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1 INTRODUCTION 3

1 Intr oduction

In mostdaily thingswe can'timagineto live withoutcomputersin somecasest is impos-
sibleto keepcompaniesunningwithout PCs. Sothereis a greatmarket for PC manufc-
turersto satisfytheneedf rms andprivatepersonsAlso nowadaysall Computerdave
pre-installedOperatingSystemsntheir harddrive. Soall manufcturersaaresearchindor
a Toolkit to install their new PCsin afast,reliable,cheapandindependenivay.
OntheotherhandareSystemAdministratorswho haveto installandrun machinesn their
of ce.

Soit is a commonproblemfacedby IT managergo ensurethat client systemsn their
enterpriseganbootfrom appropriatesoftwareimagesusingappropriatecon guration pa-
rametersTheseselectedootimagesandcon guration parametersustbe acquiredrom
selectedsenersin the enterpriseasdictatedby the needsof the particularenvironment the
capabilitiesor missionof the user the resourcesvailable within the client, etc. Further
more,theseclientsshouldboot consistentlyandin aninter operablemannemregardlessof
thesource®r vendorof the softwareandthe hardwareof bothclientandsener machines.

2 Getting involved

To getanOperatingsystemon the harddrive you caninstallit from CD or othermediums
to keepit running. This is the standardway. In caseyou have mary computerswith
identicalhardwareplatformyou canchoosewo otherwaysto install computersn afaster
andcheapemway.

In thefollowing it will be explainedwhatthe differencebetweera Backupanda Cloning
or Disk imagingis.

2.1 Backup

Backing up your importantdatais asold as computersexist. The BackupMedia have

changedrom oneMediumto anotherandbackagainlike magnetictapeor Disk operated
devices.Theadwantagehistypeis thatyou needonly to save thedatayou have producecbr

inputin the computelik e document®r sourcecode. Thiswill save spaceon your backup
mediaandthe amountof time, to save only modi ed data,is equallydecreasingAnother
way to sare time andbackupmediumss to save only les you have modi ed sincethelast

backupyou have taken. This strateyy typeis called'incremental' Backup.Soall datayou

generate@dresafeondisk,or whatever. The Operatingsystenor the programsareon other
Media. Thedisadwantages thatthe OperatingSystemandall programdaveto beinstalled
separatelyn atime wastingprocessif the systemhascrashed.During the installationof

the OperatingSystemor the programghe useronly hasto follow somesimpleinstructions
to copy the les to the harddisk. Also theremustbe donepartitioning,formating, some
Pathvariableshaveto bemodi ed andserialsfor someprogramsnustbeprovided. During

this install periodthe Persorwho installsthe machineis idle unlesshe is waiting for the

next interaction.In the day-by-dayuseof PC's, backupsaregenerallyusedto save docu-
mentsor/andsourcecode. In this areabackuphasthe bestperformance/cost/timbene t

andis preferablecomparedo Cloning.

2.2 Cloning

Cloning Disks is anotherway to 'back up' Computers.Cloning a Hard drive is nothing

elsethanto make a completebackupof your Harddisk. Cloningdoesa completebit-by-bit

transferfrom your harddrive to anotherone,or animage le. The Operatingsystem the

Partitioningtable, the Bootsectorall Programsandyour personaktuff will betransfered,
and/orpacledandstored.
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SomeBackupProgramsallow to save the boot-recordo Tapeor somethindik e thatand
restordt to anothemisk. Thisis theldeaof Cloninga Disc. Theadwantageof this method
is that you neednot to install the OperatingSystem,Programsor all the otherstuff you
generallyareusedto work with, on your computer

In mostcasesyou canbootthe recovery tool from oppy or from CD. After startingthe
restoremodeall datawill be copiedto yourcomputerandthereis no UserInteractionnec-
essaryHowever, in mary casesvhereexistsanadwantageherealsoexistsadisadwantage.
In this caseit is theamountof spaceyou needto storethe dataof your harddisk. This size
depend®n how goodthecompressiomlgorithmin thebackuptool is. Generallyit will be
compressetb half of the sizeit will take ontheHard-Drive, but thisis hearily dependent
on the data. Comparedo Backups,especiallyincrementabackups,Cloning needsa lot
moredisk-spaceCloning computerds usefulif you arean Administratorof a PC Poolat
a University or a greatCompaly. Most of the computershave identicalhardwareandare
connectedrzia LAN. Soif a studentor a colleaguecrasheghe computeryou cansetupit
in a shorttime. In almostthe samemannerit' s possibleto install a computerroomfor a
workshopwith minium effort andtime.

2.3 Overview

Sowhatto do? You candecidewhich form of installing computersor restoring ts better
to your needs.Both forms have advantager disadwantages.Maybethe tablewill help
youto choosehebestonefor you.

Overview Backup/Cloning
action || backup | cloning
sizeof image/datal| small big
time to backup || depends on the amount| depend®n thedisksizeand
andrestore of data and the backup | theamountof datastoredon
medium. heaily uctu- | it. [30min- 120min]
ating. [1min to several
hours]
interaction choosing les to restore,| only atstart
possibly changing backup
medium
hardware inde- || no(in specialcasedif cult) | no
pendent (IDE,
SCSI,IEEE)
le system depended independent
restoring data || only someparts yes
over network
remotecontrol maybepossible yes

3

Booting from Ethernetin an IP basedLAN wasannouncedn RFC 951 from Bill Croft
(StanfordUniversity),andJohnGilmore (SunMicrosystems)n Septembef 985.

The RFCdescribesanIP/UDP bootstragprotocol(BOOTP) which allows a disklessclient
machineto discoverits own IP addressthe addres®f a sener host,andthenameof a le
to beloadedinto memoryandexecuted.

The rst ideaof bootstraploadingover tftp is describedn RFC 906 by RossFinlayson
(StanfordUniversity)in, Junel984. Sofar, BOOTP is the deprecatedvay to bootclients
over Ethernet.

Netbootbasics
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3.1 BootProm

TheHardwarerequirementor bootingover Ethernetarethatyour Network Cardsupports
thatfeature. Most network cardscomewith a blank (E)EPROM soclet eventhoughit is
seldomused. Whenit is used,it is typically lled with a proprietaryEPROM[ gure 1]
from the network cardmanufcturer You canput an EtherbootEPROM thereinstead.

If you arefamiliarwith electronicsconstructionanalternative is to usean EEPROM card.
Thereis a schematicand PCB artwork for sucha cardat the web site whereyou got the
Etherbootdistribution. This EEPROM card plugs onto the ISA bus and can be repro-
grammedwith software.

Figurel: standardEPROM for anNIC

Somehigh-endnetwork cards for examplethe 3Com905B, have asocletfor anEEP-
ROM which can be programmedn situ with the right utilities. Seeary releasenotes
accompaying Etherbooffor moreinformation.

Old Cards,| meanreally old cardsthat you canonly nd in museumsdon't have a
Socletfor EPROM or EEPROMS.If yourNIC hasone,youarelucky andcan ash aboot-
promfor your Card.All informationyou needandgettingtheright hardwareandsoftware
youwill nd attheetherboot[etherboot.soweforge.ret] page.

If you have boughta new EthernetCard maybethe card supportsPXE[2], which is ex-
plainedin the next section,soyoudon't haveto burnanEPROM. Thatsthe easiestvay, so
choosea Network Cardwith PXE supportif youbuy anew one.

3.2 PXE

The PXEPrebooteXecutionEnvironment)is part of an Intel initiative called Wired for
Management.

PXE wasbornto supportPC's mainly asfat clients, enablingthe installationof the OS
from thenetwork. Also, PXE is usedhereasaway to bootthedisklesshin client.

PXE embodieghreetechnologieghatwill establisha commonandconsistensetof pre-
bootserviceswithin theboot rmw areof Intel Architecturesystems:

A uniform protocolfor the client to requesthe allocationof a network addressand
subsequentlyequesthe downloadof a Network BootstrapProgram(NBP) from a
network bootsener.

A setof APIs availablein the machines pre-boot rmw areervironmentthatconsti-
tutesa consistensetof serviceghatcanbe employedby the NBP or the BIOS.

A standardmethodof initiating the pre-boot rmw areto executethe PXE protocol
ontheclientmachine.
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TheAPI[ gure 2] servicesprovidedby PXE for useby theBIOS or NBP are:
PrebootSewicesAPI. Containsseveralglobalcontrolandinformationfunctions.

Trivial File Transport Protocol (TFTP) API. Enablepeningandclosingof TFTP
connectionsandreadingpacletsfrom andwriting pacletsto a TFTP connection.

User Datagram Protocol (UDP) API. Enablesopeningand closingUDP connec-
tions,andreadingpaclketsfrom andwriting pacletsto a UDP connection.

Universal Network Driver Interface (UNDI) API. Enablesbasiccontrol of and
I/O throughthe client's network interfacedevice. This allows the useof universal
protocol drivers suchthat the sameuniversaldriver can be usedon ary network
interfacethatimplementghis API.

Network Bootstrap Programs

L | L | | J P

Pre-Boot API| TFTP API | UDP AP1
PXE UNDI AP

B| OS Network Interface HW

Figure2: PXEAPI

Hereis a shortoverview| gure 3] of the protocolsand serviceswhich are running
beforeandafterthe RemoteBoot.

