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1 Intr oduction

In mostdaily thingswecan't imagineto livewithoutcomputers.In somecasesit is impos-
sibleto keepcompaniesrunningwithout PCs.Sothereis a greatmarket for PCmanufac-
turersto satisfytheneedsof �rms andprivatepersons.Also nowadaysall Computershave
pre-installedOperatingSystemsontheir harddrive. Soall manufacturersaresearchingfor
a Toolkit to install their new PCsin a fast,reliable,cheapandindependentway.
OntheotherhandareSystemAdministratorswhohaveto installandrunmachinesin their
of�ce.
So it is a commonproblemfacedby IT managersto ensurethat client systemsin their
enterprisescanbootfrom appropriatesoftwareimagesusingappropriatecon�gurationpa-
rameters.Theseselectedbootimagesandcon�gurationparametersmustbeacquiredfrom
selectedserversin theenterpriseasdictatedby theneedsof theparticularenvironment,the
capabilitiesor missionof theuser, the resourcesavailablewithin theclient, etc. Further-
more,theseclientsshouldbootconsistentlyandin aninter operablemannerregardlessof
thesourcesor vendorsof thesoftwareandthehardwareof bothclientandservermachines.

2 Getting involved

To getanOperatingsystemon theharddriveyou caninstall it from CD or othermediums
to keepit running. This is the standardway. In caseyou have many computerswith
identicalhardwareplatformyoucanchoosetwo otherwaysto install computersin a faster
andcheaperway.
In thefollowing it will beexplainedwhat thedifferencebetweena Backupanda Cloning
or Disk imagingis.

2.1 Backup

Backing up your importantdatais as old as computersexist. The BackupMedia have
changedfrom oneMediumto anotherandbackagainlike magnetictapeor Disk operated
devices.Theadvantagethistypeis thatyouneedonly to savethedatayouhaveproducedor
input in thecomputerlike documentsor sourcecode.Thiswill savespaceonyourbackup
mediaandtheamountof time, to save only modi�ed data,is equallydecreasing.Another
way to savetimeandbackupmediumsis to saveonly �les youhavemodi�ed sincethelast
backupyou have taken. This strategy typeis called'incremental'Backup.Soall datayou
generatedaresafeondisk,or whatever. TheOperatingsystemor theprogramsareonother
Media.Thedisadvantageis thattheOperatingSystemandall programshaveto beinstalled
separatelyin a time wastingprocess,if thesystemhascrashed.During the installationof
theOperatingSystemor theprogramstheuseronly hasto follow somesimpleinstructions
to copy the �les to the harddisk. Also theremustbe donepartitioning,formating,some
Pathvariableshaveto bemodi�ed andserialsfor someprogramsmustbeprovided.During
this install periodthePersonwho installsthemachineis idle unlesshe is waiting for the
next interaction.In theday-by-dayuseof PC's, backupsaregenerallyusedto save docu-
mentsor/andsourcecode. In this areabackuphasthebestperformance/cost/timebene�t
andis preferablecomparedto Cloning.

2.2 Cloning

Cloning Disks is anotherway to 'back up' Computers.Cloning a Hard drive is nothing
elsethanto makeacompletebackupof yourHarddisk. Cloningdoesacompletebit-by-bit
transferfrom your harddrive to anotherone,or an image�le. TheOperatingsystem,the
Partitioningtable,theBootsector, all Programsandyour personalstuff will be transfered,
and/orpackedandstored.
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SomeBackupProgramsallow to save theboot-recordto Tapeor somethinglike thatand
restoreit to anotherDisk. This is theIdeaof CloningaDisc. Theadvantageof thismethod
is that you neednot to install the OperatingSystem,Programsor all the otherstuff you
generallyareusedto work with, onyourcomputer.
In mostcasesyou canboot the recovery tool from �oppy or from CD. After startingthe
restoremodeall datawill becopiedto yourcomputerandthereis noUserInteractionnec-
essary. However, in many caseswhereexistsanadvantagetherealsoexistsadisadvantage.
In this caseit is theamountof spaceyouneedto storethedataof yourharddisk. Thissize
dependsonhow goodthecompressionalgorithmin thebackuptool is. Generallyit will be
compressedto half of thesizeit will take on theHard-Drive,but this is heavily dependent
on the data. Comparedto Backups,especiallyincrementalbackups,Cloning needsa lot
moredisk-space.Cloningcomputersis usefulif you areanAdministratorof a PCPoolat
a Universityor a greatCompany. Most of thecomputershave identicalhardwareandare
connectedvia LAN. So if a studentor a colleaguecrashesthe computeryou cansetupit
in a shorttime. In almostthesamemannerit' s possibleto install a computerroom for a
workshopwith miniumeffort andtime.

2.3 Overview

Sowhatto do? You candecidewhich form of installingcomputersor restoring�ts better
to your needs.Both forms have advantagesor disadvantages.Maybethe tablewill help
you to choosethebestonefor you.

Overview Backup/Cloning
action backup cloning

sizeof image/data small big
time to backup
andrestore

depends on the amount
of data and the backup
medium. heavily �uctu-
ating. [1min to several
hours]

dependson thedisksizeand
theamountof datastoredon
it. [30min - 120min]

interaction choosing �les to restore,
possibly changing backup
medium

only at start

hardware inde-
pendent (IDE,
SCSI,IEEE)

no(in specialcasesdif�cult) no

�le system depended independent
restoring data
overnetwork

only someparts yes

remotecontrol maybepossible yes

3 Netbootbasics

Booting from Ethernetin an IP basedLAN wasannouncedin RFC 951 from Bill Croft
(StanfordUniversity),andJohnGilmore(SunMicrosystems)in September1985.
TheRFCdescribesanIP/UDPbootstrapprotocol(BOOTP)whichallowsa disklessclient
machineto discover its own IP address,theaddressof a serverhost,andthenameof a �le
to beloadedinto memoryandexecuted.
The �rst ideaof bootstraploadingover tftp is describedin RFC 906 by RossFinlayson
(StanfordUniversity) in, June1984. Sofar, BOOTP is thedeprecatedway to bootclients
overEthernet.
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3.1 Boot Prom

TheHardwarerequirementsfor bootingoverEthernetarethatyourNetwork Cardsupports
that feature.Most network cardscomewith a blank (E)EPROM socket even thoughit is
seldomused. When it is used,it is typically �lled with a proprietaryEPROM[�gure 1]
from thenetwork cardmanufacturer. YoucanputanEtherbootEPROM thereinstead.
If youarefamiliarwith electronicsconstruction,analternative is to useanEEPROM card.
Thereis a schematicandPCB artwork for sucha cardat theweb site whereyou got the
Etherbootdistribution. This EEPROM card plugs onto the ISA bus and can be repro-
grammedwith software.

Figure1: standardEPROM for anNIC

Somehigh-endnetwork cards,for examplethe3Com905B,haveasocket for anEEP-
ROM which can be programmedin situ with the right utilities. Seeany releasenotes
accompanying Etherbootfor moreinformation.

Old Cards,I meanreally old cardsthat you canonly �nd in museums,don't have a
Socketfor EPROM or EEPROMS.If yourNIC hasone,youarelucky andcan�ash aboot-
promfor yourCard.All informationyouneedandgettingtheright hardwareandsoftware
youwill �nd at theetherboot[etherboot.sourceforge.net]page.
If you have boughta new EthernetCardmaybethe cardsupportsPXE[2], which is ex-
plainedin thenext section,soyoudon't haveto burnanEPROM. Thatstheeasiestway, so
choosea Network Cardwith PXEsupportif youbuy anew one.

3.2 PXE

The PXEPrebooteXecutionEnvironment)is part of an Intel initiative called Wired for
Management.
PXE wasborn to supportPC's mainly as fat clients,enablingthe installationof the OS
from thenetwork. Also, PXE is usedhereasaway to bootthedisklessthin client.
PXE embodiesthreetechnologiesthatwill establisha commonandconsistentsetof pre-
bootserviceswithin theboot�rmw areof Intel Architecturesystems:

� A uniform protocolfor theclient to requesttheallocationof a network addressand
subsequentlyrequestthedownloadof a Network BootstrapProgram(NBP) from a
network bootserver.

� A setof APIsavailablein themachine'spre-boot�rmw areenvironmentthatconsti-
tutesa consistentsetof servicesthatcanbeemployedby theNBP or theBIOS.

� A standardmethodof initiating thepre-boot�rmw areto executethePXE protocol
on theclientmachine.
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TheAPI[�gure 2] servicesprovidedby PXEfor useby theBIOSor NBPare:

� PrebootServicesAPI. Containsseveralglobalcontrolandinformationfunctions.

� Tri vial File Transport Protocol(TFTP) API. Enablesopeningandclosingof TFTP
connections,andreadingpacketsfrom andwriting packetsto aTFTPconnection.

� User Datagram Protocol (UDP) API. EnablesopeningandclosingUDP connec-
tions,andreadingpacketsfrom andwriting packetsto a UDP connection.

� Universal Network Dri ver 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 any network
interfacethatimplementsthis API.

Figure2: PXE API

Here is a short overview[�gure 3] of the protocolsand serviceswhich are running
beforeandaftertheRemoteBoot.

4 Pre-Boot-Loader

First,a bootloaderis notanOS.It is rathermorea verysmallpartof anOS.Let's seehow
the cold boot works. After the BIOS loadssectorzero(CHS=0:0:1)of the boot drive to
address0000:7C00hit checksthe loadedsectorfor the magicbootstrapsignaturebytes:
55hatoffset510and0AAh atoffset511.(Many BIOSeswill loadandexecutesectorzero,
regardlessof thevalueof thesebytes.)TheCPUregisterDL is setto thebootdrivenumber:
0 for �oppy drive A, or 80h for harddrive C. BIOS jumpsto sector0 codeit just loaded.
The Bootloaderis now going to work. This is a small programthat canshow a dialog
of differentcon�g' s which you canchoosefrom. In somecasestheBootloadersupports
somemorefeatureslikepartitioning,formatingandsomesmallnetwork capabilities.After
choosinganoptiontheLoaderexecutesthecommandsto loadthekernel.
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Figure3: PXE Stack-BeforeandAfter RemoteBoot

4.1 bpbatch

BpBatchis a versatileremote-bootprocessor, that canbe downloadedfor free from the
Web. It can perform a large variety of actionson a computerat boot-time,beforeany
operatingsystemoperationhasstarted.Actionsperformedby BpBatchrangesfrom parti-
tioningharddisksto authenticatingusers,includingagraphicalinterface.Themainfeature
of BpBatchis thepartitioncloningfacility, which let'syoucreateanimageof acomputer's
harddiskpartitionandthendistributeandinstall this imageon to aclusterof PC.

