopts root=live:http://
pxe.example.net/boot/images/SLES-16.0/%${arch}/squashfs.img ${ipcfg}
${sconsole} ${autoinstall}
initrd /boot/images/SLES-16.0/${arch}/initrd

menuentry 'SLES-16.0 Local Installation' {
linux /boot/images/SLES-16.0/${arch}/linux showopts root=live:http://
pxe.example.net/boot/images/SLES-16.0/${arch}/squashfs.img
inst.install url=http://pxe.example.net/install/SLES-16.0/${arch} ${ipcfg}
${sconsole} ${autoinstall}
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initrd /boot/images/SLES-16.0/%${arch}/initrd

}
EOF

Q & ZEFMREY
FETEANEESRERT PR REMMNECEEMER. ${arch} TERTHFRMELE
RIS M4

A]3%ER ${ipcfg} TENZIRE PXE FMiEHIMLEIEC,
A%Ef ${sconsole} TEAELEEFAATBHEBITIEH S

6.5 IIFEITBENNEER

MNTFEAHBETR, USEBHIMRENBNNEEXH, UBSERARETIRMBIULES
Ko

#3129 SR ENMERE

1. At REETENNEESIZBER:
> sudo mkdir -p /srv/tftpboot/boot/config
2. X  MAC #it)y aa:bb:cc:dd:ee: T B9IHEA, BUENTERE:
> sudo mkdir -p /srv/tftpboot/boot/config/aa:bb:cc:dd:ee:ff
3. BIEHIEITEMNB grub. cfg:
> sudo cat > /srv/tftpboot/boot/config/aa:bb:cc:dd:ee:ff/grub.cfg << 'EOF'

# Machine-specific configuration for aa:bb:cc:dd:ee:ff
set default='SLES-16.0 Full Installation'

# Activate the menu-entry after 5sec timeout
set timeout=5

# Use know predictable network interface name

set ipcfg="ip=enol:dhcp"
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# Set the autoinstall variable for this machine

set autoinstall="inst.auto=http://pxe.example.net/install/profiles/
aa:bb:cc:dd:ee: ff/slesl6.json"
export autoinstall

# Load the default menu
source "/boot/grub2/menu.cfg"
EOF

E, WAEHMFEENB grub. cfg FRMHECHERET (BN ESISEIHE
)

> sudo cat > /srv/tftpboot/boot/config/aa:bb:cc:dd:ee:ff/grub.cfg << 'EOF'
set default='SLES-16.0 Auto-Installation'
set timeout=5

menuentry 'SLES-16.0 Auto-Installation' {

linux /boot/images/SLES-16.0/${arch}/linux showopts root=live:http://
pxe.example.net/boot/images/SLES-16.0/%${arch}/squashfs.img

inst.install url=http://pxe.example.net/install/SLES-16.0/${arch}
inst.auto=http://pxe.example.net/install/profiles/${net default mac}/
slesl6.json ip=enol:dhcp

initrd /boot/images/SLES-16.0/%${arch}/initrd

}
EOF

72 : sIRETENNERSHR
default

e Boh5 | SRR BRI
timeout

B 5| SiETETE (7))
ipcfg

N EEHEENEEORE

autoinstall

R IS E BN B REREX M+ URL
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6.6 I&UF GRUB2ECE

SIEEEEX MG, FERINKEESIEW, BFfEXEXHEEMAL
B2 10 © WIFHE

1. 17 GRUB 2 BR4H149:

> find /srv/tftpboot/boot/grub2 -type f -name "*.cfg" -o -name "*.efi" -0 -

name '"core.*"

2. £ GRUB 2 T AR E X HIB7A:

> grub2-script-check /srv/tftpboot/boot/grub2/grub.cfg

> grub2-script-check /srv/tftpboot/boot/grub2/menu.cfg

3. BRI PRIEMTIR:

> sudo chmod -R 644 /srv/tftpboot/boot/grub2/*.cfg

> sudo find /srv/tftpboot/boot/grub2 -type d -exec chmod 0755 {} \;

O == msE
REBE(GEALIE PXE ZP MR GRUB 2 2B, LUIFARE RS NIFISZHEINEE
o ${net_default_mac} TENEXLFrMESIFHRFTH,

6.7 GRUB2FECELIE

AF2 GRUB 2 PXE ECEFE RBVRE N EBRG . STRESYEE 2T BN B K # R

A
~o

6.7.1 {RREIHINKIK
% GRUB 2 Bkt MBI EMARLNNT, BRI MEEIRN I T L THME,
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212 11 | AR ARSI NINEE
1. 7 GRUB 2 EcEFANAE AL, UEBWNZIRIE:

> sudo cat >> /srv/tftpboot/boot/grub2/grub.cfg << 'EOF'
# Debug architecture detection

echo "Detected grub cpu: ${grub cpu}"

echo "Mapped arch: ${arch}"

sleep 3

EOF

2. WiAECEEE:
> grub2-script-check /srv/tftpboot/boot/grub2/grub.cfg
3. IRAREHRFRTE, W BENZLE:
> sudo sed -i '/elif \[ "$grub_cpu" == "powerpc" \1/a\\nelif [ "$grub_cpu"

== "riscv64" ]; then\n set arch='\"''riscv64'\''\\' /srv/tftpboot/boot/
grub2/grub.cfg

4, WIHAREWEZRAERESHEE:

> 1s -la /srv/tftpboot/boot/grub2/

6.7.2 HAEIMEEO

o EH LI AT REREMIZE ${net_default mac} TE, SHNKZELEXRK,
B2 12 1 SHIRAIEOIRE

1. FiEREE, DOERNETE:

> sudo sed -i '/set ipcfg=/i\\necho "Default MAC: ${net_default_mac}"\necho
"Network variables set"\nsleep 2' /srv/tftpboot/boot/grub2/grub.cfg

2. SIRERAMSBECE:

> sudo cat >> /srv/tftpboot/boot/grub2/grub.cfg << 'EOF'
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# Fallback network configuration if net default mac is empty
if [ "X${net default mac}" == "X" ]; then
set ipcfg="ip=dhcp"
set ifcfg="ifcfg=*=dhcp"
echo "WARNING: Using fallback network configuration"
sleep 2
fi
EOF

3. EAREEONRANERE:

> sudo echo 'set ipcfg="ip=enol:dhcp"' > /srv/tftpboot/boot/config/test-

network.cfg

4. IWIEEMRRY LRV IEORIR:

> ip link show

6.7.3 HAEINXHERRRE
MR IZRIR= S GRUB 2 A MM initrd X1, HEFIRRK.
B2 13 | WIEXAHEEATAA

1. RERERFXGEEUTAUE:

> find /srv/tftpboot/boot/images -name "linux" -o -name "initrd" -o -name
"squashfs.img"

2. WIFRETEE TFTP iAiA]5| § XX 4!

> tftp localhost -c get /boot/grub2/grub.cfg /tmp/test-grub.cfg
3. Mhidge i@t HTTP ih iR RERRF !

> curl -I http://localhost/boot/images/SLES-16.0/x86_64/linux

4. FWEXFPRMFABEN:
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> 1s -la /srv/tftpboot/boot/images/SLES-16.0/%*/

5. IRIEFEEIENR:

> sudo chmod -R 644 /srv/tftpboot/boot/images/

> sudo find /srv/tftpboot/boot/images/ -type d -exec chmod 755 {} \;

6. TS SRR D ARMEBIT:

> find /srv/tftpboot/boot/images/ -type 1 -exec ls -la {} \;

6.7.4 EFI5ISXKK

EFI MR E5|RIFA A e 2 SHG | SMHBEF T EZB RS HIIERK.
312 14 © 28R EF1 5|2

1. WIER25ISXHEEFAE:

> 1s -la /srv/tftpboot/boot/grub2/x86_64-efi/*.efi

2. REZRTEIEHESR shim (bootx64.efi ¢ shim.efi) . grub.efi #1 MokManager.efi X
14

> file /srv/tftpboot/boot/grub2/x86_64-efi/bootx64.efi
3. FOIE EFI XX 45eBiE:

> sha256sum /srv/tftpboot/boot/grub2/x86 64-efi/*.efi
4. NREET @I TFTP iAa XL 4

> tftp localhost -c get /boot/grub2/x86_64-efi/bootx64.efi /tmp/test-
shim.efi

5. XF aarch64 &%, IIF ARM64 EFI 34
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> 1s -la /srv/tftpboot/boot/grub2/arm64-efi/*.efi

6. HE DHCP ECE R RRM T [EHRYS | SMMHIEFRE:

> grep -n "bootx64.efi\|shim.efi\|bootaa64.efi"
/etc/dnsmasq.d/dhcp.conf /etc/kea/kea-dhcp?.conf /etc/dhcpd?.conf

7. MRXHEREK, MEHE] /mnt #Y1SO 5 shim BREE XA EHREHIEN M

> sudo cp -v /mnt/EFI/BO0T/*.efi /srv/tftpboot/boot/grub2/x86 64-efi/

> sudo cp -pL /usr/share/efi/x86_64/*.efi /srv/tftpboot/boot/grub2/x86_64-
efi/

6.7.5 RNMNFKEBIN

%4 GRUB 2 FiTINE, {BRBFMHRMRETHIZN, PHBESTERFAXMHIIAEX.
312 15 | ISR BTG A

1. MiLRBEEIEE:

> grub2-script-check /srv/tftpboot/boot/grub2/menu.cfg

2. TERBINARZNAEH AL

> sudo sed -i '/linux_kernel.*{images}/i\\necho "Loading: ${images}/
SLES-16.0/${arch}/linux"\necho "Architecture: ${arch}"' /srv/tftpboot/boot/
grub2/menu.cfg

> sudo cat > /srv/tftpboot/boot/grub2/debug-menu.cfg << 'EOF'
menuentry 'Debug Variables' {

echo "arch = ${arch}"

echo "images = ${images}"

echo "ipcfg = ${ipcfg}"

sleep 5
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}
EOF

4. fERAEHRYFRBETUHITMIE

> sudo cat > /srv/tftpboot/boot/grub2/simple-menu.cfg << 'EOF'
menuentry 'Simple Test' {

linux /boot/images/SLES-16.0/x86 64/linux
initrd /boot/images/SLES-16.0/x86 64/initrd
}
EOF

5. ImAS NSRS

> sudo sed -i 's|source "${prefix}/menu.cfg"|source "${prefix}/simple-
menu.cfg"|' /srv/tftpboot/boot/grub2/grub.cfg

6. MiAsTREMERIGRE:

> sudo sed -i 's|source "${prefix}/simple-menu.cfg"|source "${prefix}/
menu.cfg"|' /srv/tftpboot/boot/grub2/grub.cfg

6.7.6 BRFHMASICR

T RHEEENRNE, TERLEABIER, WHKSISORINFAEL.
i##2 16 : i2E GRUB 2 iFiAEEIER

1. QI ERENEIRRA:

> sudo cp /srv/tftpboot/boot/grub2/grub.cfg /srv/tftpboot/boot/grub2/
grub.cfg.backup

2. AN ERYEERES

> sudo cat > /srv/tftpboot/boot/grub2/debug.cfg << 'EOF'
# Debug configuration for GRUB troubleshooting
set debug=all

set pager=1
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echo "=== GRUB Debug Information ==="

echo "grub cpu: ${grub cpu}"

echo "grub platform: ${grub platform}"

echo "net default mac: ${net default mac}"

echo "net default server: ${net default server}"

echo n n
sleep 5
EOF

3. EEXHHEEFHEE:

> sudo sed -i 'li\source "${prefix}/debug.cfg"' /srv/tftpboot/boot/grub2/
grub.cfg

4, 715|F =1 HAE T TFTP B!

