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1 SUSE Linux Enterprise Server 16.0(C& (7 % PXE
J—rDEE

PXEJ—MICED. O—AIARL—U%RLT IO 2Z Ry FTO—UATA Y
AM=IFLEF VR LREICT—TEXY, CDET > 3> Tld SUSE Linux
Enterprise Server 16.0 AgamaX 51 74 VA =54 X—=|ZH T B PXEDHE
AICDWVWT. GRUB2ICERZHTTEHALEX T,

1.1 PXEJ—bh&l&

PXE (Preboot Execution Environment)id. DHCPE LK UTFTP X /=IFHTTPZFERA L T, X

FTLDRY D=0 —N\HS5T—rO—HEO0SAT VA M—FZEETEELIICTEHE
TS MBATA TR TVA VR M= ENFARL—T0 VI AT LRV >DTO
EDaZYJICLLERTNTVET,

12 PXE7—bhOF=

PXEZ—hiE. O—NILA YA b= XT 7RFEEY b7y TOoBERZ%< L. 7OE
23z IB{RILEFT, PXET—MIED. UFAAIREICHED £,

2y RT=O0FNLIEZHO AT LOEANT VA M—=)L

AVAM=FDON—=2 3> T — b REDEFEIRE

UEFIEF 277 — FEBO. SRET—FTUF v LT 7—LITT A TOYR— b

GRUB2XZa—ZfEALIcA YA b=F X TclFA VX b —ILINT X—Z DEJRNER

1.3 SUSE Linux Enterprise Server 16.0iC& 7 3PXET — kD1t
iHH A

SUSE Linux Enterprise Server 16.00PXE7J — kid. 77— hO—4 ¥ L TGRUB 2% (&

BL. AYXb=LA4>RT7z—RE L TAgamaf YA —Z%FHALEY, 7—+

O—4AE&A A= T71ILIE. HTTPX7=IETFTP2ERL Ty T — U RHTIE
HIN. GRUB2HA H—=IL, initrd. SATAAXA—J%#BBLET, PXEZVSAIT7 >k
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IZ. AMD64/Intel64. AArch64. ppcbale. s390XREDT—FFIFvICIHLT. SEER
77— L7777 (BIOSPUEFIRE DRH—MHERHDZZEL). 7—bO—FETT 71
FIFAAXA—SHREFERATEE T, T5IC. IPVALIPV6DEA DX Y b T —0 TEIES 244
ERHDFT,

J—brAO—413. root=live: BREDH—RILINT A= %ZEL. TATISOMX—=IH5
squashfsR—ZXDIL— T 7ML AT L%ZO—FR L. Agama1 >R 7 —RXR%Z20O—HNILT
FrldUE—FWeb UIBOWeb H—E X & L THEEIL £7,

1.3.1 SLES 15.x& DA E#M
C DEEEDIERIE. FIC SUSE Linux Enterprise Server 16. 0L ISERA TN E I, Agama-

EUTTVWET, COLREONIREEHEICH LT, SLES 16.0LED /N—< 3 > 1ESLES 15.x
CIFUATORTERD FT,

12A—7
linuxrc&YaSTDH D (Zdracut CAgamaZz B L £ 9,

DHCPH—/\
ISC DHCPD{EAIFEELE S E L7=(EOL 2022), DHCPH—/NIZIE. K DIZKeaXx7zlE
dnsmasqZzfER L £,

T=FNFA=2
root=live:/N\T X—&%ZFEAL CTagama(1 Y XA b=/ X—2%Z0O— K
L. install=/N\TX—R2DHKHDIZ. #F> 3> Dinst.install url=%FEHLTFT
TAILEYADA VR =L RS M) ZEELET,

7—b;O—4DFER(GRUB 2. pxelinuxB O)IFFEMZHRE. N—2avICKEFELEZE A

132 EFTFELEY TV TEFIE

CDERFEIX. BEBEOEY F Ty IFIEE, AT a3V FRIIRBORETERINTLWET,
BEORRICEET 27> aVIiCOAEL. BRICZELAWVKEEI a3 VIidRFyv S
LTLEEE L,

AVR=X DAV M=)y A1V =54 A= D%fFE. GRUB2DFE. T —N
DIREEBEDZZXTIE. TRTDEY T YT TRTITEIHREDRDHD £75
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7 71 IVERESE
nginx7x & DHTTPH —/\(Agama TH#EE)., B KU/ F7ldtftp dnsmasqZRE DTFTP
-lj-_'/\“o

DHCPH—/\
KeaZ 7zlddnsmasqd W Nh % &R L £ 95

Q FiE BIRL 7= A HIBREIE L #AE

* |ISCDHCPOEHORE L LT, ISCOFHLULDHCPH—/NTdH 3 Keaz{FEH
L9, Kea®FEMICDWTIE. https://www.isc.org/kea/ 2 Z BB L T
72 &L\, ISC DHCP EOLIBHIIC DWW TId. https://www.isc.org/dhcp/ 2 %
BELTLETV, KealdDHCPH—/INTHO. RIETFTPY—NY T D x
THRUETY, Kea DHCPH —/NIE. IPv4E K IPVEIRERDTFTP/PXET —
. IPVEEROHTTP — bDA Foa > HR—EMLTWET, IPv6
BREADOHTTPT7 — Tl DHCPveT —/N\D . TOSAT7 Y BRIV A%
AT BHIC) FHT S EMEEINSVendor Class Option (RFC3315,
Section 22.16%BR)Z VA7V MIRETEZ ECHNRBRETIH. C
NIFRETFR—bFINTVLEE A

* DNSH—/\. DHCPH —/\. TFTPH—N\DfEAHEHHE T Sdnsmasq% fE
L %9, dnsmasqid. 7—btO—4. A—FIL. initrd (BX U Z DD
771 ETFTPIEBA TR T 3 71-DICERTIT £, dnsmasqDaEiIC
DWW TIE. https://thekelleys.org.uk/dnsmasq/doc.htmlaZ&BB L T 2
T U\ dnsmasq DHCPH —/\I&. IPv4E LK TMIPVEIEEHDTFTP/PXET —
o IPVMHEBHOHTTP T — DA TS 3 0% HR— L TWET, IPV6IRH
DHTTP7 — kTl&k. DHCPv6 —N\H. OS54 7> bHBIR A% T
27=0IC) FHT 3 EEINBVendor Class Option(RFC3315, Section
22.16ZzBR)E VAT MIRETEEZEHABRETTH. CNIEREY
R=FrENTLEEA,
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T7AINERET3ODTFTPH—NE L/ EIEHTTPH —ND3D2DOH—N\THEM TN
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HODET, BE. EFARY FT—UTIEINSIFPXET —/NEIFRMEICEEL 9, SUSE
Linux Enterprise Server 16.0Z 32179 2PXE —/N\Tid. HEDRY b T—014>RZT 11—
DFERE. T7AT T+ —ILADKEDKFIL—ILDEM. HELUSELinuxTDWL DO DHERR
PREBIZBRZFBEDLHDET, COLEITa>TIE. BURIPEHE., 7717 04—)LL
SELINUXICHREBRIIN— I ZHF OV LRy b7 —0% R LET,

2.2 HHERZMHEH VI bO—UKE
CORETIIUATOLSITIRELTWLWE S,

o PXEH—/NIE. LTFDORY RT—UFRET. enolRXYy b IT—IA4 2T T —XETEIT
INTULWET,

RKRLYYTIPXERY FT—UHBE

IPv4 IPv6 DNS%,
PXExRy kD —2 192.168.1.0/24 2001:db8:0:1::/64 example.net
PXEHF —/N\ 192.168.1.200 2001:db8:0:1::200  pxe.example.net
PXEX— kDA 192.168.1.1 2001:db8:0:1::1
DNSH—/N\ 192.168.1.200 2001:db8:0:1::200
NTPH—N 192.168.1.1 2001:db8:0:1::1

o T4 ETIE. JL—H. NTP. DNSH—/NIZAZBICHD. BIDOTS > TERITINTL
9, COEETIE. WOV MZIRELEITH. BE2AREXHN—TB3HD
TIEHD FH Ao

23 PXEUW—EXRADODRXRY NIT—OARTT—R. T7147
74+ —)L. SELinuxMRE

PXEH—N\DRBETZRY NI—IOH—EXZHFAI§EEL5IC. Ry RT—014 02T 12—
RET7ATIA=I%ERELZX T, SELInuxiREZIAELT. 1V A F=ILTX +ZEBRIC
L. kENELEO—HDILR) S —%2FHZLF T,

1. PXERY hT =04 2827 1 — 2B L. @t)&firewalldy —ICEIDHTE Y,

a. BEV 0747V -2V EEIDETONIcA 71— RZHRBLET,
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> sudofirewall-cmd --get-active-zones
b. publicV —>IZenolHEID HTENTUVARWESIE. BIDHTET,
> sudofirewall-cmd --zone=public --change-interface=enol
. TVFT7I—ADEIDETZ., BEFHL THKEILTELIICLET,
> sudofirewall-cmd --permanent --zone=public --add-interface=enol
2. DNSH—ERANDT7 IV RBICT 7147 04— ILZRELZF T,
a. BEDOt Y>3V TDNSH—EXR%ZHFALET,

> sudofirewall-cmd --zone=public --add-service=dns

b. EEZX#HLL X7,
> sudofirewall-cmd --permanent --zone=public --add-service=dns
3. NTPHY—EZANDT7 IV ZARBICT7AT7 74— LR ELFT,
a. WEDt Y a3 TNTPH—EXZEFAIL £,

> sudofirewall-cmd --zone=public --add-service=ntp

b. EEZ XKLL 7,
> sudofirewall-cmd --permanent --zone=public --add-service=ntp
4, DHCP (IPVA)H—EZXADT7 I ZABICT 71 74— ILERELF T,
a. BEDtE Y>3 > TDHCPH—EREZFHFRIL £,

> sudofirewall-cmd --zone=public --add-service=dhcp

b. ZEZXEILL X

> sudofirewall-cmd --permanent --zone=public --add-service=dhcp

5. DHCPV6 U —EZXANDT7 7 XBICT 747 04— I)LZ2REL 95

a. WEDE Y 3> TDHCPV6 —ERXRZFFAIL £ 7%

> sudofirewall-cmd --zone=public --add-service=dhcpv6
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b. ZEZ kit L F 7o
> sudofirewall-cmd --permanent --zone=public --add-service=dhcpvé
6. TFTPH—EZANDT7 IV RBICT7AT7 04— LR EL X T,
a. WEDOE Y a Y TTFTPY—EXZHITL XY,
> sudofirewall-cmd --zone=public --add-service=tftp
b. ZEZ KL L F75
> sudofirewall-cmd --permanent --zone=public --add-service=tftp
7. HTTPY—EXADT7 IV RBICT 747 74— ILZREL T,
a. BEOt Y>3 Y THTTPY—EXZHFAL £
> sudofirewall-cmd --zone=public --add-service=http
b. ZEZ kit L F75
> sudofirewall-cmd --permanent --zone=public --add-service=http
8. HTTPSH—ERANDT7 I ZABICT 7147 0= ZHBELET,
a. WEDt Y>3 THTTPSH—EXZFFRIL £,
> sudofirewall-cmd --zone=public --add-service=https
b. ZEZ KL L F75
> sudofirewall-cmd --permanent --zone=public --add-service=https
9. LY F 7Y TTA LD, SELinuxZE—BRFBIICEMICL £95
a. SELinuxZFFAE—FICREL XY,
> sudosetenforce 0
b. SELInuxAT—XXZzFTzv I L FT,

> sudosestatus

10. PXERET —EXRADOO—AILSELinux R >—EPa—ILz&EmML. 1A —=JLL
9o
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a. nginx D EDa—ILZER L. 71X —ILLET,

> sudoif 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

> sudofi

b. dnsmasgFHDEZ 2 —IILZEKL. T RXA—JILLEXT,

> sudoif 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

sudofi

\

C. 1n.tftpdﬁﬁo):E°/“:L—)|/7&ﬂ552Ls ’I’\/Z I\_)I/in-a_o

> sudoif test “ausearch -c 'in.tftpd' --raw | wc -1° -gt 0 ; then
> sudo ausearch -c 'in.tftpd' --raw | audit2allow -a -M local-tftpd
> sudo semodule -i local-tftpd.pp
> sudofi
11. SELinux3@BIE— FZBEEMLL £ 7,

a. SELinuxZ&H|E— RICEREL £ 75

> sudosetenforce 1

b. SELinuxM X T—2 X =R L £,

> sudosestatus
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24 FEOH
COFIEICELD. PXES—NDXY NT—=OA VR TT—R, T74T7 04—, &
USELinux R o —h B DHEEENICEET 3L DICELSKRESINTWVWS Z EH RS
?f’Li L/T':O
o PXEHt—E>T1 22T 2 —X(ZDHITidenol)EMEEE L. public firewalldy — I8
DHTELT
e dns. ntp. dhcp. dhcpvb6. tftp. http. httpsZEL. PXEIR{EICHEBR T 717
A=) —EXEEITELT

T—EXTRAZBHICL. AVCIEEOOJ Z5E#k 9 578, SELinuxZ —KiEY
[CpermissiveE— RICEREL £ L7

ausearch X audit2allow® £ L T. nginx. dnsmasq. in.tftpdZREDH—E XED
HRZLSELinux R >—ESa—I)LxzERL. 1A M=LLE LT

® SELinuxZenforcingE— RIZETL. A AT LDEZEZHEERLF LT

CNSDFIEHNTT TDE. PXEY—NIZRZRRICERESN. IPVAET-IZIPveZERL TR Y b
D—IBBTISAT Y MNIIVICH—ERZRET I EEHIEVNE T,

3 MEGPXEY—NIAVR—R2FDAVX =)L

Dt 3> TlE. SUSE Linux Enterprise Server 16.0C. PXETZ — k& H7R—
S B7HICHEL /Ny —(GRUB 2, DHCP. TFTP. KU/ FLIFHTTPO Y
R—R Y EBU)ZA VA M—ILTBHEICOVWTHBLETD,

31 #iE

SUSE Linux Enterprise Server 16.0GCPXE7 — b —N\ZRET B ICIF. W< DD DHF—E X
EV=INEA VA= TEIRENBDET, Ty b7y AATLoTE UTOEDHREIC
BBRHFEDHDFT,

e dnsmasq/\w 4 —2 &, DNSH—/\. TFTPH—/\. DHCP% —/\(DHCPV4H KT}
DHCPve)DiEAEHE ZIRME L. IPv6IL—RLE(RA)ZREMICHR—FLEd, AT
DHD=RMEL T,
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e dnsmasq DHCPH —/\UUATDERE VA7 D T7—F T FvIZHL
T. DHCPA 72 3 Y DEHMHSEEZ T R— L F T,

* DHCPv4d¥ K U'DHCPV6% R L 7-PXET — M &3k

e DHCPv4%ZEALIHTTP7 — FEKR

Q) ;i5C: DHCPVERRHDHTTP T — MIHIF 3
dnsmasqDFIPREIE
IHE. dnsmasqld@bhE A vendor-class DHCPV6A 7> 3 > D E%E T
R—FLTWVWEFEHA.

e dnsmasq TFTPH —/\:PXETJ — hRICTFTPEAHT —O—4 7 71, A—=
)L initrdZBfEL £ 95

e dnsmasq DNSH—/\:4 > R b—F/0OSRD I ZA TV T 7—LT T T7 L /etc/
resolv.confO R XA VEEIP7 KL ZDBRIERERMEL F 7,

e dnsmasq IPv6 RA:PXEH — N\ IL—R & L THEMEL TLWBI5E. IPv6 RADIX(E
ZHR—bLETEREATBRLBDIE T—HRIRRANZ—> ] ICHIBREINET),

e kea/Nw 4 —IFDHCPH —/\T. ISCDHCPH —N\DEMTT, UTOEREISA T
SrDT—FTIFvICIEL T, DHCPA 7Y 3 Yy D&M EiEZ Y R—MLE T,
e DHCPv4& K U'DHCPV6Z{ERA L 7-PXETJ — FEK

e DHCPV4%fER LT-HTTPJ — hEX

Q) i DHCPVERREADHTTP T — hIZ 1 B KeaD IR
E 1|
IR7E. KealdwsEZivendor-class DHCPV6A 7o 3 > e R— ML
TWEHA., FFICDWTIL. https://kea.readthedocs.io/en/latest/arm/
dhepb-srv.html#idd 2Z BB LT IZE WL,

o TFTPH—Nld, T—rAO—F T 7). H—FI. B&initrdZ TFTPEETEREL &

9o —A. kealZ & BPXET — MMEtftp/Ny 7 —T TR EN. HTTPT — MIIZBRED
D EtH Ao, dnsmasq ZfER L TWBIHE. tftp/N\v T —JIEREH D £t Ao
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e HTTPREETA YA =S54 X =P 2 RMET 37D Dnginx /Ny T —2 DK 578 WebH —
No