4 Pre-Boot-Loader

First,abootloadeiis notanOS.lt is rathermorea very smallpartof anOS.Let's seehow

the cold bootworks. After the BIOS loadssectorzero (CHS=0:0:1)of the bootdrive to

addres9000:7C00ht checksthe loadedsectorfor the magic bootstrapsignaturebytes:

55hatoffset510andOAAh atoffset511. (Many BIOSeswill loadandexecutesectorzero,

regardles®f thevalueof thesebytes.)The CPUregisterDL is setto thebootdrive number:
0 for oppy drive A, or 80hfor harddrive C. BIOS jumpsto sector0O codeit just loaded.
The Bootloaderis now going to work. This is a small programthat canshav a dialog

of differentcon g's which you canchoosefrom. In somecaseshe Bootloadersupports
somemorefeaturedik e partitioning,formatingandsomesmallnetwork capabilities After

choosinganoptionthe Loaderexecuteshe commanddo loadthekernel.
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PXE ROM Runtime User/System Applications

TFTP/UDP/Pre-Boot APls DHCP, FTP, TFTP, MTFTP, etc.
BINL
TFTPIMTFTP Socket Layer
DHCP
UDP, IGMP TCP, UDP, ICMP, IGMP, etc.
IP, ARP IP, ARP, etc.
Universal
Base Code
2 Protocol Drivers
Protocol Driver - (NDIS 2.0, 4.0, etc.) -
UNDI API UNDI API
Handler Handler
|
Universal Network Driver Universal Network Driver

Figure3: PXE Stack-BeforeandAfter RemoteBoot

4.1 bpbatch

BpBatchis a versatileremote-boofprocessarthat can be downloadedfor free from the
Weh It canperform a large variety of actionson a computerat boot-time, beforeary

operatingsystemoperationhasstarted.Actions performedby BpBatchrangesrom parti-

tioning harddisksto authenticatingisersjncludingagraphicainterface. Themainfeature
of BpBatchis thepartitioncloningfacility, which let's you createanimageof acomputers
harddisk partitionandthendistribute andinstall this imageonto a clusterof PC.

41.1 cong

Look atthedhcpd.confjn theappendix[listingl5], to enablethe BpBatch.
Theminimumentryinto thebpbatch-con g le shouldlook lik e this:

Listing 1: bpbatchcon g- le

Set CacheNever ="ON”
linuxboot ” kernel 2.4.19” "root=/dev/ram init=/linuxrc” "initrd 2.4.19.9z"

The CacheNger optionmeanghat no datacanbe written to an swap-device on the client
side.All datahave to be processedmmediately

4.1.2 result

The commandlist doesnt let any wish unful lled. Neverthelesst supportsonly FAT,
FAT32andext2. Thismeanghatonly Systemsanbeinstalledthatoneof this Filesystems
support.If they don't runonthis Filesystemghey can't beinstalled.Ourrequirementsre
to be le-systemindependentsothis solutioncannot be chosen.Sadlybecausef all the
nice featuresandthelook of theinstall-menu.Maybein the future more le systemswill
be supportecandwe canmake a compromise.Sofar we have to searchanotherpre-boot
loaderwhich ts ourneeds.

4.2 GRUB

GNU GRUB is a Multiboot loader It wasderived from Erich Boleyn's GRandUni ed
Bootloader It is an attemptto producea bootloaderthat hasboth the capability to be
friendly to beginning or otherwisenon-technicallyinterestedusersandthe e xibility to
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helpexpertsin diverseervironments.t is compatiblevith Multiboot kernelg(suchasGNU

Mach andthe chaoskernel storm), Free/Net/OpenBSDand Linux. It supportsall other
kernelsvia chainloading. It hasa menuinterfaceanda powerful BASH-like command-
line interface.Recentdevelopmentsn GRUB includethe ability to bootfrom the network

(by incorporatingetherboots network driversand TFTPsupport) supportfor ReiserFSin

additionto the supportfor BSD FFS,Linux ext2fs, and DOS FAT) aswell asa scripting
languagen earlydevelopmenttages.

4.2.1 installing

To usegrub via network bootingyou have to setthe con gure line options. At rst you
have to activateyour NIC like —enable-eeprol0@r enablingEtherexpressPro/100driver.
In ary con gurationtheline option—enable-disklessave to be setfor creatingthepxegrub
BootstrapLoaderbinary. This binary we copy to our tftpd-root and choosethis in the
dhcpd.confas lename. At leastwe have to createa socalled'menu.lst' for grub Thiscan
look like thisone:

Listing 2: grubcong le

# give me 10 seconds to interrupt the boot and change things
timeout 10

# boot from the first image by default

default 0

# if something goes wrong fallback to first entry entry n
fallback O

# make me look good

color red/blue blue/cyan

### YAGI

# set the title that is displayed in the menu
title YAGI

# the root file system is a network disk (nd)
root (nd)

# path to kernel and parameters.

kernel /bzlmage 2.4.19 root=/dev/nfs nfsroot=192.168.1.2:/YAGI/
linuxroot devfs=mount vga=extended

boot

### local system on hard drive

# set the title that is displayed in the menu
title local disk (hdO)

root (hd0,0)

makeactive

chainloader +1

4.2.2 result

After all, grubis anicetool, butit hasagreatdisservice For bootingover network it hasto
supporthenetwork cardandto compilethis staticallyinto thekernel. That'sin mostcases
harmlessout for new cardsit would take along time if GRUB supportedhe new version.
It's moreprobablythatthe kernelsupportghe new cardfasterthanthe bootloaderMaybe
in thefuturewe canuseGRUB asLoader Themenuis really nice.
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4.3 PXELINUX

PXELINUX is a SYSLINUX derivative, for booting Linux off a network sener, usinga
network ROM conformingto the Intel PXE (Pre-Eecution Ervironment) speci cation.
PXELINUX works with every versionof PXE/NIC and combinationsof which, | have
tested. PXELINUX is like pxegrub, it supportsa small colourmenubut no featuresto
formator partition harddisks. Partitioning and Formattingwould be a nice featurebut in
our caseit's notneeded PXELINUX canbefoundwhereyou nd SYSLINUX.

4.3.1 installing

Thereis nothingspecialto do. Justdownloadthe latestSYSLINUX targz andextractit.

Thereyou nd thefollowing les pxelinux.0, pxeloader . Copy theseles toyour
tftp directory Createa directorynamedpxelinux.cfg anda le namedCOA8O0 for a
completeClassC-Network.

Thisis aqueerthing. | try to explain how thename'COA80" will accomplish.

First, pxelinux will searchfor thecon g le usingits own IP addressn uppercasehex-

adecimale.g.192.0.2.91 C000025B(you canusetheincludedprogram’gethostip”to
computethe hexadecimallP addresdor ary host.) If that le is not found, it will remove
one hex digit andtry again. Ultimately, it will try looking for a le named’default” (in

lower case). Hereis a shortexample: For 192.0.2.91,it will try C000025B,C000025,
C00002,C0000,C000,C00,CO0, C, anddefault, in thatorder Well, afterknowing where
thenameoriginateswve canlook into atthecon g.

Listing 3: COA80- le for pxelinux

prompt 1
timeout 30
default yagi
display boot . msg
F1 boot.msg

F2 info.msg

F3 about.msg

label initrd
kernel ../ kernel/bzlmage 2.4.19
append initrd=../kernel/initdisk.gz init=/auto root=/dev/ram0
ipappend 1

label yagi
kernel ../ kernel/bzlmage 2.4.19
append root=/dev/nfs nfsroot=192.168.1.2:/YAGI/linuxroot ro
init=/boot NFSDIR=192.168.1.2:/YAGI/linuxroot
ipappend 1

Let'sexplaintheparameters.

prompt shav the promptcursorfor input menuname

timeout loaddefaultlabelafter n seconds

default defaultlabelto load

display. shaw following msgat startup

F n :shavmsg string by pressingoneof the F-keys

label: catchfollowing kernel,addappendine andexecuteit. In line commandshouldbe
obvious.

The les boot.msg, info.omsg andabout.msg areplaintext ASCII les with a
few commandptions,like clearscreerfor example.Soletslook attheboot.msg le.
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Listing 4: boot.msg

"L
~00b
T -(-)
/Y B Y A |
o
IR Y B |
/A o _]
yet another ghost installer
~007

Fl=[main] F2=[info] F3=[about]

The letters™L arethe commando clearthe screen.To input thatinto vi(m), pressin the
insert-modethe keys: <CTRL>+<V>followed by pressing<CTRL>+<L> will insertthe
letter”"L. Thiswill clearthescreerat rst. Theletters"O0band”O07 changeghe colours
of theoutput.

4.3.2 result

PXELINUX bootsin the rst stage.Thatmeanghatno Network cardsupportis neededn
PXELINUX, the supportof theinterfaceis handledby the'secondstage’,whichis in this
casethelinux kernel.

PXELINUX is the bestchoicewe canmalke. The installationis easyandthe supported
hardwareis excellent.Solet's useit!

5 Linux BootProcess

After turning on Paver the Hardwarejumpsinto the BIOS, passingsomeoptionsamong
otherthingsthe Boot sequence Whenchosenbooting over network' or somethinglike
this, the BIOS jumpsinto the Boot PROM, in new cardsthe Boot PROM is replacedby
PXE, the PXE triesto geta valid IP-Addressduring a broadcast-requestver BOOTP or
DHCP Subsequentlyherewill be a shortdescriptionof whathappensafter Poveringon
the Computer After thattherewill bethebootconcepif Linux explained.

5.1 Boot Terminology

The meaningof Bootstrapcomesprimarily from a Boot.

Theoriginal Bootstrapis shovn in a picture[ gure 4]. SREERR

Loader: Programthat moves bits from disk (usu-
ally) to memoryand then transfersCPU control to
thenewly 'loaded'bits (executable)

Bootloader/ Bootstrap: Progranthatloadsthe' rst
program'’(thekernel)

Boot PROM / PROM Monitor / BIOS: Persistent
codethatis 'alreadyloaded'on power- up

Boot Manager: Programthat lets you choosethe

‘st program'to load Figure4: Bootstrap
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5.2 What is a Loader?

A programthatmovesbits (usually)from disk to memoryandthentransferscontrolto the
newly loadedbits (executable).