> sudo journalctl -f -u tftp.socket

5. i5¥% DHCP BEHHRY PXE 153K

> sudo journalctl -f -u dhcpd

6. sTREREFAFERI:

> sudo sed -i '/source "${prefix}\/debug.cfg"/d' /srv/tftpboot/boot/grub2/
grub.cfg

6.8 BEPRE

IFHAECE GRUB 2 fa, PI4REEHITIATHR(E:
o ECE HTTPH TFTP ARSS, LURMHSISXHNLZREREFAS
* %8 DHCP RS, 5|5 PXE (EREHM5|ISMEER
o EEMEH EMH5EER PXE 515312

REH GRUB2 EEERAZBE S —RAXFEMAEREMMNLRELE, NERM PXEBEGR
ESTE T Ehiio
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7 BCE TFTP LIZ#5 PXE 5|&

EENBUWEACE TFTP fRSS, LURMZEEE SUSE Linux Enterprise Server for SAP
Applications 16.0 BEYFrZEHY GRUB 2 5| SMNEAZFH PXE 5| SRS, AR REERR
in.tftpd BRS8N dnsmasq IBHAIERL TFTP ThAE,

7.1 &N

TFTP B]7EML85| 2 EH M PXE &FFinie s | SMEFERF X H. SUSE Linux Enterprise
Server for SAP Applications 16.0 23§ % TFTP fRS2832T: tTtp MG BRENZS
in.tftpd PR32, LUK dnsmasq HERMEY TFTP ThAE,

7.2 K
o BRE tftp B dnsmasq EE
o B7f /srv/tftpboot TEIELF PXE 5|18 XH

o AERERSHVEESNIR

7.3 F2E intftpd fRS28
in.tftpd PRZEL(EM /etc/sysconfig/tftp BB XXHENX TFTP iR H MRS 2L,
=2 17 : 125 INTFTPD TFTP fRS3 2%
1. (FN%) @®IIGE TFTP BB BiFAEEIER:
> sudo sed -i 's/~TFTP_OPTIONS=.*/TFTP_OPTIONS="-v"/' /etc/sysconfig/tftp
-VIEMEBAFMEAEICR, TRTEREY TFTP REWIXHZ.
2. BRHBEEN TFTP RS

> sudo systemctl enable --now tftp.service
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7.4 BCE dnsmasq TFTP AR5 2%
dnsmasq i2ERER TFTP k3328, EECIBRAHEENFER /srv/tftpboot BR,
1372 18 : i8E DNSMASQ TFTP IhgE

1. IR TFTP BRB {4

> sudo cat > /etc/dnsmasq.d/tftp.conf << 'EOF'
enable-tftp

tftp-root=/srv/tftpboot

EOF

2. BRHAHBLI dnsmasq AR :

> sudo systemctl enable --now dnsmasq

7.5 LSIETFTP ECE
i TFTP ARS528ThaE, BRMRELAEN PXE BABHIRECIHE,
iI12 19 Mk TFTP ARS528ThiE
1. IR
> echo "test file" | sudo tee /srv/tftpboot/test.txt
2. BT TFTP K FRIMH S
> tftp localhost -c get test.txt /tmp/tftp-test.txt
3. WIEREMINMOER T X!
> cat /tmp/tftp-test.txt
4, BN

> sudo rm /srv/tftpboot/test.txt /tmp/tftp-test.txt
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7.6 TFTPECEES:E

T2 PXE 5|1 SIMRECE TFTP ARSSEYE ILAYIR)=L,

7.6.1 w69 ERYARSS AR
in.tftpd #1 dnsmasq 5 UDP 69 iR 1Rt TFTP ARSS, HUtREERIESIEIT.
312 20 : fRR TFTP BRS AR
1. WWEMLEARSS EEIETT:
> systemctl status tftp.service dnsmasq
2. EMLHIZEER 69 wO:
> ss -ulnp | grep :69
3. FIEARBIARSE (L dnsmasqg A1)
> sudo systemctl stop dnsmasq
4. BhTENEEY TFTP ARSS:

> sudo systemctl start tftp.service

7.6.2 TFTP HRIn#

FiEiniR TFTP iRE RS SETER I
3221 BIETFTP BREE

1. I8F intftpd I TFTP BRIRE:

> grep TFTP_DIRECTORY /etc/sysconfig/tftp

2. I dnsmasq B TFTP BRIZE:
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> grep tftp-root /etc/dnsmasq.d/tftp.conf

3. REERESFMHE:

> 1s -la /srv/tftpboot/

4. MRERIRK, NEBZEER:

> sudo mkdir -p /srv/tftpboot

7.6.3 BERETFTPHEIZR
FHHBIER AT E TFTP Fiah v 4inin)a) &,
21222 : BA TFTP ¥R IS
1. 0B HFEIH TFTP &N

> grep TFTP_OPTIONS /etc/sysconfig/tftp
2. BRFMABRETIER:

> sudo sed -i 's/~TFTP_OPTIONS=.*/TFTP_OPTIONS="-v"/' /etc/sysconfig/tftp

3. EBTFTPARS:

> sudo systemctl restart tftp.service

4, BIFETFTP BE:

> journalctl -u tftp.service -f

1.7 BREIR

TFTP ECESTREG, FIMSECE HTTP IRSLUURMRERREF XM, UKEE DHCP RS LGIF
PXE EFinfERE M5 SMEIZRF.
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8 ECE nginx LASEIT HTTP 3%

KENBIUNEECE nginx, LUEE HTTP i€t PXE 5|RAR, FEFIHEMENES
IEMFHAZ. initrd. squashfs BUEGELREIZF X, HTTP & KB HRIIEEE

kb TFTP %%, fFH Agama &% SUSE Linux Enterprise Server for SAP Applications
16.0 NEE R BN,

8.1 &I

nginx £ PXE 5| SFEM HTTP fRS28, BT Web AVIRHLEREFEXMHiFRER, HTTP
RSZEISNF TFTP 5| S B RMLEMERE, £ PXE B mEEET HTTP (MIEERRERIEM
TFTP #Y) TEHMRIZBRE. initrd XHH Agama RERRFAN,

8.2 ZEK
* BRE nginx BFE
e B7F /srv/tftpboot/boot FEIFLF PXE 3|15
o BfE /srv/install TERIFLEMEIFE
o B&EE nginx BLEMNEIERNIR

8.3 ECE nginx LLZ#F PXE 5|2
nginx BEE MBI EX I ERIR, @d HTTP URL¥E TFTP 5| R B RMLREMEERTFPIHAT
1342 23 : i2E NGINX HTTP BRs328

1. 4R3E nginx BRE X5 :

> sudo vim /etc/nginx/nginx.conf

2. 7 http EHHECE HTTP RSB e33R :

> sudo cat > /etc/nginx/nginx.conf << 'EOF'
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http {

include mime. types;

default type application/octet-stream;
charset utf-8;

sendfile on;

keepalive timeout  65;

server {
listen 80 default server;
listen [::1:80 default server;

location / {
root /srv/www/htdocs/;

index index.html index.htm;

error_page 500 502 503 504 /50x.html;
location = /50x.html {

root /srv/www/htdocs/;

# Expose TFTP boot directory for HTTP boot
location /boot {
alias /srv/tftpboot/boot;

autoindex on;

# Expose installation repositories and profiles
location /install {
alias /srv/install;

autoindex on;

events {
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worker connections 1024;

}
EOF

3. Mt nginx BEL &I
> sudo nginx -t

4. BRHFBE nginx RS :

> sudo systemctl enable --now nginx.service

8.4 IGJE nginx iL &
ML HTTP BRS328ThEE, MREEEMZEFini(t PXE 3ISXHMEERNE,
332 24 : Mk NGINX HTTP BR3528
1. MiXaeE @ HTTP ihiRI5 | &34 :
> curl -I http://localhost/boot/
2. MiXgEDHRILEER:
> curl -I http://localhost/install/
3. WIERERERFX4EERIR:

> curl -I http://localhost/boot/images/SLES-16.0/x86_64/liveiso/Live0S/
squashfs.img

8.5 nginxECEER

AT 2ECE nginx LASSIR PXE 5|15 HTTP 53 & B3 IAYIR)L,

8.5.1 ECEIEAEIR
FEHE nginx BBBEZ2 SBRS A ERBRRERMEH.
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iFFE 25 | R NGINX B2 & in)

1. M ECEEA:
> sudo nginx -t

2. MR nginx RS BoIRY, MIEERKS:
> systemctl status nginx.service

3. EEFAEIRAE:

> journalctl -u nginx.service -f

4. 17 nginx FEIRAEXH:

> tail -f /var/log/nginx/error.log

8.5.2  XfFipirlFIAXPRIA)E

nginx A1 8E S RINR RS B REAKTITE AR
312 26 . fRARSIIFIIEE)E

1. KE3ISEREEHFEATAN:

> 1s -la /srv/tftpboot/boot/

2. REREEARESHFRE:
> 1s -la /srv/install/
3. IIE nginx BERIREUXLEHR:
> sudo -u nginx ls /srv/tftpboot/boot/

4. MRERIRK, NEBZEER:

> sudo mkdir -p /srv/install

5. KEELHINR:
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> sudo chmod -R 755 /srv/tftpboot/boot /srv/install

8.5.3 ImO4BE MR

NREMARS AT 80 i[O, nginx FILERB.
312 27 ¢ fRRIROA S

1. EMLFHIZEREA 80 ix !

> ss -tlnp | grep :80

2. RIEFEFLPRBVARSS

> sudo systemctl stop apache2

3. B nginx RS

> sudo systemctl start nginx.service

4. I8IE nginx B 1E 80 im [ iff:

> ss -tlnp | grep :80

8.6 RETE

AL HTTP D& 5T ngink BECEfS, AI4X4:ACE DHCP RS, LAS|F PXE BF ImfERIEHEY
%lﬂ'buﬁ*ﬂir—ﬂ] HTTP J\/ \O

9 {#H dnsmasq A& DNS fRZ 23

AENAWNEFER dnsmasq ECE DNS ARSS, ikiR] SUSE Linux Enterprise Server
for SAP Applications 16.0 RIEZFRHY PXE B inie it EN 2 EATHEE, DNS BZEfE
EPFiRAETES|S URL F1 DHCP EREHRERAENE (TIE IP #dh) .

