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COMPUTER CLUSTER VIRTUALIZATION USING DYNAMIC BOOT

IMAGES AND VIRTUAL DISK TECHNICAL FIELD This disclosure relates
W@gne/raltl%stp the field of data processing and, more specifically, to a X

y21&M%BAY method for computer cluster virtualization using AR HA6t

images and virtualized disk access. BACKGROUND OF THE INVENTION
Typically, enterprise applications are executed on dedicated compute
resources. Often, an enterprise will include a variety of computing

environments for different instances of the application such as production,

fest..and development. These multiple computing environments are .
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idle for extended periods of time. This normally results in large amounts of wasted
computing resources and labor expense in maintaining and administering these various
environments.

Currently, enterprises may use provisioning as an attempt to address these
issues. Generally, provisioning is the process of instantiating compute resources to the
enterprise application by copying the local disk from a repository to the resource.
The resource is then booted with the provisioned operating system and software

through a process that normally takes over ten minutes.

SUMMARY OF THE INVENTION

This disclosure provides a system and method for computer cluster
virtualization that includes selecting a distributed application. A policy associated with
the distributed application is retrieved. One of a plurality of nodes is dynamically
selected, possibly based on the policy. Then, a boot image of the selected node 1s reset
based, at ieast in part, on the retrieved policy, with the boot image being compatible
with the distributed application. Then, a virtual disk image 1s associated with the
node. At least a portion of the distributed application is then executed on the reset

node using the associated virtual disk image.



node. At least a portion of the distributed application is then executed on
the reset node using the associated virtual disk image. la According to a
first aspect of the present invention, there is provided a method for
computer cluster virtualization comprises: selecting a distributed
application; retrieving a policy associated with the distributed application;
dynamically selecting one of a plurality of nodes; resetting a boot image
of the selected node based, at least in part, on the retrieved policy, the
boot image compatible with the distributed application; and associating a
virtual disk image with the selected node based, at least in part, on the
retrieved policy; and executing at lggst a portion of the distributed
application on the reset node using the associated virtual disk image.
According to a second aspect of the present invention, there is provided
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associate a virtual disk image with the selected node based, at least in part, on the
retrieved policy; and execute at least a portion of the distributed application on the
reset node using the associated virtual disk image.

According to a third aspect of the present invention, there is provided a
system for computer cluster virtualization comprises: a plurality of computing nodes;
and a management node operable to: select a distributed application; retrieve a policy
associated with the distributed application; dynamically select one of a plurality of
nodes; reset a boot 1image of the selected node based, at least in part, on the retrieved
policy, the boot image compatible with the distributed application; and associate a
virtual disk image with the selected node based, at least in part, on the retrieved policy;
and execute at least a portion of the distributed application on the reset node using

the associated virtual disk mmage.



Embodiments of the present invention have several important technical
advantages. For example, one possible advantage of the embodiments of
the present invention is that it allows for computing nodes to be
reprovisioned on-the-fly to become a member of a virtual cluster for a
distributed application, thereby possibly reducing provisioning times to
fifteen seconds or less. Another possible advantage of the present
disclosure may be a reduction in Infornation Technology (IT) hardware
and maintenance costs by at least thirty percent. Moreover, when an
application is not at a peak processing period, idles nodes of that _
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distributed applications. System 100 provides a scalable, fault-tolerant
computing environment, which can dynamically grow based on computing

BREGUD BOAIRTIONWEENEEUSTY AN computing resources to multiple

applications 114 through )
PP %or a more compfé%e understanding of the present disclosure and its advantages,

reference 1s now made to the following descriptions, taken in conjunction with the
accompanying drawings, in which:

FIGURE 1 illustrates an example distributed system providing dynamic booting in
accordance with one embodiment of the present disclosure; and

FIGURE 2 #llustrates an example method for dynamically rebooting a node within

one embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE DRAWINGS

FIGURE 1 1s a block diagram illustrating a distributed computing system 100 for
executing software applications 114 and processes using dynamic boot images 131.
Generally, system 100 is a scalable distributed computing environment for enterprise or
other distributed applications. System 100 provides a scalabie, fault-tolerant computing
environment, which can dynamically grow based on computing needs and can
simultaneously provide computing resources to multiple applications 114 through

providing each application 114 with its own scalable virtual cluster. For example, system
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providing each application 114 with its own scalable virtual cluster. For
example, system WO 2005/106655 PCT/US2005/012316 3 100 may

include server 102 that is connected, through network 116
W r%(}?]ig)tﬁr%ﬁon workstations or local clients 120. But systemt'%(gg%n%@m%m

alternatively be a standalone computing environment or any other
suitable environment. In short, system_ 100 is any computing environment
that automatically allows nodes 108 to'be dynamically 5 allocated
on-the-fly as application 114 requirements, parameters, and processing

needs change. The term "dynamically,” as ysed herein, generally mean
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disclosure. Server 102 comprises any local or distributed computer, ,
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11 Q8cGanarally 1safver 402 comprses dagistahuind comptierasubleas dhe term
rack-mounted server, bé%(je server, {other disgi?u&d 15 server. Nodes . .
THERGHHSe ARy E5Hh iE]POrgSPSEag STy SV ICE s (ih S BPE G RpIE e 18
st Biegale perdpiuh ase g drasn ahronfi pyters: (PE), Machoddhles understood that
Jworkstations, Unix-based ¢ uters,.Q er sui ' : :
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shitabe $ QR atithet Bepagew: o tthe sisptosiihés Biselesample, although
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disclosure, 20 server 102 can be implemented using computers other than

pdeilipsobepwiéapiens SEhASFOoBRe ARG ORI OIS BHYs SR Eistiasiraprises 2

FORRARIARTRAP RULErS O R4 JOAR RBEBrRHI PSR GMBYef Sofiemailiributed
as computers without conventional operating systems. As used in this.
e erF AR G RPHER e 13 oA RS e pefsbnal exempl
&ma@@erm@mﬁwm@mmm),mmmmw, suitédstations, Unix-based
e o bt g DBy St e s TRy Tl one
aramgibvst Servereos anybbisr haitas bperahyyslndintesigind s ehanple,
although FIGURE 1 illustrates one blade server 102 that may be used with the disclosure,
server 102 can be implemented using computers other than servers, as well as a server
pool. In other words, the present disclosure contemplates computers other than general
purpose computers as well as computers without conventional operating systems. As used
in this document, the term “computer” is intended to encompass a personal computer,
workstation, network computer, or any other suitable processing device. Server 102, or
the component nodes 108, may be adapted to execute any operating system including
Linux, UNIX, Windows Server, or any other suitable operating system. According to one
embodiment, server 102 may also include or be communicably coupled with a remote web
server.

