1 HIGH PERFORMANCE COMPUTING SYSTEM AND METHOD
TECHNICAL FIELD This disclosure relates generally to the field of data
processing and, more specifically, to a high performance computing
system and method. BACKGROUND OF THE INVENTION High
Performance Computing (HPC) is often characterized by the computing
systems used by scientists and engineers for modeling, simulating, and
analyzing complex physical or algorithmic phenomena. Currently, HPC
machines are typically designed using numerous HPC clusters of one or
more processors referred to as nodes. For most large scientific and
engineerin lications, performance is chief determlned by parallel
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accordance with a second aspect of the present invention, there is
facibiidudl dingighnoasharing seeh oo manee) byeesim SetapHEni generally
copideaityiofiptereanneciedrdware, ii) memory, /0, and communication bandwidth;

i) software; iv) architecture; and v) applications. The processing, memory, and /O

bandwidth in most conventional HPC environments are normally not well balanced and,
therefore, do not scale well. Many HPC environments do not have the I/O bandwidth to
satisfy high-end data processing requirements or are built with blades that have too many
unneeded components installed, which tend to dramatically reduce the system's reliability.
Accordingly, many HPC environments may not provide robust cluster management

software for efficient operation in production-oriented environments.

SUMMARY OF THE INVENTION

In accordance with a first aspect of the present invention, there is provided a



HPC nodes, each node comprising: a motherboard; a switch comprising
eight or more ports, the switch integrated on the motherboard and
operable to interconnect at least a subset of the plurality of nodes; and at
least two processors operable to execute an HPC job, each processor
communicably coupled to the integrated switch and integrated on the
motherboard. In accordance with a thifd aspect of the present invention,
there is provided a method for forming an HPC node, comprising:
providing a motherboard; integrating a switch with the motherboard;
integrating at least two processors with the motherboard; and coupling
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Embodiments of the present imvention have several important technical
advantages. For example, one possible advantage of the embodiments of the present
invention is that by at least partially reducing, distributing, or eliminating centralized

switching functionality, it may provide greater



reference is now made to the following descriptions, taken in conjunction
with the accompanying drawings, in which: FIGURE 1 illustrates an
example high-performance computing system in accordance with one
embodiment of the present disclosure; FIGURES 2A-D illustrate various
embodiments of the grid in the system of FIGURE 1 and the usage
thereof; FIGURES 3A-C illustrate varous embodiments of individual
nodes in the system of FIGURES 1; FIGURES 4A-B illustrate various
embodiments of a graphical user interface in accordance with the system
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BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present disclosure and its advantages,

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

FIGURE 1 illustrates an example high-performance computing system in
accordance with one embodiment of the present disclosure;

FIGURES 2A-D illustrate various embodiments of the grid in the system of
FIGURE 1 and the usage thereof;

FIGURES 3A-C illustrate various embodiments of individual nodes in the system
of FIGURES I;

FIGURES 4A-B illustrate various embodiments of a graphical user interface in
accordance with the system of FIGURE 1;

FIGURE 5 illustrates one embodiment of the cluster management software in
accordance with the system in FIGURE 1;

FIGURE 6 is a flowchart illustrating a method for submitting a batch job in
accordance with the high-performance computing system of FIGURE 1;
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15 law: S(N) = 1/((FP/N)+FS) * (1-Fe * (1-RR/L)) where S(N) = Speedup
on N processors, Fp= Fraction of Parallel Code, Fs= Fraction of 20
Non-Parallel Code, Fe = Fraction of processing devoted to
woammusieations, and RR/L = Ratio of Remote/Local Memarg Beswusidibses
Therefore, by HPC system 100 providing UO performance substantially
equal to or nearing processing performance, HPC system 100 increases
overall efficiency of HPC applicationssand allows for easier system
administration. 25 HPC system 100 is a distributed client/server system
that allows users (such as scientists and engineers) to submit jobs 150
for proGessing nn diowiRaristhuento aFosthedaimpliypsystdmck0Uingayf the grid
include HPC that is conn vk 06 one or
in fore admin m|n|s |on%1v YE‘('?&IIOHCS%%I’ %@?nég%tg%tpz%%mt sysirﬁ&foo may
be aFEEAMRIAIBHe compating Bhwiretimsentciiad ot dsnsniebiemanaging a node
fuf vironment, 1o, ShaltrSiSiem &840 A hRGCompHiRg RRVitanment
that includes highly scalea lé nodes 115 and allows the user to submit
jobs 150, dynamically allocates scaleable nodes 115 for job 150, WO

DEPRR/EPF686 AGFTUSRANSOIR T wamd@utomatically executes job 150
using the aIIocated nodes.115. Jgb 150 may_ he atch or nline jo
oper% ftob Prociedsdagiy Foiﬁ‘ r%&ﬂgggg‘éb (ﬁ’ B 5#‘)5 (HPC)
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useiatMParﬁmdimﬂmmmmplﬂacémﬁgdsym V@nau%m%i@g nodes 115
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jamdministrator interaction with system 100 without departing from the
scope of this disclosure. HPC server 102 comprises any local or remote
computer operable to process job 150 using a plurality of balanced nodes

115 and cluster mad@ferieFBAGineS1 301-Fc * (1-RR/L ))

where S(N) = Speedup on N processors, Fp= Fraction of Parallel Code, Fs= Fraction of
Non-Parallel Code, Fc = Fraction of processing devoted to communications, and RR/L =
Ratio of Remote/Local Memory Bandwidth, Therefore, by HPC system 100 providing I/O
performance substantially equal to or nearing processing performance, HPC system 100
increases overall efficiency of HPC applications and allows for easier system-
administration.

HPC system 100 is a distributed client/server system that allows users (such as
scientists and engineers) to submit jobs 150 for processing on an HPC server 102. For
example, system 100 may inciude HPC server 102 that is connected, through network 106,
to one or more administration workstations or local clients 120. But system 100 may be a
standalone computing environment or any other suitable environment. In short, system
100 is any HPC computing environment that includes highly scaleable nodes 115 and
allows the user to submit jobs 150, dynamically allocates scaleable nodes 115 for job 150,
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Generally, HPC server 102 comprises a distributed computer such as a
blade server or 15 other distributed server. However the configuration,
server 102 includes a plurality of nodes 115. Nodes 115 comprise any
WCORRAEIses processing device such as, for example, blades;t/us2005/612599

general-purpose personal computers (PC), Macintoshes, workstations,
Unix-based computers, or any other suitable devices. Generally, FIGURE
1 provides merely one example of computers that may be used with the
disclosure. For example, although 20 FIGURE 1 illustrates one server 102
that maybe used with the disclosure, system 100 can be implemented
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According to one embodiment, HPC server 102 may also include or be
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. plurality of nodes 1 and cluster management engine,130.. More

1, eﬁ%%ti'ﬁga‘ﬂu?s? e ﬁ%‘?ﬁaﬁ‘#e% %P%%ﬂ ard 1 ersggg%r?ghﬁésl%gshé%slﬁrreélity of
bladd$R@odes:r 1103) avitipismensrlatiabbthesifotio wingpttan pperebiis 1) process job
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be understoad that HPC server 102 and nodes 115 may.not include all of
n9fesel Tomipiterts CTBMEH A AMEMERB S FTS S AU ehed SR xample,
blblrdegsubslaniipliyedegicateddaputers (PC), Macintoshes, workstations, Unix-based

computers, or any other suitable devices. Generally, FIGURE 1 provides merely one
example of computers that may be used with the disclosure. For example, although
FIGURE 1 fllustrates one server 102 that may be used with the disclosure, system 100 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. HPC server 102,
or the component nodes 115, may be adapted to execute any operating system including
Linux, UNIX, Windows Server, or any other suitable operating system. According to one
embodiment, HPC server 102 may also include or be communicably coupied with a
remote web server. Therefore, server 102 may comprise any computer with software
and/or hardware in any combination suitable to dynamically allocaie nodes 115 to process
HPC job 150.
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managing or assisting an administrator. For example, management node
105 may comprise two blades, with one of the two blades being
redundant (such as an active/passive configuration). In one embodiment,
woanagessent node 105 may be the same type of blade or cermauoes 12500
device as HPC nodes 115. But, management node 105 15 may be any
node, including any number of circuits and configured in any suitable
fashion, so long as it remains operable to at least partially manage grid
110. Often, management node 105 is physically or logically separated
from the plurality of HPC nodes 115, jointly represented in grid 110. In the

illustrated gprbRdimeanbananagemnenhnadss 10 may-pRneQaBuUIcably-id 110
coupled to grid 110 via link 108, Link %0?8 may comprise any 20
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herpet communications between management node 105 and grid. 1.10.. .
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the scope of this disclosure. The |inks between nodes 115 in grid 110 may
Thysesuriusrearamestn alisgr ik Sadmnaititrsooiiang other agpe loklinBiiat will

bLCRRLIRVBY Qlpetiigat og&{g@tr@ga&;@t}gg@nﬁ% SHER _%tf‘?ﬁﬁiﬁ&m&iﬁ’of these
fiber or copper. Each node 115 is configured with an integrated switch.

copengitivs node 115 to more easily be the basic construct for the 3D

Torus/anekbekas miainize Xodpgistantasa3p beivieen alhetnades dddcated to

Further, this may make c%%gler V\{jring ﬁ/ork in larger systems a% up, to 05
MRS KSR S S R BB imentd, RO Ge ORI BRIy 5sd 0> may
cainariss netersiadés) 2005/1066686 RPETHRIS2085012589 Bdmnshort (netle as an
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and/or cluster management engine 130. Agent 132 could include any

SONQRSEr, TEBIRARE TRV 8 BPROPRBIARY SPAHfefed Gpelanitiy, management
nddeteominghiReghysicakiidivsaianaee Adb aRdbasanRuTicEe thigles 115, jointly
reDiehentes gldgant[g ’ﬁlé(.:hlgsﬂggrﬁﬂ%ga%ed embodiment, management node 105 may be
communicably coupled to grid 110 via link 108. Link 108 may comprise any
communication conduit implementing any appropriate communications protocol. In one
embodiment, link 108 provides Gigabit or 10Gigabit Ethernet communications between
management node 105 and grid 110.

Grid 110 is a group of nodes 115 interconnected for increased processing power.
Typically, grid 110 is a 3D Torus, but it may be a mesh, a hypercube, or any other shape
or configuration without departing from the scope of this disclosure, The links between
nodes 115 in grid 110 may be serial or parallel analog links, digital links, or any other type
of link that can convey electrical or electromagnetic signals such as, for example, fiber or
copper. Each node 115 is configured with an integrated switch. This allows node 115 1o
more easily be the basic construct for the 3D Torus and helps minimize XYZ distances

between other nodes 115. Further, this may make copper wiring work in larger systems at

up to Gigabit rates with, in some embodiments, the longest cable being less than 5 meters,
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"heartbeat,” to management node 105. In another embodiment,

management node 105 may periodically poll agent 132 to determine the

status of the associated node 115. Agent 10 132 may be written in any
wappasiedss computer language such as, for example, C, Cipgr/is2005/01 2500

Assembler, Java, Visual Basic, and others or any combination thereof so

long as it remains compatible with at least a portion of cluster

management engine 130. Cluster magagement engine 130 could include

any hardware, software, firmware, or combination thereof operable to

dynamically allocate and manage nodes 115 and 15 execute job 150
Inusiog:Nades 115. Eoscpxamplepciisiel fanagesment snginedatmais and

wrltte dbes rib %m any appropriate computer language including C,
m&iﬁse 1? asic, assembler, any suitable version of 4GL, and

otherEa@hatqdcohﬁblnmjomtﬂleie@f diustall bgenndétsteadrthatoaliije cchustel with
cl@?é? &Egé 14?‘? ?3'3 ll Hgftrﬁ%m geg%l‘i r]éc%%e% %l Iests r commands
mult odu e features and fufictiona ality perform %y this
fr@ngmzmm b@pe}%rm@@bymﬂtﬁnm@mﬁmm suginead3for dgant a2 aould

sicaY ayRimedue Ay itiallayer modiien 2iiab SEReAWRE AN determine

presentatlon englnes(3 s shown in more detail in FIGURE 5). Further,

the; RIS AaRR Gsiedfe bhal einRamEREReat: e REoresscdyiaia Jarictt fopkeh 2
“ﬁb@émmaﬂyzmg@w@@gﬁ@d@ézmprez@rm?ﬁﬁaz@w%mdﬂaﬂagéﬁ%wﬂge 105
mana, inel and ma cluster management engine
BRAGFENBEFA2E B ?8?%%8&%‘& aﬁnees?é%f PaPbEsoeiri gode 115, Agent
1§JMMnémmmr@pﬁypmmmdpteewmm@qaahtm foo I&kﬁh@&(}@@%—%—