48 7£ SUSE Linux Enterprise Server for SAP Applications 16.0 Li&& PXE 5| SR8



9.1 f&m

DNS ARS3 i PXE B FiRAERRITS|T URL ILRRHHNENE. BAXNTS/TATERN DNS
ARSSERECE, BAERRMER dnsmasq FIEZA DNS BCE, & FimRelt PXE IR EHNE
(PXE.EXAMPLE . NET) f#4fr 33 RZ89 IP ik,

SNRKEE DNS, 3|5 URL ANETHEREF IP #iik (40 http://192.168.1.200/ 5
http://[2001:db8:0:1::2001/) o &%) BIOS/UEFI ElfF SRHIARSZHF1E DHCP TFTP URL
RERIHRZ, EEEEM tftp://[2001:db8:0:1::200]/ 89 IP #huk& =,

9.2 ZE:K

o B% dnsmasq HFE
* BV PXE PR 2FECEFRLS IP 3k

o A&HECE DNS fRSHEIE SR

9.3 EZE dnsmasq DNS RS

dnsmasq DNS ERE iRt At A2 fFThEE, HIER LFRTARS 2B IEINEBEN,
id#2 28 : 18 E DNSMASQ DNS fRs528

1. 79 dnsmasq €3 DNS EC& X4 :

> sudo cat > /etc/dnsmasq.d/dns.conf << 'EOF'
# DNS configuration file for dnsmasq

# Log DNS queries
log-queries

# DNS cache behavior
cache-size=10000
local-tt1=60
neg-ttl=10
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# Never forward A or AAAA queries for plain names to upstream name servers
domain-needed

# Add local domain to simple names in /etc/hosts and DHCP
expand-hosts

# Specifies DNS domain and networks including local forward and reverse
declarations

domain=EXAMPLE.NET,192.168.1.0/24,local
domain=EXAMPLE.NET,2001:db8:0:1::/64,1local

EOF

2. &% hosts X ARMENBEE:
> sudo cat >> /etc/hosts << 'EOF'
192.168.1.200 PXE.EXAMPLE.NET

2001:db8:0:1::200 PXE.EXAMPLE.NET
EOF

3. Mk dnsmasq L& :

> sudo dnsmasq --test

4. BAFBETN dnsmasq BRS

> sudo systemctl enable --now dnsmasq

Q ’x&: DNSHEXRITH
BINERT, dnsmasq£i§ /etc/resolv. conf R Z ARSIt R 28, FHiRM
M /etc/hosts FRIREXRYIER. XMECERE PXE RS 2ZEEREMATINEBENE, XEEX
PXE HXARS IR A AR,

9.4 ISIEDNSECE

M DNS ARS328ThaEE, Atk PXE B IHEEE B#H 1T EN B MBI,
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12 29 © ik DNS BRS523LhaE
1. s IPv4 AR A
> nslookup PXE.EXAMPLE.NET localhost
2. it IPv6 EAB AT
> nslookup PXE.EXAMPLE.NET localhost | grep 2001:db8
3. Mt IPv4 [z DNS &if:
> nslookup 192.168.1.200 localhost
4. J9IESMER DNS ¥ AR B{NIER TE:

> nslookup google.com localhost

9.5 DNSEEETE

LUF 27 PXE IFRECE dnsmasq DNS ARS5ESE DAY Rl =L,

9.5.1 FECEMARSS IR
dnsmasq RIgERFEEC & $HIR T ik PR A B 5o
i3#2 30 : fi#)R DNS ECE R
1. X dnsmasq Be&Ei&%:
> sudo dnsmasq --test
2. ®& dnsmasq RS

> systemctl status dnsmasq

3. MEMPLEHIZTE(EA DNS 53 in 1

> ss -ulnp | grep :53
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4. EE dnsmasq #BizAE:

> journalctl -u dnsmasq -f

5. IRIBRE(S LAY DNS BRSS

> sudo systemctl stop systemd-resolved

9.5.2 EHBBIKRK
DNS & ] g 2 FECE iR s E R F B ERK MR K.
332 31 i2HR DNS iR =R
1. & hosts Xt EBEHFEENRFE:!
> grep PXE.EXAMPLE.NET /etc/hosts
2. IIF dnsmasq FRSZECE |
> grep domain= /etc/dnsmasq.d/dns.conf
3. POt HRTUNIR DNS &i):
> dig @localhost PXE.EXAMPLE.NET
4, %% dnsmasq TR E:

> journalctl -u dnsmasq | grep "query"

5. B3 dnsmasq UEHMEEE :

> sudo systemctl restart dnsmasq

9.5.3 DNS ¥ & a)#

NR B2 RARSS BRECETHIR, MR DNS EJRIBER KK,
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312 32 : HFE DNS #%kin)=H

1. B HRMARSSHEE !
> cat /etc/resolv.conf

2. ZEEME EEITRS [/ LEEN:
> nslookup google.com 8.8.8.8

3. ¥& dnsmasq A E:

> grep -E "server=|no-resolv" /etc/dnsmasq.d/dns.conf

4, RIBRBEMNSE LR IRARSS 2

> sudo echo "server=8.8.8.8" >> /etc/dnsmasq.d/dns.conf

5. /8 dnsmasq R :

> sudo systemctl restart dnsmasq

9.6 RFRETE

DNS BRSSECESES /G, PXE B RITERI##MTS|T URL MMLEFEFHIEN . EETHRAKE
5|F31% DNS ARs5288Y DHCP ARSS, BT EFiRicE.,

10 {£F chrony B2E& NTP iR 28

RENBUAIER chrony BE& NTP ARSS, LATE SUSE Linux Enterprise Server for
SAP Applications 16.0 &3 12y PXE B P inie 5 ENERS, EETME
MNLEDRED, ERNNERSHERRIENRAZHERREXEE,
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10.1 &Y

NTP iR AT HARMEE IR BT EIEERY . 1£ PXE 5I1SWIEH, REZHIETE)XS HTTPS
EIZHRERIEPIIE. IEHBEN BB URNENRARIREHREXREE, XEBENBUMEMEE
BB chrony #1T7EZAB NTP RS 288CE,

10.2 E3K
o BERE chrony Bi4&

> sudo zypper install chrony

o Aeld AREIEE] Bl NTP BRSS 28

B&EEE NTP IRSHIEERINR

10.3 FE2E chrony NTP BRSS

chrony RS E& NTP IhaE, BEREHBDHS LifiRSZ (LI EIEE , XIBBEAMER P inie
7B B IR SZHYEE /o

3F2 33 : i&E chrony NTP R332

° BRHBEDN chrony AR

> sudo systemctl enable --now chronyd.service

10.4 ISIENTPECE
Mzt NTP ARS3THAE, WRETEIED IER 1%,
21234 1 it NTP AR&SSSTAE

1. ¥ chrony RERE:

> systemctl status chronyd.service
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2. EREYAINEIRDZIRE:

> chronyc tracking

3. FIHEEER NTP IR:

> chronyc sources

4. BENTP RSBBHRITES:

> chronyc sourcestats

10.5 NTPECEES:E

LR 27 PXE IFIBEIE chrony NTP BRSZ Y E IAYIRIHR,

10.5.1 ArSSEEHERA
chrony RS AT HERRALE #IR S MAE M A RS A
318 35 : fRR NTP BRS3in)RE
1. #%& chrony fRSREMES:
> systemctl status chronyd.service
2. EFERFARSEE:
> journalctl -u chronyd.service -f
3. Mk chrony ECE :
> sudo chronyd -Q
4. RIERBEERRS:

> sudo systemctl restart chronyd.service
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10.5.2 BYEIADZ KK
BBl [E] Bl s = I 4K n) e AR 55 28 B & $5 1R M K Mo
312 36 © SUAREIEI S A
1. EESFRIESRES:
> chronyc tracking
2. EENTP RERZIBER:
> chronyc sources -v
3. ®RFIZEIEL:
> sudo chronyc makestep
4. HERGHESBHRREE B

> timedatectl status

5. 8IS NTP BRSS2BRHIMIARERE

> chronyc activity

10.5.3 B AIEFIRMILE

B ASEMMETAERIELE NTP 8, SREERS &K,
312 37 iR NTP MSZEZRE

1. RBRHAIERE NTP BOREFM:

> firewall-cmd --list-services | grep ntp

2. WRIEFER NTP RS AMEIRH AL

> sudo firewall-cmd --permanent --add-service=ntp
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3. ENMEBMIBECE

> sudo firewall-cmd --reload

4. Fapillid NTP &= ER

> ntpdate -q pool.ntp.org

5. ¥&%& chrony s A{ERAER:

> ss -ulnp | grep :123

10.6 RETE

NTP BRSECESTESS, PXE lRSB/BS R IR EIREIHEER Y, XARREERTNENE
FIiER, BEEREITIEREIEN RITEIFNES

11 BECE IPv6 EHZ3 @S

RENBIAECE IPv6 2B S (RA) THEE, LUEN PXE B FiniR M7 BRI EH2S
BEo IPv6 RA ATSCIT IPv6 BRHFCEMB IR DHCPV6 st BohEcE , LASz#5F SUSE
Linux Enterprise Server for SAP Applications 16.0 &%,

11.1 &N

IPv6 BRER23IE S (RA) M PXE BEFIHIREXBRINEEEE S, 15 IPv6 BEF DHCPV6
Wt EECEIRE. AERIZESEM IPv6 BRAEBHELE - ZRARIAEZ R ENRHEEE
&, UERUTHRES: —2REDEAMEN IPve BREAKIVINRE;, Z2@ETEE
AdvManagedFlag on, BEAIRZ DHCPv6 it B shBL B INAE,
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11.2 ZEk

o BER%E radvd &
o ARS32_IFOETEH IPV6 MBELE
o AR ERHRESIRSHVEESRNE

11.3 EZ& radvd LAz IPv6 BRFHESI8 S

radvd fgs3i@id /etc/radvd. conf FENXHECEIRH IPv6 BRHZZE S IHEE,

23238 : 188 radvd IPV6 ISHISREE

58

1. fid® radvd RS

interface enol

# radvd options

IgnoreIfMissing on;
interface is missed

AdvSendAdvert on;
not disabled

# Configuration settings

AdvManagedFlag on;
options via DHCPv6

AdvOtherConfigFlag off;
IP via SLAAC

AdvDefaultLifetime 1800;
for 1800sec

prefix 2001:db8:0:1::/64
network/prefix

{

AdvAutonomous

> sudo cat > /etc/radvd.conf << 'EOF'

off;