Ilustrated server 102 includes & management node 104 communicably coupled

with a plurality of nodes 108 and operable to execute dynamic boot engine 105. But it
will be understood that server 102 and nodes 108 may not include all of the illustrated
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embodiment, server 102 may also include or be communicably coupled
with a remote web server. lllustrated server 102 includes a management
“)?)Oﬂ.‘ﬁsb% g.ommunlcably coupled 30 with a plurality of node,% ggﬁﬁlgﬂ 2316
opera le'to execute dynamic boot engine 105. But it will be understoo
that server 102 and nodes 108 may not include all of the illustrated WO
2005/106655 PCT/US2005/012316 4 components. Management node
104 comprises at least one blade or cémputmg device substantially
dedicated to managing server 102 or assisting an administrator. For
exam ement n 4 may.comp rise_two haot- wap able1 -
ting d
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Generally, dynamic boot engine 105 manages one or more applications 114 by

app;’opri ate

starting and stopping application environments on the 1r_1d1v1dua1 nodes 108. For example,
dynamic boot engine 105 may reset the particular node 108 with a different boot image
131 from boot image file 130, which is specific to or compatible with the desired
application environment. In other words, dynamic boot engine 105 supports dynamically
booting any suitable application environment on any controlled node 108. Accordingly,
dynamic boot engine 105 may also support dynamically setting IP or MAC addresses for
the public IP interface on any controlled computer. Dynamic boot engine 105 may also
boot any node 108 directly from the network using a network boot protocol or by booting
from attached disk storage. Dynamic boot engine 105 may also utilize high speed network
access to a virtual local disk image containing the operating system, services, and
applications for any controlled computer. It will be understood that dynamic boot engine
105 may start up or shut down application environments based on calendar date and times

or using any other predetermined parameter.
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booting any suitable application environment on any controlled node 108.
Accordingly, dynamic boot engine 105 may also support dynamically

“ﬁﬂﬂm HEQ{ MAC addresses for 25 the public IP interface OPAMWs2005/012316
contrbﬂeJ'éomputer. Dynamic boot engine 105 may also boot any node

108 directly from the network using a network boot protocol or by booting
- from-attached disk storage. Dynamic boot engine 105 may also utilize

high speed network access to a virtual local disk image containing the -

operating system, services, and applications for any controlled computer.

It will he undetstood that amic boot engine 3Q 105 tart up or,shut
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crpwenayindsaw a8 raAyaietydsraBE AiAMSIRATOR Rish & iumatiy Node 108

dR6ludesREQressekA 10, Prasessar li0-exarbiansAstnpHong andipulates data to
manipulates data to 15 perform the operations of server, 102 such as, for

REKAH 1B L REAHAI A DRI B AIECUST 87 BRI PogFRRERIE YRt ™ (CFD)
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AR 1%, TR TR O o) PRI o
maniitiple prodesedrseference to processor 110 is meant to include multiple processors
110 where applicable. Processor 110 may include any pointer to a boot image such as, for
example, EIéctronically Erasable Programmable Read-Only Memory (EEPROM) 111.
But it will be understood that node 108 may comprise any number of components,
configured in any appropriate fashion, without departing from the scope of this disclosure.
Node 108 may also include one or more local hard drives for the purposes of providing
local temporary file space and virtual memory swap space.

Application 114 may comprise any enterprise or distributed application such as, for
example, a database management system (DBMS), financial software, and others.
Typically, application 114 is comprised of software written in any suitable language and
operable to perform any data processing. But unconventional applications are also within
the scope of this disclosure. Applications 114 may ran in an application environment, or

virtual cluster, which logically defines the environment for application execution. In one

embodiment, an application environment comprises i) name and description of the
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110 where applicable. Processor 110 may include any pointer to a boot
image such as, for 20 example, Electronically Erasable Programmable

W?g@%—%q%g\/lemory (EEPROM) 111. But it will be understog@{ﬁgmg%qmﬁ

may comprise any number of components, configured in any
appropriate fashion, without departing from the scope of this disclosure.
Node 108 may also include one or more local hard drives for the purposes
of providing local temporary file space and virtual memory swap space.
25 Application 114 may comprise any enterprise or distributed application

such as, for example, a database management system.(DBM Inanci
SGBER RSO ) ANy B et A o b ke VoSl ABhvare
coniffprvatioariy fsui’uab@,lan@ngemmﬁp@ws&iﬂe. sfprarformsimy agdtapplication 114
DRSS %&‘f%@%ﬁ?ﬂ%&@'&%ﬁ%ﬁ% FeRISANENPs RRIPCIRRA image,
this disclosure., pplications 114 may run in an application environment, or.
IgetwimemieiuRerddrpienqatiea seaswationcepiisb afire modt APpikogimeg. virtual

1538 LR IBONR - ERIPOGiME Bt AN PRBIGAHARRAY I FI MAVoEP BXRIfsaatlon. But
name and escrlé)tlon of the WO 2005/106655 PCT/US200S/012316
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ocal disk image, local.file syst fil - : k
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with defininglocating - ARd RERcks SiBadh e BPRUICAIRMBNMKRIERE, FRkual local

example, the application environment may also include information on
dighlisarsh 13 Beidiss, SHuRoRARIANEPR S HOHHOAMS TErS Ao e or
PRavkissibdadnigsfase.dd Sifertemmsicatisgeith, otherfeesmpliecomprises logic
systems, such as cIie%r\]fh}ZO over network 116 in.a clieng-server or pther

V .
EhSRSHdl ERIFBTMEM Eg‘fgfﬁr%n%o%ir%ﬁat%fa SRR Fe dBedPorerle o
boatimages il peintuad local Misk ipagis:ll8dinpafivied 1BRagreomprise software

application data, 140 from NI A0 FOF A0, 0L RIACLSFHRO Yimunications
ﬁléf’%-spe%domteﬁace 115, 8enera?ly, interface 115 comprises logic
network 116 or hardware operable to communicate physical signals.

Network 116 facilitates wireless or wireline communication between computer
server 102 and any other computer, such as clients 120. Indeed, while illustrated as
residing between server 102 and client 120, network 116 may also reside between various
nodes 108 without departing from the scope of the disclosure. In other words, network
116 encompasses any network, networks, or sub-network operable to facilitate
communications between various computing components.  Network 116 may
communicate, for example, Internet Protocol (IP) packets, Frame Relay frames,
Asynchronous Transfer Mode (ATM) cells, voice, video, date, and other suitable
information between network addresses. Network 116 may also process and route data
packets according to any other suitable communication protocol, for example, InfiniBand
(IB), Gigebit Bthernet (GB), or FibreChannel (FC). Data packets are typically used to
transport data within application data 140. A data packet may include a header that has a

source identifier and a destination identifier. The source identifier, for example, a source
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15 encoded in software and/or hardware in a suitable combination and
operable to communicate with network 116. More specifically, interface
W% ] e F,&gmprlse software supporting one or more CommEE‘ﬁ%EQ%%mmsl(
Btocols Associated with communications network 116 or hardware
operable to communicate physical signals. Network 116 facilitates
--wireless or wireline communication bejween computer 20 server 102 and
any other computer, such as clients 120. Indeed, while illustrated as
residing between server 102 and client 120, network 116 may also reside
between varjous, nodes 108 without.de arting fr e t
adgieshy @Fé‘ ‘#\ EO T WAPTE WOk tff]féjeir?(l:lbmpgar;}ggsdagr%?%%t%éoi&mﬁer for
emwe;msd@xmmmnemﬁmmmmﬁiatﬂammtﬁrﬁmmfmmmﬁslbé‘ﬂﬁtéaﬁk 116

myg IR LOTRULD,RrmBanaRe NEWNAL Al RNBRY R COMER BIEAGHIOMRANS),

&amp‘l‘e Internet Protoco (IP) packets, Frame Relay frames,

mﬁ@w@mmi@dm&wm BRSBTS S Datdl o Rifiige of the
1%5:45?%‘3115@& matienhsiwae Rsnabark-Addigars sy eier kohl@umRyRI Gystem

process and route data packets according to any other suitable
OLBIFIARITE SIS TIFRISABF S Example, InfiniBand (IB), Gigabit Ethernet

(GE) iioFthpeCrannel(FGik Bata pasketsaralypisally msemmaa a plurality of

transport data wi applicatjo data 140. d ack eggl% ded b
bRl al Has rﬁﬁjt BSHRRRRS SRS eos(tlna ent| é rce ¥

source
digentifieodioingkanipleiessoplide mmsm&%ﬁstﬁmdms@@@ammm is any

7 address, identifies th transmi i

e 147 LAl Ao Ao SALTES [ reein o s
sysfernatiction amdmg@ 1&%}8@&1@8)0%@%?@%0&?%%&\?&?&% include
%L'Aéll\lﬁg; %%9'%80&9%”&&%[‘& %@sl\@m MelkRRAULARLseAAPWAIKS or the boot

ide area networks{(mg Ns), aII ora portlon of the 5 global )

sepRanHCRRRARA ST s T8 Fiferhks bog) iSvaes RoRhHREAASH
system or systems at one or more Iocatlons. Boot table 130 is any disk
ey nekyork file system that includes a plurality of boot images 131.