4.1.1 con�g

Look at thedhcpd.conf,in theappendix[listing15], to enabletheBpBatch.
Theminimumentryinto thebpbatch-con�g�le shouldlook like this:

Listing 1: bpbatchcon�g-�le

Set CacheNever =”ON”
l i nux boot ” k er nel � 2.4.19” ” r oot =/ dev / ram i n i t =/ l i nux r c ” ” i n i t r d � 2.4.19. gz”

TheCacheNever optionmeansthatno datacanbewritten to answap-device on theclient
side.All datahave to beprocessedimmediately.

4.1.2 result

The commandlist doesn't let any wish unful�lled. Neverthelessit supportsonly FAT,
FAT32andext2. Thismeansthatonly Systemscanbeinstalledthatoneof thisFilesystems
support.If they don't run on this Filesystemsthey can't beinstalled.Our requirementsare
to be�le-systemindependent,sothis solutioncannot bechosen.Sadlybecauseof all the
nicefeaturesandthe look of the install-menu.Maybein thefuturemore�le systemswill
besupportedandwe canmake a compromise.So far we have to searchanotherpre-boot
loaderwhich �ts our needs.

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 diverseenvironments.It is compatiblewith Multiboot kernels(suchasGNU
Mach andthe chaoskernelstorm),Free/Net/OpenBSD,andLinux. It supportsall other
kernelsvia chainloading. It hasa menuinterfaceanda powerful BASH-like command-
line interface.Recentdevelopmentsin GRUB includetheability to bootfrom thenetwork
(by incorporatingEtherboot'snetwork driversandTFTPsupport),supportfor ReiserFS(in
additionto thesupportfor BSD FFS,Linux ext2fs, andDOSFAT) aswell asa scripting
languagein earlydevelopmentstages.

4.2.1 installing

To usegrub via network bootingyou have to setthe con�gure line options. At �rst you
have to activateyourNIC like –enable-eepro100for enablingEtherexpressPro/100driver.
In any con�gurationtheline option–enable-disklesshaveto besetfor creatingthepxegrub
BootstrapLoaderbinary. This binary we copy to our tftpd-root and choosethis in the
dhcpd.confas�lename. At leastwehaveto createasocalled'menu.lst' for grub. Thiscan
look like this one:

Listing 2: grubcon�g �le

# gi ve me 10 seconds t o i n t er r u p t t he boot and change t hi ngs
t i meout 10
# boot f rom t he f i r s t i mage by def au l t
def au l t 0

5 # i f somethi ng goes wrong f al l back t o f i r s t ent r y � ent r y � n�

f al l back 0
# make me l ook good
col or red / bl ue bl ue / cyan

10

### YAGI
# set t he t i t l e t hat i s di spl ay ed i n t he menu
t i t l e YAGI
# t he r oot f i l e system i s a network di sk ( nd )

15 r oot ( nd )
# path t o k er nel and par amet er s .
k er nel / bzI mage � 2.4.19 r oot =/ dev / nf s nf sr oot = 192.168.1. 2 : / YAGI /

l i nux r oot dev f s=mount vga=ex tended
boot

20 ### l ocal system on hard dr i v e
# set t he t i t l e t hat i s di spl ay ed i n t he menu
t i t l e l ocal di sk ( hd0 )
r oot ( hd0 , 0 )
makeact i ve

25 chai nl oader +1

4.2.2 result

After all, grubis anicetool, but it hasagreatdisservice.For bootingovernetwork it hasto
supportthenetwork cardandto compilethisstaticallyinto thekernel.That's in mostcases
harmlessbut for new cardsit would take a long time if GRUB supportedthenew version.
It' smoreprobablythatthekernelsupportsthenew cardfasterthanthebootloader. Maybe
in thefuturewecanuseGRUB asLoader. Themenuis reallynice.
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4.3 PXELINUX

PXELINUX is a SYSLINUX derivative, for bootingLinux off a network server, usinga
network ROM conformingto the Intel PXE (Pre-ExecutionEnvironment)speci�cation.
PXELINUX works with every versionof PXE/NIC and combinationsof which, I have
tested. PXELINUX is like pxegrub, it supportsa small colour-menubut no featuresto
formator partitionharddisks. PartitioningandFormattingwould bea nicefeaturebut in
ourcaseit' snotneeded.PXELINUX canbefoundwhereyou �nd SYSLINUX.

4.3.1 installing

Thereis nothingspecialto do. Justdownloadthe latestSYSLINUX tar.gz andextract it.
Thereyou �nd thefollowing �les pxelinux.0, pxeloader . Copy these�les to your
tftp directory. Createa directorynamedpxelinux.cfg anda �le namedC0A80 for a
completeClassC-Network.
This is a queerthing. I try to explainhow thename'C0A80' will accomplish.
First, pxelinux will searchfor the con�g �le usingits own IP addressin uppercasehex-
adecimal,e.g.192.0.2.91� C000025B(you canusetheincludedprogram”gethostip”to
computethehexadecimalIP addressfor any host.) If that �le is not found,it will remove
onehex digit andtry again. Ultimately, it will try looking for a �le named”default” (in
lower case). Here is a shortexample: For 192.0.2.91,it will try C000025B,C000025,
C00002,C0000,C000,C00,C0, C, anddefault, in thatorder. Well, afterknowing where
thenameoriginateswe canlook into at thecon�g.

Listing 3: C0A80-�le for pxelinux

prompt 1
2 t i meout 30

def au l t yagi
4 di spl ay boot . msg

6 F1 boot . msg
F2 i nf o . msg

8 F3 about . msg

10 l abel i n i t r d
k er nel . . / k er nel / bzI mage � 2.4.19

12 append i n i t r d = . . / k er nel / i n i t d i sk . gz i n i t =/ auto r oot =/ dev / ram0
i pappend 1

14

l abel yagi
16 k er nel . . / k er nel / bzI mage � 2.4.19

append r oot =/ dev / nf s nf sr oot = 192.168.1. 2 : / YAGI / l i nux r oot ro
i n i t =/ boot NFSDIR= 192.168.1.2 : / YAGI / l i nux r oot

18 i pappend 1

Let'sexplain theparameters.
prompt: show thepromptcursorfor input menuname
timeout: loaddefault labelafter � n � seconds
default: default labelto load
display: show following msgat startup
F � n � : show msg � string� by pressingoneof theF-keys
label: catchfollowing kernel,addappendline andexecuteit. In line commandsshouldbe
obvious.

The�les boot.msg, info.msg andabout.msg areplain text ASCII �les with a
few commandoptions,like clearscreenfor example.Soletslook at theboot.msg �le.
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Listing 4: boot.msg

ˆL
2 ˆ O0b

4 ( )
/ / / / ` / ` / /

6 / / / / / / / / / / /
�

, /
�

, /
�

, / /
8 / / / /

y et anot her ghost i n st a l l er
10

ˆ O07
12 F1=[ mai n ] F2=[ i nf o ] F3=[ about ]

The lettersˆL arethecommandto clearthescreen.To input that into vi(m), pressin the
insert-modethekeys: <CTRL>+<V>followedby pressing<CTRL>+<L> will insertthe
letterˆL. This will clearthescreenat �rst. ThelettersˆO0bandˆO07changesthecolours
of theoutput.

4.3.2 result

PXELINUX bootsin the�rst stage.ThatmeansthatnoNetwork cardsupportis neededin
PXELINUX, thesupportof theinterfaceis handledby the'secondstage',which is in this
casethelinux kernel.
PXELINUX is the bestchoicewe canmake. The installationis easyandthe supported
hardwareis excellent.Solet'suseit!

5 Linux Boot Process

After turningon Power theHardwarejumpsinto theBIOS, passingsomeoptionsamong
otherthingsthe Boot sequence.Whenchosen'booting over network' or somethinglike
this, the BIOS jumpsinto the Boot PROM, in new cardsthe Boot PROM is replacedby
PXE, thePXE tries to get a valid IP-Addressduringa broadcast-requestover BOOTP or
DHCP. Subsequentlytherewill bea shortdescriptionof whathappensafterPoweringon
theComputer. After thattherewill bethebootconceptof Linux explained.

5.1 Boot Terminology

Figure4: Bootstrap

The meaningof Bootstrapcomesprimarily from a Boot.
TheoriginalBootstrapis shown in a picture[�gure 4].

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

� Bootloader/ Bootstrap: Programthatloadsthe'�rst
program'(thekernel)

� Boot PROM / PROM Monitor / BIOS: Persistent
codethatis 'alreadyloaded'onpower- up

� Boot Manager: Programthat lets you choosethe
'�rst program'to load
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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'wouldbethebestdescriptionto �t whataBoot-
strapdoes.Usuallythemini programis 'staged'in two �les. Theprimaryandthesecondary
Loader. To loadthese�les, moreexactlytheprimarystage,thereis some�rmw aresupport,
e.g.BIOS,needed.This 'hardware' supportcopiesthe�rst stageinto thememoryandex-
ecutesit. The�rst stageloadsthenthesecondarystage.This is a biggerprogram.You all
know thatprograms.They arecalled,grub,lilo, ... andsoon. The�rst andthesecondstage
togetherareknown under'bootloader'.They allow to setsomeparametersfor thekernelor
chooseyour Operatingsystemwhich you want to boot. Maybethis graphic[�gure5] will
explainbetter.

floppy cd-rom

BIOS/Firmware

secondary

primary

secondary

primary

net

1

2

3

4

5

memory

kernel

kernel

bootloader

choose bootdevice
CPU

0

6

Figure5: BootLoader

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

1 BIOS initial: TheCPUloadstheBIOS Codeandexecutesthem. Userinterruptat
thismomentis possibleto modify theBoot Deviceor Boot Order.