H

H*

H*

HH

Do not fail and exit when

Sending RAs on the interface is

Request IPv6 address and dns

Request only dns info via DHCPv6,

Add default route via this router

Add direct route for this local

Assign IPv6 address via SLAAC
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AdvValidlLifetime 7200;
AdvPreferredLifetime 3600;
}
}i
EOF

2. BHE#HE6h radvd ARSS:

> sudo systemctl enable --now radvd

11.4 I93IF IPv6 BRFHZSE S
Mzt IPv6 RAINRE, WRHEEEIEHEIZITIER,
24239 1 Mis IPV6 Bl

1. % radvd IREZIRE:

> systemctl status radvd

2. £ ravdump EFFHIQIE IPv6 RA IKE

> radvdump

radvdump SCEEF SRR IPve BB SR/ L0 FAIXR IPv6 RAIRE,

11.5 HIRH2ITHEEACE IP A
WNR PXE fRSZS28EIRSE NG RZs, MATER IP BB A LEHE B &KAZSINEE,
i3%240 . £ PXE RSB LEA IP#XR

1. BUEMKECE X!

> sudo cat > /etc/sysctl.d/90-network.conf << 'EOF'
# This machine is a router
net.ipv4.conf.all.forwarding

Il
=

net.ipv6.conf.all.forwarding = 1
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# Accept host autoconf on router uplink
net.ipv6.conf.uplink.accept ra = 2
EOF

2. AMKECEIRE

> sudo sysctl -p /etc/sysctl.d/90-network.conf

Q & BREREEIEEW
RINBERT, RABFIILERTENBHECERN IPv6 RA. WMIREERMASR LITHEOL
1% IPVv6 RA, EEJSTF accept_ra = 2sysctl 1B, BXxBRHABRTKENEZFAEE
(BERMEAENEMOESE) , F21 (EEER) T8 “WREE" BT,

11.6 IPv6 IR ES T
LI T2 PXE IR EECE IPv6 BRI B S S DAY o) &,

11.6.1 radvd PRZS i)
radvd ARs5 Pl RE= A ECE iR SIE R AR tlo
B2 41 R radvd IRS3iAIER
1. % radvd [RSRSHEE:
> systemctl status radvd
2. EHFHARSBEE:
> journalctl -u radvd -f
3. i radvd BEoBiE%:

> sudo radvd -C /etc/radvd.conf
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> ip link show enol

5. BEEERERRS:

> sudo systemctl restart radvd

11.6.2 IP ¥ ABLEIRH
REHB IP R RISESSHRBBETEERE T
212 42 © DR IP AR
1. T IP BRKES:
> sysctl net.ipv4.conf.all.forwarding
2. 10 IPv6 FERE:

> sysctl net.ipv6.conf.all.forwarding

3. IOIF sysctl BRE !

> cat /etc/sysctl.d/90-network.conf

4. NREREH, NHAEE:

> sudo sysctl -p /etc/sysctl.d/90-network.conf

5. 10& F1THORY accept_ra K& :

> sysctl net.ipv6.conf.uplink.accept_ra

11.6.3 ESH&SESEIRRE
B EIRETC A ERE IS AME IPv6 BREIER @ .
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312 43 | HIE RA kiR

1. /A ravdump SiITHRHAIHES !

> radvdump -d

2. WEEFIH LM IPv6 ZEOEE !

> ip -6 addr show

3. WiFEFiE F8Y IPv6 BREER:

> ip -6 route show

4. X SEREELAY IPV6 FEE:

> ping6 2001:db8:0:1::1

5. 1EAIERY ICMPV6 FEN :

> firewall-cmd --list-protocols | grep ipv6-icmp

11.7 BETR

IPv6 EREZRIBE S EEE""":“): PXE & F iR{ErI KBV ERAAY IPv6 MBELE., X—HEL B A XAESSIR
DHCPv6 IhgE, TEENE T MEMIREIRM IPv6 EZEES.

12 f#EH dnsmasq Bd & DHCP AR5 23

AENBINAIGEA dnsmasq BZE DHCP ARSS, LURfAtEREE SUSE Linux Enterprise
Server for SAP Applications 16.0 BYFrEHIMLKECEH PXE 51T 2. dnsmasq
DHCP BRSZEBXRAETFIFEMNECE, XA UEFI A BIOS 51287187 IPv4 # IPV6
PXE & F o
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12.1 &7

dnsmasq DHCP fRZ 2B I E FIrE M R A R LR P inX R REE LIS | SNERERF,
77 PXE B inietWMEEEMNS I SXHER., B FFx DHCPv4 1 DHCPv6 £38Y
PXEClient #1 HTTPClient ILEZRIN, AIEZARLEM RS LI UEFI # BIOS 515,

o EE. dnsmasqH HTTPClient B9/3PEM
dnsmasq 2.90 & ERhRAFRZ1FM DHCPv6 FFimiR[EHF HTTPClient B &Y 6:16 {4
N RRFER, NREBETEM HTTPClient 1, BINVFEMA Kea 3¢ ISC DHCP RS 28,

122 3K

* BRE dnsmasq 4E

o B7t /srv/tftpboot FIEHEIE PXE 5|84
e B9 DHCP BRSSECE ML

o BEECE DHCP IRSHEIEGNR

12.3 A& dnsmasq DHCP iRSS

dnsmasq DHCP ECE G EF P imdSBUILAE. MLSERE, UK IPv4 F IPve M2 ER5 1S XX
o

T2 44 . 1= DNSMASQ DHCP fRs52%

1. 9 dnsmasq /& DHCP FE& 14 :

> sudo cat > /etc/dnsmasq.d/dhcp.conf << 'EOF'
# DHCP configuration file for dnsmasq

# Log DHCP processing
log-dhcp

# This is the only DHCP server, don't ignore unknown clients/send NAK

dhcp-authoritative
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# Disable re-use of the DHCPv4 servername and filename fields as extra
# option space, which may confuse old or broken clients
dhcp-no-override

# IPv4 PXE/HTTP boot client matches (no enterprise number)
# Match client type in PXEClient:Arch and map to a tag
dhcp-vendorclass=set:tftp bios x86 pc,PXEClient:Arch:00000
dhcp-vendorclass=set:tftp uefi x86 64,PXEClient:Arch:00007
dhcp-vendorclass=set:tftp ieee ppc 64,PXEClient:Arch:0000e
dhcp-vendorclass=set:tftp uefi arm 64,PXEClient:Arch:00011
# Match client type in HTTPClient:Arch and map to a tag
dhcp-vendorclass=set:http uefi x86 64,HTTPClient:Arch:00016
dhcp-vendorclass=set:http uefi arm 64,HTTPClient:Arch:00019

# IPv6 PXE/HTTP boot client matches (enterprise:343 intel)

# Match client type in PXEClient:Arch and map to a tag
dhcp-vendorclass=set:tftp bios x86 pc,enterprise:343,PXEClient:Arch:00000
dhcp-vendorclass=set:tftp uefi x86 64,enterprise:343,PXEClient:Arch:00007
dhcp-vendorclass=set:tftp ieee ppc 64,enterprise:343,PXEClient:Arch:0000e
dhcp-vendorclass=set:tftp uefi arm 64,enterprise:343,PXEClient:Arch:00011
# Match client type in HTTPClient:Arch and map to a tag
dhcp-vendorclass=set:http uefi x86 64,enterprise:343,HTTPClient:Arch:00016
dhcp-vendorclass=set:http uefi arm 64,enterprise:343,HTTPClient:Arch:00019
EOF

2. F2E IPv4 DHCP SEEIFIED

> sudo cat >> /etc/dnsmasq.d/dhcp.conf << 'EOF'

# IPv4 range and options
dhcp-range=set:netOv4,192.168.1.100,192.168.1.199,255.255.255.0, 1h
dhcp-option=tag:netOv4,option:domain-search,example.net
dhcp-option=tag:netOv4,option:dns-server,192.168.1.200
dhcp-option=tag:netOv4,option:ntp-server,192.168.1.1
dhcp-option=tag:netOv4,option:router,192.168.1.1

EOF

3. Fi2E IPv4 PXE 3| S3EI0:
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> sudo cat >> /etc/dnsmasq.d/dhcp.conf << 'EOF'

# IPv4 PXEClient boot
dhcp-boot=tag:netOv4,tag:tftp bios x86 pc,/boot/grub2/i386-pc/
core.0,192.168.1.200
dhcp-boot=tag:netOv4,tag:tftp uefi x86 64,/boot/grub2/x86 64-efi/
bootx64.efi, 192.168.1.200
dhcp-boot=tag:netOv4,tag:tftp ieee ppc 64,/boot/grub2/powerpc-ieeel275/
core.elf,192.168.1.200
dhcp-boot=tag:netOv4,tag:tftp uefi arm 64, /boot/grub2/armé4-efi/
bootaa64.efi,192.168.1.200

# IPv4 HTTPClient boot
dhcp-option-force=tag:netOv4,tag:http uefi x86 64,option:vendor-
class,HTTPClient
dhcp-boot=tag:netOv4,tag:http uefi x86 64,http://192.168.1.200/boot/grub2/
x86 64-efi/bootx64.efi
dhcp-option-force=tag:netOv4,tag:http uefi arm 64,option:vendor-
class,HTTPClient
dhcp-boot=tag:netOv4,tag:http uefi arm 64,http://192.168.1.200/boot/grub2/
arme4-efi/bootaab4.efi

EOF

4. BoE IPv6 DHCP SEEIFIZEIN:
> sudo cat >> /etc/dnsmasq.d/dhcp.conf << 'EOF'
# IPv6 range and options
dhcp-range=set:netOv6,2001:db8:0:1:d::,2001:db8:0:1:d::ffff,64,1h
dhcp-option=tag:netOv6,option6:domain-search,example.net
dhcp-option=tag:netOv6,option6:dns-server, [2001:db8:0:1::200]

dhcp-option=tag:netOv6,option6:sntp-server, [2001:db8:0:1::1]
EOF

5. B2 IPv6 PXE 5| S3%&T0

> sudo cat >> /etc/dnsmasq.d/dhcp.conf << 'EOF'
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# IPv6 PXEClient boot
dhcp-option=tag:netOv6,tag:tftp bios x86 pc,option6:bootfile-url,tftp://
[2001:db8:0:1::200]/boot/grub2/i386-pc/core.0
dhcp-option=tag:netOv6,tag:tftp uefi x86 64,option6:bootfile-url,tftp://
[2001:db8:0:1::200]/boot/grub2/x86 64-efi/bootx64.efi
dhcp-option=tag:netOv6,tag:tftp ieee ppc 64,option6:bootfile-url,tftp://
[2001:db8:0:1::200]/boot/grub2/powerpc-ieeel275/core.elf
dhcp-option=tag:netOv6,tag:tftp uefi arm 64,option6:bootfile-url,tftp://
[2001:db8:0:1::200]/boot/grub2/arme4-efi/bootaabd.efi

# IPv6 HTTPClient boot
# Note: dnsmasq <= 2.90 does not support sending vendor-class option6:16

back to client
EOF

6. Mk dnsmasq EC& :

> sudo dnsmasq --test

7. BREHAHB5) dnsmasq ARS :

> sudo systemctl enable --now dnsmasq

12.4 3%iF DHCP EcE&
i DHCP ARS383ThAE, WafRAEM PXE & FiniRHIEFRMKECEN S| S XK.
1372 45 . ix DNSMASQ DHCP fRr5528
1. #7 dnsmasq IRSIRE:
> systemctl status dnsmasq
2. I8E DHCP iHO407%E :

> ss -ulnp | grep :67

3. i5¥% DHCP fA¥9 53 Fe:
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> journalctl -u dnsmasq -f

4., EEHBRHI DHCP 184!