AQLihis disglosyy ui@aﬁ?é%ﬁpc'%%%%“a”a HibA me” ine, :s”gi%%m&’“ Femains
one or more software modules operabﬁIl to |mte igen Iy manage

conBipd jobisat 5@ sSepvrion0 plzsjcinchdedmeraoeitO43for
Comfﬁﬂﬂfé@%%ﬁl&{b%ﬁ%‘%ﬁ%&@ AYRIE S S UGBS E 00T 2, B¥Riware,

network 106 in a client-server or other distributed” environment. In certain

orepRpBRFHERSheERi PRODDIE COVEE TS S0 Blopste pERtiEwRAn Yudes 115 and
e@%@}%ﬁﬁﬁﬁﬁgmpﬁo%%&a&ﬁl@tmﬁf&%@mfgmg&@%d% be
140 Dis §< 40 may also be attached Eilrectly to the computational
S A RSB PSS EP Ao R ot Visual
Bﬁﬁp%ﬁ@blm@mﬁmmmeﬁmﬁﬂmﬁeﬂ b seftwatt@adiarthereof. It
wiPNRIRI AP g@sm 2RO A00 AP LIRS 136 AMMABIRRNSY HbuRe 1
as a single mulii-tasked module, fhe features and functionality performed by this engine

may be performed by multiple modules such as, for exampie, a physical layer module, 2
virtual layer module, a job scheduler, and a presentation engine (as shown in more detail
in FIGURE 5). Further, while illustraied as external to management node 105,
management node 105 typically executes one or more processes associated with cluster
management engine 130 and may store cluster management engine 130. Moreover,
cluster management engine 130 may be a child or sub-module of another software module
without departing from the scope of this disclosure. Therefore, cluster management
engine 130 comprises one or more software modules operable to intelligently manage
nodes 115 and jobs 150,

Server 102 may include interface 104 for communicating with other computer
systems, such as client 120, over network 106 in a client-server or other distributed

environment. In cerfain embodiments, server 102 receives jobs 150 or job policies from



10

15

20

25

30

5 104 may comprise software supporting one or more communications
protocols associated with communications network 106 or hardware
operable to communicate physical signals. Network 106 facilitates
woirelesssesswireline communication between computer server QR ansarso
other computer, such as clients 120. Indeed, while illustrated as residing
between server 102 and client 120, network 106 may also reside between
various 10 nodes 115 without departing from the scope of the disclosure.
In other words, network 106 encompasses any network, networks, or
sub-network operable to facilitate communications between various
ne6OBAIPUTAGoe e RRREN G &m0 k(L0 iskayraomhmaicale; toracxampldirectly to
Internet Protqcol (IP) packets, Frame Relay frames mehronou
NP TBA T 5 e GRS AOOr e B s Al th modes
Géntoalhyatioerbetnddrorepriork lagidressdsd NesabwatOsdaybadhvde ivrresoitable

conl i@a!%ﬁagn%rgfeﬁgfgvg %ixé&'f%%%% %ﬂ{ﬂ AGGSoIR 6BV VR Eiﬁ%uﬁ):*ail , interface

metropolitan area networks (MANs), wide area networks (WANSs), all or a
10dordsrroniTegRobalee PEHRAS (08I KPR AERINEI AaRs SLoTglo pEiRgiated

wiiheLERmMBMRicatian sYSarp A aYSIemLALA0R & MR IaRAIORSydRal signals.

general, disk faun 140 is any memory, database or storage area network
(SANYeBOThr B rfigiHEs 5 {5 1MEs BEBR nAREE B BiAR, fytsen computer
seltprmation Aecasgingdeniberetlusitated arahedinenthdistdfarmilt4lustrated as

includes one, or more storage clients 142. Disk farm 140 may process .
re%ffﬁ‘%’ﬁfg %egtéeﬁ‘é%kL %@gp&fﬁg? ?é’é‘r??” of aﬁnlélﬁml%a r%l Ocrg?ﬁ%/ﬁuﬁlcaeﬁrolr}f anous
nodestocdls/ifasuexapptind ifiniBénd (B, Gifebit £themet [Gajieorwords, network
m%'%%%gﬁ‘spgag&'ﬁc : Paa%t@xeggk%ta@@yp&a'%B%%%&f{aag%&g%t@ facilitate

with arm ta packet may include a header that has a

cosgnredcidientfidrcaera desTPRstoPP B IR CTRROSSHRe ideVfifieFkfol 06 may
coRATRIA SOLTCe Addresa deatifies e rapsmiieraf, infermatiRiafntames,

the destination identifier, for example, a destination address, identifies the

ATERTBIERPST thEferm4ABh. Gt 1994 AR HeVidsLpetknlé16 SHageniable
intherdsen Witk e ioh-snbImigkiaRBeraeAwIRkoradminiskriienvisagsaphicdlarea

int (GUI) 126. At a high leyel, illustrated client 120 incl
RO I R ST EE H e AN E BN oV T L)
W%%éiﬁGﬁﬂﬁkB@W&IﬁﬂaOﬂEt@haﬁﬁﬁoﬁafpmM%W, neamsrhikiown as the
nPiRe ,Sa%cﬁgrd a.%&? 2l Xo%ﬁg{lgpcgﬁg% g}%@rﬁ%%%%&% \é\f'ghe or more locations.

In general, disk farm 140 is any memory, database or storage area network (SAN)

for storing jobs 150, profiles, boot images, or other HPC information. According to the
iHustrated embodiment, disk farm 140 includes one or more storage clients 142. Disk
farm 140 may process and route data packets according to any of a number of
communication protocols, for example, InfiniBand (IB), Gigabit Bthernet (GE), or
FibreChannel (FC). Data packets are typically used to transport data within disk farm 140.
A data packet may include a header that has a source identifier and a destination identifier.
The source identifier, for example, a source address, identifies the transmitter of
information, and the destination identifier, for example, a destination address, identifies
the recipient of the information.

Client 120 1s any device operable to present the user with a job submission screen
or administration via a graphical user interface (GUI) 126. At a high level, illustrated

client 120 includes at least GUI 126 and comprises an electronic computing device
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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
wdepastingdsom the scope of this disclosure. 5 Moreover, forrasesbos012599

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 jobs 150 using the same GUI 126. As used in this

disclosure, client 120 is intended to encompass a personal computer,

touch screen terminal, workstation, network computer, kiosk, wireless data
op@@ble 19 seltipborenpaisonakaatambsisienid DAYranater daaressociated with

rocessors.within these or other devices, or any.other suitable processi

Sysp ig@%l:or%x 1rﬁp e‘? C |§n Siofgrggl)\g gg%%r%%ygbgoarﬁ%u?élﬁ %rtpi%?clﬁl en.'t{,18 9120
comminpebtievice]slichsasver Képadirtbercfdemelheud Ener othdredevige may

be.t 2y %@ﬁ&?g&%ﬁ%&@%ﬁ%@x%&SHEHQ{SQﬁX%&H@&%%M Ié( 9f this disclosure.

information assoc \ e operation of server 102 or clients 120,
Marrstuetinfpoigrarcdatiesiriing, Eacnlienbifofessiisg in JenB gthpiagripsed by one
usdeViggaRd OWiRULHRVICR MY IREINAR FXREQF teROoYRRIeSIRAe ediaer to

such as a magnetic computer disk, CD-ROM, or other suitable media to

COBBIHHERSHAY TN HPEHR @ﬁdaﬁ%?)\%% bitftput to users of clients 120 through
the administratien arekiphnaebraizaion displayaaipelyoGiitddpads Wl peGonal

comprises raphical user interface operable to allow i) the user of client
Rt e A A e S R
celntitart]i pthesyistrn (esistetWEIR\administrator psingselismvitRE these or other

interface with.system, 100 for itable isory .
e R Y P B may compri o
compatefribatipgvése atatitrroderiee srebided lgyRaECayeicier 00 mouse] o other

delRAY EAMRHISS RTINS RHSIANIZADIS IAINER-OLYIBNS BaRYs information
interactive fields, pull-down 25 lists, and buttonsiggerated, by the user. In .

asyoi et thePestionsy sresantd ago sHetisn ki s PRy iRK date, visual
inforasents thaarious jehypadameper fields and wesiveseemmandsiutiomxed or

the yser of client 120 vig one of the input devices, , :
ro AR T, Kb S AL B BRI ks v Ty s stable
mahdes Ha‘;ﬁ teeﬂ‘hges‘m’u&rﬁmad anidhistoxtor, @sgnllu $0r.a§tenb inf] I%II@hIR@ AAaBgh the
a d%r‘fx%srt?é\t%\{e 2V rb%“ﬁfﬁ%&@ﬁb%“&? 5%5&%% inistrator. Administrator

co %/ nc 8 0 un

mmands may include markin es a available, shutting down

nodesSUbr Atainteprisvse, Eepbisuh gsaots foranyretheostlimie Bsmemapioctiont
120 to interface with system 100 to submit one or more jobs 150; and/or ii) the system (or
network) administrator using client 120 to interface with system 100 for any suitable
supervisory purpose. Generally, GUI 126 provides the user of client 120 with an efficient
and user-friendly presentation of data provided by HPC systemn 100, GUI 126 may
comprise a plurality of customizable frames or views having interactive fields, pull-down
lists, and buttons operated by the user. In one embodiment, GUI 126 presents a job
submission display that presents the various job parameter fields and receives commands
from the user of client 120 via one of the input devices. GUI 126 may, alternatively or in
combination, present the physical and logical status of nodes 115 to the system
administrator, as illustrated in FIGURES 4A-B, and receive various commands from the
administrator. Adminisirator commands may include marking nodes as (un)available,

shuiting down nodes for maintenance, rebooting nodes, or any other suitable command.
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WO 2005/106696 PCT/US2005/012599 9 Moreover, it should be
understood that the term graphical user interface may be used in the
singular or in the plural to describe one or more graphical user interfaces
wanoeaohsed the displays of a particular graphical user interiaeeus2005/012599
Therefore, GUI 126 contemplates any graphical user interface, such as a
generic web browser, that processes information in 5 system 100 and
efficiently presents the results to the wser. Server 102 can accept data
from client 120 via the web browser (e.g., Microsoft Internet Explorer or
Netscape Navigator) and return the appropriate HTML or XML responses
Musiogenatwhekid 0. tndenacasp@st of-oparationhkdRGse ives iR i8firsk vsed in
initialized or. bgoted. During this process, cluster management.engine, 13
O ERHE e D RERT) AT biE G A ot o
thefinpblys dlbpmtipridat EhphsdeseribeetabovehthisonaErbé Basethomplates any
. beat nigat o) de's ipitialization or npear.,. .
B B oA R B aon i

sysiaminddd 3adealicigyiiz miestiisaliscensiiia v tkeptiaionSastgrit) 2 xengienspt data
frdh NeRER: Virdal Glusiers 228:8a3ed (00, TREEXARIP EnRredCISIMIAS oy Netscape

policies. In one embodiment, cluster management engine 15 130

N%ﬁﬁﬁ@(ﬁ&’éﬁ%ﬁﬁh@&@ﬁ&%@fﬁTﬁp@ ?%?R%WFWWOYI{ 106.
determiningdhak e pefdiennoges stk failed; efeciveivimanagiaedie During
failure usin%ﬁn of a variety of reCO\ﬁg\af technjqueﬁi Cluster manage ent

|

S RS T30y ASDRARE BRI D ST 8 xBaTfiDe: state Tocation,
anghvirdhenehtfanteathatdcated hbilénofridrilil.clistde2ZBd hoexethitiomy be

based '5%”@6%6[9%¥a%°”c%%£&fﬂ%h %%g@nm%c&? address, beratn g 68 near
configured 20 services, local and shared file systems, and a set o

immedintcpapplichyiornagmindatacthé 0Zlubler nelistg emengerginengde Afgymay
dyAMRAMIGANYREd PLRMRURCEARASS T WB‘@&JP&%&&%&Q&P?}R&%@Q&% based

associated policies and according to inter-cluster policies, such as _
Oty i ey PR AREFIEYY BALE Gk FECTRROHEFBe (rese s areal jeitgine
139URIRIERIONTY I 66TRENNIAE UIS1R6 pokangdthaureihn s eierae-the{obhat one
rameters a cﬁ)s bmitted job 150,. cluster management engine 130
o BO0ER LA A < ST e Bt VR REB R ) Sy o0 of recovery
tegiredetermifiedepaliciegassociategdwittdjohay Ssdhmatser; andhewdée a unique
exLotb %L‘%%E%’%ﬂg‘%?e SLEDIING 132NN JelerINgs: e APRIPLALE 1ion
virtual cluster ased, at least

environment may consist of the hostname, P address, operating system, configured
services, local and shared file systems, and a set of instalied applications and data. The
cluster management engine 130 may dynamically add or subtract nodes from virtual
cluster 220 according to associated policies and according to inter-cluster policies, such as
priority.