2 Boot Device: ReadingBIOSoptionsandchoosingBoot Device.

3 �rst stage:TheBIOSnow loadstheBootstrapon theBootDevice into thememory
andexecutesthem.

4 secondarystage:Theexecutionsof the�rst stagenow loadsthesecondstagefrom
theBootdeviceandexecuteslikewise.

5 kernel: TheBootloadernow loadsthekernelinto memory. This kernellocationcan
bedifferentfrom theBootDevice.

6 �nish: Kernelis copiedinto memoryandexecuted.

5.4 Kernel startup

Now theLinux kerneltakesover thecontrolof thesystem.It initialisesitself, eventually
autoprobesdevices,initialisesdetecteddevices,and, if all this is done,it startsinit, the
processthatparentsall otheruser-level processesof thesystem.Hereis a list in whatorder
thekernelinitials.
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* identify bootstrapprocessor(BSP)

* setuparch()

* init crucialsubsystems

* parseoptions()

* setupkernelpro�ling

* enableinterrupts(sti())

* calibratedelay()– BogoMIPS

* init subsystemsneedingdelay

* checkbugs()

* smp init()

* spawn init asa 'kernelthread'

* becomeidle process!

5.5 Invocationof init

init() beginslife asa'kernelthread'andendsbystartingtheuser-level init process/sbin/init

* acquire' thebig kernellock' ona multiprocessor(MP)

* performhigh-level initialisationdo basicsetup()

* free init memory

* releaselock

* try to exec(in userspace)theinit process

* panicif unsuccessful

/etc/inittab init portmap

routed

smbd

httpd

getty

/etc/rc.d/
rc.boot/
rc0.d/

...
rc1.d/

Figure6: /sbin/init, theorderof booting

Now you areat the point whereyou canchoosewhereto go. The init processreadsits
con�guration�le (/etc/inittab)andprocessesscriptsor commandsinstructedin this �le.

The default runlevel and�rst script to be executed,if not booting in emergency (-b)
mode,canbesethere.
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Duringthe�rst step,hardwareinitialisation,youwon't �nd many customizableoptions.
You'll �nd instructionsonhow to modify BIOSsettingsin yourmainboardmanual.If you
have adaptersthat have their own BIOS, checkthesemanualsin caseyou must or can
changesomething.

5.6 Start scripts

The �rst script to be executedfrom init on systemstartupis /etc/rc.d/boot . Here
everythingis started.Somewherelocatedin this scriptthereis asectionwherescripts,that
areonly calledonceat startup,will beexecuted.This shouldlook like this:

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

i f t est � d / et c / i n i t . d / boot . d / ; t hen
2 f or i i n / et c / i n i t . d / boot . d / S 	 ; do

t est � f $i 
�
 cont i nue
4 $i st ar t

done
6 f i

After processingthesescriptstheinit-process[�gure 6] jumpsinto thedenotedrunlevel of
theinitab. Thedefault runlevel is 3 sotherewill beall programmesexecutedwhichsuf�ce
thefollowing expression./etc/rc.d/rc3.d/S*

5.7 Symbolic links

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 /var/tmp and
createthis directory in the /var . Now changeto the /etc . Link the adjtime to
../RAM/etc/adjtime andthemtab to /proc/mounts . Ready.

5.8 Prepare the tar.gzramdri ve-�les

Building RAM disksis veryeasy. Neverthelessit takesa long time andyou have to hand-
pick the�les youneed.
Copy the /var to a locationof your choice. Remove all �les anddirectory's you don't
need.This dependson your distribution andwhatyou have installed.In normalcaseyou
canremoveanythingwith httpd,mysql,. . .or somethinglike that,if not neededfor instal-
lation. Comparethisdirectorywith therunlevel,youstartatboottime. Soyoucan�nd out
whatyouneedor not.
Someerrorsduringthebootup couldariseif you deleteda �le which is neededby a pro-
gram. Whenthis happensexaminecarefully theRAM drive disksandbuild a new oneif
you forgotsomething.
Let's do theRAM-drive directory. Layoutanemptydir with thesefour directories:dev,
etc, tmp, yagi .
Copy the�le HOSTNAME,adjtime, defaultdomain andld.so.cache into the
/etc directory. Maybeyouwantto modify theHOSTNAME�le.
Lastbut not leastyouhaveto dothisfor the/dev directory. Deletethedeviceswhichhave
noassignmenton theinstall machines.
From eachdirectorymake tar.gz �les like ramdrive.tar.gz, dev.tar.gz and
var.tar.gz . Copy thesethree�les into the /YAGI/linuxroot/YAGI folder your
arrangedbeforethese.
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6 YAGI

Somecommercialandfree-wareTools alreadyexist in that sector. All commercialpro-
gramsare”black box” solutions. That meansyou cannot con�gure individual thingsto
your needsandyou arelimited to the featuresof the respective programs.You canonly
usetheoptionthatthecodershavefoundresourcefulor moreworsethebusinesseconomist
speci�edthefeatures.Neverthelesstherearesomegoodprogramsonthemarket. TheTool
Ghostfrom Symantec[1] is oneof the bestProgramsout of the commercialsector. So I
decidedto call my programyagi,whatto announceas”yet anotherghostinstaller”. Sothe
ideaof YAGI wasborn.

6.1 Idea

A tool basedon UNIX[5] shouldbe developed. It' s a fact that UNIX is oneof the most
powerful OperatingSystemsthat exist. The long evolution and the resulting stability
wasthepoint for choosingUNIX. In caseof theBSD-Family[4] (NetBSD,FreeBSDand
OpenBSD)andof courseLinux thesourcecodeof thekernelplus theuserlandprograms
areOpenSource. So it is no problemto modify programsto �t your needs,or to build
a free Disk-CloningTool basedon a free OperatingSystemwhich everyonecanuseand
modify.
BeforeI startto explainhow to implementandusetheTool asmallabstractof therequire-
ments.

6.2 Peggedrequirements

Thebasicspeggedrequirements:

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

- create imagesindependentof �le-system or hardware. You don't have to care
aboutyour�le system.Whateveryouhave(e.g.NTFS,FAT32,ext2,XFS,reiserfs)it
shouldbeableto clone.Also if youhaveIDE, SCSI,S-ATA, IEEE,. . . , all hardware
shouldbesupported.

- fast and reliabletransfer. A commonandfastprotocolwhichsupports�o w control
andaf�rmation of packetsit receives.Sothetransferof theimagewould becorrect.

- using standard Unix tools. Thereshouldbe no greatneedof compiling and in-
stallingspecialprograms.Thisenhancesthecountof platformsyagicanbeinstalled
to andrunon.

- easyto use.Keeptheuserinput in any caseaslow asit canbe.

Thehighdemands:

- statusof transferring . Progressbarof installation,estimatedtime till �nishing, . . .

- further automatisation. Automatisationin thewayto reducetheinteractionbefore,
during,andaftertheinstallationprocess.

- auto detectionof hardware for individual imagedeployment. ParsingtheBIOS
or theMAC-Addressandchoosetheimageby meansof thoseparameters.
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6.3 Ar chitecture

Thereexist two sides.Theserver andtheclient. TheDaemonsDHCPandFTPhave not
to run on oneserver. Likewisetheftp server have not to standin thebroadcastdomainof
the DHCP Server. Maybeyou boot from a �oppy or a CD so you only have to copy the
two scriptseatdisk andcookdisk to yourclientandstartthem.Neverthelessthereare
someminimumrequirements.Solet's seewhich they are.

6.3.1 eatdisk

OntheserversideaDHCPDServerhasto runandprovideIP-Addressesin thelocalbroad-
castdomain.Thiscanbeany Server thatis ableto providebootprequest.Also anstandard
ftp server is neededto storetheimage.TheServer hasto becapableto supportmorethan
oneclient.
Theclient hasto beableto bootfrom Network. Nothingelseis needed.Anyway it hasto
beconnectedto theswitchwhich is linkedwith theserver thatprovidestheDHCP.

6.3.2 cookdisk

If you arenot bootingfrom CD or Floppy you have to run a DHCP-Server. The image
alsocanfetchedfrom CD insteadof thenetwork. In our caseit' s servedby ftp. Likewise
to eatdiskthe client hasto be ableto boot from Network. The script fetchesdatafrom a
source�le (hereit' s overhandedvia ftp) andwrites thebytesto theharddisk in the local
client.

7 Installing YAGI-Server

First of all, whatis aYAGI Server?
A YAGI Server is astandardUNIX, or any otherOperatingsystem,whocanprovidedhcp,
tftp, nfs andftp services.To install the YAGI-Server chooseyour favourite Unix system
with following daemonsandtools. In this caseLinux is used.
On theClient sidetherearecomputerswhich have a Network interfacewhich is bootable
overNetwork.
The two sides(Server andClients)areconnectedover a switchor hub. In this Broadcast
domainall Clientscanbootfrom Ethernet.

7.1 DHCP

DHCP, theDynamicHostCon�gurationProtocol,describesthemeansby which a system
canconnectto a network andobtain the necessaryinformationfor communicationupon
thatnetwork. We useyou theISC (InternetSoftwareConsortium)DHCPimplementation,
soall implementation-speci�cinformationgivenhereis for usewith theISCdistribution.

Whendhclient,theDHCPclient,is executedontheclientmachine,it beginsbroadcast-
ing requestsfor con�gurationinformation.By default, theserequestsareon UDP port 68.
Theserver replieson UDP 67, giving theclient an IP addressandotherrelevantnetwork
informationsuchasnetmask,router, andDNS servers. All of this informationcomesin
theform of a DHCP”lease”andis only valid for a certaintime (con�guredby theDHCP
servermaintainer).In thismanner, staleIP addressesfor clientsno longerconnectedto the
network canbeautomaticallyreclaimed.