> cat /var/lib/dhcp/dhcpd.leases

12.5 dnsmasqDHCP E2E &S

LR 27 PXE IF1BEZE dnsmasq DHCP BRSSASAYE DL ia) &,

12.5.1 BRSZBoHIFIECE R
dnsmasq AIgEREECE $HIR T S5 EH M DHCP BRSS & £ ik QP RMIE A BB,
1342 46 : R DNSMASQ DHCP fRS3ia)Ra
1. Mid dnsmasq EREEE:
> sudo dnsmasq --test
2. WEREBTFE DHCP RO
> ss -ulnp | grep :67
3. {FLEA45eHY DHCP ARSS

> sudo systemctl stop dhcpd

4. ERFARSAE:

> journalctl -u dnsmasq -f

5. FRHREERE dnsmasq:

> sudo systemctl restart dnsmasq
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12.5.2 DHCP LS ECinlH
B A AR RS AR E A AT AR 1P ik,
iZ42 47 : i2BF DHCP FLYiR)ER
1. 2% DHCP SEERRE:
> grep dhcp-range /etc/dnsmasq.d/dhcp.conf
2. JBFIEIE DHCP iEK:
> journalctl -u dnsmasq -f | grep DHCP
3. EMKEORE:
> ip addr show
4. 97F DHCP B ARSS 2RIRE
> grep dhcp-authoritative /etc/dnsmasq.d/dhcp.conf
5. f#H dhcping it DHCP Mafy; :

> dhcping -s 192.168.1.200

12.5.3 PXE5|SXH5 %

PXE &P UnAEIREX IP ik, BRAS|ISXHEEFRIRNEF inXE LA REMEESSo
i312 48 . PXE 5| SECEREAEH

1. WEEFIRHEN RS L

> grep dhcp-vendorclass /etc/dnsmasq.d/dhcp.conf

2. WSS XMHFERE:

> grep dhcp-boot /etc/dnsmasq.d/dhcp.conf
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3. Mhitgedi@iE TFTP i5R) 5| S 4

> tftp 192.168.1.200 -c get /boot/grub2/x86 64-efi/bootx64.efi

4. 5175 PXE BXBY DHCP BHiE:

> journalctl -u dnsmasq | grep -E "PXE|HTTP"

5. EEHTHRIREDEC:

> journalctl -u dnsmasq | grep "tags:"

12.5.4 IPv6 DHCP BcE n)t
IPv6 DHCP E P iR E EMNK MBS E, BHMIACERRATES IPv4 RHE.
iZ12 49 : B8R IPV6 DHCP {m)&
1. 33F IPv6 DHCP SEEIRCE
> grep "2001:db8" /etc/dnsmasq.d/dhcp.conf
2. 0 IPv6 BRHBERS:
> systemctl status radvd
3. I5¥% DHCPv6 153K
> journalctl -u dnsmasq | grep "DHCPv6"
4, s 1Pv6 EHE:
> ping6 2001:db8:0:1::200
5. & IPv6 ETIACE :

> grep option6 /etc/dnsmasq.d/dhcp.conf
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126 BETER

dnsmasq DHCP BRSSERESEEES, PXE BFFURTE IPv4 1 IPV6 IFE T, 3UREIREXMLSECEFIS|
SXHER. BEFIRENRADREZEFIHREREENSISHAEK, RIESESIFX M.

13 f£A Kea BC& DHCP Ars58

EENQIWNEER Kea B2E DHCP ARSS, LURMHREE SUSE Linux Enterprise Server
for SAP Applications 16.0 BYFTEERIRMEECER PXE 5| FE 2. Kea B—FIA

£ DHCP fRS588, 2#FIPv4 #IPv6, HESZEFImEF|ILECINEE, AT PXE #
HTTP 5| &%=,

13.1 &5

Kea ZH ISC FABYIAL DHCP fr5528, 1E/9IBAR ISC DHCP ARS583RIAIEE, ©E3F DHCPV4
# DHCPv6 IRRIIRESZ S, BE&EEFIRIERT, AREZFIREREWNSISHIEMRE
EMEISX M. Kea RAET JSON BIMEEX M, XFMHNEEIIRFIFSHKIIEE, ER
F HTTP 5|%H%,

132 EXK
o %% Kea DHCP %if4-1: kea-dhcp4 1 kea-dhcp6b
e B7f /srv/tftpboot FIEMEIE PXE 5|S3X4
* BE7 DHCP ARSSECEM LSO
o B&FCE DHCP IRSMEIERINIR

13.3 FE?E Kea DHCPV4 RS 28

Kea DHCPv4 ECEF AR P inZEHRILAS PXE #l HTTP B mER, HEr W RRERRLEIIRHE
BEBHME IS,
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1312 50 : i%E KEA DHCPV4 fRs533

1. fid® Kea DHCPV4 R332

> sudo cat > /etc/kea/kea-dhcp4.conf << 'EOF'
{
"Dhcpd": {
"interfaces-config": {
"interfaces": [
"enol"

]

[
"control-socket": {
"socket-type": "unix",
"socket-name": "/tmp/kead-ctrl-socket"

},
"lease-database": {
"type": "memfile",
"persist": true,
"name": "/var/lib/kea/dhcp4.leases",
"Lfc-interval": 3600
I
"expired-leases-processing": {
"reclaim-timer-wait-time": 10,
"flush-reclaimed-timer-wait-time": 25,
"hold-reclaimed-time": 3600,
"max-reclaim-leases": 100,
"max-reclaim-time": 250,
"unwarned-reclaim-cycles": 5
}
"renew-timer": 1800,
"rebind-timer": 3150,
"valid-lifetime": 3600,
"option-data": [1],
"client-classes": [
{
"name": "pxeclients#00000",
"test": "substring(option[60].hex,0,20) == 'PXEClient:Arch:00000'",
"next-server": "192.168.1.200",
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"boot-file-name": "/boot/grub2/i386-pc/core.0"

"name": "pxeclients#00007",

"test": "substring(option[60].hex,0,20) == 'PXEClient:Arch:00007"'",
"next-server": "192.168.1.200",

"boot-file-name": "/boot/grub2/x86 64-efi/bootx64.efi"

"name": "pxeclients#0000e",

"test": "substring(option[60].hex,0,20) == 'PXEClient:Arch:0000e"'",
"next-server": "192.168.1.200",

"boot-file-name": "/boot/grub2/powerpc-ieeel275/core.elf"

"name": "pxeclients#00011",

"test": "substring(option[60].hex,0,20) == 'PXEClient:Arch:00011"'",
"next-server": "192.168.1.200",

"boot-file-name": "/boot/grub2/armé4-efi/bootaabs.efi"

"name": "httpclients#00016",
"test": "substring(option[60].hex,0,21) ==
'"HTTPClient:Arch:00016'",
"boot-file-name": "http://192.168.1.200/boot/grub2/x86 64-efi/
bootx64.efi",
"option-data": [
{
"name": "vendor-class-identifier",
"data": "HTTPClient"

]
b

"name": "httpclients#00019",

"test": "substring(option[60].hex,0,21) ==
'"HTTPClient:Arch:00019"'",
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"boot-file-name": "http://192.168.1.200/boot/grub2/arm64-efi/
bootaab4.efi",

"option-data": [

{

}
] ’

"name": "vendor-class-identifier",
"data": "HTTPClient"

"subnet4": [

{

||id||: 1,
"subnet": "192.168.1.0/24",
"pools": [

{

}
1,

"pool": "192.168.1.100 - 192.168.1.199"

"option-data": [

{

}
1,

"name": "routers",
"data": "192.168.1.1"

“name": "ntp-servers",
"data": "192.168.1.1"

"name": "domain-name-servers",
"data": "192.168.1.200"

"name": "domain-search",

"data": "example.net"

"reservations": []
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}
1
"loggers": [
{
"name": "kea-dhcp4",
"output-options": [
{
"output": "/var/log/kea/dhcp4.log"

}
1,
"severity": "INFO",
"debuglevel”: 0

2. BE Kea HEBZ:

> sudo mkdir -p /var/log/kea

3. i Kea DHCPV4 ECE :

> sudo kea-dhcp4 -t /etc/kea/kea-dhcp4.conf

4. EFRFHET5H Kea DHCPVA RS :

> sudo systemctl enable --now kea-dhcp4

13.4 F2E Kea DHCPV6 RS 2:

Kea DHCPv6 BCE @S L 265! ILECTHAE s RN E R P iR A R MR IPv6 itk ECHIS 1=
XHER.

