;edeU. Ur*+, -4 -f. 6. T.bj+ METHOD AND SYSTEM FOR SUPPORTI NG WLEIRQLQ_HLF@OB
OPERATI NG SYSTEI\/B ON THE SAME DI SK RUNNI NG ON DI FFERENT COMPUT

AVE MTVE 1. Te mmmﬁmmjﬂ\b The present invention relates generally to
an i nproved data stemand in nethod and an apparatus for
supporting operating ssbens. Still nore particu present invention provides
a nethod to operating systens resident on the sanme run on different
conputers at the sane particular to a nultiple larly, the allow multiple
physical disk to tinme. 2. Description of Related Art Loadi ng and runni ng an

operating system (OS) is acconplished by using a bootstrap program
Nor mal | y, st ar MEFHODhhaND p¥ HREM) OBy SVRPOREING MUIHT EPRH Qﬁm@iﬁGi nvol ving a

"sinple" boot Lagyt e :?%E@r | oad and a
nore conpl ex SDY(%:)T%glpr ggrgl?nét%g{z:e qltsgaﬁ?w# é)%pﬁ%h plgrﬁatl ng
system The sinpl e boot programT tmzalsmymsmmd in nonvol atil e system RAM
| s used to performsystemresource initialization. Specifically,
the SI mlmwm “"I mogram initializes registers in the Central Processing
Uni t ( tial i zessxaroeNDOOF r'THE aNVENSTIOR as controllers for the
system di skesmerd nenory. The sinple boot programcan read and wite to
menory and can | oad froma boot bl ock on the system di sk. The boot bl ock
contains the mstEEchﬁD&aI&(}mﬂ 18 J UL 2003 2 (MBR) and is | ocated at
sector 0 of the S)fgltemd s v Mast er 9 LIgS rd MBR) is | oaded
fromthe system di kK Bha> T lé’i"ﬁél aorﬁar? |ong{ea%F ahd execut abl e
code. The nasimgrobedt da‘e&qmbceﬁ@ougaw%tem)dﬂlds¢ansat¢uecharrt itbi en tabl e for

a single actiygparthgi Qrm,ag&qqsutsh@otlg@pﬁqhﬁrmm%ltehe active partition
into menory, and executes this code, which is the boot code for the

sel ect ed operdIRGI8GsPER i s SbpelabPTRy RAFSEEH BBLY: dddfe | oads t he
operating sytheanehhannVSntbﬁ}mg)rbmaed antkt3oar ts &heowpenatibng systemin a
defi ned mann in ROS partition,
a LI NUX part |<{Fi orr?ttl%gvﬁltgtgﬁss%%q t;&’(l)ngh%r gﬁgr@#’gﬁ% QQ Sartiti on, a
user can chang i éhfétrt%s@wsﬁéﬁsawqhe lsémst Atred by changl ng t he
active partition. The active partltlon may be set by storing this

i nformation i%n nonvol ati| e syst em_ RAl RAM . Normally the | ast operating
system instalded OFSEREPEYR &h &eéﬁta?.%t updat es the NVRAM so that this
operating system wokhibhe HedtethniBdt aAno@pertdtigngysysat eroansprovi de a
utility progr | fe yst e desi gnated
as the active aagg tﬂ{ﬂﬁél %né%m ESQE%%’P&I % gggat hel\%r?éatq&éboot to boot
to a differ enfttaofﬁérnat thy eystahnIASYRBERhL H’eta’l@oﬁéemwsal | ow t he user
to select an ﬂﬁﬁﬂaztlln@gas}’@ix@mmt'0bB@tb99$@danatth$)£SHéﬁéﬁﬁﬁfetsupmlt:m s net hod
does not all oW trw% L. one rai stems on d| th erent. machines to run
at the sane tihe ﬁt tSHe Sane’ sys i SKICThas™ any tthi ne maki ng use of
a shared systtetmc_chaslkthavl agtudldry éxoadrpl ehe aﬂfl@/cgdpammttm as the active

parti :n Iont nusiyddee! f rhns URdesr e OBbdraperatingysysdam Fhis linmts the
versatility

nonvolatile system RAM (NVRAM), 1s used to perform
system rescurce initialization. Specifically, the
simple boot program initializes registers in the
Central Processing Unit (CPU) and initializes device
controllers, such as controllers for the system disk
and memory. The simple boot program can read and write

to memory and can load from a boot block on the system

disk. The boot block contains the master boot record



18 J UL 208 3 of the system and places restrictions on the te
resources, such as the type of file system that can be accesszn% JUL 2003
Therefore, it would be advantageous to have a nmethod and a system for
accessing a shared systemresource, such as a systemdi sk drive, so that
different machines may run different gperating systenms and access
appropriate systemresources at the sane tine. 18 J UL 2003 -4 SUWARY
OF THE | NVENTI ON The present invention provides a nmethod and system for
running, on different conmputers at the sanme tinme, multiple operating
systens fromthe sane shared systemresource. This is acconplished, for
exanpl e, by usBRy pedsistlerttelesendadtodi Skof esies viatstensdifach machi ne
reads the master boot record without reservation to deternmine the partition
of the oper aftt llig Systemto be booted. Each machi ne then makes an el enent al
exclusive wite pérsimtdmr besérvetdish MBR)ateebsddny tfthemoplee ati ng system
boot partiti Qo IR §;is 4l l-owed:hy @%M%&Bhn@amlam appe her el enental

exclusive wite persistent reservation accessing the operating system
partition it$S8PFUtEakh Ghskchi ABe| Ba gty é’r?é’é’r acap¥d e‘?"é?r?t‘ltébé?a‘f‘i’% syst em
partition evegahk t}lil@ypa&rtﬁtrluﬂntanglé hersameinges aldtngesyst em The uni que
reservati on ke ftﬁr thesJ1e rdes%kl/ﬁ {E S |st%§_,e§1t ed from at L | east one of the
Processor uSter oﬁ |p?e F0CEsSSOr paretl tion® ID, a

Non- Uni f or m mmnylmm oempkEx B exedloesatiNon-dddief owhidenbry Access

node 1D. Accqpdi BSoEC’c@dJ if3t (REPECieOed RBLRVERY | QR chNergi LS provided a
met hod for bootin urality of operating systens on a plurality of

processors froé’ﬁlrégé‘ﬁ‘ér% %P@%r%@%r%dst REE nRHGT 10GnpY P8¢ Rg: reading a
mast er boot reger dsfreimd e ozhkar efd sysirem tasoopeea thiyngaspeoeessoOr fromthe
plurality of pro?esg rs, o determ ne the partition of an operating system
fromthe plurali operatl ng systens to be used; reserving a portion of
t he shared resouréé ashang aligki gortaavor i @ﬁalklél,'e,bymtwé pe9cessor for

accessing anperatbAg Syshem baet, Past, i ti @Rnqsnd Nhe%%rr‘éhﬂgo@ portion of
the shared system resoursj? usi t he uni que reservation ke% ‘d¥ t he
rdtn

processor forr"§cé8ssfig’ é’ﬁ‘éltgfll?l@ 56 part FrIUIE VRLE gto a
second aspectthefset hgestawentiildnpet beaetdéds hyr onkdeth@ thet hodiva a di stri but ed

data processiflg Sysbemhol £xqet g Aplikali by ofc 9peLabiag, systems on a
plurality of 'processors 1n the distrijbuted data proce %@% %temfroma

shared syst erhfYésabfesnatifn et HBHV%b?Tb‘rllesﬁﬁétF‘ﬁeR]ﬁ? -i mpl ement ed
steps of: readirhglaynmass eradioeberecond ysarmt hesshared oti skeby each of the

plurality of progessors érol\}ed%ghﬁf%ﬁg@%r E\J;Ja tggs\trear@ fgLr the plurality of

processors; reserving processors, a portion of
t he shared smeémtllégoﬁlyf@éemﬁlﬁé Berledratht i @Htkéﬂy WirGEengo each of the

plurality of WsQ‘éﬁségﬁSprMQfeelanutbﬁlwrﬁﬂd@j&ahsth@@daltl%w@scﬁess an operating
system boot pc?ftf]etrleg ogggatlng8sgisyem to %e designated as the

active partition in NVRAM. This then allows the next

reboot to boot to a different operating system.

