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HI GH PERFORMANCE COVPUTI NG SYSTEM AND METHOD TECHNI CAL
FI ELD This disclosure relates generally to the field
wohowkames9pr ocessi ng and, nore specifically, topraThisgins12599

performance conputing system and net hod. BACKGROUND OF
THE | NVENTI ON Hi gh Performance Conputing (HPC) is

of ten characterized by the cqnputlng systens used by
scientists and engi neers for ‘'nodeling, sinulating, and
anal yzi ng conpl ex physical or algorlthnlc phenonena.

Currently, HPC machines are t Eﬂcak%g desi ned usi n
numner odECHPERHQRVANCH CVB Jil GYIETHO

referred to as nodes. For nost |arge sci ent|f| c and
engi neering applications, performance is chiefly

det er m ned bﬁ parall el scalability and not the speed

TEGHN nodes; therefore, scalability is often a
I m’[thllsn QidcAish rélﬁ‘tep Ukdndiang 9)" YRR NGt U}frhc&bﬁg and, more
performance clusters.” Scalability is general

spentifiel iy ptoechitlo pbortnrened camputingrystdweand, méthgd. menor v,
I /O and comuni cation bandwidth; iii) software; iv)
architecture; and v) applications. The processing,

BABKBROURDDF THRRMMNGIONI N nost conventional HPC
environments are normal [y not well bal anced and,

t hetBgbrRerfodoanst ComantngdHPC) Narsfioapchasanierizednish the gemputing

h he 1L/O Db f
sysgf?%% gge\é tsc?eélasts ﬁe%gs g%‘? f(%arrnégﬁtlmg %mﬂ a%ﬂg,l g {y%mlg complex
phhsva &oggaﬁmmu pheesfehac O TRy, SHPGSﬂhad:HJﬁcd; arehiypieally designed

tend to dramatically reduce the systems reliability
usmgmrmﬂ NP CralwsiersioE ogR wF MHBRICSSSoRy Tehdstedplohsi gdes. For most

Iarrgg 1§tlﬁ% HRL & ng%%ﬁ %Btlcﬁﬁh}%éﬂ‘%" Bah@is %ﬁleﬂ? 'd@f%hmned bz parallel

1on 1 n orie envi ronnen
scﬂEbﬂEt;lEaﬂdl\MEl‘tHé @éeﬂ[fufSndiVﬁluhlamdes; memﬁer,walablﬂ-iltghs often a limiting

Perf or npnce Conmput | ng e co ri se
fagies WeRBloifeior alﬁgwﬁ%s%'%%h By f>1uatﬁrsn3’§6@la&blm/§s generally
cohf18&84 3 86 vatkd &if 1)%('1‘@51@0@} fﬁenﬁ)?&j 10, die&ImiWRication bandwidth;

processors operabl'e to execute an HPC job, w th each
111psm(ﬂ:w&sonv)cm¢twa,bh1}d D @pbleehtipns. t ﬁliéie| me@s@gememory, and I/O

h. rate t he nDth rboard
bafdRE D on SRRl H i EefTRP e Akl sl panced and,
thérefor & RNt Bcal® RRIID AT P K—E’Cﬁ@imlﬂ)hﬁ@ﬁtsﬁo Adiehapé &feelm) bandwidth to
i nvention i s that by at | east partially reducin

satisfy highbend daja pecessingmenrirements ehmedily dithdipdes ﬁliwﬁ gave too many
un%?eind%sl cgm% nén\fs 1ns‘EaIIQ@XV}ﬁ{:I9%h€ % glrafﬂ'ﬁ@{d &r'l{% téeﬁ[gé Qﬁeem s reliability.

Por rance perha
A&oriiggly] ommly HPC environments may not provide robust cluster management

software for efficient operation in production-oriented environments.

SUMMARY OF THE INVENTION

This disclosure provides a High Performance Computing (HPC) node comprises a
motherboard, a switch comprising eight or more ports integrated on the motherboard, and
at least two processors operable to execute an HPC job, with each processor
communicably coupled to the integrated switch and integrated on the motherboard.

The invention has several important technical advantages. For example, one
possible advantage of the present invention is that by at least partially reducing,

distributing, or eliminating centralized switching functionality, it may provide greater



10

15

20

25

30

bandwi dt h. I ndeed, in certain enbodi nents, the I1/0O

performance nay nearly equal processor perfornance.
wohies/edob - bal anced approach may be | ess sensi PCYARISR@S/012599

conmuni cati ons overhead. Accordingly, the present

i nvention may increase bl ade and overall system

performance. A further possiple advantage is reduced

i nterconnect |atency. Furthef, the present invention

may be nore easily scaleable, reliable, and fault

tolerant than conventional blades. Yet another )
inpativaptta gEONaerfoemanaee chedtaps nfost o heighlo simes theoremagntiopal HPC

v < 00 SRS, SRR RSSOt S BREE Hap Bk cqua
procBiset VesdformaR&s, f ormiis gnaP&lm&aeappm@oh They i by eless amnsitive to

may further allow for nmanagenent software that is nor ?
commiypisetiensdovsthidadi efecasdinely, the presentinysntignmpay grreage blade and
ed ar h|t tyr
ovc?r%kl], 8¥ﬁ ¢ He ah a% e}in:lgur‘]t}éé/re}gog%gﬁa a%??rﬁ %erﬁ':s‘ ?&(ﬁﬁ@é 1&&@onnect latency.

Fukta fHeagi@sent Gﬁxhﬁtloﬁ emdynba: glora syt smgk:ablej reﬁllablep anad; éndt tolerant
i nvention will be read Iy appar ent o skll in
thapigengentionglryl s DRSERIEhT AV EHtase R 1%P r‘ﬁB? g involved
in 1 Ma%ﬁn RAGMR @é}?érn Anfh hiFne &lgs%@({‘ bn % SfivOR1HeS aAdEngineering
S advan ages, efence 1s no made to the fol |l ow ng
labd earlorhe oms 1nlvak/ed1 in perrfcn'rr}lmg]Hﬁ’CcprowssMgt A&e invention may further

125 SGTRTN 00 L1 ML LRy LU par, on
the?%‘fé}{cg@%ﬁlt&tﬁﬂ% W&ﬁoﬁ@t&ﬁ%d’[ﬁ%ﬁts‘bfftﬁdlﬁvéiﬂﬁﬁ%ﬁy have none, some, or
osure; FIGURES 2A-D illustrate vari ous
all efitiesde adrantages. Other tgehndcal pdvansagey of theinseser igyrtion vgHde readily
FIGURES 3A-C illustrate various

t he .ysa t.
ap]éaﬁggg? ﬁgﬁflgﬁ%‘{mlgcﬁ%ﬁ% dual nodes in the system of

FIGQURES 1; FIGURES 4A-B il lustrate vari ous embodi nents

of a oraohlcal user |nterface in accordance with the

o QIR IPH T OINH DRAEINGP| | ust r at es one

errb (o) o)

o T TR 1 g
refbte€ Hardow nhadst Woathen@)lla)wlm llestriptions utakeért tin regnpnbtigre with the

job in accordance with the high-performance conputing
aceopRpaEingrdrayiagREn YMShGURE 7 is a fl owchart

'glr! gﬁ&}[ﬂ&' Ng FuBhEOdnf QxatlyRAM gh-P@thiahtd N@nBfutihfesystem 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 1;

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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i n accordance with the high-performnce conputing
systemof FIGURE 1; and FIGURE 8 is a flow chart
wolbesgié@ti ng a net hod for dynam cal |y managi ngCausemes/ 012599

failure in accordance with the high-performnce

conputing system of FIGURE 1. DETAI LED DESCRI PTI ON OF

THE DRAWNGS FIGURE 1 is a bgock diagramillustrating

a hi gh Performance Conputing”(HPC) system 100 for
executing software applications and processes, for

exanpl e an atnospheric, weather, or crash sinulation,

usi ﬁngIHRE 1 schflpgdst illggtsating amethed §oy dasmie brekfiflingof the grid
. HPC tionali.ty d i cal | i
in degiitatie it Rt p AR Gt BB ATRRR e Rl >

si MEI@UREDS iheflpwateasilngrapas hanehac éor dyanmially ynanaging a node

these nodes 115 are easily scal eabl e because of %?Pg
failyrdiaraceordaeps, withhihe high-perfismancesampuine syttem of BIGURE 1.

performance and reduced fabric | atency. For exanple,

the scalability of nodes 115 in a distributed
DEIAINEDEDES CRIPEON ©OF HRE &RAWANGSY a derivative of