3%2 51 : i85 KEA DHCPV6 fRZ2:

1. fi2® Kea DHCPV6 IRSZ 28 :
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> sudo cat > /etc/kea/kea-dhcp6.conf << 'EOF'

{

"Dhcp6": {
"interfaces-config": {
"interfaces": [
“enol"
]

I
"control-socket": {
"socket-type": "unix",
"socket-name": "/tmp/keab-ctrl-socket"

I
"lease-database": {
"type": "memfile",
"persist": true,
"name": "/var/lib/kea/dhcp6.leases",
"Lfc-interval": 3600

}

"expired-leases-processing": {
"reclaim-timer-wait-time": 10,
"flush-reclaimed-timer-wait-time": 25,
"hold-reclaimed-time": 3600,
"max-reclaim-leases": 100,
"max-reclaim-time": 250,
"unwarned-reclaim-cycles": 5

}

"renew-timer": 1800,

"rebind-timer": 2880,

"preferred-lifetime": 3600,

"valid-lifetime": 7200,

"option-data": [1],

"option-def": [],

"client-classes": [

{
"name": "pxeclients#00000",
"test": "substring(option[16].hex,6,20) == 'PXEClient:Arch:00000'",
"option-data": [

{
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"name": "bootfile-url",
"data": "tftp://[2001:db8:0:1::200]/boot/grub2/i386-pc/core.0"

]
b

"name": "pxeclients#00007",
"test": "substring(option[16].hex,6,20) == 'PXEClient:Arch:00007"'",
"option-data": [
{
"name": "bootfile-url",
"data": "tftp://[2001:db8:0:1::200]/boot/grub2/x86 64-efi/
bootx64.efi"

}
]
},
"name": "pxeclients#0000e",
"test": "substring(option[16].hex,6,20) == 'PXEClient:Arch:0000e"'",
"option-data": [
{

"name": "bootfile-url",
"data": "tftp://[2001:db8:0:1::200]/boot/grub2/powerpc-
ieeel275/core.elf"
}
]
},

"name": "pxeclients#00011",
"test": "substring(option[16].hex,6,20) == 'PXEClient:Arch:00011'",
"option-data": [
{
“name": "bootfile-url",
"data": "tftp://[2001:db8:0:1::200]/boot/grub2/armée4-efi/
bootaab4.efi"
}
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1,

"subnet6": [

{
"id": 1,
"subnet": "2001:db8:0:1::/64",
"interface": "enol",
"pools": [
{
"pool": "2001:db8:0:1:d::/112"
}
1,
"option-data": [
{
"name": "sntp-servers",
"data": "2001:db8:0:1::1"
}
{
"name": "dns-servers",
"data": "2001:db8:0:1::200"
"name": "domain-search",
"data": "example.net"
}
Ir
"reservations": []
}
I
"loggers": [
{

"name": "kea-dhcp6",
"output-options": [
{
"output": "/var/log/kea/dhcp6.log"
}
%
"severity": "INFO",
"debuglevel”: 0
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2. ixt Kea DHCPvV6 ECE :

> sudo kea-dhcp6 -t /etc/kea/kea-dhcp6.conf

3. B E5h Kea DHCPV6 RS :

> sudo systemctl enable --now kea-dhcp6

13.5 IS Kea DHCP fCE&
Mzt Kea DHCP ARS328TN8E, HAfREER PXE B iniRHIEMMIMEE BN S| S 4.
i2#2 52 . illix KEA DHCP fR$32%
1. 167 Kea DHCPVv4 BRSS!
> systemctl status kea-dhcp4
2. % Kea DHCPV6 IR
> systemctl status kea-dhcp6
3. I8 DHCP I O4P5E
> ss -ulnp | grep -E ":67|:547"
4. 53 DHCPv4 BE:

> tail -f /var/log/kea/dhcp4.log

5. 5% DHCPv6 BE:

> tail -f /var/log/kea/dhcp6.1log
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6. ZEHUAI DHCP FH%Y:

> cat /var/lib/kea/dhcp4.leases

13.6 Kea DHCP EiB &4t

LUF 279 PXE 5| SIF1RECE Kea DHCP ARS5 230 & I RYIRI =R,

13.6.1 BoEMARSSE]A
Kea AR5 ETBE= A JSON BCE BRI MR IZO R M AT EB 5o
i3#2 53 : 2R KEA BC & in)
1. 73t DHCPv4 BREiEA:
> sudo kea-dhcp4 -t /etc/kea/kea-dhcp4.conf
2. M3t DHCPv6 EEEEE:
> sudo kea-dhcp6 -t /etc/kea/kea-dhcp6.conf
3. WERSHFE JSON EEHIR:
> python3 -m json.tool /etc/kea/kea-dhcp4.conf
4. WIEMEZEORLE:
> ip addr show enol
5. BF Kea RS HE:

> journalctl -u kea-dhcp4 -f

13.6.2 DHCP £ ECia) &
B PR AER R FREE S AR IRTI T A TKER IP #okk,
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372 54 : 2R KEA FAL9iR)=E
1. WEFRMMIEHECE

> grep -A 10 "subnet4\|pools" /etc/kea/kea-dhcp4.conf

2. SR ERL A

> tail -f /var/log/kea/dhcp4.log | grep -E "ALLOC|DISCOVER"

3. REMHNBIEEREESFE AR

> cat /var/lib/kea/dhcp4.leases | tail -20

4, IIEEO48E

> grep interfaces /etc/kea/kea-dhcp4.conf

5. RIESEBEHENLURRE:

> sudo systemctl stop kea-dhcpd

> sudo mv /var/lib/kea/dhcp4.leases /var/lib/kea/dhcp4.leases.backup

> sudo systemctl start kea-dhcp4

13.6.3 PXE & i35 [LADA) &
PXE & FIfSEIRER IP 31k, {BREF AR E AT A RIERNS S X o

33855 . KEAZRiRHEES

> grep -A 5 "client-classes" /etc/kea/kea-dhcp4.conf

2. B AEPRE PR35

> tail -f /var/log/kea/dhcp4.log | grep -i class
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3. BIMANEEAIATRRFET
> grep "PXEClient\ |HTTPClient" /etc/kea/kea-dhcp4.conf
4. MiR5|SXHEIRRE:
> curl -I http://192.168.1.200/boot/grub2/x86_64-efi/bootx64.efi
5. BRBEXEEERURBFANE FiRDTER:
> sudo sed -i 's/"debuglevel": 0/"debuglevel”: 99/' /etc/kea/kea-dhcp4.conf

> sudo systemctl restart kea-dhcp4

13.6.4 DHCPv6 $5HER o)
IPv6 DHCP BRI HEIFHIASESAE, BHANERFEMAIESS IPv4 RES
1372 56 . fioRk KEA DHCPV6 [rIEH

1. #%& DHCPv6 FWECE:
> grep -A 10 "subnet6" /etc/kea/kea-dhcp6.conf
2. 31 IPv6 BB EH IR
> systemctl status radvd
3. 151F DHCPV6 ARz 25! ILAC .
> tail -f /var/log/kea/dhcp6.log | grep “option\[16\]"
4, 97 IPv6 bootfile-url 3ETER :
> grep "bootfile-url" /etc/kea/kea-dhcp6.conf
5. M55 FARSS25RT IPV6 iEHz !

> ping6 2001:db8:0:1::200
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13.7 R8T R

Kea DHCP IRSBECETEES, PXE BRI IPv4A 1 IPv6 IFIE T, REFKEN S ERIMZECES
EXHER, BRmDERAIRIERT P REAREMGEDICSISXHE, RIYSZFES PXE 5]
SMMARL HTTP 312 AR,

14 R ISC DHCP BCE DHCP AR5525

RENBINFIECE ISC DHCP fRS528, LUR%R3E SUSE Linux Enterprise Server for
SAP Applications 15 BYFREEHIMLEECE M PXE 5/ F{5 2. SUSE Linux Enterprise
Server for SAP Applications 16.0 A2 ISC dhcp-server B4, ISC DHCP f
R F LR ZIFL TP IRE R PXE 51 HTTP 5|2155%,

14.1 &N

ISC DHCP ZfZ4tHY DHCP fS328, @I ERIFFERY N PXE FF IR (EMBEEMSISX
HE8. REISCET 2022 FEHRZRFZHELLLRS, BEEINEHNERNW ZER, B
REE Rz AR THRERR E 32 15 PXE # HTTP 51®F1%0

@ ==: ISCDHCP &R ILRSIRTS
ISC BF 2022 F£E 75 ISC DHCP B&1EARS . MFH#EPE, REiINEKA Kea 3¢ dnsmasqe
AR H AL E N EE A ISC DHCP Z&EIFIE,

142 EXK
o B%%E ISC DHCP #f48: dhcp-server
e B7f /srv/tftpboot FIEHELIE PXE 5|SX4
* B DHCP fREFRREBEML O
o H&FE DHCP IRSZSHEIEGNIR
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14.3 FCE ISC DHCPV4 AR5 28

ISC DHCPv4 BC & £ 25 FEABAKILED PXE #1 HTTP B mEE, Hit W RERRLEN
RS SRS F X

i3#2 57 : 1&E ISC DHCPVA4 fR5338
1. A& ISC DHCPV4 fRS528:

sudo cat > /etc/dhcpd.conf << 'EOF'
/etc/dhcpd.conf

Sample configuration file for ISC dhcpd

Don't forget to set the DHCPD INTERFACE in the

>
#
#
#
#
# *** PLEASE CONFIGURE IT FIRST ***
#
#
# /etc/sysconfig/dhcpd file.

#

# if you want to use dynamical DNS updates, you should first read
# read /usr/share/doc/packages/dhcp-server/DDNS-howto.txt

#

ddns-updates off;

# Use this to enable / disable dynamic dns updates globally.
ddns-update-style none;

# default lease time

default-lease-time 3600;
max-lease-time 7200;
#i#t

## PXE / HTTP boot option declarations
##

class "pxeclients" {
# PXEClient:Arch:00000:UNDI:002001
match substring (option vendor-class-identifier, 0, 20);
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84

class "httpclients" {

# HTTPClient:Arch:00016:UNDI: 003001

match substring (option vendor-class-identifier, 0, 21);

##

## PXE / HTTP boot subclass request matches

#i#t

subclass "pxeclients"
next-server
filename

}

subclass "pxeclients"
next-server
filename

}

subclass "pxeclients"
next-server
filename

}

subclass "pxeclients"
next-server

filename

subclass "httpclients"

"PXEClient:Arch:00000" {
192.168.1.200;
"/boot/grub2/i386-pc/core.0";

"PXEClient:Arch:00007" {
192.168.1.200;
"/boot/grub2/x86 64-efi/bootx64.efi";

"PXEClient:Arch:0000e" {
192.168.1.200;
"/boot/grub2/powerpc-ieeel275/core.elf";

"PXEClient:Arch:00011" {

192.168.1.200;
"/boot/grub2/arm64-efi/bootaabd.efi";

"HTTPClient:Arch:00016" {

option vendor-class-identifier "HTTPClient";

filename
bootx64.efi";
}

subclass "httpclients"

"http://192.168.1.200/boot/grub2/x86_64-efi/

"HTTPClient:Arch:00019" {

option vendor-class-identifier "HTTPClient";

filename
bootaab4.efi";
}
##

"http://192.168.1.200/boot/grub2/arme4-efi/

## Subnet declaration for the pxe network
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##
subnet 192.168.1.0 netmask 255.255.255.0 {

authoritative;
range dynamic-bootp 192.168.1.100 192.168.1.199;
option subnet-mask 255.255.255.0;
option routers 192.168.1.1;
option ntp-servers 192.168.1.1;
option domain-name-servers 192.168.1.200;
option domain-name "example.net";
option domain-search "example.net";
}
EOF

2. 7 sysconfig RECE DHCP #£1:

> sudo echo 'DHCPD_INTERFACE="enol"' > /etc/sysconfig/dhcpd
3. i DHCPV4 L& :

> sudo dhcpd -t -cf /etc/dhcpd.conf

4, EAHELHISC DHCPVA RS

> sudo systemctl enable --now dhcpd

14.4 FECE ISC DHCPV6 RSS2

ISC DHCPv6 Be B @13 (7 5 2K 5 ICEC AN IEFA /b I DHCPV6 3ETH, 34 IPv6 #ilit S ECFIS | S
HEE.