Sofar, PXE alsotriesto getavalid IP Addressfrom theDHCPDServer.
By all meansyou shouldcheckyour startupscript of the dhcpdaemon. Make sure

thatthedevice, thenetwork cardwhich connectsto theinternalbroadcastdomain,is cho-
senright. If you haven't con�gured the right device the Client won't boot. Likewise it
canevoke instability in theof�ce-network, a workmatescomputercansuddenlycatchan
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IP-Addressfrom your IP-Addressrangeyou offer from yourserver. Soit wouldbeencap-
sulatedin yournetwork andcanno longerwork in theof�ce network.

7.1.1 A word about bootp

Well, asheardbeforetheBOOTP Protocolshouldnot longerbeused,but why?
The�rst reasonis thatin mostcasesyouhaveto launchdhcp-clientafteryoubootedup

theminimumsystem.Soit' s in nearlyall casesnecessaryto have dhcpdrunningon your
server. It makesnosenseto runBOOTP alsoif dhcpdcando this, too.
Anotheradvantageis thatDHCPallowsmoreoptions,for exampleyou cansendsocalled
Vendoroptionsto your client. Soyou canspecifyspecialparametersfor eachmachineor
for all machines.This will reducetheadministrativework.
It alsousesthesameportsasBOOTP, soDHCPcanbeseenasenhancedBOOTP service
andshouldbeusedinsteadof thesupercededBOOTP version.

7.2 tftpboot

Trivial �le transferprotocol. Trivial in the meaningtherethat areonly a few commands
supportedandthereis no user-authenti�cation.Soit' s clearthat tftp never is usedasstan-
dardftp-daemon.During bootingfrom a network andserving�les like pre-boot-loaders
and linux sourceit isn't necessary, likewise not possibleto authenticatepersonsor ma-
chines.
tftpd is startedover inetd,in theline you canchoosea directorywhich is usedasftp-root.
You shouldusethis option becauseif you don't, everyonecan copy any �le from your
server!

Listing 6: entryinto inetd.conf for tfptd
t f t p dgram udp wai t r oot / usr / sbi n / i n . t f t pd i n . t f t pd � s / YAGI / t f t pboot

7.3 NFS-Server

We needan NFS-Server for mountingthe root-�le systemandthe userlandenvironment
after the kernelhassuccessfullystartedup. NFS is alwayscalledunstableandinsecure.
That might be right in the caseof insecure,becausethe authenticationis only basedon
IP-Addresses.In our closeenvironmentduringbootinganddeploying imagesthis is not a
securityhole.Sowe don't haveto worry aboutany securitybreachesin our network.
Well, let's seethecon�g of theNFS-Server in /etc/exports .

Listing 7: example/etc/exports onYAGI-Server

/YAGI / l i nux r oo t 192.168.1.0/ 24( ro )
/ usr 192.168.1.0/ 24( ro )

Do your con�gurationcarefully, mistakesin thatcaseor simplemistypescanresultin
securityholes.Althoughbecarefulwith write access(rw insteadof ro), for debuggingand
if thestaff knowswhatto do this might beokay, elsewisesetthis parameterto read-only,
sonoonecanoverwriteyourcon�gurationor delete�les of yourserversystem!

7.3.1 NFS-Root

As youseeabovewehaveadirectorythatis called
tt /YAGI/linuxroot. This directoryis simpleacopy of the'original' root �le-systemon the
server.
In thefollowing you shouldcopy thesedirectoriesto the locationthatyou have chosenas
thelinuxroot in yourNFS-con�g.
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* /bin

* /dev

* /etc

* /lib

* /proc(only create)

* /root

* /sbin

* /tmp (only create)

* /usr(only create)

* /var (only create)

To copy thedevice-directoryyoucanusethefollowing command.

Listing 8: copy commandfor /dev directory

cp � rp / dev / / YAGI / l i nux / r oot / dev

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

7.4 Built a proper Kernel

It' s very simpleto compilea new kernel. gotokernel.org, grabthe latestkernelanddo a
regular'makemenucon�g'.

Following the menuandchooseanything you would chooseasnormal. Somethings
you have to point out. All network cardswhich are installed in the clients have to be
compiledas'static' into thekernel. If you choose'module' it will not work becausethe
necessary�les aresavedon theserver directory. Thekerneltries to load themodule�les
from/lib/modules/<kernel-version> , in ourcasethe/lib directorydoesn't exist
at the time the kernelstarts. The systemhasto mount the nfs-rootat startupfor getting
accessto the/lib �le system.To mountthenfs-shareyou needa workingEthernet-device.

Also activatethehardwaredetection,the tmpfs �le system,theNFS-rootsupportand
thedevpts.Youcanproof thecon�gurationif youlook at the.con�g �le andseesomething
like this.

Listing 9: coutoutfrom kernel-con�g

. . .
# F i l e systems
CONFIG TMPFS=y
CONFIG RAMFS=y

5 CONFIG DEVPTS FS=y

. . .

# Network Fi l e Systems
10 CONFIG NFS FS=y

CONFIG NFS V3=y
CONFIG ROOT NFS=y
. . .
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Thatsall. Now you cangoonwith compilingthekernel.

make dep && make clean && make bzImage
make modules && make modules_install

The new kernel is locatedunderarch/i386/boot/bzImage . Copy the kernel to
the /tftpboot/kernel directory. Also do not forget to make surethat the directory
/usr/lib/<kernel-version> is accessibleoverNFSto yagi. Normally thisshould
not be a problem. If an error occursduring the boot-processwhen ldcon�g is running,
make the NFS /usr sharewritable for onestartup. Remember, if you changesomething
in the /etc/exports you have to restartthe NFS daemon.Usekill -HUP `cat
/var/run/mountd.pid` or somethinglike /etc/rc.d/nfsserver restart
for restartingtheservice.

8 Modi�ed scripts

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

8.1 Con�g �le yagi

Under/YAGI/linuxroot/etc/sysconfig/yagi wecreateourown CONFIGFile
for easieradaptingto otherenvironments.
Hereis anexample.Con�gure theparametersto yourneeds.

Listing 10: example/etc/sysconfig/yagi

# Thi s i s t he conf i gur at i on Fi l e f or YAGI
2 # ed i t V ar i abl es onl y here

4 # How shoul d your YAGI Ser v er be named
YAGI SVR NAME=” YAGI”

6

# I P� A ddress of YAGI� Ser v er
8 YAGI SERVER=192.168.1.2

10 # D i r ect or y of user � l and b i nar i es whi ch shoul d be ro mounted
YAGI USR=/ usr

12

# D i r ect or y of user � l and b i nar i es whi ch shoul d be ro mounted
14 YAGI HOME=/YAGI / l i nux r oot / home/ yagi

This �le will beneededby somescriptswhich areexplainednow. Similarly you canadd
Variablesfor your individualneedsin this �le.

8.2 /etc/rc.d/boot

This is the�le linux executesafterthekernelhasunpackeditself.
Herewe have to createtheRamdrives,untarit, dosomemountingandre-mountings.The
bestthing is to show scriptandexplainwhatit doesbeforelong talk aboutwhatto do.

Listing 11: /etc/rc.d/boot

. . . .
2 #

# B ui l di ng an RAM DISK f or i nd i v i dual w or k st at i ons
4 #

echo � n ” Pr epar i ng RAM� Di sk f or l ocal conf i g ”



8 MODIFIED SCRIPTS 19

6 mount � t tmpf s � o si ze=23M, nr i nodes=10k , mode=700 tmpf s /RAM
r c st at u s � v � r

8

r c r eset
10 #

# B ui l di ng an RAM DISK f or i nd i v i dual w or k st at i ons
12 #

echo � n ” Pr epar i ng RAM� Di sk f or / var ”
14 mount � t tmpf s � o si ze=42M, nr i nodes=10k , mode=755 tmpf s / var

r c st at u s � v � r
16

18 # Make / proc av ai l ab l e
r c r eset

20 echo � n ” M ounti ng / proc dev i ce ”
mount � n � t proc proc / proc

22 r c st at u s � v � r

24 echo � n ” M ounti ng / dev / pt s ”
opt pt s=” � o mode=0620, gi d=5”

26 mount � n � t devpts $opt pt s devpts / dev / pt s
r c st at u s � v � r

28

r c r eset
30 #

# U nt ar r i ng f i l esy st em i n t o pl ace
32 #

echo ” U nt ar r i ng F i l es i nt o RAM� Dr i ve on /RAM f or l ocal � conf i g . . . ”
34 t est � w / proc / pr ogr ess & & 


echo ” 52 Cr eat i ng basi c f i l esy st em ” � / proc / pr ogr ess
36 mkdi r /RAM/ dev

mknod /RAM/ dev / nu l l c 1 3
38 t ar ��� excl ude = � . t gz � xpzf / YAGI / ramdr i ve . t ar . gz � C 


/RAM � / dev / nul l 2 � & 1
40 r c st at u s � v1 ; r c r eset

42

#
44 # U nt ar r i ng / var

#
46 echo ” U nt ar r i ng / var i nt o RAM� Dr i ve . . . ”

t ar ��� excl ude = � . t gz � xpzf / YAGI / var . t ar . gz � C / var � / dev / nul l 2 � & 1
48 r c st at u s � v1 ; r c r eset

. . . .

More or lessall functionsaredocumentedin the script itself. NeverthelessI explain the
linesandwhatthey arestandingfor.

Line commands
5 promptto console
6 createandmountantmpfs�lesystemwith disksize5M for /etc
7 promptan[done]if commandbeforehasbeenexecutedsuccessfully

14 createandmountantmpfs�lesystemwith disksize23M for /var
21 mountthe/proc�le ystem

24-26 mountingconsoledevice
33-39 ungzipanduntarringramdrive.tar.gzfrom /YAGI/linuxroot/YAGI

47 ungzipanduntarringvar.tar.gzfrom /YAGI/linuxroot/YAGI
All Ramdrivesaremountedread/writeaccessable.Soeveryclientcanwrite its own con�g-
�les andlog�les into memory.

