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METHOD AND PROCESS FOR USING COMMON PREINSTALLATION
ENVIRONMENT FOR HETEROGENEOUS OPERATING SYSTEMS 5
BACKGROUND OF THE INVENTION Field of the Invention The present
invention relates in general to the field of information handling systems
and more specifically, to the installation of heterogeneous operating
systems. Description of the Related Art 10 As the value and use of
information continues to increase, individuals and businesses seek
e N e AT O AR AR B
a1 & HEYEROGE ﬁ SYNT
generally processes, compiles, stores, and/or communicates information
or data for business, personal, or other purposes thereby allowing users
to take advantage of the value of the information. Because technology 15

BA@KGomat eprhendlingverds@nd requirements vary between different

users or applications, information handling systems may also vary
regarding what information is handled, how the information is handled,
FieP¥¥ MushJpfaynation is processed, stored, or communicated, and how
quickly and efficiently the information may be processed, stored, or
communicated. The. variations in informatio ndling systems allow for
ol hats e e R R A e s
and 581 ROEIIE US RE0 A% TDRDF IRl LABSACHR, RIARERS g Al ine
reservations, enterprise data storage, orglobal commuriications. In
addition, information handling systems may include a variety of hardware

DeaRfhHoHWAIRGERRSMNANHS that -1 may be configured to process, store,

and communicate information and may include one or more computer
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and amount of data managed by information handling systems continues
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quickly and efficiently 5 configured for a wide variety of uses and
infSMARAMSIMS.  Hisiee demingiRidneadloption @km generally processes, compiles,
stores, and/or communicates information or data for business, personal, or other purposes
thereby allowing users to take advantage of the value of the information. Because technology
and information handling needs and requirements vary between different users or applications,
information handling systems may also vary regarding what information is handled, how the
information is handled, how much information is processed, stored, or communicated, and how
quickly and efficiently the information may be processed, stored, or communicated. The
variations in information handling systems allow for information handling systems to be
general or configured for a specific user or specific use such as financial transaction

processing, airline reservations, enterprise data storage, or global communications. In addition,

information handling systéms may include a variety of hardware and software components that
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build-to-order (BTO) computer systems that are custom-assembled to a
customer's specifications from a variety of hardware components. The
extended time typically required to configure and implement these
systems consumes technical resources, has a negative impact on
productivity, and contributes to the system's total cost of ownership (TCO).
In particular, the 10 initial loading of the system's operating system (OS)
magdn putimecddnsupding sinttevicwsregpedialiyfaviteiomeatiirismp pedatingne or
systems are implemented in a heterogeneous operating environment. For
MOESEHHBIE ChE S ffterApsteritivans. oA SN TisEcorigred with their
initial hardware components, an operating system is selected for _
instaAMEHMeTSIY ARE AHEPRbRT RS HiPerRsd SHHERNR YN SHsRs continues

compyising the system are lgcated. In the 15 past, the selected operating_ .
10 YR G 16 PSF&E‘H H?NS%W&%% ROy YRSEIAERR HSH To G4l and eHiciently

tached, physical media such as flo disks, CDs, or f&ar %is_kgtriv S. .
Conﬁ%flsr%ﬁ8?0%%%ergarﬁ?ré§?auﬁ ec?paélra%‘r’%g)}énéeﬁlﬁsyg any pre Sﬂf oh eoaﬁ@};lmn of

load INg.S) d. drivers, but alsq 1o make software
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execution environmeht, which allows a computer system to boot over a

corlTRAWORK LRRPREION 1RBMIAGA SHRIeM:-IMRAS: e Sl ARIRIEHIGE Ve impact on

operating system from a remote source. A pre-execution environment can

propriovide aihe eherolils as el kol e xampiest e, Red- S\ eC AsSisaiticular, the
(DSA), produced by Dell, Inc., provides the ability to configure redundant
inittulrbpdiof dfdependert diskstiRAREan@Sieatete titilitypatibiog. SRARISS,
has the ability to provide -2 optimized OEM drivers that support
espivstiiiation ofuiffdcemcoperating sy stemsflonesdedingl deredianimagepeiging
a result, time is saved since administrators do not need to be physically
enVEERR at PToHRINEIE CORME PSR FHsisitsrarestaliensds Grt doobefrsmhwith their
sical media. However, currently emerging technologies are imposing
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heterogeneous operating systems
appropnateggnvers ?org e ﬁard%ar)f/: components comprising the system are located. In the

past, the selected operating system and its related drivers were typically installed from locally-
attached, physical media such as floppy disks, CDs, or hard disk drives. This approach
required an operator to be physically present to not only load the chosen operating system and
drivers, but also to make software configuration choices during the load procedure.

Current solutions to addressing this limitation include the implementation of a pre-
execution environment, which allows a computer system to boot over a network connection
and load a system image file of a predetermined operating system from a remote source. A
pre-execution environment can provide other benefits as well. For example, the Dell Server
Assistant (DSA), produced by Dell, Inc., provides the ability to configure redundant arrays of

independent disks (RAID) and create a utility partition. DSA also has the ability to provide

2.



such as Linux, Novell Netware, and Microsoft Windows. For example, the
Windows Vista operating system uses a proprietary Boot Configuration

Data (BCD) format, which provides data to the Windows boot manager to
load the operating system. The Windows Vista operating system also

uses Windows Imaging (WIM), a proprietary, file-based disk image format
that stores the main components of the operating system in compressed
form..Dyring.installation, the image file is decompressed and copied in-
CRHGHZES (AR AR B el B UL SRt WA ms from
sulithreelie immsialletisfledayifileie ansieedtivacprahaeidstaters dordt need to be

cﬁ;alle#]%{n iS V\{h N (%ijff%eqt instaltlatic%n roc§dure§ gre re%u(i{%}d ttofload
MorE thal one operating systemion a system, “stchad it a‘dualboot™™
coydfigunatidie. These challenges are not limited to DSA. Other vendors

face similar challenges in providing a uniform and common installation

solutio e tj : Y, .
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information handling system. In a first aspect, there is provided a system

ToPRSIPRITME ARG I IEHH RSP HRIANEBRY bREEY SIRBaRAESnhdremay
RSB PRHVING aysiemiRolERs RsHbbRIRY M HaterOAENRARARGEINGEM. The

systems,_a plurality of computer hardware drivers, a host_preinstallation

UM AP ALY il PR Iae & AV Argprictary.
{INFEasd danck aere mempr einstellRianeRvkneah R B) (ThepkiREng system in

includes a common pbootable kernel and predetermined operating system
OBy REIREBh Motinedsil oy ibrdBlass e angpeidine Srunsthn-
imagadaninstaliation.on & prpdetenmingst «intarmatimmiand|ing sysiem.