5372 58 . i8= ISC DHCPV6 fRE2:

1. A& ISC DHCPV6 RS528:

> sudo cat > /etc/dhcpd6.conf << 'EOF'
# /etc/dhcpd6.conf
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Sample DHCPv6 configuration file for ISC dhcpd

*** PLEASE CONFIGURE IT FIRST ***

Don't forget to set the DHCPD6 INTERFACE in the
/etc/sysconfig/dhcpd file.

H O OH K OH O H OB O

# if you want to use dynamical DNS updates, you should first
# read /usr/share/doc/packages/dhcp-server/DDNS-howto.txt
ddns-updates off;

# Use this to enable / disable dynamic dns updates globally.
ddns-update-style none;

# IPv6 address valid lifetime

# (at the end the address is no longer usable by the client)
# (set to 30 days, the usual IPv6 default)
default-lease-time 7200;

# IPv6 address preferred lifetime

# (at the end the address is deprecated, i.e., the client should use
# other addresses for new connections)

# (set to 7 days, the usual IPv6 default)

preferred-lifetime 3600;

#Ht
## PXE / HTTP boot option declarations
#Ht

# The dhcp6 option 16 is in fact an:

# { uint32 enterprise-number, array of { uintl6 len, string tag} vendor-
class-data }

# this declaration is using the whole option data as string for substring
match:

option dhcp6.vendor-class-as-string code 16 = string;
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# this declaration is using the enterprise-number with 1st tag length and
string:

option dhcp6.vendor-class-en-len-tag code 16 = {integer 32, integer 16,
string};

class "pxeclients" {

# PXEClient:Arch:00000:UNDI:002001

# note: +6 to skip the enterprise-number+len until the PXEClient
string

match substring (option dhcp6.vendor-class-as-string, 6, 20);
}
class "httpclients" {

# HTTPClient:Arch:00016:UNDI:003001

# note: +6 to skip the enterprise-number+len until the HTTPClient
string

match substring (option dhcp6.vendor-class-as-string, 6, 21);

}

##

## PXE / HTTP boot subclass request matches

#H#

subclass "pxeclients" "PXEClient:Arch:00000" {

option dhcp6.bootfile-url "tftp://[2001:db8:0:1::200]/boot/grub2/
i386-pc/core.0";
}
subclass "pxeclients" "PXEClient:Arch:00007" {

option dhcp6.bootfile-url "tftp://[2001:db8:0:1::200]/boot/grub2/
x86 64-efi/bootx64.efi";
}
subclass "pxeclients" "PXEClient:Arch:0000e" {

option dhcp6.bootfile-url "tftp://[2001:db8:0:1::200]/boot/grub2/
powerpc-ieeel275/core.elf";
}
subclass "pxeclients" "PXEClient:Arch:00011" {

option dhcp6.bootfile-url "tftp://[2001:db8:0:1::200]/boot/grub2/
arme4-efi/bootaabd.efi";
}
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subclass "httpclients" "HTTPClient:Arch:00016" {

option dhcp6.vendor-class-en-len-tag 343 10 "HTTPClient";

option dhcp6.bootfile-url "http://[2001:db8:0:1::200]/boot/grub2/
x86 64-efi/bootx64.efi";
}
subclass "httpclients" "HTTPClient:Arch:00019" {

option dhcp6.vendor-class-en-len-tag 343 10 "HTTPClient";

option dhcp6.bootfile-url "http://[2001:db8:0:1::200]/boot/grub2/
armo4-efi/bootaabd.efi";

}

##

## Subnet declaration for the pxe network

#Ht

subnet6 2001:db8:0:1::/64 {
authoritative;
range6 2001:db8:0:1:d:: 2001:db8:0:1:d::ffff;
option dhcp6.sntp-servers 2001:db8:0:1::1;
option dhcp6.name-servers 2001:db8:0:1::200;
option dhcp6.domain-search "example.net";

}

EOF

2. 7 sysconfig FRECE DHCPV6 #:

> sudo echo 'DHCPD6_INTERFACE="enol"' >> /etc/sysconfig/dhcpd
3. Mzt DHCPv6 FCE :

> sudo dhcpd -6 -t -cf /etc/dhcpd6.conf

4. ESRFB5HISC DHCPV6 ARSS:

> sudo systemctl enable --now dhcpd6
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14.5 I93F ISCDHCP F2&
Mzt 1ISC DHCP ARZ528T08E, Ha{REEM PXE B iniRHIEMAIMESEL BFS | T XXM
i3#2 59 : iMizk 1ISC DHCP BRS3 23
1. % ISC DHCPv4 BRI :

> systemctl status dhcpd
2. % I1SC DHCPV6 BRSBTS :

> systemctl status dhcpd6
3. I8 DHCP i®A48%E :

> ss -ulnp | grep -E ":67|:547"
4, 51T DHCP BE:

> journalctl -u dhcpd -f
5. EEHMAY DHCP 184!

> cat /var/lib/dhcp/dhcpd.leases

6. 15¥T DHCPV6 jETN:

> journalctl -u dhcpd6 -f

14.6 |ISCDHCPECEEIE

U279 PXE 5| F3IFIRECE I1SC DHCP ARS3 2301 & ML AYIAIRR,

14.6.1 ECEMARSS 0

ISC DHCP BRSS &Rl & E A iR S Q48 E Rl M A A B &ho
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1372 60 . fi#/R I1SC DHCP B &|n)H

1. X DHCPv4 EREiEA:

> sudo dhcpd -t -cf /etc/dhcpd.conf

2. ik DHCPv6 EEEiE%:

> sudo dhcpd -6 -t -cf /etc/dhcpd6.conf

3. BEROEE:

> cat /etc/sysconfig/dhcpd

4, IR CIRE:

> ip addr show enol

5. REREFEROMAR:

> ss -ulnp | grep :67

6. ERIFARSEE:

> journalctl -u dhcpd -xe

14.6.2 DHCP #H£9 57 BCinl&t
& P i o] BE= K F W BC B B R AR M AT A 3R EX P dthdit,
5212 61 © 547 1SC DHCP FAL AR

1. WEFRMIEERCE

> grep -A 10 "subnet\|range" /etc/dhcpd.conf

2. W EARSS SRR E

> grep authoritative /etc/dhcpd.conf
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3. SERYRIELDED:

> tail -f /var/log/messages | grep dhcpd

4. WERLOBIEERSFERIR:

> tail -20 /var/lib/dhcp/dhcpd.leases

5. F&hix DHCP ARy :

> dhcping -s 192.168.1.200 -h aa:bb:cc:dd:ee:ff

14.6.3 K3 FEILAC R
PXE &P imAEIREX IP #isit, {BRZES|ILACED &M T A RENEHRYS | S,
3% 62 : ISC DHCP ZFILHiES
1. BERFIENX:

> grep -A 3 "class.*clients" /etc/dhcpd.conf
2. WIEFEFE:

> grep -A 5 "subclass" /etc/dhcpd.conf
3. HIEHNEEAR:

> tail -f /var/log/messages | grep -E "PXEClient|HTTPClient"
4, NA5XAAIIR)E:

> tftp 192.168.1.200 -c get /boot/grub2/x86 64-efi/bootx64.efi
5. BRFEAEERER:

> sudo sed -i 'li\log-facility local7;' /etc/dhcpd.conf

> sudo systemctl restart dhcpd
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14.6.4 DHCPv6 fHNE2E5!55E10 0] @
IPv6 DHCP & FimRI N B 27 TMETIERNE SR, FEREE R BEXH PXE 5%
i3%2 63 : iR 1SC DHCPV6 )&
1. #2% DHCPV6 JEINE X :
> grep -A 3 "option dhcp6" /etc/dhcpd6.conf
2. IOIEMHRN 55! T BB ARAR
> grep "substring.*6.*20\|21" /etc/dhcpd6.conf
3. Mz DHCPv6 R 25! ILAL:

> journalctl -u dhcpd6 | grep -i vendor
4. 7 IPv6 bootfile-url #&=X:

> grep "bootfile-url" /etc/dhcpd6.conf
5. BOIFE% R 28iE AV IRRIARSS |

> systemctl status radvd
6. Mk IPv6 1EHE:

> ping6 2001:db8:0:1::200

14.7 [REPR

ISC DHCP BRSSECE RS, PXE B inE @I AL FRRFRNNKZEENSISX
58, RE ISCDHCP B&ILLARSS, BILECEMEENTE PXE M HTTP 3|FRENIESE
FinA REMERBR MR B IEH
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15 I&3F PXE PREZ2518E

RENBIMAIEIEFNIATEEHN PXE RS2 E, WERFIBAHFIIEERITIE, UxX
# SUSE Linux Enterprise Server for SAP Applications 16.0 I L, AR HE
RS IVIE. RIS IERENIA A i %R PXE 51 S32IE,

15.1 &7t

LEIETFTP. HTTP. DNS. DHCP #1 GRUB 2 5| SMNFBIZFRSEAMERE PXE IRSS234A 14
HRETER, “ARITEENRARTRERET. WIRIESETHR PXE B IHEERIIG IS
Z Agama TEIEF, FHAHEEMEEHTT SUSE Linux Enterprise Server for SAP Applications
16.0 B3,

15.2 ZEK
o FiE PXE IRZ2BAMUYER B AR FIiETRE
o B PXE 5|RENNNIXE P IHRS
* PXE RSB E T P imZ BRI %8S

o AETiRSERSHEESNR

15.3 I&F PXE fR5528ARSS
£ PXE ZFimMitE, STXIEFRIEHERN PXE RS 2ERSEREFIZTEEREER.
312 64 : 18% PXE IRSEBIREZKE
1. I83F TFTP IRSBIRE:
> systemctl status tftp.socket

FHRGER . RS TIEERTS, B7E 69 inif.

2. W nginx HTTP RSS!
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15.4 Mz

I8 PXE B FimE

94

3. I43F DNS R

6. 10& NTP RSS!

> systemctl status nginx

FRHALER . RS TFERAS, B7E 80 i milf.

(W0REA dnsmasq) :

> systemctl status dnsmasq

FHRSER . RS TIEEORTS, B7E 53 iwH 0.
4. & DHCP BRSZIRE (EFHENAIARSS)

> systemctl status dhcpd

NEREA dnsmasq DHCP:

> systemctl status dnsmasq

YNERfEEFH Kea DHCP:

> systemctl status kea-dhcp4 kea-dhcp6

FREAZER . DHCP IRSEBATFERT, BEEHMigEOwR,
5. IO IPv6 BREHZRBEE (MRERE)

> systemctl status radvd

FRERLER . IRSATERRS (ERTF IPv6 IF1R)

> systemctl status chronyd

FHERER . IRSATERRSEHESTRRERY

LRI S H1719]

iE TFTP #1 HTTP iSRRI 5 | XN ZRERN S
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1312 65 | XML Finia
1. MiREETES TFTP 15183 SINEAR

> tftp localhost -c get /boot/grub2/x86_64-efi/bootx64.efi /tmp/test-
bootx64.efi

FIERERINOER T X!