8.2.1 Why using tmpfs

If I hadto explain tmpfs in onebreath,I' d saythat tmpfs is like a ramdisk,but different.
Likearamdisk,tmpfscanuseyourRAM, but it canalsouseyourswapdevicesfor storage.
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And while a traditionalramdiskis a block device andrequiresa mkfs commandof some
kind beforeyoucanactuallyuseit, tmpfsis a�lesystem,notablockdevice;youjustmount
it, andit' s there.All in all, thismakestmpfstheniftiestRAM-based�lesystemI' vehadthe
opportunityto meet.
You're probablywonderingabouthow big that tmpfs�lesystemwasthatwe mountedbe-
fore. Theanswerto thatquestionis a bit unexpected,especiallywhencomparedto disk-
based�lesystems./var or /RAM will initially have a very smallcapacity, but as�les are
copiedandcreated,the tmpfs �lesystem driver will allocatemoreVM andwill dynami-
cally increasethe�lesystemcapacityasneeded.And, as�les areremovedfrom /var , the
tmpfs�lesystemdriver will dynamicallyshrinkthesizeof the�lesystemandfreeVM re-
sources,andby doingsoreturnVM into circulationsothatit canbeusedby otherpartsof
thesystemasneeded.SinceVM is a preciousresource,you don't wantanything hogging
moreVM thanit actuallyneeds,andthe greatthing abouttmpfs is that this all happens
automatically.
Theothermajorbene�t of tmpfs is its blazingspeed.Becausea typical tmpfs �lesystem
will residecompletelyin RAM, readsand writes can be almostinstantaneous.Even if
someswap is used,performanceis still excellentandthosepartsof the tmpfs �lesystem
will be moved to RAM asmore free VM resourcesbecomeavailable. Having the VM
subsystemautomaticallymove partsof thetmpfs�lesystem to swapcanactuallybegood
for performance,sinceby doingso,theVM subsystemcanfreeupRAM for processesthat
needit. This, alongwith its dynamicresizingabilities,allow for muchbetteroverall OS
performanceand�e xibility thanthealternativeof usinga traditionalRAM disk.

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

Thechronologicalorderof startingthescriptsis nescearrybecauseif portmapisn't running
you cannot mountnetsharesfor example. So the correctorderof bootingis signi�cant.
To ensurethat the bootsequenceis executedin the right order the scriptsare sortedin
alphabeticalorder. For easierchangingthe alphabeticsequenceand thus the ascending
order, regularly a 'S' followed by a two digit numberis insertedbeforethe nameof the
script. All scriptsaresymboliclinks to theabove directory. Herea directory-listingfrom
/etc/rc.d/boot

Listing 12: /etc/rc.d/boot

S01boot . i dedma ��� . . / boot . i dedma
2 S02boot . proc ��� . . / boot . proc

S07boot . swap ��� . . / boot . swap
4 S08boot . cl ock ��� . . / boot . cl ock

S09boot . l dconf i g ��� . . / boot . l dconf i g
6 S10boot . l ocal net ��� . . / boot . l ocal net

S20boot . set up ��� . . / boot . set up
8 S22boot . k l og ��� . . / boot . k l og

S23boot . i pconf i g ��� . . / boot . i pconf i g

8.3.1 /etc/rc.d/boot.ldcon�g/

In this �le there is not much to modify. What you should have alreadydone is that
you copiedthe ld.so.cache �le to the RAM-Disk. In other words, the location of
ld.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.
Checkcarefully if this �le is really thereandcalledby ldconfig . If not, somestrange
thingscouldhappen.
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8.4 /etc/rc3.d/netshares

For mountingthenetsharesI havewrittenanown smallscript.Herearesomeabridgement
linesfrom the�le. I copy&pastedonly theessentialpartshere.All otheris similar to other
scripts,look if you �nd an/etc/skeleton in your distribution. Soit' s easyto modify
or makeyourown runlevel-script.

Listing 13: /etc/rc.d/boot

. . .
2 #Check f or ex i st ence of needed conf i g f i l e and read i t

t est � r / et c / sy sconf i g / yagi & & . / et c / sy sconf i g / yagi
4 . . .

echo � n ” St ar t i ng mount i ng NFS $YAGI SVR NAME Shares”
6 mount � t nf s � o ro , t cp , v er s =2 $YAGI SERVER: $YAGI USR / usr

mount � t nf s � o rw , t cp , v er s =2 $YAGI SERVER: $YAGI HOME /RAM/ yagi
8 # Remember st at us and be verbose

r c st at u s � v
10 . . .

9 YAGI-tools

For creatingandwriting imagesI have written somesmall programswhich arebasedon
G4U[7]. Theseareonly somesmallshell-scriptsandoneperl programfor displayingthe
statusandtheprogressof theinstallingandwriting to a disk.
It is recommendedto createanftp-userfor storingor readingimages.Theuseronly needs
ftp access,so thereis no full shell accountrequired.Justaswell it is possibleto put the
imageonanotherserver insteadof theYAGI server.

9.1 eatdisk

Thisscriptcreatestheimage.
It readsthewholeharddiskoverddandstreamstheoutputto anftp-clientwhich transfers
it to theserver.
Thescriptis verysmall.At �rst it checksif thecommandline argumentsaresuitable.The
minimumrequirementis theserver nameandthenameof the imageyou have to declare.
Thethird parametersetsthelocaldiskdevice. In defaultcaseit is setto /dev/hda .
Thenit startsa 5 secondsdelayto interrupttheprocessbeforereadingfrom disk.
Accordingto thesesettingstheimagecreationis starting.In detailthefollowingcommands
areexecuted.The�le systemtool dd startswith readingtheharddisk. Theoutputis piped
throughangzip -9 . Therebythe image�le sizeis reducedto theeffective sizeof data
locatedontheharddisk. Otherwisetheimagewouldasbig astheraw data-sizeof thehard
disk.
The compresseddatais sentvia ftp to theserver. ncftpgetis parametrisedfor autologin
into theserver. The uploadprocessstartsautomatically. The imagesizegrows asfastas
thereadprocesson theclient-sidehasadvanced.In many casesthewholeharddiskof the
client containsno data. Thereexist free spaceon the �x ed disk. This free spacecanbe
bettercompressedthanthedata-areas.Implicationof thatis thattheimagewould grow in
a variableway. After theprogressa smallgoodbyemessageis displayed.
Thecompletescriptcanbefoundin theappendix.

9.2 cookdisk

Thisscriptwritestheimageto theclient.
It beginswith anftp connectto thespeci�edserver in thecommandline. Thereceiveddata
will be streamedthroughgunzipandthenwritten with dd onto the local �x eddisk in the
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client.
It salsoa veryshortscriptandalsoonly standardUNIX toolsareused.In detailthescript
checksthefollowing parametersandexecutesaccordingly.

cookdisk awaits minimum two commandline options. The �rst parameteris the
server nameandthesecondmandatoryparameteris theimagename.Thethird parameter
is optionalanddeclaresthe disk device e.g. hda,hdb, . . . . Default settinghereis also
/dev/hda .
After processingthis parametersit loopsthrougha 5 secondsstartsequence.This gives
you the chanceto interrupt the executionwithout writing any data. Maybeyou will be
fastenoughandrecognisean error in your input or, the worst case,if you mixed up the
keyboardsonyourdesktop.
Now theimagewriting starts.Thestandardlukemftpclientconnectsto thespeci�edserver
andperformsanautologin. Thealsospeci�ed �le is fetchedfrom theserver andhanded
over to gunzip. We have to unzip this becausewe have packed the imagewith gzip as
describedbefore.Theextractedout-streamis pipedinto the�leutil dd.
Similarly to eatdisk the �rst time therewill be a lot transferedfrom the server to the
client. This is trivial andshouldnotbedescribedhere.
After theprogressa smallgoodbyemessageis displayed.
Thecompletescriptcanbefoundin theappendix.

9.3 YAGIso

YAGI SystemOverview program.This is a smallperl-programwhich will readout some
system-parametersand show them on the display. It' s updatedevery 3 seconds. This
refresh-timeis enough,becausemostof thevaluesdon't changeandtheothers,thatchange
don't do that in suchan fastway. The mostneedfulfunction of this programis that you
canseethe statusof the writing andreadingof an image. To make this possibleit was
mandatoryto modify thedd sourcecodeanrecompileit. How this is doneis explainedin
thenext section.

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

Theprogramusesthencurseslibs to draw theboxesandtheprogressbar, somakesure
youhave installedtheperl-module,elsewheretheprogramdoesn't start.

In futureversionsmaybeit' s possibleto calculatetheexact time how long it takesto
write theimageto thedisk.
Theperl-programcanbefoundin theappendix.

9.4 modi�ed dd

As saidin the sectionabove, we have to modify the dd command.Thereareonly small
enhancementsfor gettingan outputto the screenandwriting the actualblock count to a
�le. Thecompletesourcecodeof themodi�ed dd.cyouwill �nd in anadditional�le. Here
I only explain the lineswhich have beenattachedor modi�ed. This will helpmorethana
diff if you have an anotherversionof the �leutils thanhere. So let's take a look what
have to bedone.

Listing 14: modi�ed dd.c(partitial)

. . .
2 / / F i l e f or St at i s t i c out put . done by DaN f or yagi

FILE � st at sf ;
4 . . .

6 . . .
el se
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8 copy si mpl e ( bu f st ar t , n by t es r ead ) ;

10 / / modi f i ed by St ef an � DaN f or yagi
i f ( ( ++ count p r i n t r educ t i on %100)==0)

12 �

f p r i n t f ( st der r , "\r %d of %d blocks written ..." , ( l ong ) ( r p ar t i a l +
r f u l l ) , ( l ong ) max records ) ;

14 f f l ush ( st der r ) ;
f seek ( st at sf , 0 , SEEK SET ) ;

16 f p r i n t f ( st at sf , "%d blocks \n" , ( l ong ) ( r p ar t i al + r f u l l ) ) ;
f f l ush ( st at sf ) ;

18 �

�

20

/ / modi f i ed by St ef an
22 f p r i n t f ( st der r , "\r \ r" ) ;

f f l u sh ( st der r ) ;
24 . . .

26 . . .
main ( i n t argc , char ��� argv )

28 �

i n t i ;
30 i n t ex i t st at u s ;

32 / / modi f i ed by DaN f or yagi
st at sf = f open ( "/ var/dd. stats" , "w" ) ;

34 . . .