Q s HTTPH —NOHBEH
nginxD & S RHTTP/HTTPSH —NIZIZIZEICHRETY, EDOREIFHTTP T — K
RHICEEEDE A BIC. UFOESBUF U THUEICHBZLHBD F
ER

°* HTTP7 — b OEFREH T,

® squashfs.imgZiRt 9 2 7cOHICHREINET, 7—rITXVRTTY
Troot=live:tftp://.../squashfs.imgZFHATZT X,

e Ffo. SLES-16.0-Full-*.inline.iso®inst.install url=http://.../
install/7—hFOAXY YV RSAUNTA—RT, AV M—=ILHD1 >
Zh=LT7OT77AIREDMDT 71 )L L EHICRPMZ%Z Agamalligfits
BHBICHERINE T,

* GRUB27—hrO—4ANyFT—2lF. HR—FINTVWBT7—FTIF v EHETRY
FO—0TJ—rEBHELET, 7ozl AMD64/Intel 647 —F F U F ¥ id. Zv k
=07 —MI2D0HEERHBELTVWEY, BIOSCUEFl, T5IC. UEFIZ@EE. PXE
(TFTP)YHTTP7 — b ZzHR—FLTWVWE T, pxelinux® k5%t 7 —bO—4F
UEFIZHTTP7 — b ZHR—FLTULWEH A,

o ATFa>T. IPV6EDIL—RLET—E(radvd/Nw T —270 ), THld. SLESH
AVAN=FRY N NT—=ODIL—RE LTHIETZHBEIC. UTEXRTITIHEICH
BT,

° PXEXTIEHTTPT = b IS4 7Y bDRY b T—J ETIL—T4 VI ZRET
Do

° PXEXTIZHTTPT —h IS4 7> bD 3y b T —2 ETDHCPV6DERZBMICT
Do
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32 EfF

® SUSE Linux Enterprise Server 16.0z BIEERHETRERITL. SUSENR AT —tE > H—IC
BRI N, SUSEConnectZfE L TEYIBRA >V SA VIR NIICTIERATESELD
ICERESINTWE S AT Lo

o BR7SLEE Y a1 —/L:Server Applications Module. LAY EZa—JL. ELUBase
System Module,

e Xy FT—=UH—ERBLVT—rO—FASLEED 2 —IILURI FUADT IE R,
e Ny T—CZEUF T BIODRAEEL TWVWB 1 VX —=y MMER.

33 NvT—DA42XA =)L

UTFOFIET, PXET— b —NICBERIATNY T —J%Z AV AR—=ILLET,

FIE 1: PXET — b —NICBBEBNY T—SD1 VX =)L

1. HBOEH LT GRUB2T—rO—H Enginx HTTPH —NZA VX —JLLE T,

> sudozypper install grub2 nginx

2. UFoOWINHADIY Y REZRITLT SERAO7 7O—FICAARBNy T —2% A
\/X l\_)bbij—o

¢«  DHCPH—/N\DIHFEF kea. TFTPH—/NDIFEIEtftp

> sudozypper install kea tftp

« DHCP. DNS. B&LUTFTPH—NDELEFO/N1 4 &£ L Tdnsmasq

> sudozypper install dnsmasq

Q) ¥ Keatdnsmasqh'#Rft s 3 DHCPH — N D FIFREIE
IPVEIREHDHTTP 7 — k. keaXdnsmasq/\wv 7 —HMRHE T ZDHCPH —/NT
BIRETR—FETNTULEHEA. UEFIERTEREINTWVS & SIS0 HTTPY
ZA4 7> bllvendor-classA 7> 3> ZIRETDZEHTR—bEInNTVELE
Ao

3. 723 T DTSy b T — LY R—bITBZIFETHNUE. BMOT—FT7
FYEBDGRUB2Z =7 v b e A XA b—=ILLE T,
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« AMD64/Intel 647 —F T U F v DIFH:

> sudozypper install grub2-x86_64-efi grub2-i386-pc

e AMArch647—x T F v DIFE:

> sudozypper install grub2-aarch64-efi

¢ ppcbldle7—F T U F v DIFE:

> sudozypper install grub2-ppc64le-ieeel275

Q FEPXEH—NBH—NTS VDT T I F v LIZR
BBV 7147 Y MIGRUB2/NY T —2%BEES D AHE
GRUB2D 7—F T F v EHE Dnoarch.rpm/N\v T —Jd. PXEY—/N\DERES
NTVWBISIYDT7—FTIFVICBRES. AR M=IXTa T7/URI R
Dnoarcht 77«4 LY MJIZEENTUVWEY, DFED. HOT7—FTIF v DY
ZAT7 Y M EYR—NTB7=HDIC. AMD64/Intel64< > > TENMET BPXEH—/\
ICgrub2-arm64-efi /N7 — ¥ grub2-powerpc-ieeel275/ N\ —> %1 VR
F—ILTBENTETET,

. AMD64/Intel 64 F 7=IFAArch64FIDUEFIEF 27 T — DR ET, 1 VA h—ILXT+

TISODT 7AW EZFERALABWEEIF. 723> Tshim\y 7 —2%Z A2 XA L—ILT
TEI

> sudozypper install shim

AT aVT PXEY—NEL—RE LTEAYT 3BEE. L—2EET—E

YradvdZ A XA R—=ILLET(ERRY 7= TIIHEINEFEA).

> sudozypper install radvd

NS0T LI YY) —ZBRICOE—FIFABATES LSS rsyncI—Tr Y

7__4%’(\/1 I\_)Lbijo

> sudozypper install rsync

. H—EZADRI VI R=IILENTUVSED, FFEBHEBRINTUVWARWS EZESELET, KT

ICDOWTIEAEDE IS 3 > TEHIAL 9,
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4 PXEH—/NFHDGRUB 2 NetBoot7« LU U D
ERY

DU 3> TiE. grub2-mknetdirZz{EHR L T. PXEY—/N\FHDGRUB

2 NetBoot7« L7 b Z{EKT 2 AAICDOVWTEALE Y, COOXVE

I&. AMD64/Intel 64 (UEFIZ BIOS). AArch64. & Uppcbdles X7 LD T —
FTUOFYEEDTAL O MN)ZERLET, UEFILFa 77— rZHR—bT
BIClF. BEEIFA VAN I ATs T7HoBRANEIEFIZ7 7 I)LZaE—TF3

D shim\y =S FERLTT 74V MDBRBR LT - O— 4771 ILE2EE
R BVENHD £,

4.1 12

CDEITa>TIE. EROT7—FT 0 F v TPXEY—N\ZRHT 3 7HICGRUB 2 NetBoot

T4 LI MIZRETBHECDOVWTHAL XY, grub2-mknetdirAT Y RiE. F5v b

7 #—LT&IlZ/srv/tftpboot/boot/grub2/DFIC. P—F T IO FvEBEDTA LI MU %E

ERR L £9, 7= zIEX. AMD64/Intel 64> X7 Lilk. UEFI (x86 64-efi)& L/ <BIOS (1386-
pC)DWADT 1 LU M) EER L. AArch64E ppcbdles X T LIFEFNENDUEFIT LI +
1) (arm64-efi¥ powerpc-ieeel275)%Z1ERL L £ 95

TI7AILEDEBERLRLDcore.efi7 7ML TIFRESNABVWUEFIZF 27T — k
ZHR—bTBICIE. BEEE. AV AM—IIUAXTa THEBLANLIEFI 7 71 %
AE—92h\ shim\wT—2ZAA VA M—)LL T BERT—rO—XT771)L
(shim.efi. grub.efi. MokManager.efi)ZBYIRF7—F T F v« LI NJICFEITO
E—LFxJ. CNICEKD. BYRI VR I D IBRPERIN. IRTOT71IL%Z
TFTPIL—bTa LI FURICRET B ENTEE T,

42 ZEF

o RDINY/T—(grub2, tftp). BLMMDT—F TV FvEBDGRUB2 Ny —
(grub2-x86 64-efiX°grub2-i386-pcRE)H A VA R—=ILENTVWB =R LE
ER

o AVAM=I AT T7(ISO)NYT Y hEIRETH B D\ shim/N\w T =D AT LAY
AR=ILENTVWB I ZzHERLES =T Y T7—FT7IO9FVvAHDA VA —=ILX
T4 7(1S0)i&. SUSEARAZY—t>RZ—h564 T >O—RTEE T,
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4.3 NetBootT+ L Z MU EUEFIEFx a2 77— hD%E(H

CODFIETIE. PXERY FT—20 T —MMIRNEBRGRUB2T s LY FUBEZERL. 77
avTHEROT7T—xTIOFvIChE3 UEFItx a2 77— DY R— 2R ELE T,

1. GRUB 2 NetBootT« L7 M Ut&&%ER L £ 95

> sudogrub2-mknetdir --net-directory=/srv/tftpboot
--subdir=/boot/grub2

CNICED. 7—=FTIOFVvEBDT LI FUDMERENE T,

* AMD64/Intel 64: /srv/tftpboot/boot/grub2/x86 64-efi& /srv/tftpboot/
boot/grub2/i386-pc

® AArch64: /srv/tftpboot/boot/grub2/arme4-efi

® ppcb4le: /srv/tftpboot/boot/grub2/powerpc-ieeel275

g =
=Si=]

grub2-mknetdiriC & > THER S Nfzgrub.cfg7 7T IILEZFETLEES LAHRWVT
<T2EW,

2. /srv/tftpboot/boot/grub2/F« L7 FUDTFICH B fonts/Plocale/BE. EDHD
T—FTUOFVICKFELBWT LY FUZTFTPH—NICOE—LF T,

3. AMD64/Intel 64 X 7clFAArch647 —F 72 F v Tld. grub2-mknetdird<Y > FTA >
A ~—=JLENTz/srv/tftpboot/boot/grub2/ARCH-efi/core.efi” 7 JLZ UEFI PXE
ICHFRATEEY, 772l CNBIFBHINTEST . UEFIEFa 77— ZHR—
FLTWEHA., HTR— TN TULBAMD64/Intel 645 K UVAArch647—F 70 F v
T, UEFIEF a7 7 — b ZA T3 > TEMITBICIE. UATOFIEOWT A ZEIT
LEd,

e AVAM=IAXTaTISONSHERT7AILZIE—LEXT,
a. ISOMX—=2%ZY UV bLEFED,
> sudomount -o loop /PATH/TO/SLES.ISO /mnt

b. EFIZ 7ML 1E—L&F Y,

> sudocp -v /mnt/EFI/BOOT/*.efi
/srv/tftpboot/boot/grub2/ARCH-efi/ @
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@ ARCH-efi%x86 64-efiF7-ldarm64-efi(UEFILF 277 — M THR—
FENTWVWBT7—FTIFV)ICEFTBRIET,

c. TYRAR=IAToTIS0OZT XTIV ELET,

> sudoumount /mnt

o AVAM=IATaTISODT 71 IILZERLAEWVGEIX. shim/Ny o —2 % (EH
LEd,

a. TRAVIAM—ILLTOLRWEEIE, shim\y T =224 XA b=I)LLZE
EDR

> sudozypper install shim
b. BERT—FTIVFvDBEREAT—rO—RXT7 7142 E—LFT,
i. shim.efiZ 7/ J)LZaE—LE 9,

«  AMD64/Intel 647 —F T U F v DIFE:

> sudocp -v -p -L /usr/share/efi/x86_64/shim.efi /srv/tftpboot/
boot/grub2/x86_64-efi/bootx64.efi

e AArch647—F T F v DIFE:

> sudocp -v -p -L /usr/share/efi/aarch64/shim.efi /srv/tftpboot/
boot/grub2/armé64-efi/bootaa64.efi

ii. grub.efiZ 77 I)LZzOE—L X9,
« AMDG64/Intel 647 —F T U F ¥ DIBE:

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

o AArch647—% 7 F v DIHFE:

> sudocp -v -p -L /usr/share/efi/aarch64/grub.efi /srv/tftpboot/
boot/grub2/armé64-efi/

iii. MokManager.efiZ7 7/ J)LZzdE—L X9,
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«  AMD64/Intel 647 —F T U F v DIFH:

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

o AArch647—x T F v DIFE:

> sudocp -v -p -L /usr/share/efi/aarch64/MokManager.efi /srv/
tftpboot/boot/grub2/arm64-efi/

Q i
L7 Z0E PRIy OO RBBRLT. T7AIILHTFTPIL— K
RICBEZLSICLET,

5 AVAM=FAX=200 72 DEE

C Dt 3> Tl PXETJ— MRIERIZSUSE Linux Enterprise Server 16.0-1 >
A= XTeTHEA YA M=5T 70 Z2E L TEETZHEZHAL X
T cOEIZavIE .install.isof X—J ERPMNY T —S DEAZE H/IN—
L. BRB37—FT7I9F AR EATICEAT2E600FIEEZRLE
ED

51 #&

SUSE Linux Enterprise Server 16.0l&. TXEXBPXET— b FUAZHR— T 3B
DERDA YA =FT 7ML ZRHELE T, Agamat VX b—FF. A—RILAX—=D
(linux). #JHARAMT ¢ X7 (initrd). EMESNTZIL— T 7 1)L X7 L(squashfs.img) D
3IDDOMBI7AIINERBBELET, CNHDT7AILIE. A1 VXA M—ILXT 1 7H 5
L. TFTPRHTTPRATTY 7 XAgET« LI FUIBEICEIET ZHENDHD T,
CDtU>a>TiE .install.isof X—J ERPM/Nw 7 — S OMEA DERAHEICDWVWTE
BHL. SUSE Linux Enterprise Server 16.0CHR— hENB3 XX ERT—FTIFvETY
Ab=IE2ATeOE#EEZHEERL X,
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52 ZEF

* SUSEA R AR Y —1 >R —"TAFAREZSUSE Linux Enterprise Server 16.0-1 > X k—JL
AT4 7. UTOEBZERTBZENTETET,

o FTAVISO:RY b IT—DA A M—=ILADA VA —FDH(SLES-16.0-
Online-ARCH-BUILD.install.iso)

e TNISOA YA R=ILURS M INFEDA > X b—F(SLES-16.0-
Full-ARCH-BUILD.install.iso)

e RPM/\w/r—<: tftpboot-agama-installer-SUSE SLE 16 PXE-ARCH
o —BFAT T Y MARA Y M (/mnt7AY)

o BIRLTcA VX M—=ILAEICIKE LT /srv/tftpbootB & TU/srv/installD FD+97%
TARUVRE

* T4 LY MIDERNT 7LD IE— DI DEEERE,

53 ISOMX—IH5DA YA M—FT 71 )LD%E(E

ISOM A= A VA M=5T7AIEZHMET B ODERELGTEZREL X, UTDOF
IEid. BRET—FTIFvDAYSAETISORA TOIEE=ZNN—LET,

53.1 F25A VIS0 X—C DfEA

FOTAVISOAX=JITIFA VA M=F AV R— 2 FDADEENTED. SRXATF LTV
AR=ILBEICA VR M=IILI)RS FIADRY N D=0 T 0 IDBRETY, ZNIIGRUB
MDSLES-16.0 Online Installation7—bXZa—I > hFUJICHIELTWET,

FE 2: 54 > 1SO (X86_64 L AARCH64)h' 5D 7 7 1 LD

1. 1A=L T7A4ILDTa LI bUEEZERL T
> sudomkdir -p /srv/tftpboot/boot/images/SLES-16.0/ARCH/

2. FVTAVISOAX—=2R I RLET,

> sudomount -oro,loop /srv/install/iso/SLES-16.0-0Online-ARCH-BUILD.install.iso /mnt

3. =T 7ANEInitrd7 77 )LZ2IE—L&E T,
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> sudocp /mnt/boot/ARCH/loader/linux /srv/tftpboot/boot/images/SLES-16.0/ARCH/
> sudocp /mnt/boot/ARCH/loader/initrd /srv/tftpboot/boot/images/SLES-16.0/ARCH/