> file /tmp/test-bootx64.efi

AR S 1

> rm /tmp/test-bootx64.efi

2. MiXgeF @ HTTP 3518 GRUB 2 FRE :

> curl -I http://localhost/boot/grub2/grub.cfg

FRERZE R R[] HTTP 200 OK Mz,

3. WFRER @ HTTP )2 E

> curl -I http://localhost/boot/images/SLES-16.0/x86_64/liveiso/Live0S/
squashfs.img

FRHAZEER . IR[E HTTP 200 OK MRz, HEISIERHNABEKE.,

4. i DNS f##fr (WNSRECE 7 43 DNS)

> nslookup pxe.example.net localhost

FRHEAZESR . BEIERARRATLH A IR AAAA I2R,

5. IEBERERSI B RBVRSIIORE:

> curl http://localhost/boot/

TSR ERERYIR, BE8518XM
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15.5 I%jF DHCP IfhgE
ik DHCP ARS323AIMMAZ, HRIAEBENAREIRENZE P inRMERNGITERS.
i3%2 66 : ik DHCP BRS528MARL
1. 2% DHCP Iz A4
> ss -ulnp | grep -E ":67]:547"
FRHAZER . DHCP ARSS7E 67 tn (IPv4) F 547 im0 (1Pv6) fibfro
2. SCEYHSIE DHCP Bk
> journalctl -u dhcpd -f
YNREA dnsmasq:
> journalctl -u dnsmasq -f
L SRIFIEITIRS, LUEENRHRAIEINIER DHCP &5,
3. &M dhcping (WNRATA) Mt DHCP Maky:
> dhcping -s 192.168.1.200
TRHAZER . MBRSS23UXEIRLTHRY DHCP MRk,
4. BEFHBHI DHCP #49:
> cat /var/lib/dhcp/dhcpd.leases
INRAEA Kea:

> cat /var/lib/kea/dhcp4.leases

FERLER . Mt E P imENR BF .
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15.6 I ZElEm PXE 51 M

ERKIRE IR ARFNITTREN PXE 5|FMiA, JUIEM DHCP #iHIREXE Agama RERF
VAR,

312 67 1 MIXFTEM PXE 31 SRIE
1. EBENAEFPRARL:

* BZE BIOS/UEFI LIRS 108

o BMES|IRIGENFE—5ISMER

o BEPFImEEES PXE RS ZFTTERIRE—MLE
2. EXFin5| SHAE ST PXE RSB AE:

> journalctl -f | grep -E "dhcp|tftp|nginx"

3. 31T PR, HAMERUTRAREREIES:

1. ZFimiEid DHCP $REY IP #hht

Fim@Ed TFTP T#H 5| SmMEEF

N
I}

0

3. ERBEEREET GRUB2 KE

<
-

4. j@id HTTP INEAZA initrd
5. Agama RERZFRINER
4, BENARRRENZF i, WIER P iRARESHNTNEE:
o %45 BIOS x86_64 74t (RZFREX core.0)
e UEFIx86_64 &%t (R3KRBY bootx64.efi)

e UEFl aarch64 &%t (RZFKBY bootaa64.efi)

5. M3k IPv6 PXE 1S (AR EBE IPv6)
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o FEMIREFin LB AR IPve FIMSRECE
* I83E DHCPV6 Hilik 53 FE

e Wik IPv6 bootfile-url BIEHaD %

15.7 I93F Agama REEFINEE

IS Agama REREFERIEE B, HeEhiRIREIRUSER SUSE Linux Enterprise Server for
SAP Applications 16.0 &%,

212 68 : Mlix AGAMA REFZFHIBEN

98

1. I8iF Agama Web REBIRI AR

TEEFIRS|ISEES, BRIEEIR IP i, BILLT AR

http://CLIENT IP ADDRESS

FRHALE R . Agama Web FREBERIIINE.

. EEPIRLIOE Agama REREFBEE:

THREIEEES (RAIL+F2) , BITUT&H<S:

# journalctl -u agama-web-server -f

FHAZE SR . Agama BohdiEP L EEIR.

. WIEREIRBRT G

WNTFTEISO &, WEMEEFEENIARIER:

# curl -I http://192.168.1.200/install/SLES-16.0/x86_64/

FRHALE R . IR[E HTTP 200 OK MRz, HERBERYIR,

. MR LR REE

£ Agama REF, WIELLTIHEE:
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o RGTREINEI A AR
° MAREERFFES
o R BEEFRER I

15.8 HERUEXK A
TR PXE BRSS8IIET 1T MA AR R 2R RS B,

15.8.1 DHCP Z3E2kM
F IR PXE 5| SE2HTEIRER P ik,
i3%2 69 . fi#)R DHCP I&iEin)dR
1. 1% DHCP RS HZR:
> ss -ulnp | grep :67
2. WIEMEEORSEERM:
> ip addr show enol
3. 1% DHCP i SEERT A% :
> nmap -sh 192.168.1.100-199
4. I5¥% DHCP HEHRVEEIR

> journalctl -u dhcpd | tail -50

1582 SI¥XMFRRKE
BFIHRAEREN P il BFETHIISX M.
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BIZ 70 : RIRSIS i)
1. 03E TFTP BRSSRITAIR)IE
> tftp 192.168.1.200 -c get /boot/grub2/x86 64-efi/bootx64.efi
2. EHIR:
> 1s -la /srv/tftpboot/boot/grub2/x86_64-efi/
3. BETFTPiFREE:
> journalctl -u tftp.socket -f
4. IIEE F iR(A RGN

> grep -E "PXEClient|HTTPClient" /var/log/messages

15.8.3 Agama ZEEFBEIEK
5ISXHERINNE, B Agama RERERTEBR.
1271 i8R AGAMA FEEhia

1. WERETET HTTP iFinRERF XY :

> curl -I http://192.168.1.200/boot/images/SLES-16.0/x86_64/liveiso/Live0S/

squashfs.img

2. 391 GRUB 2 FeEFRBINIZSEIEE!

> grep "root=live:" /srv/tftpboot/boot/grub2/menu.cfg

3. BIEEPIRS|ISIE:

> journalctl -f | grep -E "kernel|initrd|agama"

4, WEMBECERALE:

# ip addr show
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15.9 PXE Bx558850UEE

ERAUTERASMEMIGIE PXE ARSSRECERIFAIB S Ho

22 . PXE IRSZE3IGIEBE

A KOS R K&
TFTP BRSS RS TFERRIRS. 69 WOMIR. X O
iR
HTTP fRSS nginx A FFZERIRES. E 80 ImOMmf, €& O
TEFE X RIIAIR]
DNS RS ENBMTEER. 7E 53 WmAMT O
DHCP ARSS IP DECIER. 3|SETMBELE O
GRUB2 & KEMHIER. KRREWENIES O
IPV6 ¥ RSB S TR, DHCPV6 ThEEIEE [
PXE 3| & EFIERINGIS. RET EMRNGISMERERF O
Agama LR ZHEIEFBD). Web REAIAR O
LR fEfEEERIIAR. GBI R O
RIS A RENEPRMERRBERIFESR O

1510 IUERES

£33 IEFRIOIERY PXE ARSS 23N AE B I ST RV IR EIImThAE - MB P ImMLE5| S5 Agama REFE
RN R R INSE K. FTEIRS EEEIRET, BERFIHN BT WE5ER SUSE
Linux Enterprise Server for SAP Applications 16.0 &%, FEEAITIIEN I ATHR PXE B

ZRTE B ERB I RPIFEE A BT
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~ V4 -4
16 ;%1E=EA
KRANERE© 2006-2026 SUSE LLC FliEfE A, FZEERENF,

IRIE GNU B B4 IFA]IE (GNU Free Documentation License) higZs 1.2 5% (IRIEIRAYERR)
s 1.3 REFERR, FEURTFEES. 9 &M/SUECASHERINIR ; AShiRi A BRI Al e
ROl L&, WFEIhRZS 1.2 BIEIABEETE “GNU Free Documentation License” #B43

B% SUSE &t5, B85 https://www.suse.com/company/legal/ 7, FAEEME=AEIRD
AAMEMFIBEENM™, BRGSO ™%F) KR SUSE REXEKATNER. B3 (*) KRE
=F TR

IR AKAEBFABEAT, EXTERFRTIERERTIR, SUSE LLC REXBXAF. fFEMIF
EXF AR MAEEIRH A LGSR N EREREIERET,

A 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
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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.
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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.
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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. List on the Title Page, as authors, one or more persons or entities responsible for
authorship of the modifications in the Modified Version, together with at least five of
the principal authors of the Document (all of its principal authors, if it has fewer than

five), unless they release you from this requirement.
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. State on the Title page the name of the publisher of the Modified Version, as the

publisher.

. Preserve all the copyright notices of the Document.

. Add an appropriate copyright notice for your modifications adjacent to the other

copyright notices.

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.

. Preserve in that license notice the full lists of Invariant Sections and required Cover

Texts given in the Document's license notice.

. Include an unaltered copy of this License.

. 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.

. 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.

For any 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.

. 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.
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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.
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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.
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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
Documentisincluded in an aggregate, this License does not apply to the other works in

the aggregate which are not themselves derivative works of the Document.

If the Cover Text requirement of section 3 is applicable to these copies of the Document,
then if the Document is less than one half of the entire aggregate, the Document's Cover
Texts may be placed on covers that bracket the Document within the aggregate, or the
electronic equivalent of covers if the Document is in electronic form. Otherwise they must

appear on printed covers that bracket the whole aggregate.

8. TRANSLATION

Translation is considered a kind of modification, so you may distribute translations of the
Document under the terms of section 4. Replacing Invariant Sections with translations
requires special permission from their copyright holders, but you may include translations
of some or all Invariant Sections in addition to the original versions of these Invariant
Sections. You may include a translation of this License, and all the license notices in the
Document, and any Warranty Disclaimers, provided that you also include the original
English version of this License and the original versions of those notices and disclaimers.
In case of a disagreement between the translation and the original version of this License

or a notice or disclaimer, the original version will prevail.

If a section in the Document is Entitled "Acknowledgements", "Dedications", or "History",
the requirement (section 4) to Preserve its Title (section 1) will typically require changing

the actual title.
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9. TERMINATION

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

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

10. FUTURE REVISIONS OF THIS LICENSE

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

www.gnu.org/copyleft/ a.

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
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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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