Amdahl's law S = 1/ ((EP/IN) +FS). (1-F 1- RR/ .
aher EURR) T3 siask BB BFELBESHHA Tegol ke Gasppsine (HPC)
systdh ahb6! fo?ogﬁecuﬁﬁg 5&&%&0%&1‘%&&&- RabablRbsse®dgor R&ample an

ractiron of processing devoted to communi cations, and )
atniRRpheric, Ratather,ofr Reshotimblation) udiegrbiPy Behalgiest KSystem 100 provides

usern A eAr  dricueiy SERTGPIRAUPRR e Liiorg TonBUlRY6des 115
withel/DOp B EfAncd BibstartibBMNshkiiffarl ﬂ@cﬁﬁgﬁﬁl&fs@mg r@drformance. Generally,
a

efficrency of HPC applications an ows for easier |
thesy gtodns -1150are reasily acalesble fpcausg safepmpog otherythings, this increased

. distri d client/serv e 10
L
noll&' 1 1% RCL AchriEhtan arhitddAGe IRAWBE rdfdesenfedrbyex dagvative of Amdahl’s

system 100 may i nclude HPC server 102 that is
lawgonnect ed, through network 106, to one or nore

adm ni stration workstations or local clients 120. But

system 100 may be a standal one conputing environnent

or any ot her s@(Npbll4(EMMN)+ESrie(dtEc t (1-BRdkL)), system

100 is any HPC conputing environnment that includes

hi ghly scal eabl e nodes 115 and all ows the user to

ht & 0 Leatk] vp-2rtR68h @F PafdlicPabli€ medasgction of

W}%%Wr %%geﬁo?naﬁydﬂggésgﬁlsaﬁ{%aﬂ& executes job 150
NazsParglldl Henda) Foealfredianoefeprodessing Jewoted (o perpmiaicaigns, and RR/L =

Ra?igé% E%eo / é@ Eéé?g i@%rgq%f ?t}oaglgv%gc{}ﬁ aﬁ@ergf%reg rl:)(})/(i—?ﬁé g}%telﬁ? il i pllgli)fgfling /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 include 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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apt user. For exanple, job 150 may be a request for a

simul ation, a nodel, or for any other high-perfornance
woemsimweyent . Job 150 may al so be a request toPCESA005/012599

data center application, such as a clustered database,

an online transaction processing systen1 or a

clustered application server. The term "dynam cally,

as used herein, generally medns that certain

processing is detern1ned at least in part, at

run-time based on one or nore variables. The term
and autommibalt,}abteputes geb Us@dsihg thed allocgederodes §1wvedets 19 atay be any

the ap riat e rocessi n sub f
bals) o5 R BALD TR FROOCHSELRB T (o BH AT umted by any
apbEeT HP %Qaﬁlﬁﬁt Jo‘tﬁ‘yi(PHﬁS/'%ad Fequedt Ubt BRIMERNGE r@fn@ﬂ@ls or for any
any suitabl e user or adninistrator interaction wth

oty mmqmcmwr@mmr tohd 50 maayi albebe eapenest torpg data center

apglé%@plg,sg% taeP ug%réq\fl:%qtéboa%%ca&ng Set%an%n%iolélgﬁ%cesgirng system, or a

clidtedéPdplitatddn faterNTREteRRdEFnddioalty)d a§h$¢athefe1mﬁ@enﬁﬁteans that
engi ne 130. Cenerally HPC server 102 conprises a

ceriist probessiag i offtermineds (¢ Heass 1 Nortads TyRTiipes bavedopmepe or more
|
6@% ’ﬂ’i‘é grgsg{ltg ua;ugm,\e se‘&l'h r&&'ﬁlg&%@g& i@? théSlppropriate

précRBfig @smmﬁﬂmpéﬁmmﬂ 1:@1’ aiclem ipag ot PC Esystamhl(lﬂs It should be
for exanmpl e, bladeﬁ eral - pur pose perso
Y'n

understoqd dhat ap‘@mat b sontgmplatesy yoﬁgtap)%nps)gr 95 &dppinistrator
oGRS 00 D8 bl Sppons Gunacatht,
may HiRC lssrezelr w2 bomplesedlasyllwm OB renftge cexmtlmr @pelabbﬁolrghcess job

FI GURE 1 str t may be used
1503 B e P P’ogﬁﬁ’éﬁ‘ng%is Torebs o sk FhREHRE engine 130.
GRtdg, T*H"@%r%lsl(% B&‘hpﬁﬁ:@ré SiStrbared. co@tﬁod‘&' ducRSs @ blade server or
servér pool hi other words, the present disclosure

ot rdiggriptitad ssrven n';.HﬁVEﬂVQf dtehmnﬁghmﬁlogemfv%rl 1Q3uinslygles a plurality of

nogﬁsgr ];i -elﬁadegjléﬁ%%glp%%%%? gnﬁ[tgr Vfd rgé) %méﬂ%@\%ﬁg@ %L}]c?lncﬁl for example

blade8 NEueRI-puipdsd Péredit doputerC@IT); aM&01athﬁé§ mwlkstauons Umx-based
conput er, wor kstation, network conput er or an%/
cosyptenh| & BPoeihes FHibie J\dees. rﬁ@%rgﬁ) proy] 4 Sherely one
p c
opgﬁapf Eémg fsetr%]a'l}%(i: &meﬁl%d?\lgaoﬁ?f@ éﬁo‘f* &hple, although
FIGRIREE 1 illwstrates ynebéreer ]SO.II thaathhaay bqnesredtwuigths;dsstcknure system 100 can
Accordi ng,to one enbodi HPC server aI S
be; ingleraentet Upas COMPUIFE 8&9 el theg 5T i el ia% érfﬁ @ In other
words,” file Ip?&%ﬁte fNFosuRe rc%ﬁ(err%%es"%ﬁm@ﬁié%r loMEerafhén general purpose
comput e software and hardware in any
conmpuidrn as el as wptogbtess wisholy anventibhsl apletasingtsgstamsie dsupsd in this

roc
docum%nt {he> 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 coupled with a
remote web server. Therefore, server 102 may comprise any computer with software
and/or hardware in any combination suitable to dynamically allocate nodes 115 to process

HPC job 150.
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HPC j ob 150. At a high | evel, HPC server 102 includes a

managenent node 105, a grid 110 conprising a plurality
wohoosadem™s 115, and cl ust er managenent engi ne 1BOT/USBI08/012599

specifically, server 102 may be a standard 19" rack

including a plurality of blades (nodes 115) with sone

or all of the follow ng conpgnents: i)

dual - processors; ii) large, High bandw dth nenory;

iii) dual host channel adapters (HCAs); iv) integrated

fabric switching; v) FPGA support; and vi) redundant

powett 4 hipht levely HRE sgoewt 0% inshides s mThagsmentnpdud05, a grid 110

conponent s al.] ow.for, fajlures to be confined to.th
CORGRENP o i, OF VSHeT 11 ige AEPSED SONPRIPSEERRS gp.  More
speciRcallydsrig a2 ke, HRY sRAlari NOP Y&k @bludRiz 4 Nekity of blades (nodes
conponents. Manadgenent node 105 conprises at |east one

11p) with uissvaallicl thy fabeivingt ecomponertanBoiualrpencessoss; §0i lagge, high

oo T afrbine’ i et KPR o PEPRET G APEAR, el sobrc

switeeid BN FPGRU efippRst; ald a6y iré&ﬁh@ﬁﬁgidw&r dapts @d&tl @over supplies.
I n one enbodi nent, managenent node 105 may be the sanme . |

Thesgpearioiis spmpenesis dllapinri agugeta becouingbey ejgqepl. But it will
B ) n n i NC; '

v BRESRENC Sl U T B 5 0RO, of e

cofnpbién®d), so long as it remains operable to at |east

partially manage grid 110. Often, man ment node 105,
o DisEburRy g |5y FERPTYESSEpR G PRgmsEpgATaly dedicated to
[ - HP. : i gl p [
mBlE o bsfind o PRAEEAD: | i HEP HRREREA: e 105 may
comprige 105 iadede withmouei cfalthe twoupladds theing irgdundantyi(such as an

l.ink 108. Ljnk 10 cOo I e any communi cat
sl IR BHEATPng TAADE AP OETS a BTG Rl GG may be the
sak & blad o0t HetRBtas HEMKoddid8 181 Bhitd@snddesirBt hode 105
or 170G gabit Et hernet communi cations between

mayetaymeds, indudingeBy antbgr elcincuds agg penfienced; ig agy grigable fashion,

f nodes 115 intercqn ted f ' j
T N e —
noldé 185 MEsHysicallNypRIgiallg seiatad frooi the phabiagefGIPC nodes 115, jointly

configuration w thout departing fromthe scope of thj
reprpecsiedsinrid T o Ak iBEiroled? é@%enial@an%gegwphnq%lbf may be
ri r al aj; lenk sy :.di g i :
colBgREOBPICOIEBE P30 1) FREYRE Rl S8 Shd e an
coammatietivn eoaduietmclemegivg anysappomte fanmermaiddres, prbidoel: In one