5.3 Bootstrap Loader (Boot Loader)

"The programthatloadsthe rst program'would bethebestdescriptiorto t whataBoot-
strapdoes.Usuallythemini programis 'stagedin two les. Theprimaryandthesecondary
Loader To loadtheseles, moreexactlythe primarystagethereis some rmw aresupport,
e.g.BIOS, neededThis 'hardware' supportcopiesthe rst stageinto the memoryandex-
ecutedt. The rst stageloadsthenthe secondarystage.Thisis abiggerprogram.You all
know thatprogramsThey arecalled,grub,lilo, ... andsoon. The rst andthesecondstage
togetherareknown underbootloader'. They allow to setsomeparameterfor thekernelor
chooseyour Operatingsystemwhich you wantto boot. Maybethis graphic[ gure 5] will
explain better

@ memory

primary ] bootloader

' _| secondary ()
o L)

kernel
(o)

primary

secondary

Figure5: BootLoader

0 Power on status: After pressingthe button on the power supply the CPU starts
working.

1 BIOS initial: The CPUloadsthe BIOS Codeandexecuteghem. Userinterruptat
this momentis possibleto modify the Boot Device or Boot Ordet

2 Boot Device: ReadingBlOS optionsandchoosingBoot Device.

3 rst stage: TheBIOS now loadsthe Bootstrapon the Boot Device into the memory
andexecuteghem.

4 secondarystage: The executionsof the rst stagenow loadsthe secondstagefrom
the Boot device andexecutedik ewise.

5 kernel: TheBootloademow loadsthe kernelinto memory This kernellocationcan
be differentfrom the Boot Device.

6 nish: Kernelis copiedinto memoryandexecuted.

5.4 Kernelstartup

Now the Linux kerneltakesover the control of the system. It initialisesitself, eventually
auto probesdevices, initialises detecteddevices, and, if all this is done,it startsinit, the
procesghatparentsall otheruserlevel processesf thesystem Hereis alist in whatorder
thekernelinitials.
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5.5

identify bootstrapprocesso(BSP)
setuparch()

init crucialsubsystems
parseoptions()
setupkernelpro ling
enableinterrupts(sti())
calibratedelay()— BogoMIPS
init subsystemaeedingdelay
checkbugs()

smpinit()

spawn init asa 'k ernelthread’

becomadle process!

Invocation of init

12

init() beginslife asa'k ernelthread'andendsby startingtheuserlevelinit procesgsbin/init

*

*

*

acquire'thebig kernellock' onamultiprocessofMP)

performhigh-levelinitialisationdo_basicsetup()

free_init memory

releasdock

try to exec(in userspace}heinit process

panicif unsuccessful

Jetcfinittab | — m - .

letc/rc.d/
rc.boot/
rc0.d/

rcl.d/

portmap

Figure6: /sbin/init,the orderof booting

Now you are at the point whereyou canchoosewhereto go. The init procesgeadsits
con guration le (/etc/inittab)andprocessescriptsor commandsnstructedn this le.

The default runlevel and rst scriptto be executed,if not bootingin emegeng (-b)
mode,canbesethere.
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Duringthe rst stephardwareinitialisation,youwon't nd mary customizabl@ptions.
You'll nd instructionson how to modify BIOS settingsn your mainboardmanual.If you
have adapterghat have their own BIOS, checkthesemanualsin caseyou mustor can
changesomething.

5.6 Start scripts

The rst scriptto be executedfrom init on systemstartupis /etc/rc.d/boot . Here
everythingis started.Somevherelocatedin this scriptthereis a sectionwherescripts,that
areonly calledonceat startupwill beexecuted.This shouldlook like this:

Listing 5: executingstartupscriptsin /etc/rc.d/boot.d

if test d /etc/init.d/boot.d/ ; then
for i in /etc/init.d/boot.d/S ; do
test f $i continue
$i start

done
fi

After processindghesescriptstheinit-procesq gure 6] jumpsinto thedenotedunlevel of
theinitab. Thedefaultrunlevel is 3 sotherewill beall programmesgxecutedwhich sufce
thefollowing expression/etc/rc.d/rc3.d/S*

5.7 Symboliclinks

For some les we now createsymbolic links to the RAM-Disk or to the virtual /proc
le system. All links, we talk aboutwherecreatedin the /YAGI/linuxroot direc-
tory of course. In the root directory we link the /tmp directory to /varitmp  and
createthis directory in the /lvar . Now changeto the /etc . Link the adjtime to
../RAM/etc/adjtime andthemtab to/proc/mounts . Ready

5.8 Preparethetar.gzramdrive- les

Building RAM disksis very easy Neverthelesst takesa long time andyou have to hand-
pick the les youneed.

Copy the/var to alocationof your choice. Remaove all les anddirectory's you don't
need. This dependn your distribution andwhatyou have installed. In normalcaseyou
canremove anything with httpd, mysd|,...or somethindik e that,if not neededor instal-
lation. Comparehis directorywith therunlevel, you startatboottime. Soyoucan nd out
whatyou needor not.

Someerrorsduringthe bootup could ariseif you deleteda le which is neededy a pro-
gram. Whenthis happensxaminecarefullythe RAM drive disksandbuild a new oneif
you forgotsomething.

Let'sdothe RAM-drive directory Layoutanemptydir with thesefour directories:dev,
etc, tmp, vyagi .

Copy the le HOSTNAME, adjtime, defaultdomain  andld.so.cache intothe
letc directory Maybeyouwantto modify the HOSTNAMEHe.

Lastbut notleastyou haveto dothisfor the/dev directory Deletethedeviceswhichhave
no assignmenon theinstall machines.

From eachdirectorymake targz les like ramdrive.tar.gz, dev.tar.gz and
var.tar.gz . Copy thesethree les into the /YAGI/linuxroot/YAGI folder your
arrangeceforethese.
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6 YAGI

Somecommercialandfree-ware Tools alreadyexist in that sector All commercialpro-
gramsare "black box” solutions. That meansyou cannot con gure individual thingsto
your needsandyou arelimited to the featuresof the respectre programs.You canonly
usetheoptionthatthe codershave foundresourcefubr moreworsethebusineseconomist
speci edthefeatures Neverthelessherearesomegoodprogramsonthemarket. TheTool
Ghostfrom Symantec([lis oneof the bestProgramsout of the commercialsector Sol
decidedo call my programyagi, whatto announceas”yet anotherghostinstaller”. Sothe
ideaof YAGI wasborn.

6.1 Idea

A tool basedon UNIX[5] shouldbe developed. It's a factthat UNIX is one of the most
powerful OperatingSystemsthat exist. The long evolution and the resulting stability

wasthe point for choosingUNIX. In caseof the BSD-Family[4] (NetBSD,FreeBSDand
OpenBSD)andof courseLinux the sourcecodeof the kernelplusthe userlandorograms
areOpenSource. Soit is no problemto modify programsto t your needs,or to build

a free Disk-Cloning Tool basedon a free OperatingSystemwhich everyonecanuseand
modify.

Beforel startto explain how to implementandusethe Tool a smallabstracbf therequire-
ments.

6.2 Peggedrequirements
Thebasicspeggedrequirements:

- boot Unix-systemcompleteover network (no needof local Disk-space).Youneed
not to install anything on your machineto deploy images.Also thereis no needto
save the imageon thelocal disk rst, what meansthat you cannot usethe whole
diskspacdor your applications.

- createimagesindependentof le-system or hardware. You don't have to care
aboutyour le systemWhateveryouhave (e.g.NTFS,FAT32,ext2, XFS, reiserfs)it
shouldbeableto clone.Alsoif youhave IDE, SCSI,S-ATA, IEEE,..., all hardware
shouldbe supported.

- fastandreliabletransfer. A commonandfastprotocolwhich supportso w control
andaf rmation of pacletsit receves.Sothetransferof theimagewould be correct.

- using standard Unix tools. Thereshouldbe no greatneedof compiling andin-
stallingspecialprogramsThis enhanceshe countof platformsyagicanbeinstalled
to andrunon.

- easyto use.Keeptheuserinputin ary caseaslow asit canbe.
Thehighdemands:
- statusof transferring . Progressbanf installation,estimatedimetill nishing, ...

- further automatisation. Automatisatiorin theway to reducetheinteractionbefore,
during,andaftertheinstallationprocess.

- auto detection of hardware for individual image deployment. Parsingthe BIOS
or the MAC-Addressandchooseheimageby meanof thoseparameters.
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6.3 Architecture

Thereexist two sides. The sener andthe client. The DaemondDHCP andFTP have not
to run ononesener. Likewisethe ftp sener have notto standin the broadcastiomainof
the DHCP Sener. Maybeyou bootfrom a oppy or a CD soyou only have to copy the
two scriptseatdisk  andcookdisk toyourclientandstartthem.Neverthelesshereare
someminimumrequirementsSolet's seewhich they are.

6.3.1 eatdisk

Onthesenersidea DHCPD Senerhasto runandprovide IP-Addresse# thelocal broad-
castdomain.This canbeary Senerthatis ableto provide bootprequestAlso anstandard
ftp seneris neededo storetheimage. The Sener hasto be capableo supportmorethan
oneclient.

Theclienthasto be ableto bootfrom Network. Nothing elseis needed Anyway it hasto

be connectedo the switchwhich is linkedwith the sener thatprovidesthe DHCP

6.3.2 cookdisk

If you arenot bootingfrom CD or Floppy you have to run a DHCP-Serer. Theimage
alsocanfetchedfrom CD insteadof the network. In our caseit's senedby ftp. Likewise
to eatdiskthe client hasto be ableto bootfrom Network. The scriptfetchesdatafrom a
sourcele (hereit's overhandedria ftp) andwrites the bytesto the harddisk in the local
client.

7 Installing YAGI-Server

Firstof all, whatis a YAGI Sener?

A YAGI Seneris astandardJNIX, or ary otherOperatingsystemwho canprovide dhcp,

tftp, nfs andftp services.To install the YAGI-Sener chooseyour favourite Unix system
with following daemonsndtools. In this caselinux is used.

Onthe Client sidetherearecomputersvhich have a Network interfacewhich is bootable
over Network.

Thetwo sides(Sener andClients)are connectecdver a switch or hub In this Broadcast
domainall Clientscanbootfrom Ethernet.

7.1 DHCP

DHCP, the DynamicHostCon guration Protocol,describeshe meansby which a system
canconnectto a network and obtainthe necessarynformationfor communicatiorupon
thatnetwork. We useyou the ISC (InternetSoftware Consortium)DHCP implementation,
soall implementation-speci énformationgivenhereis for usewith the ISC distribution.