The plyrality of NPEs includes a predetermined operating, system, .
sl s ’éisé“ tiRG Ry ST MEEAfiEor KOS A Pefidferent

apdliation procedures are required to load more than one operating system on a systen,

such as in a dual-boot configuration. These challenges are not limited to DSA. Other
vendors face similar challenges in providing a uniform and common instatlation

solution for heterogeneous operating systems.

SUMMARY OF THE INVENTION

In accordance with the present invention, a system and method is disclosed for
the uniform installation of one or more of a plurality of heterogeneous operating

systems on a predetermined information handling system.

In a first aspect, there is provided a system for communicating information
between a plurality of information handling systems. The system includes a plurality of
heterogeneous operating systems, a plurality of computer hardware drivers, a host
preinstallation environment (HPE), a plurality of native preinstallation environments
(NPEs), and a common preinstallation environment (CPE). The HPE includes a
common bootable kernel and predetermined operating system (OS) installation modules

and 1s operable to prepare an operating system image for installation on a predetermined
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operable to natively install an operating system image on a predetermined

information handling system. The CPE includes the HPE and one or more

of the plurality of NPEs and is operable to automatically boot a

predetermined information handling system without the prior installation

of an operating system, and implement the HPE and one or more of the

plurality of NPEs to uniformly install one or more heterogeneous operating

Bifstemscarhindipredetesmintit ipfartiationepdiing sy stemroubranied operating

information handlin stem is bpoted. In a second aspect, there,is
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ipfatiationdiandingsystamscrbtiegnettod inclites aipradeemined information
taIIat on e |ro€@e C c rising a host prein llation

rgnwro é an one ¢ ocrl:érsnore a p%g% Ity ofnnaFveF %ﬁre})nu{a]l aﬁl()fNPES

am/lscmmabts tNREs)haautdim atical pledetimy gt edetermine danfdnmaatisem

handli stemw ut the prior installation of a atin St
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bﬂdﬂpﬁedémnﬁéﬁ)@pératmg system (OS) installation modules and is

operable to prepare an operating system image for installation on a

predetﬁ{@B@:@gﬂﬂ‘@}ﬁ’@&ti%r@%ﬁ%&ﬁ%%lﬁ@fﬂlé@ﬂ%tﬁfl&?ﬁgsinformaﬁon

includes a predetermined ooeratln%H ystem, associated operatl system
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aativelyl fstaltanoperRing SysieTOPIIGS Apra Resataipiordinfarmation
handling system. In selected embo meniii of the invention, a common
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and one or more of the plurality of NPEs to uniformly install one or more heterogeneous

operating systems on the predetermined information handling system when the
information handling system is booted. The HPE includes a common bootable kernel
and predetermined operating system (OS) installation modules and is operable to
prepare an operating system image for installation on a predetermined information
handling system. The plurality of NPEs includes a predetermined operating system,
associated operating system installation modules and computer hardware drivers and is
operable to natively install an operating system image on a predetermined information

handling system.

In selected embodiments of the invention, a common preinstaliation
environment (CPE) is implemented, comprising a host preinstallation environment
(HPE) and one or more native preinstallation environments (NPEs). The HPE typically

comprises a common bootable kernel, inventory modules for determining the
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-4 hardware components comprising a target system, a redundant array of
independent disks (RAID) configuration utility, disk format utilities,
hardware drivers and patches, and operating system configuration
utilities. The native preinstallation environment (NPE) comprises a
predetermined operating system and other content. During the operating
system installation 5 process, both the HPE and NPE can be executed
hamiygiigpfyaRoAcRiLeRaNBr SHID A GH S s AR . dealidendansagr ai of indere@PE disks
can provide a uniform installation process for a plurality of heterogeneous
(RAH}sonfeayrienidiltornlisk Bupsstilifine falwssarervomdosirensad operating
Linux variants such as RedHat and Suse, In an embodiment of the
SRR S ARG n RS RHNG Ry St bttt S seiied B omprises a
%E{eratjngds steg1 bootts to thde %PE wtgich termines whether installation |
P (TR B8 S Pl S &R PR L SE R i ARSHIEBS Y S E RN Bation
R0 NEESS Rerequied fof, installation ;a8 PG CamRISING & SOMMANor
P 60table kerne generates a bootable operrarfiﬁ system image that is

defiReialled; Qnthe taroebsysls %o%&%%%rﬁ%&?ﬁ&%?gg&ﬁ ?&%‘ﬁ%&?ﬂ& of

parfition, where it implements the NPE and then generates a metati

he@R3CHBING IpeNREWRIE MR SIS N R SRR O SwERE RaFdWA Cind Tinux

components comprising the target system are then inventoried by the

vardink dhe) reRutsRrecPRwRared to the metafile. If the NPE has access to all
drivers required to boot the target system then it boots to the NPE, which

beginxnathtedinstalation e ol asdnfoperatingsysiemy HdheNRintdagsstalled
not have access to all required drivers, then the HPE injects the missing
opeiritieg systont hectper fNGRY steich idetrg@igenetatber hys20thienNPEpiiarmined
embodiment of the invention, required drivers are dynamically injected by
opgjetieg stiFigraradivessdatal brsokaimntheaN PRET hbad iR hie ckthraguired for
_beginning and ending signature allowing the HPE to inject binary bits
insigHadTR: YR hEPRIBIBS 8 SR mEIRIER s rRrd aspstates arbepiablopperating
embodiment of the invention, if the HPE is unable to inject the required
SY ST SRSy AP dPRREISEE BN ARG HENP R e ARG &5 s o Hrfagis Bt irtlgployment

ing a,nati river -
par%%o ; \%he?é }{?rgpier%en?s the NPE and then generates a metafile describing the hardware

drivers the NPE supports. The hardware components comprising the target system are then
inventoried by the HPE the results are compared to the metafile. If the NPE has access to all
drivers required to boot the target system then it boots to the NPE, which begins native
installation of the chosen operating system. If the NPE does not have access to all required
drivers, then the HPE injects the missing drivers into the operating system image generated by
the NPE. In an embodiment of the invention, required drivers are dynamically injected by
generating a driver data block for the NPE. The data block has a beginning and ending
signature allowing the HPE to inject binary bits without requiring knowledge of the underlying
file system. In another embodiment of the invention, if the HPE is unable to inject the required