When a user logs on to client 120, he may be presented with a job submission
screen via GUI 126. Once the user has entered the job parameters and submitted job 150,
cluster management engine 130 processes the job submission, the related parameters, and
any predetermined policies associated with job 150, the user, or the user group. Cluster
management engine 130 then determines the appropriate virtual cluster 220 based, at least
in part, on this information. Engine 130 then dynamically allocates a job space 230 within
virtuai cinster 220 and execuies job 150 across the allocated nodes 115 using HPC

techniques. Based, at least in part, on the increased I/O performance, HPC server 102 may
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in part, on this information. Engine 130 then dynamically allocates a job
space 230 within 30 virtual cluster 220 and executes job 150 across the
allocated nodes 115 using HPC techniques. Based, at least in part, on
wbeircreased I/O performance, HPC server 102 may WO 2@0%/196/9812500
PCT/US2005/012599 10 more quickly complete processing of job 150.
Upon completion, cluster management engine communicates results 160
to the user. FIGURES 2A-D illustrate ygrious embodiments of grid 210 in
system 100 and the usage or topology thereof. FIGURE 2A illustrates one
configuration, namely a 3D Torus, 5 of grid 210 using a plurality of node
miyeeguitial exapRie, fheciiestsateddrodenty PEsareaxitsnah |/uiRdendnagement
server, FS metadata er g ,.database server, and compute node.
e%iﬁ@@%ﬁ”]ﬁﬁ@fré% Xégfg%@sgf "folding" of grid 210. Folding

genefﬁmjﬂmﬁidb itinsmatysicaiedgeofigria 2 16 teicanteckieten 100 and the
us%oges %ﬁ )élr%l fﬁ(}’igﬂ?éegg Uf\%dtlg onaergcg)nr rc%gtlilg th%rafend%gleﬁ Torus,

IS em are wrap arou
O%midid?é Qmm sedurdbins edpofisgiyrennBot byamzde limk D6 Miweokiedypes are

AR INPG A0V WIARle hardwale implemening,any CAmMyRicalQ) ﬁte node.

rotocol for mterconnectlng two or more nodes 215. For example, n

FYAEBE a3 idlpsieies gperamdor fiteldsicd anid Zthréﬁ%éﬁ@rﬁfi@rglémﬂows for

ofelBeyeRE Bied 20 Ikigiraies.origh 3LQihRRe VKAl Ldusierd providing
aIIocafﬁd withi t 15 Whlle illustrated with only one virtual cluster 228

2 AQRBTARYS B S5 PRSI Il SRS BAHaar e Al R B3 TReg Rgound to
pidiiiwithent siepdeting frinihestapephiis HHBOSLIRYIUR! Tlésiely be any

BRI Rasical atguoing of nodes 210 for orocessina elated. IObe 50,

r examp & Mgy De F990Ciat orie Tesearc
mgreup»das départimeetpaiddh, rodariinothEr gr@ub@ﬁemmxsxhkelymtaibubmc cable

ﬂ?gnlﬁgﬁ %megﬁygbgp cluster 220 may be any shape and include any
number of nodes 215 within grid 210. Indeed, while illustrated virtual

clustETSYRThafc dHasirpRsr e SH b dicemsy VistgHsdmier Atielozasd within it

Walustanud2dnayeon diskdbutad clusier obngicallniglatednpdes 2 Yincluding
ope&fgle to process joh 150. Virtual cluster 220 may be allocated at any

MGt dxAniplETAuater 8190 SRS RS alfSEutHs seRe ©f this
dinilializatiofirohsyhies 200 baskdider gxapipleoORogtarils for processing related

jobs 150. For exampie, virtual cluster 220 may be associated with one research group, a

department, a lab, or any other group of users likely to submit similar jobs 150. Virtual
cluster 220 may be any shape and include any number of nodes 215 within grid 210.
Indeed, while illustrated virtual cluster 220 inchudes a plurality of physically neighboring
nodes 215, cluster 220 may be a distributed cluster of logically related nodes 215 operabie
to process job 150.

Virtual cluster 220 may be allocated at any appropriate time. For example, cluster
220 may be allocated upon initialization of system 100 based, for example, on startup
parameters or may be dynamically allocated based, for example, on changed server 102
needs. Moreover, virtual cluster 220 may change its shape and size over time to quickly
respond to changing requests, demands, and situations. For example, virtual cluster 220
may be dynamically changed to include an automatically allocated first node 215 in
response to a failure of a second node 215, previously part of cluster 220. In certain

embodiments, clusters 220 may share nodes 215 as processing requires.
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parameters or may be dynamically allocated based, for example, on

changed server 102 needs, Moreover, virtual cluster 220 may change its

shape and size over time to quickly respond to changing requests,
wderstgndessand situations. For example, virtual cluster 220 may/be2005/012399

dynamically changed to include an automatically allocated first node 215

in 30 response to a failure of a second node 215, previously part of cluster

220. In certain embodiments, clustets 220 may share nodes 215 as

processing requires. WO 2005/106696 PCT/ti 52005/012599 11 FIGURE

2D illustrates various job spaces, 230a and 230b respectively, allocated

withmléxmﬁmwmmawastaﬁcﬁﬁq&awmIyaﬂrbasﬁai’é)ﬁwsjsdiséwﬂlocated

wiflgf 28 A3 iRl SHPELAEAY TArSAlY AL G RIBRIIES withn

receive |caI y, there is space 230 per executing job

virtig0 dnﬁayuéé&xéysmmahjsoaﬂgp@t@é?,mmiav serpiueg {hdE 2 Tywigeblithere is
onggmféﬂagef rorp the G:%f E})!s»set H8ClaguiR. Thesdimansions REOD GRELshare

0 may be manually in he user or administrator or dynamlcall

ﬂoé@‘t&‘rﬁﬂ@@%é@é%ﬁ%@%ﬁ?ﬁd‘é}%@ oIk dissingrsr-ankistABR IR Of job

spSATa0RNstiG RabiRE BRA Yy lﬂﬁ&ié@i@ﬁ@&tﬁﬂﬁs&ﬁi@pﬂﬂfﬁﬁmﬁlﬁ&lﬁd@ﬂﬂﬂﬁhm
nodes 115 in grid 110,.In the i ustrated&}t?but exgg le, embodiments,
basid 95191 BARER FLRSTeR ‘é&ﬁ’@&ﬁ? fages° %@@f@e%%tfﬁ'pnses any

compugingasvice th ilioytatieniaton apbrdhteds protelsidliabmadesrtioh in grid
rocess of 150. For e ad 1o May,
tan%gﬁ eon%%qcl)’l\}ﬂD }%ﬁmﬂ) q) ekl 30§?§IHE?X %Ie (EREAY s fhdes

g, 8 standar press OpteronT
3 lmoﬁie&bééﬁd;mmws @t!}ye?rommém drynpiniAYyccnBlied o BI B mprocess all

01"'5]% i d{ahric arghigetyre hatdigiiBytesthes faRuc SWICHIRG 455 may be a

ponénts uniformly across nodes 115 in grid 110, thereby possibly

stm&ﬁy@.ﬁgméﬂéﬁmmﬁm@amy T eIl SitanReg QiR motbadprgdner any

otﬂ@%‘iﬁ%@%ﬁ allgwing message passing in parallel. More
specifically, blad 15 mcludes an mtegﬂated switch 345. Switch_ 345

incluBidany hirpdriseis TR AifrERY RSPl SREC Pgiching
coRXIMIE, SWitSHBAMRY b@caag eﬂ@ﬁhﬁog&ﬁN'ﬁtm tharenahlesislighigicing or
three 20 dimensional mes Torus topola }Thte ﬁtl ht ort&s]nd allowm
eliminarRe Aty SR HSE B I?g iR RRRAE SPnis &

méﬁsagﬁpim%gvnqmﬁmncm&:ﬂ@Blhedaﬁrr@ltg, hizidghBOF mdieﬁs_kﬁ aitngqm&d switch

34!._8% it%‘ﬁ/%% 15304 S%&’ﬂ%&g{ﬂé@‘g?%&&”ﬁﬁﬁg%} gffg\%sfallglfferen‘s topologies.

For example, switch 345 may be an eight-port swiich that enables a tighter three-
dimnensional mesh or 3D Terus topology. These eight ports include two “X” connections
for linking to neighbor nodes 115 along an X-axis, two “Y” connections for linking to

neighbor nodes 115 along a Y-axis, two “Z” connections for linking to neighbor nodes 115

_along a Z-axis, and two connections for linking to management node 105. In one

embodiment, switck 345 may be a standard eight port Infiniband-4x switch IC, thereby
easily providing built-in fabric switching. Switch 345 may also comprise a twenty-four
port switch that allows for multidimensional fopologies, such & 4-D Torus, or other non-
traditional topologies of greater than three dimensions. Moreover, nodes 115 may further
interconnected along a diagonal axis, thereby reducing jumps or hops of communications
between relatively distant nodes 115, For example, a first node 115 may be connected
with a second node 115 that physically resides along a northeasterly axis several three

dimensional “jumps” away.
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along a Z-axis, and two connections for linking to management node 105.

In one embodiment, switch 345 may be a standard eight port

Infiniband-4x switch IC, thereby 25 easily providing built-in fabric
waiichingsoSwitch 345 may also comprise a twenty-four porpewiisbotizat 2ses

allows for multidimensional topologies, such a 4-D Torus, or other non-

traditional topologies of greater than three dimensions. Moreover, nodes

115 may further interconnected alongya diagonal axis, thereby reducing

jumps or hops of communications between relatively distant nodes 115.

For example, a first node 115 may be connected 30 with a second node

115 thatphysicaltyuasides:atong: & ndrikeastes\hiptis seveiatiifeeat least two

dimensigpal "ju - away. WO 2005/106696 PCT/US2005/012 -
SRR Sk Moo B e SRR B H B RO e o
346voP presessits 820atenth8a0bpiscaldbmesipotetendrioty 3ddoamdhe operations

oA UL e palE iy e

orm ns of blade 315 such’as, for

prescsrop| 826 semeanbriscéntidg antiiclp wyoressere it 1o Bepr ciudisepisadn. one

enil%(;%ﬁ%él&,toﬁpas&% 'ﬁ&’éﬁﬂl%%%ﬁa?&%f% 320 ¥¢ete HRliGabIesHeRer or other
e odime

m t, processor 320 may comprise a Xeon64 or IltaniumTM

siilecaesrsplothcterdliti ProeessdiondampitivBensreBfrBiressifReY be 2
3, lRRX RS 4RIPGE SRS neayHRe Ad FABSTehimyithia 2MP daclmaat the dual

HyperTreading. In this. embodiment, the du rocessor module may ... |
PIRGERTER A0S PEYERSBLS tatiiiSfoVeS EioRsty R ARBERY gy ictency.
ARISeesser 328kbasrefiitiedsmamosy: banwisitthaniyitthicaily, tyascthe, has the

memoréﬁco?ﬁro[i!erﬁbu'lt '&rﬂto the processor chip. Blade 315 may also
R ERBP B Ty 821 S B bt idge 322, PCI channel 325, HCA 335,

and Bedo?y 340y Ndhbridde Sadhboiden paitatestlitid gectes SUFI3aamed 325,

FeAny Qﬁeﬁ@%ﬁt@tw WD GRARLY 340 ARk U LYl 86588 806 and

any ot components. I one embodiment, Northbridge 321

CasiPT TCRIEE APRp rEEEsBEMaR0 3 8ing B tRuitdidadhis ¢rebp) and any other

reﬁ%%ﬂ%@ﬁeﬁ%.z MonR0ssHRamER therHRpsiQuIPYt (U iMBaleRE B processor
blade 315. In another embodiment, hlade 315 may implemerég}%lntel

3 neCHiERAHEA-PRT IS Wit HERIHES 4°C PRIES AR RSP MR ot
(1eonrtediankiubb4MCH) andnathtQrcantiabet, blaby BIb may implement the Intel

Hub Architecture (IHA™), which includes a Graphics and AGP Memory Controlier Hub
(GMCH) and an /O Controller Hub (ICH).