4, ERESNTIIL— b T 7ML RTLZIAE—-LET,

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

5. ISOMX—2%7 2RIV MLFET,

> sudoumount /mnt
FF3: #2541 > 1SO (PPCGALE)H' 5D 7 7 1 LD
1. XOT7+4 L7 FIBEZERL £,

> sudomkdir -p /srv/tftpboot/boot/images/SLES-16.0/ppc64le/

2. ISOMX=U%NYTVFLET,

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

3. A= T 7AILLinitrd7 77 L% JE— L £ (ppcbdleDIFaE. NAEEHNERD
CCITEABLTLETWL),

> sudocp /mnt/boot/ppc64le/linux /srv/tftpboot/boot/images/SLES-16.0/ppc64le/
> sudocp /mnt/boot/ppc64le/initrd /srv/tftpboot/boot/images/SLES-16.0/ppc64le/

4, EfESNTIN— b7 7ML AT LEIE—LED,

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

5. ISOMX=2% 7RIV ELETD,

> sudoumount /mnt
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532 TJIISOA X— DfEH

ZISOA X—=ZlIE. 1R M—=F A VA M=LURS M) DOEADFTENTHD.
NBRy b=V ICKEFETZ e BR<O—HILCAI VA= IILTBREHNTEEXT, Ch
|&. inst.install url=http://pxe.example.net/install/SLES-16.0/${arch}/\> X—
AHBIMENTgrubDSLES-16.0 Local Installation7—hXZa—I > hUICHIGL F
ER

FIE 4: ZILISOD'SD T 71 LD

1. TYA=ZT77AIINEA VA =ILURS FIVDOEEDTA LI FUZERL X T,
> sudomkdir -p /srv/tftpboot/boot/images/SLES-16.0/ARCH/
> sudomkdir -p /srv/install/SLES-16.0

2. FISOMX=2%R T2 MLET,

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

3. I—RILT7AI)Linitrd7 74 )LZzOE—LE T (RIDOFIETRLI=L S ICppcbileA
ICNRAZRBLTLEEW),

> sudocp /mnt/boot/ARCH/loader/linux /srv/tftpboot/boot/images/SLES-16.0/ARCH/
> sudocp /mnt/boot/ARCH/loader/initrd /srv/tftpboot/boot/images/SLES-16.0/ARCH/
4, EESNIIN—F T 7ML AT LZEIE—LFT,

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

5. O—AIILHTTPH —NT7 I RBADOA VA S—=)LURS ) ZIE-LF T,

> sudorsync -avP /mnt/install/ /srv/install/SLES-16.0/ARCH/

6. ISOMX=U%7RIELET,

> sudoumount /mnt

54 RPMNNYHT—IH5DAYVA =T 71 )LD%E(E

RPMINw—Ud. AV SA VA VA =57 7MIN B AFT2-OOREAEERMHELE
ER
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FIlg 5: TFTPBOOT RPM/N\ w7 —S D1 » X b—IL L fEH
1. REBNYT—J%A VA M—ILLET,
> sudozypper in tftpboot-agama-installer-SUSE_SLE_16-ARCH

2. linux. initrd. squashfs.imgZ tftpbooticOE—L £7%

> sudomkdir -p
/srv/tftpboot/boot/images/SLES-16.0/ARCH

> sudocd
/srv/tftpboot/boot/images/SLES-16.0/ARCH

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

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

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

55 #ET« LI LUBE

HME LT 7L, —ERCRTOBRB SZRERTB7HIC. UTDTLIRILATY
MCESTEIELE Y, COBEIR. BROT—FTI9Fv AV A =B T2 R—h
LETo

fl 1: REBPXEY—NDTs LI MILATI b

wn

/srv/tftpboot/

boot/
F— grub2/
| — x86 64-efi/
| | F— bootx64.efi
| | L— grub.cfg
|  — i386-pc/
| | L core.0
| b arm64-efi/
| | — bootaab4.efi
| — powerpc-ieeel275/
| L— core.elf
L— images/
L — SLES-16.0/

1
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— x86 64/
|  — linux @
| b initrd @
| — squashfs.img ©
— aarch64/
L

ppc64le/

/srv/install/
L— SLES-16.0/

— x86 64/ @

— aarch64/

L— ppc6ale/
Q@ VA= XToT7HEHMBLIEA—RILAA=
O HARAMT 1 R T A X—
©® Agamatf YA b—FHOEMBINTIL—ET 7ML RT L
O 7I)LISODinstall74 LI MUDSDA VA M—=ILURS RI(A T 3Y)

56 A2 b—)LDKEE

AVRAS=5T7 70 2H L TEELIE. BELAVR-XY FHRIRTHFEL, 77
T RAETHBCEZRIEL F T,

FIIE 6: HRELFIE
1. BELT 71D H2HHERLFT,

> 1s -la /srv/tftpboot/boot/images/SLES-16.0/ARCH/*

2. BYIR T 7AINT I RERH D =R L X T,

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

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

O == 770708 YT
HMHINEIRTD T 7AILD. TFIPELXUHTTPHY —E X THRAWMDAIGETH B &
ERERLET, 770IIIE. T—hFOERFUPXEISA TV ML TT7IERE
N37oH. BYIGHERE Y —EIREN. BRZHRINSEZ7DICAEXR T,

)
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57 ROXTv 7

YR =57 7 LPBICERE N, BEIATOIL. MTOFIEICES C enTs
7%

e INSDTFAINEBBITZX-a—ITY M) EFEBLMPXEZ— FEHGRUB2DETE
e HMHLAOYTUVYEIRMETZIZHDHTTPETFTPHY —E XDERE
e PXEZSA 7Y ha@EthT— bO—HIEET Z-HDDHCPDHRTE

W INT/=T 71 LI, root=live:http://pxe.example.net/boot/images/
SLES-16.0/ARCH/squashfs.imgD & S5 /N X %A L TGRUB 2:RE TEBINE 7,

6 PXE7— FA®DGRUB2MDE&E

Z Dt 3> TlE. SUSE Linux Enterprise Server 16.0 CPXEX—ZXD 77— ~A
ICGRUB27 — hO—4%ZR/RET I HEICDODVWTEHBELE Y, Ry hT7—07—F
T4 LY MIBEDER. 7—FTVFVYERDO T — FO—4DHRE. EHDT—
FTIOFVEAVRMN =N FVAZYR—FTEIRRLGHRES R T LDEREICD
WTERBAL £,

6.1 M

GRUB2IEPXEZ A7V bDXy h =0 T—hO—R LTHEEEL. h—RILT71ILE
initrd7 71 JLZzO0— K L TAgama1 VX b—SZEHLEXT, COEIZ3a>TIE 751
TONT—FTUOFvZEBFNICREL. XY T4 T —RADFIREEEL. BH
DAVAR=INEATER—=T Y N T—FTO0F v 2 R—bT23HRET— M XZa—%EH
T3, ARINT-GRUB2FREZER T 25 EERLET,

BRET77O—FIE. 7T—FTI9FvOREH. BHEER. 7—bXZa—I>r)DHDER
D7 7ANEFEODED 25 —FAZFERALTVWEYT, ChIcLD. BREBN—KRDT7FSwy
N7 +—LBET—EREH#IELANS, IO VEEORECEE I VA —/IL7OT7 71
DY R— MHATEEICARD £ 95
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6.2 ZfF

° BiDEILaYTHHALLELSIC. GRUB2DRY b T—0 T =T+ LT M UEED
BoTLWB I ZmEELE T,

e HIDEIIaYTHEALILEELSIC. 1Y R =57 71 IILHAEYICEIEBEINTVWEZ Y
HHESRLE I,

s INRTCDR—7 Y b 7—FTUFvHDGRUB2/\w 7 —(grub2-x86 64-
efi. grub2-i386-pc. grub2-aarch64-efi. H&L U grub2-ppc6dle-ieeel275)z 1 >
AL=ILT23RERHD £,

e UEFIE* a2 77— b AR—MEDshin/N\y7r—J(F 7> a ),

® /srv/tftpboot X7z IEEFDPXEIL— FADERT7 7t R,

6.3 GRUB 258 DERK

GRUB2EBRETZ7AIIE. 95147 bDT7—FTFI0FvDEH. ZY hND—0A4>VRT 1 —
ZADEE, MORET7AILOO—REWVWS3IDOFERAAVENIELET, COEDa
S—hARIE. TEIEFREBFVAICEFRICHSETETED,

FIE7: EHgrub.cfg7 7T ILDERE

o X4 VDGRUB2KET 7 JL% /srv/tftpboot/boot/grub2/grub.cfglCfERL L £ 9,
> sudocat > /srv/tftpboot/boot/grub2/grub.cfg << 'EOF'
# Architecture detection and mapping
if [ "$grub cpu" == "i386" ]; then

set arch='x86 64"
elif [ "$grub _cpu" == "x86 64" ]; then
set arch='x86 64"
elif [ "$grub cpu" == "arm64" ]; then
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
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export arch

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

set ipcfg="ifname=pxe0:${net default mac} ip=pxe0O: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=tty0® 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

T=%TVF v D
GRUB2DCPURA TZT4 AV E2—2 3>y T7—FTIFvICRVEYT L. LD
N=ROTT77ZvbT7x—LTEETEMEXZa—T Y ) ZAREICLET,

XY RIT—=0C1 27T —XER
pxeQ L WSPXET—r 1 >R 7 — X ETOHAhcpZBMICT B7HIC. grub2Z
#${net_default_mac}Z{EA L Ts{ipcfg} EHZzERL. YIFAVRTIT—XIX
TLTORY D=0 7O0—-EVTDOREZREEL X,

A—FT1 VT4 EH
ST AVY —=ILINTA—=R2ZIBELT. —fEMA${sconsole}ZHEZEEZL X,
I VEBEDRE
MACZRLRICEDWTA I a > DI eDRE77AI)IL#=O—R L. B AEY
AXTNFII DT —MNSAXA—REBHFA A M=ILTOT 71 IL%ZEAREICL
x5
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6.4 BT —bXZa—DERK

T—bXZa—ld. BRB3N—RIzT7TSYRTH—LOA VA M=ILE2A1 FICEEBIC
BWHT R, T—F T I9FVICKEFELEWXZa—I Y NI ERMETIZHIC. XA UEREHLS
DEH=FERLE T

g 8: MENU.CFG7 7 T ILDERTE
e /srv/tftpboot/boot/grub2/menu.cfgliCiie 7 — b XZa—%1EBL £95

> sudocat > /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} ${autoinstall}
initrd /boot/images/SLES-16.0/${arch}/initrd
}
EOF

Q iExza—TIvhUDREY
XZa—IVhJIE 9547 bDT7—F T I F v EREICETVWTEHENICAAT
N3EHEFERLE I, ${arch}ZHII. ELWLW I 7MIIHO—RINB T EFRIEL

£,

73> D${ipcfq}EHEILE TS . PXEGERINcXY D=0 1> 2 T T —
ADHHEREINE T,

7 a>Dé{sconsole}ZTHIF. 1 YRA =S XFTLTIYTZILIAYY—ILEZEB%
IcLE9d,

6.5 YVEBDHKE

SEZEHTIE. 774 MREZLEE LD, BIELSNIcA VA M—ILNTX—F%
RETEIVOVEBORET 7ML 2ERLTEE T,
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FIE 9: ¥ VERDHREDIERK

30

1. XV VEBDORERDTA LY U ZERLE T

> sudomkdir -p /srv/tftpboot/boot/config

2. MAC7 KL XHhaa:bb:cc:dd:ee: ffOI S > DHEES. BEDREZERL £,

> sudomkdir -p /srv/tftpboot/boot/config/aa:bb:cc:dd:ee:ff

3. Y VEEBDgrub. cfgEER L £95

> sudocat > /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"

# 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

Frld. KA MEBDgrub. cfglcMBEDXZa—I Y M) ZRBELETHFED T —
bEITRRICER),

> sudocat > /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
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fl2: R UVEEDEENTA—4

default
BFNICT—h33XZa—IYhUEIEBELEY

timeout

T—bhRALTI F2WBEUTRELET

ipcfg
KBEDN—RIITDRY b T—IA VR TT—AREZLEELET

autoinstall

ROVEBDBE#A VA M—IILT7OT7 71 IILOURLZRHEL F£7,

6.6 GRUB 2:%E DR

T7ANZERLIcS. By b7y THELL. BERT 7AIDBIARNTHI o TWBC
CZMREEL F 9o

FIIE 10: {2 FIE
1. GRUB2D 7T« LU hIBEZ R L £

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

2. GRUB2Y—ILTTR LT REZ 7 MILDEX 2hERL 95

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

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

3. BYIB T 7T O ERENH B E 2HERBL o

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

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

O == 72k
KMEEOPXEY T4 7> FTGRUB2FREZTA ML, BYRT7T—FTI/FviRHE X
Za—HREERESR L £ 9, ${net default mac}ZHII. REORY cT—UT—F>
F A TOAERREET T,
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6.7 GRUB2FJRED +ZTINoa—FTa>T
GRUB2PXERRETRET 34 < HIMBEL TOMREK. TNENOMEICIE. BBELERT
B0 OBFIEC BFENAITY ROYEHINTLET,

6.7.1 T7—F T I F v DIRHDKK

GRUB2AELWF—F T I F v ZBRETETHWVGEE. 7147V MIELLKBWVWNCLFUT
EELIED, B2ICO—RICKBLEDTEERHBD FT,
FIE11: 7T—F T F v REDT NV YT
1. GRUB2EREICT Ny T HENZEML T, BEINEZHEEL T,
> sudocat >> /srv/tftpboot/boot/grub2/grub.cfg << 'EOF'
# Debug architecture detection
echo "Detected grub cpu: ${grub cpu}"
echo "Mapped arch: ${arch}"

sleep 3
EOF

2. REEXZTAMLET,
> grub2-script-check /srv/tftpboot/boot/grub2/grub.cfg
3. 7—FTIUOF v ORIy EVIHFREBBZEE. REOD Yy 7 ZILERL £,

> sudosed -i '/elif \[ "$grub_cpu" == "powerpc" \1/a\\nelif [ "$grub_cpu" ==
"riscv64" 1; then\n set arch='\"''riscv64'\''\\"' /srv/tftpboot/boot/grub2/grub.cfg

4, 7T—FTIOFVvEBDTA LIV MNIDGFET S 2B LTI

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

672 XY LIT—0A42 R TT—AHBRDOH57%H0
T7—LOTT7DREIZL>TIE. ${net default mac}ZHHIELLERESNT. XV b+
D—URTEICKBTZEHHBDFT,
FIF12: Ry kT7—91 227 T— ZADORIBDBE

1. Ry NT—OBBEFTvIT30DTNYITENEEMLET,

> sudosed -i '/set ipcfg=/i\\necho "Default MAC: ${net_default_mac}"\necho "Network
variables set"\nsleep 2' /srv/tftpboot/boot/grub2/grub.cfg
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2. 74— IUNv Iy NI —UREEERLFT,
> sudocat >> /srv/tftpboot/boot/grub2/grub.cfg << 'EOF'

# Fallback network configuration if net default mac is empty
if [ "X${net default mac}" == "X" 1; then
set ipcfg="ip=dhcp"
set ifcfg="ifcfg=*=dhcp"
echo "WARNING: Using fallback network configuration"
sleep 2
fi
EOF

3. FEDA VR T IT—ATHRY N I—UKREETAMLETD,

4, a—’T“/ AT LDH Y I\'7—7’f‘/971—1%7£ﬁ§5ub§3'o

> ip link show

6.7.3 T 7AILINADEDOH 5L

> sudoecho 'set ipcfg="ip=enol:dhcp"' > /srv/tftpboot/boot/config/test-network.cfg

FAINZIDRELLBRWVWE, GRUB2HA—RILT 7L Einitrd7 71 JLZ2O0— R TET.