drivers, they are injected into the NPE operating system image off-line, using a native driver
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injection module provided by the NPE vendor. The resulting operating
system image is then installed by the NPE on the target system. In
selected embodiments of the invention, a stage handler is implemented to
transition control of the installation of a predetermined operating system
from the HPE to a 5 predetermined NPE. In these embodiments, an
algorithm comprising the sta{c};e handler is implemented to determine at

inj¢gHar StagdcamirilesindmdEn 4aBiPst AlsredBtermimetr TG Sjaeththen

should be transitioned from the HPE to a predetermined NPE. For

‘ns@%ﬁ%ﬁ'ethﬁw‘sﬁ AbritAcHS R N nes that the HPE is unable to inject
o GNP E G R B RO PR BT AR R 4 o transiion
li ished.tqg the NPE. | mbaodi t of the i tign, ifi |
N

prefiRfiguratigpeompliance seRlisation.antheHan rc%?x?ﬁ{%'i}égmé?ﬁﬁg%fh%ﬁ%ﬁ%' is

the art will understand that many such embodiments and™ variations o

1m[gféfﬁ&§{@@ BERESBIRIS: JRGIUGiBg RutRALImMteRIRheS £8 %%&?‘Qmined operating
er

einabove, which are by no means all inclusive. 15 BRIE

syskREIEARIE DL Mol HdEBIRAYMING o ThecRresaithdavertiondnayhpbsiter.

understood, and its numerous objects, features and advantages made
algappaientdonthosaakiletl e thenartibytd efpxencidgithei aet omnpamingrdware drivers
drawings. The use of the same reference number throughout the several
intdi¢hurepet@signptemaniidge persirmitdrbeldmeRE2QdEguned if thgenelddizedis
illustration of an information handling system that can be used to
relipapieime it thepiEsdnensehadimmige theisrowion dlditlowihgresesests can be
common preinstallation environment (CPE) as implemented in
exegptskatide Afthisa EinpY dieh st fevestsRiorscrgelianses FrRkisagion and
flowchart of a CPE_as implemented in accordance with an_ embodiment of
CITRR LeRRVERNi oﬁ?%ﬁﬁd’f skill in the art wil} understand that many such embodiments and

variations of the invention are possible, including but not limited to those described

hereinabove, which are by no means all inclusive.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention may be better understood, and its numerous objects, features and
advantages made apparent to those skilled in the art by referencing the accompanying
drawings. The use of the same reference number throughout the several figures designates a
like or similar element.

Figure 1 is a generalized illustration of an information handling system that can be used
to implement the present invention;

Figure 2 shows a block diagram of common preinstallation environment (CPE) as

implemented in accordance with an embodiment of the invention;
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Figures 4a-b show the transition from a host preinstallation environment
(HPE) to a native preinstallation environment (NPE) within a CPE as
implemented in accordance with an 5 embodiment of the invention.
DETAILED DESCRIPTION A system and method is disclosed for the
uniform installation of one or more of a plurality of heterogeneous
operating systems (operating systems) on a predetermined information
hanbiigesy shets aflenieas @fentBdanhanpdcotaned i esrfsAE CHifhion 10
reinstallation environment (CPE) is implemented, comprising a host
emg‘?@iﬁ’g&l%ﬁ%ﬁﬁéﬁ}ﬁ%ﬁ%t (HPE) and one or more native preinstallation
environments (NPEZ%eIf an NPE.is no&lrequired f?r installation, an HPE

compRgiTy*4 BRIMNSA® BEBALR Kam P geErpee S s stabiengisatting o 2

eSS mRge thal s nstalledsan the targergystem, Othepuise, e HPE i
Credtes a ep?oyment partitton where iltllmp emen{léﬂt%e RiE Avd Ot HeR Y A
o mgoec[}%%%ttegf%mﬁ'{%ﬁ@o%_s describing the hard\_/vz_;lre drivers the NPE

supports. The hardware components comprising the target system are

then inventoried by the HPE the results are compared to the metafile. If
DEDLINBEes@ecessam all drivers required to boot the target system then

it boots to the NPE, which begins native installation of the chosen

opecing SRR e R D B TR AR T iR s

prERRFN SIETL Dage A benasialadanibe (Lol syalpadldhe HPE

cannot inject drivers into the NPE, then a stage handler is implemented to

infégliRgiishhinsiall afiencontielde-the-NBE vhichraampleias A A]tMEnon

installation. As a result, the CPE provides a uniform installation -7 process
pref@ftaptiviabityiofhieder (ORPERUM PRRIALIBG SYSIRMm UG apravtanidmited

to, Netware, Windows, and Linux variants such as RedHat and Suse. For
envirposesI6P Bisndisctosureramtnfo pmatianl hhdnd kngigyste msrelyHecC|Utken NPE is

any instrumentality or aggregate of instrumentalities operable to compute,
notelapsify, forasesBathotraansiiit] revriveinerievemonginates stk stoesites a

display, manifest, detect, record, reproduce,
bootable operating system image that is installed on the target system. Otherwise, the HPE
creates a deployment partition where it implements the NPE, and it then generates a metafile
describing the hardware drivers the NPE supports. The hardware components comprising the
target system are then inventoried by the HPE the results are compared to the metafile. If the
NPE has access to all drivers required to boot the target system then it boots to the NPE, which
begins native instailation of the chosen operating system. Otherwise, the HPE injects the
missing drivers into the operating system image generated by the NPE and the resulting
operating system image is then installed on the target system. If the HPE cannot inject drivers

into the NPE, then a stage handler is implemented to relinquish instaliation control to the NPE