PCI channel 325 comprises any high-speed, low latency link designed to increase
the communication speed between integrated components. This helps reduce the number
of buses in blade 315, which can reduce system bottlenecks. HCA 335 comprises any
component providing channel-based /O within server 102. Each HCA 335 may provide a
total bandwidth of 2.65GR/sec, thereby allowing 1.85GB/sec per PE to switch 345 and
800MB/sec per PE to YO such as, for example, BIOS (Basic Input/Output System), an
Ethernet management interface, and others. This further allows the total switch 345
bandwidih to be 3.7GB/sec for 13.6Cigaflops/sec peak or 0.27Bytes/Flop I/O rate is
50MB/sec per Gigaflop.

Memory 340 includes any memory or database module and may take the form of
volatile or non-volatile memory including, without limitation, magnetic media, optical

media, flash memory, random access memory (RAM), read-only memory (ROM),
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20 PCI channel 325 comprises any high-speed, low latency link designed

to increase the communication speed between integrated components.

This helps reduce the number of buses in blade 315, which can reduce
weystemdbattienecks. HCA 335 comprises any component pravidingpes/012599

channel-based VO within server 102. Each HCA 335 may provide a total

bandwidth of 2.65GB/sec, thereby allowing 1.85GB/sec per PE to switch

345 and 25 800MB/sec per PE to UQsuch as, for example, BIOS (Basic

Input/Output System), an Ethernet management interface, and others.

This further allows the total switch 345 bandwidth to be 3.7GB/sec for
redh3vaRligaflans/se capeakiar &TMeR/tdop: /Bmate imcbMBlsempaent. In the
...Glgaflop. Memory 340 includes any memory. or databas ule and
I ST VR 0 o UBLATS 1 R AL g o DRy
mdimitationnpragnistiopaestiag optibsstnedER ffashvrencayy 3déndor dockigs any

BRI S DN M IO s

diséasote memory component. In the illustrated embodiment, memory 340

is copjprised 96 81aR:okdualidevbledata 1R dRDR) PREBANs 320a and 320b,

components operating at least 6.4GB/s. Memory 340 may include an

MARRD Bt & HATEL FARTPRIH RSHBNSFL SORRMG I BETBR A S RAthG bridges 330a
andepartingdfequn iz <3 sisclasupsbFIGURE 3B illustrates a blade 315 that

includes two processors 320a and 320b, memory 3 erTra rt/
i AR R R R S g SR
ingwie A a:38 Samindl 835 dak xanpeldobladbe3diemtiudesf dilbdast tweuch as, for

rogessors 320. Processaor cytes. 101 ti anj
e i e e
meenyappices sPenet POPEToOIthetRsHare ensouivn et dsrbedssor I this

ey, %@@ﬁ%&ﬂ%@?@%@%@%@%&l@ QHRESSIUIRL RIOSLSSPEIPbalanced

derivative. In this embodiment, the Opteron processor design supports

b e S Welt tardifsed b A BT RISt TOPitter By provide four to
fBeYardlesssibR dugbRrasessad modudle feaypioyidenians o A8 fiveive memory

R e e het seneaion e 0l B
frqprodessosp320 thithdistdepartingccordingly, processor 320 has efficient memory
bandwidth and, typically, has the memory controller built into the processor chip. In this
embodiment, each processor 320 has one or more HyperTransport™ (or other similar
conduit type) links 325.

Generally, HT link 325 comprises any high-speed, low latency link designed to
increase the communication speed between integrated components. This helps reduce the
number of buses in blade 315, which can reduce system bottlenecks. ET link 325 supports
processor to processor communications for cache coherent multiprocessor biades 315.
Using HT links 325, up to eight processors 320 may be placed on blade 315. If utilized,
HyperTransport may provide bandwidth of 6.4 GB/sec, 12.8, or more, thereby providing a
better than forty-fold increase in data throughput over legacy PCI buses. Further
HyperTransport technology may be compatible with legacy I/O standards, such as PCI,
and other technologies, such as PCI-X.

Blade 315 further includes HT/PCI bridge 330 and HCA 335. PCI bridge 330 may
be designed in compliance with PCI Local Bus Specification Revision 2.2 or 3.0 or PCI
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from the scope of this disclosure. Accordingly, processor 320 has efficient
memory bandwidth and, typically, has the memory controller built into the
processor chip. In this embodiment, each processor 320 has one or more
widypesTsansportTM (or other similar 20 conduit type) links 3a5r/Geneyalbsss
HT link 325 comprises any high-speed, low latency link designed to
increase the communication speed between integrated components. This
helps reduce the number of buses indlade 315, which can reduce system
- bottlenecks. HT link 325 supports processor to processor
communications for cache coherent multiprocessor blades 315. 25 Using
ExprEsinkas3 2pddfitateight. progesspréedizaivay herpldced ©On bbtleddfmidés any
utilized, HyperTranspoyt ma vide bandwidth of 6.4 GB/se¢, 12.8
o R TR R o it i oS hemaggment HEa 333
cotirosestUhGnéraebHGAP GifuBesd Fomtihels kyperitadiysportadblathsgyng host

chéggﬁn%%%?&wgﬂplﬁrgém%geayaﬁ%ta%g%n% U1 38R s BRL LI network

nologies, suc sI_DCI-X. 30 | ( 315 urt_her mcludes_HT Cl bridge
coBBBtiity HOA 385 [HoiBandgda8Be. nibystidede digmeerin dmpianBEilE 3B

Hs‘é ysspesicalinRReMaNAE MBI B8 WL 2RO/ H0RGREBuplex
CT/US2005/012599 14 Express Base Specification 1.0a or an

Y. :
2GRt R Charebfion xR I3 PEOCERBriEES ary CBHBoRRROGIBHHinghis provides
suShaanalbacedl/Q withiasprveskd it aseranhodimenic:s GABSEbuted HPC

comprises_ an InfiniBand HCA. InfiniB channels, ate typically created
e SRR POkt cHATITE! S8R TR A ot CRaE) Lot o ety o
sulenaiilelrembtecsioradeandrietworke Comrestvity 2Ato an InfiniBand

fabrig, i ] detail i t
o R S P R T o MO RO TR e

bou@. chatire | dobedicredhe skuelBR0 birterrain SMBBHARERES R prebriegche

cofkffigienthandWidt,to SURRK RIRFESIOHRIAGESIAT HeMIRUAIGAHONAIR: Field
distributed HPC environment 100. Further, this ﬁrowdes blade 315 with

ProgryiEHBtiaate Heavty (BF AbssdnStartitansmrltcdie ittistrged daughtor board
inAGERIMANERCA PIICesENES 320 FYGHRBAC HuS FRigsana ehenerally, FFGA

egameTL e sig kg asaughior SS, Lo gy
algahkrent eterfapes:efhesdaugbigrahoandgds, operaltiettdntledepdine grocessing
ap{urllﬁoczgz%cl)i{g,ldand high bandwidth. For example, FPGA may supplement the ability of
blade 315 by providing acceleration factors of ten to twenty times the performance of a
general purpose processor for special functions such as, for example, low precision Fast
Fourier Transform (FFT) and matrix arithmetic functions.

The preceding illustrations and accompanying descriptions provide exemplary
diagrams for implementing various scaleable nodes 115 (illustrated as example blades
315). However, these figures are merely illustrative and system 100 contemplates using
any suitable combination and arrangement of elements for implementing various
scalability schemes. Although the present invention has been illustrated and described, in
part, in regard to blade server 102, those of ordinary skili in the art will recognize that the
teachings of the present invention may be applied to any clustered HPC server
environment. Aoccordingly, such clustered servers 102 that incorporate the techmiques
described herein may be local or a distributed without departing from the scope of this

disclosure. Thus, these servers 102 may include HPC modules (or nodes 115)
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Programmable Gate Arrays (FPGAs) 350. For example, the illustrated

daughter board 15 includes two FPGAs 350, represented by 350a and

350b, respectively. Generally, FPGA 350 provides blade 315 with
woamesteragrd interfaces, the ability to process custom algoRUTES 2 wectors99

processors for signal, image, or encryption/decryption processing

applications, and high bandwidth. For example, FPGA may supplement

the ability of blade 315 by providingiacceleration factors of ten to twenty

times the performance of a 20 general purpose processor for special

functions such as, for example, low precision Fast Fourier Transform
inddrporpiamel anatsintasithcoettdfuthetions afhesprecsdifglitmstration parvitling high

ccompanying description Vi I iagrams for i '
PO A a1 e 0 TR S 06 T TR0 o
theHomeve ifitvoetdigies rapd wiee rolyihgstaanbiaeth dnsytaepaed as appropriate.
FoP QLIGINRIAES UEING-3:RMAS Y IRGiEPORRIRRIAR AN AHARIRMEN Y 8or various

elements for implementing various scalability schemes. Although the
nofeeddhimlemesiingd et diate Al fedehied ™R part, in regard to
blade servendgo rhase oipisdiaary.sidildrdin @itk CoogRize dhabtheaphical

teachings of the present inventjon may be lied to any clustered .
ST ARG COHEBET Ty B R R et LFeRieBRRTEY T 400 i

préfegeackaigitae 1echaiie B0 tiscribegeherdinimaysbedoralor 400 presents a
distributed without departing from the scope of this disclosure. .Th

VoL SERBAGD F0 MU HEC B (O Bodue ) (o andor

vaﬁ@%@f@@bwmwwszﬁwﬁl@mellsstm@oqa@ratfﬁ@éwygmm@ displays are

coglgmé)e'&%?og@a pekarangement ot slemants froRLovidindorigh RerormARERion.

mputing power, while reducing /O latency. Moreover, the operations of

Forrrxyarisu S TSR maymress s difplean oo ithaisridesr fitrated

in 2SCOROPANG: 10l exaMPISaHE d:1QPREINGIudaR Pluraliyial110 (illustrated

~ substantially similar nodes 115 or various 5 nodes 115 implementing

in & dware or fabric architecture. FIGURES 4A-B illustrate various
embpdiroens of aimanagenentoraphipiyugetintefigs 40800z may include

. accordance with the system 100, Often, mapagement GUI. 400 |

iR it Dot iy O e Sy Bt %y 115, The

illpresentsmbedinetyt obplaltage rstenddnteratbtiecserere nstbr alibing toigure” or

scrabE! %@iﬁ'%?@t%mﬁﬁﬁ%%?ﬁﬁ%gflﬁ%? SHARIS RN BB UBius of grid
screens to a user. These screens or displays are
110 and the component nodes 115. Each node 115 may be one of any number of colors,

with each color representing various states. For example, a failed node 115 may be red, a
utilized or allocated node 115 may be black, and an unallocated node 115 may be shaded.
Further, display 400a may allow the administrator to move the pointer over one of the
nodes 115 and view the various physical attributes of it. For example, the administrator
may be presented with information including “node,” “availability,” “processor
utilization,” “memory utilization,” “temperature,” “physical location,” and “address.” Of
course, these are merely example data fields and any appropriate physical or logical node
information may be display for the administrator. Display 400a may also allow the
administrator to rotate the view of grid 110 or perform any other suitable function.
FIGURE 4B illustrates example display 400b. Display 400b presents a view or
picture of the logical state of grid 100. The iliustrated embodiment presents the virtual
cluster 220 allocated within grid 110. Display 400b further displays two example job
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comprised of graphical elements assembled into various views of

collected information. For example, GUI 400 may present a display of the

physical health of grid 110 (illustrated in FIGURE 4A) or the logical
wallmoaticsswr topology of nodes 115 in grid 110 (illustrated inPEKAYREsAB)99

15 FIGURE 4A illustrates example display 400a. Display 400a may

include information presented to the administrator for effectively

managing nodes 115. The illustrated gmbodiment includes a standard

web browser with a logical "picture” or screenshot of grid 110. For

example, this picture may provide the physical status of grid 110 and the
spacdnpemensaneestiibelaatrnoder kxbeutiay baonensrryRupbeDadplay 400b

colors with each color representing various states, For example .
g R AP e PO L TS i o Rl arIoEs Shate 220 to view
thblmakpand awndealldcgtedpd de YaibhumaipivecsHackdd asFdikbaeddis plagllocated).