A A LN NI TEN R —
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 to
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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nore easily be the basic construct for the 3D Torus

and hel ps m nimze XYZ di stances between ot her nodes
wa2e0s5/1beros her, this may nmake copper wiring wor RCTS2005/012599

| arger systenms at up to G gabit rates with, in sone

enbodi nents, the |ongest cable being | ess than 5

meters.In short, node 115 is generally optim zed for

near est - nei ghbor communi cati &ns and increased /0

bandw dt h. Each node 115 may include a cluster agent

132 comuni cably coupled with cluster managenent
In eshgitneod8A.15Gsngermkdlly, optimized 182 mrearssi-wei ghhos gesemunigations and

. CO fror nagenent node 105 and/or cluster
ln%%%gggﬁéﬁwdgﬁhgﬁe 130. Agent 132 coul d include any
har qwah 6048 Of itSWafa§ , inbiutleWE ERisteP fageRMP3 N @bin@timidaBIye 8bupled with
operable to determ ne the physical status of node 11

clusted rooregemetaengineh 3G Stsoerelly, azanh 133 ueteiess teppasisgpr gommands

"heartbeat " to nagenent .no 105 In ther
fog SRR TR QR ot gan g PR (A sy 192 covld
iné@8@ hnyl Baddivared ebfew e NErrh i gres bAtstabiahtidhthetd$ @pe@abdo determine
node 115. Agent 132 nay be witten in any appropriate

the physiged stafusrefureges 148 candpommpgpicals shgypwcessed data, such as through a

“ éﬁﬁg%gpl ?c{ maﬂ?%e enY;ntcSHé‘ll P?asih Canoﬁ'l@fj eﬁ’ﬁog&ﬁr&:ﬂ? 'm .e%lent node 105
comoi hat1 on ereof so [ong as It remains conpatible

may petiodicalle sl agerp B2 t@detefmiat tet tatusrafthg @seoiatengidad 15. Agent
130. C uster nmanagenent engine 130 coul d jnclude an

138 papnas @TIteB AR GRY BPPTPPHAIRSPRPUSE lagigesich a5 tonexagple: C, C,

| . i- .
AR B O AR e

contpatiblerwithatdgenepirtion gf dlestt0anageniset engine 9. or

descri bed in an r.opriate.conputer |l.anguage
nolalrpgmenasaent GESP 14 cGuf SR i BEBNAR pottog, Armware,

or St RAtRNY BlefdoP NbpefabtGle  dR&RAINE lafoQlte AAY QMY NBIde®N 15 and
thereof. It will be understood that while cluster

expeegenbit usng nedes 136 i Borjexpuple; glusigr menmgemymt engigg 130 may be

AR T T3P R S LR oA © v v

By, heyenmbibr banyuitablp lversidadof 451 sarchothsrs of ahy exabivaton hereof. It
@stical | ayer npdul e, a virtual |ayer ppdu]e,
W

. a job
hrowrflersioodathat while elystst mapegemsng ep@ng 43V shdlhstraied HoFISURE 1
et.aill in.E i i . .
B 0y A B, L, MY bt Pty s o
miypé patfbrynedxgcmibplomedaes ruheasp facesspie, aghysicalt leger module, a

e e R PSR S0 B SR GOm0 mor
in"PRAORAERS. epgiing, 1Al aitushaicd adidxterRdl $1BndMagehentohode 105,
anot her software nodul e w thout departing fromthe

mapgpeeaf nadei H5diypichlby gxecuteFraneedronere proeessess associated with cluster
manr%%gl%grrlrce Qrtlgine 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 certain embodiments, server 102 receives jobs 150 or job policies from
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engi ne 130 conprises one or nore software nodul es

operable to intelligently manage nodes 115 and j obs
wa3Ws8emvver 102 may include interface 104 for PCT/US2005/012599

communi cating with other conputer systenms, such as

client 120, over network 106 in a client-server or

ot her distributed environnen% In certain enbodi nents,

server 102 receives jobs 150°or job policies

frommetwork 106 for storage in disk farn1140 Di sk

farm 140 may al so be attached directly t

netwonp 0@ forcterhgeain disk fenrgOr Asls wodé@aﬁlao bﬁ pisaghge digectly to

t hat ter onnect.s t.he nod
o e s GE e BRSARRRer R ke mb hEhe Al B nodes.
GeReflly liaRkRcs D0Edhabrises lotiderepéddinl seftivarccandrathianBiage in a suitable
Wi th network 106. Mbre specifically, interface 1

combmg’flprs ands eparolle to Wﬁtﬁ gvﬁwéetygpﬂqn,m More specl%cal[nSl interface
10% %mc%lxﬁ: ?{SE PewRle, (ﬁjt ﬁ% gﬁé Bf %§§%1thﬁcatlo s protocols associated

I ons net rdwar e operable to
withossmiind edtnp hytsiogiall 06 ogiread ware Npemtekto tomnfunddatd glosiesl signals.
wreless or wireline co ni cati on bet ween

ser Yetwaigpl %(ﬁa"él@teét‘ﬁ‘é eBotptitierne §9@H1“é‘é°a§f?$g’%g‘§gen computer
serv@P 102 %%ggﬂgn(‘é}@élj Eorh f[n!lt&s theh 6d Rsnikesiodi AGeBEt WBRA illustrated as

server cliren 0, network 106 nay al’so reside
reshdihgbetwern sérves] (Roatelsclient124, nhivwrk d8p arayi altp fesiderbetesen various

of .the,disclo [ n ot rds, net k 10
noffro bR ubed Syt Recioh ihe repRartke YOSy o Thgetods, network
108Peh@RhfastR fagi héthatie GeIFBiRy,Cof | abSndiRbite afpedld qus fa0111tate
comput i'ng conponents. "Net wor k106 may conmuni cate,

commnpiaeonﬂ nbefweet PRIBAUSC drlon(plupyg pa@mp@enta:r anelery 106 may

BB R TR L Bp M e B YRS s

Aé?ﬁ&M@ﬁdﬁlsadﬁdr@ﬁeﬁj eModblet AV deﬂl@ vajce] nddeadgedada)eamd otimeresuitable
[ ocal area networks (LANB) adlo access Petmorks

informption batweanossy prkenddegsess- NSWR udgope OLpgsp local area
ne@%&r%@ p‘fﬁNQ)W%L}ﬁb E!:sjs Rtwdky KRA:[\Q? ﬂgtréﬁb%tﬂf %Jgélnetworks (MANS),

et wor Kk nown as t er net’, r an
widté bes nemnmsn(WAN shrallsyrsit pemtia@r ofstizs gloisl (annmmr rmtwcvrhrkeown as the

Int{gg}%g:gxlgg)éiaﬁl e&glrg%lléplg gqilgstyg\%r mr%%%ﬁélg ]ag e qrd?(?rﬁédcaﬁons

j obgy #ggeralp 'Ei%f(' fhi@s 146 20dny ﬂ&ﬁ@ﬁ/ dabak ekt area network (SAN)
i nformati on. According to the i [lustrated odi nent ,

fodsteking @rom IBH0 piodidésubest inrages ror othes HBRG n@gén@mne nhecording to the

2, Ds arm d te d t
BB B B BRI B ROl Ba bRk P2 ik
faiph OLAC S, pfdessexadPlogie dhthi padkerdaddoBing Gogady tof a number of

Et her net EE or Fi breChannel (FC). Data packets are

comppingeation n@é@ois@ for arepole dn E\Nﬂt (B, &ﬁgﬂabﬂf athgraotg (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 is 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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A data packet may include a header that has a source

identifier and a destination identifier. The source
woderstioédser , for exanple, a source address, i deariuSems/012599

the transmtter of information, and the destination

identifier, for exanple, a destination address,

identifies the recipient of the information. Cient

120 is any device operable tB present the user with a

j ob submi ssion screen or adm nistration via a

graphi cal user interface (GQUJ ) 126. At a high |evel,
opérhblego rmteive, clramsntit, 10cdss cind dwereaanyl eppropiiate dptes agsagiated with

onpr.i.ses, an..el ectronic .c i ng_devi ceoperahl e to ;.
syshel o, Tt PRehf orapRidsBRE hAE g Ben aRD ST 4 enss 120
cofiRuBicaBI§ ABLAEE o Wt RS tRMNLACcliédt 0P hndeudéndLEd®Ad0” may
that thére may be any nunber of clients 120

be vendrintierdhangopbbyasppepristeseihpst damptingipm ilg scope pf Wi disclosure.
120" d "user.,of cljent .