Although the above method allow the user to select

an operating system to be booted at system startup,

this method does not allow two or more operating

systems on different machines to run at the same time

from the same system disk. Thus, any machine making use

of a shared system disk having, for example, an 0S/2

partition as the active partition must itself run under

the 0s/2 operating system. This limits the versatility



-4a reserving, by each of the plurality of processors, a portign,of,,th
shar, ed systemresource using the reservation key to access an 3p8 d”'n&ﬂﬂa

systen1part|t|on wherein the plurality of processors concurrently execute
the plurality of operating systemfromthe shared system resource.
According to a third aspect of the invention, there is provided a nethod in
a data processing system for installing a plurality of operating systens
froma plurality of processors on a shared systemresource, the nethod
conprising the data processing systeminpl enented steps of: a processor
fromthe plurality of processors installing an operating systen1fron1the
plurality of @peril isNgtayShRIB IR %QEr%&i&{ﬁJ o5 RfECSTcddy & MRS e boot
record on the shared systemresource; rocessor addihg e operating
syst em boot i WYt &S onSP6ha?%d¥F1ﬁNBﬁ Pﬁbgé“iWY5ﬁémwa§h@¢<bﬁoberecord and

the processoracedeasi.ngThbee £Xed, USitV GoaCeess 4ahh8 gBBSE efo bRk record.
Accor di ng todc,g e invention, theré is provided a
at

I{qﬁ{thaggpect of t
di stributed & proc8Ssi Ag” B ST O of ChooT Iy %a SBREFI FYSESH oper at i ng
systens on a Prnwldety sofhprocesysitenf dosk alisher,edosyshem resource, the
data processi i t ans,.for a processor from
the plurali ty%%%%?g}gggggﬁééea nrﬁﬁ Siquk er}%oggerrgté(l)?% %rsg:r‘?ﬂshe shar ed
syst em r esour¥¥ t%%éﬁeﬁﬁ?ﬁ@)ra}rﬁt@péb’atﬁhgrwr@ﬂﬁf ponthdesgueural ity of
operating systiss. to be boot ed;



reserving means for the processor reserving a portion of the s areﬂ ystem
resource for access to an operating system boot partition usi na lhf]_gt@ﬂﬂs
reservation key; and reserving neans for the processor reserving a portion
of the shared systemresource for access to an operating systempartition
usi ng the uni que reservation key. Accordidng to a fifth aspect of the

I nvention, there is provided a distributed data processing systemfor
executing a plurality of operatin stens_on _a plurality of processors in
the distributed data processiH§M &@FF@EME&I@ Nsyst em resource, the
di stributed data processing system conprising: reading neans for reading a
mast er boot record fromthe shared di sk by each of the plurality of
processor s The prelsent irfvyntdxpepmvidlag a myethmimldf systetrh forprlioning,i drydiffergnt ocrapsterss ;

reservin ns for.resery, the pluraljty, of processors,.a
Corton o R st e o tinlb petling Stsleror rmLihp sBt S Sy, PR Eae This
each of thgsRlcbdmplish¥d, Oforpé'x‘Aﬁ@feSnySusM@?fe&hdﬂeﬂtr&ﬁerﬁéﬁtﬁl' @ik | 18sdtPAfdns 0 B&BHESS
an operating system boot partition; 03 -4b reservi ng means

for reservimghmsyreadsihe grastenbogsireqosd Mtlt,hoetf rem@témst@rdgtenaumh@ patition of e
har ed t
shared syst g fi ﬁﬁ%mg@eﬁﬁde{‘lﬂcgﬁélf g@ﬁ%&%@%h%&@ aﬂcéi&ﬁénta”ex%pﬁ{x% WAG

system partirtion rocessors concurrently execute
t he pl ural |pteysméntap&}:r‘eutuong'osg@bssmg‘uhemrpeﬂaeng bystem beytspartitiores Dhisde followed
Accor di ng tboy Cach 1)1(1210 ife Aak mgOfanottﬂeer Ielgr\rlleelrlltta exéluglvee r\n?nte pe? rlgt\ént reser%at‘i:gan?Ut er
accessing the operating system partition itself. Each machine is assigned a different
operating system partition even if they are running the same operating system. The
unique reservation key for these reservations is created from at least one of the Processor

ID, a Cluster ID, a Multiple Processor partition ID, a Non-Uniform Memory Access
complex ID, and/or a Non-Uniform Memory Access node ID.

According to a first aspect of the invention, there is provided a method for
booting a plurality of operating systems on a plurality of processors from a shared system
resource, the method comprising:

reading a master boot record from the shared system resource by a processor
from the plurality of processors to determine the partition of an operating system from the
plurality of operating systems to be used,

reserving a portion of the shared resource using a unique reservation key by the
processor for accessing an operating system boot partition; and

reserving a portion of the shared system resource using the unique reservation
key by the processor for accessing an operating system partition.

According to a second aspect of the invention, there is provided a method in a
distributed data processing system for executing a plurality of operating systems on a
plurality of processors in the distributed data processing system from a shared system
resource, the method comprising the processor implemented steps of:

reading a master boot record from the shared disk by each of the plurality of
processors to identify operating systems for the plurality of processors;

reserving, by each of the plurality of processors, a portion of the shared system
resource using a reservation key unique to each of the plurality of processors, wherein the

portion is used to access an operating system boot partition; and



program product on a conputer-readabl e medium for use in a net Kk
wor kstation for booting a plurality of operating systens on a mmwll-t 2093

processors froma shared system resource, the conputer program product
conprising the data processing systeminpl enented steps of: instructions
for a processor fromthe plurality of prdwessors reading a naster boot
record fromthe shared systemresource to determ ne an operating system
fromthe plurality of operating systens to be booted; instructions for a
processor reser viresgrving byt ash ogthq Plaralifin pEprogssseisnt pesionr efdhe shargd systemt o

an operati t t 11 ' | r val i :

sty uct i ongopiee B8 rolRdoh 189 3c0s dnt Blefbifhe! SREM Birkih, hereBe
resour ce f pluralityesfsprocessors @pacutdantly exgaitte thepphirality of apsratiggtsystemnfromethe
reservation kex. 18 J UL 2003 5 BRIEF DESCRI PTI ON OF THE DRAW NGS The
novel feat SPHEY BYSISTRIRSAYEhar act eristic of the invention are set forth in

the appended cl aiABerdid}etol A XMRDak et bt e likventiONRHEE is povidRl la A&thad B #lakT ed
node of use, further objectives and advantages thereof, w ||l best be

under st ood PEscessing spsies o5 installing| a gluraliy deft eparatingd systemspffogn aoplugality of
A : ! q : . il .
|11ustrati moc%ggﬁf’sd bHENSh 08 r’sg?t@ﬁﬁ résBurte nih‘é”ﬁl&%ﬂgl éégrrrﬁeﬂrhs‘is&e glﬁeﬁﬁ%@%’éﬁgﬁg

dr awi ngs, erein ['I'ke nuneral's desrgnate |1
Fi gure 1 i sysiememelopleated sthpagfiam il |l ustrating a networked data processing

environnent in which the present, i nventi on may .be i.npl enented; Fiqure 2 is
an exenpl ary bl oGRPTaeH A raray REPEersors inialink o bpeioe skt ericn
t he pres entthd pedlty on oﬁ&ﬁtixb@sysmﬁﬁﬂifﬁ@; exEl@WeQwSesb o ANmEAXEBYAR rdcodd 3gr am
illustrating nultiple operating systens running on the sane system resource

at the sanmdheshaedisystgRIg6stfie with one enbodi nent of the present
I nvention; Figur %eﬁprbées@orudaﬁ@mé bp&htind §Ystith BEbt EABIRARYtof ioPRAbledh

updating a master boot recor en an operating systemis added to the
system i n dvcmestertmet wicotd; ené enbodi nent of the present invention; and

Figure 5 is a flowchart outlining an exe | ar QRerat o) qfr arcli)_oot process
m Socor dance i t RAHECSHEGHEHUNE CERE e b reaah TR Uaner Boctredd

According to a fourth aspect of the invention, there is provided a distributed data
processing system for booting a plurality of operating systems on a plurality of processors
from a shared system resource, the data processing system comprising:

determining means for a processor from the plurality of processors reading a
master boot record from the shared system resource to determine an operating system
from the plurality of operating systems to be booted;

reserving means for the processor reserving a portion of the shared system
resource for access to an operating system boot partition using a unique reservation key;
and

reserving means for the processor reserving a portion of the shared system
resource for access to an operating system partition using the unique reservation key.