which compietes a native installation. As a result, the CPE provides a uniform installation
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handle, or utilize any form of information, intelligence, or data for
business, scientific, control, or other purposes. For example, an
information handling system may be a personal computer, a network
storage device, or any other suitable device and may vary in size, shape,
performance, functionality, and price. The information handling system
may include random 10 access memory (RAM), one or more _ropessin%
profesolaFcerl Wity &4 %%%ﬂ%?&%%@@%@]ﬂ@&ﬁﬁrﬁtm%i‘shQFHR%Eé“BFed to, Netware,
.software control logic, ROM, and/or other types of nonvolatile memory.
W‘W&&fﬁcﬁ?&ﬂc‘&%@ﬁ@ﬂ% Bt HedHARESh HEfdling system may include
one_or more dis geriv s,,0ne or moge network parts for communic?ti g
with SXESFRATHiEEs @%Cﬁéﬁr%sa%‘hc?ﬁg‘%%‘u?a @B%ﬁﬁ%%fﬁfaiydge.gé]%?ﬂy
. _such as.a keyhoard, a mouse, and. a.video display. The 15 jnfoarmation
Ly i THay o0 M Ae ST ST B sass AR S Fanes

trm&%ﬂ,@é«&%ﬁ@@%ﬂ%@9t‘é{‘?ﬁﬂa‘&gﬁsmﬁ,ﬁ_&@ﬁl‘é’r@&i‘}REBHQQ?E%&Z QLS S B duce,

genéralized illustration of an information’handling system 100 that can be

handREAQHMBILNENthe sustamBRCMAINRHRf thaMeseplMeNtehntRE control,
information handling system includes a processor (e.g., central processor

or ARt Blirfo kRl P ex AR/ QU P40 H R B ARViee 5y S¢S FeAiSRIBYorBouter,

keyboard, a mouse, and associated controllers, a. hard drive or disk
a n&tesagectie; &orageriaterides d0Bbretwadtk pattnldO.apcraiie tshaepnnect
to a network 128, and system memory 11.2, all interconnected via one or
perfomenbeisesciivdal8ysterpriemdhy Lf2roatoprises hestysreinstaliatibmrle random
environment 118 which further comprises operating system 116 and
accegpgeiraystéRARAdwae mosmursesipticetioicePOich os b grairdtathagenng unit
environment 118, -8 in different embodiments of the invention, accesses
(CP&B@a@ﬁfgwgtgﬁq@gqm@ggg Ipgic, %QM&%@%WW\?@ nonvolatile memory.
preinstallation environments (NPES) 124, and hardware drivers 126

A BRR RSB E T RE P B  R HRRE FAB RXTSH SFe R e ARD Bismore disk

. operating systems on the hard drive 106, of the information, handlin .
A 0L 09 PSSk e BB P A TGRS T8 kg aiovs

R L TR
inf(:ln%@ill)% handling system may also include one or more buses operable to transmit
commiunications between the various hardware components.

Figure 1 is a generalized illustration of an information handling system 1060 that can be
used to implement the system and method of the present invention. The information handling
system includes a processor (e.g., central processor unit or “CPU”) 102, input/output {I/O)
devices 104, such as a display, a keyboard, a mouse, and associated controllers, a hard drive or
disk storage 106, storage interface 108, network port 110 operable to connect to a network 128,
and system memory 112, all interconnected via one or more buses 114. System memory 112

comprises host preinstallation environment 118 which further comprises operating system 116

and target system hardware inventory application 120. Host preinstallation environment 118,
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heterogeneous operating system images 122 on target information
hanlding systems 130 over network 128 in conjunction with operating
system NPEs 124. Figure 2 shows a block diagram of common
preinstallation environment (CPE) 200 as 10 implemented in accordance
with an embodiment of the invention. In this embodiment, host
reinstallation environment (HPE) 202 comprises a plurality of
in GitppY sathedimandingthe Bvivinion BEGHPOREAYERANHTHVEN HPAEs Lids
for determining the hardware components comprising a target system. In
OPIHIE S¥S BRI W%ﬂ?&ﬁgér’é“ﬁri)é’é‘iﬁ‘?&%ﬂ Fé%% ?ﬂ@@ﬁ@’fﬁ’éﬁ#ﬂ?@% 126

RAID) configuration utility, dISk matu ties, hardware drivers and 15
e R B s e e %?ﬁ?fé%ﬁ?ﬂ@%%%ﬁtsm%m

R UREIRION, RioaseR p HEE 202 680 be ecten o Bl

roug € natve prelns

invéth é; ritl Q\ﬁ%@%@gﬁ&%g}:?ﬁﬁss &5%%2 éﬁkﬂ?%x?ﬁgé%“%rﬁ}’ 3} &‘I‘hanldmg

rcontent, w e ex cut uring the opérating system

sys{&ﬁkai '%'%r&f&%%ﬁ fram physicalipediatO PR AU e WPE) 48 NG
212. When invoked by a target 20 system, the HPE 202 performs RAID

hetGOREKHAlIGR-ARREANRM NG ollowed Ry, gﬂa@nf@&ma%agmﬁfdwgqﬂf%sx 30 over

and copying of operating system files and other content from NPE 208 as
net%eek Te8 iandmendess aadongraatevsataN Peio4 As a result, the CPE

can provide a uniform installation process for a plurality of heterogeneous

opeFaging Bystems sloch disghit nHtdimited pteinitelindse @& orADWSE) 200 as

220, RedHat Linux 222, and Suse Linux 224. -9 Figure 3 shows a
imflonatiedtiobeceslmmowigreinstaiedioednfitniment 00 bsthimpidwdinted, inost

accordance with an embodiment of the invention. In step 302 installation
preipptaliptied srsimiraenb@erati RS yarmistoO S pisr ey 9d sHraearastiedHinger,

which boots to a host _preinstallation environment (HPE) in step 304. In

conyBRItheqRfsaNTIend 187?!1@%%‘?9&’6‘?? fon @ﬁwe&ﬁb? i@ ypre components
information handlin further comprising a common, hootable
CORIBE BHEFELITS r%r %&sﬁ@%ﬁo SR RB RGBS 8he
mdglrlyact{(l:%n%é sﬂ} ng 20N ura g 9?5%‘?25} dc-cla-zhxg opf {%tég%ayd%gxrg é%vtf):?s and
Stafiedon rget system is mine
patches, and operating system configuration utilities. During the operating system installation
process, the HPE 202 can be executed from physical media 204 or through network delivery
206. The native preinstallation environment (NPE) 208 comprises a predetermined operating
system and other content, which can be executed during the operating system installation
process from physical media 210 or through network delivery 212. When invoked by a target
system, the HPE 202 performs RAID configuration operations 204, followed by the formatting
of hard drives and copying of operating system files and other content from NPE 208 as
required and as described in greater detail below. As a result, the CPE can provide a uniform
installation process for a plurality of heterogeneous operating systems such as, but not Hmited