7—!~L.§EE5(L,$3“O
FIE13: 77 A LIXZADT I EY 71 ORER
1. TYAM=57 7 UNBESNIBAICTFET 2N SN ZREL £,

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

2. 7= T 7ANUADTFTP7 O R 2R L £,

> tftp localhost -c get /boot/grub2/grub.cfg /tmp/test-grub.cfg

3. IVA=F T F7AINANDHTTPV V2 R%ZTALLET,

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

4, 77 MIINT O RIECFRBIEZHESRL X,

> 1s -la /srv/tftpboot/boot/images/SLES-16.0/*/

5. BEICIG U THERZIEIEL 95
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> sudochmod -R 644 /srv/tftpboot/boot/images/
> sudofind /srv/tftpboot/boot/images/ -type d -exec chmod 755 {} \;

6. YRV I UVINENTULRWVWI CZREEEL X T,

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

6.7.4 EFI7— kDK

EFIELU0EF 277 —bOBREICED, T—rO-FHBELLLHEL TN ED 57D, 585

ICKBLIED T e HBDET,
FIE 14: EFI T — k ORIFEDZER
1. EFa77— b7 7MUDERET B ZHRLEFT

> 1s -la /srv/tftpboot/boot/grub2/x86 64-efi/*.efi

TNTWB e zmEELE T,
> file /srv/tftpboot/boot/grub2/x86_64-efi/bootx64.efi

3. EFID 71 ILOESE 2R L £ 9,

> sha256sum /srv/tftpboot/boot/grub2/x86_64-efi/*.efi

4, 77D TFTPEATTY VL AN ESHZTA M LET,

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

5. aarch64> X7 LDIFE. ARMG4EFI7 71 L= FESEL £ 95
> 1s -la /srv/tftpboot/boot/grub2/armé64-efi/*.efi
6. DHCPERETIELW I — FO—FDNZADREINTVWBE C cZMHEELF T,

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

BEIE-LXY,
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> sudocp -v /mnt/EFI/BOOT/*.efi /srv/tftpboot/boot/grub2/x86_64-efi/

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

6.7.5 XZa—I>hkUHO—REINEL

GRUB2A O—RTEINH. XZa—IVhUDKKLIED, IT5—HRREINED T35
&, BBIZZHERY 7 77ILBRBICEAELTWVWE ZEHZWVWTT,

FIE15: X=2—T Y FJICRET 3MBEDOT N Y
1. XZ2—REBXZTAMLET,

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

2. XZa—IYRUICTFNyITHDEEMLET,

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

3. BHERDNELEREELTVWS 2R L 9

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

echo "arch = ${arch}"

echo "images = ${images}"

echo "ipcfg = ${ipcfg}"

sleep 5

}
EOF

4, FBRRILLIAZ2a—TIF)TTRARLET,

> sudocat > /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. TAMXZa—Zz—BMNICO—-FLET,

> sudosed -i 's|source "${prefix}/menu.cfg"|source "${prefix}/simple-menu.cfg"|"' /
srv/tftpboot/boot/grub2/grub.cfg
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6. TAMER, TOXZa—ZETLET,

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

6.7.6 FEHOY OERL

KA ARBRBICOWVWTIE. SENAO072z8MICLT. 7— 7O+ XICET 2 FMRIEHR
=B L XY,

FIIg 16: GRUB 2D F/\v AT DERTE
1. XM YVEBEDTNYIN=2a 0 %=ERRLE T,

> sudocp /srv/tftpboot/boot/grub2/grub.cfg /srv/tftpboot/boot/grub2/grub.cfg.backup

2. BENBRT Ny THNZEML XY,

> sudocat > /srv/tftpboot/boot/grub2/debug.cfg << 'EOF'
# Debug configuration for GRUB troubleshooting

set debug=all

set pager=1l

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 " "

sleep 5

EOF

3. TN\VIREZXA VT 7AILICEDFT,

> sudosed -i 'li\source "${prefix}/debug.cfg"' /srv/tftpboot/boot/grub2/grub.cfg
4, 7— bRITHROTFTPOS ZEHL £,

> sudo journalctl -f -u tftp.socket

5. DHCPOY TPXEERZBEHRL £ 95

> sudo journalctl -f -u dhcpd

6. NI a—FTa2TD%. TNYITE—RZEMLE T,
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| > sudosed -i '/source "${prefix}\/debug.cfg"/d' /srv/tftpboot/boot/grub2/grub.cfg

6.8 RDRATvT
GRUB2EEICHRE LT 5. UTFOFIRICEL CeNTEET,

o T—hI7FANEAVR =S AV T UVERBT B LODHTTPETFTPH —E 2 DH

=

&
¢ PXEVSAT Y b EBEYRT— bO—HICHEET Z-ODDHCPH —E XDERTE
o =W kN—RITT7 LETOREHPXET—F7OECXDT X+

FHMABGRUB 2BRES X T Lld. FHREINTIPXERA> FU A OEBZREHE L. Hi—SNhir
VEITI—RZBLTHEBDT7—FTIFVvEA VR M—IILEATZYR—FLET,

7 PXEJ— FRATFTPOERTE

Dt U3 > TlE. SUSE Linux Enterprise Server 16.0-7 > X bk —JL@EIFIC
GRUB27—bhO—AREPXET— bV TOVERHTBELSICTFTIPH—E X %Z&
EI2HEEHBELET, ERDin. tftpd—/NE. dnsmasqh¥iRHt g 2K BTFTP
BEBEICDWTEREAL £ 95

7.1

TFTPIE. Ry b =0 J—=r O XFIIPXEZ AT MIT—bO—4T7 711
IR L £, SUSE Linux Enterprise Server 16.0(3. tftp/S\w —JICEENDIREK
Din.tftpdH—/NE. dnsmasqlciiEa SNI-TFTPREEED 2 DDTFTPH —NREZHR— ML
TWEY,

7.2 ZEH

o 1 VA R=ILEADtTtp/N Y —T Ffelddnsmasq/Ny T —TDOW\WT N
® /srv/tftpboot FICEBIEBENIPXET—FT7 7 1)L
° H—EXZHRET 3 -HDEBEERHE

37 SUSE Linux Enterprise Server 16.0 COPXET — b —/\NDRE



7.3 intftpdY —/\NDEEE
in. tftpd# — /NI, BET 71 JL/etc/sysconfig/tftpZ AL T TFTPL—hF1 L b
U BEUF—NF T3 v EEELET

FI|E 17: INTFTPD TFTPH —N\DRE
1. 77> 3> T TFIPA 72 a > ZREL TEHEAOJI ZEMICLE T,
> sudosed -i 's/~TFTP_OPTIONS=.*/TFTP_OPTIONS="-v"/' /etc/sysconfig/tftp

VAT EFERITBZ . TFIPRBETERESN-7 7MIILB%EZ R T 22O DM
OJhB\MCED £,

2. TFTPH—ERZBMICL THIEL £ 9,

> sudosystemctl enable --now tftp.service

7.4 dnsmasq TFTPH—/\DRE

dnsmasqld. /srv/tftpbootT+ LU b ZERATAELSICBEMESIURETETS. HHAHA
HDTFTPH —NZERMEL £95

ZFII§ 18: DNSMASQ TFTPHEEDERE
1. TFTPERE 7 71 IL=EVER L £ 95

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

tftp-root=/srv/tftpboot

EOF

2. dnsmasqtF—EXZBMC L THBL F I,

> sudosystemctl enable --now dnsmasq

7.5 TFTPERE DIEEE
TFTPH—/NND#EE T AL, PXEZZA TV MIT77MII 2iRHTETR3 e 28 L X
ER

FIE 19: TFTPHY —/N\HEgED T X b

1. TR T 7L =B L £ 95
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> echo "test file" | sudo tee /srv/tftpboot/test.txt

2. TFTPREATT A7 71 ILZBUEL T,

> tftp localhost -c get test.txt /tmp/tftp-test.txt
3. 77D ERBICEIE SN zRRBL T T,

> cat /tmp/tftp-test.txt
4, TR T 7ANZI)—=2T v T LET,

> sudorm /srv/tftpboot/test.txt /tmp/tftp-test.txt

7.6 TFIPERED NS TN a—T1>J

PXE7 — FERIEBTTFTPH —E X ZHRTET IHEIC K < H B RHE,

76.1 R—FEEOTOY—EXDHE

in.tftpd & dnsmasqDMEAHTFTPH —E XIZUDPR— h69%ERT B /-8, ERICERTTSE
FtH A

FIiE 20: TFTPH —E X DR & DfifiR

1. TP —EXZHERLET,
> systemctl status tftp.service dnsmasq

2. R—brEOZFEHL TVWA Y —ERZREZELET,
> ss -ulnp | grep :69

3. MBI 3H—EXEEIEL £ (dnsmasqdD ).

> sudosystemctl stop dnsmasq

4, BETBTFTIPY—EXRZHBLE T,

> sudosystemctl start tftp.service
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762 TFTPT« L7 K~ DRRE

TFTPIL— b, T4 LI FUADT IV RICEELH D . T 71 ILIBEITHIFENDZZ HH
nDXxJ,

FIE 21: TFTPTr L 7 b JBREDFER

1. intftpdTFTPF« LU M UREZHERL £7,
> grep TFTP_DIRECTORY /etc/sysconfig/tftp

2. dnsmasqDTFTPTr Lo M UREZHRL £95
> grep tftp-root /etc/dnsmasq.d/tftp.conf

3. TA LU MIUNEETIHNESH ZHERLEFT,
> 1s -la /srv/tftpboot/

4, T4 LI MUDFEELBWVSEIE. To LI MUZERLE T,

> sudomkdir -p /srv/tftpboot

7.6.3 TFTPOZ DEIME
FHOJ . TFTPERXTD I 7 AN T7 VL ADMEZRE T DDIRILE T,
FIE 22: TFTPEHIO T DBERHE
1. REDTFTPA > 3> zMEEL £,
> grep TFTP_OPTIONS /etc/sysconfig/tftp
2. FFiOJZzBMILEF D,

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

3. TFTPY—EXZzBEFHL £75

> sudosystemctl restart tftp.service

4, TFTPOJ Z2EHEHL £ 95

> journalctl -u tftp.service -f
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1.7 RORXTvF

TFTPZRELTS. A1 YRA =T 71 2RRETBHTTPY—ERE. PXEV ATV %
BT — bO—HICHEET BT DDHCPH —ERDREICEL ZENTET X,

8 HTTPECERE DnginxDEETE

DI a3V TIE. PXEJ— OV T2V ZHTTPERA TR 5 & S lcnginxz
RELT. 507> D A—=IL. initrd. squashfs1 X—=JHREDA VX k—
ZI77AINERROBFANSO—RTEBRLSICTEHEZHAL £, HTTP
fEIF. REAT7IILDBEIC. TFTIPEDHENLNT +—T > X & RM

L. SUSE Linux Enterprise Server 16.0 Agama® - > X b —JLIZHRE T,

8.1

nginxI&PXET — RRIBEOHTTPH —/N& L THBEL . WebR—XDEEZB LTIV R =3
T7ANADT I RERMELE T, HTTPH—NIFTFTPT—h T LI RV EA VR =)L
DR RUZEREAL. PXEZZAT7 Y b A—FRILA X—=2( initrd7 71 )L, Agama-+{ > X
=20 R—22 FZERDOTFTPFO R DL TIFRKHTTPRERATHA DV YO—RTES LD
ICLET,

8.2 Ef
o 1V RAM=ILBHDnginx/\y T —
e /srv/tftpboot/boot FICEIBIN/PXEJ—rT7 71l
° /srv/installU CHIARIEER A Y R b —JLURI ~ 1)

° NgiNXDREZZEEY 37O DEEERE

8.3 PXEZ7— MHDNEINXDERTE

nginXs&E I HTTPURLIBEHTTFTPT— T LI MU EA YR b—ILURD U ZRET
207—>a>YIAVF7RZE&LFT,
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F|lF 23: NGINX HTTPH —/\DFRE
1. ngiNXB&REZ7 71 I ZREL T T,
> sudovim /etc/nginx/nginx.conf
2. httpEo> 3> T HTTPY—NTOv o %% ELE T,

> sudocat > /etc/nginx/nginx.conf << 'EOF'

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 {
worker connections 1024;

EOF

42 SUSE Linux Enterprise Server 16.0 CDPXET — b —/\dD

Kd
it



3. NgINXEREBX =T AMLET,

> sudonginx -t

4, nginx—EXZBMICL THBLE T,

> sudosystemctl enable --now nginx.service

8.4 nginxxs%E DIRELE

HTTP —NOKEEZ T A L. PXEJ— b7 7MIILEA YA =LAV TV I SAT Y
MIIRHETES ez LT,

FIIE 24: NGINX HTTPH—=NDF X +
1. 7= b7 7A4IADHTTP7 22X %= T AL ET,

> curl -I http://localhost/boot/

2. TVAM=INTa LI NIANDTIOECRZTAMLET,
> curl -I http://localhost/install/
3. FEDA VA= T774IIICT7 IV ECRTER =B LET,

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

8.5 nginGREDLZIIN>a—FTa4>7T
PXEZ — MHTTPEMEREICnginxZ 5RE T B MRIC & < H B RIRE,

8.5.1 EREWXIZ—
ngiNXDREBIAE L BV, H—EXDELBRERIFBEO— RINEL A
FIIE 25: NGINXEE ERIE D AFR

1. REBIXETAMLET,

> sudonginx -t
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2. EENCEKMLIZBEIE. nginxf—EXDRT—RXXAZHRLE T,

> systemctl status nginx.service

3. FHAIS—OJZRTLET,

> journalctl -u nginx.service -f

4, nginxOI>—OJ 771 IR LET,

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

852 TJ7AINTIEXEHERDERE

nginxIFMERMIEL < BWHN T LI FUBRRDODSBRWEHICT 71 ILORBICKET S
CEHBHBD ET,

FIE 26: 7 71 ILT 7 ZADREEDER

1. 7= rTa LI FIUDFEEL. 7O EIAEMNESHZHERLFXT,
> 1s -la /srv/tftpboot/boot/

2. TVRAb=ITo LI MIDEFEETEIHNESH ZHRLE T,
> 1s -la /srv/install/

3. nginxM 7o LY M) ZFAHADB e ZHRLET,
> sudo -u nginx ls /srv/tftpboot/boot/

4, BRETHNE. FELTWVWBTA LI bUZERRL T,

> sudomkdir -p /srv/install

5. WHILHERZRE L £

> sudochmod -R 755 /srv/tftpboot/boot /srv/install

853 WR—bNA2T12JDiHE
Dt —E XHHR— 80ZMEMR L TV BIBE. nginxDIEBICKEKT 3 Lh'BD £,
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FIE 27: R— F DFRE DR

1. R—r80ZFERALTWA T —EXZMHERLF T,
> ss -tlnp | grep :80

2. BETHNE. AT T —EXZFELELEFT,
> sudosystemctl stop apache2

3. nginx—EXZzRMIBLET,

> sudosystemctl start nginx.service

4. nginxhE— F80TURY LTWBC L ERRBLET,

> ss -tlnp | grep :80

86 XDATwvT

nginxZHTTPESERICRE LS. PXEZSA 7> b Z@EYRT— bO—H EHTTPUY —X
ICEEETBT-ODDHCP H—ERDREICEL N TEFT,

9 dnsmasqZz A L 7=DNSH—/NDEKE

_ Dt U 3> TldE. SUSE Linux Enterprise Server 16.0-f > X b—JL) Y —XIC
TOERATBPXED AT > MIKRA MAERZRIET 57-0IC. dnsmasqZzFEH
LTDNSH—EXRZHRET DA EZ#HAL £FJ. DNSEHEICELD. 517> M
7 — FURL®PDHCPERETIPTY RL ZDROD IR FaZEATES L SICHD
£,

9.1

DNSH—ERIZED. PXEZ AT > MMET—FURLR A VA =LY —XRDKER %R

RTEEXYT, DNSH—NDRLEHBHREIFCDORFa XY NOFLHEANTIN. COto>3>T

Lat\ 9547 EHPXEY —/NDHRR L& (PXE.EXAMPLE.NET)ZIP7 RL RICEERTE 3 LS
IC9 3. dnsmasqZzfEf L 7cBEARRIZRDNSHEICDOWTEHAL £75
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DNSEREI R UWIHE. 7 — MURLIZhttp://192.168.1.200/http://
[2001:db8:0:1::2001/D&SRIPF7 KL RZBERER T Z2HEHNH D £9, BIOS/UEFI
T7—LUTT7DREIZCL>TIE. DHCPTFTPURLOKRR h&EHR—LLTES
9. tftp://[2001:db8:0:1::200]/DKDRIPT RLRZHEBLTEHDHHD XY,