According to a fifth aspect of the invention, there is provided a distributed data
processing system for executing a plurality of operating systems on a plurality of
processors in the distributed data processing system from a shared system resource, the
distributed data processing system comprising:

reading means for reading a master boot record from the shared disk by each of
the plurality of processors to identify operating systems for the plurality of processors;

reserving means for reserving, by each of the plurality of processors, a portion of
the shared system resource using a reservation key unique to each of the plurality of

processors, wherein the portion is used to access an operating system boot partition; and



18 J UL 2003 6 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENT In a
typical conputer systemthe systemdisk drive is divided into pqzkjgg_zgﬂa
sectors of a fixed size and nunber determned at the tine the di

manuf actured. A partition on a disk drive is a |ogical sequence of sectors
that are contiguous to each other. In ordbr for nultiple operating systens
to reside on the sane disk drive, each copy of the operating systemis
assigned its own partition on the disk. This reservation may be excl usive,
nmeani ng that onl yregereing Gagsng &r rogerving, hy-gach @ﬁth@rplurahiyqlf@rqz@;sqx&ra posdensel ¢ he
assi gned [ e, pe e.
it g pr o!to ec%: %‘h%crs -sgts%ﬁ}[r% olhg%o'?sn éa?l? '%es@n!;\}agé&é hﬁg g%da&) g a?ﬁlg n{yﬁte}n
system Perpgdrtifi@nt whesiy ed iphislitgr of rpedcessoes dO)lClII‘l“Eﬁ‘ltlgh skecdtel vha: phiralityt 62y
are rel eased. PerS|ste eservatlons may al so be el emental, neaning they

can reserve(’prf“ﬁmt?éfssm RRATRY SYMEMJPOUERE o hard disk. If the data in
the reserved por tAEUbrdlflgttBea QI dsFect YfMBe LiAvARiIoANANIEds Profbed Qec@ihﬁlﬁ&nt al
persistent reservation s a wite reservation. Granting to a conputer the
el ement al eiMeBus! produet o aompuiarapadablesaedinmi fon ush im apwtwoknworksttige Jer

har por i croenpepia i dh et suinh? of G ST BAENoRD i SARCGSERD

m ght be t hesdires; efrorcomputeFoprogrami| profh@ porapesiagr thendhtan @rocesyily asys@m
non-uniforn1qﬁ Wﬁ(fccess (NUMA) nachine, this key mght contain the

O uster | D, MAEMRAE] $tEP%Cter ocessor partition ID, the NUMA compl ex 1D, or
the NUMA node ID. ma-thic‘ﬁol’i@)foﬁ’\&' rode8sok Gt dth tRd I&alayrm* ﬁ&oé&s&r@%ﬁcﬁﬁgraVﬁafaét&n
key. 10 J UL 2003 7 Wth reference nOMIPO t he gures, Figure 1 is an
exenpl ary dveayreaerd fflons theashpred systamt @sqm@ft@s@ﬂtergng«ygn enetiafingysysiem tfram the
present inv stributed data processing system
100 may be, ﬁp{)a?@;?(f%rﬁﬁg S%L@m% ‘j(;:adrrput ers, such as a local area
network (LAN), a mtdmtlaneﬁ)rmqiromsmr(rvmdﬁng arperticnt afrthe shared systim agsetirce dod
the like. The dkstrlbuted da&inh [ stem 100 co talns at, | east one
networ k1024553 @ AR P fits HBli Y S8RTB s SRR RS 8e | nke

bet ween various dawnegisnd st the Pritesios r&eRMNL i @art0et theishivel Rystedi resdurdaut ed
data processi ng system 100. The network 102 may .incl ude pernanent

connect i onstor a¢reRs RANPEEAtine SYﬁt?IErPaBtS{OPd‘S@%h%%qu TeSENPIRTHESY- connect i ons
made t hrough tel ephone connections. In the depicted exanple, server 104 is
connected to network 102 along with storage unit. 106. In addition, clients
108, 110, and 112 also are connected to a network 102, as well as
additional servers 119, 116, and 118. These clients 108, 110, and 112 may
be, for exanple, personal conputers or network conputers. For purposes of
this application, a network conputer is considered to be any conputer
coupled to a network which receives a programor other application from
~anot her conputer coupled to the network. In the depicted exanple, server
104 may provide data and applications to clients 108-112. dients 108, 110,
and 112 are clients to server 104. Distributed data processing system 100
may include additional servers, clients, shared disk drives, such as disks
106 and 122, and ot her devices not shown. 1 aJUL 2003 8 1In the

depi cted exanple, distributed data processing system 100 is an Internet
with network 102 representing a worl dwi de coll ection of networks and
gateways that use the TCP/IP suite of protocols to conmmunicate with one
another. At the heart of the Internet is a backbone of high-speed data
comuni cation |ines between maj or nodes or host conputers, consisting of

t housands of commercial, governnent, educational and other conputer systens
that route data and nessages. O course, distributed data processing system
100 al so may be inplenented as a nunber of different types of networks,
such as for exanple, an intranet, a |ocal area network (LAN), or a w de
area network (WAN). For exanple, on a LRN, disk drive 106 may be shared
between clients 108, 110, 112, and each of these clients nmay have booted a
di fferent operating systemresident on disk 106. Figure 1 is intended as an
exanpl e, and not as an architectural limtation for the present invention.
For exanple, with respect to the present invention, the "conputers" may be
processors in a single machine with nultiple processors provided each
processor has it own nenory partition. In this case, nultiple operating
systens could be run sinultaneously on the "sanme nmachi ne" provided each
operating systemis assigned its own processor and its own nenory
partition.




Wth reference now to Figure 2, an exenplary block diagramillqsgtr S
data processing system mwhich the present invention may be i nt%en@jlﬁemﬂa

bat a frocessing system 200 is an exanpl e of a conputer, such as conputer
108 in Figure 1, in which code or instructions |Inplenmenting the processes
of the present 9 invention may be | qcated. Data processing system 200
enpl oys a peripheral conponent i nt er connect (PCl) local bus architecture.
Al t hough the depicted exanpl e enploys a PCl bus, other bus architectures
such as Mcro Channel and Industry Standard Architecture (1SA) may be used.
Processor 202 and main nenory 204 are connected to PCl | ocal bus 206

t hrough PClI bridge 208. PCl bridge 208 al so nay include an integrated
menory controller and cache nmenory for processor 202. Additional
connections to PCl | ocalrrOEs 2OSCRERTION OEJEHE FRMOJNGdi rect conponent

i nterconnection or through add-in boards. In the depicted exanple, |ocal
area network (LAN) adapter 210, small conputer systeminterface SCSI host
bus adapter 212, artk expansiontintts ibelleel/adecithcareiconnest ethet 0 PCl | oca
bus 206 by dir onpanent _copnecti.on.. ln_cont t, i 0 .adapter 216,
graphi cs adap%ggéﬁﬁﬁgpaﬁ ﬁﬁgig'éﬁbé% 5 Sp?égg@%%ég%gggghnecqéd to PC

| ocal bus 206ibyenidichn ritlsedf dshowrseEmn edsi Hebl e angirefiestod swodexpansi on bus

interface 214.prQyi deg,@heenhesddOnd0hnd keyhnard sandepo4ise adapt er 220,
nodem 222, and addi ti onal nennr%@224. SCSI host bus adaEter 212 provides a

connection foPeRarkf HEieraFPoe B e eiedsacar F et g aA ¢H ROV dri ve 230.
Typi cal PCl | aeabibus desplependsmts Orsy Willhis suppiord enbbaenedt fudieh PCl
expansion slo r..add- i nnec S. ,An ti S ns on processor
202 and is us%gagdugé%?ﬂgﬁgggggﬁ%gg}§§Fd38g§ﬁgyapggfgggggggg conponent s
“within data pkbeessh ng keysvwar2Do desiBingieel ke FIengpEFat My syst em may be
a commerci al | yhavaihabl e operating system such as 0OS/ 2, which Zs avail able
from I nternational Business Machi nes Corporation, Wndows NT, 16 J UL
2003 10 which is aYSolteifr 8 M CHEISEHt TE0I Bt atiloni L or theé | i ke.