Waile illustrated as remote, boot images 131 may be preloaded by
dypam@boot engine 105 to simplify initialization and installation. Boot
ipragen3dois any 10 form, image, pointer, or reference to at least a portion

of the boot drive primary operating

Oxd,

0x50200,

0x800,

0x800,

Ox4,

0x10000,
0x80000,
0x80000,

0x04000004,
0x100000,
0x80000,
0x80000

It will be understood that above example boot image 131 is for illustration
purposes only and may include none, some, or all of the illustrated elements as well as

additional elements not shown. Moreover, boot image 131 may be in a different Jayout or

format then the above example without departing from the scope of this disclosure.
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system partition. Boot image 131 is typically in binary form. Boot image
types include kernel images from a file, kernel images from a block

evice oppy disk, or the boot sector of some operatin
WO 20057 f?srﬁg. . . p g ,
examp1le, 2 Linux boot image might appear as: 15 0x18031§%<2},ﬁ%g>?4(§%2316

0x90000000, 0x90000200, 20 0x4, 0x90200, 0x800, 0x800, 25 0x4,
0x10000, 0x80000, 0x80000, 30 0x04000004, 0x100000, 0x80000,
Ox80000 35 It will be understood tha?above example boot image 131 is
for illustration purposes only and may include none, some, or all of the

illustrated.elements as well as additional el n : 0
boot gﬁ ﬁlgsléig%a)% 3e A ot Ig?gl%%%}%oﬁrrﬁ%%%ge g{%%%ewg e
apiantdeswithbut Bepanimgplorndhdsscdpe ahavisheistosuempfically adding or

s %%%Q%OGQ(? 13 %é%%%%ﬁ’o%&? ]e%vﬁdanﬂ{&l?ssmﬂ%&%v@@l@% ahnbination,
parameters for managing nodes 108 and applications 114. For example,

pelidiciet323nan Ry WieddraRmHid 08 SRTR] RS BBPACH S RBERE B8t ions
1?5%9'&%&8{&?511% ipneeniR. Atem3tishpREdbEOBIRIREebIpetisiesiAd2rclational
d@ﬁg&q%eaﬁgqegibe&/ il??é\rl:(%frs (JJ-fQ E‘%(E]% g?ggggn’g%?ggn%%tw nea%g renr%?ﬁ no%iment, policies
table 132 may store or define various data structures as XML documents, Virtual Storage
Access Method (VSAM) files, flat files, Btrieve files, or comma-separated-value (CSV)
files. Policies table 132 may also comprise a plurality of tables or files stored on one
computer or across a plurality of computers. Moreover, policies table 132 may be local or
remote without departing from the scope of this disclosure and store any type of
appropriate data. For example, policies table 132 may store mdividual virtual cluster
policies including: i) minimum / maximum mumber of nodes 108 assigned to an
application environment; i) default number of servers assigned to the application; iii)
conditions to dynamically add node 108 to the application environment; iv) conditions to
dynamically remove node 108 from the application environment; v) conditions to remove
node 108 (such as turning off network access), but leave it up for problem investigation;
and vi) conditions under which node 108 should not be removed because application 114
is actively running a transaction or process.

In another example, policies table 132 may include any number of mter-virtual
cluster policies such as priority, resource sharing, and preemption policies. Priority
typically determines which application environment gets the resources if there is a policy
conflict. For example, if the priority of a particular application environment is higher, it
may get prioritized access to nodes 108. Resource sharing is often based on defined
entitlement of the application environments, For example, each application environment
may be granted an entitlement to a percentage of nodes 108. Resource sharing may also
be based on computer usage over a sliding window of time. Preemption policies may
allow high priority application environments to take over nodes 108 from lower priority
application environments.

Virtual local disk image table 133 is any disk farm or network file system that
includes a plurality of virtuat local disk images 134. While illustrated as remote, virtual
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5114. _Generally, policies table 132 may comprise one or more tables
stored in a relational database described in terms of SQL statements or

wB%BEE lég:’:;,mother embodiment, policies table 132 may stopg-pk:gafi8812316
various data structures as XML documents, Virtual Storage Access

Method (VSAM) files, flat files, Btrieve files, or comma-separated-value
(CSV) files. Policies table 132 may also comprise a plurality of tables or
files stored on one 10 computer or across a plurality of computers.
Moreover, policies table 132 may be local or remote without departing

l(}ﬁﬁr&tﬁe SCOPE;of t%% tag%f) 249 LMY R PRI ORI R R R frware

or examp pO|ICI 132 may store |nd|V| uaI virtual cluster

toptivibey imctiatierdion hinstaliorianaxiine MANDEHOTRETIS daaxdgRe duase,

% plicalion Wﬂ@%@?@sﬂ)sﬁﬁ%@lbﬁ %&%%ﬁ?ﬁ%@@ﬁ%@ﬂ%ﬁhc&tmn
e application; iii) 15 conditions tofﬁi/namlcally add node, 108 to the

Vigsiclagsh @ﬁ’&lﬁ@%ﬁﬁ“eﬁ@‘fVW@éﬁaﬂi g”t&‘%ﬁﬂ%ﬁhﬁa‘ﬂ@%ﬁlﬁgv@’%ﬁ‘e Gpfigured
SJM%éh&aﬂﬁk@ﬁ%rﬁﬁﬂmaﬂeﬂsajﬂeyammﬂmmt@ kemayeoctadeadiDSitsutiocal

as turning off network acces eave it up roble |nve Stigati
digkdpaeeordhitBms Eﬁﬁw #ﬁé%lg f gﬁdu‘f tlgey rérnoved %P % shaving

&calise
b%&&ﬁ@ﬂﬂmﬂaﬂéntﬁlagtm{w&iﬁmﬂ@ Bil¢rayseantio rwbmbrwesmﬂlbn waotieto an

%I%%%E %ICI 1r$%ql?ocaﬁ ma}/n{n Lufjféﬁ’%x . m&regfﬂpgeﬁ%f%ﬁlcal directory

R8s SUCH as Priority, resource sharing, and preemption

mtbhmeﬁa@ﬂmn@l filpivattydetenihe storpicn apisreseiehle AvrbrinaRtgeRstwork
eI ERE Eé*}%@ﬂﬁ:@te@ﬂf&x @&fﬁ&h fRigxample, if the priority of a

par cu ar app ca ion environment is higher, it may get prioritized access

to nodeszeoBaREEpiFEEHiHN I8 SHERDRERPTH AURREG: BB BTFR AT Ok
(Sh1ee apPlicalon SRYIRIMaBisd QNeRIMpPIE, ftacheadpticaionapplications 114,

&%iﬁﬁéglié‘%e%“ﬁ%%mﬁ%?%é% OB BB o ESBUIED (g B databsse
&B&Fﬁdﬂmmﬁﬂm Rreamptian pmi;ﬂseshnawthﬁomﬂbrgimpmmnyphcahon data
app ication env nents to ke OV e

e PGS 30 o el i B M8 A M, fo s
Eaﬁamﬁmmoﬂsmi@stsmmamomdm &40t R R cOmPIEsR Rhealige tables or

%%_g%rg %%15%?I@oﬁlgﬁ%?t&da@ﬁagg@%‘iﬁré‘ﬂ@"@f WERRQ3/188688ver, application
data 140 may be local or remote without departing from the scope of this disclosure.