92 Zff

o 1A M—=I)LiEHDdnsmasq/\v T —
o PXEYr—NRBICERESINT-F#BNIPTRL X

e DNSH—ERXR%ZERET 3D DEBEIFIE

9.3 dnsmasq DNSH—E XDKE

dnsmasq DNSEEEIFO—HIL KRR b OAFIBRZIRE L. ALITVICIE Ty TR —L4

F—LT—NZFERLXY,
F|I§ 28: DNSMASQ DNSH—/\D:EE
1. dnsmasqFADDNSERE 7 71 ILZER L £,

> sudocat > /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

# 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

domain=EXAMPLE.NET,192.168.1.0/24,local
domain=EXAMPLE.NET,2001:db8:0:1::/64,local
EOF
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2. AT LDhosts7 7 ILICRAMZDI M) ZEBMLE T,
> sudocat >> /etc/hosts << 'EOF'
192.168.1.200 PXE.EXAMPLE.NET

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

3. dnsmasqDEREZT AL FT,

> sudodnsmasq --test

4, dnsmasqP—EXZBMICL THBL X,

> sudosystemctl enable --now dnsmasq

Q) 3 DNSEEDENE
T 7 # )L b TlE. dnsmasqld/etc/resolv.confOR—LHY—NZ2T+T7—R & L TEHE
FL. /etc/hostsh'5L A—FZRHL I T, CNUISKD. PXEY—/NIE. SAEERZX b
BEBRLABN S, PXEBIEY —ERICO—AIILERZRETETET,

9.4 DNSEZE DIRAE

DNSH—/NDHEEZ T A L. PXEZSA T2 FDRRA NGEREANERET 3 e ZREEALE
ER

FIE 29: DNSH—/\#HEED T X b
1. IPVARR hBfERET AR L&D,

> nslookup PXE.EXAMPLE.NET localhost

2. IPV6RR M RERET AL LET,

> nslookup PXE.EXAMPLE.NET localhost | grep 2001:db8

3. IPVADDNSE5|EZ2T X ML F T,

> nslookup 192.168.1.200 localhost

4. NESDNSEEN EX/EHBEL TWA e 2SR L X

> nslookup google.com localhost
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9.5 DNSERED LTIV a—FTa 2T
PXEIRIE TDNSH —E X BICdnsmasq%x RE T D RIC & < & 3 RERE,

951 RELY—EXDMRE
dnsmasqid. RELZ—PR— bOHRENERTEIICKEMTEZIENHD £7,
FlE 30: DNSERE DA DAER
1. dnsmasq&REEBXZT A ML E T,
> sudodnsmasq --test
2. dnsmasqtF—E ZDREEZHEEL £,
> systemctl status dnsmasq
3. DNSAR—K53ZERALTVWR T —EXZHRL X7,

> ss -ulnp | grep :53

4, dnsmasqDOJ TIS>—%=MAL £7,

> journalctl -u dnsmasq -f

5. %EBTHNL. BHEITBDNSH—ERZEFELELE T,

> sudosystemctl stop systemd-resolved

9.5.2 KA MABERDKK
DNST T U(F. BROTZRRERRAMEIY FDORENERTERTZ B 7,
FiE 31: DNSHZRDR-EDESH
1. hosts7 7M1 ILICRA REDITY FUDGFEETEIHESHZHERLE T,
> grep PXE.EXAMPLE.NET /etc/hosts
2. dnsmasq T R X1 VEREEZHERLE T,

> grep domain= /etc/dnsmasq.d/dns.conf

3. FHEATDNSTUETFRNLET,
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> dig @localhost PXE.EXAMPLE.NET

4, dnsmasqD o7 T OV #BELF I,

> journalctl -u dnsmasq | grep "query"

5. dnsmasqzBiEs L TREZHO—FLE T,

> sudosystemctl restart dnsmasq

9.5.3 DNSERIXDfERE

Ty TR —=LX—LY—NORENEL L BRWVIFEE. NEDNSTTUHKRET B eh
HOET,

FIE 32: DNSEXICE T ZMED S TN a—To v
1. 7Y 7R —LRX—LY—NDREZHEL T
> cat /etc/resolv.conf
2. TV TRAM)—LR—LTF =N OEHIIVZTZIFLET

> nslookup google.com 8.8.8.8

3. dnsmasqDERXHRE =R L £,

> grep -E "server=|no-resolv" /etc/dnsmasq.d/dns.conf
4, BREIZGL T HEDT Y TR M —LR—LY—NEZEBMLF T,
> sudoecho "server=8.8.8.8" >> /etc/dnsmasq.d/dns.conf

5. dnsmasqty —E Xz HBicg L £ 95

> sudosystemctl restart dnsmasq

96 XDRATwvS

DNSH—EXNHBEINIDT. PXEZSA TV Hz,t7 RURL® A VX =LY —XAD
RAMRZEBRTEDELESICHEDE L e 795047 FREDT=DICDNSH —NEEB T3
DHCPH—EXDEREICHEL ZENTEFET,
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10 chronyZzfERAL7ENTPH—/\NDETE

Dt U3 > TlE. SUSE Linux Enterprise Server 16.0D - > X k—JLHIZPXE
547> MIERBERZIERZIRM T 57HIC. chronyZ AL TNTPH—E

AZRET BHEZHAL X T, BUYLBRKIEHRIZ. Ry FT—IR—=XDA1 X
M —ILEFDIERAZ DRI & X T LAJICARAR T,

10.1 #E

NTPH—ERIZ. XY NT—0A VTSRS IF v 2EOERLBEZREZREL £

To PXET — RMRIETIE. HTTPSEFRFOIEAZEDREE. BYIBOJT DR A LRARZV T &
SUFABINO AT LREDOROIC. BRUORPIFBHO TEETY, COEI>a>T
. chronyZ AL 7BEERKMENTPH —NDOHREICDOWVWTEAL £,

10.2 EH
o /YA R=ILEADchrony/N\yir—
> sudozypper install chrony
o 7Y AR —=LNTPH—=NADIRY kT — Tk
°* NTPH—ERZRET 3D DEEERIE

10.3 chrony NTPH—E X DEE

chrony—EXIF. Py 7R M) =LY —N\ANOB&EZIEHE. Ry NT—00547>
fADOO—HILEZIR e Z B X IENTPHBEZIRE L £95

ZFIE 33: chrony NTPH—NDERE

o chrony—EXZBMICLTHIBLET,

> sudosystemctl enable --now chronyd.service

10.4 NTPERE DIKEE
NTPH —E X DMEEE 7 X b L. BRIEMHEL BT 5 L e BRLE Y,
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FIiE 34: NTPH —/\iEED T X b

1. chronyth—E XDIKREZHEFEL £,
> systemctl status chronyd.service

2. REDOKLIEHA T —R2 XA ZRRLE T,
> chronyc tracking

3. RESNLNTPY —XZ—EBRRLET,
> chronyc sources

4, NTPH —N\isHBEHR 2 R L £ 9,

> chronyc sourcestats

10.5 NTPERED S ITINSa—FTa>F
PXEEIE TNTPHY —E XBICchronyZRE T BRIC L < H B REE,

10.5.1 Y —EXDicEHDMEE

chronyf —EZXDRBEI S —PRy hT—JFEHGORMBICEDEFHTETREVWI EAHD F
ED

FIiE 35: NTPH — E X DRI-EDAZR

1. chrony—EXDREE O =ML £,
> systemctl status chronyd.service

2. B —EXOJZRRLEFT,

> journalctl -u chronyd.service -f

3. chronyf&E%ZTXAMLZE T,

> sudochronyd -Q

4, HEIISLTY—EXZBEHL T,

> sudosystemctl restart chronyd.service

51 SUSE Linux Enterprise Server 16.0 COPXET — b —/\NDRE



10.5.2 BFZIEHEAD KK

2y bT = DEEPHY —NDREHNEL BV, FZIFRHRICKB T HD X
ED

FIE 36: BZIFHADRIE D2 R
1. BEOKLIERRA T -2 X 2B L 9,

> chronyc tracking

2. NTPY —XD#E#HiMEZRTLE T,

> chronyc sources -v

3. BEsEHAZ EHIRITL X9

> sudochronyc makestep

4, SRATLOERIZN—RD 7Oy EBELED,

> timedatectl status

5. NTPH—N\ADxy bT—U&zHEER L £,

> chronyc activity

1053 T7A470x—)lexy O —UDMERE

NTPES 71w IB T 747 0x—ILIL—I)Lil&>TTAOv 7SN, BLIEEADTIFS5NB C
ERHBOD T,

FIE 37: NTPF v b7 — BB ORER

1. 771477 4—)LTNTPR— rABVWTWVWEHEERL £
> firewall-cmd --list-services | grep ntp

2. BEIIISCTNTPH—ERE T 74 74— )LICBIIL £ 7,
> sudofirewall-cmd --permanent --add-service=ntp

3. 77AT7 U A—IIEREZBO-FLE T,

> sudofirewall-cmd --reload
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4, NTPEGIZFETTAMLED,

> ntpdate -q pool.ntp.org

5. chrony’R— FDFERRRZHEEEL £75

> ss -ulnp | grep :123

106 XODRTv T

NTPH—EZXDREINS. PXEH—NETSA T MIEERBZIESHE#ELE T,
nicEb, XY b T—=IOR—=ZDA VX M= )LEIC. BYILIBBEDRIES KUVFEEI NS
AT LERAIERINE T,

11 IPv6IL—RLEDEE

CDEI>a>Tld PXEZZA 7Y MIBYIRIIL—RILEERET 270

ISy IPVOIL—RLEHEERRTE T D AEICDODWVWTERAAL £9, IPv6 RAIZ. SUSE
Linux Enterprise Server 16.0-1 > X b —=JLICEWVWT. IPVeIL—T 1 VIREL X
7— hZ7JLDHCPV6T R L ZDBEEREZATREIC L 55

11.1 #=&

IPv6IL—RILE(RA)IE. IPV6IL—T 1 > DHCPV6 7 R L XBEIRER Y. PXEZSA T YV
MIRRIRBRY FTD—OREBBREZRBLET, COEIT 3> TIE. IPBIL—E2H, Ry
FO—=28T T4 EMIL—FADIPVOIL—T 4 VT RBET D120 DBEYRIL—RLE xR
L. AdvManagedFlag onZ{ER L TXT— kZ7JLDHCPV6 7 KL XBEREZEMICT S LS
ICRETNTVWBA L ZERIIBELTVET,

11.2 EH&
° 1A M=ILEADradvd/Ny T —2
o H—NA2VETT—RDIPV6RY T —DKE
o L—RLEEY—ERZHRET 37D DEEEFHE
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11.3

IPV6IL—RLEEDT=DradvdDERTE

radvdtr—E Xld. /etc/radvd.conf CEZRINIHREZFER L TIPv6)L—RLE#EEE% 121

L&Y

ZFI[E 38: radvd IPV6JL—R[LEDRE
1. radvd—EXEZRELF T,

> sudocat > /etc/radvd.conf << 'EOF'

interface enol

{
# radvd options
IgnoreIfMissing on;

missed
AdvSendAdvert on;

disabled

# Configuration settings

AdvManagedFlag on;
DHCPv6

AdvOtherConfigFlag off;
SLAAC

AdvDefaultLifetime 1800;
1800sec

prefix 2001:db8:0:1::/64
prefix
{
AdvAutonomous off;
AdvValidLifetime 7200;
AdvPreferredLifetime 3600;
V3
1
EOF

> sudosystemctl enable --now radvd

2a

11.4 IPV6IL— R [LEDHE

atuh

2. radvdb—EXZBMICLTHIBLE Y,

Do not fail and exit when interface is

Sending RAs on the interface is not

Request IPv6 address and dns options via

Request only dns info via DHCPv6, IP via

Add default route via this router for

Add direct route for this local network/

Assign IPv6 address via SLAAC

IPv6 RADIREZ T X kL. BY)RRE CEF=HRL 95
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FIlg 39: IPV6IL—RLEEZEDT R +

1. radvdb—EXDOREZHEEL FJ,
> systemctl status radvd

2. ravdumpZ {8 L CTIPv6 RASREZXFESRL £ 9,
> radvdump

radvdumpLl—F« J T (3. BD T CICIPVEIL—RH 5IX(E TN BIPv6 RASRE Z R
LEd,

11.5 JL—ZXZEBED - DIPEREDERTE

PXEH—N\DIL—RE L THERET D351 Y ATLDIL—FDEE|TEETETDLS
IC. IPEREXZBMICTINRELHD £,

F|IE 40: PXEY—/\TIPELXZEMWICT S

1. XY NID—UHBET 71 IL=Z1ERR L £95

> sudocat > /etc/sysctl.d/90-network.conf << 'EOF'
# This machine is a router

net.ipv4.conf.all.forwarding
net.ipv6.conf.all.forwarding

1
1

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

2. *Y b —UREZBRLET,

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

Q iFEL—2REICET I EEREE
IW—RIET 7 A ET. KX NEEBHREDOHDIPV6 RAZAMIBL XA, IL—2D
Ty IO A2RT T —XTIPV6 RAZRZITANDBICIE. accept_ra = 2 sysctlfRiE
NURBETY, 77170 +—ILORAEPLZOMOMRELRFIER Y. IL—ZREDFHEMIC
DVWTIE. TEEBHAR] @ TRy hI—U8&EL] €723 2BRLTIETL,
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11.6 IPVOIL—RILED S TN a—FTa>J

PXEIRIZTIPVOIL— R LEZRE T BFICK < 2 &,

11.6.1 radvd—E XDOR&E

BELZ7—PA YR T T—RADBBICED. radvdP—EXDBIWTERWVWIEDHBD F75

FIE 41: radvd Y —E X DRIEDAER
1. radvd—EXDREr OISR L £,

> systemctl status radvd

2. BT —EXOJTZRRLET,

> journalctl -u radvd -f

3. radvdiEDEXZTAMLE T,

> sudoradvd -C /etc/radvd.conf

> ip link show enol

5. REZMEELIE. Y—EXZzBEHLI T,

> sudosystemctl restart radvd

11.6.2 |IPEmXERTE DIERE

IPERESREDNEL K BVWE. IL—ZDELKKBELEBCBBZIEDBD X,

FIE 42: IPERE DR ED SR
1. HEDIPIXR T — R X 2B L 9,

> sysctl net.ipv4.conf.all.forwarding

2. IPVEDERER T —R X2 MR L £ 9o

> sysctl net.ipv6.conf.all.forwarding
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3. sysctiFRE 7 7ML ZFEEE L £ 95
> cat /etc/sysctl.d/90-network.conf
4, ENELLBWVWSESIFREZEALE T,
> sudosysctl -p /etc/sysctl.d/90-network.conf

TV I A4 YR T T —XDaccept_raikE=HRL E T,

> sysctl net.ipv6.conf.uplink.accept_ra

11.6.3 IIL—FLEDREICET 5HEE

5472 bHIPVEIL—RILEZIEL K REXRLIFLETERVWEEGLH D 7,
FIE 43: RAZEICHI T 3MBQ L 5T N2 a—F1 27

1. ravdumpZz AL TIL—RIAEZHERLE T,

> radvdump -d

2. VATV RDIPV6A >R T T —ADREZHRL £,
> ip -6 addr show

3. VA7V RDIPVOIL—T 4 I T—T I =R L £,
> ip -6 route show

4, L= \DIPVeERiET AN LET,
> ping6 2001:db8:0:1::1

. |CMPV6®77’( '72'_)1/“/ }L%Emb\bijo

v

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

117 RORTv T

IPVEIL—RILEDRESND & PXETZ 17 > MIBYIRIPV6R Y b T —UREZRITED
CENTEEY, THUICED. XY FT—IR=ZDA > X b— )L TDHCPV6H¥EE & IPV6IE:
HNEMCBD XD,
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12 dnsmasqZz{#EMH L 7=DHCPHY —/N\D&RE

_ Dt Y3 > TlE. SUSE Linux Enterprise Server 16.0-1 > X b—JLICx® vy k
J—OFRECPXET — MERZIRM T 271, dnsmasq%EHA L TDHCPH—E
AERETDHEZHBEL £9, dnsmasq DHCPH —/NIE. I R—XDEREEE
FAL T. UEFIZBIOST — FM&BEZ FDIPVAL IPVEDT A DPXEY 541 7> k&
R—brLZETS