MatRsp e o it TR Bt B ofbeing vsed by one

usdrhe Bacape @kclbiirs cinsdhplstes ehat MaagYBELs fray eesen®fcomputer to

illustration, each client_is described in terns of
copmiupigaiegels 1P usine the same B 120i s di scl osure

cont t -hat: gg&y u y:u ORLHHRS

corrﬁ%ﬁ%gt ie?lsjﬂ](i)lgi‘(i ) ueéi ‘?}S&? hlg,B s}fne%e I 81%629% uass;léga personal
cothputeh) kcucHissiekn samminal oborkstatid? etiveork nompuaterd kiask, wireless data port,

nconpass a . personal c er, touch screen termnal,
celgﬁh% Rersenal q%& asstskang Z%&,eqn’e o HOIE PIRLESSPIS Svgltlagggese or other
de\grgést, or &8} dthBNQNEb1eRRERORRE d&ata latﬁséxﬁltrx]l@fkt, 8ﬁ@r@@20 n#Rfomprise a
or

nor e pr OCGSSOF'S W t h_l n these or other evi ces,
compytenthae mebudies abliepyirdsyissssush ad evkeypad, Renchescaeqsl souse, or other

client 120 may, coaprise a conputer that includ n. .
defifh bt B B PL JERTRES CaoAn. o Tbici s B EEp@G ntormation
asREiaRiNGHh ey bsRatidinbf Saavera@Redt clichfsOr IR indidingdékian data, visual

out put device that conveys information associated with

infprpeatinpe PROLEN 26f Beth\ies inpyp derce mdepytgutigryice Hay iy fixed or
digita ' [, [ 0 -
bl oSBT TR S 8, RO b
merélmnl?vwélé):ee&iwmgﬁ fregi andsprovidasupubg nsdrs of cheqpu 20 through the
i sk, . ROM. or other_suyitable ' 0 both receive
admipsiratiop gad W%Wi@éhﬂﬂ%% Eiﬁ‘mﬁldrﬁggi% ‘of clients 120

t hr Wﬁ éﬁ{%@%%&?@%hﬂﬁe@ﬁ%ﬁa@@ oﬁéijaﬁliesté LOGw S ®B S of client

nanel y conprises a graphical user
120 td atdrfce wathesyatshel Alotoasubmiv dnp or neore sedrs 160; aid/@rit) thegystem (or

to jnterface with syst 00 t ubm t, one or e .
nef9t) SO cieng Fe o2y & L Tt apvey 100 K any suitable
su}?éi"@fb«'ﬁ‘ysﬂug%s@f GéabAly CEUeM 6 prRided tha iRt bASI&nM 2 with an efficient

system 100 for any Suitabl e supervi sor&}/ pur po

se.
anGowerfiengly mebentatonpehitdeprovided (hyeHP6F systane 001 26 UI 126 may

coﬁlmplt’ige g Blu%fll{tly S &tomizable 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. Administrator commands may include marking nodes as (un)available,

shutting down nodes for maintenance, rebooting nodes, or any other suitable command.
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and user-friendly presentation of data provided by HPC

system 100. GUJI 126 nay conprise a plurality of
wousisane®abl e frames or views having interacti PeT/US2005/012599

fields, pull-down lists, and buttons operated by the

user. In one enbodinent, GUJ 126 presents a job

subm ssi on di splay that presgnts the various job

paraneter fields and receives commands fromthe user

of client 120 via one of the input devices. GJ 126

may, alternatively or in conbination, present the
Mcph«y@tr,cla sharid bl ogldelat00§tth4tllbe mnmg@plsmcall@et mtecrﬁa@e gyast berpsed in

|strator

rated in
oy RO gt PR r MRS BARP or 5 Pyp B and each of
the“eﬁﬁﬁlﬁ‘yssdﬂ aﬂia@tﬁc&&'@?@fﬂﬂ@l B ihtehasd ETHERdthieN FUTAD6 SoRtBmplates any
(unavai |l abl e, shutting down nodes for nalntenance
grqpl;tc@bp;;eﬁgnﬁaﬁf@g@, sueh agriy gerekierwelubrapies that processes information in
d [ r 0 t
sysge:er}lngl%graggﬁ?f@aﬁeﬁtﬁ% g%esefft? %IAT geggﬁs n{éb;ﬂ%eéstﬁg egef\}gf" IRQ R&n accept data
frofd RYeAtar2®@vid thd hebpbronatr (@g.d@derdsbé aner Exploger or Netscape
gra h| cal user interfaces and each of the displays_ of

Naxigg greprropatate EML; o Vi degnonseiatsiredienorgg j06-
126 I %Hé 9%@5@5}6&&%@@%%&@& Yels it ﬁﬁtfleﬁfzgd 0P ¥68e@S During

a generic wser, that processes Information in
this pdsc&es 1d@stanmarddeineht ehgiye piBéschahd:rmmdsethe exift¢rset statehdocation,

ser erver 102 ca dat om clien 0O vig.
andRE oflish CBH-BEESE 61 GOIN Lt BSBRE [t ey TRkl P Bys mey be
a%t st apendiapgat &frﬁmﬁﬂi@a‘[@@tdﬂbﬁ tg ARRFOREHALALHBH My 8Fon near
XM. responses using network 106. In one aspect of

imoysdiate padhing blP@aslegwnt 1ode i1685.f Nest, clusier imanpgeseend engine 130 may

o358 P8 P e PR B0 TRRSOFAREY o280 oot

onOfod @k aBpial ?&H&Eﬂrﬁﬁlb@ poldied) deleme ibixﬁ)okiﬁn@ﬁ | dus’tdﬁnar&ement engine
descri bed above, this may be based on a "hearthb

13 @ﬁﬁtmogélwé@orut%ﬁn@c&éﬁ 1ﬁ§@|’ép%ss1b|1ﬁ failgrg angk vBeR é?tewaﬁlg that one
of ﬂ}%at{odveaﬂ'ég é?f%l 1{/418 npa%a%g "ﬁféeﬁﬁg(te lﬁﬁl% n%%?a aflélﬁété/ 'of recovery

managenent nanmca ate
techalqgues)s (Ilﬁitéﬂ anfagdnegt IedgﬂJéOBK)Omayl eilsmr mma@ xmdr lpttazhde a unique

clusters,. 220 based on, for
exﬁfd‘ltlioﬁl &y lroﬁ“nﬁ‘?fefsoé rﬁ?%h%?ﬁte @Pg Iﬁ’éﬂid‘g‘éﬁ"érné nér hf gexecution
eng'l é?ﬁ?trh%'r‘ QURdi% Hprﬂllé %Bﬁnﬁlﬁgeﬁ) LarbOr oReasl bé}%tem configured

ure and, upon determning that oné of the no
serkidss flatdlead shﬁIdedﬂe wedtemsreand gl seg 01f s tef] beid| apphcail@ns] gméldyta The

a vari et t.echni a us r .
ol prmer et Grsis 198 iy SEBEn a8 g bRey poftes from virtual
cluéir ape aé‘é%ﬁ&iﬁ% @ BssBMiel PONEIRS atdPiccBAlil B ihReahRebr POHEes, such as

of virtual uster 220. The execution environnment may

prioohsi st of the hostnane, |P address, operating system

gggf éjf}g{?qlggre fob Cefﬁbe leggg qgfh o rb% %éég?etds%ﬁfreagﬁ)b 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
virtual cluster 220 and executes 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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cl uster managenment engi ne 130 may dynam cally add or

subtract nodes fromvirtual cluster 220 according to
wazeciveed policies and according to inter-cl BETAIS2005/012599

policies, such as priority. Wien a user logs on to

client 120, he may be presented with a job subm ssion

screen via QJ 126. Once the uyser has entered the job

paraneters and subnitted joblq cl uster managenent

engi ne 130 processes the job subn1ssion the rel ated

paraneters, and any predeternined poI|C|es associ at ed
mavetdvi¢kdp complete peocasserg objoh he0.uddrongeaugletia, busggr management

nanagemnment n en determ nes the appropriate
en%’inFtcgﬁlfnu@F%%lsg?S“gﬁég@g’ E‘ﬁu qt least in part, on this

| nf gERRE A B did3gatk3QribhesmBYyMmeh e df gd@lb@ﬁaﬁe@naoo and the

job space 230 within virtual cluster 220 and executes

usilgﬁtprﬁgpplggy thereof hEIGURE A dhishisige ana aenfiggratignmaely a 3D Torus,

oftgp‘él‘%l ?ﬁli' g}% rp?ﬁé’r%ﬂiiyl% %Oélgf}iées BFéR'aerxtaIrlllgPJ] tﬁéqﬁluﬁl]?a&&? ﬁﬁ&’éj types are

exEenad | T80 &10dE OES S8ivief] FY nidb&daﬂaS@ewéﬂpdﬁtabmmee\tdr oand compute node.
cl ust er management - engi ne communi_cat es results 160 to