Whendhclient,the DHCPclient,is executedontheclientmachinejt beginsbroadcast-
ing requestdor con gurationinformation. By default, theserequestsareon UDP port 68.
The senerreplieson UDP 67, giving the client an IP addressand otherrelevant network
informationsuchasnetmaskrouter and DNS seners. All of this informationcomesin
theform of a DHCP"lease”andis only valid for a certaintime (con gured by the DHCP
senermaintainer).In this manneystalelP addressefor clientsno longerconnectedo the
network canbe automaticallyreclaimed.

Sofar, PXE alsotriesto getavalid IP Addressfrom the DHCPD Sener.

By all meansyou shouldcheckyour startupscript of the dhcp daemon. Make sure
thatthe device, the network cardwhich connectdo theinternalbroadcastiomain,is cho-
senright. If you haven't con gured the right device the Client won't boot. Likewise it
canevoke instability in the of ce-network, a workmatescomputercansuddenlycatchan
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IP-Addresdrom your IP-Addressrangeyou offer from your sener. Soit would be encap-
sulatedn your network andcanno longerwork in the of ce network.

7.1.1 A word about bootp

Well, asheardbeforethe BOOTP Protocolshouldnotlongerbe used but why?

The rst reasoris thatin mostcaseyou haveto launchdhcp-clientafteryou bootedup
the minimum system.Soit's in nearlyall casesecessaryo have dhcpdrunningon your
sener. It makesno senseao run BOOTP alsoif dhcpdcando this, too.
Anotheradwantageds that DHCP allows moreoptions,for exampleyou cansendsocalled
Vendoroptionsto your client. Soyou canspecifyspecialparametergor eachmachineor
for all machinesThis will reducetheadministratve work.

It alsousesthe sameportsasBOOTP, so DHCP canbe seenasenhancedBOOTP service
andshouldbe usedinsteadof the supercede@OOTP version.

7.2 tftpboot

Trivial le transferprotocol. Trivial in the meaningtherethatareonly a few commands
supportechndthereis no userauthenti cation. Soit's clearthattftp neveris usedasstan-
dard ftp-daemon.During booting from a network andserving les like pre-boot-loaders
and linux sourceit isn't necessarylikewise not possibleto authenticatgpersonsor ma-
chines.

tftpd is startedover inetd, in theline you canchoosea directorywhich is usedasftp-root.
You should usethis option becauséf you don't, everyonecancopy ary le from your
sener!

Listing 6: entryinto inetd.conf for tfptd
tftp dgram udp wait root lusr/sbin/in.tftpd in.tftpd s /YAGI/tftpboot

7.3 NFS-Sewer

We needan NFS-Serer for mountingthe root- le systemandthe userlandervironment
after the kernelhassuccessfullystartedup. NFSis always calledunstableandinsecure.
That might be right in the caseof insecure becauséahe authenticatioris only basedon

IP-Addressesln our closeenvironmentduring bootinganddeploying imagesthis is nota

securityhole. Sowe don't have to worry aboutary securitybreachesn our network.

Well, let's seethecon g of the NFS-Sererin /etc/exports

Listing 7: example/etc/exports on YAGI-Sener
IYAGI/ linuxroot 192.168.1.0/24(ro0)
[ usr 192.168.1.0/24(ro0)

Do your con guration carefully, mistalesin thatcaseor simplemistypescanresultin
securityholes.Althoughbe carefulwith write accesgrw insteadof ro), for detuggingand
if the staf knows whatto do this might be okay, elsewise setthis parameteto read-only
sonoonecanoverwriteyour con gurationor delete les of your sener system!

7.3.1 NFS-Root

As you seeabove we have adirectorythatis called

tt /'YAGI/linuxroot. This directoryis simpleacopy of the'original' root le-systemonthe
sener.

In thefollowing you shouldcopy thesedirectoriesto the locationthatyou have choseras
thelinuxrootin your NFS-con g.
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* /bin

* [dev

* [etc

* [lib

* [proc(only create)
* [root

* /sbin

* [tmp (only create)
* Jusr(only create)

* Jvar (only create)

To copy thedevice-directoryyou canusethefollowing command.

Listing 8: copy commandor /dev directory

cp rp /dev/ /YAGI/linux/root/dev

The directories/var, /tmp, /proc and/usr have to be empty becauseahey will be created
or mountedat startup. Last but not leastthe Kernelhasto supportNFS-Root,which is
explainedin the next section.

7.4 Built aproperKernel

It's very simpleto compilea new kernel. goto kernel.og, grabthe latestkernelanddo a
regular'make menucon g'.

Following the menuand chooseanything you would chooseas normal. Somethings
you have to point out. All network cardswhich areinstalledin the clients have to be
compiledas'static' into the kernel. If you chooseémodule' it will not work becauseahe
necessaryles aresavedon thesener directory Thekerneltriesto loadthe module les
from/lib/modules/<kernel-version> ,inourcasehe/lib directorydoesnt exist
at the time the kernelstarts. The systemhasto mountthe nfs-rootat startupfor getting
accesdo the/lib le system.To mountthe nfs-shareyou needaworking Ethernet-deice.

Also activatethe hardwaredetectionthetmpfs le systemthe NFS-rootsupportand
thedevpts. You canproofthecon gurationif youlook atthe.con g le andseesomething
likethis.

Listing 9: coutoutfrom kernel-con g

# File systems
CONFIG.TMPFS=y
CONFIG_.RAMFS=y
CONFIG_DEVPTS_FS=y

# Network File Systems
CONFIG_NFS_FS=y
CONFIG_NFS.V3=y
CONFIG.ROOT.NFS=y
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Thatsall. Now you cango onwith compilingthekernel.

make dep && make clean && make bzlmage
make modules && make modules_install

The new kernelis locatedunderarch/i386/boot/bzimage . Copy the kernelto
the /tftpboot/kernel directory Also do not forgetto make surethatthe directory
lusr/lib/<kernel-version> is accessiblever NFSto yagi. Normally this should
not be a problem. If an error occursduring the boot-processvhenldcon g is running,
malke the NFS /usr sharewritable for one startup. Rememberif you changesomething
in the /etc/exports you have to restartthe NFS daemon. UseKkill -HUP “cat
Ivar/run/mountd.pid’ or somethinglike /etc/rc.d/nfsserver restart

for restartingthe service.

8 Modied scripts

Well, we have to con gure someshell-scriptsthat linux will executeat startup. Most of
the scriptscanbe disabled. Generallywe startrunlevel three. So we have to checkthe
letc/rc.d/rc.3/* les, deleteor renamethem.

8.1 Cong le yagi

Under/YAGI/linuxroot/etc/sysconfig/yagi we createourown CONFIGFile
for easieradaptingo otherervironments.
Hereis anexample.Con gure the parameter$o your needs.

Listing 10: example/etc/sysconfig/yagi

# This is the configuration File for YAGI
# edit Variables only here

# How should your YAGI Server be named
YAGI_SVRNAME="YAGI"

# IP Address of YAGI Server
YAGI_SERVER=192.168.1.2

# Directory of user land binaries which should be ro mounted
YAGI_USR=/usr

# Directory of user land binaries which should be ro mounted
YAGI_.HOME=/YAGI/ linuxroot /home/ yagi

This le will be neededy somescriptswhich areexplainednow. Similarly you canadd
Variablesfor yourindividual needsn this le.

8.2 J/etc/rc.d/boot

Thisis the le linux executesafterthekernelhasunpacleditself.
Herewe have to createthe Ramdrives,untarit, do somemountingandre-mountingsThe
bestthingis to show scriptandexplain whatit doesbeforelong talk aboutwhatto do.

Listing 11: /etc/rc.d/boot

#

# Building an RAM DISK for individual workstations
#

echo n " Preparing RAM Disk for local config”
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mount t tmpfs o size=23M, nr_inodes=10k,mode=700 tmpfs /RAM
rc.status v r

rc_reset

#

# Building an RAM DISK for individual workstations
#

echo n " Preparing RAM Disk for /var”
mount t tmpfs o size=42M, nr_inodes=10k,mode=755 tmpfs /var
rc_status v r

# Make / proc available

rc_reset

echo n " Mounting /proc device”
mount n t proc proc /proc
rc.status v r

echo n " Mounting /dev/pts”

optpts=" o mode=0620, gid=5"

mount n t devpts $optpts devpts /dev/pts
rc_status v r

rc_reset

#

# Untarring filesystem into place
#

echo " Untarring Files into RAM Drive on /RAM for local config...”
test w /proc/progress &&

echo "52 Creating basic filesystem” /proc/progress
mkdir /RAM/ dev
mknod /RAM/dev/null ¢ 1 3
tar exclude= .tgz xpzf /YAGI/ramdrive.tar.gz C

/RAM  /dev/null 2 &1
rc_status vl; rc_reset

#

# Untarring /var

#

echo " Untarring /var into RAM Drive ...”

tar exclude= .tgz xpzf /YAGI/var.tar.gz C /var /dev/null 2 &1

rc_status vl,; rc_reset

More or lessall functionsaredocumentedn the scriptitself. Neverthelesd explain the
linesandwhatthey arestandingfor.
| Line | commands |
5 | promptto console
6 | createandmountantmpfs lesystemwith disksize5M for /etc
7 | promptan[done]if commandeforehasbeenexecutedsuccessfully
14 | createandmountantmpfs lesystemwith disksize23M for /var
21 | mountthe/proc le ystem
24-26 | mountingconsoledevice
33-39 | ungzipanduntarringramdrive.targzfrom /YAGI/linuxroot/YAGI
47 | ungzipanduntarringvartargzfrom /YAGI/linuxroot/YAGI
All Ramdrizesaremountedead/writeaccessableSoevery clientcanwrite its own con g-
les andlog les into memory

8.2.1 Why usingtmpfs

If 1 hadto explain tmpfsin onebreath,I'd saythattmpfsis like a ramdisk,but different.
Likearamdisk tmpfscanuseyour RAM, butit canalsouseyourswapdevicesfor storage.
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And while a traditionalramdiskis a block device andrequiresa mkfs commandof some
kind beforeyou canactuallyuseit, tmpfsis a lesystem,notablockdevice;youjustmount
it, andit' sthere.All in all, this makestmpfstheniftiest RAM-basedlesystem|' ve hadthe
opportunityto meet.