I giveashortexplanationof whatthesectionsdo in theprogram.
In line 3 anFile Handleis created.
Line 7 to line 19 is somewherein the middleof thesourcecode. In fact this is themain
partto recode.As you seebothoutputsareactive, theoutputto theconsoleandtheoutput
to the�le-handle is done.With someC-knowledgeit shouldbenoproblemfor you to read
this.
Now let's takea look at themainfunction.Herein line 33the�le handleis openedto a �le
for writing. StefanRobl[6] helpedmeby recodingthis.

10 PerformanceTests

To �gure out how fastyagi is, andhow it dependson CPU speedor HD sizeI ran some
test.All testhave beenmadeon ToshibaLaptops.On regularWorkstationsthedisk speed
shouldbebetterthanin thesetests.As a matterof fact is that theClientswhereall Note-
books,you would like to askwhat's sospecialwith this. Well, Notebooksharddrive are
all in 2.5” form factor. Thespeedaveragesat 5400rpm andalsothewrite performanceis
gooddealworsethanon regulardesktophard-drives.
Thetime tables,to thetestsdescribedhere,you can�nd in theappendixon thesidesfrom
27 to 28.
At �rst the hardwareof the server wherein all testsconstant. It wasusedan Pentium4
2.0GHzwith a Intel Etherexpress100Network Card.512MegabyteMemoryanda usual
Maxtor20GBUltra ATA/100. Theperformancecouldbeimprovedif youusetwo network
cardsandbondingthemand/oruseadisk-raidsystem.
The�rst test[table1] wasto �nd outhow themodi�ed ddbinarywould affect thespeedof
disk writing. As exposedthetime of writing to diskswasn't changingvery much. This is
verygoodfor ussowecanrun theYAGIsowithout having any greatlossof time.
Thesamewasdonewith anothermachineto seehow greatthedifferencesbetweenhard-
wareplatformsare.We supposedsomegreatchanges.As a matterof fact thetime differ-
encewasverygreat.Youcanseethis in table2.
In table3 youcan�nd datawith onemachineantwo differentdiskandimagesizes.In the
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�rst cycleI choseasmalldisk imageandansmallimage.Thesecondpasswasangreatbig
diskanda imagesizedoublebig astheonebefore.I tried to �gure outhow longwould be
theminimumandthemaximumtime of time to install onecomputer. Alik e it canbeseen
thein�uence of hardwareif you accordwith othertables.
Thehardwarein this test[table4] is exact thesame.Only thedisk sizechangesfrom test
to test.Theintensionin thiscasewasto discover thewrite timeof differentimagesizeson
varyingdisk sizes.It' s possibleto write animagefrom an20GBDisk Device to an30GB
or greaterDevice. Thesystemis runnablewithout no problems.Theadvantageis that the
smallerdisksizeproducesasmallerimageandis thereforefasterin writing to thedisk.
Thelasttwo testwheremadeto prepareYAGI for RealLife mission.Onetestwheredriven
with 20Computersandtheotherwith 30Computers.To beableto comparethedifference
betweenonemachineandtheamountof all, a standaloneinstall wherealsodriven.Alik e
theblocksizehasalteredfrom default to 1 Megabyte.As resultcanbeseenthatthechange
of the block sizehave an tremendouschangein the install time. In the caseof the stan-
daloneinstall the changeis even higher than in the total install. This is due to sth. the
heavy loadof network traf�c. The�rst time all machineswill leechagreatamountof data
to their harddisk. Sothenetwork couldn't copewith theneedsof theclients.

11 RealWorld Lab

After adequatetestseriesyagi is readyfor therealworld.
Up to 40 machineshave to be installed.Nearlyall computershave thesamedisk size. In
thetablebelow you canseehow long it took to install themachines.As statedbelow you
canseethedifferencebetweeninstallingonemachinewith a imageor all together.
Theresultis thatnot assupposedthetime of installingwould increasetremendously. Far
from it thetime is nearlythesame.
Most of thetestwheredrivenwith only twentylaptopsbecauseof thetestsequencewhich
wasrunningon themmoremachineswherenotneeded.
Therequirementsin this environmentwasto install quickly 20 machineswith ansoftware
imageonwhichrunseveralhardwareandsoftwaretestunderwindowsto provethequality
of the machines.After the clearanceof this machinesthe next 20 machineshave to be
installedwith ananotherimage.To rebootautomaticallythenew machinesaftertheinstal-
lationhas�nished we justenteredfollowing commandline
cookdisk <server> <image> && shutdown -nr now.
Sothecomputersperformeda automaticallyrebootafter installingtheimageandrun into
thewindowssoftwareto begin with thetests.
Another time the creationof the imagewasn't �nished beforeclosingtime. The master
notebookwhich createdthe imagehadto run a hour or longer to createthe image. The
solutionis assimpleastheabove. We startedup all notebooksandlog in. Using thefol-
lowing commandline
sleep 1000 && cookdisk <server> <image>
enabledusto gohomeandhaveanalreadyinstalledimageon thenext morning.
As you canseethe choiceto seton an standardUNIX like operatingsystemwe have all
thepowerof commandsthis operatingsystemprovides.The�e xibility is greaterthanany
blackbox designedcommercialprogramandof courseit is cheaper. In theAppendixon
page44you can�nd somephotosof theinstallingprocedure.

12 futur e prospects

Okay, let's seewhatcanbeimprovedor whathasalreadybeentested.

Idea 1:
An ideawasbasedon thefactthatall clientswhich install thesameimagegetexactby the
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samedataover thenetwork. Soit shouldbepossibleto run a multicastftp daemoninstead
of the regular ftp daemon.On theclient sitenearlyall ftp canhandlea multicaststream.
The problemin that caseis that the clientshave to startall at exactly the samemoment.
This problemI have solvedwith thefollowing method.We setthe timeoutconnectionof
the ftp client to 5min or more. In thecookdisk we adda line beforetheftp client start
thatgeneratesanempty�le with theclient-ip-addressin a directoryon theserver. So far
theclient is ready, now lets seetheserver side. It' s very simple,we write a scriptwhich
checkshow many �les, or if all IP-Addresseswehaveuploadedwith themodi�ed �cookdisk
scriptexists.Well, if all �les aretherewestartthemulticastftp daemon.After theprogram
hasstartedit beginsto multicasttheimage�le. All clientsthatarewaitingfor aconnection
will startimmediatelywhentheserver is running.Thisverysimpletrick worksverywell.
Thisnicefeaturehasonegreatdisadvantage.MulticaststreamincludesnoACK or NACK.
Thatmeansif a clientdoesn't getanIP packet it will neverknow thatit hasmissedone.
I have discoveredthatproblemwhensomeclientswerenot readywith writing to thehard
diskbut theimagewasalreadybeenreadysentoverthenetwork. It' sclear, thattheclient's
hadmissedsomepacketsbecause�ddwantedstill to write.
This phenomenonoccursin my casewhenI tried to install morethan10clientswith this
method.
It dependssurelyonthenetwork cards,theswitchor hubandothermagicthingshow many
clientscanbeinstalledvia multicast.
After thinking aboutsometime aboutthis problemI hadanideahow this problemcanbe
solved.Dueto thelack of time I couldn't testthis idea.Whatfollowsaremerelythebasic
ideasof theconcept.
IPv6 is thesolution. Version6 of IP cansettransferspeedto an IP-Address.Getclued?
Right,wesetaspeedlimit for eachIP-Addressthattheserverandall clientscancopewith.
Soit cantheoreticallybeassuredthatall clientsgetall packetsfrom theserver. Obviously
thatcannotbeguaranteed.

Idea 2:
Theprocessof installingcanbemoreautomated.
First therecanbe setsomeVendorOptionsin thedhcpd.conf for clientsso it will be
possibleto parsethis option in the cookdisk script and fetch an imageautomatically
without typing anything into the client machine. Of coursesomemodi�cations have to
be done. The client mustautoexecutethe cookdisk at startup,but this is not a great
problem.

Idea 3:
The local disk canbe mountedassharedvia NFS or Samba. So modi�cations directly
aftertheinstallationsarepossibleandcomputerscanbeindividualisedwith con�g �les for
example.

Idea 4:
UNIX alsosupportsmany remotefeatures.So it' s possibleto accessevery machineover
ssh,rsh, telnet,ftp or whatever. Soyou canstarttheclientsandlet themboot. After they
havebootedcompletelyyoucanlogin from yourdesktopPCandstarttheinstallation.Also
its possibleto seetheprogressof theinstallationover thenetwork.
That's only a fractionof thatwhat is possible.Imaginea webfront endwhereyou seeall
machinesthathave bootedanda list of imagesthatarepossibleto install. A lot of lines
codehaveto beimplementedto reachthis target,neverthelessit is possible.

Thatareonly someIdeasI havehad.Thereforeit will exist a lot more.

13 ToshibaEuropeGmbH

Thecompletedevelopmentandtestingwasdoneandsponsoredby ToshibaEuropeGmbH.
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Thanksto HubertFeyrer andProf. JuergenSauer, my Diploma-Thesissupervisors.They
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15 Appendix

15.1 PerformanceTest- Time Tables

To improvethewrite time,discoverthein�uenceof thedifferentversionsof ddI runseveral
test.Herearetheresults.