FIGRIRE, 3R illustaigspe sxomp qf|“feldingaré sua el Bul OWWW@llows for
f I

QP A0l BPLE ERABRS0Y S B00E Bty ORELREy provin

a m&m&b}yusa oB&I gt poligygin thiPdBbetsmegt, aodds 21 alatet vyracpped around to

NN NI TCT T -
suﬂﬁl@ Q%%a?@frﬂﬁ@meﬂﬂ% &@Wrﬁuﬁi@ﬁﬁms kS fngmterconnectlng two or

ustrates an exanpl e of "folding"” of grid
mdte| mhidag 24BN é*‘toalekgmplel oode fior 20mengyhlys ceppler e‘dgeeomﬁbgr ¢pdic cable
o a correspondi ng axi al edge, thereby

mlﬁi%“ﬁ?ﬁ?%a eIFlStOUSt or edgel ess topology. In this

enbqdGURY 2CNikesatesl Brid@ €0 vwlﬁp@ﬁcd vitfuall BRisted 2P0 GUbeed within it.
near seanl ess topol ogy caonnect node |ink 216. Node

Whilp dluptratedwyitlh én]drﬁnes‘aﬂﬂedtﬂl‘éﬂtﬂa?r M) ety iR ea rfpcluding
I
zeﬁgr Q norgﬁi gl%gerg r_%g)ogng rr%lo% ld %1 o‘ﬁf Qﬁgé‘lﬁ&% gﬁéﬁﬂ‘ofk})lgrscope of this

dlaﬂ)cﬁinﬁar Virtueal OIusfer keo ioplogicat @dnfplmg‘rpf ﬁmmlﬁgfoﬁpgmbsstng related
Ethernet. FIGJURE 2C i|lustrates grid 210 wi.th one
joks $3Qakorcasgampls, Vil aiqsvy’& 2ol e apsodiited Wﬂ‘s‘ﬁ% e research group, a

r r
OHUAHEN 31 R S e LA i, S g, v
clm@ 2290 puay dbe2dy stiaphond idepde by guinbenof hedesclde wathin grid 210.

IngeRapiG Ui dadre bt 2gl SRt by effhbhaty agietboring
nodes 2 BX 3MREeR 220 nfalyURla dibitHshel cRRRr BRI gRAIIFsSINCH abaek 215 operable

with one research group, a
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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department, a lab, or any other group of users likely
to submt simlar jobs 150. Virtual cluster 220 may be
wanyossoee and i ncl ude any nunber of nodes 215r@ruiS2ows/012599

grid 210. Indeed, while illustrated virtual cluster
220 includes a plurality of physically neighboring
nodes 215, cluster 220 may a distributed cluster of

logically rel ated nodes 215 Tperable to process job

150. Virtual cluster 220 may be allocated at any
appropriate tine. For exanple, cluster 220 may be

al | BEGYRE lemlﬂausmates |Vaholz$.10b<ﬂpaQﬂS, 230st andh 2D n@ase@t;velymllocated

anple, on s u
o P BB B L B0 OBy 15 it
V1r&1§?61§steﬂ\@2(ﬁ®fﬁﬁnca\}’lly rallblé’dte@ioltﬁ)irﬁjleta 2ételiRY jehasWeTyiclly, there is
shape and si'ze over tinme to quickly respond to

ong hﬂmgqang ZB@q)@ggx@utlagmago angh Jic€i Yousas | g‘h@b gpggees 230 may share

nocgeﬁ% ‘Hit?%utr&eg’ ?mrfil g %‘%ﬁ gﬁ g rrg)t i ol &F ocat & g e %ﬁln}lgl%smns of job

spae@ 380 214y hembRsgrissuttty the isdrlow raénﬂﬁstﬁat@rm&tmhamuﬁﬁy determined
215, previously part of cluste 220. In certain
basedtondothpaemctess. pokides apdor #RY LM AHARE ghyaS st

pr O'Fféﬁ §§%‘dﬁ1§§‘8€ ol s %Bbbh{n%?&sr 8t BRlivadl cﬂdﬁﬁé 95 in grid

spaces Oa an respective | ocated wt
11@x anpteeilMitrdted | but lexahple, é)rﬁﬁod@enﬁsr addey, 1 1P cive m@en@e (y blades
set _of nades 215 within virtua
31 @yﬁ%ﬁ‘? AP COMBHPE ERY SHPYIRE NI B Y 88?@&%01} fTibip o process al

or Iﬁ)@hﬁﬁf ls¥eh AEHR AP 0PPR bR S RBCES 02 3brREhnPles Gdesd 5 may be a

0 and vice versa, but job spaces 230 may share
standuiéé(ebilmw mhthetbodielp arstandgrdf]?@h‘ﬁxmesss@mpmna“f ntotlgerboard, or any
dlscgﬁfure The di.nmensions of job space 230 may be
WL 5t he user or administrator or

dyn %cféaé 15Yis qﬁt BfegleraBAS aethRBcthRDhPAABIILRE $he fabric switching
policies, and/or any other suitable characteristic.

colbGURES uBioxdly| haressr aod;esv b5 dusgrichiddBi ey @pssibly reducing or

i ndi.vi dual es. 11l rld 110. In t
ehmatlgﬁ %F%ﬂ ra, glﬁ%%%w nﬁtbodqe 1ncisf1§1n§r L ];aél trtééll%}élﬁ?é gﬂ% allowing
mebBEPassidd in Phranel. Mr@ﬁﬁ@fﬂc&ﬂﬁ wade Ewmmludrag afl emfﬂegeted switch
inany orientation operable to process a

34po r&Wlmh 345 imkludes anyt Avsher of Ptsobiak@ay @;10%1%5 fitfgerent Jopologies.

o SR U P AR « e v

difigishmabaasid or 8D Todys tmlpbkbgys Tihesebdightqmm itélnde tvar GX” connections
Bl ade 315 js_  an |nte ated fabric architecture.tha

forghimlsipg R neiehberenddss r1 W EhiFngEEdmoon nF%m’(?ﬁf“PQ?rf‘?F yinking to
ne ﬁf)&%ﬁ)d@? g%al%ﬁ%a 'Yna)ag 160148 ol MRHERY P ﬁﬁﬁhg kY neighbor nodes 115

educing or elimnating any centralized sw tching
aldngne tZ-axis, and rteastangedtivas ffaullinking tr aroegensend raJIdIeoW5ng In one
embodiment, switch 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 topologies, such a 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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message passing in parallel. Mre specifically, blade

315 includes an integrated switch 345. Switch 345
wonaelsadem™e any nunber of ports that may all ow f BCT/US2005/012599

di fferent topol ogies. For exanple, switch 345 may be

an eight-port swtch that enables a tighter

t hr eedi nensi onal nesh or 3D JTorus topol ogy. These

ei ght ports include two "X nnecti ons for linking to

nei ghbor nodes 115 along an X-axis, tw "Y"

connections for linking to nei hbor nodes 115 al ong
Y- aXIGUREWDA " itusteasem a dtladsndl X that | 9tk ibigh tegeln eméwif'érat Teast two

nodes 5 al Z- aX| n
Prqeessos 3208 oanﬁg;ﬁgg, o aHtor 3 ot%gggﬁxgrnﬁgh g&g %#D%g‘te& Q{Vfcch (or fabric)
345 WPk§dRssdf QZUBXecﬁl@esanﬁhﬁwdﬁJ ghdeingfibulaces tdatanbriebfond-the operations
swtch IC, thereby easily providing built-in fabrig

of éqkadecﬁm@ucw,t & m%ya gegElcpieprssing B WeRTY- f Bference to
prc?c%%stof St Shmbiatod] nﬁﬂ%g _|1or 4 gféugltdcgés N$3PRRere a{)}lohcabF. In one