You're probablywonderingabouthow big thattmpfs lesystemwasthatwe mountedbe-
fore. Theanswerto that questionis a bit unexpected especiallywhencomparedo disk-
basedlesystems./var or/RAMwill initially have avery smallcapacitybut as les are
copiedandcreatedthe tmpfs lesystem driver will allocatemoreVM andwill dynami-
cally increasdhe lesystem capacityasneededAnd, as les areremovedfrom /var , the
tmpfs lesystemdriverwill dynamicallyshrinkthe sizeof the lesystem andfree VM re-
sourcesandby doingsoreturnVM into circulationsothatit canbe usedby otherpartsof
the systemasneededSinceVM is a preciousresourceyou don't wantarything hogging
more VM thanit actually needs,andthe greatthing abouttmpfs is thatthis all happens
automatically

The othermajor bene t of tmpfsis its blazingspeed.Becausea typical tmpfs lesystem
will residecompletelyin RAM, readsand writes can be almostinstantaneous Even if
someswap is used,performancss still excellentandthosepartsof the tmpfs lesystem
will be movedto RAM asmorefree VM resourcedecomeavailable. Having the VM
subsystenautomaticallymove partsof thetmpfs lesystemto swap canactuallybe good
for performancesinceby doingso,the VM subsystentanfreeup RAM for processethat
needit. This, alongwith its dynamicresizingabilities, allow for muchbetteroverall OS
performancend e xibility thanthealternatve of usingatraditionalRAM disk.

8.3 /etc/rc.d/boot.d/

Thechronologicabrderof startingthescriptsis nescearrypecausé portmapisn't running
you cannot mountnetshare$or example. So the correctorderof bootingis signi cant.
To ensurethat the bootsequencés executedin the right order the scriptsare sortedin
alphabeticabrder For easierchangingthe alphabeticsequencend thusthe ascending
order, regularly a'S' followed by a two digit numberis insertedbeforethe nameof the
script. All scriptsaresymboliclinks to the above directory Herea directory-listingfrom
/etc/rc.d/boot

Listing 12: /etc/rc.d/boot

S01boot .idedma ../ boot .idedma
S02boot . proc ..I'boot . proc

S07boot . swap ..I'boot . swap

S08boot . clock ..I'boot . clock
S09boot . Idconfig ../boot.ldconfig
S10boot . localnet ..Iboot.localnet
S20boot . setup ../ boot . setup
S22boot . klog ..I'boot . klog

S23boot . ipconfig ..I'boot .ipconfig

8.3.1 /etc/rc.d/boot.ldcon g/

In this le thereis not muchto modify. What you should have alreadydoneis that
you copiedthe Id.so.cache le to the RAM-Disk. In otherwords, the location of

Id.so.cache le isunder/RAM/etc/ directoryaftertheinitial startupthrough/etc/rc.d/boot

Sowe changeall /etc/ld.so.cache to /RAM/etc/ld.so.cache in this le.
Checkcarefullyif this le is really thereandcalledby Idconfig . If not, somestrange
thingscouldhappen.
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8.4 /etc/rc3.d/netshaes

For mountingthe netshare$ have written anown smallscript. Herearesomeabridgement
linesfromthe le. | copy&pastedonly the essentiapartshere.All otheris similarto other
scripts,look if you nd an/etc/skeleton in your distribution. Soit's easyto modify
or make your own runlevel-script.

Listing 13: /etc/rc.d/boot

#Check for existence of needed config file and read it
test r /etc/sysconfig/yagi && . /etc/sysconfig/yagi

echo n ” Starting mounting NFS $YAGI_.SVR.NAME Shares”

mount t nfs o ro,tcp,vers=2 $YAGI_SERVER $YAGI_USR / usr

mount t nfs o rw,tcp,vers=2 $YAGI_SERVER $YAGI_HOME /RAM/yagi
# Remember status and be verbose

rc_status v

0 ...

9 YAGI-tools

For creatingandwriting imagesl have written somesmall programswhich arebasedon

G4U[7]. Theseareonly somesmallshell-scriptsandoneperl programfor displayingthe

statusandthe progresf theinstallingandwriting to a disk.

It is recommendetb createanftp-userfor storingor readingimages.Theuseronly needs
ftp accesssothereis no full shellaccountrequired. Justaswell it is possibleto put the

imageon anothersenerinsteadof the YAGI sener.

9.1 eatdisk

This scriptcreategheimage.

It readghewholeharddisk over dd andstreamghe outputto anftp-clientwhich transfers
it to thesener.

Thescriptis verysmall. At rst it checksf thecommandine argumentsaresuitable.The
minimum requirements the sener nameandthe nameof theimageyou have to declare.
Thethird parametesetsthelocal disk device. In defaultcaseit is setto /dev/hda

Thenit startsa 5 secondslelayto interruptthe processeforereadingfrom disk.
Accordingto thesesettinggheimagecreationis starting.In detailthefollowing commands
areexecuted.The le systemtool dd startswith readingtheharddisk. Theoutputis piped
throughangzip -9 . Therebytheimage le sizeis reducedo the effective size of data
locatedonthe harddisk. Otherwisetheimagewould ashig astheraw data-sizeof thehard
disk.

The compressediatais sentvia ftp to the sener. ncftpgetis parametrisedor autologin
into the sener. The uploadprocessstartsautomatically The imagesizegrows asfastas
thereadproceson theclient-sidehasadvanced.In mary caseshewhole harddisk of the
client containsno data. Thereexist free spaceon the x eddisk. This free spacecanbe
bettercompressethanthe data-areasimplication of thatis thatthe imagewould grow in
avariableway. After the progressa smallgoodbyemessagés displayed.

The completescriptcanbefoundin theappendix.

9.2 cookdisk

This scriptwritestheimageto theclient.
It beginswith anftp connecto thespeci edsenerin thecommandine. Thereceiveddata
will be streamedhroughgunzipandthenwritten with dd ontothe local x eddiskin the
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client.
It salsoavery shortscriptandalsoonly standardJNIX toolsareused.In detailthe script
checkshefollowing parameterandexecutesaccordingly

cookdisk awaits minimum two commandline options. The rst parametets the
sener nameandthe secondnandatoryparameters theimagename.Thethird parameter
is optional and declaresthe disk device e.g. hda, hdb, .... Default settinghereis also
/dev/hda
After processinghis parameterst loopsthrougha 5 secondsstartsequence.This gives
you the chanceto interruptthe executionwithout writing ary data. Maybe you will be
fastenoughandrecognisean error in your input or, the worst case,if you mixed up the
keyboardson your desktop.
Now theimagewriting starts.The standardukemftpclientconnectgo thespeci edsener
andperformsanautologin. The alsospeci ed le is fetchedfrom the sener andhanded
over to gunzip. We have to unzip this becauseve have paclked the imagewith gzip as
describedefore.The extractedout-streanis pipedinto the leutil dd.
Similarly to eatdisk  the rst time therewill be alot transferedrom the sener to the
client. Thisis trivial andshouldnot be describechere.
After the progressa smallgoodbyemessagés displayed.
The completescriptcanbefoundin theappendix.

9.3 YAGIso

YAGI SystemOverview program.This is a small perl-programwhich will readout some
system-parametermnd shov them on the display It's updatedevery 3 seconds. This
refresh-timds enoughpecausenostof thevaluesdon't changeandtheothers thatchange
don't do thatin suchanfastway. The mostneedfulfunction of this programis thatyou
canseethe statusof the writing and readingof animage. To make this possibleit was
mandatoryto modify the dd sourcecodeanrecompileit. How thisis doneis explainedin
thenext section.

Theactualprocesss calculatedasfollows.
Fromthe proc- le systemthe maximumharddrive capacitycanbe readout via the ide-
channel.Thisvalueis locatedunder/proc/ide/hda/capacity for example.

Theprogramuseghencursedibs to draw the boxesandthe progresdar, somake sure
you have installedthe perl-module glsavherethe programdoesnt start.

In future versionsmaybeit's possibleto calculatethe exacttime how long it takesto
write theimageto the disk.
Theperl-prograncanbefoundin theappendix.

9.4 modied dd

As saidin the sectionabove, we have to modify the dd command. Thereare only small
enhancement®r gettingan outputto the screenandwriting the actualblock countto a
le. Thecompletesourcecodeof themodi ed dd.cyouwill nd in anadditional le. Here
| only explain the lineswhich have beenattachedr modi ed. Thiswill helpmorethana
diff  if you have ananotherversionof the leutils thanhere. Solet's take a look what
haveto bedone.

Listing 14: modi ed dd.c(partitial)

/] File for Statistic output. done by DaN for yagi
FILE statsf;

else
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8 copy-simple (bufstart, n_bytes_read);

10 /1 modified by Stefan DaN for yagi
if ((++count_print_reduction%2100)==0)
12

fprintf (stderr, "r %dof %l _blocks _written .." , (long) (r-partial+
r_full), (long) max.records);
14 fflush(stderr);
fseek (statsf, 0, SEEK_SET);
16 fprintf (statsf, "%d_blocks \n" , (long) (r-partial+r_full) );

fflush (statsf);

18

20

/1 modified by Stefan
22 fprintf (stderr, "\r )
fflush (stderr);

2

26 ...
main (int argc, char argv)
28

int i;
30 int exit_status;
32 /! modified by DaN for yagi

statsf=fopen("/ var/dd. stats" ,"w");
34 ...

| give ashortexplanationof whatthe sectionsdo in the program.

In line 3 anFile Handleis created.

Line 7 to line 19 is somavherein the middle of the sourcecode. In factthis is the main
partto recode.As you seeboth outputsareactive, the outputto the consoleandthe output
tothe le-handle is done.With someC-knowledgeit shouldbeno problemfor youto read
this.