Client 120 is any device operable to present the user with an administration screen
viaa graphical user interface (GUT) 122. At a high level, illustrated client 120 includes at
least GUI 122 and comprises an electronic computing device operable to receive, transmit,
process and store any appropriate data associated with system 100. It will be understood
that there may be any number of clients 120 communicably coupled to server 102.
Further, “client 120 and “user of client 120” may be used interchangeably as appropriate
without departing from the scope of this disclosure. Moreover, for ease of illustration,
each client is described in terms of being used by one user. But this disclosure
contemplates that many users may use one computer to communicate commands or view
graphical presentations using the same GUI 122.

As used in this disclosure, client 120 is intended to encompass a personal
computer, touch screen terminal, workstation, network computer, kiosk, wireless data port,

cell phone, personal data assistant (PDA), one or more processors within these or other
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local disk image 134 may be preloaded with the operating system and
application software to simplify initialization and installation. Virtual local

disk image 134 is any form, image, pointer, or reference to g ISk
YAy 8P ach virtual node for each application. Virtual Ioc]:;a %%%ﬁﬁ’ﬁqé%%’“

134 will typically include the operating system, configured 5 services, and
-installed-applications of each application's virtual node. Each virtual local

disk image 134 may contain multiple il systems, which may be read-only
for sharing between multiple nodes, or modifiable file systems, which are

normally specific to an application node. Vjrtual loca) disk image 134 may .
B By 5 O PERSEA A S SRS RhSy b s o

domptesethin adedeyarabipud dtabasendithwarietypark thicfilecsystemouse, or other

interface provided to the, application nodes. In general, lication dat .
e
anetvimield- atttcHedoptontige (X ASydot $loringideits Fa0.cipplishtipdéciiaidata, visual

é@%ﬁﬁgg,gﬁ g%%ﬂf&m @6@@0@&{11?%0&%1% NS IARESSILSHdP Actude fixed or

relationa ase described in terms of SQL statements or scripts. In

ramotibleetitbrasimenia SpPiicatomuneia Sonmiragigiofd bR Gfne iR itable
a8, SU UeIRS as X MndrsumentsoYRe Mifias Jlatlilesr Blsiava ftes@igh the

CSV files. Application data 140 may also comprise a plurality of tables or

FRditpEaTGROIRY CoRpSIR SERF SR AL 1 éf computers. Moreover,

applicafign; Taiadgeisaay bejoeal asece Reiewihautdepastiggpironiteestem (or
scope of this disclosure. Client 1.20 is an vice operable 1o present the
RPN SHSFL S ST LS enap e BT st
e2RrAnahighodferitus thted clienni 20iidde dasnistessuois] X2eaendlly, GUI
rises lectroni Ing devise. oper ) i )]
R e T G R o R AT o ot
revidkiebstoptienhafthe felhdgbmangonmmise ol eirditysof Zgstomizable frames or

ﬁgm%%gmeWﬁéﬂﬁ%M?fdé%-Hﬁk{%ﬁi@%ﬁ@d&%%@g{éﬁ%"%%s&f. In one
client 120" may be used interchangeably as appropriate 25 without, n
TR 10 ind o BB B BISE SR T WIBEOE YoH wsgrppiicl views of

AstationeneaeinaienbispdReeheehinaia) Ps.Of Reingtset Byantdiser. of client

But this disclosyre .contemplates that many users may use one.computer . .
1aocmn?3ﬁi@£§ o?ﬂ?ﬁén‘gc?ﬁfi?s\‘/ie eﬁf’agﬁ%ﬁ}cﬁre@gntaﬁ%% ﬁlsﬁ%lgg $rigs Faphical
spRefitbh? 2 Akcusaddn thisudistlepplieatlie ninyR0rsmmtendedstaresources, and

SER0es %S’aﬁ?sp g Sg?’erxlﬁhcal representations of application environment and nodal loads
and usage over time; ifi) wizards; and iv) views of which application 114 is running in
each application environment and on each node 108. In shost, GUI 122 may present any
physical and logical status or characteristics of nodes 108 to the system administrator and
receive various commands from the administrator.

In one embodiment, GUT 122 may allow an administrator to create, delete, copy,
and modify application environments. The administrator may also set up application
environment sharing policies, activate and deactivate application environments, monitor
states and loads of application environments and nodes 108 using GUI 122. Further, GUI
122 may allow the adding or subtracting of nodes 108 from active application
environments. GUT 122 may also present alerts to an administrator based on various |
system 100 characteristics such as, for example, configurabie load levels were reached on

node 108 or within an application environment, a node 108 became unavailable,
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30 computer, touch screen terminal, workstation, network computer, kiosk,

wireless data port, cell phone, personal data assistant (PDA), one or

mare _processors within these or other WO 2005/106655 mpns
WQ@%R?@%@S/OlZBlG 10 devices, or any other suitable prog(e:gélfrs]auuam]zsm

device. For example, client 120 may comprise a computer that includes
-.an input-device, such as a keypad, touch screen, mouse, or other device

that can accept information, and an (ﬂdtput device that conveys

information associated with the operation of server 102 or clients 120,

including digjtal data, visual 5 information, or GUI 122. Bot
RO P UTBCBE IEB ) ORI Ror et MG S STad Hisipd fom

afplRRRS A sdgnelienconsguter dEk, @3- Rﬁmieoriothexeeunaimmmd@phcatm
bqth receive input fr m and provide output to.user

R S LR o

tiseinpisesadpdphical user interface operable to allow the system (or 10

networig H‘t”'%” QLR e aee With Sy gr ﬁfﬁ&ﬂﬂ%@ﬂ%&%ﬁ%@g @,lécaggarﬁ the

114 or system per ormance, modify virtual clusters, or any suitable

B@s@m@ﬁm@w@@@@mﬁm@m mpp gRsEL U TTSEreseR i opsh of the
dwgﬁ'aﬁno?@gﬁ%aeﬁ yssriirendly presaniationpdaiacrpviteddayesisiesm any

0. GUI 122 may comprise a plurality of ¢ stomlz ?‘Ie frames or v ews

erreRbing iRTEr 4BHRIE Sl et 3i- ao%ﬁﬂeﬁ’ﬁé"’% B S H AT iﬁé’%%%t%‘m in
siRiane 4d S bariment, p&burﬁ,a&@feamtsoomamﬁlthamragemsmmnmpms a

various graphical views of applic atlo li
S?@W@@@?@@Fﬁrﬂ%ﬁa@ﬁgﬁ?ﬁg} P8 r(l:?er\g i1 via ond of o0 Icéﬁlgr%? PR dxa
ﬁi@x\/l@ﬁ&nﬁhﬂsargsrahh|@adwmsrmayeugc;lll}d@wsgxﬁﬂht@atete@’mkémaﬂoh@tscape
NhRS SIS Of [ApRlEAamRRAREN L. el (RaRHKCRR-ANd 6

representations of application environment
and nhdajnow@@ @rﬁdﬁ@%’@@l@véﬁﬁﬂm@ ipRlizaraseanivFeRaRs prdistributed

%&%Hﬂ'l%a“ﬁgsé&éﬂ%ﬁ%@'ﬁgﬂ@ f3chBeRlisatiam snvirRIMen @Ad:Qine 105
ch node 108. In short, GUI 122 r%ay presglt any_ physical %nd logi I@ne

Cochnode 100 I short, oLl 122 ey pres SIS, A A iy Detinar

Jgﬁ&%&ﬁ)ﬂ@ﬂoﬁ&ﬁmmﬁp ahihe adnsistiator Jentned mibiodinidt, dynamic

I122ma allow an ad trator t t . 5
AR AR T L R A3 10, 5

SO set
e&t@ﬁiiﬁe,tlﬁmhere are already four nodes 108 executing a portion of apphcatmn 114, then

dynamic boot engine 105 automatically selects the fifth boot image 132 (at least partially
based on node’s 108 hardware and other characteristics and the one or more policies 132)
that is compatible with application 114. Based on the retrieved policies 132, dynamic boot
engine 105 may also select the appropriate virtual local disk image 134 for the selected
nodes 108. Once the appropriate boot image 132 and/or virtual local disk image 134 are
selected, dynamic boot engine 105 flashes node 108 with a pointer or other reference to
the selected boot image 132 and virtual local disk image 134 and reboots node 108. Once
node 108 is initialized (normally less than fifteen seconds), dynamic boot engine 105 (or
some other job scheduler) executes the appropriate task, process, or other portion of
application 104 on the selected node 108.