0gi es, Medich a r ot r nontradi tiona

enibOPiheRg BSc&borgBRR ety thiapridehs Seeodbarn Sitamsm™Vipreeesser ,or other
nodes 115 may further interconnected al ong a di agonal
snmi@rg)rowswenydqr@/@m tagreainpRorosxamis the X<ont rh’i“?ﬁ&ﬁﬁ% faay be a

s RFFLSTR, Yihod AL Rl B SRR SO EmInet, o

prddassor pinoﬂukealﬂla/y rmsl'udESaalnam\@ aP@lkb]EXﬂTmstthaa?tl ymaxives efficiency.
several three dinension & s" .FégUR%'BA. h
Adgepydipgly,apeesson 33l ehag 1 WH megpory @d, typically, has the

mér&ﬁi?,%&@éoﬁ&bhﬁﬁﬁ{o &%ro%%%?élﬁ rs 320a and 320b, |ocal

enot e nmenory ) Integrated switch (or
f abMlaje BbmaPrboesdode Nﬁﬂhlax@edﬂés Soutbbridgst 325&1 ? Cglp;hannel 325,

ul at es dat 0 eratlos of,
HER SRR Rer P40k RErebhdi o PRRRPiaBS iy Bifeor 320 and
coﬁtﬁﬁ@conﬁ%ﬁﬁéaﬁ@ﬁ@ with HeRofp 320, 33T SusBRNEl 2 Qatsladdeany other
mul ti pl e processors 320 mhereﬂ@gpllcable In one

reletet) edimpenents. pfroers sobodipenixriNe ﬁégq 33l gonx@ypEatey with processor

tani u 0 es or [
52 T R 855 e S PRl 87 B L ppovinon
(/O Yurk€iods S Kl 3 i B adotHer ame@n@ae, headersd 5 may implement the Intel
prerTreadlﬁﬁ In this enbodi nent, the dual processor

Hubolierhigeprane (IHAMA evhachniaeludes pEIrpmbigs @lsABRAYIemppt Gorigoller Hub
320 has effi
Ty eI goRhar - “has the merory” -

contpl dhefindd 8BRS tcomptigest da§ Higlesmed Olowc hitgpcy BnRdiesigidl to increase
may al so i nclude Northbridge 321, Southb

the: pemmanicaie sneeh bgiyeen ApgerisdsOPgRNtS. r\iéfiitsﬁ%fmdfsiu@éhe number
oSG SRS 1R SR TS8R0 A SUERDLLOHER 25 gompiss an
cofipohent panddiag yhatiebbased I/O 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
800MB/sec per PE to I/O such 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 13.6Gigaflops/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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rel ated conmponents. In one enbodi nent, Northbridge 321
communi cates with processor 320 using the frontside
woueos(1b&By . Sout hbri dge 322 manages many of t heCT/US2005/012599
i nput/output (FO functions of blade 315. hi another
enbodi nent, bl ade 315 may i nplenment the Intel Hub
Architecture (IHA(tm), which includes a G aphics and
AGP Menory Controller Hub ( and an 1/0O Controller
Hub (1 CH). PCI channel 325 conprises any hi gh-speed,
| ow | atency link designed to increase the
renoahieninedia) on anpesberbatiteblenlocalt egremetd wompohepmponent. In the

.., Thi h . th b f.b [ bl d 315

ﬂlqrﬁ'r%ﬂ R dnd S e 818 T pLoB B8R Btn rare (ODR)

meRidYy 9%&%%% g 1e£b@nmt313bsas eMdndsy W4(hiay include any
server 2 Ea E%’OVI de a total bandw dth

aprsbpidate Siamy/ @ganartaamge@ye)sﬂcum C1iops dBPswithgydrdeparting from this
d1s5g9 Wi tch 345 and 800MB/ sec per PE to I/0O such as, for
EX&M51 e, BIOS (Basic I nput/Qutput System), an Ethernet

Man@YEURE! 3B Allwthas e, bladel 303 H%Snclﬁdb&&wbtﬁrb&%oralww\&nd 320D,
the total switch 345 bandwidth to be 3. 7@&B/ sec S

men®1p 3 Q VR BTagerori) @ERPRsralropBp et dnier oPnedt @F!R%I ibsidges 330a
anc?%\@a?ﬁcgtvpoeﬁcﬁ kL QR4 3Mgyrory 340 includes any menory

ase mod eand may take the formof volatile
or maamplel dhdd 21 Siotudys anlehstdwn ga;rocmssdnmato | Pracessior 320 executes
magneti ¢ nedi a, opt cal flash ms

insfrpghans %Péne@vpvm afg &@e%m thie RBFTHUQ bk@ﬁg\jgg]ﬁ“&h as, for
5@@%% cBMirA EJH% umit '(@?JQ? erh @rféaillugt?até& ERbEJRMAL %ocessot 320

onent . e illustrated enbodi nent, menory
mayscanpprpe a;ned)pbdroﬁ pEResfor duadthetosibiiler gaecessoatas daop@yive. In this

C onents operat. n
ey TRRERIED 2HaBbrBE AROHATE: farepaRal g ! balanced
AN, EfeEdskOImbad B mh de f
e, P ORE B 1 Lot alec o bl ade 315 tdr?ali‘m“ o

five 6 gaftipsuselble mrf@@@m regd $roRexh Aencaston, teghmelngy heh solve memory

balz}_r%f?lﬁ r aR%tPo%r t]"D(ut% gqg r@ygﬁﬁ%&ﬁ%ﬁtﬁ& %E%% @gg %&nhout departing

frods ik s@panqnﬂ ﬂusb Hﬁdkﬁ)sﬁﬂzS Arcdrdibgly, gtrodeasst 320nhas efficient memory
processors 320. Processor 320 ex g}tes instructions

bangyeidapdp Grraeally hat hempeprmtioptio s b e theprocgsor chip. In this
em% 8 egrgp%cﬁ :@Fﬁ%&frl ﬁ ?s); t&g%) Ioe r%@ra qﬁ@e‘iﬂan%ggg g(gfr %g-rzeé similar
coﬁt&ﬂt t§pEiks 828N Opt er on processor or ot her simlar
Pr 0(%?632%{1}])() Ir{le?lglé \é% Ic\(;r%pnlsens ﬁn@' I’?Igh 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. HT link 325 supports
processor to processor communications for cache coherent multiprocessor blades 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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enbodi nent, the Opteron processor design supports the

devel opnent of a well bal anced building block for grid
wad0s/1Regar dl ess, the dual processor nodul e maycprsiode12599

four to five G gaflop usabl e performance and the next

generation technol ogy hel ps sol ve nenory bandw dth

limtation. But blade 315 nqy nore than two processors

320 without departing fromthe scope of this

di scl osure. Accordingly, processor 320 has efficient

menory bandw dth and, typically, has the nenor )
Expresst Bosd Spedifigatipn i lnfa ot laey pledueises rthermapip. H%t%ﬁscompﬂses any

corT B PR TR o RORAT T P i O2e SR ALY Empgiagent, HCA 335
cothpres as ZofinibRIAGHEA| YnfikfBahd Blandels afOfyPIcaBE Sreatdy by attaching host
hi gh-speed, |low | atency | ink designed to increase the
chappsiabtsst hishtasgss cbamsl wémicrs v bigh qnable demptnentge and network
Thi,s .hel.ps re . her. [ 0..b ;
corfyBE S0, B TR AR JURRC T a6 g o sm

Hypétbaaspost TOREBSBExp@sPBAES 380 andHTAI 338t inaprdate a full-duplex
cache coherent multiprocessor bl ades 315.