Now let'stake alook atthemainfunction. Herein line 33the le handleis openedo a le
for writing. StefanRobl[6] helpedme by recodingthis.

10 PerformanceTests

To gure out how fastyagiis, andhow it dependson CPU speedor HD sizel ransome
test. All testhave beenmadeon Toshibal aptops.On regularWorkstationghe disk speed
shouldbe betterthanin thesetests.As a matterof factis thatthe Clientswhereall Note-

books,you would like to askwhat's so specialwith this. Well, Notebooksharddrive are
all in 2.5” form factor The speedaveragesat 5400rpm andalsothe write performances

gooddealworsethanon regulardesktophard-drives.

Thetime tables to thetestsdescribedhere,you can nd in theappendixon the sidesfrom

27t0 28.

At rst the hardware of the sener wherein all testsconstant. It wasusedan Pentium4
2.0GHzwith a Intel Etherexpress100 Network Card. 512 MegabyteMemoryanda usual
Maxtor 20GB Ultra ATA/100. The performanceouldbeimprovedif you usetwo network

cardsandbondingthemand/orusea disk-raidsystem.

The rst test[tablel] wasto nd outhow themodi ed dd binarywould affectthe speedf

disk writing. As exposedthe time of writing to diskswasnt changingvery much. Thisis

very goodfor ussowe canrunthe YAGIsowithout having any greatlossof time.

The samewasdonewith anothemmachineto seehow greatthe differencesetweenrhard-
wareplatformsare. We supposedomegreatchangesAs a matterof factthetime differ-

encewasvery great.You canseethisin table2.

In table3 youcan nd datawith onemachineantwo differentdisk andimagesizes.In the
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rst cyclel choseasmalldiskimageandansmallimage.Thesecondassvasangreatbig
disk andaimagesizedoublebig astheonebefore.l triedto gure outhow longwould be
the minimum andthe maximumtime of time to install onecomputer Alik e it canbe seen
thein uence of hardwareif you accordwith othertables.

The hardwarein this test[table4] is exactthe same.Only the disk sizechangedrom test
to test. Theintensionin this casewasto discoverthewrite time of differentimagesizeson
varyingdisk sizes.It's possibleto write animagefrom an20GB Disk Device to an 30GB
or greaterDevice. The systemis runnablewithout no problems.The advantages thatthe
smallerdisksizeproducesa smallerimageandis thereforefasterin writing to the disk.
Thelasttwo testwheremadeto prepareYAGlI for RealLife mission.Onetestwheredriven
with 20 Computersandthe otherwith 30 ComputersTo beableto comparehedifference
betweeronemachineandthe amountof all, a standaloneinstall wherealsodriven. Alik e
theblocksizehasalteredfrom defaultto 1 Megabyte.As resultcanbe seerthatthechange
of the block size have antremendoughangein the install time. In the caseof the stan-
daloneinstall the changeis even higherthanin the total install. This is dueto sth. the
heary loadof network traf c. The rst time all machineswill leechagreatamountof data
to their harddisk. Sothe network couldn't copewith the needsof theclients.

11 RealWorld Lab

After adequateestseriesyagiis readyfor therealworld.

Up to 40 machineshave to beinstalled. Nearly all computershave the samedisk size. In
thetablebelov you canseehow long it took to install the machines As statedbelow you
canseethedifferencebetweerinstallingonemachinewith aimageor all together
Theresultis thatnot assupposedhe time of installing would increaseéremendouslyFar
from it thetime is nearlythe same.

Most of thetestwheredrivenwith only twentylaptopsbecausef thetestsequencavhich
wasrunningon themmoremachinesvherenot needed.

Therequirementén this environmentwasto install quickly 20 machineswith ansoftware
imageonwhichrun severalhardwareandsoftwaretestunderwindowsto prove thequality
of the machines. After the clearanceof this machinegshe next 20 machineshave to be
installedwith ananotheiimage.To rebootautomaticallythenew machinesftertheinstal-
lation has nished we just enteredollowing commandine

cookdisk  <server> <image> && shutdown -nr now.

Sothe computerperformeda automaticallyrebootafterinstallingtheimageandruninto
thewindows softwareto begin with thetests.

Anothertime the creationof the imagewasnt nished beforeclosingtime. The master
notebookwhich createdthe imagehadto run a hour or longerto createthe image. The
solutionis assimpleasthe above. We startedup all notebooksandlog in. Usingthefol-
lowing commandine

sleep 1000 && cookdisk <server> <image>

enabledusto go homeandhave analreadyinstalledimageon the next morning.

As you canseethe choiceto seton an standardJNIX like operatingsystemwe have all
the power of commandshis operatingsystemprovides. The e xibility is greatetthanary
black box designeccommercialprogramandof courseit is cheaper In the Appendixon
page44youcan nd somephotosof theinstallingprocedure.

12 futur e prospects

Okay; let's seewhatcanbeimprovedor whathasalreadybeentested.

Ideal:
An ideawasbasedn thefactthatall clientswhich install the sameimagegetexactby the
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samedataoverthenetwork. Soit shouldbe possibleto run a multicastftp daemorinstead
of theregularftp daemon.On the client site nearlyall ftp canhandlea multicaststream.
The problemin that caseis that the clientshave to startall at exactly the samemoment.
This probleml have solvedwith thefollowing method. We setthe timeoutconnectionof
theftp clientto 5min or more. In the cookdisk  we adda line beforetheftp client start
thatgenerateanempty le with the client-ip-addresén a directoryon the sener. Sofar
the clientis ready now lets seethe sener side. It's very simple,we write a scriptwhich
checkshow mary les, orif all IP-Addressesve have uploadedvith themodi ed cookdisk
scriptexists. Well, if all les aretherewe startthe multicastftp daemon After the program
hasstartedt beginsto multicasttheimage le. All clientsthatarewaiting for aconnection
will startimmediatelywhentheseneris running.This very simpletrick worksvery well.
Thisnicefeaturehasonegreatdisadwantage Multicaststreamincludesno ACK or NACK.
Thatmeandf aclientdoesnt getan|P pacletit will neverknow thatit hasmissedone.

| have discoveredthat problemwhensomeclientswerenot readywith writing to the hard
disk but theimagewasalreadybeenreadysentoverthe network. It's clear thattheclient's
hadmissedsomepacletsbecauseld wantedstill to write.

This phenomenomccursin my casewhenl tried to install more than 10clientswith this
method.

It dependsurelyonthenetwork cards theswitchor hubandothermagicthingshow mary
clientscanbeinstalledvia multicast.

After thinking aboutsometime aboutthis probleml hadanideahow this problemcanbe
solved. Dueto thelack of time | couldnt testthisidea. Whatfollows aremerelythe basic
ideasof theconcept.

IPV6 is the solution. Version6 of IP cansettransferspeedo an IP-Address.Getclued?
Right,we seta speedimit for eachlP-Addresghatthesenerandall clientscancopewith.
Soit cantheoreticallybe assuredhatall clientsgetall pacletsfrom the sener. Obviously
thatcannotbeguaranteed.

Idea 2:
The proces®f installingcanbe moreautomated.
First therecanbe setsomeVendorOptionsin the dhcpd.conf  for clientssoit will be
possibleto parsethis optionin the cookdisk  script and fetch an imageautomatically
without typing anything into the client machine. Of coursesomemodi cations have to
be done. The client mustauto executethe cookdisk  at startup,but this is not a great
problem.

Idea 3:
The local disk can be mountedas sharedvia NFS or Samba. So modi cations directly
aftertheinstallationsarepossibleandcomputersanbeindividualisedwith con g les for
example.

Idea 4:

UNIX alsosupportsmary remotefeatures.Soit's possibleto accessvery machineover
ssh,rsh, telnet,ftp or whatever. Soyou canstartthe clientsandlet themboot. After they
have bootedcompletelyyou canlogin from your desktopP Candstarttheinstallation.Also
its possibleto seethe progresf theinstallationover the network.

That's only afraction of thatwhatis possible.Imaginea webfront endwhereyou seeall
machineghat have bootedanda list of imagesthat are possibleto install. A lot of lines
codehave to beimplementedo reachthistarget,neverthelessdt is possible.

Thatareonly someldeasl have had. Thereforeit will existalot more.

13 ToshibaEurope GmbH

Thecompletedevelopmentandtestingwasdoneandsponsoredy ToshibaEuropeGmbH.
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14 greetingsand thanks

Firstof all | wouldthankMum & Dad. They supportedneduringmy studyingwith agreat
heartandtrustedin my abilities. EspeciallyMum wasalwayssolicitousthatl have enough
to eat. Alik e | would thankmy brotherwho built mean y screerthatpreventedme from
beingprickedall over by mosquitosduringmy long computemights.
Thanksto HubertFeyrer andProf. JuegenSauer my Diploma-Thesisupervisors.They
gave meplentyof ropeandl hada greattime wherel learnedalot morethanl thought.
Team23the studentof my semesteat the FH-Regenslorg.
Greetingsandthanksto all OpenSourceDevelopers Keepon codingandthanksfor all the
stuff.

Lastandnot least,all my friendswho invited me to parties,spendingholidayswith me,
drinking coke, beeranddoingstuff atall.

Solong, andthanksfor the besttime of my life...