I nstructions hetwdhedprrat ppgecsysireMmendppbitaiti ams wbhcprogs ans are | ocat ed
on storage devigeghtgHR%n Eogarg q&?%ﬂpﬁEMQ 26, and nmay be | oaded into
mai n menory 2825501~ eXecltion %yyproceégor 2. 1t is also possi bl e, as
detailed in the presante 2nventi ;xemphaty tthecdpdtagiang idystemiiqar esi dent on
a shared di sk dghve O02sBeENUKtRUEH @S i $he 106 d P gL 1L, and that
the conputer systemdepicted in Figure 2 | oads the operating system from
this shared dfsK ®fivy®iePapsediof ordinary skill in the art will appreciate
that the hardware righidW €s2aAbyxahiplargepengi 1@ 10N dsheat ipy enent at i on.

O her internal g?rdrare or perig?eral devi ces, sqﬁg as flash ROM (or

equi val ent noAVSIAPTT CRERGFYY Y5 oPtT FAP URLCYries 2 BRA°YRE™ i ke, may be
used i n additiresottocorati rihgl aewe of 1ncha rhacdaedancepirchednén Figure 2. Al so,
the processes g olilge P exethcl PYEN 10N FRYtbEr applied to a mul tiprocessor
data processing system For exanple, data processing system 200, 1.f
optional ly configuF%ﬁP%ﬁ;Qalﬁe?mgf%wﬁﬁﬁﬁupég}l?ﬁﬂﬂrﬂﬁ SXRBPUREY SCSI host bus
adapter 212, hakdadesk i \@dd26ngtape sdlirVBo@28reid (ReROMZ23d, as noted
by dotted line 232 in Figure 2 dqug%qg)%ﬁtionai inclusion. In that case,
data processi 1§<&§5t M Hay i AT &t WOt It SR RALT S i nt er f ace,
such as LAN addpheprn@lgbarodent20®, tioy priegehi kenveAs-iamot had exanpl e, data
processi ng system -gl.o t onf i to be bootabl e
wi t hout relying ongggﬁg?§%95 goﬁ%ﬁﬁ?ggfigﬁt?%fér 5%%?&&E§%§%4 or not data
processi ng sysSPEHR200" conpy iP9e§ Braetsfor eeAMIMA e i"e8hi Aner face. The

11 depi cted examphentnt Riguwhe ;raggn@bgygmgggﬁribed exanpl es are not neant
to inply architectural limtations. For exanple, the present invention nay
be inmplenented in nultiple processor systens, such as a non-uniform nmenory
access (NUMA) conputer.



Wth reference now to Figure 3, an exenplary diagramillustrates nultrple
operating systems running on different machines at the sane t| thga
*sane disk in accordance with a preferred enbodi ment of the Inven |on

the depicted exanple, the systemresource that is accessed by the plurality
of devices is hard disk drive 300, however, the invention is not limited to
such an enbodi nent. Any systentresourdé that i s capabl e of being
partitioned using elenmental exclusive persistent reservations nay be used
wi t hout departing fromthe spirit and scope of the invention. For exanple,
the systemresource may be a ZIP disk drive, a JAZ disk drive, a
re-witable CD disk, and the like. Also the conputer systens shown nay be

i ndi vi dual processors in a nultiple processor system such as a Non-Uniform
Menmory Access copgrimiep DESGrOpinon 3ROTHE PREMTRED bypooprymal ity of

machi nes, which, for sinplicity, are shown with reservation IDs 1 through
7. Each conputer running an operating systemon disk 300 is assigned a
separate partiti oAnfartynisadpepapiber sixitem Ahel tisden déskeder¥ation 1D as

a key to reS@EN%leaédtﬁﬂﬂd‘ﬁn@@lcéﬂ shadepbet gdrsxrimliee segputer 302 is
currently accessing nmaster boot record 304 at the start of the boot

process. ConptWErr38teEeingd 85dihe 5 rdenddtert HEGPULaEEMEESNd
determ ned i ta iggrtatbeotord ke ASk2d opes aits raglsysdm]mselqmenSen@ﬂv executing
OS/ 2 boot r [ re I ning the

W ndows NT opse(a:cgctorg%g%ég%te %%ntg:g%%te{% grgtslg Cg%p)ér g(tg?on Its
reservation | #udfipke uwcraé;sna et ens rt@sé?%ed%rﬂelté\@eﬁtﬂat per si st ent

reservation fgrs \\gpedows é\EErp%robEtb.@nt};’é %pe@adtﬁg enCQAPUt er 314 is
,runni ng Linux and has reserved Li nux partiti rﬁ?"rr}r di sk 300 using its

reservation ITHREY 455 LRep2r &Pt 6 318 gé ]Fun g Ms-DOS and has
reserved M5- DESepantidnom 82 enclliskv0Geasing that rcedervation |D (# 5) as
a key. Comput t i Lipux partition
324 o0 di Sk SO0 S ai T o e Ehant Fn el B Js rsSar vad by compu er
308. Conput er2s3igned Pahkt HiprasEhe apdi hids ore §&F SR tAS 2 MpHr 849 on 328 on

di sk 300 usi nge igessiesenvati.@n hb {# phorrstadkeyrosthusichycusi ng different
reservation Ips and di ffetrent p%rtl tlesesC on %hsharetd di sk drive, different
conputers can Si rruletsaneousl PURPET ¥ Sient operaﬂ ng systems fromthe
shared di sk dﬁ‘qr\ﬁestlentFrgftme/a@lroeservatnmm% Ry etlghow kagrsveml e

i ntegers. As \g&qlofthg%,déf@r%l%lgislea inthe art ml appr eci ate actual val ues
may be nore conpl ex n_addi ti %he illustration (a)tt partitions on disk
drive 300 in Fi guré 5T abet st e repraent™ e fual el 8 Ahount s of

physi cal di skeespeice. thoy exanmplservthe grestrerfbootty@porsdsrayotake only one

sector of the,disk whshkes@an OPeLAL LAY, SYSLEM E?éééfxﬁéoo@;o@%}{okagﬁ tens of
t housands of sectors. Wth reference now to Figure 4, fl omchart outlines

an exenpl ary ‘Jferationst 8P g dat PRgC B MRSt e PBBOENG eecf't?r‘ﬁ“\*r}ﬁen a new
operating sysrteerﬂus&eaddeelsetnzatdiensystzemnmeatreeédwaarmmm th one enbodi nent
of the prese n, ant b t he 18 J U
L 2003 13 rragt%rerrmé%gt lt?ecorg{ )sé'?ng 3!aér?fgee éa%:#?ﬂl%%arwolﬁgratr ng system
partition, suedrastsattresonet3r?, 0316 PAIXQON324 A ghidF328aPA Figure 3, is

added to di sktghd \belﬁoehaWr@crmmer@tartllngs s e téssémttabheraleya partition
on the system resource uch asﬁt g)r sk drr ve 3%0 1S erved and the

partition inforation® st & Ejr%:\(')?d 304°% P P5% 1 nport ant
that two opertatcrqvgssgysmemslm rtcbtlsat(teenptgfttobnndhéymtdt@smst &p. boot record

at the sanme tioe duniing i@ep:!&%ts@o&aﬁtb%r@ 0Gesh 9f haerrt’MnS%nEQQrﬂ?art' tion
table in the nmaster boo? recor will not contain the correct 1 nformation