I inistratar to move ' \%
B P U L B 8 sp o
suiielpliriptiaformetinpie preaende d Witk iipien Bforimblifdisigr mey e able to view
the¥RHRRIUN P REL PR 2P HHIFRHORmMEMANY Mz BHRssor vsage, T/O usage,
"temperature,” "physical location," and "address." Of course, these are
g¥Eif-example data fields and any appropriate physical or logical node
informatianbeaydeesdisplaviostheadminSrators Risplay400ansay Bsexample
.allow the adminjstrator to rotate the, view of grid 110 or perform other
R RN A R GERE A5 Lo BEETRSTe RHSHTAT 400 By tctude

nodB0ippie senid$ af vlewinriBhepictapbiof tHernegicasstaté af giidtbael Mheagement

elé:lxlll{gt%ateg (rjnvplgdiment presents the virtual cluster 220 allocated within
grl 10, iSplay 400b further displays two example job WO 2005/106696

PCTRISEBE: /01 ms08tes OphenbedBemh g carstwithanetastak Zpgifer 130, shown
heEXERUING QNS QS MRreJalghal - Aisrlay4P08 omay@llgws thébodiment, cluster

administrator to move the pointer over graphical virtual cluster 220 to view

MERASRTT TS IT0aS 15 g8 el Varb FeisPARTEls (SUCHBRBEAtBRysical
meaeaHosalRelal MUHARS 36, ARIREHEAOS TPANERE! theheta arabeRe2o0.

O oo 220 e o e b ermalen BN v
ddienejmuinbehpficxd desitbstimated e mddiné 1 preneé ssirctiselyembOgarsagdss 115
ba%ch 815hﬁ{1% determined health. Physical manager may use this data to efficiently
determine and respond to node 115 failures. In one embodiment, physical manager 505 is
communicably coupled to a plurality of agents 132, each residing on one node 115, As
described above, agents 132 gather and communicate at least physical information to
manager 505. Physical manager 505 may be further operable to communicate alerts to a
system administrator at client 120 via network 106.

Virtual manager 510 is any software, logic, firmware, or other module operable to
manage virtual clusters 220 and the logical state of nodes 115. Generally, virtual manager
510 links a logical representation of node 115 with the physical status of node 115. Based
on these links, virtual manager 510 may generate virtual clusters 220 and process various
changes to these clusters 220, such as in response to node failure or a (system or user)
request for increased HPC processing. Virtual manager 510 may also communicate the
status of virtual cluster 220, such as unallocated nodes 115, to job scheduler 515 to enable
dynamic backfilling of unexecuted, or gueued, HPC processes .and jobs 150. Virtual
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It will be understood that management GUI 126 (represented above by
example displays 400a and 400b, respectively) is for illustration purposes
only and may include 10 none, some, or all of the illustrated graphical

welememissas well as additional management elements not shewkzoos/0123509
FIGURE 5 illustrates one embodiment of cluster management engine 130,
shown here as engine 500, in accordance with system 100. hi this
embodiment, cluster management engine 500 includes a plurality of
sub-modules or components: physical 15 manager 505, virtual manager
510, job scheduler 515, and local memory or variables 520. Physical

mmag@g_eoﬁ%@ﬁmh : &@I’éhé\ff@ﬁaal ® ﬂ@f@mﬁgmw&ré@,mmmeso&a@?%am@a@@ 115
etermine the physical health of variqus, no and effectjvel .
O E 0 B PRSI G R B e vt
minayet Sethisydatar olgHiciepthsedgterminsianihab spand dmnede 15

failures, |n one_ embodiment, physical managet 505.is 20 communicabhl

our et ST SRR T G (0 SRR, o
scheidabechbaboddzaients ¥BXpaltmt-awrtconadninichat proeasephysictd of the
Sngﬁ’[;p %&&QS,QQW%‘? M&@Ef@ ANAGEL AR DRERHHI D etermine an

operable to communicate alertsto a system administrator at client 120 via

ophEryBrict oBacyirdR At Harfer Batiow Aha) aunakes qerdenprhipghedcprocessors,

pr@%@?%%@gééﬁ@]?féﬁ%@)ﬁﬂe%?, nagyRag Pikﬁi{éﬁﬁtﬁiﬂsiﬁ@i_&f,o @;Iﬁpl a_slaefﬁggiq@al other
state or noaes . Generg y,,thua manager INKS a logical | ,
WOy SBREORISE not S REBRRES h%}tﬁlé%afag 5 HsEEe ié?%&é}ea’hymﬁ‘*

m@@@@ﬁﬁeiinksméﬁmmhmmagﬁmﬁlﬁmy geﬂ&raﬁesviﬁn@lﬁluﬁbrm%@eanﬁm to
d g Vg]rllc())cua% C&Ja ngecset%%]%?%ucnluas tgerﬁ 2112 Qﬁ%ﬁhc gss&] rgf&onﬁ%st% amic
Syt j P

fbde fafufe OF 2 (SystEM oF User) Tequest for increase processing.
alldimtiah nsavagepBlediayoaiSoveoimalticatenhdB0 statumofirtats dusrdedge

ol SHE é‘%@fiﬁﬁ;‘&‘}%&%ﬂh"%@ Lz, ta.ab 560 gz%%é, A2 ealle 220, Job

§
ynamic backfilling of unexecuted, or queued, HPC processes and jobs

schebileritdal Wolgobsfl Bed6 P TyReBus AFEssYen Pf Rthdgerisael parallel
pRYfurthesdaterming thesermpalibilityiel iabylR0 WithpartieHIapIRERs 524 on

115 and communicate this information to job scheduler 515. In certain

selsBtSARERRE g IR EQRISBE B 5REIRE BX BBjéetrepresenting an
individhusieyirtualkghistar 228in€astersnanagementiefginechéfhiaay BWsanay be

fuilzt]k(fel:g%%é‘zoa%lgct%eggrlﬁ)rmﬁlgfﬁ%?e%t check-pointing. Restart dumps typically comprise
over seventy-five percent of data written to disk. This IO is often done so that processing
is not lost to a platform failure. Based on this, a file system’s I/O can be segregated into
two portions: productive /O and defensive I/O. Productive IO is the writing of data that
the user calis for to do science such as, for example, visualization dumps, traces of key
physics variables over time, and others. Defensive /O is performed to manage a large
simulation ron over a substantial period of time. Accordingly, increased VO bandwidth
greatly reduces the time and risk involved in check-pointing.

Returning to engine 500, local memory 520 comprises logical descriptions (or data
structures) of a plurality of features of system 100. Local memory 520 may be stored in
any physical or logical data storage operable to be defined, processed, or retrieved by
compatible code. For example, local memory 520 may comprise one or more eXiensible
Markup Language (XML) tables or documents, The various elements may be described in
terms of SQL statements or scripts, Virtual Storage Access Method (VSAM) files, flat
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5 scheduler sub-module 515 is a topology-aware module that processes
aspects of the system's resources, as well with the processors and the
time allocations, to determine an optimum job space 230 and time.
wBactarsiébat are often considered include processors, processess2065/012599

memory, interconnects, disks, visualization engines, and others. In other
words, job scheduler 515 typically interacts with GUI 126 to receive jobs
150, physical 10 manager 505 to engure the health of various nodes 115,
and virtual manager 510 to .dynamically allocate job space 230 within a
certain virtual cluster 220. This dynamic allocation is accomplished

ﬁw@;@u@hy\w@ﬂseelg@ﬁ&hmmatmd ficerparatesinowledgé-valitbeCSV) files.
cu olo r|d 1 O hen a riate, virt r 220.

t S B AP ke SR SRR S VR Sy other

su'ﬁelpialcmmjspacauel 1D progeamsy szshawle}ss TSshostc: glbuabtpvifebiway files

std MRl %R%Uilgg %gl a%s§%l ling:angrexgeiting viasious RRRIBMS. while

presente uster ma agement engine 500, such as through

ilysbatedes m@ﬂmﬂﬁ%ﬁﬁ@nﬁj?@feﬁéﬁérﬁb@ o Mm@@fﬁ'&ué%@ may be. internal

or HREKPURLNG BEiat dimrsdynipally spMBLigssquer seventy-five
percent of data written to disk. This UO is often_done so that processing

20 istHBtIBSEH A hTReBRRY Al iaciBdrsrnsrdidish Hé syerahnish i aope fle
szs@g@@@t%wm4mmuﬁmu@r@mcm M&Wdcﬁ@f@t@ﬁﬁt@dlj%sal memory 520

Produyctive the ritin that .t e erc IIs ienc
g e O AP R L B A0 JARIBae R Ry depegrine
frauehdi mepanﬂtbthéml@efenﬁeﬁﬁfﬁhg@én&ﬂhu&ﬁ&e&nﬁna«g&a tarppcal list 521
simulatio ubst
o R S Eeaee 2 MRSt AL c o Gl e 15
Photsingk- b@urﬂ%gmmeﬁaﬁrrﬁri@wb@@mem@ ﬁﬁéelwm?y%m@@ﬁ%ﬁﬁslﬁaﬁ one

relQUCALARSE AUONS QU dAlde S&se %eém%@omymm&@%e% Qlpvatemdde,”
100. Local memory 520 may. be store in an%;]ﬂé#/}@lcal or logical data

" ag A pe BN D PHERHERE: prode Yed BFO6HEtible Physical
lo6RR ’F%ﬁegmlﬂ;d@@@ha@emow@a&aﬂey BOMNrise @i obIorest sach record

eXtensible 30 Markup Lapguage XML or.docume ts Thev rious
OETEHHE TN B Bl B Sl R B LEARe, G e
reSintags gmmmmml(&&sampﬂmtm \MCh 2008511 ©6696¢, virtual list 522.

PO TRAREAOROIS59R JRlige & }gg d@%;% flies: BIHGYP MER 98 A8 ormation

files, or comma- separa ed-value
about node 115, Virtual list 522 may be a mu}t1~d1men310na1 data structure that includes at

least one record per node 115. For example, the virtual record may inciude fields such as
“nods,” “availability,” “job,” “virtwal cluster,” “secondary node,” “logical location,”
“compatibility,” and others. It will be understood that each record may include none,
some, or all of the example fieids. In one embodiment, the virtual record may include a
link to another table such as, for example, group file 523.