FIGURE 2 is a flowchart illustrating an example method 200 for dynamically
rebooting a node 108 within one embodiment of the present disclosure. FIGURE 2

illustrates method 200, which generally describes a dynamic allocation of one of a
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environment sharing policies, activate and deactivate application
environments, monitor states and loads of application environments and

nodes 108 using GUI 122. Further, GUI 122 may allow the}g(([ip' (-
. e : T H{&?% 16
AT [Fg(]i?lﬁr?a"of nodes 108 from active application environmen sfr I -ﬁlf

may also present alerts to an administrator based on various 30 system

-100 characteristics such as, for example, configurable load levels were
reached on node 108 or within an appfication environment, a node 108
became unavailable, WO 2005/106655 PCT/US2005/012316 application
environment started or stoppid node 108 was added or subtract&g é(r)%ge’ anry

phpRiRanbAYRYIS AR A EERb A HRABTEDS SREEPRRS i
naRBlEaiaRdenvitenme by sauienahtsraroadenehtf sesvicesheqtiside mestherwise
such as transaction res e time) was exceeded. h -
oA A T R e et et ey B 200 ncludes
sdingniamodén bk fatureldcaties dibenoaepbeathonts grip el easihteeraliatg boot
.and e | s, of icplar graphical yiser interfgge. lowi
refore 8&%? 1%5%%@%%%@2? ’af%a gr_aphic%? l%éér%ﬁ?gfg?:gé, sggﬁ afg 6(1) Ve

dgemiptiowisiguseewsdhativaeististe sE dynarimbansPsingy S8 ey arping method
Ssificiantly HLeseesAREEIMLs teiHiasapofaitide 2 iemaeaniamp aiesament of

10 secured browser operable to communicate via SSL-HTTPS. Server
lagjoab slerneris HPRlSRHHERR AMRAPL 30 Ui SEBGHREERE Microsoft

Interngi el Qe BedNstacanrg Mayightes)danenieiisothagpprojifidtemines that

HTML or XML responses usi work 116, In one a. of aperation, . ..
B BG4 108 LR BBt ApIotoi T4 Ragagtioation
refecatIn s asspeintetpaticetifigts. djmaeniripba tengingriositasagayanually

namic dd or_subtract on es,3,08 cample

T B B B S s ot
dyotivies 182 cdginaniiS beot dnginicalbsdsstsniaeribahpprepridie BELOMAgEd be
a3t (LN SIaRRY PoslesOB. FafesanRIgndhikess Argairears fastermines if

nodes 108 executing a portion of application 114, then dynamic boot 108
theigines 10 AR IHERE NP BBRE I AeIPP LG RS e 1 355 TR T Pa I
2Rihasedien pades 1B hargware andeeiharsharicitsstiaspatinbthederi®s using
or more policies 132) thati orr:%patible W'itCh %gglicatiggo%ldi. I%% M.+ ceiect
AR Fe eﬁ%&?&&&%@?d’i)&a i OBt BNgin may also select the' o
aperapsabeseittval josalwdiskoniage 134ukdrithetseleamdication 114 compatibility,
processor speed, or any other suitable characteristic. At decisional step 220, dynamic boot
engine 105 determines if the selected node is compatible with application 114. If node
108 is not compatible with application 114, then dynamic boot engine 105 brings down the
selected node using any suitable techmique at step 225. Next, dynamic boot engine 105
dynamically selects policy 132 based on the software application 114 at step 230. For
example, dynamic boot engine 105 may determine that three nodes 108 are currently
executing software application 114. Based on this determination, dynamic boot engine
105 locates the fourth logical node 108 in policy 132. Based on the selected policy 132,
dynamic boot engine 105 flashes the selected node with a pointer to a new boot image 131
at step 235 and associates virtual local disk image 134 at step 237. As described above,
dynamic boot engine 105 may flash EEPROM 111 or any other suitable component.
Next, dynamic boot engine 105 boots the selected node 108 using the new boot image 131
at step 240. Once the node 108 has been rebooted (or if the node was already compatible
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nodes 108. Once the appropriate boot image 132 and/or virtual local disk
image 134 are selected, dynamic boot engine 105 flashes node 108 with

W%gg[i%]er gsother reference to 25 the selected boot image 113&% i

i
[{] h
I0Al ik image 134 and reboots node 108. Once node 108is inltl(z}i(]’ijzj‘gzgl(

(normally less than fifteen seconds), dynamic boot engine 105 (or some
-other-job scheduler) executes the appropriate task, process, or other

portion of application 104 on the selelted node 108. FIGURE 2 is a

flowchart illustrating an example method 200 for dynamically 30 rebooting

a node_ 108 within one embodiment of the present disclosure,.FIGU
SRR e A e e e T S
s€lBe < o Q02 QO ERHIBEMPRATHIS 20081642316 12 plurality of nodes

108 tq,a virtual, clyster. or lication-envi ent.

of noR VT TR R SR TR, ShSRUIRE AN BTl
m&mcmawmhﬁﬁmmtsmmmﬁém@ Mipigmmigetion 114 at
s{%lfemqv%gg INElULES HPEIRGHDS RRES fHR&{er Blagatiomi.pRaRRlcalaRR such

ironment, resetting boot 5 image 132 of the selected node 108,

anrfarepoapiegdriermiacibe lnrbudnziaglied LB itieiiRs LR ifonode 108,

PREfatAE dvpaminhoaandgre 105dahesioraingmeted 38R BUS kills the

system 100 contemplates using any appropriate combination and |,
CHFFEHQRIRTSHTIBE fgReicEsdmsa ‘:fs]iﬁ%p &R Sof??é“%@%ﬁl%?ot%gngme 105 may

rsleserket fuctianaliyisMethod 2RaWe gidsnidsten@0ky wivensdy ammmiplication-
boat.engine 105 determines that .10 software.application 1 I "
SRR Al T B REB L 08 e SR e e (R A decisonel

sespy2#ippdypainte techmigize. IRGrdeseamipks, iffbashinittstrady Hgysmempaliyle with
agggggagg 108 tg @@@@8@9@%@ shvirenmenideraprligation 4 kfteMtynamic boot

other examp ynamic boot engine 105 may dynamically determine
ahginn 82 S1nS durndherrianed aode SEMRIEY YH RS A skp 3p>- Next,

cﬁlﬁi};&é%&y&}@m&%@%ﬁ%&e@lg@gﬁ?mm§3',ni bastaere BE @ Yare application
unutilized computing nodes 108 available. If there are more npdes 10
B, 28n Byhsraeriocboatite g aaBR A By ?fsm&n&o%%ﬁﬁﬁ?s nodes

nederd 0fwsing ansuliahisfiesknigptiatisien 215. Boréxampis, determination,
S Aok AT 05 o S 12 8 SR PR o
selected policy 132, dynamic boot engine 105 flashes the selected node with a pointer to a
new boot image 131 at step 275 and associates virtual local disk image 134 at step 277.
As described above, resource management engine may flash EEPROM 111 or any other
suitable component. Next, dynamic boot engine 105 boots the selected node 108 using the
new boot image 131 and virtual local disk image 134 at step 280. Once the node 108 has
been rebooted (or if the node was already compatible with application 114), then dynamic
boot engine 105 executes application 114 on the selected node 108 at step 285 and method
200 ends.