to, Netware 218, Windows 220, RedHat Linux 222, and Suse Linux 224,
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306, and it is then determined in step 308 whether installation of the
operating system will require a native preinstallation environment (NPE).
Those of skill in the art will be familiar 10 with the operation of an NPE,
such as WINPE produced by Microsoft, which allows a system to boot
prior to installation of an operating system. In one embodiment of the
invention, a target system accesses an NPE from attached physical

mediESRi eSS PR HEIOT AR RER REBItOR ey EpBrY AARAS
; emory, device. . In another empodiment, the target system a atically
R S S S LT L PR BT e 0 BRiation ofa

remote system..If it is_det ined in step 308 that the .operating system
t
pre%%{g‘é"é’rﬁ‘ %{Pﬁ%?é‘fi‘étf A on iﬁgjtésrg%%“?y% ea‘rﬁaé%eeté‘%"éli’lﬁteeq%‘#@?ﬁs%% Sron Bt

preﬁfgtalﬁg%gntgﬁ@r&ﬁlgﬁ ?mﬂtﬁgﬁ 3 (SE!e Iﬁ%@ﬁe&?@&s SR 1%9’8% Bhe invention, an

components in step 310 to determine which hardware drivers are

HPEEAARS IR G ERAEMORRERND IS IE Rer HRE il CEBAER Hbotable kernel

image of the chosen operating system and injects the required drivers in

opeSiBR: 31 Bredbrd hB8JQaIL DgPRRIAGBY SIRIIINBEeY NStREe e Mhlation on a
target system in step 314, and once completed, operating system

targosiadlatonTandgdrasien B thibisitiefaemineddnasieps3a8nthatdi@mined in step
operating system chosen for installation on the target system requires

30anstdllatsahenydetarMPE] thetetli® HPe thre ates i depldithvantepaitipionsiom will
step 316. Once created, a predetermined NPE such as WINPE is

reqimp kenatintaddam sl ati gopiopmentt (Daiom oy etieé skibl Eniths terp BilBheXfamiliar
driver metafile is fetched or built for the predetermined NPE in step 320,

with S pipgFRiioRe et N Ere trihas Y iVBE e divedy Briplieresdtr vdagihallows a system
operating system image. The HPE then inventories the hardware

to RagBER ﬁfé‘%?‘ﬁ‘ﬁ?%ﬁ%@“tﬂ%e’f%?ﬁé%%@m in step 322 and compares the

resylts to the metafile cqrresponding to the 5 predetermined NPE . in step
PRI O DB AORPAACTRE PrUBAETFRTEL RPN stached

Il dri ired to boot th tem,.then t t ,
P e T S S BT Tl aevee
In ARSERUAHOR.Of 16 CROSERL Q?it%@%%&%%%%% SRRMEN R0 on 1o

invention, required drivers are injected into the NPE operating

access an NPE implemented on a remote system. If it is determined in step 308 that the
operating system chosen for installation on the target system does not require installation by an
NPE, then the HPE inventories the target system’s hardware components in step 310 to
determ.ine which hardware drivers are required for the chosen operating system. The HPE then
creates an image of the chosen operating system and injects the required drivers in step 312.
The resulting operating system image is installed on the target system in step 314, and once
completed, operating system installation ends in step 342.

If it is determined in step 308 that the operating system chosen for installation on the
target system requires installation by an NPE, then the HPE creates a deployment partition in

step 316, Once created, a predetermined NPE such as WINPE is implemented in the

-10-
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system image off-line, using a native driver injection module provided by

the NPE vendor. 10 The resulting operating system image is then installed

by the NPE on the target system in step 340, and once completed,

operating system installation ends in step 342. If it is determined in step

326 that the predetermined NPE does not have access to all drivers

required to boot the target system, then it is determined in step 328
depjpryaprermetiap ey tirfiRfedt the AdGuirb dairivarstivils ihécishedetehyiln &y the

operating system image contained in the 15 NPE. If it is determined in
Preé%mﬁs%t HreHPELR ABTEr RIS e Rt et RrE il rSRPRE VY supports for

operating system image contained in the predetermined NPE, then they
o DA I RE50, 1R Ho e HIOHINGE 57 00 TRACKHS:ForaBERal comprsing
rivers are dynamigally injected by generatin driver.data block for the
e SR B e e e Ao i o e B g
ree%‘j . i..iitr E N DS r11I a
el Sy A K0 AT o

accbé?l% o A0S JRIAELRYIEBIG: HERAAD 5 RIChORRS GRITRIRIGY S QRESBIRT. the

system installation ends in step 342. If it is determined in step 328 that the
preftREimHAIPIE 10 RISt tha derbire dArerS iR the e @l YRBMhe system.
image contained in the predetermined NPE, then the required drivers are
In deRpiniddbipredeie mingdlotajigndisien 32diaredhentarge tays el
boot to the -11 predetermined NPE in step 336. Once the target system
syshaoisigethéhired etarginad W Rtydhmj ddBin scadddipeci B et eNRitsendor.
predetermined location for drivers, and if found, injects them from the
ThPEMedinehato g NRHE oper atithgrsiyste e dnha dlee iy Rtep 288tahgad nestem in step
embodiment of the invention, the required drivers are stored on attached
34 hydientietialcsde AnaS EITOD PP didI6 18 laBmpack diskeC3$- hard disk, or
a flash memory device. In another embodiment, the required drivers are

storEdthdstrEnised Bk 2t BeanedesemBgAne N pretRrS Bigregecess to all
_network connection. The resulting operating system.image is then
YRR &ﬁ%ﬂﬂé@&%@%ﬁﬁ%@&éﬁ%&Sawaﬁa‘@ether the HPE

completed, operating system installation ends in step 342. lt will be . . .
can e BIe e B e R ined ShemBrahesicn ite hiiningd in the

NP%VQ?H‘{& %le!%rmined in step 328 that the HPE is able to inject the required drivers into the
operating system image contained in the predetermined NPE, then they are injected in step 330,
In an embodiment of the invention, required drivers are dynamically injected by generating a
driver data block for the NPE. The data block has a beginning and ending signature allowing
the HPE to inject binary bits without requiring knowledge of the underlying file system. The
resulting operating system image is then installed by the NPE on the target system in step 340,
and once completed, operating system installation ends in step 342.