12.1 #H=E

dnsmasq DHCPH —/Nid. RIR—ZXDL AT LEZFRALTPXEZ 17> MRy T —
IRECT— R I7 70 IIBREZIRHL. 751470014 TFEZRBREL. BYRT—FO—
AERELET, TDHREIX. DHCPv4 X DHCPV6TENES B PXEClient HTTPClientd A
D—HEHR—bEL. BHOT7—FT I FvICHO=BUEFIZBIOSY AT LEHTD T — %
AEelc L £,

@O == dnsmasqic &3 BHTTPClientD#IFREE

dnsmasq/N\—< 3 >2.90L AT Tld. HTTPClientfZREDDHCPV6 T 51 7> hAD
vendor-class option6:16 DiRZEZHR— kL TWEHE A, HTTPClientZ =& ICHR—
b9 3ICIE. KeaX 7lXISCDHCPH —NDEHREZEET L TSI L,

122 EH
o 1A M—=)LiEHDdnsmasq/\y 75—
® /srv/tftpboot FICEYICEIBINIPXET—FT7 71l
°* DHCPH—EXBICKRESNIcRY hT—IA VBT T —2R

* DHCPH —E X ZRE I 5 IO DEEEE

12.3 dnsmasq DHCPH—E XDE&RE

dnsmasq DHCPEREICIE. IPVALIPVEDEADHY FT—TIZHT BI04 T2 R RATD
—H. Xy bT—0FEHE. T—rI77MIILOEIDETHEENET,
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F|I§ 44: DNSMASQ DHCPH —/\DERE
1. dnsmasqADDHCPERE 7 7 1 ILZER L £ 9%

> sudocat > /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

# 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. IPVADHCPOEE e A T a>zRELF T,

> sudocat >> /etc/dnsmasq.d/dhcp.conf << 'EOF'

# IPv4 range and options
dhcp-range=set:netdv4,192.168.1.100,192.168.1.199,255.255.255.0, 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
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3. IPVAPXETZ—bA T3 R ELE T,
> sudocat >> /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:net0Ov4, 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/arm64-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:netbv4,tag:http uefi x86 64,http://192.168.1.200/boot/grub2/x86 64-
efi/bootx64.efi
dhcp-option-force=tag:net0Ov4,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/arm64-efi/
bootaab4.efi

EOF

4, IPv6 DHCPOEFE A 7> a &R ELE T,
> sudocat >> /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. IPV6 PXET— b A 7> 3> ZH/ELEF T,
> sudocat >> /etc/dnsmasq.d/dhcp.conf << 'EOF'

# 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/arm64-efi/bootaabd.efi

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

Kd
it
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EOF

6. dnsmasqDFEEZT A~ LF T,

> sudodnsmasq --test

7. dnsmasqtF—EXZBMICL THBL F I,

> sudosystemctl enable --now dnsmasq

12.4 DHCP&ERE DIKEE

DHCPH—NDO#EEE T XA M L. BUYIRXR Y N —IFREEPXEVSA T RADT—LT 7
TIVEEZHERL X9,

F|I§ 45: DNSMASQ DHCPH—/\DF X b

1. dnsmasqtt—E ZDREZHEFEL £ 95
> systemctl status dnsmasq

2. DHCPR—bNA VT VMR LEF T,
> ss -ulnp | grep :67

3. DHCPU—XDEIO HTZERL T,
> journalctl -u dnsmasq -f

4, 7T+« T7DHCP — X Z L ¥ 95

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

12.5 dnsmasqDHCPERED CZTIN>a—TFTa >
PXEERIZECTDHCPH —E XFICdnsmasq%x sRE$ 3 MEIC & < H B RIE,

1251 H—EXDEFHCHREICET BHEE

dnsmasqld. FRELZ—PHODDHCPH —E R DR— FDRMEHNREE TEEIKKT S
ERHBD £,
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F|I§ 46: DNSMASQ DHCPH —E X DRIREAD AR
1. dnsmasqsREBXZT A ML E T,

> sudodnsmasq --test

2. DHCPR— h D= L £ 75

> ss -ulnp | grep :67

3. BB I BDHCPH —EXZFLEL T,

> sudosystemctl stop dhcpd

4, FHBY—EIOJZRTLET,

> journalctl -u dnsmasq -f

5. e DEREICdnsmasqz BiLE L £ 95

> sudosystemctl restart dnsmasq

12.5.2 DHCPY—XEID HTORIE

I547 > M EERECRY T —IFGOMEICED. IPPRLAZRETERVIL
rHD £,

FI|IE 47: DHCPY — X DEIEEDEER
1. DHCPEIFEIREZ I L £ 95

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

2. DHCPERZ ) F7IL A1 LTERLET,

> journalctl -u dnsmasq -f | grep DHCP

3. RYRT—=0A VBT I —RADRAT— R AR L T,

> ip addr show

4, DHCPHE[RERE =R L £ 95

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

62 SUSE Linux Enterprise Server 16.0 COPXET — b —/\NDRE



5. dhcping TDHCPIGZEZ T X ML £ 75

> dhcping -s 192.168.1.200

1253 PXET7— b7 71 ILOEEICEETY 5 &

PXEZSAT > ME. T—hI77MILDRENELLBVD. 5172 b RATO—HICH
BLHBH. IPTRLRAZRETETHT—MIKBIBZ DB FT,

FIE 48: PXET— FRED M F TN a—FTa 2T
1. 7747V bORUEA TS AD—HZMHEIEL T,
> grep dhcp-vendorclass /etc/dnsmasq.d/dhcp.conf
2. 7= hI77AMINDONIZHERL T,
> grep dhcp-boot /etc/dnsmasq.d/dhcp.conf

3. 7= b I 7AINUADTFIP7 V2 R%ZT AL ET,

> tftp 192.168.1.200 -c get /boot/grub2/x86_64-efi/bootx64.efi

. PXEEREDODHCPOJ/ ZE&EHR L F£7,

S

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

5. AJTRIDEID HTzmERL £,

> journalctl -u dnsmasq | grep "tags:"

12.5.4 |Pv6 DHCPERE DA

IPv6 DHCPY 54 7 > MIBYI BRI —RLEREZHVEE L. IPVACIZELRZ 7 RL AEBEE
HHHBBEDHD £,

=F|[E 49: IPV6 DHCPDRIZED &R
1. IPv6 DHCPEERHIER E = FEEE L £ 95

> grep "2001:db8" /etc/dnsmasq.d/dhcp.conf

2. IPVOIL—BRLERT—2 A =MHR L £,
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> systemctl status radvd

3. DHCPV6ERZEHL £,

> journalctl -u dnsmasq | grep "DHCPv6"

4, IPveEERiZET AR LE T,

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

5. IPV6A 7> a3 DR EEHERLE T,

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

126 RODRTv T

dnsmasq DHCPH —E X %ERET B &« PXEY T4 7> MMIIPVALIPVeD A DERIFED %y
D—JREET— R I 7AIBEREZSETEET, FIR—ADIRATLIF. 951472 LD
T—FT0Fv e —bAEDEHICEDE, LT 770D YHTHEIEHLE T,

13 KeaZzfEH L 7=DHCPH —/\DHTE

_ Dt Y3 > TlE. SUSE Linux Enterprise Server 16.0-1 > X b—JLICx® vy k
D—UHRTELEPXET — MEHRZIRM T B7=0IC. KeaZzEFH L TDHCPH—E X%
RETDAHLEZHALEX T, Keald. PXEBKLUHTTPT—r2FUFICHEWVWT, &
AT NS A—BEREEERR . IPVALIPV6DEA%Z W R— T 2&FDDHCP
B —/N\TT,

13.1 #=

Keald. LA ISCDHCPH —/N\D#EM L L TISCHRAF L BFHDDHCPH—/N\TY, 7540
TFORDT—FT7O0F v T —FHAEICEDODVWTEYART -7 71 IILOEEZFEEICT S Y
SA7 Y MO iEEE% 52 . DHCPv4 X DHCPV6D A ZBRE|IZHR— ML E T, KealdJSON
R—ZADBRET 7L EFEHAL. HTTPT— rDR VA IS IHBRD & S BB ERKEER H
R—FLTWVWET,
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13.2 Eff

o A r—=)LENTKea DHCP/\v 7 —< (kea-dhcp4 & kea-dhcp6)
® /srv/tftpboot FICEYICEIBINIPXET—Fr 771l

* DHCPH—EXRRICHRESNIcRY b T—0 122 T 11—

* DHCPHY —ERXZRTET 5 1O DEEERE

13.3 Kea DHCPv4t —/\DHRTE

Kea DHCPVAEREIZ. 75147V ISR ZERBLTPXECHTTPO A 7> hDRA T%EE
Bl. TEIFEBT—FTIOFVICBELIET— b7 7ML ZRHELED

F|IE 50: KEA DHCPV4H — ND&RE

1. Kea DHCPV4H —N\%EEREL £,

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

"enol"
]
o
"control-socket": {
"socket-type": "unix",
"socket-name": "/tmp/kead-ctrl-socket"
}

"lease-database": {
"type": "memfile",
"persist": true,
"name": "/var/lib/kea/dhcp4.leases",
"Ifc-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

o

"renew-timer": 1800,

"rebind-timer": 3150,

"valid-lifetime": 3600,
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"option-data": [],
"client-classes": [

{

}
] ’

"name": "pxeclients#00000",

"test": "substring(option[60].hex,0,20) == 'PXEClient:Arch:00000'",
"next-server": "192.168.1.200",

"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/arm64-efi/bootaabsd.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.

"option-data": [
{
"name": "vendor-class-identifier",
"data": "HTTPClient"

"name": "httpclients#00019",
"test": "substring(option[60].hex,0,21) == 'HTTPClient:Arch:00019'",
"boot-file-name": "http://192.168.1.200/boot/grub2/armé4-efi/bootaabs
"option-data": [
{
"name": "vendor-class-identifier",
"data": "HTTPClient"

"subnetd4": [

{
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"id": 1'

"subnet": "192.168.1.0/24",

"pools": [
{
"pool": "192.168.1.100 - 192.168.1.199"
}
e
"option-data": [
{
"name": "routers",
"data": "192.168.1.1"
o
{
"name": "ntp-servers",
"data": "192.168.1.1"
o
{
"name": "domain-name-servers",
"data": "192.168.1.200"
1
{
"name": "domain-search",
"data": "example.net"
}
I,
"reservations": []
}
o
"loggers": [
{
"name": "kea-dhcp4",
"output-options": [
{
"output": "/var/log/kea/dhcp4.log"
}
U5
"severity": "INFO",
"debuglevel": 0
}
1
)
}
EOF

2. KeaOJ T« Lo M) %ZEERL X,

> sudomkdir -p /var/log/kea

3. KeaDHCPVAEREZ T A ML X9
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> sudokea-dhcp4 -t /etc/kea/kea-dhcp4.conf

4, Kea DHCPV4t —EXZ=BMIC L TR L £ 95

> sudosystemctl enable --now kea-dhcp4

13.4 Kea DHCPv6H—/\DHTE

Kea DHCPVEREIF. BHRBISA TV T—FTIFVvDRY A IS AD—HZFERAL
T IPV67 RLREIDHTE, T—hI771ILIERZREL T T,

=F|IE 51: KEA DHCPV6H — /\DRE
1. Kea DHCPv6eH—N\%EREL £,

> sudocat > /etc/kea/kea-dhcp6.conf << 'EOF'
{
"Dhcp6": {
"interfaces-config": {
"interfaces": [

"enol"
]
o
"control-socket": {
"socket-type": "unix",
"socket-name": "/tmp/kea6-ctrl-socket"
1

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

Vo

"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": [],

"option-def": [],
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"client-classes": [
{

"name": "pxeclients#00000",

"test": "substring(option[16].hex,6,20) == 'PXEClient:Arch:00000'",

"option-data": [

{

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

"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/arm64-efi/bootaabs.efi"

}
Iy
"subnet6": [
{
"id": 1,
"subnet": "2001:db8:0:1::/64",
"interface": "enol",
"pools": [
{
"pool": "2001:db8:0:1:d::/112"
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}
]I

"option-data": [

{
"name": "sntp-servers",
"data": "2001:db8:0:1::1"
1
{
"name": "dns-servers",
"data": "2001:db8:0:1::200"
o
{
"name": "domain-search",
"data": "example.net"
}
Iz
"reservations": []
}
1o
"loggers": [
{
"name": "kea-dhcp6",
"output-options": [
{
"output": "/var/log/kea/dhcp6.log"
}

s
"severity": "INFO",
"debuglevel": 0
}
|
}

}
EOF

2. Kea DHCPV6EREZT A ML X T,

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

3. KeaDHCPV6H —E X% BZICL THBL £ 95

> sudosystemctl enable --now kea-dhcp6

13.5 Kea DHCPERE D&

Kea DHCPH —/N\D#EEE T X M L. BUIRRY N T—URECPXEZSA T bADT—
T771IVEEEERL £9,
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FIi§ 52: KEADHCPH —/\DF X +

1. Kea DHCPv4H —E X DIREEERESE L £
> systemctl status kea-dhcp4

2. Kea DHCPV6H —E X DIREZXFESRL £ 9,
> systemctl status kea-dhcp6

3. DHCPR—MNA > T4 VT =R L £75
> ss -ulnp | grep -E ":67]|:547"

4, DHCPVADOOJ ZEH L £,

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

5. DHCPv6eDOJ =B L £ 95

> tail -f /var/log/kea/dhcp6.log

6. 7T« J7RDHCP) —RZWEERL ¥ 7,

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

13.6 KeaDHCPERED S TN a—T1 >0

PXEZ — hERIETKea DHCPH —N\ZRE T D MRIC & < H B RE,

13.6.1 HRELY—EXDMERE

JSONEBREIS—RRY FT—I4 VT T —RAOBREBICED. Keathr—E XD BB TEFAL

ZehHbxd,
FIE 53: KEASR ERIEDEER
1. DHCPVARRERBX =T A ML £,

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

2. DHCPV6EREBX 2T A ML E T,
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> sudokea-dhcp6 -t /etc/kea/kea-dhcp6.conf

3. JSONDEX TS —=AL X7,

> python3 -m json.tool /etc/kea/kea-dhcp4.conf
4, XY NT—D AR T —ADHKREZHER LTI,
> ip addr show enol

5. Keatt—EXOJ %2R L £ 95

> journalctl -u kea-dhcp4 -f

13.6.2 DHCP!U—XEIDHTORMEE
I3AT7 2 MME TRy PREPT—ILEBEDOREICE D, IPPRFLXAZZETETARVIL
HHhET,
FIlE 54: KEAY — X DRIEDESER
1. Y 7Ry b T IILOHREZHER LTI,
> grep -A 10 "subnet4\|pools" /etc/kea/kea-dhcp4.conf
2. V—ZADENIOETZIT7ILRALTERLET,
> tail -f /var/log/kea/dhcp4.log | grep -E "ALLOC|DISCOVER"
3. V—RTF—ER—-ZADHEZHIZLE T,
> cat /var/lib/kea/dhcp4.leases | tail -20
4, 1R TT—ANA VT TR LET,
> grep interfaces /etc/kea/kea-dhcp4.conf
5. BEICIGL T —RT—ER—=%ZI7VT7LFET,
> sudosystemctl stop kea-dhcp4

> sudomv /var/lib/kea/dhcp4.leases /var/lib/kea/dhcp4.leases.backup

> sudosystemctl start kea-dhcp4
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13.6.3 PXEZSA 7> IS5 AD—HDREE

PXEOSAT Y ME V547V IS ADREDHBICED. IPYRLAZRETETHIE
LW = b7 7ML ZBETEBVI LA BD E T,

FIE 55: KEAV SA 7 F3ED S TN a—FT1 2T
1. V547V IS ROEREHRL T,
> grep -A 5 "client-classes" /etc/kea/kea-dhcp4.conf
2. VA7 RIS RO—R OV THERALIT,
> tail -f /var/log/kea/dhcp4.log | grep -i class
3. RUA VS RAFBRIFONET—> =R LT T,
> grep "PXEClient\|HTTPClient" /etc/kea/kea-dhcp4.conf
4, 7= b7 71N DT7OEIEY T4 ZTAMLET,
> curl -I http://192.168.1.200/boot/grub2/x86_64-efi/bootx64.efi
5. BRI SAT Y MAMDIOHICT Ny I OTZBMICLET,
> sudosed -i 's/"debuglevel": 0/"debuglevel": 99/' /etc/kea/kea-dhcp4.conf