The preceding flowchart and accompanying description illustrate only exemplary
method 200, System 100 contemplates using any suitable technique for performing these
and other tasks. Accordingly, many of the steps in this flowchart may take place
simultaneously and/or in different orders than as shown. Moreover, system 100 may use
methods with additional steps, fewer steps, and/or different steps, so long as the methods

remain appropriate.



processor speed, or any other suitable characteristic. At decisional step
220, dynamic boot 20 engine 105 determines if the selected node is
Eq } Iﬁqulth application 114. If node 108 is not compatll;;fr wmz 16

app ication 114 then dynamic boot engine 105 brings down the se ecte

node using any suitable technique at step 225. Next, dynamic boot engine
v+ 105 - -dynamically selects policy 132 g sed on the software application 114

at step 230. For example, dynamic boot engine 105 may determine that

three nodes 108 are currently 25 executing software application 114.

Based on this_ de |nat| esihefQURR and
logicalthiss 168 fﬁsﬁ(?ﬁ&/%’?ﬁq}/gase %1e se%%se]é&éﬁ%?{ 132, df/ﬁn%ﬁmlc
gehagl gngineides fashes tmmeiwm@mfoa@mm@pmg fsca RN BBGRLS and

eyl be AR b, R d&aﬁggl@mwgum&@kw inAgR ISdeatriem

e above, dynamic boot engine 105 may flash EEPROM

exﬁzi)j:larwnigpdﬁmnGUMIél@brﬁ?ﬁﬁeﬁf SEPRIERR R afHIE BUEE-enging 155
su %%, he selested node 08usinathr W&@@Eﬁmﬁg f:3ch b it 240.scope
nce t e node 108 has been rebooted (or if the node was already

of ¢bimpiatieRs"/O 2005/106655 PCT/US2005/012316 13 with application
114), then dynamic boot engine 105 executes application 114 on the
selected node 108 at step 245 and method 200 ends. Returning to
decisional step 210, if there were no computing nodes 108 available, then
dynamic boot engine 105 selects an optimum utilized node 108 for
application 114 at 5 step 250. This selection of optimum node 108 may
occur in any appropriate fashion such as, for example, determining the
least utilized node 108, selecting a compatible node 108, or determining
some other "best fit". At step 255, dynamic boot engine 105 kills the
current processing on selected node 108 at step 255. Dynamic boot
engine 105 may terminate the processing using any suitable technique
such as executing an application 10 specific cormnand, killing a process
using the operating system, and others. At decisional step 260, dynamic
boot engine 105 determines if the selected node 108 is compatible with
application 114. If node 108 is not compatible with application 114, then
dynamic boot engine 105 brings down the selected node using any
suitable technique at step 265. Next, dynamic boot engine 105
dynamically selects policy 132 based on the software application
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15 114 at step 270. For example, dynamic boot engine 105 may
determine that three nodes 108 are currently executing software

W %L{;ﬁ%ﬁ& 114. Based on this determination, dynamic bogt-Raing k39316

ocates the fourth logical node 108 in policy 132. Based on the selected
policy 132, dynamic boot engine 105 flashes the selected node with a
--pointerte a new boot image 131 at jtsgp 275 and associates virtual local
disk image 134 at step 277. 20 As described above, resource
management engine may flash EEPROM 111 or any other suitable

component. , dynamic boot engine 105 boots the selected node 108
%leﬁ%ém&%mage 131 and virtual local disk image 134 at step
280. Once thensttdé ADSdmasitbednstebvioteditetidhthrnsidesivas already
compatible vgi&h tg@pligﬁm%ﬁ?ﬁ%%gﬂiggnamic boot engine 105 executes
Forrthe selecte

application ) es iode 1()8 at step 285 and method 25 200
ends. The prétedimphoiienarseniticdcedhipadjrTiPaecd aptickitfistrate

only exemplary, Meiodk 200, SysteraYR-oontemplaies using any suitable
technique for performing these and other tasks. Ac ord'nogflgieman of the

steps in thigHSHEREPRRLRALE Sl SITRAASERE A @R e
regré%%a gﬁ?e)@al@ lafewrﬂmwg%raﬁﬁgaﬁ/s}@ggf?i ﬁﬁaimaymaealapimmm@vith

additional steps, fewer steps ar different steps, so long.a -

methods reﬁ?&ﬂ%ﬁr%ﬁ’ﬁ%@% 25687 1‘6@%;&5 i 7%@%8%%%%%’1% st
phlthaugh thisedigcloruyeahds been described in terms of certain

embodiments and _generally asspcia I TeTs[SIr=Tale IO t nod

permutation(:é.xgj)‘flf%ré%élpe?en%1 %%Rﬁenoté é?}%@rﬁlé%@ggtg% eb%pparent ?or eRet Ho%e
uthosthskileddtedherart, dgdeordigrgly, the above description of example

embodiments does not define or constrain this disclosure. Other changes,
5 substitutions, and alterations are also possible without departing from

the sgirit andkeoprihed thfs Cisdlodur@e\grpbeRiisn GBesHne on a subset of the
pRETAY SPRQRIOIA3EE mkoh o bifihel S E2bMiED |1S: 1. A method for

computer cluster virtualization cq ises:; . .
P companng the subset ofr;qgc{es with the retrieved policy; and

selecting one of a plurality of compatible boot images based on the

COMpArison.

3. The method of Claim 2, wherein comparing the subset of nodes with the
retrieved policy comprises:
determining a count of nodes in the subset; and
selecting the boot image based on a link in the policy and the count of

nodes.

4. The method of Claim 2, each of the subset of nodes associated with one of

the plurality of compatible boot images.
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selecting a distributed application; retrieving a policy associated with the
distributed application; 5 dynamically selecting one of a plurality of nodes;

wdSaeRlng R boot image of the selected node based, at leaspirRady @R HEs
retrieved policy, the boot image compatible with the distributed

application; and associating a virtual disk image with the selected node

based, at least in part, on the retrieygd policy; and 10 executing at least a
portion of the distributed application on the reset node using the
associated virtual disk image. 2. The method of Claim 1, the application

exeguting op.a subset ofihs, plupalifyeinedes.and dhe.matbad daehasiurality
comprising: 15 comparing the subset of nodes with the retrieved policy;
of mrigsseiagisesone of a plurality of compatible boot images based on the

comparisoge3mlhamathad of Glainc? wheleialagropadesthe wubieeofby &
nodes with the 20 retrieved policy comprises: determining a count of
secapd distitHedspbistiohu?88lecting the boot image based on a link in the

policy and ghessuit ab modes. ab 4f Trenmbdhbdind Glaiili2deadhctifthene of

subset of nodes associated with one of the plurality of compatible boot
th%ﬁﬂ’éﬁ%?%@‘?%omoae% PCT/US2005/012316 16 5. The method of

Claim 1, wherein dynamically selecting one of the plurality of nodes
COmMpIISes. %H%%Bg}&{‘gg'&& Qr s, Oh b PRIy @Enedesusimpuiliaaded,
by a“'second distributed application; and 5 in response to at least one of
futherrotesiteirglaringisa oS desedes SilizT thelmtrarrddisaiated application
based on one or more of the following:
the retrieved policy;
low utilization of the selected nods;
priority of the selected distributed application; and

compatibility of the selected node with the selected distributed application.

7. The method of Claim 6, wherein resetting the boot image of the selected
node comprises:
‘ automaticaily shutting down the selected node;
resetting the boot image of the selected node; and

restarting the selected node using the reset boot image.

8. The method of Claim 7, further comprising terminating any processes

associated with the second distributed application prior to shutting down the node.