for the mul tiPpFeopératiag BY& ﬁﬁChTﬂ‘é OJpEratFHgR syt SAGALR utility
program acti nghorcihehakf 1of the Mmpertpte NPr ®)EStsem paktelscm ebenent al

exclusive wite i st rvati the 4T8 oot record area (step
400). If the %eserva |oﬁ %oegﬁjreiot succe Q l Zg "T%I’o tPfen t he
tzrmr)

modi fi cati on vbl} He #&§?ere®detswe@érda$dﬂksr@§eepa lﬁmd an error signa
is sent to the operating systeminstallation program (step 406). If the
reservation on the operating system boot partition succeeds (step 402:
Yes), the operating systemor utility program adds the boot partition
information to the master boot record (step 408). The operating system or
utility programthen rel eases the elenental exclusive wite persistent
reservation on the master boot record area (step 410) and the nodification
of the master boot record ends. As one of ordinary skill in the art wll



appreci ate, the process described in Figure 4 may be perfornmed by a utility
programthat is called by the operating system By using this apqygﬁg 2003
thangds to 18 J UL 2003 19 the utility programwould not require
changing the operating systemitself. Wth reference nowto Figure 5, a
flowmchart outlines an exenplary operation of the boot process in accordance
wi th one enbodi nent of the present invéntion. It is assunmed at this point
that two or nore operating systens have been installed successfully on the
sanme systemresource. The machines in Figure 3 are shown at various stages
of booting an operating system Conputer 302 is reading master boot record
304, conputer 306 is reading OS/ 2 boot partltlon 308, and conputers 310,
314, 318, 322, an81§96rﬁ§V@n€6nﬁP%ﬂédtpﬁe bo%iespr Bigdke 1 dist PRI |y, the boot

code reads t f@(esapata@m HESOMTE e WukReME i P SselaMat i pfb&esgﬁagSQQ)gteJ hen, the
boot code regjsters ersi stent reservation Ee W fh the system resource

(step 502). TH: "Bt Egﬁep?ﬁﬁﬁg'ﬁﬁ¥eﬂE§Fbﬂw§o B PERUTERBR) and determi nes
t he partltlCHDisﬂrlbhee@pﬁﬁﬁtpmgcsy§MQmBy9t@eJMmomejlhaseﬁron t he active
operating systemupartitian Qfornatlon storqg n RﬁM ﬁsteg 504). The boot
code then nmak&¥® eI%Hﬁﬁ?@F eR eI WRAESHF | t B PefSsi 8t et r 888fvation on the
operati ng systemmdrdot Lpér t iat Wode (stezp n806Yrk | (WANNhe tlesdmyatrnen, did not
succeed (stegn§q%trgpgtltggyﬁtggelpggtT%§|5§Sggygg@e§1ggtaIf the reservation
on the operating system boot partition succeeds (step 508: Yes), then the
code in the opersEsishgdsystiem BOBt cyHrinei oh %Q?SéxééﬁtQQPWQﬁﬁeEOSAZ) The

operating sysfempqgat t pardddi@nuiBkes ﬁ?o@i&ﬁﬁﬂhﬁhnﬁ&ﬁh%%%VQ1%&5te
persistent reservation on the operating systempartition steg 514). If the

15 reservati oS YR I 5UMT E6HEST eaﬁ‘%mep‘f\b%rs CRBACEHE BOGETRET | s (st ep
518). If the wesamvatsonimniedhaaopaimiceBginy dyeMenonto pamttei tion succeeds
(step 516: Yes then the cade._.in themﬁgeratln% gsten1part|t|on i's
executed (st e BOOF 1Ph Bl LEokEFRIFEF TR TEHEF AT NG S sEams from
interfering wifte eachiipéhemprieachboper ati ngnsyrstrentbasecivnisque reservati on
key. In addlt% 0 e @ggggygkxne 5gnnegglgggratlng system boot process is
preserved by havi ng the operatin system boot code place an el enent al

per si st ent reservdﬁx@heoﬁﬁniﬂiadpéxamihg sgsvemi®dr L5t ¢omsaaredntenvi r onnment
where there ngy. 0e.begb proHy %ﬁg ﬁ&dc%fggeﬁn{@%'s“es1?%&&%&“9 Same
operating systemfromthe s IS rrve I's inmportant to note that the
file system otljemitzaflPBn ¥, ©hé VER iadys aperaninagtsystem partiti ons need
not ‘be compatiDligyMéal NAL (JeS1f SAUAL bRt Nl B2EN P, LG Dogh progr ams
can read and interpret the information in the nmaster boot récord correctly.
I n summary, ihl&he Thesorchrantst WO8 orllfPpr endperlamiatigbsystans coul d be boot ed

fromthe 5a”EeQéx&!ﬁeb%ePQénarlU'&o%bﬁ%'éﬁ@%@oHéhb’orke\égﬂpm thege operating
systens are running on di fferent machi nes. u5|n per si stent el enent al

di sk reservatPOFRCIE Pﬁet%ﬁhﬁ€P 483 ed %% P%%%hﬂéd in this
i nvention, |tc¢msqmm$sdbte1&0amaveommuuﬂrpbeuppﬁfablagns@wﬁaﬁn&hnuﬂnlng on

di fferent machines, S%L SR gy@&gg§§§§gygqg_% Sqne time. Al though

t he above descrlptlon e I nvention suned p ura of conputers
sharing a systemHesk codpl sk o ke pifeRtkon 15 W%RC¢P%EQ to such as

enbodi nent . | axpasitd, cukaver tie B hothdevelbgpedindn applications to
clients 108-112. Clients 108, 110, and 112 are clients
to server 104. Distributed data processing system 100
may 1nclude additional servers, clients, shared disk
drives, such as disks 106 and 122, and other devices not

shown.



16 this invention could be extended to a machine with multipl r S
where each processor has its own nenory partition and operatiﬁggugﬁg;iﬂﬂza
‘own dperating system In this case, nultiple operating systens could be run
si mul t aneously on the "sane machi ne” provided each operating systemis
assigned its own processor and its own nenory partition. As those skilled
inthe art wll appreciate, a sim/largsetup woul d be possible for NUVA
(Non- Uni form Menory Access) conplexes. It is inportant to note that while

t he present invention has been described in the context of a fully
functioning data processing system those of ordinary skill in the art wll
appreciate that the processes of the present invention are capable of being
distributed in a Fot#rofenl ¢t ererPtdaddistaIRerdfadf i nstructions and a

variety of forimeandqt BakedlaoRr ¢5et 1deeREL O @PRleic@sreaus | y regardl ess
of the particular type of signal bearing nmedia actually used to carry out
t he di stri buf¢RFEseRkaRpl @ WOTLEBApUELTLaCEaQRbPE HEMCAKP Nt dide

recor dabl e- t ype.iB@ @ngtchis& thl-oppy,/ o st bargkdicsk1driye, a RAM and
CD-ROMs and transmi s ionTt%pe nediﬁ%such as HiQ£E?| aEdtanang

communi cat i oR¥MTHICE FeTHEY 36T PRP T of Ah& Pristdit “fnt8hiti on has been
present ed foInpunpdses efbadduser atilwigrarsdedésdrtiptdoonunbedtis not [imted
to be exhaust|yg, %tm@h?ﬁ%&pn&)pssl@y%tsltoaofn tde,fapm gisglpsed. Many

nodi fications and variations wll be apparent to those of ordinary skill in
the art. ForCéxEipisendgsobrerugacirba IBIERHPREE( SNICabéedHe st e preval ent
there will bether ecxatbhgsasepidt kheddutet Bhda i dieelsoige Jhe crbodi ment
was chosen and descrj bed in Q£der to best .explain tq§0pr%nci | es of the

i nvention t h&CPrict iCCAE - APpI T AB 8PN 1Y 185 F ™ 80%3° #¥%nabl e ot hers
of ordinary Bkilhplemehledasd & aunbderst and felhent nwegretsi on for vari ous

embodi ment s wi L MAr i Qus, MR 110341005, 8%, A58 suided o 9.Lhe particular use

cont enpl at ed.
network (LAN), or a wide area network (WAN). For
example, on a LAN, disk drive 106 may be shared between
clients 108, 110, 112, and each of these clients may
have booted a different operating system resident on
disk 106.