Group file 523 comprises one or more tables or records operable to store user
group and security information, such as access control lists (or ACLs). For example, each
group record may inciude a list of available services, nodes 115, or jo’es for a user. Each
logical group may be associated with a business group or unit, a department, a project, a
security group, or any other collection of one or more users that are able fo submit jobs
150 or administer at least part of system 100. Based on this information, cluster

management engine 500 may determine if the user submitting job 150 is a valid user and,
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It will be understood that each element may comprise a variable, table, or
any other suitable data structure. Local memory 520 may also comprise a
plurality of tables or files stored on one server 102 or across a plurality of
weervevsoessaodes. Moreover, while 5 illustrated as residing ingigeemging 2599
500, some or all of local memory 520 may be internal or external without
departing from the scope of this disclosure. lllustrated local memory 520
includes physical list 521, virtual list 382, group file 523, policy table 524,
and job queue 525. But, while not illustrated, local memory 520 may
include other data structures, including a job table and audit log, without
if gepastingiidiondhetscofe pbthiedisclnsieatiRetyroinodbléhi Hlustyadedoiate

tructures, physical list 521 is rable to store identifying and physjgal
o hBG U IO AT B Cagb T16 Cra N SO ey B Lo o
nodwstiesidensichal o ataismlntgrethat dechates Ehilealbvnesadcgroupep have an
infl088A o6 %%%igyyés’m&amé%é&g "fMayJagiude fields ch@gescrived

node,” “aval " "processor utilization,” "memory utilization,’
aburegn g athaee” apthysineart vigtatichste e ssey sodiRagis aghdpay change
acOiRErS # walRewndersiordithabsaghigcord may include none, some, or

all of the example fields. In one embodiment, the Ehysical record ma .

provi I8 EHRIg AP AFOMRE TBIESRIRACHS; 1o BRARpHRAGRIpafidet policy
tafiid2s Mirtwal Botio 2isopetable tecsiareclopicalablviridabppeagemefolicy 524

information about node 115. Virtual list 522 may be.a multj-dimensignal .
e B TR PR TR s A28 TBSE: SRR Py hode 1 Fp o v
cheskemn ). th& adreabrglepnebiivags e deafieldsisde hrap tmoder' of parameters or

"availability, "job.: *virtual ¢ " - "logical Jogation,}
LU SR TR0
shimelotieofohél womaebelaitor B axdsysie fields. In one embodiment, the

virtugregord-may includeia SRk 1o anptherdable U a3 sI0LRXRMPISecution.
GgrouE file’'523. 25 Group file 523 comprises one or more tables or records

BleAHs ore- U SBPRSISRIp HH LR 0 ROPHAGN: SUCh 48 achedde amay,

dagantioklists (RrdGle) afrdy, example L ach ngreby (Beondimayeiaslufdeaslisso or

1Fe{;_)?f{avallzilble seryices, nodes 115, oréo%ssfor a usfeé. Ea{:h ’!:P% a{l} go

ST & BISHELE Grohip BN ULDATMO 3 BrOREL™ of

quauseSnfifymatto egshoqany 6fierssolimotibw v ome of thenreisersithad afesters 220
blegtgmf; it jobs 30 150 or administer at least part of system 100.
on this information, cluster management engine 500 may
deterdmins Frsifarpsuivntiigseb I Eoasta e figise p ghaeceives job 150, made

up of N tasks which cooperatively solve a problem by performing calculations and
exchanging information. Cluster management engine 500 allocates N nodes 115 and
assigns each of the N tasks to one particular node 515 using any suitable technique,
thereby allowing the problem to be solved efficiently. For example, cluster management
engine 500 may utilize job parameters, such as job task placement strategy, supplied by
the user, Regardless, cluster management engine 500 attempts to exploit the architecture
of server 102, which in turn provides the quicker turmmaround for the user and likely
improves the overal! throughput for system 100.

In one embodiment, cluster management engine 500 then selects and allocates
nodes 115 according to any of the following example topologies:

Specified 2D (x,¥) or 3D (x,y.z) - Nodes 115 are allocated and tasks may be

ordered in the specified dimensions, thereby preserving efficient neighbor to neighbor



10

i5

20

25

30

WO 2005/106696 PCT/US2005/012599 19 if so, the optimum parameters

for job execution. Further, group table 523 may associate each user

group with a virtual cluster 220 or with one or more physical nodes 115,
wsuphasepades residing within a particular group's domain. Phis@llows 2500

each group to have an individual processing space without competing for

resources. However, as described 5 above, the shape and size of virtual

cluster 220 may be dynamic and mayghange according to needs, time,

or any other parameter. Policy table 524 includes one or more policies. It

will be understood that policy table 524 and policy 524 may be used
cotntatehargeablyhas psfydiadpoBglichbddegenetaibstergsiracessinge it is

an nagement information.about jobs 150 and/qy virtual 10 clusters .
o e B BB P IS B e B e e
thy aabéesing liadha gppriobl 640 size;oprobiscnia frtpen fimesiotscigh®demption, For
exﬁ&%ﬁ% gllagated, S0316.07RQd8 31> QLA ?ﬂf%‘?ﬁ B BRGHG'RPa cube.

qu jobs 15 g

ué 525'represents one or more streams o awaitin

Fog hsstrié wuresaerally aberaties2se dmprydedanyiaitdinernaeassag clisrussed in
FI@!@@@%@),WERE;%E@M@&%%@%%%‘B@ & ROUHES AR S AIRIRY Cluster

any number (including zero) of jobs 150 or reference thereto. There may.
MRS ERRCRLERENS2H A BT BRI BRFA GRS SPitiediBenginsabshgps in any
orwithigach Epieue b3k assnciatesbwithagne: of thexdnigu i rthal SIISIBES physical
20 within grid 110. In one aspect of operation, cluster management
R ﬁ@?ﬁ& BHOrec ?%S%% 150, made 20 up of N tasks which cooperatively
solve a problem by performing calculations and exchanging information.

Cl i te q 5 and T .
cach e 1 e e e e 100 T e R 3% o urie

volsermiqudiisttiepelgaliedinienthe prodisniebshd HbleBavafiicierrlermigng tasks to
xBKANBP|8atE USIENADAIE RN RNEINERPAMRY HINZEI0RRABNSIE Bvo nodes

such as job task placement strategy, supplied by 25 the user. Regardless,
Hester management engine 500 attempts to exploit the architecture of
server 102, which in turn provides the quicker turnaround for the user and
likely_ improves, the overall throughput for system 100, In one )
embBAThETR, Rter roAREA AP IR GHh BBIN SUIETHE AL ads i @
spherical volume. For example, the first task may be placed in the center node 115 of the
sphere with the rest of the tasks placed on nodes 115 surrounding the center node 115, E
will be understood that the placement order of the remaining tasks is not typically critical.
This topology may mintmize the distance between the first task and all other tasks. This
efficiently handles a large class of problems where tasks 2 - N communicate with the first

task, but not with each other.

Random - ciuster management engine 500 aliocates N nodes 115 with reduced
consideration for where nodes 115 are logically or physically located. In one embodiment,
this topology encourages aggressive use of grid 110 for backfilling purposes, with little
impact to other jobs 150. '

It will be understood that the prior topologies and accompanying description are
for illustration purposes only and may not depict actual topologies used or techniques for

allocating such topologies.
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nodes 115 according to any of the following example topologies: 30

Specified 2D (x,y) or 3D (x,y,z) - Nodes 115 are allocated and tasks may

be ordered in the specified dimensions, thereby preserving efficient
woeisbosds neighbor WO 2005/106696 PCT/US2005/0125%F TAR2005/012599

communication. The specified topology manages a variety of jobs 150

where itis desirable that the physical communication topology match the

problem topology allowing the coopeérating tasks of job 150 to

communicate frequently with neighbor tasks. For example, a request of 8

tasks in a 2x2x2 dimension (2, 2, 2) will be allocated in a cube. 5 For

best@tysisrposess @Bz lomitio FE arbartiidtid adbleenSalirmeisbiontotes as a job
150 eHaRER RUEURE 2D PUERERY Uk SIEIOLN O WARIIR-RPIOBARY is =

munications. Cluster management engine 500 may be free to

megideatertie hqswertictl #ithenSibitaISHERSENR BAY JWREPRENEN. HeTExamsrement
en@ine 388 QX IM AR BiPsaiRthWiIRIN theRYalable: Bhy sigaksaadask (or process)

vertically or horizontally 10 Best Fi CUQ%;E?_ cluster management eri%me

Plegsmaiotase Mot a8alF 2oe SRS RpERSRPaticidnry i the
opianiesieley AR dlawisignpopemating:tasks: toalexcngeptatawiplueing nodes

ther tasks by minimizing, the distance between two nodes, ,115. .15
PR B L ke e e e O E T e R e 415 10
haindee Hphericabvollimpécabor éxamimmhé firstgisiskomaypdicopkavdd mithgisirative
poﬁg§5££%c§%§ %&n?ce%@meogﬁh ﬂ?%ﬁ&?%&’fgﬁf&%ﬁﬁ%&%ﬁﬁ%f’&&%@@ﬁs 150

surrounding the center node 115. It will bé understood that the

ang|aessarenthsrigbribropsbpehvaiiirg 1a8RE:i$Wot typically critical. 20 This
topolegy MaeaiBinmZehe.d iéﬁﬁngﬁc&ﬁ?’é@ﬁﬂ %%&fﬁfﬁtﬁﬁk &l gthelermplary
ass 0

tasks. This efficiently handles a large.c groblems where tasks 2-N |

Rk AEAT H0RITHAE RO tHERIBHEHBEMAF Ba PG TR ARfRA A RSt 110
@ ERILSVENHENGIRE TUO aloratesyBgdestibiwitintesiced 128 contemplates
RSO i Te e 15 i ol ok AR OBt i
thickfilinghpurgosathmyith Mile, these software modules may include any suitable
combination and arrangement of elements for effectively managing nodes 115 and jobs
150. Moreover, the opémtions of the vartous illusirated modules may be combined and/or
separated as appropriate.

FIGURE 6 is a flowchart illustrating an example method 600 for dynamically
processing 2 job submission in accordance with one embodiment of the present disclosure,

Generally, FIGURE 6 describes method 600, which receives a batch job submission,

dynamically allocates nodes 115 into a job space 230 based on the job parameters and

 associated policies 524, and executes job 150 using the allocated space. The following

description focuses on the operation of cluster management module 130 in performing
method 600. But system 100 contemplates using any appropriate combination and
arrangement of logical elements implementing some or all of the described functionality,
so long as the functionality remains appropriate.

Method 600 begins at step 605, where HPC server 102 receives job submission
150 from a user. As described above, in one embodiment the user may submit job 150
using client 120. In another embodiment, the user may subimit job 150 directly using HPC

server 102. Next, at step 610, cluster management engine 130 selects group 523 based
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impact to other jobs 150. It will be understood that the prior topologies and

accompanying description are 30 for illustration purposes only and may

not depict actual topologies used or techniques for allocating such
wippokgiess WO 2005/106696 PCT/US2005/012599 21 CluBtErUS2005/012599

management engine 500 may utilize a placement weight, stored as a job

150 parameter or policy 524 parameter. In one embodiment, the

placement weight is a modifier valuepetween 0 and 1, which represents

how aggressively cluster management engine 500 should attempt to

place nodes 115 according to the requested task (or process) 5 placement
upSrI]{Qlﬁgyse}cD thiscexampie; & velif:0f Ouepresenigspieaing: padds$d tooplye the

the optimum strategy (or dirx i IS POSSI aval f1
USEE Y Sr%OBPag?ﬁasgé %%‘gl?gﬁr%% )i%§§ v ?ngnaggsi%hg}geggeugﬁ%atg gd that
chisee onotbherwiscagiaialile mosesd 45 tepirandisetivecrety dethriigpicallyerify the
usEC BRSPS AelAN dPeR A0S Y IR ANMUNSHAN € ARUFES REAANED if the

as resource reservation, r fo prevent starvation of large jobs 150
us¢Ohandqsrssdpvierisqutsid sagtiput BrPOsiRecHIItedTTE e cadingsname,

cHilpSURLIR ARG ACEAMP BAY NgLEle SeHRNoN eV IS an QyerRIaryy Qe avirual
diagram for engine 500 implementing logical schemes for managing .
Autod aRs in e

cliped Irideniimsrnd HRsATd BRI I RRISR
eveystam: 108 eentomplalesctising anyisiskablekerabinatigand engine 130 may

arrangement of logical elements_for implementing, 15 these and.other
o RS SHACAS L S Ty ik dE g o ebove
Neamginatio 2 dhran gemeyohelengentsi Sl effdctivelyoianidgigasodien the

subig:and Jgpsog%d.v'orﬁoxe& %%8@1%(%5‘&9”&&@&!‘%@@@&&&!%’%{ d 130 may
modties may be comblnednan or separated as appropriate. FIGURE 6 is

deeftoincHthret it anlexafifiatmsissd cothfcheyamickiy>oor any other
apRIOGRSRING:80D SWRISSIQN] dansewiti enesmbedingst of theherwise
present disclosure. Generally, FIGURE 6 describes method 600, which
cefaiiive a BEERP IOt SUBTHILIOF: a9 iarhidAIT LAGCREE TR A 184 AR Priee
dilebnsRase230ihased anihe phiparameters:andy astacaipdpbliciearaddier or
SRS Siequerioh 50 o i aloesiedspese, Top Blanne, Seecnioh.
jopesfatmiERy) (or subset of nodes 115) within virtual cluster 220. After the initial
parameters have been established, cluster management 130 attempts to execute job 150 on
HPC server 102 in steps 635 through 663,