Table1: Write Speedtestwith differentsversionsof dd
System:Pentium41.5GHz/256MB/30GB— ImageSize:4.5GB
standarddd 1:53:27
modi�ed ddwith screenoutputonly 1:53:41
modi�ed ddwith screenoutputand�le output 1:54:15

Table2: Read/Writetestwith regularandmodi�ed dd with screenand�le output
System:Pentium31.0GHz/256MB/20GB— ImageSize:1.1GB
versionof dd reading writing
regular 0:30:26 1:27:34
modi�ed 0:32:15 1:30:08

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

Imagesize:1029061668bytes— Disk size: 20GBHD
versionof dd reading writing
regular 0:25:05 0:50:16
modi�ed 0:25:56 0:50:36
Imagesize:2432401719bytes— 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 andseveraldisksizes
System:Pentium41.6GHz/256MB

Imagesize:1112634549bytes— Disk size: 20GBHD
image fromdisk reading writing
20GB 0:26:18 0:50:47
Imagesize:1199118301bytes— Disk size: 30GBHD
image fromdisk reading writing
20GB 0:53:56
30GB 0:38:18 1:22:53
Imagesize:1097823111bytes— 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 differentblocksizesandamountof computers
System:PentiumCeleron1.8GHz/256MB

Imagesize:2799942587bytes— Disk size: 30GBHD
nr. of machines default block size1M
1 1:13:57 0:32:13
20 � 2:11:23 � 1:37:42

Table6: Write Testwith differentblocksizesandamountof computers2
System:Pentium41.8GHz/256MB

Imagesize: bytes— Disk size:30GBHD
nr. of machines default block size1M
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

#
2 # DHCP conf i gur at i on f i l e . ISC DHCP ser v er v3 .0

#
4 #

# Gl obal opt i ons
6

### dont update DNS
8 ddns� update � st y l e none ;

ddns� updat es of f ;
10

### al l ow net boot
12 al l ow bootp ;

al l ow boot i ng ;
14 boot � unknown� c l i en t s on ;

16 ### f r ee I P A ddress i f Cl i ent f or got to sent DHCP RELEASE
one� l ease � per � c l i en t t r ue ;

18 use� host � decl � names on ;

20 ### shor t f or t i mes f or t est i ng
d ef au l t � l ease � t i me 600; max� l ease � t i me 720;

22

### d ef au l t t i mes f or r eal � l i f e depl oyment
24 # d ef au l t � l ease � t i me 72000; max � l ease � t i me 144000;

26 min� l ease � t i me 23;

28 ### def i ne grub � opt i ons f or � l s t
opt i on opt i on � 150 code 150 = t ex t ;

30

### def i ne px el i nux opt i on space
32 opt i on space px el i nux ;

opt i on px el i nux . magi c code 208 = st r i ng ;
34 opt i on px el i nux . c on f i g f i l e code 209 = t ex t ;

opt i on px el i nux . pat hpr ef i x code 210 = t ex t ;
36 opt i on px el i nux . r eboot t i me code 211 = unsi gned i n t eger 32;

38 ### def i ne bpbatch opt i ons f or i n t er ac t i v e mode
opt i on opt i on � 135 code 135 = t ex t ;

40

subnet 192. 168. 1 . 0 netmask 255. 255. 255. 0 �

42 ### gener al l dhcp set t i ngs
range 192. 168. 1 . 23 192. 168. 1 . 223;

44 opt i on br oadcast � addr ess 192. 168. 1 . 255;
opt i on subnet � mask 255. 255. 255. 0;

46 opt i on r ou t er s 192. 168. 1 . 2 ;
opt i on domai n� name "toshiba -tro .de team23 .org gwdg.de" ;

48 opt i on domai n� name� ser v er s 192 . 168. 21 . 5 , 192. 168. 21 . 6 ;
opt i on t i me � of f set 775238962;

50 opt i on i p � f orwardi ng of f ;

52 # al l path opt i ons r el at i v e to t f t p � ser v er

54

### gener al opt i ons f or boot i ng over network
56 nex t � ser v er 192. 168. 1 . 2 ;

opt i on r oot � path "/YAGI /linuxroot /" ; # r el at i v e t f t p � ser v er path
58 # f i l ename "/grub /pxegrub " ; # grub

f i l ename "/pxelinux /pxelinux .0" ; # sy sl i nux ( px el i nux )
60 # f i l ename "/bpb/ bpbatch " ; # bpbatch

62

64 ### opt i ons f or grub
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opt i on opt i on � 150 "/grub /menu .lst" ;
66

68 ### opt i ons f or px el i nux
opt i on px el i nux . magi c f 1 : 00: 74: 7 e ; # p r ac t i cal magi c

70 opt i on px el i nux . con f i g f i l e "yagi " ; # ev i dent
opt i on px el i nux . pat hpr ef i x "/ YAGI/tftpboot / pxelinux /" ;

72 opt i on px el i nux . r eboot t i me 5 ; # r eboot af t er 5 min

74

### BpBatch command� l i ne argument : � i == i n t er ac t i v e
76 # You can al so speci f y a sc r i p t name ( do not i ncl ude t he

# t r a i l i n g . bpb ex t ensi on )
78 opt i on opt i on � 135 "bpb/ yagi-ascii " ; # � i bpb / yagi � asc i i ";

80

### some more opt i ons
82 ser v er � name l enny ;

# opt i on ntp � ser v er s ntps1 . gwdg . de , ntps2 . gwdg . de ;
84 # opt i on t i me � ser v er s r dat e . uni � r egensburg . de ;

# opt i on f ont � ser v er s l enny . si mpsons . org ;
86 # opt i on net bi os � name� ser v er s 134. 76. 63. 252;

�

88

host coke �

90 hardware et her net 00 : 90 : 27 : A4 : C8: E2;
f i x ed � addr ess 192. 168. 1 . 23 ;

92 ser v er � name "coke .deam. org" ;
�
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15.3 cookdiskscript

Listing 16: cookdiskscript

# ! / bi n / sh
2 #

# YAGI � cookdi sk � dan@deam . org
4 #

# based on g4u , huber t@f ey rer . de
6 #

# f et ch di sk i mage and w r i t e i t t o l ocal di sk
8

ser v er =$1
10 i mage=$2

dev i ce=$3
12

i f [ "$device " = "" ] ; t hen
14 dev i ce=hda

f i
16

i f [ "$image " = "" � o "$server " = "" ] ; t hen
18 echo ""

echo "usage : $0 <servername > <imagename > [ DEVICE]"
20 echo "default device is hda - change only if needed "

echo ""
22 echo "example : $0 lenny tecra9000 "

echo ""
24 ex i t 1

f i
26

echo "start working in ..."
28

f or i i n 5 4 3 2 1 ; do
30 echo $i ; sl eep 1

done
32

echo "thats the point of no return - working ..."
34 f t p � o "|gunzip |dd of=/dev /${device }" f t p : / / yagi : yagi@$ � ser v er � / $ � i mage �

36 echo ""
echo "well done - cu next time..."
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15.4 eatdiskscript

Listing 17: eatdiskscript

# ! / bi n / sh
2 #

# YAGI � eat di sk � dan@deam . org
4 #

# based on g4u , huber t@f ey rer . de
6 #

# cr eat e i mage and w r i t e i t over f t p to a ser v er
8

ser v er =$1
10 imgname=$2

dev i ce=$3
12

i f [ "$device " = "" ] ; t hen
14 dev i ce=hda

f i
16

i f [ "$imgname " = "" � o "$server " = "" ] ; t hen
18 echo ""

echo "usage : $0 <servername > <imagename > [ DEVICE]"
20 echo "default device is hda - change only if needed "

echo ""
22 echo "example : $0 lenny tecra8000 "

echo ""
24 ex i t 1

f i
26

echo "start working in ..."
28

f or i i n 5 4 3 2 1 ; do
30 echo $i ; sl eep 1

done
32

echo "working ..."
34 ( dd i f =/ dev / $dev i ce � gzi p � 9 ) � ncf t pput � d / var / l og / f t p . l og � c � u yagi

� p yagi $ser v er $imgname

36 echo ""
echo "thats all folks ..."
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15.5 YAGIso script

Listing 18: YAGI SystemInformation

# ! / usr / bi n / per l � w
#
# YAGI � System I nf or mat i on Tool
#

5 # DaN � dan@deam . org
#

# Programm set t i ngs and l i b ar i es
10 use st r i c t ; # t r y i ng har der

use Curses ;
use Curses : : Wi dgets ; # I ncl uded to i mpor t sel ec t co l our & scankey
use Curses : : Wi dgets : : T ex t Fi el d ;
use Curses : : Wi dgets : : TextMemo;

15 use Curses : : Wi dgets : : ProgressBar ;

# decl ar e V ar i abl es
my ( $mwh , $progr , $bl ock sA l l , $bl ocksDone , $cpu , $l oad , $boot t i me , $per cent

, $donebl ocks ) ;
20 my ( @capaci ty , @bl ocks ) = ( "" ) ;

# t h i s i s l i n e 23 : � )

25 # Set up t he env i ronment
$mwh = new Curses ;
#noecho ( ) ;
hal f del ay ( 5 ) ;
$mwh��� keypad ( 1 ) ;

30 cu r s set ( 0 ) ;
# t h i s i s l i n e 23 ; � )

# gi ve me a ni ce l ook
35 $mwh��� at t r set (COLOR PAIR( sel ec t co l ou r ( ' green ' ) ) ) ;

$mwh��� box (ACS VLINE , ACS HLINE) ;
$mwh��� at t r set ( 0 ) ;

$mwh��� st andout ( ) ;
40 $mwh��� addst r ( 0 , 1 , "Welcome to the YAGI System overview !" ) ;

$mwh��� standend ( ) ;

# read t he capaci t y dat a of hda
open ( daten , "</proc /ide /ide0/hda /capacity " ) ��� di e "capcacity of hda could

no be read \n" ;
45 whi l e( � daten � ) �

push ( @capaci ty , $ ) ;
�

cl ose ( daten ) ;

50 # show me boot t i me
$boot t i me=Curses : : Wi dgets : : T ex t Fi el d ��� new ( �

CAPTION = � "Boot Uptime " ,
CAPTIONCOL = � "red " ,
LENGTH = � 42,

55 MAXLENGTH = � 42,
MASK = � undef ,
VALUE = � " " . pr oci nf o ( 7 , 0 , 32 ) ,
INPUTFUNC = ��
 & scankey ,
FOREGROUND = � "white " ,

60 BACKGROUND = � ' bl ack ' ,
BORDER = � 1,
BORDERCOL = � ' green ' ,
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FOCUSSWITCH = � "\ t\n" ,
CURSORPOS = � 0,

65 TEXTSTART = � 0,
PASSWORD = � 0,
X = � 5,
Y = � 2,
READONLY = � 1,

70 � ) ;

# show me cur r en t l oad
$l oad=Curses : : Wi dgets : : T ex t Fi el d ��� new ( �

75 CAPTION = � "load average " ,
CAPTIONCOL = � "red " ,
LENGTH = � 50,
MAXLENGTH = � 50,
MASK = � undef ,

80 VALUE = � "The Simpsons " ,
INPUTFUNC = ��
 & scankey ,
FOREGROUND = � "white " ,
BACKGROUND = � ' bl ack ' ,
BORDER = � 1,