Figure 1 1s intended as an example, and not as an
architectural limitation for the present invention. For
example, with respect to the present invention, the
“computers’” may be processors in a single machine with
multiple processors provided each processor has it own
memory partition. In this case, multiple operating
systems could be run simultaneously on the “same
machine” provided each operating system is assigned its
own processor and 1ts own memory partition.

With reference now to Figure 2, an exemplary block
diagram 1llustrates a data processing system in which
the present invention may be implemented. Data
processing system 200 1s an example of a computer, such

as computer 108 in Figure 1, in which code or

instructions implementing the processes of the present



18 J UL 2003 18 C7/~AIMS What is clained is: 1. A nmethod for qooti
plurality of operating systens on a plurality of processors fro&nﬁtﬁhgﬂﬁma
systemresource, the nethod conprising: reading a master boot record from
the shared systemresource by a processor fromthe plurality of processors
to determine the partition of an operating systemfromthe plurality of
operating systens to be used; reserving a portion of the shared system
resource using a unique reservation key by the processor for accessing an
operating system boot partition; and reserving a portion of the shared
system resource using the unique reservation key by the processor for
accessing an operating systempartition. 2. The nmethod of claim1l, wherein
t he reservatiowesttianpory iten lofabedhaledadpskedss iagcovptes RO by an

el enental exc i Lte. kS er i a ti S sequence
of sectors onér{iﬁé)wghg%%ﬁ ystréFLn %gs%ourie?g Eg.éé%r%gmﬁggchég@@f lg):égilﬂm 1, wherein
the master bdots reebiiefsuia t PAFhQUFeddehPeR S5 S&aBRY FWIRYEhe shar ed

system resourgepdy Haaut o FIgseat hedhi ctliRes naldrod softi éFdidRahnewher ei n t he
uni que reservatijon keg for reservin 3 pgrti 0{110%%]‘ t he shared, system
F&F GEPEPLIBN a

resource for e OFEFEFY mytayeEent'h AdYtRe Gissrati ng system

partition i s efeatsedrf 2o f{d haast ma@ne-yokot herd aldnawtngd @ Rrcacessor ID, a
Cl uster s ~ s ~~L 03 19 [D_.a Miltip Pr ssor . partition ID, a
Non- Uni f or m ‘ﬁﬁpybﬂécéég UBﬁﬁﬁgxp?bfnéﬁgea£ﬁ%h-% if%?ﬁ?i%ﬁ%%& Access node
I D. 5. The nedihod ey chalwdd ,armbiereqrntidie msystemaongsolitee drgi one of the
follow ng: a %%éten1hard i sk drgvgo 3, | P disk_drive, a JAZ disk drive, a
re-veritable IRIMORY £ T ¥XiHPE°aT S ri've, a tape drive, or a simlar
device. 6. A net hodidimiandi sédrieut édnslatca PProtessl myssgsé emyf are executing a

plurality of %F&é bl N9 RYSL SIE %B%g Py %it%}‘coor( RQEESSOT S, I hhe
di stributed dat® pr ocessi ng syste ?rpn1a S are&lsysten1resour e, the
met hod conpri addigint leaprscesbothenperitifcedxatRlys dbcatedting a master boot

_recor_d from tlh@tm qu-\.QT §(£(apmére§§5', ijatl_llec%w@ejri ts_Y{sQém processors to
identify operating systens for the plurality of procéssors;
interface SCSI host bus adapter 212, and expansion bus

interface 214 are connected to PCI local bus 206 by
direct component connection. In contrast, audio adapter
216, graphics adapter 218, and audio/video adapter 219
are connected to PCI local bus 206 by add-in boards
inserted into expansion slots. Expansion bus interface
214 provides a connection for a keyboard and mouse
adapter 220, mcdem 222, and additional memory 224. SCSI
host bus adapter 212 provides a connection for hard dask
drive 226, tape drive 228, and CD-ROM drive 230.

Typical PCI local bus implementations will support three
or four PCI expansion slots or add-in connectors.

An operating system runs on processor 202 and 1s
used to coordinate and provide control of various
components within data processing system 200 in Figure
2. The operating system may be a commercially available
operating system such as 0S/2, which 1s available from

International Business Machines Corporation, Windows NT,



reserving, by each of the plurality of processors, a portion of the sh
systemresource using a reservatson key unique to each of the'bﬁudéjhjiﬁﬁﬁ
processors, wherein the portion is used to access an operating system boot
partition; and reserving, by each of the plurality of processors, a portion
of the shared systemresource using the reservation key to access an
operating systempartition, wherein t & plurality of processors
concurrently execute the plurality of operating systemfromthe shared
systemresource. 7. A nethod in a data processing systemfor installing a
plurality of operating systenms froma plurality of processors on a shared
SyStem [esourgee sx cvarl 1l Hrin 383,30rt N6 Rt B0t cOMr kabng the data
processing systeminplenmented steps of: a processor fromthe plurality of
processors i nsikd | Tagtetctopasatohdisy sperrfremsyiéepl ural ity of operating

systens reseryidig @xebiSi e pRe§ESHs Qe 1 FBSEE! ROQtoF L0 @Rt he shared
systemresource; the processor addlzg% the operating system boot information
(0}

to a partitiotaBrelfi tHekndst & t 2P Peah B2 L PEcBREDr rel easi ng

the excl usi ven&eigSsok O0rdhexaBst £5n BYOLrbee - 282 . Ther it Rhedoof claim 7,
wherein the reservation of exclusive access to the master boot record of

the shared syRYEHAEs0dF ehed 188 cofiNicsREESHYE dRVerkhent dhaéxEPtisi ve wite
persi stent resginstingnspsrdnnesposiidemtobnt hesishakedi sy sir@mer esour ce t hat
contains the ster boot rec%pdk f% 'Tganethoq_ofn Igﬁg@'@ wherein an error
message is seAtTT0 Fan®BpRrAE CAG sV FRASYET | ’praoér 1 f%¥Fhe el ement al

excl usi ve wrid@npeksi syetdn depecvad 1ion Fagutde maater tihoatparacong fails. 10.
A distributed data processing,systemfor booting a plurality of operating
systens on a PrirH &W’“o’i‘hlpgr g@@%%‘%)rdgsfkr 8% shared system resource, the
dat a processi ng sysioes 60nNprdisiatg: sdel erin rnihegafeansl f aipprepiacessor from

the plurality, of processqrs reading a ster boot .record fro he shared
system resour%réaft %hﬁe?’grrfgnw%ree an' Igﬁ rﬁ?ir?gmagyé’taé% (fi?%%l ne Bf“ﬂlﬁ%ﬁ ty of
oper ati ng systmemenemtbéiboot egbher #nBeghill 20@3water esaradipremreans for the

processor resgLyi g asRention:ofsnt henSaF adn Syt eI SSRIGe fer access to
an operating system boot Eartltl,on usi ng a uni que_reservation key; and
mémory) or optical disk driveés and the like, may be

used in addition to or in place of the hardware
depicted in Figure 2. Also, the processes of the
present invention may be applied to a multiprocessor
data processing system.