At decisional step 635, cluster management engine 130 determines if there are
enough available nodss to allocate the desired job space 230, using the parameters already
established. If there are not enough nodes 113, then cluster management engine 130
determines the earliest available subset 230 of nodes 115 in virtual cluster 220 at step 640.
Then, cluster management engine 130 adds job 150 to job queue 125 until the subset 230
is available at step 645. Processing then returns to decisional step 635. Once there are
enough nodes 115 available, then cluster management engine 130 dynamically determines
the optimum subset 230 from available nodes 115 at step 650. It will be understood that
the optimum subset 230 may be determined using any appropriate criteria, including
fastest processing time, most reliable nodes 115, physical or virtual locations, or first

available nodes 115. At step 655, cluster management engine 130 selects the determined

subset 230 from the selected virtual cluster 220. Next, at step 660, cluster management
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25 method 600. But system 100 contemplates using any appropriate

combination and arrangement of logical elements implementing some or

all of the described functionality, so long as the functionality remains
wapospoiate. Method 600 begins at step 605, where HPC sergayildd@s/012599

receives job submission 150 from a user. As described above, in one

embodiment the user may submit job 150 30 using client 120. In another

embodiment, the user may submit jofz150 directly using HPC server 102.

Next, at step 610, cluster management engine 130 selects group 523

based WO 2005/106696 PCT1US20051012599 22 upon the user. Once
enfiie user if venifietheChatieemangamefbenginesti3degnipasektid udsetd@30.

the group access control list (ACL) at step 615. But jt,will be undersiqo
AHHTRR BreP e ROEE: See oy sy D Or AR S s of
noties i firevicwa rifydihBstUEEr fiBasSthalpontedidmimibdaiedlip &Ry, sipstes30 has

be&%ﬁ%%%%%@e%%%&gi%%&%Eﬂlﬁﬁ%rﬁé&@eﬁglﬂz?@_'iﬂ?‘%g%%ﬁ%’é%ﬂ 188 4t step 665

req on the requested service and hostname, cluster
usigiagdioratedempierebe sl Sl Beed WML RAidte M PP RIRB R 25 AT fsica Other

sul¥ifal £sten-220 may beidentifiad andallocatednrinkitdie sHERYSSIONmay
of job 150. But, in the event virtual cluster 220 has not been est bllshegfg,
CORRISYEFHTaPTABRITE S PSR 13D FRISatRB ﬁ%f%ﬁ@%u&%&&ﬁﬁg%‘r Cf§Be 160
mR 2 YsiRgayaal thesechnigeswdesed@dlaimsve. 10 Next, at step 625,
cluster m ement.engine 130 retrieves policy 524 bas e A
B b 4 S A LA SRS (RS aGer 0o dymgnicall
badidfllingys detesinthestre22p grogritati! poticscbedi mssovidiechwithnbedimser, of the
job 150, or any ‘ rigte,criferia. ; ' .
B e ey Mo
virsteh @@0en A4 Betemuaiesdbe trbie apfproptiie 1S Wimidisnyimdpe space,
anlEHARHEO R, IR DRIGHT, CIPRYRINRLARREORSIRLE PAIARABIRNAE description

characteristic. As described above, these dimensions are used to .
willefRsihiore e BERHOP Rt EUTOF SHRee Bt Grtitiede i Berder iy itmpthod:
Buirteiakalystae 226vibdenthecinitials pasameiersdaaxepiaen establisheghpropriate
coGtet manegement 130 atept 1o sxeele ob 20 08 HEG SeveniQg v,

ecisiona stgepl) Ercttister management
deeniffing fh3Cidesdtmines if there are enough available nodes to allocate the

desirﬁ%%% S%%e%%%’atﬂss!&g %,p@f%%eéﬂﬁélﬁé%eznent engine 130 sorts job
queue 525. In the illustrated embodiment, cluster management engine 130 sorts the queue
525 based on the priority of jobs 150 stored in the quene 525. But it will be understood
that cluster management engine 130 may sort guene 525 using any suitable characteristic
such that the appropriate or optimal job 150 will be executed. Next, at step 710, cluster
management engine 130 determines the number of available nodes 115 in ome of the
virtual closters 220. Of course, cluster management engine 130 may aiso determine the
number of available nodes 115 in grid 110 or in any one or more of virtual clusters 220.
At step 715, cluster management engine 130 selects first job 150 from sorted job queue
525, Next, cluster menagement engine 130 dynamically determines the optimum shape
(or other dimensions) of selected job 150 at 720. Once the optimum shepe or dimension
of selected job 150 is determined, then cluster management engine 130 determines if'it can

backfill job 150 in the appropriate virtual cluster 220 in steps 725 through 745.
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established. If there are not enough nodes 115, then cluster management

engine 130 determines the earliest available subset 230 of nodes 115 in

virtual cluster 220 at step 640. Then, cluster management engine 130
waddesjolse2b0 to job queue 125 until the subset 230 25 is availaliiezat#tes99

645. Processing then returns to decisional step 635. Once there are

enough nodes 115 available, then cluster management engine 130

dynamically determines the optimuntsubset 230 from available nodes

115 at step 650. It will be understood that the optimum subset 230 may

be determined using any appropriate criteria, including fastest processing

time Amdstiraliabletaw das, 1dbstphysicag onsiitwaglocatidhsewrdirse3( there are

endl i'%Qh%sn?Pfdav%agmé\ttg?ggﬁfe6s%?eﬁgéea§§; [3anaoaen enPINe] 30, 8818C1R des

determined subse romt : ected virt ‘ uster 220. Next, at
11516he6 60 s I charrgemesave 2005 1666b6RumribSEbos/G1REg 115 for

thé g‘?ﬁaﬁ&i@ &30 alpnaiesihe.seissied t@&ﬂﬁ%\@ SfRrdeR b0 usifg:thnagement

selected subset 230.” Accor ingité)?one embodiment, cluster management
en@GIAROLTO S NGB Ao G BLI B iR GiEURB: B2
miramupalissatedidocalieaatenthOnes stibset280818andeeanvirtual cluster 220,

appropriately allocated, cluster management engine 130 executes job 150
Ao B8 % e SRR o B0, BRRSBEr b e TO P B o 15
Oreirievadpblich &deandtahootiiehesuitetiepaeametersddd any for selected job

opriate time, cluster mana nt engjne 130 ma unicate Qr
R e R L RO T TR A B GIEA0Y cvene
52naybefoittated arine mese e thetapefila GUVIREe RIGIIREOT e while
ill%&ﬂ%ﬁagg 'Jil l1'§5ﬁtgilgs%9 &5 et 4. 700 f&%?m@;‘aéhéc&&, and terminate

ackfilling a virtual cluster 220 in grid 110 in accordance with one

the rpedka At eTred fraseliodi ey MPEORIHISTRF: method 700
descripesdeterpining Aalabiespace:inn vitualtiustenhd2 Rodeter ainingically
the optimum job 150 that.is compatible with the space, and execufing the

R RO BB O SR Il LD BT SR RS EPBRORgHIo! (2o

prigamsdtihereperatiorhigfhclestsr manaySiledesadbks eldidfrmperihaminge 115

is method. But, .as with.the previous flowchart, system.100, . .

o e R S S Racing fhe fled

nodgitaf eldthentstmplernentity SémeGreafbbbiszdéssritidrfuridtidhetityon the

opgéﬁrigs&i% 0RDeging Alsten: 70RMENE FUSe MARAASMEM NN, 13%ith the
previousj flowcharts, system 100 contemplates using any appropriate combination and

2 cluster

arrangement of logical elements implementing some or all of the described functionality.
Method 800 begins at step 805, where cluster management engine 130 detenmines
that node 115 has failed. As described above, cluster management engine 130 may
determine that node 115 has failed using any suitable techmique. For example, cluster
management engine 130 may pull nodes 113 (or agents 132) at various times and may
determine that node 115 has failed based upon the lack of a response fiom node 115, In
another example, agent 132 existing or node 115 may communicate a “heartbeat” and the
lack of this “heartbeat” may indicate node 115 failure. Next, at step 810, cluster
management engine 130 removes the failed node 115 from virfual cluster 220. In one
embodiment, cluster management engine 130 may change the status of node 115 in virtual
list 522 from “allocated” to “failed”. Cluster management engine 130 then determines if a

job 150 is associated with failed node 115 at decisional step 815, If there is no job 150
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queue 525. In the illustrated embodiment, cluster management engine

130 sorts the queue 20 525 based on the priority of jobs 150 stored in the

queue 525. But it will be understood that cluster management engine 130
wihagesossapaeue 525 using any suitable characteristic such thattlheoes/o12599

appropriate or optimal job 150 will be executed. Next, at step 710, cluster

management engine 130 determines the number of available nodes 115

in one of the virtual clusters 220. Of ggurse, cluster management engine

130 may also determine the 25 number of available nodes 115 in grid 110

or in any one or more of virtual clusters 220. At step 715, cluster
asEoaiagemenhengines, 1dem ploctssiiigtdads 1 Ssfdwmtsesteshink, quatie Rdbessing
i clustor management snoing, 136 dynamically determines the pe +

optimum shape %%r other dlmensmn% of seli%%’teajo 8o & 720" Ofés © =
adthexptito raustapeceli vlidwesior of splectectiv s id Seteramipedhehemitable
prESIRMABIAGMANL SO0MSOL IR GRITGS Ul £10s 30 0RGHH 1RBGR Buster

e appropriate virtual cluster 220 in steps 725 through 745.

MIGEEMOGEYSICIHY SZews103 2489 npdaatidécistonalstapithobe drisiSO at step
gomanagenen.enaineflgdaieimningsif these argo NAULR 79985 WiSppropriate

available for the selected job 150. If there are enough available nodes
nof$5 1 {Rert o StRPLISC RITSIIP fAHAREh IR e P PR &aljob command
orallecaies podesdiogaitdhrasirpieddomd SORISIBg, anYRPPEONAEHER30, cluster

technique. For example, cluster mana ent .5 engine 130 use the
oGRS L It FIEORE Bt S1BS FaBheterss For Stample,
clusien agmeryent en gins 303k calguthtegthbenuanoe pHhadailabfeinodesaintist 522

virtu tar 220 p7 lyster management engine 13 ecutes.
R LB, (Db S PSR 0 O Bt
nogrsré Mete Abreisdugienobittel 15 eEaaiwttertjob 1BS0tithaisdleistesrecute the

ol pRAgeRenLeRaing 430 selgrishe nexkinkil 8in the sorted job queue
10 525 at stgg 745 and processing returns to step 720. It will be

undefdtsisa fiar fRMST MShstarH<agBsp 3Austervranalismed Bxgnsemeters
foaaﬁhrﬁignédgg@tgsoezﬁwﬁesgﬂd (ﬁ_ﬂﬂhﬂgﬁlﬁéﬁgerﬁ%sﬁbew fi ﬁausﬂ%taikéammes the
metho ny appropriate time Is aflo rt iljustrating .
PTRHATE ARG 1ot i AATTLT PR R Lo T G50 B Treved
pahegrif2216nid decgotlapemnvithrane @mbodiimeritsof tht) 1 prekent 15 has been
' t a hi 00, ' inj t nod
T e PTG HIE LI 30 of

noégslddihgithiefaiiéd For example, cluster management engine 130 may change the
status of nodes 115 in virtual hist 522 from “unallocated” to “allocated”, It will be

understood that this subset of nodes 115 may be different from the original subset of nodes
that job 150 was executing on. For example, cluster management engine 130 may
determine that a different subset of nodes is optimal because of the node fajlure that
prompted this execution. In another example, cluster management engine 130 may have
determined that & secondary node 115 was operable to replace the failed node 115 and the
new subset 230 is substantially similar to the old job space 230. Once the allocated subset
230 has been determined and allocated, then cluster management engine 130 executes job
150 at step 850.