5. The method of Claim 1, the policy comprising a plurality of links to boot
images, each link associated with one of & count of nodes compatible with the distributed

application.

10.  The method of Claim 1, the policy comprising one or more parameters for

determining the timing of the selection of the node.
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6. The method of Claim 5, in response to none of the nodes being
unutilized, further comprising selecting one of the nodes utilized by the

W&g&gﬂg(;gggtributed application 10 based on one or more obthefollvvinesis
the retrieved policy; low utilization of the selected node; priority of the

selected distributed application; and compatibility of the selected node
with the selected distributed application. 15 7. The method of Claim 6,
wherein resetting the boot image of the selected node comprises:
automatically shutting down the selected node; resetting the boot image

of thg, selegied nade; apd-parestaiing dhe-seledad gy usiadhevasdiage

boot image. 8. The method of Claim 7, further comprising terminating any
stoprb s Ster2a8 duerdEd oIk @eSkecond distributed application prior to
shutting down the node. 25 9. The method of Claim 1, the policy

comprising a plurality of links to hoot images, each link ciated with .

one b coRBFHBHES EPAITEANR S SRGUIELE SppIar R oprio
thaagemeathad i Ldaiwith, dbecpalibycamprisingrotte tsendhe fmtamétersiidiboot
_ 30 determinjn e timin t election of le. WO 2005/106655
n%ﬁ}g%g/%%ﬁé’ nf%ﬁ%?ﬁ%‘?ﬁ%ﬁﬁ%ﬂ gf%ﬁaglgrﬁgi, the boot image

comprisingea¢emotestmtimage stored in a Storage Area Network (SAN).
12_. The methsggmog{%@%m&mmwde _associated with a_first boot image
prior to 5 the reset and assodiated with a second boot image from the

reset, the fidstabetsbarmibaiosimTBgEHiffering in at least one of the
following characteristics: operating system; system configuration; and

13.  The method of Claim 1, further comprising:
| determining that ome of the plurality of nodes failed, the failed node
executing at least a portion of the selected distributed application; and
wherein selecting one of the plurality of nodes comprises selecting one of

the remaining nodes in response to the failure.

14.  The method of Claim 1, each of the plurality of nodes comprising the same

processor architecture.

15.  The method of Claim 1, wherein selecting one of the plurality of nodes

comprises selecting one of the plurality of nodes at a predetermined time.
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distributed application parameters. 10 13. The method of Claim 1, further
comprising: determining that one of the plurality of nodes failed, the failed

wh SR gxgaguting at least a portion of the selected distributed applismtiansie
and wherein selecting one of the plurality of nodes comprises selecting

one of 15 the remaining nodes in response to the failure. 14. The method
of Claim 1, each of the plurality of ngdes comprising the same processor
architecture. 20 15. The method of Claim 1, wherein selecting one of the
plurality of nodes comprises selecting one of the plurality of nodes at a

predefermigggimer M2/ LRGSR Siftal 32336 18 16.

Software for computer cluster virtualization operable to: select a
distributed st AiswESvRlEH Mty associated with the distributed
application;.ghigamicaily, seieetaenexahatl distihnéhagesabogset a boot

image of the selected node based, at least in.part, on the retrieved policy,
the boot in@@‘@%&ﬁﬁbﬁf%@\ﬁﬂﬁcﬁ %%Eﬁ?%fé}og 3%%Sﬁcation; and associate
a virtual disksenageonithningesefebie dehmtiel Dasidbatddast Inagait, watite the
retrieyed policy;.and .execute at least 10F ISt .

I‘etglﬁﬁﬁ(i/ géi}ﬁy @/%boo(gnn %eo?én%%%ﬁ‘e.w%ﬁ%E%&Ibﬁﬁ%%ﬂgﬂm%%ﬁ, and

ontherese using the associated virtual disk image.

17. The softwsaiatsf Craiwell $iskhieagpiidttite esleeigdmpdnbasstpidesy igrart:
Onptgjgr%i@{e?w%gﬁgyain&the software further operable to: compare the

subset of notes With the retrieved policy; and_ 15 select one of a pluraeflgg/
of compatitsfseseist #naas s:tesencH 1he dsimbdad aRPe iRl U S HRode
st Tsonbereintha saftwasgoperable to compare the

17.  The software of Claim 16, the application execuiing on a subset of the
plurality of nodes and the software further operable to:
compare the subset of nodes with the retrieved policy; and
select one of a plurality of compatible boot images based on the

comparison.

18. ”fhe softﬁa;re of Claim 17, wherein the software operable to compare the
subset of nodes with the retrieved policy comprises software operable to:
determine a count of nodes in the subset; and
select the boot image based on a link in the policy and the count of nodes.
19.  The software of Claim 17, each of the subset of nodes associated with one

of the plurality of compatible boot images.

20.  The software of Claim 16, wherein the software operable to dynamically
select one of the piurality of nodes comprises software operable to:
determine if one or more of the plurality of nodes is unutilized by a second
distributed application; and
in response to at least one of the nodes being unutilized, select one of the

unutilized nodes.
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subset of nodes with the retrieved policy comprises software operable to:
20 determine a count of nodes in the subset; and select the boot image

W@?ﬁ&%ﬁj&@ link in the policy and the count of nodes. 19. Thespibyaie: o6
aim 17/, each of the subset of nodes associated with one of the plurality

of compatible boot images. 25 20. The software of Claim 16, wherein the
software operable to dynamically se{ ct one of the plurality of nodes
comprises software operable to: detefmine if one or more of the plurality
of nodes is unutilized by a second distributed application; and in response

to at least one of ! utiljz c t 0 nodes bei
cnaitod ol V005 TOE b O SUOGILa0tD 1 Bt s beine

ustiiwelcfotiGraprbldraesisehseachbreafna s eiy sermadigisgiouted
apgﬁtga,%m&@éﬁ&é@l‘%ﬁ&&%@ gkthanedes utilized by the second
ISTri

uted application based on one or more of the following: the
retrieved pdheyetsqusd a8liz%tion of the selected node: priority of the

selected distibuigd ARl atiossisnddasagatibility of the selected node

with the selected distributed application., 22.. The software of Claim 21,
wherein thé’g‘ﬂfm’é}% %%%Bﬁ%gt lsr%é)e Ef%él fisitiop st

00 J%’image of the selected
node compesepsaifiitars tiperibiedocdatoiiaticalbestndt dewbuaé application.
selected node; reset the boot image of the selected node; and restart the
selected node using the reset boot image. 15 23. The software of Claim

22, fiher Gieradflertoctofrfaime Xny breia dhe sofeese ispedRif toFREct the boot

ﬁ%&@ﬂrﬁé%ﬁ&%ﬁ%@d@%@g&pgmfawggamvn the node. 24. The

software of Claim 16, the policy comprising a plurality of links to boot
images, eachimeetberbidomhibn el 809 of nodes compatible with

the distributgdes the boot image of the selected node; and

restart the selected node using the reset boot image.

23.  The software of Claim 22, further operable to terminate any processes

associated with the second distributed application prior to shutting down the node.

24,  The software of Claim 16, the policy comprising a plurality of links to boot
images, each link associated with one of a count of nodes compatible with the distributed

apphcation.

25.  The software of Claim 16, the policy comprising one ot more parameters

for determining the timing of the selection of the node.