Herbert"Dad” Ettle, Dagmar’Mum” Ettle, Christian"ChrisE” Ettle, Karl Ettle, HeleneEttle, Markus "Whisky” Wistop, Alexander"Ad” Adlhoch, Karl "K oarl” Ertl,
Eva, Karsten"Preis” Witzke, Marion Stadler Fabian”Fab” Abke, Bernd"Bapf” Stapf,Daniel"Cocker” Hoep , Martin "Polar” Kloeckner Christian"KrK” Kraus,Tino "Rogue”
HirschmannKlaus"Mac” Brandl,Ingo”Bif* Frank,Thomas'Blixx er” Graf,Martina"tdeer” Hirsch,Marcus'Teschi"Prinz,Herbert'Aries _Blu" Meilhammey Matthias’matmaxx”
Weigel, Stefan”castla” SchlosserAndreas”anderl” Gleissl, "AlienMind” Nickl, Thomas"sherriff’ Mayer, Wolfgang "sniper” Wagner Andreas”delta9” Neumeiey "nordish”,
Bettina"Plymmo” Echinger Beate"BT" Echinger Sabine"Bine” Abke, Katrin "zak” Zahnweh Alice Seft, Ines”ini" Buckl, Sabine"lion” Mueller, Franzi,unknavn CIP-Pool
women,Hubert"hubertf” Feyrer, Juegen Sauer Martin Pohl, Edwin Schicker Martin Opel, ClaudiaDurchholz,FrauHirschmann Batman,Harold "logix” Gutch,Alex "decay”
Goller, Stefan’AmigaRulez” Robl, Andrea”’Andrew” OndracekFugen’eugenO"ObermeierThorster'thorstenS"Steller Stefan’stefanG"Grosseleahcim wuschel Obelix2000,
oneway, double-p,Sonja84akaStreuselMephisto, Teehaseeckes schrett,WolfgangGengey RolandGassnerManfredKirchbeger, Vadim Martahaler God, old Airport Munich

Ultraschall RAF-Club, suite15,Union Move, StreetParadethe rst few Loverparades
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15 Appendix

15.1 PerformanceTest- Time Tables

Toimprovethewrite time, discoverthein uence of thedifferentversionsof dd | runseveral
test.Herearetheresults.

Tablel: Write Speedestwith differentsversionsof dd
System: Pentium41.5 GHz/256MB/30GB — Image Size: 4.5GB |
standardid 1:53:27
modi ed dd with screeroutputonly 1:53:41
modi ed dd with screeroutputand le output | 1:54:15

Table2: Read/Writetestwith regularandmodi ed dd with screerand le output
System:Pentium31.0 GHz/256MB/20GB — Image Size: 1.1GB |

versionofdd | reading | writing
regular 0:30:26 | 1:27:34
modi ed 0:32:15| 1:30:08

Table3: Read/Writetest.regularandmod ed dd. samehardware/changinglisksize
| System: Pentium41.0 GHz/256MB |

Image size: 102906166&ytes— Disk size: 20GBHD

versionofdd | reading | writing

regular 0:25:05| 0:50:16

modi ed 0:25:56 | 0:50:36

Image size: 243240171dytes— Disk size: 30GBHD
regular 0:48:05| 1:23:26

modi ed 0:48:34 | 1:24:37
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Table4: Read/WriteTestwith systemdd andseveraldisk sizes

System:Pentium41.6 GHz/256MB

Image size: 111263454%ytes— Disk size: 20GBHD

image fromdisk

reading

writing

20GB

0:26:18

0:50:47

Image size: 119911830bytes— Disk size: 30GBHD

image fromdisk | reading | writing
20GB 0:53:56
30GB 0:38:18| 1:22:53

Image size: 109782311bytes— Disk size: 40GBHD

image fromdisk | reading | writing

20GB 0:50:13
30GB 1:14:17
40GB 0:44:17| 1:41:12

Table5: Write Testwith differentblock sizesandamountof computers

System: PentiumCeleronl.8 GHz/256MB

Image size: 279994258 bytes— Disk size: 30GBHD

nr. of madines | default block sizelM
1 1:13:57 | 0:32:13
20 2:11:23 1:37:42

Table6: Write Testwith differentblock sizesandamountof computers

| System:Pentium41.8 GHz/256MB |

Image size: bytes— Disk size: 30GBHD

nr. of madines

default

block sizelM

1

0:59:57

0:32:05

20

1:41:23

1:28:23
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15.2 Exampledhcpd.conf

Listing 15: exampledhcpd.conf

29

#

# DHCP configuration file. 1SC DHCP
#

#

# Global options

### dont update DNS
ddns update style none;
ddns updates off;

### allow netboot

allow bootp;

allow booting;

boot unknown clients on;

### free IP Address if Client forgo
one lease per client true;

use host decl names on;

### short for times for testing
default lease time 600; max lease ti
### default times for real life dep

#default lease time 72000; max
min lease time 23;

### define grub options for Ist
option option 150 code 150 = text;

### define pxelinux option space

server v3.0

t to sent DHCP.RELEASE

me 720;

loyment

lease time 144000;

option space pxelinux;
option pxelinux.magic code 208 = string;
option pxelinux.configfile code 209 = text;
option pxelinux.pathprefix code 210 = text;
option pxelinux.reboottime code 211 = unsigned integer 32;
### define bpbatch options for interactive mode
option option 135 code 135 = text;
subnet 192.168.1.0 netmask 255.255.255.0
### generall dhcp settings
range 192.168.1.23 192.168.1.223;
option broadcast address 192.168.1.255;
option subnet mask 255.255.255.0;
option routers 192.168.1.2;
option domain name "toshiba -tro .de _team23.org ._gwdg.de" ;
option domain name servers 192.168.21.5, 192.168.21.6;
option time offset 775238962;
option ip forwarding off;
# all path options relative to tftp server

### general options for
next server 192.168.1.2;
option
#filename "/grub /pxegrub
filename "/pxelinux  /pxelinux
#filename "/bpb/ bpbatch " ;

### options for grub

booting over

root path "/YAGI /linuxroot

network
" # relative tftp server
# grub

# syslinux (pxelinux)
# bpbatch

0"

path
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option option 150 "/grub /menu.lst" ;

### options for pxelinux

option pxelinux.magic f1:00:74:7¢; # practical magic
option pxelinux.configfile "yagi " ; # evident

option pxelinux.pathprefix "/ YAGI/tftpboot [/ pxelinux /" ;
option pxelinux.reboottime 5; # reboot after 5 min
### BpBatch command line argument : i == interactive

# You can also specify a script name (do not include the
# trailing .bpb extension)
option option 135 "bpb/ yagi-ascii ", # i bpb/yagi ascii"

### some more options

server name lenny;

#option ntp servers ntpsl.gwdg.de, ntps2.gwdg.de;
#option time servers rdate.uni regensburg.de;
#option font servers lenny.simpsons.org;

#option netbios name servers 134.76.63.252;

host coke

hardware ethernet 00:90:27:A4:C8:E2;
fixed address 192.168.1.23;
server name "coke .deam. org" ;
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15.3 cookdiskscript

Listing 16: cookdiskscript

#!/bin/sh
#

# YAGI

#

# based on g4u,
#

cookdisk

# fetch disk image and write

server=$1
image=$2
device=%$3

if [ "$device " =" 1];
device=hda
fi

if [ "$image " ="

echo ™

echo "usage :
echo "default
echo ™
echo
echo
exit 1

"example :

fi

echo "start _working _in

for i in 54321, do
echo $i ; sleep 1
done

echo "thats
ftp o "|gunzip

echo ™
echo "well

o "$server " =" ];

LT,

Lyees

_the _point _of _no_return
|dd _of=/dev /${device }"

dan@deam . org

hubert@feyrer . de

it to local

then

_$0_<servername >_<imagename>_[ DEVICE]"
_device _is _hda_- _change _only _if _needed"

$0_lenny _tecra9000

[

_done_- _cu_next _time.."

disk

then

- _working ..."
ftp :// yagi :yagi@$ server
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15.4 eatdiskscript

Listing 17: eatdiskscript

32

#!/bin/sh

#

# YAGI eatdisk dan@deam . org

#

# based on g4u, hubert@feyrer .de

#

# create image and write it over ftp to a server

server=$1
imgname=$2
device=%$3

if [ "$device " =" ], then
device=hda
fi

if [ "$imgname" =" o "$server " =" ]; then
echo ™
echo "usage : _$0_<servername >_<imagename>_[ DEVICE"

echo "default _device _is _hda_-_change _only _if _needed"

echo
echo "example : ___$0_lenny _tecra8000
echo ™
exit 1
fi
echo "start _working _in _...
for i in 54321, do
echo $i ; sleep 1
done

echo "working

( dd if=/dev/$device gzip 9) ncftpput d /var/log/ftp.log

p yagi $server $imgname

echo ™
echo "thats _all _folks

o

C

u yagi
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15.5 YAGIso script

Listing 18: YAGI Systeminformation

#!/usr/bin/perl w

#

# YAGI System Information Tool
#

# DaN dan@deam . org

#

# Programm settings and libaries

use strict; # trying harder

use Curses;

use Curses::Widgets; # Included to import select_colour & scankey
use Curses::Widgets:: TextField;

use Curses:: Widgets:: TextMemo;

use Curses:: Widgets:: ProgressBar ;

# declare Variables

my ($mwh, $progr, $blocksAll, $blocksDone, $cpu, $load, $boottime, $percent
, $doneblocks);

my ( @capacity, @blocks) = ("™ );

# this is line 23 : )

# Set up the environment
$mwh = new Curses;
#noecho ();

halfdelay (5);

$mwh keypad(1);
curs_set (0);

# this is line 23 ; )

# give me a nice look

$mwh attrset (COLORPAIR(select_colour (‘' green')));
$mwh  box (ACS.VLINE, ACSHLINE);

$mwh attrset (0);

$mwh standout ();
$mwh addstr (0, 1, "Welcome _to _the _YAGI_System _overview !" );
$mwh standend ();

# read the capacity data of hda
open (daten, "</proc /ide /ideO/hda /capacity ") die "capcacity _of _hda_could
_ho_be_read \n" ;
while( daten )
push ( @capacity , $_);

close (daten);

# show me boottime
$boottime=Curses :: Widgets:: TextField new(

CAPTION = "Boot _Uptime ",
CAPTIONCOL = "red ",

LENGTH = 42,

MAXLENGTH = 42,

MAK = undef,

VALUE = " __".procinfo (7,0,32),
INPUTFUNC = &scankey,
FOREGROUND = ‘"white ",
BACKGROUND = ‘'black",
BORDER = 1,

BORDERCOL = 'green',
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FOCUSSWITCH
CURSORPOS
TEXTSTART
PASSWORD