The preceding flowcharts and accompanying description illustraie exemplary
methods 600, 700, and 800. In short, system 100 contemplates using any suitable

technique for performing these and other tasks. Accordingly, many of the steps in this



node 115 with a secondary node 115. The following description will focus

on the operation of cluster management module 130 in performing this

method. But, as with the previous flowcharts, system 100 contemplates
washagsamssppropriate combination and 20 arrangement of legivakzo05/012599

elements implementing some or all of the described functionality. Method

800 begins at step 805, where cluster management engine 130

determines that node 115 has failed.»4s described above, cluster

management engine 130 may determine that node 115 has failed using

any suitable technique. For example, cluster management engine 130
fidnaypuiagdesd IBer aganimicdiptarioustinesend fh@ys2%an as shown.

determine that node 115 has failed based u the lack of a response
MBS R TRE. 1o hel &R DRS g TSRS REBh Eer TE ragpdr
differannsiicate dotigearibeattiantt temalaclyebitisitheartbeat” may indicate

node 115 failure, Next. at ste 0, gl r_ma t [ 3

romoaHE s SRR e R O L s and
ceokerstir msspragiemerstimdgingttatienayzeh aregautitionatas dfeaodabadiments and

m¥R S8R a2Ad00m, alecaleded, faled - g@a&{e{n@?,nmg%mat&m&%on of

130 then determines if a job 150 is associated with failed node 115 at

exgemliopaPelin|ls dehar i€5ionm sorger D dhis/ figsbypre.  Other changes,
subStiki2 00510425992 Bra ssRCRiachwithinededb) s R RFOGESHIE and scope
ends, As described above, before processing ends, cluster management
ot ht5i A998 Fray communicate an error message to an administrator,
automatically determine a replacement node 115, or any other suitable
processing. If there is a job 150 associated with the failed node 115, then
the cluster 5 management engine 130 determines other nodes 115
associated with the job 150 at step 820. Next, at step 825, cluster
management engine 130 kills job 150 on all appropriate nodes 115. For
example, cluster management engine 130 may execute a kill j ob
command or use any other appropriate technique to end job 150. Next, at
step 830, cluster management engine 130 de-allocates nodes 115 using
virtual list 522. For example, 10 cluster management engine 130 may
change the status of nodes 115 in virtual list 522 from "allocated" to
"available". Once the job has been terminated and all appropriate nodes
115 de-allocated, then cluster management engine 130 attempts to
re-execute the job 150 using available nodes 115 in steps 835 through
850.
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At step 835, cluster management engine 130 retrieves policy 524 and
parameters 15 for the killed job 150 at step 835. Cluster management
engine 130 then determines the optimum subset 230 of nodes 115 in
waitesloksster 220, at step 840, based on the retrieved poliec52%ans ot
job parameters. Once the subset 230 of nodes 115 has been determined,
then cluster management engine 130 dynamically allocates the subset
230 of nodes 115 at step 845. For example, cluster management engine
130 may change the 20 status of nodes 115 in virtual list 522 from
"unallocated"” to "allocated". It will be understood that this subset of nodes
wiikormRaybe iffgsgrt from the original subset of nodes that job 150 was

execyting o ;ifor X le, cluster man gea nt engine 130 may

deterirjnine %?f?é%%% ﬁ%sﬁg}%?{htgﬁe?s IS (fp ?r‘r%a JeRALISE of the node

failurerthéteseemipted this execution. In another example, cluster

manaqemant anging, 1 30,08y HANE. AR e LGN A A AL GR AR RHR ar

115 ﬁ%@”&%&% %énFe% ce% the%ipe% n’o%ée 115 aﬁldéta%re new subset 230
anis substantially similar to the old job space 230. Once the allocated subset

230 Q@S}&%@Wﬁ@te‘g{@é@&@@ng%@m@t% henglusier managameatiengf@ssor
130 executes job 150 at step 850. The preceding flowcharts and

coppERBGHRNY fttRled i Bion REStFA T e Al AR e BB et S0 Y88 dand

800. In short, system 100 contemplates using any suitable technique for

performing these and athey tasks. Accordingly, many of the steps in this .

IO 3005118658 P ERF Coigtnch SEGPEESTR AR [ e swite
theinphltaHesLShuandl eddnieiffidten). 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. Although this
discl8sure Has bBShmdsorisdaiin fered areeisnh Bifsodimpledtanes Bitegrated

S&&%ﬁ}gﬂ}{ﬁg%ﬁ%&%@%%ﬁ@gm and permutations of these
embodi

iments and methods will be apparent to those skilled in the art.
Accordingly, the above description of example embodiments does not

defing or congiraindhisglissfasise, Othies ehargas: substithiiens, angbled via a
alterations arii Iso possible without departing from the spirit and scope of
HYRR 408%™ vo 2005/106696 PCT/US2005/012599

=

5. The HPC node of Claim 1, each processor communicably coupled to the

integrated switch through a North Bridge.

6. The HPC node of Claim 1, the integrated switch operable to communicate
/O messages at a bandwidth substantially similar to power of the processors.
7. The HPC node of Claim 1, the integrated switch comprising an Infiniband

switch.

8. The HPC node of Claim 1, the integrated switch operable to:
communicate a first message from a first of the two or more processors; and
communicate a second message from a second of the two or more processors, the

first and second message communicated in parallel.



10

20

23

30

27 WHAT IS CLAIMED IS: 1. A High Performance Computing (HPC)

node comprising: a motherboard; a switch comprising eight or more ports,

the switch integrated on the motherboard; 5 and at least two processors
wopmrahledasexecute an HPC job, each processor communieatiysouptadses

to the integrated switch and integrated on the motherboard. 2. The HPC

node of Claim 1, each processor coupled to the integrated switch 10

through a Host Channel Adapter (HCA). 3. The HPC node of Claim 2,

each processor further coupled to the integrated switch through a Hyper

Transport/PCI bridge. 15 4. The HPC node of Claim 1, the processors

communicallyigauplethmianertyRapitianspetlinkseml badpRénpadgiaflity of
. Claim 1, each processor communicably coupled to the integrated switch
mtﬁ{FSBﬁ‘?f’*é?cﬁ%ﬁﬁ Bifoe r@%ﬁgwg'%de of Claim 1, the integrated

switchnoplegialerfo communicate 1/0O messages at a bandwidth

substantially similar.to power of the processors..Z. The H ode
o SRR BRI QPG CLlE BIaC R Rnln [EH T HEHR Boerboare
an P@modd oihGlaimntcthbltnst g sutedtswishpbywetiblel mydevandunicate a

first megsage irom,alist of EHQ OT N UL PERCESSOEH@N, each processar

communicate a second message from a second of the two or more
coprpEaissbiy, sl Wrdeinrsetshiridsag sl A BB absEeats:
WO 2005/106696 PCT/US2005/012599 28 9. A High Performance

Computing (HPC) system comprising a plurality of interconnected HPC
nod uéa%ﬁ%ﬁ%%é%?&ﬂ&@%ﬁbt%m?ﬁ%ﬁ?é %1' mc;re processors on each node

coupled to the integrated switch through a Host Channel Adapter (HCA).

11.  The HPC system of Claim 10, the two or more processors on each node

further coupled to the integrated switch through a Hyper Transport/PCI bridge.

12.  The HPC system of Claim 9, the two or more processors on each node

communicably inter-coupled via a Hyper Transport link.

13.  The HPC sysiem of Claim 9, the two or more processors on each node
comumunicably coupled to the integrated switch through a North Bridge.

14.  The HPC system of Claim 9, the integrated switch of each node operable to
communicate /O messages at a bandwidth substantially similar fo power of the

PrOCessors.

15.  The HPC gystem of Claim 9, the integrated switch of each node comprising

an Infiniband switch.

16.  The HPC system of Claim 9, the plurality of HPC nodes arranged in a
topology, the topology enabled by the integrated fabric of each node.

17.  The HPC system of Claim 16, the topology comprising a hypercube,
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a switch comprising eight or more ports, the switch integrated on the

motherboard 5 and operable to interconnect at least a subset of the

plurality of nodes; and at least two processors operable to execute an
wHPE@jolee8ach processor communicably coupled to the integratest®eiicisoo

and integrated on the motherboard. 10. The HPC system of Claim 9, the

two or more processors on each node 10 coupled to the integrated switch

through a Host Channel Adapter (HCA). 11. The HPC system of Claim 10,

the two or more processors on each node further coupled to the

integrated switch through a Hyper Transport/PCI bridge. 15 12. The HPC

systers of CranPbesiwe FTINOLE 19T eEe S§iT 2 RaehiBagde folded topology.

communicably inter-coupled via a Hyper Transport link. 13. The HPC

system of Claim 9, the two or more processors on each node

comritunicdby ciiplediietheintéigrate?l swifokt thralsghfathiorhiBlidgef2bdes
int%f"do &;E'E % %ys?'etgorﬂdo zlio%ls:a;)gtgé -4 %%9 Eleo%essw &Q OzIn Cah irs];oad %ﬂird node of

operable to communicate I/O messages at a ban Width substantia y
thephitalito gfowdesotleng provdssofentts ndrecd he pysbiy of Okdnronthe Z axis,
anliegFRIaS Wi Qf 8agihAode comprising 25 an Infiniband switch. 16.

The HPC system of Claim 9, the plurality of HPC nodes arranged in a

topology, the topology enabled by the integrated fabric of each node. 30

17. The HPGsystemspftelaim dRithedonrleay:RentRIiskgeaiRese b de and
PCT/US2005/012599 29 18. The HP( tem of Claim

WQ 2005/1066 Cs
thq ! %Ofﬁepfaﬁsag SRR TGRS 15 MHE LR B9858m of
Claim 9, a first node of the plurality of nodes interconnected to a second
node,of the plurality, of nodes alo X axis, a third node of 5 the
plur?ﬁ?y of rﬁ%ﬁlé%la o%é@%l s?,na Pourl%ﬁ%baé i ﬁggplurality of nodes
alongraAdaixsz rapiiabifininode along a diagonal axis. 20. The HPC
systqﬁgeg;ag@@ &9 e connection hetween the first node and the fifth

node operablé to reduce message jumps among the plurality of nodes. 10
integrating at least two processors with the motherboard; and

coupling each processor with the integrated switch.

22. The method of Claim 21, wherein coupling each processor with the
integrated switch comprises coupling each processor io the integrated switch through a
Host Channel Adapter (HCA).

23, The method of Claim 22, wherein coupling each processor with the
integrated switch comprises coupling each processor to the infegrated switch through a

Hyper Transport/PCI bridge.

24.  The method of Claim 21, further comprising coupling the processors via a

Hyper Transport link.

25. The method of Claim 21, wherein coupling each processor with the
integrated switch comprises coupling each processor communicably to the integrated
switch through a North Bridge.



21. A method for forming an HPC node, comprising: providing a
motherboard; integrating a switch with the motherboard; integrating at
least two processors with the motherboard; and 15 coupling each
woroesasesowith the integrated switch. 22. The method of Clapaids2ofzererss
coupling each processor with the integrated switch comprises coupling
each processor to the integrated switch through a Host Channel Adapter
(HCA). 20 23. The method of Claim 2, wherein coupling each processor
with the integrated switch comprises coupling each processor to the
integrated switch through a Hyper Transport/PCI bridge. 25 24. The

methggl of Glaimmdthoudhen samprisingicriRliag M BI0RRSSRESYIdddmunicate
Hyper Trans%%qg{\k. 5. The method of Claim 21, wherein coupling each

Vi rgexesst i WW%@%. LS BRSe BoliptiiEser b cessor
communicably to the integrated 30 switch through a North Bridge. WO
2005/106696 PCT/US2005/012599 ,30.26. The method of Claim 21, the .. .
nteorated SR BRIt 6 o R AR MR SO Bt oo

svstdbstantially similar to power of the processors. 27. The method of Claim
21, the integrated switch comprising an Infiniband 5 switch.