Using HT_ . .
2GP{soR /G hanag) b cestyRIOGSTOE 2for N SOt ISR elhisRrovides
I b f i) . . _
LR b e AP B0 i sz
emfiroawiciit 1§0a Betthey thibgmotided pladel 3 5 mithe HOe penfordwange nearly or

t hr qughpuyt - PCl b . F
s pBR Bl o R AT AR BRCSSHBAI bl e wi t h
| eggf@URﬁ%@tiﬁﬁgﬁE&Sanoﬁ% rbnﬁﬁ)dﬁ‘ﬁ%nt HB1a@ BES including a daughter

t echnol ogi es, such as PCl-X. Bl ade 315 further .
boarrc| Indbis dfitydd@hersy thegtauglder heatd Moy S8PortBcGBfseelge bader cache

may be desi gn in.c liance with,PCl L I .
col b i 55 Fh, PR R B b RS B gy e ried
Progp@fiinhbleatate N tayRaFRGAN) B 50T Foradriarttte, tthe flaairateiGugiibr board
~ conprises any conponent providing channel -based |/O
inojwdehityio SRIGAS 33D zepresentsdedyedafoch b, respectiysly. Generally, FPGA

ONRY.J ini I ntinj channe
359 JRBUGRT DI A oy ARl AR BLRE e HIRNCLES pRicEss custom
alg@fif.imﬁg@rmtogijl*aﬁdilysdnr;aﬂ)ﬁlp:tigmaﬂ,3 imbge; hore Elmhmlim?éc_iﬂo_t‘%tion processing
oPlhas TSF L fomperti il kAL 2| SOLERNE, sy o
bla?é?qﬁgwgﬂﬁﬁg %t%?lgh@i_og%?t@%p&fqéﬁ 1SS BRQ B8YeHbance of a

eat uplex 2GB/sec I/0O channel for
gesagdhpyppaegsecss@X0r spavial duidions endhoad, fenexempldilew precision Fast

Fofi g Haap TR o a0 g RIAMEE FOREOR, i st i but ed HPC
env imhe NERddidd Mustetiddie hnd taBicinpimiiedesscb@ste Bbvide bXemplary

I/ O performance nearly or substantially balanced with
diaghemp f immiementingf vasiogs ssalestde 3pdes 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 skill in the art will recognize that the
teachings of the present invention may be applied to any clustered HPC server
environment. Accordingly, such clustered servers 102 that incorporate the techniques
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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FIGURE 3C il lustrates another enbodi nent of bl ade 315

i ncl udi ng a daughter board. In this enbodi nent, the
wdaoughibevs board may support 3.2CGB/ sec or hi ghepctashms/o12599

coherent interfaces. The daughter board is operable to

i nclude one or nore Field Progrannable Gate Arrays

(FPGAs) 350. For exanpl e, % illustrated daughter

board i ncl udes two FPGAs 35 represented by 350a and

350b, respectively. GEneraIIy, FPGA 350 provi des bl ade

315 with non-standard interfaces, the ability to
mcpxpommg anystuiablal qporbiintatins ,and @etangepens i shenerits S prowdmg high

T

theNBi¥ioRY PIRIsBARAtHP O enéhilts iy B d@hﬁﬂlﬂi@é{ﬁi/@ysdpﬁﬁwddaﬁ@propnate
acceleration factors of ten to twenty ti nes

wﬂﬁmﬂmdé lafmaa' inelnde apluglitp e5eibstas @bé%ml%no %eé 415 gr various
F
n0(;§8 ﬂ:i% 19 n }ngﬂ §?% d ?nfepﬁg%l%mge% P]%lé;ﬂgﬁilﬁ;ﬁﬁﬁél on Fast

f unct i onsIGTRESRIeBEU UG Vdriosk eabbdinsenanet a management graphical

acconmpanyi ng descri ptions_provide, exe di agra
useh LTI ST RORGEDS O e AV Lo WbensIsRsEethenl BUT 400 is

pre%éﬁté&’% ﬁ&rﬁdlﬂ)suﬁflgqiﬂlelﬁ’é aqﬁ eﬁéé m!;i%%fﬁ%ﬁb Gt[ﬁeﬁ(ﬁ) presents a

'gures are nere ustrat| and system 10
vmﬁﬂﬁb@mpﬁmg@ﬁaﬂsmmgwawymsﬁmbabmmp@qwﬁomanmmnlah@nm&ﬂnramﬂora

arrang ge of . el enents for | ement i vari ou disol
Vg HICABOP () ESiABr oA OGN Prb pes AHESy FUGHE i Grilipleys ar
cmﬁgﬁ%l e(g' it el @h&fs BEmBRACKIORGious VidhA bf cél&cfeﬁqaf&matlon
ade

server 102, those of ordinary skill in th

Fomexanvil¢, GUE4@ymay eretscrata dispdayt eftbhiphydcad fhe%lHIeOf;ﬁTé%bm (illustrated
i RSHELE8) A7 RS RRS0oh  BRY L AT UL s

in FIAYREA®Yr por at e the t echni ques descri bed herein rray
be | ocal or a distributed mnthout departing fromth

scoBtGURE; Hits idnstiafess ercamplardisplay (fia. sdpigelpy 4492 Fﬂ%}’ include
in ormattl | %ﬁ néoIP gou ltl?es a&ﬁ{nﬁﬁgo%sfo} le'}%e'cﬁ%i? H{gﬁrga#g% g@(?%r 115. The

nation an arr angenent
et dérhigodinglt pretddes rasiardaad ncpeh ibrgsEovieith a/vlhjgicml “picture” or

reducing 1/O |l atenc Mor eover, the operat
scrpgshoLALRTd GGt BEOKA . RO fibire iy HBViCe i Rt Gah siAGH of erid
11§ ?'El%eceoa [&%ﬁﬂﬁ?fd@?ﬁ hat g, }Fﬁ’(gdeel)qg'maf be Qﬁé df ddPni@Yer of colors,

I nc Ity of su stantially simlar nodes 115
withr eachcolon semcsﬂamlglmqunptamse ror nlgamiplﬁfaafauln@ npde Hldamey be red, a

o] RSP FEL 5 eSS AP s gpos b s

Fui’tﬁ&e B m thiy aB6W rtﬂ@'ﬁ@l;ﬁm@étia'foﬂ femsyst diﬁ@r over one of the
ten, management GU 400 is presented to client 120

nod@u g @d viewehe varigusridiyaical stibatrsradiit Bo ewlartb% ahpinistrator

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 illustrated embodiment presents the virtual
cluster 220 allocated within grid 110. Display 400b further displays two example job
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vari ety of managenent interactive screens or displays

to a system adm nistrator and/or a variety of job
weuws19eison or profile screens to a user. ThesSeCTAISE®ED12599

or displays are conprised of graphical elenents

assenbl ed into various views of collected information.

For exanple, GUJ 400 may present a display of the

physi cal health of grid 110 @fllustrated in FI GURE 4A)

or the logical allocation or topology of nodes 115 in

grid 110 (illustrated in FI GURE 4B). Fl GURE 4A ,
spades 330 pBocate withimpdlesteti 2201 fay exegotng Phept arpre1ba 1Ay Display 400b

o s AR 50y AT R 55 0 v

the AR HodeN ¢1 31 gRRpad By aadaigstimbests el & allddatedaor unallocated).
| ogi cal "picture™ or screenshot of grid 110. For

Fughemrfiecadminisator sayrmeoveeiiic proierdeer fiee phipsijelispagea? 3 such that

sul%tblg o'bqnéo%%aﬁ&gist qgseﬁféﬁp %B]fe Q}Eau%ﬂg,etﬁe g{&l?knis’%ﬁ?# IH%FEC 4’6‘1@ to view
nay ne one o an§)nu er “of colors, w each cal or

the b masRNth Gmeahinabs dnatles estiradted xadiine, pracdsadd usdge, 1/0 usage,
node 115 nay be red, a utilized or allocated node 115

angrgihefe bl ack, and an unal | ocated node 115 may be
shagegd; Brhi&ktood R @¥n 808n"8Y1 8k Qedr8&nted above by example
adm nistrator to nove the pointer over one of the

dispixye 31004 Gnd AO0b, eepdchivelynis fousllpdigasive gur@tses dhlyt asl why include

it. For e e,.the m ni.strator may b r nt ed
NORE.+SAMen plb%(lﬁﬁn? h@ﬂll}lﬁﬁqtgﬂ gliafghwﬂcpgg}lents g%; gfieﬁ gg i aﬁﬁ&v’ngl management
clonnRCRRSRSwt i | 1 zation, " "menory utilization,”

“tenperature,” "physical |ocation," and "address."” O

coufSeURH & dldustiates poe empodinagnp o€ chigten nidnageisend geigianyl 30, shown

appropri at hysi cal .or |l ogical. no i nformat i
el R e, So6r s nenafens 8 Piel* B0 15 R0k Bfigfént, cluster
maagemédt| @widehsomaidhndestd plugality ofr QibahedudlBe ov iceiipohents: physical
grid 110 or perform any other suitable function. .
mempgRIRid5 AEriuR] managst 2K, isbavepeduler g aid leod puepyry o ygriables 520.