85 BORDERCOL = � ' green ' ,
FOCUSSWITCH = � "\ t\n" ,
CURSORPOS = � 0,
TEXTSTART = � 0,
PASSWORD = � 0,

90 X = � 5,
Y = � 6,
READONLY = � 1,

� ) ;

95 # how many bl ocks ar e done
$bl ocksDone=Curses : : Wi dgets : : T ex t Fi el d ��� new ( �

CAPTION = � "current Block" ,
CAPTIONCOL = � "yellow " ,
LENGTH = � 15,

100 MAXLENGTH = � 23,
MASK = � undef ,
VALUE = � ' 12439' ,
INPUTFUNC = ��
 & scankey ,
FOREGROUND = � "white " ,

105 BACKGROUND = � ' bl ack ' ,
BORDER = � 1,
BORDERCOL = � ' green ' ,
FOCUSSWITCH = � "\ t\n" ,
CURSORPOS = � 0,

110 TEXTSTART = � 0,
PASSWORD = � 0,
X = � 10,
Y = � 10,
READONLY = � 1,

115 � ) ;

# how many bl ocks ar e done
$per cent =Curses : : Wi dgets : : T ex t Fi el d ��� new ( �

120 CAPTION = � "percent " ,
CAPTIONCOL = � "blue " ,
LENGTH = � 7,
MAXLENGTH = � 10,
MASK = � undef ,

125 VALUE = � " 0%",
INPUTFUNC = ��
 & scankey ,
FOREGROUND = � "white " ,
BACKGROUND = � ' bl ack ' ,
BORDER = � 1,
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130 BORDERCOL = � ' green ' ,
FOCUSSWITCH = � "\ t\n" ,
CURSORPOS = � 0,
TEXTSTART = � 0,
PASSWORD = � 0,

135 X = � 32,
Y = � 10,
READONLY = � 1,

� ) ;

140

# capaci t y f i el d [ hda]
$bl ock sA l l =Curses : : Wi dgets : : T ex t Fi el d ��� new ( �

CAPTION = � "total Blocks " ,
CAPTIONCOL = � "red " ,

145 LENGTH = � 15,
MAXLENGTH = � 23,
MASK = � undef ,
VALUE = � " " . $capaci t y [ 1 ] ,
INPUTFUNC = ��
 & scankey ,

150 FOREGROUND = � "white " ,
BACKGROUND = � ' bl ack ' ,
BORDER = � 1,
BORDERCOL = � ' green ' ,
FOCUSSWITCH = � "\ t\n" ,

155 CURSORPOS = � 0,
TEXTSTART = � 0,
PASSWORD = � 0,
X = � 46,
Y = � 10,

160 READONLY = � 1,
� ) ;

# i s t he bi t ch worki ng ?
165 $cpu=Curses : : Wi dgets : : TextMemo��� new ( �

CAPTION = � "CPU Info " ,
CAPTIONCOL = � "red " ,
LENGTH = � 38,
MAXLENGTH = � 230,

170 LINES = � 5,
MASK = � undef ,
VALUE = � "bla \nblub " ,
INPUTFUNC = ��
 & scankey ,
FOREGROUND = � undef ,

175 BACKGROUND = � ' bl ack ' ,
BORDER = � 1,
BORDERCOL = � ' green ' ,
FOCUSSWITCH = � "\ t" ,
CURSORPOS = � 0,

180 TEXTSTART = � 0,
PASSWORD = � 0,
X = � 5,
Y = � 17,
READONLY = � 1,

185 � ) ;

# how f ar to go
$progr =Curses : : Wi dgets : : ProgressBar ��� new ( �

190 CAPTION = � "done" ,
CAPTIONCOL = � "yellow " ,
LENGTH = � 60,
VALUE = � 0,
FOREGROUND = � "yellow " ,

195 BACKGROUND = � ' bl ack ' ,
BORDER = � 1,
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BORDERCOL = � "green " ,
HORIZONTAL = � 1,
X = � 5,

200 Y = � 13,
MIN = � 0,
MAX = � 100,

� ) ;

205

# needs to be onl y drawn once
$bl ock sA l l ��� draw ($mwh, 1 ) ;
$boot t i me��� draw ($mwh, 1 ) ;

210 # f or (my $i =0; $i � $capaci t y [ 1 ] ; $i +=100)
wh i l e ( 1)

�

$donebl ocks= ddst at s ( ) ;
$l oad ��� set F i el d ( VALUE = � " " . pr oci nf o ( 7 , 36 , 72 ) ) ;

215 $bl ocksDone ��� set F i el d ( VALUE = � " " . $donebl ocks ) ;
$per cent ��� set F i el d ( VALUE = � ( $donebl ocks / $capaci t y [ 1 ] ) � 100 ) ;
$progr ��� set F i el d ( VALUE = � ( $donebl ocks / $capaci t y [ 1 ] ) � 100 ) ;
$cpu��� set F i el d ( VALUE = � " " . pr oci nf o ( 9 , 0 , 32 ) . "\n " . pr oci nf o

( 10 , 0 , 32) . "\n " . pr oci nf o ( 11 , 0 , 32 ) . "\ n " . pr oci nf o ( 12 , 0 , 32) . "\n "
. pr oci nf o ( 1 3 , 0 , 3 2 ) ) ;

220 $l oad ��� draw ($mwh, 1 ) ;
$bl ocksDone ��� draw ($mwh, 1 ) ;
$per cent ��� draw ($mwh, 1 ) ;
$progr ��� draw ($mwh, 1 ) ;
$cpu��� draw ($mwh, 1 ) ;

225

sl eep 1 ;
�

230

# read t he act ual st at us of w r i t i ng to di sk
sub ddst at s �

open ( daten , "</ var/dd. stats" ) ��� di e "dd stats file could no be
read \n" ;

@bl ocks = � daten � ;
235 cl ose ( daten ) ;

r et u r n subst r ( $bl ocks [ 0] , 0 , � 8) ;
�

240 # read out pr oci nf o and r et u r n l i n e � n � f rom � x � t o � y �

sub pr oci nf o �

my $l i ne = sh i f t ;
my $ st ar t = sh i f t ;
my $stop = sh i f t ;

245

# do a system c al l and w r i t e out put to tmp� f i l e
system ' / usr / bi n / pr oci nf o � / tmp / pr oci nf o . t x t ' ;

my @pl i nes = ( "" ) ; # remember s t r i c t ?
250 open ( daten , "</ tmp/procinfo . txt" ) ��� di e " procinfo could not be

read \n" ;
wh i l e( � daten � ) � push ( @pl i nes , $ ) ; �

cl ose ( daten ) ;

r et u r n subst r ( $pl i nes [ $ l i ne ] , $st ar t , $stop ) ;
255 �

# show cur sor agai n
cu r s set ( 1 ) ;
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260

# The END bl ock j ust ensur es t hat Curses al ways cl eans up behi nd i t sel f
endwi n ( ) ;

# t hat s al l f o l k s
265 ex i t 0 ;
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15.6 BIOS Bootdevice

Photoof BIOSdialogto choosetheBoot device

Figure7: Menueto chooseBoot device

Menueicon to chooseif 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.

Figure9: PXE BIOSscreen(old version)

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

Figure10: PXEBIOSscreen(new version)
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15.8 PXE Bootscreen

After fetchinganvalid IP Addressfrom theDHCPServer thePXELINUX is beenloaded
over tftp. The follwing outputis displayed.In real-life ypu won't seethis becauseof the
fastexecutionof thisstep.

Figure11: PXE Linux bootsequenz

THE PXELINUX Boot Splashscreen.This outputcanbeindividualmodi�ed.

Figure12: ThePXELINUX BootSplash
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15.9 eatdiskscreenshots

Photosof eatdiskafter executing. Commandline options in this casewas eatdisk
lenny satellite2410 . Lenny was in this namethe server nameandsatellite2410
theimagenameof thelaptop

Figure13: eatdiskoutputafterstarting,duringreadingimage

Closeupshotof theoutputfrom themodi�ed ddtool. Youcanseetheblockswhichare
alreadywritten. TheLCD is to slow sotheoutputisn't assharpasonanregularMonitor.

Figure14: Closeupshotof theeatdiskoutputduringprocessingdata
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15.10 cookdiskscreenshots

Screenshotot cookdiskafter commandline input cookdisk lenny s2410 . Hereis
lenny theserver nameands2410the imagename.If you have not anDNS server or your
entry in the resolv.conf is wrong try theIP addressinsteadof thename.Noticethat
theimagenamehasbeenrenamedfrom satellite2410to s2410.Lesslettersto type. :-)

Figure15: cookdiskoutput

After writing the imageyou seesometime andspeeddata. Soyou cancomparethis
with my testenvironment.

Figure16: cookdiskafterwriteing theimage.summary
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15.11 YAGIso screenshots

Hereis thescreenoutputfrom YAGIso(YAGI SystemOverview). As youcanseethereare
someusualdatalike uptime,load,andsoon. Likewiseyou canseea progressbarandtwo
�eld called'currentblock' and' total block'. Themeaningis obviousandis not explained
here.

Figure17: full screenshotof YAGIso.

Theprogressbarcalculationandthepercentdisplayis trivial andlikewisenotexplained.

Figure18: detailedYAGIsoscreenshotof theprogressbar.
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15.12 RealWorld action

Here you can seethe Real World deployment environment. On this photo you see20
machineswhoareinstalledsimultaneously. In this specialway therewhereall notebooks.

Figure19: RealWorld LabPhoto1

Anotherview of theapplicationarea.

Figure20: RealWorld LabPhoto2
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16 Resources

- http://www.faqs.org,RFC

- http://www.freebsd.org,how-to's

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

- http://www.linuxdocs.de,how-to's

- http://www.stud.uni-goettingen.de/dsuchod/ldc/node5.html,Thin Clients

- http://www.google.com

- http://www.linuxnetmag.com/de/issue5/m5diskless1.html

- http://www.zelow.no/�oppyfw/install.html

- http://www.escape.de/users/outback/linux/
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