> sudosystemctl restart kea-dhcp4

13.6.4 DHCPv6EH D&

IPVv6 DHCPZ 5147 > MIBYIRIL—FLEREZHBEE L. IPVALIZRBRBINVE T Z AT
T a3 B EITVET,

FII§ 56: KEA DHCPV6 DRITEDARR
1. DHCPv6F TRy hEREZ R L 75
> grep -A 10 “subnet6" /etc/kea/kea-dhcp6.conf
2. IPVOIL—BRLERT—RAZMHERLF T,
> systemctl status radvd
3. DHCPVOR VAUV S ZAD—HZ=EBEHR L £,

> tail -f /var/log/kea/dhcp6.log | grep "option\[16\]"
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4. IPv6 bootfile-urlA 7> 3 >R E#EEL £ T,

> grep "bootfile-url" /etc/kea/kea-dhcp6.conf

5. 7— b —NADIPV6IEHE T A ML X7,

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

13.7 XRORFTwv S

Kea DHCPH—EXEF/RET B &. PXEYZ S 7> MXIPvALIPveDTA DEED GIEN 4
XY RD—UHBECT— b7 7MIIEREZETEXI, VA7V NREVRATLIE. 775
ATV T—FFIOFVICESWIERART— T 70 LEID Y TEIBHL. [EROPXET —
EAEEERFOHTTP —bAZEOmAZ Y R—NLE T,

14 ISC DHCP#Z{EF L 7=DHCPt —/\DE%E

_ Dt 3> TlE. SUSE Linux Enterprise Server 151 > X b —JLICxRy T —
VRELPXET — MERZ IR T B/, ISCDHCPH —N\%ZRE T S FHiE% FiH
L £9, ISCdhcp-server/\w 7 —|& SUSE Linux Enterprise Server 16.0T I&F]
FATERCEDFE LT ISCDHCPIZV Z R YT UV AD—H=FERLT. A3
DSAT N T7—FTOF v DPXECHTTPT — o F A ZYR—FLET,

14.1 =

ISCDHCPIZ. fERDDHCPY —NT, VSR HTISRADY AT LZFERALT. PXEV S
TYMIRY bT=ORECT— b7 7 AILERERHIL £T, ISCIE02FHRTIOY —
NOY—ERRTZEFTLTVETH, BFORFATIHMRAL LTLIERAINTED. XY
AU 5 ZBANC K BPXES K UHTTPT — b FUFICH T BBELGHYR— b 2RHLTULE

EE

O == ISCOHCPH—ERETRAT—4 X
ISC DHCPIZ. ISCIC& 5 T20224FIcH —ERIRTHES TN TWET, FHRERDS
Bi&. Kb DIiZKeaF lddnsmasqDERZ&EFTL TSIV, CORTEIF. BEFED
ISCDHCPA > X b= LIRIB L DEBMEDI=DICIREBEINTULE T,
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142 ZH%

4> X M=I)LENTISCDHCP/Nw 4 —<(dhcp-server)

/srv/tftpboot FICEUNCEBIBINIPXET— T 71l

DHCPH—EXRBICHRESNT=RY D =042 T —R
DHCPH —E X %ZRET D= DEIRELRFIE

14.3 ISC DHCPv4H— /\NDFHETE

ISC DHCPVAEZTE I3 772(‘2#777 EEZEALTPXECHTTPY 517
BEL. SETERT—FTIFVICBLIET—FI7 70 2RHLET,

FIIE 57: 1SC DHCPVAY — N DERE
. ISCDHCPVA —NZHREL F T,

sudocat > /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;
H##

## PXE / HTTP boot option declarations
##

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

# HTTPClient:Arch:00016:UNDI: 003001
match substring (option vendor-class-identifier, 0, 21);

##

## PXE / HTTP boot subclass request matches

H##

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/bootaabsd.efi";

"HTTPClient:Arch:00016" {

option vendor-class-identifier "HTTPClient";

filename

}
subclass "httpclients"

"http://192.168.1.200/boot/grub2/x86 64-efi/bootx64.efi";

"HTTPClient:Arch:00019" {

option vendor-class-identifier "HTTPClient";

filename "http://192.168.1.200/boot/grub2/arm64-efi/bootaabsd.efi";
}
##
## Subnet declaration for the pxe network
##
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";
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EOF
2. sysconfigCDHCP1 >R 71 —AZH/REL 75

> sudoecho 'DHCPD_INTERFACE="enol"' > /etc/sysconfig/dhcpd
3. DHCPVAEREZTA ML F T,

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

4, ISCDHCPVA —EXZ=BMIC L TR L £,

> sudosystemctl enable --now dhcpd

14.4 |ISCDHCPv6H —/\DH/RTE

ISC DHCPVEERE & N>R T 5 RD—HEBEYIRDHCPv6A 72 3 Y AUIBZER L T, IPv6
TRLREDYETE, T- b7 71 IVEREZRHLET,

=F|Ig 58: ISC DHCPV6H — /NDRFE
1. ISCDHCPv6HYH —N\%ZEEL £,

sudocat > /etc/dhcpd6.conf << 'EOF'
/etc/dhcpd6.conf

Sample DHCPv6 configuration file for ISC dhcpd
**% Pl EASE CONFIGURE IT FIRST ***

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

HOoH K B OH R R OB RV

# 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

Kd
it
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# other addresses for new connections)
# (set to 7 days, the usual IPv6 default)
preferred-lifetime 3600;

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

# 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;

# 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
##
subclass "pxeclients" "PXEClient:Arch:00000" {
option dhcp6.bootfile-url "tftp://[2001:db8:0:1::200]/boot/grub2/i1386-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/armé64-efi/

bootaab64.efi";

}

subclass "httpclients" "HTTPClient:Arch:00016" {
option dhcp6.vendor-class-en-len-tag 343 10 "HTTPClient";
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option dhcp6.bootfile-url "http://[2001:db8:0:1::200]/boot/grub2/x86 64-efi/
bootx64.efi";

b
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/arm64-efi/

bootaa64.efi";

}

#it

## Subnet declaration for the pxe network

##

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. sysconfigCDHCPV61 >R 7 T —R%EREL £7,

> sudoecho 'DHCPD6_INTERFACE="enol"' >> /etc/sysconfig/dhcpd

3. DHCPV6EREZT A ML &Y,

> sudodhcpd -6 -t -cf /etc/dhcpd6.conf

4, ISCDHCPV6 —EXZB3hIC L THBL 35

> sudosystemctl enable --now dhcpd6

14.5 |SC DHCP&E%E DIREE
ISCDHCPY —N\DHEER TR ~ L. BYIRR Y FT—IRELPXEI STV FADT =k
77 IECE R L £,

FI|g 59: ISC DHCPH— /DT X b
1. ISCDHCPVAY —E XDREXHEZL £,

> systemctl status dhcpd

2. ISCDHCPV6T —E X DRREZFER L £ 95
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> systemctl status dhcpd6
3. DHCPR—bNA VT V%ML EF T,
> ss -ulnp | grep -E ":67]:547"

4. DHCPOJ &ML £

> journalctl -u dhcpd -f

5. 7V T+ J73DHCPY — X ZWEEE L £ 95

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

6. DHCPV6 7 VT4 ETs BB L £ 9

> journalctl -u dhcpd6 -f

14.6 ISCDHCPERED cZ I a—FTa>F
PXEJ — FIBIETISC DHCPH —N\%ZHRET IMICL < H B398,

14.6.1 HJBTECH—EXRDREE

BEBXIS—PAYRTT—IANA T4 VT DEBICEL D, ISCDHCPH —E XD RIRT

IRV B FT,
FIIE 60: ISC DHCPER ERIRED R
1. DHCPVAEREBX Z T A ML E T,

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

2. DHCPVERREBX ZT A L E T,

> sudodhcpd -6 -t -cf /etc/dhcpd6.conf

3. AIVRITT—ADHRE=EREL F T

> cat /etc/sysconfig/dhcpd

4, XY RT—IA VR TIT—RADRAT—RA=MHRL T,

> ip addr show enol
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5. R—hOHREZHEL X I,

> ss -ulnp | grep :67

6. ALY —EXROJERTLET,

> journalctl -u dhcpd -xe

14.6.2 DHCP!—XEIDHTORIE

TI3AT7 2 ME TRy FREVCRIEDEBICED. IPPFLRZZETEIRVI L HD
9

i@ 61: 1ISC DHCPY) — X DRIRE D LR

1. Y7y b HEORE=HEEL I,
> grep -A 10 "subnet\|range" /etc/dhcpd.conf

2. HERFREZRHEL T,
> grep authoritative /etc/dhcpd.conf

3. U—RDBDETZ )TN LTERLES
> tail -f /var/log/messages | grep dhcpd

4, ) —RT—BER—=RICTF7—HBVWHEERLFT,
> tail -20 /var/lib/dhcp/dhcpd.leases

5. DHCPIGEZFFHTT AL E T,

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

1463 J7RYTISAO—HICEAT SHEE

PXEZSA T2 RE. 95 A—NREDREEICEID. IPPRLAEZETETCHIEELVLWIT— K
T7AILEREBETERVWCEHHD X,

FIE 62: ISCDHCPY S RAD—HICEHTBR FS TN a—F1 9
1. VS AEE=ZHSRLE T,

> grep -A 3 "class.*clients" /etc/dhcpd.conf
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2. WIS ZADIT VM) ZREELE T,

> grep -A 5 "subclass" /etc/dhcpd.conf
3. RYADY Z AFRNZERL £,

> tail -f /var/log/messages | grep -E "PXEClient|HTTPClient"
4, 7= b7 7MNDT7IOEIEVT4ZTAMLET,

> tftp 192.168.1.200 -c get /boot/grub2/x86_64-efi/bootx64.efi
5. FHOJZzBMICLFT,

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

> sudosystemctl restart dhcpd

14.6.4 DHCPVOR>VR TS RA T 3> DfERE

IPV6 DHCPY 4 7> MIISEMBNRY RV S XA T 3 > OUERH D BEYIRPXET —
HIR— b DIcDICKRBRENVEICEZIHEDH D £J,

g 63: 1SC DHCPV6 D RI-ED f#R
1. DHCPV6A 7> g v EEEKRL £ 9,

> grep -A 3 "option dhcp6" /etc/dhcpd6.conf
2. NYRUZADXFHEM =R L £,

> grep "substring.*6.*20\|21" /etc/dhcpd6.conf

3. DHCPVER VA IS AD—HZEBEHRL 7,

> journalctl -u dhcpd6 | grep -i vendor

4. IPv6 bootfile-urlfex = MR L £ 95

> grep "bootfile-url" /etc/dhcpd6.conf

5. )L—ﬁmgwﬁﬁﬁﬁk%ﬁﬁw L/ 35 3_0

> systemctl status radvd
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6. IPveEERiZ T A M LE T,

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

147 RORTv T

ISCDHCPH—EREZRET B E. PXEVSA TV MMI. RRKDISREY T ISR AT L
EERALT. RYNT—IREET—r 771 IILIBREZETEEX I, ISCDHCPIEHR— K
BTEBDODFELRED. COREIF. EBROUVSAT U N T—FT IO FvIChlcoTPXEE LT
HTTP7 — FBEEZ R B T3 EORHEBERECDEBRMZIRHEL £,

15 PXEY—NNDtw 7w TOREE

_ Dt 3> Tl&. SUSE Linux Enterprise Server 16.0%w kT —0 14 >V XA b—
LT IRTOOAVR—RYMHELCEEL TWB C E ZHEERT 78I PXE
H—NEy b7y T2EZEIAL. TANTBZHEZHALEX I, —E RREE.
Fy hNT—OEGEET AN IVRY—ITY ROPXET — M&EEEA/N—LTWVWE
ER

151 #H=E

TFTP. HTTP. DNS. DHCP. GRUB27—hrO—AH—EXRYE. TRTOPXEH—/N]
VIR—RZ U ERELLEB. DRTLEFEDNELKKETZICZRFET B EHEET
o COREIEICED. PXEZ S T7 > bH'Agama VX =S TIEFEICES L. SUSE Linux
Enterprise Server 16.0D%y 7 —IR—ZADA VA M= )L%ZRITTEITZCHMRIEINE
ED

15.2 EH
o IRTDOPXEH—NIAVR—F Y MHRESIN. RITSIhTVWE L
e PXEJ—hAJBERT RN SA TV RS AT L
o PXEH—NE IS4 7> MEDIR Y bT— U8R
o U—NT—EXZHRITILHOEERT /XM
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153 PXEH—N\Y—E XDRAE

PXEZSA T FTTFRNTBEIC. TARTOMKEAEPXEY — N\ —EIDRERITIN. BYICEH
ESNTWVWBRZEEERLET,

FIE 64: PXEY —/N\ND Y —E XIREDFER

84

1. TFTPH —EXDREZHERL 75

> systemctl status tftp.socket

FREINZIBRIT—ERETIT1 T T, R—bEOITURXYLTWVWBRERDHD £,

. nginx HTTPH —E X ZzHRL £,

> systemctl status nginx

FRINBBRI—ERRZET VT4 T T R=FOTURYLTVWBHKERDHD XY,

. DNSH—E X %R L £ 9 (dnsmasqZzfEA L TL\3158).

> systemctl status dnsmasq

FRINZER:Y—ERIFTIT14 T T R—KE53TURXYLTWVWBARELRHD £,

. DHCPH —EXDREZHEEL I (BT —EXZFRLTLLET L),

> systemctl status dhcpd

dnsmasq DHCPDIZE:

> systemctl status dnsmasq

Kea DHCPDIZE:

> systemctl status kea-dhcp4 kea-dhcp6

FRINBEROHCPH —ERET I T4 T T BUYBR—-FTURY L TVWEHEN
HOEY,

. IPVOIL—FLEZHREL T T(RESNTWVBHE)

> systemctl status radvd

FREINBBRIPVEIRIETH —EXDRT IV T1 TTHEIUENRHD £,

6. NTPH—EXZHERL X7,
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> systemctl status chronyd

FREINBBRY—ERRZT I 70T T, BHETNTVBRIRELRDHD T,

154 Ry bI7—08GELOVT7AMILTIELADTR

PXEZ S5+ 7> kA TFTPLHTTPOEAD 7O kL EEAL T, Ry 7 —I@R@HTT—
R 7ALEAY R =LAV TIUVICT IV ERTER CEERELE T

FIE 65: 2y kD=0 T77AINTIELADT A+
1. 7—hrO—R T 7AIUADTFIPT7 O 2R ET AL LET,
> tftp localhost -c get /boot/grub2/x86_64-efi/bootx64.efi /tmp/test-bootx64.efi
77D EBEINC e zBRELET,
> file /tmp/test-bootx64.efi
TANIT7ANZI)—=2T v FLEFET,
> rm /tmp/test-bootx64.efi
2. GRUB2:READHTTP7 V2% F A LE T,
> curl -I http://localhost/boot/grub2/grub.cfg
FRINDFERHTTP 200 OKIHE,
3. AVAL=S T 7L IADHTTP7 U R =R L £ 35
> curl -I http://localhost/boot/images/SLES-16.0/x86_64/liveiso/Live0S/squashfs.img
FHRINZERBEAI>T VY EREIFOHTTP 200 OKIHES
4, DNSER% T2 b LE T (O—HILDNSHREIN TV BIEER),
> nslookup pxe.example.net localhost
FHRINZERBYIHAL O3— R EAAAAL O— R DR,
5. BEM VT v I ADBFAOT1 LY MUBRBERRELE T,
> curl http://localhost/boot/

FRINBBRT— b T 7ML Z2RTI3T LI )&,
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15.5 DHCP#§EeDIREE

DHCPH —NDBEETA L. TEIEBRYSA 7Y A FITBLIT — MERARME S
NTLWBZrERBLET,

FIE 66: DHCPH—NIGEDT X +
1. DHCPR—bNA VT 7z R L £,
> ss -ulnp | grep -E ":67]:547"

FTRINDFERDHCPY —E XD R — k6T (IPvA)E L TV547 (IPv6) T R LTWE
ED

2. DHCPERZ U 7ILE A LTEHRLE T,

> journalctl -u dhcpd -f

F7clddnsmasqDiFa:

> journalctl -u dnsmasq -f

TARRICDHCP7 VT ET 4 25T B HIC. COARY RZRITLEFRICL
THETET,

3. dhcpingZf#R L TDHCPIGZEZ T X b L £ ¢ (FIFARERIZR).
> dhcping -s 192.168.1.200
FHRINBZER:T—N\DSDDHCPREICHKIIL £,

4, 7OV T+1 J7RDHCP — X =R L £ 75
> cat /var/lib/dhcp/dhcpd.leases

F7-l3. KeaDHE:

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

FHEINBZBERTANISAT D) -V R,

156 TVRY—IVRDPXEJ—FTX b

ERDI STV M AT LTREKRPXET — FF R L %EFTL\. DHCPA B5Agamat > X k—
SEHEFTOT— MO XLEKEZRIEL £
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¥ 67: PXEJ— F 7O X2 T X +
1. TRANI ATV AT LZE B LE T,
* BIOS/UEFIZREL TRy b T—0T—rZBMICT S
e XY hI—UT—bZRADT— MEEEL L TRET D
° VAT hEPXEY—NERBILRY hT—2IC8T 5
2. VA7 DT —bHRIIPXEG—NDOOJTZERL £75
> journalctl -f | grep -E "dhcp|tftp|nginx"
3. TANISAT U b EREBIL. UTOS—T > AZHRLET,
1. 75472 bIDHCPEHTIPY FLXZRET S
2. 7747 METFTPRAT —hO—4Zz4 0 >O0—RFR9$3
3. GRUB2DXZa—hWRRIN. 1 VA=A T arHRREIND
4, Hh—FJLZinitrdPHTTPERTO—R3INB
5. Agama+ > X b—SHEREICEST S

4, TEIEBISATYREATETANLT, 9517V R T—F 70 F v DR ER
RBLET.

o LHBIOSXx86_64> R T Li(core.0#ER T Z2MNEBLH D F9)

* UEFI x86_64> X 7 Li(bootx64.efi ZERIF I 2 M EHH D £7)

e UEFl aarch64> X 7 Li(bootaab4.efiZ B § 2N BEHLH D £ 9)
5. IPV6 PXEZ— b Z T X ML X T (IPVeHREINTULBIFE),

* FTANIZAT Y FTIPVODHDEY FT—UHREZEBMICT S

* DHCPV6 7 RL REID HTZHERT S

* IPv6 bootfile-urlDEE = FEER T %

15.7 Agama- > X b—S DEBEDIREE

Agama+ > X b—FHIEL<EEHL. SUSE Linux Enterprise Server 16.001 > X b—)L%
FETIBEDICAVRAM—ILY =T IERATEZ L ZHERLET
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F|E 68: AGAMAT > X k=S DiLEIT X k

1. AgamaWeb1 > 27 x—XAD7 7€ EU T ZHEBLE T,

http://CLIENT IP ADDRESS
FHRINZER:AgamaWeb1 > 27 —ZANEEICO—REINBIET T,

2. V547 FDAgamaf YA F—S0OJ =R L £ 95
AV —=ILICYIDEZX(Alt+F2). XOOT Y REZERTLET,

# journalctl -u agama-web-server -f
FTHRINBZER:AgamaDEERFICHHMNBR IS —IEH D FE A

3. AIVAN—IILY —ZADT7 oI E) T ZEILE T,
TILISOT VR b=ILDZEIF. VRS IADT7 I %2R LF TS

# curl -I http://192.168.1.200/insta11/SLES-16.0/x86_64/
FRINDZIER: T LI MN)—BZSTHTTP 200 OKIHZ.

4, N\wT—JA VA M—)LiREE T X ML E TS
Agamadf YR TJT—RXATRD_zMHERL £,

o AT LD FAEREAR T AV EKRETES L
o Xy NJ—URENMRBINTVEZ
o Ny =R KVICTOIRATEBRL

e VAL ERTETEDEND L

158 #IAERBMD LS TN a—TFT1 >0
PXEY —/NDRRFERIC & < & BRI L Z DRRFIE

15.8.1 DHCPZE|D ¥ ThHREK
PXEJ—FRICOSA T RDIPPRLRAEZETETEE A
FIE 69: DHCPIREERIRED R R

1. DHCPH—EXDOFFEE =R L £,
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> ss -ulnp | grep :67
2. XY RT—=0A2 BT —ANEHL TWVWB CCZHRELF T,
> ip addr show enol

3. DHCPEIEI DR A =R L £ 9,

> nmap -sn 192.168.1.100-199

4, DHCPOJ TIS—ZHEHRLFT,

> journalctl -u dhcpd | tail -50

158.2 T—r7 71 ILDEMERK
IS5AT Y MIPTRLREZET RN, T— 770X 00— RICKBLET,
FIE70: T— ;7 71 ILDRIBEDERR
1. TFTPH—ERADT I U T 2BELE T,
> tftp 192.168.1.200 -c get /boot/grub2/x86 64-efi/bootx64.efi
2. 77 MIIWNT O REEZERLE T,

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

3. TFTIP7 2RO %R/ LET,

> journalctl -u tftp.socket -f

4, VAT RT7—FTIOF v DREZEHELE T,

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

15.8.3 Agama- > X b—Z DiCEIKRK
T—r 770 VIEEICO—RINEITH. Agama1 VX b—FHEENICEKBL £,
FIig 71: AGAMADFEENIC B ¥ B IRE DAZR

1. 1A= T 7AIADHTTP7 7 X ZHZR L £,
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squashfs.img

# ip addr show

> curl -I http://192.168.1.200/boot/images/SLES-16.0/x86_64/1liveiso/Live0S/

2. GRUB2BREDH—RILNF A —21EX =R L T,

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

3. VSA 7 rOT— b 7O RZERLE T,

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

4, v bT—UREDKGMEEHREL XTI,

159 PXEY—N\EEEFT v o URX B
COFTyv IR EFERALT. PXE—N\REDH S P ZAEEARRIICIRIEL TS

LYo

K2 PXEY—=NRIAEFTYvIVRE

AVR—%2 b+

TFTP Service

HTTPH—E X

DNSH#—E X

DHCPH—E X

GRUB 2587

IPV6DH7R— b+

PXET — k

90

REEFIE Status

Y—EXDT7IT0 T R—re9NU > O
. T7AILICT U XATRE

nginxM™7 77« 7. R—r8ONU >R, O
AVRAM=ZT771ILICT UVt XEJ8E

KRR FRBRDEREL TWB,. R— k5300 O
A

IPEIDHTHAMEEL TWB., T—hrATF>3 O
UHEETNTVLS

XZa—pO—krETNhTWVWB, 7—F77 O
FyEHOEREL TV

WN=BILEDT T T+ 7. DHCPVeNHEEL [
w3

ISA4T7 Y HERBICEH L. ELWI—F O
O—4 %215
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AVR=%2 b REEFIE Status

Agamao{ >R b—7 1V M=ZHEE. Web1r>R2T7—XIC O
TIOEATES
1A=LV —X DR EVIZTOERTES. Nyor—2H O

1R +—ILA]gE

2w M=o Dk AR M=ILBRICRY FD—UKRELMIZT O
ns

15.10 #REEDHE

BYNRRIESNIPXEY —/N\IE. 950472 bRy FTO—0T—kh5Agama1 > X b—

SOEHET. IVRY—IVRTERICKET DL ZRLEITHIHERDD T I, IANT

DY —EADNIZ—GBLHEL. 751472 ARy T —2U42ATSUSE Linux Enterprise
Server 16.0D1 VXA h—)LZTET TIZHENHD F9, THANLGKRIET A MCELD. BE
EBEBOPXEC > TSR I 7 F v OGN GEEEIEERINE T,

16 JARYEIR

Copyright© 2006-2025 SUSE LLC and contributors. All rights reserved.

CDNXZE(X. GNU Free Documentation License/N\— 3 >1.2F (A T3> L Q)
N—=T 3 V130FKBICHE-> T B BH. BLV/FLEFREIFIINTVWET, =7
L. COEEERTELVSAIEVRIIEELTICRRH TS L, 7V RN=U3 1.2
D3I —IE. TGNU Free Documentation License] £ > avICEENTVWET,
SUSEDMEIEIC DWW TI&. https://www.suse.com/company/legal/ 7B L T TV, £
DMDE=FBDOIARTOEEZEIZ. SHOFRBICREL XY, BIZES(e. ™AY)IE. SUSES
SFUBEEESHDOBEEEZRLE T, PARUIX7(M)IE. E=BOEIZEZRLET,
KEDIANTOERIE. MODEREZIL>TRESINTVWET, LHL. COZLIFEREEE
TEICRELETBDHDTIEH D £H A, SUSELLC. ZOERFRE. BE. BIEREOLVINHIRD
FRFFOFBRICH L T—YERZEVDNRET,
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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
manuals; it can be used for any textual work, regardless of subject matter or whether it

is published as a printed book. We recommend this License principally for works whose
purpose is instruction or reference.

1. APPLICABILITY AND DEFINITIONS

This License applies to any manual or other work, in any medium, that contains a notice
placed by the copyright holder saying it can be distributed under the terms of this License.
Such a notice grants a world-wide, royalty-free license, unlimited in duration, to use that
work under the conditions stated herein. The "Document”, below, refers to any such
manual or work. Any member of the public is a licensee, and is addressed as "you". You
accept the license if you copy, modify or distribute the work in a way requiring permission
under copyright law.

A "Modified Version" of the Document means any work containing the Document or a
portion of it, either copied verbatim, or with modifications and/or translated into another
language.
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A "Secondary Section" is a named appendix or a front-matter section of the Document
that deals exclusively with the relationship of the publishers or authors of the Document
to the Document's overall subject (or to related matters) and contains nothing that could
fall directly within that overall subject. (Thus, if the Document is in part a textbook of
mathematics, a Secondary Section may not explain any mathematics.) The relationship
could be a matter of historical connection with the subject or with related matters, or of
legal, commercial, philosophical, ethical or political position regarding them.

The "Invariant Sections" are certain Secondary Sections whose titles are designated, as
being those of Invariant Sections, in the notice that says that the Document is released
under this License. If a section does not fit the above definition of Secondary then it is not
allowed to be designated as Invariant. The Document may contain zero Invariant Sections.
If the Document does not identify any Invariant Sections then there are none.

The "Cover Texts" are certain short passages of text that are listed, as Front-Cover Texts or
Back-Cover Texts, in the notice that says that the Document is released under this License.
A Front-Cover Text may be at most 5 words, and a Back-Cover Text may be at most 25
words.

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

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

Examples of suitable formats for Transparent copies include plain ASCII without markup,
Texinfo input format, LaTeX input format, SGML or XML using a publicly available DTD, and
standard-conforming simple HTML, PostScript or PDF designed for human modification.
Examples of transparent image formats include PNG, XCF and JPG. Opaque formats
include proprietary formats that can be read and edited only by proprietary word
processors, SGML or XML for which the DTD and/or processing tools are not generally
available, and the machine-generated HTML, PostScript or PDF produced by some word
processors for output purposes only.
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The "Title Page" means, for a printed book, the title page itself, plus such following pages
as are needed to hold, legibly, the material this License requires to appear in the title page.
For works in formats which do not have any title page as such, "Title Page" means the text
near the most prominent appearance of the work's title, preceding the beginning of the
body of the text.

A section "Entitled XYZ" means a named subunit of the Document whose title either

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

The Document may include Warranty Disclaimers next to the notice which states that

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

2. VERBATIM COPYING

You may copy and distribute the Document in any medium, either commercially or non-
commercially, provided that this License, the copyright notices, and the license notice
saying this License applies to the Document are reproduced in all copies, and that you
add no other conditions whatsoever to those of this License. You may not use technical
measures to obstruct or control the reading or further copying of the copies you make

or distribute. However, you may accept compensation in exchange for copies. If you
distribute a large enough number of copies you must also follow the conditions in section
3.

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

3. COPYING IN QUANTITY

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

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

If you publish or distribute Opaque copies of the Document numbering more than 100,
you must either include a machine-readable Transparent copy along with each Opaque
copy, or state in or with each Opaque copy a computer-network location from which the
general network-using public has access to download using public-standard network
protocols a complete Transparent copy of the Document, free of added material. If you use
the latter option, you must take reasonably prudent steps, when you begin distribution

of Opaque copies in quantity, to ensure that this Transparent copy will remain thus
accessible at the stated location until at least one year after the last time you distribute an
Opaque copy (directly or through your agents or retailers) of that edition to the public.

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

4. MODIFICATIONS

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

A. Usein the Title Page (and on the covers, if any) a title distinct from that of the
Document, and from those of previous versions (which should, if there were any,
be listed in the History section of the Document). You may use the same title as a
previous version if the original publisher of that version gives permission.

B. 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.

. Delete any section Entitled "Endorsements". Such a section may not be included in

the Modified Version.
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N. Do not retitle any existing section to be Entitled "Endorsements" or to conflict in title
with any Invariant Section.

0. Preserve any Warranty Disclaimers.

If the Modified Version includes new front-matter sections or appendices that qualify as
Secondary Sections and contain no material copied from the Document, you may at your
option designate some or all of these sections as invariant. To do this, add their titles to
the list of Invariant Sections in the Modified Version's license notice. These titles must be
distinct from any other section titles.

You may add a section Entitled "Endorsements", provided it contains nothing but
endorsements of your Modified Version by various parties--for example, statements of
peer review or that the text has been approved by an organization as the authoritative
definition of a standard.

You may add a passage of up to five words as a Front-Cover Text, and a passage of up to
25 words as a Back-Cover Text, to the end of the list of Cover Texts in the Modified Version.
Only one passage of Front-Cover Text and one of Back-Cover Text may be added by (or
through arrangements made by) any one entity. If the Document already includes a cover
text for the same cover, previously added by you or by arrangement made by the same
entity you are acting on behalf of, you may not add another; but you may replace the old
one, on explicit permission from the previous publisher that added the old one.

The author(s) and publisher(s) of the Document do not by this License give permission
to use their names for publicity for or to assert or imply endorsement of any Modified
Version.

5. COMBINING DOCUMENTS

You may combine the Document with other documents released under this License, under
the terms defined in section 4 above for modified versions, provided that you include in
the combination all of the Invariant Sections of all of the original documents, unmodified,
and list them all as Invariant Sections of your combined work in its license notice, and that
you preserve all their Warranty Disclaimers.

The combined work need only contain one copy of this License, and multiple identical
Invariant Sections may be replaced with a single copy. If there are multiple Invariant
Sections with the same name but different contents, make the title of each such section
unique by adding at the end of it, in parentheses, the name of the original author or
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publisher of that section if known, or else a unique number. Make the same adjustment
to the section titles in the list of Invariant Sections in the license notice of the combined
work.

In the combination, you must combine any sections Entitled "History" in the various
original documents, forming one section Entitled "History"; likewise combine any sections
Entitled "Acknowledgements", and any sections Entitled "Dedications". You must delete all
sections Entitled "Endorsements".

6. COLLECTIONS OF DOCUMENTS

You may make a collection consisting of the Document and other documents released
under this License, and replace the individual copies of this License in the various
documents with a single copy that is included in the collection, provided that you follow
the rules of this License for verbatim copying of each of the documents in all other
respects.

You may extract a single document from such a collection, and distribute it individually
under this License, provided you insert a copy of this License into the extracted document,
and follow this License in all other respects regarding verbatim copying of that document.

7. AGGREGATION WITH INDEPENDENT WORKS

A compilation of the Document or its derivatives with other separate and independent
documents or works, in or on a volume of a storage or distribution medium, is called an
"aggregate" if the copyright resulting from the compilation is not used to limit the legal
rights of the compilation's users beyond what the individual works permit. When the
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.
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8. TRANSLATION

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

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

9. TERMINATION

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

10. FUTURE REVISIONS OF THIS LICENSE

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

Copyright (c) YEAR YOUR NAME.

Permission is granted to copy, distribute and/or modify this document
under the terms of the GNU Free Documentation License, Version 1.2

or any later version published by the Free Software Foundation;

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

Free Documentation License”.

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

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

If you have Invariant Sections without Cover Texts, or some other combination of the
three, merge those two alternatives to suit the situation.

If your document contains nontrivial examples of program code, we recommend releasing
these examples in parallel under your choice of free software license, such as the GNU
General Public License, to permit their use in free software.
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