If it is determined in step 328 that the HPE is unable to inject the required drivers into
the operating system image contained in the predetermined NPE, then the required drivers are

kept in their predetermined location in step 334 and the target system will boot to the
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10 inject drivers as they are required while also providing the ability to

switch to a native operating system installation mode in absence of

required drivers being available. Figures 4a-b show the transition from a

host preinstallation environment (HPE) to a native preinstallation

environment (NPE) within a common preinstallation environment (CPE)

as implemented in accordance with an embodiment of the invention.
prefigameintd SGWs seps fbwCherttiof tirgdraysiitiohdrdsricathdjRE dorannidPEPE, the

within a CPE as implemented in an embodiment of the invention. In step
NPEGapsstug Bfdnietdindratiareiiainaeimsdasatignsipstdiyero g)ddideh vicets them

target computer, which boots to an HPE in step 404. In selected )
fro eI IR VeI SRS AHN PES EBhipHEe i ThidAm At BRerataiigrent of

system, nglther cog rising a common, bootable kernel operable to

the JRYROTIYE HBESHARIE Ghuraig SR AR At S B sAL TRt Sha adlgpsey disk,
system. T erating syst o be installed on, the target system is .
cor e SR B s TR Aol ARSI SN R fh reauired

.] [ fthe | ystem will require an NRE.If it is determined
oIS SR SR S AT i e

I insta on target
cordRIRA A9RSARNIRANYE nsialRtoR By a0 NRE, fhen;insia!latiR el i e targer

operating system -12 continuées with an HPE in step 410. If it Is

sysHetarsinedin staR A thaithe: anerating Ssierhehesen iouinstallaton  win

on the target system requires installation by an NPE, then a stage

be Rsmaeier is ioplemaitad iResieprad Adadiensiion-dnatallalionofhe dynamically
operating system from the HPE to the NPE. If a redundant array of

injénddpendenheisks (RAIDRY isiticndsimplendant et abibtihe tanget systam;e
predetermined RAID configuration operations are performed by the HPE
opdrutigtesy v irsigtep olBptrerHiP Epeparapiacdyhamic Wepieyaikhic.
partition and transfers required hardware drivers to be used by the NPE
durifigpefatingheysteniranstatndom mhe permsbdirneneofithensvediion) to a
this deployment partition is removed once installation of the operating
natiXERERIRLHIAP R PR BRI e ACAT I depiRsjRH R paeRmERs (CPE)
Its 10 hardware dria/er contents remain for future use by the NPE. In step
ast ew&tﬁbgqgcor ance with an embodiment of the invention. Figure 4a shows a
flowchart of the transition from an HPE to an NPE within a CPE as implemented in an
embodiment of the invention. In step 402 instaliation of a predetermined operating system
(OS) is begun on a target computer, which boots to an HPE in step 404. In selected
embodiments of the invention, an HPE comprises an information handling system, further
comprising a common, bootable kernel operable to generate a bootable operating system image
for installation on a target system. The operating system to be installed on the target system is
determined in step 406, and it is then determined in step 408 whether installation of the
operating system will require an NPE.

If it is determined in step 408 that the operating system chosen for installation on the

target system does not require installation by an NPE, then installation of the operating system
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implemented to install the chosen operating system on the target system.
Once required operating system files and drivers have been copied to the
target system, operating system media that is physically attached to the
target system can be detached and installation of the operating system by
the NPE continues in step 420. 15 Figure 4b shows a table depicting the
transition from an HPE to an NPE within a CPE as implemented in an
corgimiyodittiem BPheiseedtion Linttsidaterboditientenhid $abie bownmrigin system
columns depicting transitional stages 422, stage descriptions 424 and
ch%gfﬁ@l@&l@ﬁ@%%@f&%? TOHRrISHrasdBBRAHON U ZBIIRE Healpssee
build 430. In this table, RAID stage 432. comprises the execution of
handletistErRifmT RN B U B Bis8 R BRSIRR harasHEEE THsstfigm the

SR P e e e ke et 30 TBISEE e

nd the gptional.removal iver media.once driver files have been .
e I e e e B o i

ste;?’z}lr&t%”st%% @;ﬁ‘é‘?'Eh%r}fﬁé‘%l;égt%rfﬁ%%fg%’%ﬁg&%ﬁ%&?g&ﬁﬁ%%HME%{%%%}? fequired

copying of the operating 0 he target system,

nad{tarerpichdhendrives sl3dpedia gannle patianalysemayediwhich akes

place during the debug build but not the release "build. In an embodiment

emBbINRINENHO M A HIRBC tRIOEESS IR AGRARIBTH GO PERIISEICLIRG $iABtion of the
handler is implemented to define transition stages and execute

opfhtidgtauRinedprosesses, sitherasn SodaefinetRAM ISTAaEiHdetine its

OEM STAGE | #define operating system STAGE 2 int
hargtagindrihanrdiec(Raequasirtg destk {ustagehd VRBE=In step 418, the NPE is

request.getstage_leverQ; 10 switch(stage_level): case TAID STAGE:
implemented to mstall the chosen operating system on the target system. Once required
operating system files and drivers have been copied to the target system, operating system
media that is physically attached fo the target system can be detached and installation of the
operating system by the NPE continues in step 420.

Figure 4b shows a table depicting the transition from an HPE to an NPE within a CPE
as implemented in an embodiment of the invention. In this embodiment, the table comprises
columns depicting transitional stages 422, stage descriptions 424 and staging options 426,
further comprising a debug build 428 and a release build 430. In this table, RAID stage 432
comprises the execution of predetermined RAID configuration operations, which take place in
the debug build, but not the release build. Driver stage 434 comprises the creation of one or
more deployment partitions, the copying of driver files, and the optional removal of driver
media once driver files have been copied, all of which take place in the debug build and in the

release build on return of an error condition. operating system stage 436 comprises the

copying of the operating system and other content to the target system, after which the driver

13-
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25

33

retval = configure raid(request); return retval, case OEM STAGE: 15
retval = configure raid(request); if (retval = = SUCCESS) { retval =
create_up(request); if (retval = = SUCCESS) { } 20 return retval; } case
operating system - STAGE: retval = configure_raid(request); if (retval = =
SUCCESS) { 25 retval = create_up(request); if (retval = = SUCCESS) {
retval - create_dp(request); if (retval = = SUCCESS){ set_no

medihesst btaginrets eevaivednvbich kitivelaos dsongibe Jelugrimikibat nettbe release
_default; retval = fullosinstall(request); 35 return retval; } In an _

buikin o amsBReamiER: PREATHTEQBINHAR ProsestasdarrJarexuantsigibiipage

each
handler is implemented to define transition stages and execute predetermined processes, such

das.!