For example, data processing system 200, a1f
optionally configured as a network computer, may not
include SCSI host bus adapter 212, hard disk draive 226,
tape draive 228, and CD-ROM 230, as noted by dotted line
232 1n Figure 2 denoting optional anclusion. In that
case, data processing system 200 may include a network
communication interface, such as LAN adapter 210, modem
222, or the like. As another example, data processing
system 200 may be a stand-alone system configured to be
bootable without relying on a network communication
interface, whether or not data processing system 200

comprises a network communication interface. The



reserving neans for the processor reserving a portion of the shared system
resource for access to an operating systempartition using the erB q}:@]_ 2093
reservation key . 11. The systemof claim 10, wherein the reservation o
portion of a shared disk is acconplished by an el emental exclusive wite
persi stent reservation on a contiguous bl ock of sectors on the shared disk.
12. The systemof claim 10, wherein thé master boot record is initially
read by the processor fromthe shared systemresource w thout reservation.
13. The system of claim 10, wherein the unique reservation key for
reserving a portion of the shared systemresource for the operating system
boot partition an he operating.systempartition on the shared system
resource is éjreé’é{:gaéf?’b At Ilgagfg%ﬂeeezof%h%b?‘é‘fT%ﬁcﬁdgeg Processor ID, a
Cluster ID, Nthhppke Hrocessaraparts timpiyl Byrchi fNar-udailf orm Menory Access
compl ex | D and. ., Non; ni form eppry AGeessc0ade dRent9un/h gl g 1 buted data
processi ng systemor executing a plurality of operating systens on a
plurality of ippdemssbed immuigigistpidngsedrdaystqmsocesshngs system from a
shared systemf,esQyESEn eI SEELDUL 8ENART Ao REOGESSI Ng system conpri sing:

r 18 J 1'J L 2003 22 reading means for reading a nmaster boot record fromthe
shared di sk by ealWhtbfrefipeeprarzew thp BioprocesdBr 8XemPladéntify operating
systems for thggRhir &l it Qft R REEESOIS opb@sLING NG SRARS rfifk K pserving, by
each of the plurality of nrr cessors, .a portion of_the %hared system
resource usi g Qlffégg‘?’{‘/%t 1REF hidife CBCehth dFF IhE FI 88T ity of
processors, whekein &deopirideonits agew feoradcessodmenpepattimg syst em boot
partition; and,Leseryi ng; MRS Lofc LeShyiid Rhceasltaf Ll plarality of
processors, a portion of the shared systemresource usi ng the reservation
key to accesshaf speretdsigdsyst@m parepiion ciwAeYEsss tiselpFdrality of

processors coGHr hentd sXxeaulevd.he thkur Abdrty oaf i opeSratihRgrsystem from the
shared system resource. 15. A conput er program product. on a

conput er - r eadaPe 2 RetRAR TGP tusny 7 Y4 LAt Morkrior K&t atliSoA2PHrLDoot i ng a
plurality of capeeahyngrryshensd amiagpklesdrittay ekcpuicessors from a shared

System resour %‘%mgggnfoﬁg%%tr%r tpcgr(xjsgrm%g] BLoguet 6 PfIRL Sc%e%ﬁrwﬁ dat a
processing systent | npl ement ed steps of ; instructions Tor a pfocessor from
the pluralitreR pPecEdisois apdatiaRe ainkkt émVEBbtoRecdicd from t he shared

system r esourssmpecdetey MyReeANr&pRarati Agy S¥shenrh romyt deipbural ity of

operating syspems Lo be hooted; |nstryctions for the procggsor reserving a
portion of the“shared systemresource fTor access to an operating system
boot partiti ddswsithg eonmitguesy eisarsy ghpen neey beahadivistuadct i ons for the

processor resfioteldods P td aiefpidhe shakced: sypdam,reseHrgse for access to
an Non-Uniform Memory Access computer.

Disk drive 300 1is accessed by a plurality of
machines, which, for simplicity, are shown with
reservation IDs 1 through 7. Each computer running an
operating system on disk 300 1s assigned a separate
partition for i1ts operating system and uses its
reservation ID as a key to reserve this partition. In
the depicted example, computer 302 1s currently
accessing master boot record 304 at the start of the
boot process. Computer 306 has already read the master
boot record and determined 1t is to boot the 0S/2

operating system. It is now executing 0S/2 boot



18 J UL 2003 23 operating systempartition using the unique reservation
key. 16. The conputer program product of claim 15, wherein thé nd&,ug 2[]03
reservation key is created fromat |east one of the foll ow ng: a Processor
ID, a Cluster ID, Multiple Processor partition ID, a Non-Uniform Menory
Access conplex ID, and a Non-Uniform Menory Access node ID. .A3 . A{

.A@. A AR A9l LAY. ALY .Ah. AN . A .A(R1A U .A(.Ae. AU . A ,.ANfE . Ayl. Al . A
.A .AS. A {.ASe,6n!'* /1l W *-3|wkfa[V]c(aUc(a]ca]ca

UV] ca] c(a] ca] ca] ca] ca] ca]ca]ca] ca]ca]c(aU] c(a] c(a]ca]ca]ca]ca]ca]ca]ca]ca]c
ajcTa]lca]ca]ca]c:a]c(a!358<U3Nd, H@] Q

N | wmhc”Y] c(] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c
a] ca] ca] ca] ca:]a(r&]i(t;a@n(m&;a] Cahpaf ey @wpcéalwﬁrle$'t1}'})#####$$%é ;

I (J(L *L* X Ok - id Z]c C ca] ca] ca]ca] ca
f:a]( cg] f:g]( caj cwa/ carc(a (!a:ﬁe(r‘%}i%éﬁk} Jg&a ,éa}cétr} %:;( g%cﬁ%cg%}g I:a] I:a] I:a] I:a' JN- ]3
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partition 320 on disk 300 using its reservation ID (# 5)

as a key. Computer 322 is running Linux, but notice
that its Linux partition 324 on disk 300 is different
than Linux partition 316 reserved by computer 308.
Computer 326 1s running 05/2 and has reserved 03/2
partition 328 on disk 300 using its reservation ID (# 7)
as a key. Thus, by using different reservation IDs and
different partitions on a shared disk drive, different
computers can simultaneously run different operating
systems from the shared disk drive.

In Figure 3 reservation IDs are shown as simple
integers. As one of ordinary skill in the art will
appreciate, actual values may be more complex. In
addition, the illustration of partitions on disk drave
300 in Figure 3 does not represent actual relative
amounts of physical disk space. For example, the master
boot record may take only one sector of the disk while
an operating system partition may take tens of thousands
of sectors.

With reference now to Figure 4, a flowchart
outlines an exemplary operation for updating a master
boot record when a new operating system is added to the
system in accordance with one embodiment of the present

invention. For example, the partition table in the
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master boot record must be changed each time an
operating system partition, such as partitions 312,
316, 320, 324, and 328 in Figure 3, 1is added to disk
drive 300. When an operating system is installed, a
partition on the system resource, such as disk drive
300, is reserved and the partition information is added
to master boot record 304. It is important that two
operating systems do not attempt to modify the master
boot record at the same time during the installation
process otherwise the partition table in the master
boot record will not contain the correct information
for the multiple operating systems.

The operating system or a utility program acting
on behalf of the operating system makes an elemental
exclusive write persistent reservation on the master
boot record area (step 400). If the reservation does
not succeed (step 402: No), then the modification to
the master boot record fails (step 404) and an error
signal is sent to the operating system installation
program (step 406). If the reservation on the operating
system boot partition succeeds (step 402: Yes), the

operating system or utility program adds the boot

partition information to the master boot record (step
408) . The operating system or utility program then
releases the elemental exclusive write persistent
reservation on the master boot record area (step 410)
and the modification c¢f the master boot record ends.
As one of ordinary skill in the art will
appreciate, the process described in Figure 4 may be
performed by a utility program that is called by the

operating system. By using this approach, changes to
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the utility program would not require changing the
operating system itself.

With reference now to Figure 5, a flowchart
outlines an exemplary operation of the boot process in
accordance with one embodiment of the present
invention. It is assumed at this point that two or
more operating systems have been installed successfully
on the same system resource. The machines in Figure 3
are shown at various stages of booting an operating
system. Computer 302 is reading master boot record
304, computer 306 is reading 0S/2 boot partition 308,
and computers 310, 314, 318, 322, and 326 have
completed the boot process.

Initially, the boot code reads the system resource
without reservation (step 500). Then, the boot code
registers a persistent reservation key with the system
resource (step 502). The boot code reads the master
boot record (MBR) and determines the partition for the
operating system to be booted based on the active
operating system partition information stored in NVRAM
(step 504). The boot code then makes an elemental
exclusive write persistent reservation on the operating
system boot partition (step 506). TIf the reservation
did not succeed (step 508: No), then the boot fails
{step 510).