26.  The software of Claim 16, the boot image comprising a remote boot image

stored in a Storage Area Network (SAN).
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20 application. 25. The software of Claim 16, the policy comprising one or
more parameters for determining the timing of the selection of the node.
wrnPnddig software of Claim 16, the boot image comprising susmeie:baat
image stored in a Storage Area Network (SAN). WO 20051106655
PCT/US2005/012316 20 27. The software of Claim 16, the node
- associated with a first boot image prgr to the reset and associated with a
second boot image from the reset, the first and second boot image
differing in at least one of the following characteristics: operating system;
5 system configuration;@nd:diskiued anpisatien Ratemaierso@BnHge prior
software of Claim 16, further operable to: determin%that %n% ogithte d second
to fhieirality ofrrsssaisiortie YAy RODLIERBEJINTY 1o 8 adEF 4 Boftion of

portion 0

bo&@ﬁrﬁ legied:disthibutedanrlcatiodansivghereuriimsisattware operable to
select one of the plurality of nodes comprises software operable to select
one of the PBRFEHREMYHiB¥es in response to the failure. 15 29. The
software offslakin:d6i gaekiont the plurality of nodes comprising the same

processor thjgtectf%re. 0..The software of Claim 16, wherein the

software o et é%attlgﬁé’ oF the plurality of nodes comprises

software operable to select one of the plurality of nodes at 20 a

predsfermingd time, WO 2005/106656 PGTAIF2Q05/012316 2131, A

systém for computer cluster virtualization comprises: a plurality of )
: p i © fraai"lex node executing

computing éwdsna tierbonmetibe pieriitoaersget d51e%d?
at least a portion of the selected distributed application; and

wherein the software operable to select one of the plurality of nodes

comprises software operable to select one of the remaining nodes in response to the

failure.

90 The software of Claim 16, each of the plurality of nodes comprising the

samie processor architecture.

30.  The software of Claim 16, wherein the software operable to select one of

the plurality of nodes comprises software operable to select one of the plurality of nodes at

a predetermined time.



select a distributed application; 5 retrieve a policy associated with the
distributed application; dynamically select one of a plurality of nodes;

wdsaflAkeet image of the selected node based, at least in paftuQBeS12316
retrieved policy, the boot image compatible with the distributed

application; and associate a virtual disk image with the selected node
based, at least in part, 10 on the retyieved policy; and execute at least a
portion of the distributed application on the reset node using the
associated virtual disk image. 32. The system of Claim 31, the application

execyting on3auh 96! Qfibetel Srplualipnafinedascangtiesmanagement
node further operable to: compare the subset of nodes with the retrieved
policyPisent copmetBrLplsFart? of compatible boot images based on

the compALSAR33dT Beesysitei of Claim 32, wherein the management

node operable to 20 compare the subset of nodes with the retrieved

policy comﬁ?}g’étsatﬁénﬁ? ngaé’ﬁfécﬁp Rode operable to: determine a count of
5 nodes in thesisbsatpaing selecntbividothiendigeibacédrobiciion: in the

policy and the count 9Lngdes, 33 HrTfig,SyplRmer Claim 2, each of the

subset of NGUES associated with one of the plurality of compatible boot
images. WE&0051066682CF/(he 26b5ied 28t baseds af Heas dfehiigs on the

re i ﬁélié%hﬁ%%&bﬁa%%%ﬁﬁmé Redaipnatableda Synamisalhgelect
one ofthe 1ural‘|ty of nodes comprises the manageme%odeépggliablte. ot
to: determirlasicarie oY ETTelitHRagR Al ot FRIERIES SRS Sy By o4t 10 Part

10 orsfERdindiskikytedapplication; and in response to at least one of the

nodes bein unutiiized, select one of.the ilized nodes.
gexecute at least a portigm ) E)e cﬂ%tbu sd application on the reset node

using the associated virmal disk image.

32.  The system of Claim 31, the application executing on a subset of the
15  plurality of nodes and the management node further operable to:

compare the subset of nodes with the retrieved policy; and

select one of a plurality of compatible boot images based on the comparison.

33, The system of Claim 32, wherein the management node operable to
20  compare the subset of nodes with the retrieved policy comprises the management node

operable to:
determine a count of nodes in the subset; and

select the boot image based on a link in the policy and the count of nodes.

25 34, The system of Claim 32, each of the subset of nodes associated with one of

the plurality of compatible boot images.
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36. The system of Claim 35, in response to none of the nodes being
unutilized, 10 selecting one of the nodes utilized by the second distributed

wébRlication based on one or more of the following: the retrigyealiowi23is
ow utilization of the selected node; priority of the selected distributed

application; and 15 compatibility of the selected node with the selected

- -distributed application. 37. The system of Claim 36, wherein the
management node operable to reset” the boot image of the selected node
comprises the management node operable to: automatically shut down

the sg cteddi}ode%}%r%r §e(tjl1;gl%bgﬁt image pfthe selactedbROdBaasherable to

restart the selected node using the reset boot image. 38. The system of
dBlamiedly, weohraraddhamabcof s SPRIIIE (B ErEaRrRp de operable

processes associated with the second distributed application prior to

shutting 25 down the node. 39, The system of Claim 31, thet.gioligyb econd

compmEG A Iiramey B MRS 1 BROPIHaEYYs OB 20T K SERBEIZEE A With °
JQneeka Ledades compatible with the distributed application. WO

20051106655 PCT1uS2005/012 23 40. The system of Claim 31, the

policy tSRIBPRIRJLAE SEFhGPY p‘%%n%t%?s%&%%e%?ﬁﬁ%g%%e% Eg{rz?néi%ngf:j”]iogf of the
uihaisaleation: of the node. 41. The system of Claim 31, the boot image

comprising a remote boot image 5 stored in a Storage Area Network
(SAN). 42. The system of Claim 31, the node associated with a first boot
imagé@rior Bhethpstesef ShdmSEo tarerdons 1 $888°d BeSriRaeoHutlized,

e reset, the firstapd seeoRd Heal. imags Afigrinden sijeasianmaidhe one or
Yollow g characteristics: 10 operating system; system configuration; and
more of the following:

the retrieved policy;

low utilization of the selected node;

priority of the selected distributed application; and

compatibility of the selected node with the selected distributed application.

37,  The system of Claim 36, wherein the management node operable to reset
the boot image of the selected node comprises the management node operable to:

automatically shut down the selected node;

reset the boot image of the selected node; and

restart the selected node using the reset boot image.

38.  The system of Claim 37, the management node further operable to
terminate any processes associated with the second distributed application prior to shutting

down the node.

39, The system of Claim 31, the policy comprising a plurality of links to boot
images, each link associated with one of a count of nodes compatible with the distributed

application.
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distributed application parameters. 43. The system of Claim 31, the
management node further operable to: 15 determine that one of the
wPhdhglikgaknodes failed, the failed node executing at leastrCparsmnseh thes
selected distributed application; and wherein the management node
operable to select one of the plurality of nodes comprises the
" management node operable to selegzone of the remaining nodes in
response to the failure. 20 44. The system of Claim 31, each of the
plurality of nodes comprising the same processor architecture. 45. The
systgg of %@?&éﬂﬂﬁ@%@? @@Weﬁwﬁ@@i@&ﬂermm petenetds for

one of the plurality of nod rises the management node operable to
detespiginsBoRIHNEE SiL (5'0"2%}’6%% fedetermined time.

41,  The system of Claim 31, the boot image comprising a remote boot image

stored in a Storage Area Network (SAN}.

42.  The system of Claim 31, the node associated with a first boot image prior to
the reset and associated with a second boot image from the reset, the first and second boot
image differing in at least one of the following characteristics:

operating system;

system configuration; and

distributed application parameters.

43.  The system of Claim 31, the management node further operable to:

determine that one of the plurality of nodes failed, the failed node executing at
least a portion of the selected distributed application; and

wherein the management node operable to select one of the plurality of nodes
comprises the management no‘cie operable to select one of the remaining nodes in response

to the failure.

44,  The system of Claim 31, each of the plurality of nodes comprising the same

processor architecture.

45,  The system of Claim 31, wherein the management node operable to select
one of the plurality of nodes comprises the management node operable to select one of the

plurality of nodes at a predetermined time.