#define RAID STAGE 0
#define OEM_STAGE 1
#define operating system_ STAGE 2
int staging_handler(Requestrequest) {
stage level = request.get_stage lever();
switch(stage _level):
case TAID STAGE:
retval = configure raid(request);
return retval;
case OEM_STAGE:
retval = configure raid(request);
if (retval = = SUCCESS) {
~ retval = create_up(request);
if (retval = = SUCCESS) {
}

return retval;
}
case operating system STAGE:
retvai = configure_raid(request);
if (retval = = SUCCESS) {
retval = create _up(request),
if (retval == SUCCESS) {
retval — create _dp(request);
if (retval == SUCCESS) {
set_no_reboot_flag(};
retval = invoke native_os_setup();
}
return retval,
case default;
retval = full_os_install{request);
return retval;

In an embodiment of the invention, additional processes can be executed within each

transitional stage, such as configuration compliance, replication and error recovery.
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transitional stage, such as configuration compliance, replication and error
recovery. -14 Those of skill in the art will recognize that use of the
invention automates the uniform installation of heterogeneous operating
systems, especially when the hardware drivers required to complete the
installation are previously unknown and are determined during the
installation process. It will likewise be apparent that this ability of the
invetitiose isfakpenialky renwifisiabmirvbemheie rdgeneotstioparatngtes the wmiform
systems are being installed on target systems that have different

inshdidivare bosfiggermtonspSkillarspraotisicapesial théhanttivilhaldoaectirizaequired
that many other embodiments and variations of the present invention are

to prumsipe the insfallican escprofitvsl Yafekanwadiedmp delerimsnéd duigng the installation
embodiment of the invention may be comprised of a plurality of

PrassimpSneitdikendss v dneareritthal Withabid plifiny enseibistetpecially beneficial
environment. Furthermore, other embodiments of the invention may

whep e tSE0s R BRSTEHRS S SRR R PO BRM i S e diferent
the Syst iL'ns implementation. -15 MCSLLP WHAT IS CLAIMED IS: 1. A

hars;‘/% SR s ugnlcatlng information between a plurality of information

hanglkri]lgeaﬁ)ste ms %crjsmlp{h&gg ﬁalfga"% of hetef\ﬁotgr%neou%olp

systems; Sirant of computer hardwarerdrvers: a ost prelns? ?%ems and

vm%ﬁ;aﬁg%m%@agmn@@meff%@q;@smm%’ca%%b!a%c%e %e%gﬁere ced components

predetermined operating system (OS) installation’ modules, opera

in IESRAYR AR QP SIALng systeMhimage i installation &Q{ﬁﬁ?&ﬁ{%ﬂgﬂ%‘j cach
information handling system; a plurality of native preinstallation
int@aMTNENTEe( D $). COBMMIaHIAVRISIRIB MIBEermore, other embodiments of the

invention may expand on the referenced embodiment to extend the scale and reach of the

system’s implementation.
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operating system, associated operating system installation modules, and
hardware drivers, operable to natively install an operating system image
on a predetermined information handling system, and; a common MOSLLE
preinstallation environment (CPE), comprising the HPE and one or more
of the plurality of NPEs, operable to: automatically boot a predetermined
information handling system without.the prior installation of an operating

system, and; implement the HPE and one or more of the plurality of NPEs
_ Mme or more heterogeneous operating systems on the
predetermined information handling system when the information
handlling systesivis ibowednRicRhacsydtemabbolbitrdenatdredtityod ioformation

haﬂg{g@g{gﬁgggﬁgﬁ%@peraﬂng systems is installed by a CPE residing on
physical media attached to the target information handling system. 3. The

systeR G EafhPESH SRS AR RSOTESI§8I8T0geneous operating systems

is ingriesPoradaigetinieoRatanibandling system by a CPE residing on

a remote system_connected by a network. -16 MCSLLP 4. The system of
claifh S B G P T BEr e b SRR R e Sy ok ond
implementpsepeedeteshinech i Eydehi© Sy stamiat claimdlleqpeibithe prepare

CPE is operable to generate a driver . meﬁlfye comprisic{'n information .
. operd 1r% Sgs{?m1 age 107 1nstaliation on & OpBe ef*?lermmed mtormation
relating to the comptiter hardwate drivers suppaorte e

predetermhﬁ_edliﬂga’.%mhe system of claim 5, wherein the CPE is
Opeéalﬁiﬁaﬁ‘?z%\f%%% ﬁ%%[QW% %nGHH}ﬁ&?é}RPEPJFEQ,%ﬁHBﬂ é’ﬁ}?sa predetermined

predetermined information handlindg system, compare the results to
operating system, associated operating system installation modules, and

hardware drivers, operable to natively install an operating system image on a
predetermined information handling system, and;
a common preinstallation environment (CPE), comprising the HPE and one or more of

the plurality of NPEs, operable to:

automatically boot a predetermined information handling system without the
prior installation of an operating system, and;

implement the HPE and one or more of the plurality of NPEs to uniformly
instail one or more heterogeneous operating systems on the predetermined
information handling system when the information handling system is

booted.

2. The system of clatm 1, wherein one or more heterogeneous operating systems is
installed by a CPE residing on physical media attached to the target information handling

system.
3. The system of claim 1, wherein one or more heterogeneous operating systems is

installed on a target information handling system by a CPE residing on a remote system

connected by a network.
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the previously generated driver metafile, and determine whether the NPE
requires additional drivers to install the predetermined operating system.
7. The system of claim 1, wherein the HPE is operable to dynamically
inject predetermined computer hardware drivers into an operating system
image generated by a predetermined NPE prior to its installation on a
predetermined information handling system. 8. The system of claim 7,
wherein the HPE is operable to generate a driver data ‘block of binary
hits, Lomprisiagyaheginaing andiRrdinghsOPatepsHsk thatdheaniBsioyment
b dynamically injected by the HPE into the operating system image without