If the reservation on the operating system boot
partition succeeds (step 508: Yes), then the code in
the operating system boot partition 1s executed (step
512). The operating system boot partition makes an
elemental exclusive write persistent reservation on the

operating system partition (step 514). If the
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operating system boot partition succeeds (step 516:
Yes), then the code in the operating system partition
is executed (step 520).

In order to keep multiple operating systems from
interfering with each other, each operating system has
a unique reservation key. In addition, the integrity
of the operating system boot process is preserved by
having the operating system boot code place an
elemental persistent reservation on the operating
system partition in an environment where there may be
boot processes on other machines booting the same
operating system from the same disk drive. It 1is
important to note that the file system organization for
the various operating system partitions need not be
compatible. All that 1s required is that each of the
boot programs can read and interpret the information in
the master boot record correctly.

In summary, in the prior art, two or more
operating systems could be booted from the same disk
but not run simultaneously, even when these operating
systems are running on different machines. By using
persistent elemental disk reservations in the manner
described above as presented in this invention, it is
pessible to have multiple operating systems running on
different machines from the same system resource at the
same time.

Although the above descraption of the invention
assumed a plurality of computers sharing a system disk
drive, the invention is not limited to such as

embodiment. In particular, the method developed in
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this invention could be extended to a machine with
multiple processors where each processor has its own
memory partition and operating under its own operating
system. In this case, multiple operating systems could
be run simultaneously on the “same machine” provided
each operating system is assigned its own processor and
its own memory partition. As those skilled in the art
wili appreciate, a similar setup would be possible for
NUMA (Non-Uniform Memory Access) complexes.

It is important to note that while the present
invention has been described in the context of a fully
functioning data processing system, those of ordinary
ski1ll in the art will appreciate that the processes of
the present invention are capable of being distrabuted
in a form of a computer readable medium of instructions
and a variety of forms and that the present invention
applies equally regardless of the partiaicular type of
signal bearing media actually used to carry out the
distribution. Examples of computer readable media
include recordable-type media such a floppy disc, a
hard disk drive, a RAM, and CD-ROMs and
transmission-type media such as digital and analog
communications lainks.

The description of the present invention has been
presented for purposes of 1llustration and descraiption,
but is not limited to be exhaustive or limited to the
invention in the form disclosed. Many modifications and
variations will be apparent to those of ordinary skill
in the art. For example, as Storage Area Networks (SAN)
become more prevalent there will be more sharing as
outlined in this invention. The embodiment was chosen
and described in order to best explain the pranciples

of the invention the practical application and to
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enable others of ordinary skill in the art to
understand the invention for various embodiments with
various modifications as are suited to the particular

use contemplated.
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CLAIMS:
What is claimed is:
1. A method for booting a plurality of operating

systems on a plurality of processors from a shared
system resource, the method comprising:

reading a master boot record from the shared
system resource by a processor from the plurality of
processors to determine the partition of an operating
system from the plurality of operating systems to be
used;

reserving a portion of the shared system resource
using a unique reservation key by the processor for
accessing an operating system boeot partition; and

reserving a portion of the shared system resource
using the unique reservation key by the processor for

accesslng an operating system partition.

2. The method of claim 1, wherein the reservation of
a portion of a shared disk is accomplished by an
elemental exclusive write persistent reservation on a
contiguous sequence of sectors on the shared system

resource.

3. The method of claim 1, wherein the master boot
record 1s initially read by the processor from the

shared system resource without reservation.

4. The method of claim 1, wherean the unique
reservation key for reserving a portion of the shared
system resource for the operating system boot partition
and the operating system partition is created from at

least one of the following: a Processor ID, a Cluster
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ID, a Multiple Processor partition ID, a Non-Uniform

Memory Access complex ID, and a Non-Uniform Memory

Access node ID.

5. The method of claim 1, wherein the system resource

is one of the following: a system hard disk drive, a

ZIP disk drive, a JAZ disk drive, a re-writable CD disk,

a flexible disk drive, a tape drive, or a similar

device.

6. A method in a distributed data processing system
executing a plurality of operating systems on a

plurality of processcors in the distributed data

for

processing system from a shared system resource, the

method comprising the processor implemented steps of:

reading a master boot record from the shared disk

by each of the plurality of processors to identify

operating systems for the plurality of processors;

reserving, by each of the plurality of processors,

a portion of the shared system resource using a

reservation key unique to each of the plurality of

processors, wherein the portion is used to access an

operating system boot partition; and

reserving, by each of the plurality of processors,

a portion of the shared system resource using the
reservation key to access an operating system

partition, wherein the plurality of processors

concurrently execute the plurality of operating system

from the shared system resource.

7. A method in a data processing system for
installing a plurality of operating systems from a

plurality of processors on a shared system resource,
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the method comprising the data processing system
implemented steps of:

a processor from the plurality of processors
installing an operating system from the plurality of
operating systems reserving exclusive access to a
master boot record on the shared system resource;

the processor adding the operating system boot
information to a partition table in the master boot
record; and

the processor releasing the exclusive access to

the master boot record.

8. The method of claim 7, wherein the reservation of
exclusive access to the master boot record of the

shared system resource is accomplished by an elemental
exclusive write persistent reservation on the portion
of the shared system resource that contains the master

boot record.

9. The method of claim 7, wherein an error message is
sent to an operating system install program if the
elemental exclusive write persistent reservation on the

master boot record fails.

10. A distributed data processing system for booting a
plurality of operating systems on a plurality of
processors from a shared system resource, the data
processing system comprising:

determining means for a processor from the
plurality of processors reading a master boot record
from the shared system resource to determine an
operating system from the plurality of operating

systems to be booted;
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reserving means for the processor reserving a
portion of the shared system resource for access to an
operating system boot partition using a unique
reservation key; and

reserving means for the processor reserving a
portion of the shared system resource for access to an
operating system partition using the unique reservation

key.

11. The system of claim 10, wherein the reservation of
a portion of a shared disk is accomplished by an
elemental exclusive write persistent reservation on a

contiguous block of sectors on the shared disk.

12. The system of claim 10, wherein the master boot
record is initially read by the processor from the

shared system resource without reservation.

13. The system of claim 10, wherein the unique

reservation key for reserving a portion of the shared
system resource for the operating system boot partition
and the operating system partition on the shared system
resource 1is created from at least one of the following:
a Processor ID, a Cluster ID, Multiple Processor
partition ID, a Non-Uniform Memory Access complex 1D,

and a Non-Uniform Memory Access node ID.

14. A distributed data processing system for executing
a plurality of operating systems on a plurality of
processors in the distributed data processing system
from a shared system resource, the distributed data

processing system comprising:
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reading means for reading a master boot record
from the shared disk by each of the plurality of
processors to identify operating systems for the
plurality of processors;

reserving means for reserving, by each of the
plurality of processors, a portion of the shared system
resource using a reservation key unique to each of the
plurality of processors, wherein the portion is used to
access an operating system boot partition; and

reserving means for reserving, by each of the
plurality of processors, a portion of the shared system
resource using the reservation key to access an
operating system partition, wherein the plurality of
processors concurrently execute the plurality of

operating system from the shared system resource.

15. A computer program product on a computer-readable
medium for use in a network workstation for booting a
plurality of operating systems on a plurality of
processors from a shared system resource, the computer
program product comprising the data processing system
implemented steps of:

instructions for a processor from the plurality of
processors reading a master boot record from the shared
system resource to determine an operating system from
the plurality of operating systems to be booted;

instructions for the processor reserving a pecrtion
of the shared system resource for access to an
operating system boot partition using a unique
reservation key; and

instructions for the processor reserving a portion

of the shared system resource for access to an
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operating system partition using the unique reservation

key.

16. The computer program product of claim 15, wherein the unique
reservation key is created from at least one of the
following: a Processor ID, a Cluster ID, Multiple
Processor partition ID, a Non-Uniform Memory Access

complex ID, and a Non-Uniform Memory Access node ID.