# show me current
$load=Curses :: Widgets:: TextField new(

CAPTION
CAPTIONCOL
LENGTH
MAXLENGTH
MASK

VALUE
INPUTFUNC
FOREGROUND
BACKGROUND
BORDER
BORDERCOL
FOCUSSWITCH
CURSORPOS
TEXTSTART
PASSWORD

CAPTION
CAPTIONCOL
LENGTH
MAXLENGTH
MAXK

VALUE
INPUTFUNC
FOREGROUND
BACKGROUND
BORDER
BORDERCOL
FOCUSSWITCH
CURSORPOS
TEXTSTART
PASSWORD

CAPTION
CAPTIONCOL
LENGTH
MAXLENGTH
MAX

VALUE
INPUTFUNC
FOREGROUND
BACKGROUND
BORDER

load

# how many blocks are done
$blocksDone=Curses :: Widgets

# how many blocks are done
$percent=Curses:: Widgets:: TextField

=
=
=
S

FNUIO OO

"load _average ",

"red ",
50,
50,
undef ,

"The _Simpsons ",

& scankey ,
"white ",
"black ',
1,
'green’,

“\ t\n"

0
0
0
5
6
1

;: TextField

new (

"current _Block"

"yellow ,
15,

23,

undef ,

' 12439
& scankey
"white ",
"black ',
1,
'green’,
"\ t\n"
0,

0,

0,

10,

10,

1,

"percent ,
"blue "

7,

10,

undef ,

"o 0%,

& scankey ,
"white ",
"black ',

1,

new (

i

34
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BORDERCOL
FOCUSSWITCH
CURSORPOS
TEXTSTART
PASSVORD

X

Y

READONLY

);

# capacity field [hda]
$blocksAll=Curses:: Widgets:

CAPTION
CAPTIONCOL
LENGTH
MAXLENGTH
MAXK

VALUE
INPUTFUNC
FOREGROUND
BACKGROUND
BORDER
BORDERCOL
FOCUSSWITCH
CURSORPOS
TEXTSTART
PASSWORD

X

Y

READONLY

);

# is the bitch working?
$cpu=Curses :: Widgets:: TextMemo new (

CAPTION
CAPTIONCOL
LENGTH
MAXLENGTH
LINES

MAK

VALUE
INPUTFUNC
FOREGROUND
BACKGROUND
BORDER
BORDERCOL

FOCUSSWITCH

CURSORPOS
TEXTSTART
PASSWORD
X

Y
READONLY

)

# how far to go

$progr=Curses :: Widgets

CAPTION
CAPTIONCOL
LENGTH
VALUE
FOREGROUND
BACKGROUND
BORDER

: TextField new(
"total _Blocks ",
"red "

15,
23,
undef ,

"Lt $capacity [1],

& scankey ,

"white ",

"black ',
1,
‘green’,

"\ t\n"

0,
0,
0,
46,
10,
1,

"CPU_Info ",
"red ",

38,

230,

5,

undef ,

"bla \nblub ",
& scankey ,
undef ,
"black ',

1,

green',
o,

=

1

PR U000

:: ProgressBar  new(

"done"
"yellow ",
60,

0,

"yellow ",
"black ',
1,

35



200

205

210

215

220

225

230

235

240

245

250

255

15 APPENDIX
BORDERCOL = 'green ",
HORIZONTAL = 1,
X = 5
Y = 13,
MIN = 0,
MAX = 100,
)
# needs to be only drawn once
$blocksAll draw ($mwh, 1);
$boottime draw ($mwh, 1);
#for (my $i=0;%i $capacity [1]; $i +=100)
while (1)
$doneblocks=ddstats ();
$load setField( VALUE= "_ " .procinfo(7,36,72) );
$blocksDone setField ( VALUE= "_ " .$doneblocks );
$percent setField ( VALUE = ($doneblocks/ $capacity [1]) 100 );
$progr setField ( VALUE = ($doneblocks/ $capacity [1]) 100 );
$cpu setField ( VALUE= " _".procinfo(9,0,32)."\n _".procinfo
(10,0,32)."\n _".procinfo (11,0,32)." n_".procinfo (12,0,32)."\n
.procinfo (13,0,32) );
$load draw ($mwh, 1);
$blocksDone draw ($mwh, 1);
$percent draw ($mwh, 1);
$progr draw ($mwh, 1);
$cpu  draw ($mwh, 1);
sleep 1;
# read the actual status of writing to disk
sub ddstats
open (daten, "</ var/dd. stats" ) die "dd _stats _file _could _no_be
read \n" ;
@blocks = daten
close (daten);
return substr($blocks[0],0, 8);
# read out procinfo and return line n from x to vy
sub procinfo
my $line = shift;
my $start = shift;
my $stop = shift;
# do a system call and write output to tmp file
system '/ usr/bin/procinfo /tmp/ procinfo . txt';
my @plines= (™ ); # remember strict?
open (daten, "</ tmp/procinfo . txt" ) die "procinfo _could _not _be_,

read \n" ;

1

while( daten )

close (daten

)

push(@plines, $.);

return substr($plines[$line], $start, $stop);

# show cursor again
curs_set (1);

36
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260

# The END block just ensures that Curses always cleans up behind
endwin ();

# thats all folks
265 exit 0;

itself

37
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15.6 BIOS Bootdevice
Photoof BIOS dialogto choosehe Boot device

Figure7: Menueto chooseBoot device

Menueiconto chooséf network bootshouldbeenabled

Figure8: SmallPicturefrom Network BootLogo
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15.7 PXE Bootscreen

Photoof PXE BIOS Boot screen. Old PXE BIOS Version, becauseof not Displaying
Networkcard.

Intel(R) Boot Agent Version 4.8.19
Copyright (C) 1997-2881, Intel Corporat

CLIENT MAC ADDR: 88 82 3F 7S 2D S5C Gul
DHCP. ./

Figure9: PXEBIOS screen(old version)

Photoof PXE BIOS Boot screenwith new 2.0 Versionof PXE. Network cardist dis-
played.

bl . PEE-2.8 (haild B6Z)

g bt (C) 1997-2088 [etel Corporalion

. Pealtek RTLBIAAAC)-RTLOLS PCI Fast Ethermet Cowt:

LIPNT W ADDR : @8 82 IF TR ED 7S CUID: BIMETEFE-540- | 1n
P |

Figure10: PXE BIOS screennew version)
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15.8 PXE Bootscreen

After fetchinganvalid IP Addressfrom the DHCP Senerthe PXELINUX is beenloaded
overtftp. Thefollwing outputis displayed.In real-life ypu won't seethis becausef the
fastexecutionof this step.

BRI 1 75 70070614 Copyright (C) 1994-7807 H. Peter Ao
i W data seguent af RS 4400

B data seqment si12e: 488

W1 code segment at BOESDYE

I code segment size: 2078

FIE entry point found (we hope) at 9095:8106

By 1P address seems to be CORGRIAM 192.166.1.178

=192 .168.1.179:192.168.1.2:192.168 .. 1.2:255.255.255 .8
TP prefue: Jpee] im/

Truing to load: pxelinex.cfg/DRABELAR

rying te lead: pxelinex.cfo/TBRBRLA
g ]

Figure1l: PXE Linux bootsequenz

THE PXELINUX Boot Splashscreen.This outputcanbeindividualmodi ed.

gL 4 '/

ft1 L1717 i71e
O L W
/ ! / /

yet another ghost installer

Fi=Imainl F2=linfol F3=labout]

boot :

Figure12: The PXELINUX Boot Splash
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15.9 eatdiskscreenshots

Photosof eatdiskafter executing. Commandline optionsin this casewas eatdisk
lenny satellite2410 . Lenrny wasin this namethe sener nameand satellite2410
theimagenameof thelaptop

gagt: B caldishk leany satellite.
start working iw

working...
11623908 of -1 blecks writtes..._

Figure13: eatdiskoutputafter starting,duringreadingimage

Closeup shotof theoutputfrom themodi ed ddtool. You canseetheblockswhichare
alreadywritten. The LCD is to slow sothe outputisn't assharpason anregularMonitor.

working...
1319688 of -1 blocks written..._

Figure14: Closeup shotof the eatdiskoutputduring processinglata
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15.10 cookdisk screenshots

Screershotot cookdiskaftercommandine input cookdisk  lenny s2410 . Hereis
lenry the sener nameands2410theimagename.If you have notan DNS sener or your
entryin theresolv.conf is wrongtry theIP addressnsteadof the name. Notice that
theimagenamehasbeenrenamedrom satellite24100 s2410.Lesslettersto type. :-)

Figure15: cookdiskoutput

After writing the imageyou seesometime andspeeddata. So you cancomparethis
with my testervironment.

Figure16: cookdiskafterwriteing theimage.summary
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15.11 YAGIso screenshots

Hereis thescreeroutputfrom YAGIso(YAGI SystemOverview). As you canseethereare
someusualdatalik e uptime,load,andsoon. Likewiseyou canseea progresdarandtwo
eld called'currentblock’ and'total block'. The meaningis obviousandis not explained
here.

Figurel7: full screershotof YAGIso.

Theprogressbatalculatiorandthepercendisplayis trivial andlik ewisenotexplained.

Figure18: detailedYAGIlsoscreensot of theprogressbar
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15.12 RealWorld action

Here you can seethe Real World deploymentervironment. On this photo you see20
machinesvho areinstalledsimultaneouslyln this specialway therewhereall notebooks.

Figure19: RealWorld Lab Photol

Anotherview of theapplicationarea.

Figure20: RealWorld Lab Photo2
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16 Resources

- http://Iwww.fags.og, RFC

- http://lwww freebsd.ay, how-to's

- http://www.feyrer.de,g4u

- http://lwwwlinuxdocs.dehow-to's

- http://www.stud.uni-goettingede/dsuchod/ldc/node5.htmrhin Clients
- http://www.google.com

- http://lwwwlinuxnetmag.com/dessue5/m8isklessihtml

- http://lwww.zelon.no/ oppyfw/install.html

- http://lwww.escape.de/users/outback/hhu
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