AR RHENABER ST Ning file system. 9. The system of claim

1, wherein the CPE comprises a stage handler operable to transition

conteol of “Tﬁé@?E@élﬁ?&%l&fnﬁpR@H&E@#ﬁi@%@BR?B%E%}%X@@&HJ%{QE@%@

HPE to a predéetermined NPE, 10. The system of claim 9, wherein the
medpiifacRaREIRIPE SHS SRS bIs A iththe efyarabTe ey deter dhiveraswiRatted by the
pr&tagerpdharistallation of a predetermined operating system should

control be transitioned from the HPE to a predetermined NPE. -17

MCSGLP 11. A method for communicating information between a

plurlity of ifopmeme s iHasalingdystaniBe Edthprishrartife odorsniory the hardware
coRRIRSIA @fﬁﬁi@ﬁé‘ W%Meﬁ)nm%mhﬁégﬁf%%lﬁﬁ%e results to

environment (HP@% and one or more of a plurality of native %reinstallation
r}‘éé‘éh

e GO RTE RIS E L RHRF G Enand Srtesaying dather BismTRbrRasyBessritional
drikerng) iaselipriedstelmnscdpeatingesystem (OS) installation modules
and is operable to prepare an operating system image for installation on a
predetermined information handling system, and wherein the plurality of

NPE& compHeessiipretdtdimlinsreieibsinf E is operable to dynamically inject

predetermined computer hardware drivers into an operating system image generated by a

MCSLLP

predetermined NPE prior to its installation on a predetermined information handling system.

8. The system of claim 7, wherein the HPE is operable to generate a driver data
block of binary bits, comprising a beginning and ending signature, such that it can be
dynamically injected by the HPE into the operating system image without requiring knowledge
of the underlying file system.

9. The system of claim !, wherein the CPE comprises a stage handler operable to
transition control of the installation of a predetermined operating system from the HPE to a

predetermined NPE,
10.  The system of claim 9, wherein the stage handler comprises an algorithm

operable to determine at what stage of the installation of a predetermined operating system

should control be transitioned from the HPE to a predetermined NPE.
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system, associated operating system installation modules and computer

hardware drivers and is operable to natively install an operating system

image on a predetermined information handling system: automatically

booting a predetermined information handling system without the prior

installation of an operating system, and; implementing the HPE and one MCSLLP
or more of the plurality of NPEs to uniformly install one or more

heterogeneous operating systems on the predetermined information

handiing sysigr whe fhe dnfrmation, MAEIng fyslem s baotedf e
method of claimmﬁ, wherein one or mo erheterogeneous operating
mystermsos hasthlledshytenGRETgsidings on physical media attached to the

target iir{‘éoéénrﬁr%ﬂ é‘%’i‘ﬂ&@ﬁﬁ%ﬁ%ﬂ%ﬁ%ﬁm@%‘? 3 QQO%H%_I%EQ‘%%O"%&“”Q”
one or more nheter geneous operatlng syste sis’installed o atarget
information haredtisiglbysterenbyenORE (E8dingdnie remote systdnmality of

connected byn%tﬂ%t ﬁﬁ%s%ﬂa&&?mmﬁg)%@lg@g%é ME?SBQﬁmig%nprises

creating a deployment partition to implement termined NPE. -

MCSLLP 15,amelmeﬂjm@i%&dim@iﬁmrﬂjéd@m@ir@g@ﬁegamg:m (O8)
driver metafile,compfising RRLMatoR selatpg 19 69@99@5&#@%@5%@%&

drivers supported by the predetermined NPE. 1 e met aim

15, further cotmpesifey inveltsigmenthemdetwarecdonipomsive bumnsingtem,
a predetermingd {0fQIMAIRDNARAIPG SUBIEMHORRAING, DR 1 LESHIL Derating

the previously generated driver metafile, and determining whether the
NPE requireSyatiamidns drigerangsHaaivtienpiatiatatinineg dperandgomputer

system. hardware drivers and is operable to natively install an operating system

image on a predetermined information handling system:

automatically booting a predetermined information handling system
without the prior installation of an operating system, and;

implementing the HPE and one or more of the plurality of NPEs to
uniformly install one or more heterogeneous operating systems on
the predetermined information handling system when the information

handling system is booted.

12. The method of claim 11, wherein one or more heterogeneous operating
systems 1s installed by a CPE residing on physical media attached to the target

information handling system.
13. The method of claim 11, wherein one or more heterogeneous operating
systems is installed on a target information handling system by a CPE residing on a

remote system connected by a network.

14.  The method of claim 11, further comprising creating a deployment

partition to implement a predetermined NPE.
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17. The method of claim 11, wherein the HPE is operable to dynamically

inject predetermined computer hardware drivers into an operating system

image generated by a predetermined NPE prior to its installation on a
predetermined information handling system. 18. The method of claim 17, MCSLLP
wherein the HPE is operable to generate a driver data block of binary

bits, comprising a beginning and ending signature, such that it can be

dynamigcally injgcted Ry dhe HiR& hntpf&%&%ﬁgﬁgiﬁgsgrﬁr&m?ﬁ@ YtheWetafile
e me

requiring knowledge of the underlying file system. 19. T od of claim
qamREREiIH e PR delibr s thetame HahBrer vepe diblertc tRaestad Ry the
pnicREefthe tstallation of a predetermined operating system from the

HPE to a predetermined NPE. 20. The method of claim 19, wherein the
stage handler comprises an algorithm operable to determine at what

stage dftthe instalatibod bcpredéteriuithed coperating systenrghgihd hardware

ggr%%%&ﬁs%%%ﬁ?%?fgdg rﬁ%re%épeernﬂg& E%f%‘r%&@gﬁ%ﬂﬁl?ndg Ié‘)'%%rﬁ ,1 gomparing the
results to the previously generated driver metafile, and determining whether the NPE

requires additional drivers to install the predetermined operating system.

17.  The method of claim 11, wherein the HPE is operable to dynamically
inject predetermined computer hardware drivers into an operating system image
generated by a predetermined NPE prior to its installation on a predetermined

information handling system.

I8. The method of claim 17, wherein the HPE is operable to generate a
driver data block of binary bits, comprising a beginning and ending signature, such that
it can be dynamically injected by the HPE into the operating system image without

requiring knowledge of the underlying file system.

19. The method of claim 11, wherein the CPE comprises a stage handler
operable to transition control of the installation of a predetermined operating system

from the HPE to a predetermined NPE.

20.  The method of claim 19, wherein the stage handler comprises an
algorithm operable to determine at what stage of the installation of a predetermined

operating system should control be transitioned from the HPE to a predetermined NPE.
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