400 : ' j rne. .of ogl

of  BIPSER Gl Ssilalt sBhEhUIEHE SrhilFarb o e s operable to
deterthingathe gihysicar heaRB &l vaovivat eddes 1 H andjreiffdethily nBinsgd aydes 115

400b further displays t ex | e | obspaces 230 .
ba&ﬁl gg a%@ aﬁ’tfmlﬁe‘glh%llﬂér%\g@@a? gﬁar@ﬁ ciPni% s Slataig @fficiently
delePiifhe Q-re%oﬁ@ h@YodtOPD fRYred! InQWeldnfboRfEA ﬁi}fsﬁtapfélgﬁ%gr 505 is

nmove the pointer over graphical virtual cluster 2
cowinawic¢ably conpheel toof pluoadidy of agengy d3hedclbyesiding onone node 115, As

stat yses (such, a |l ocated or unal | ocated)., Furthe .
bl ot RO Ty o v CHETIBCR oty Pifrehpipppation to
marfBerSIAC Evhy3RAl fidfdbet BOS nfiyi BerktBel Glerablé & BRhin@Rich® alerts to a

present ed. 'For exanple, the adm nistrator nmay be able

systemadeuinisiiaio] Yisliaainke0 véa aetworli M. nunber of nodes,
est I%gldmgﬁ]a%ert 5{Fis a%Ez%Sﬁ%ﬁl%[ lolé%ce%n\x}a/rfg of DAEF 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 queued, HPC processes and jobs 150. Virtual
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and others. It wll be understood that managenent GU

126 (represented above by exanpl e displays 400a and
woQoiF/106@specti vely) is for illustration purpoBes/usmiog012599

and may include none, sonme, or all of the illustrated

graphi cal elenents as well as additional managenent

el ements not shown. FIGURE 5 .|l ustrates one

enbodi ment of cluster managenent engi ne 130, shown

here as engine 500, in accordance with system 100. In

this enbodi ment, cluster managenent engi ne 500
mamngﬂr bde snay fpﬁhﬂaietqrmlrmfths gompgthiliyofged w}rmiheoﬂﬁ@ular nodes 115

(g %SI cal P{%E’égi 15%9:}(; kgﬁh?(ﬁ?%aﬂ\%;“ acﬁrtes ‘gﬁ diments, virtual

maRBYeEi5¢ @ mayRRaRebjRORprGe@tis S0htwalel virgl dustéd 2200ar e,
or other nodul e operable to determ ne_ the_ physical

healClystest mapagesnpst r@@m 5005 g absor énalydeejop selpslgler 515. Job

schrerzgﬁlga g}lt}%lo%feegl h| & go}toijoeg{year\{%xg %Ho&lﬁ‘ ltﬁaﬁ RYSLEL gépec‘g of the

may use iclen d2CEF R né Tan
sysft@ﬁ’@%ﬂmtr@sﬁ@ﬁell 6tH e Ipis@ssord andte tﬁﬁbaﬂd)dfmnhs, to determine an

hysi cal manager 505 is_comruni cabl C I
g s3G5 o S e s
prc;lc%gbes Aﬁleﬁjl% ki tﬁ?gorﬁg&gedlsﬁsg eflts %gt;r’olg hHBEs, 2 others. In other

onuini cat east physi ¢ ormat1on to manager
wdidHi Jol:Pbghedalaf 5 b ngpdenll yS0teravesy with CﬁUI ﬂb@:to opeivalibes 1 50, physical
conmupj cate alerts st em ad 125[ r ator. .at, cli ent
1

t
mafET 105 o ework hobealdt pf TaToHaAY igfip Fabf 510 10

dyS@hich®Y Silodaf9jdb ? sﬂabé PMBNGithiRla @] me |cﬁ1s%|i9 engbl hik Qlynamic
manage virtual clusters 220 and the |ogical state of

allpoadion ig mon@mbadaﬂhrqughwamuaalgnaﬂweﬁlasq@en ingRepogates knowledge

or B8] ERRGRS S o b Bl R Bl 220, s

scHERAORS &1 5 TkAd1ER b ofte BEICA LR d Vinferdblive GxbaitRnSof2B6th aseial and parallel
process various changes to these clusters 220 such

progiames pdiseulen Shddhopk plse erevide o Syt ienirep! eRigR pohcles 524 on

R tual manager
Sdg%gtérrazlh e&? utf g,rrehﬁrg]?ﬁe Fl S:lt ﬁ?é&‘é@%@hg%t% M;vq rtual cluster
220 Clﬁs&ﬂ@hmaﬁagmﬁnt @agineds0tpdesh hi Shrdughjjob shbdded 615, may be
515 to nabl e dynam.c backfilling of unex;cut ed,

Ial%Fédé’&fa h’p@ préeEs sEcian FhpdpRoBes Resit Pmﬁééjlélgalbiﬁompﬂse
ovgxaéévéﬂ{gr ep a?te(g fAaREwhiften ‘E‘(P@i@l@t TRis A % cﬁfenl RBe 36 that processing

w th es 115 and communi cate this
is notflostrtatal piatfctrm fadbr% cbased loerthis;1& fild systeer’s diChcan be segregated into

tWS g)ggtglglgfﬁr%a%ctw rﬂ@ Q/H%cg%qq {/alg)ggg%q?wg% s%ﬁ writing of data that
th&Chists cBfls FBRNB IR RN CE RIS Ss, FO0AMD1 & | ESuallingt dr0@uhe) traces of key

ph?/scllgseg;rlla%EeSSO:kfser tfgr?e and others. Defensive I/O is performed to manage a large
simulation run over a substantial period of time. Accordingly, increased /O 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 eXtensible

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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schedul er sub-nodul e 515 is a topol ogy-aware nodul e

that processes aspects of the systenm s resources, as
worbds/s®dbh t he processors and the tine all ocat PODAIS2M06/012599

deternmi ne an opti mum job space 230 and tinme. Factors

that are often considered include processors,

processes, nenory, interconngects, disks, visualization

engi nes, and others. In other®words, job schedul er 515

typically interacts with GU 126 to receive jobs 150,

physi cal manager 505 to ensure the health of various
filespbiimaryldes fikesdBivieve Gikes, drtatmgefiles @ qommaa sepaiated-vglue (CSV) files.

al.l qcate |ob ace 230 within a certain_ virtua
1 il dech sk iR S oo G ettt £ Helbplpln s any other
suftdM QR sivddthRU Y. odhIdRELbHMROtAaY algb tempHcHpROAIRY ©F tables or files
know edge of the current topol ogy of grid 110 and

stowgrl AN 2qn6T SSpYEr a0, ofy perpsFal PEWakepl seryers Jbhasiene dMioggover, while

..+.015 handl es _bot h. b h d in ' ' .

RSB O B BFOLABAPRUBLED Sy bo mema

or skwetlatiwath6@ dep&tihg &om tha¥cdpe df ik divelokureol i ci es 524 on
selecting and executina vari ous probl ens pres

db
j ob IHetrated; logal arernpidi 2g B iarivdssigmisaldi o2 LliiAvgis 522 group file
52%,2#@%&?:#%1? bj.ﬁcgrﬁfi Hgﬁiueﬁé %QS.W%t,b%h{_laé' M)P ﬁ{usgﬁc%n%,zl%lxﬁ ﬁl&nory 520

ficient ck-pornting. Restar
mdyyipclidt loshet dafar stsietupase inchelien b yjolb itabde ped ewdit lagf wdthoat departing

itten to disk. This L/Ois often d that . .
gy Bisco0pot 15 GTBRIOTIBS L REGrTi R LR Srktifes, phypicgh st 521
is %gérartﬁbleatofétér@ iﬁé’rﬁffﬁﬁ’gsanligﬁl}&féal RRnSRH S0 M BEMMUO BN node 115.

lons: productive 1/0 and defensive I1/Q Productive
Phiygicalj Kstt328 mway thieny noflti-dirpensidrat dataestoisire dhatl igcludes aoleast one

do, sci enc uch as, for, ex I vi sual i zat]j u e 6 »
reqtpd BEng 113y FBr B2t s PARREE otk HiR 1Mo G TBR s “node,
“alBfaBNRY, Ve Prb&sicy RRiAAHME ¢ hémbBNagRzAiohdr §Rmperature,” “physical
simul ation run over a substantial period of ti

| i me.
logagieny” diaddtiess,” iprat dasees.’| aud pletswi Htwillgheupdeystped tha sach record
i sk iavelyed | - DRI Dl Do -
NI L H T T T 1 S——
redod@ he@lpreledes tqptign sy (canotkad satde, Isuch ay; fx)exafpke, virtual list 522.

plurality of features_ of system 10Q0. Loc nmenory 520 .
may BEugk Bytedf? i mabéw%isgoaﬁ el%lcﬁ‘lo%ri vgjua a%aaa%%l%%g%fomaﬁon

abSREIRARN gft Q'itja.gal ﬂ?tfﬁﬁ%qe}?l lf’é?ﬁﬁﬁf—@gmerﬁfonﬁledité S¥RHrBYhat includes at
conpati bl e code. For eXanple, |ocal nenory 520 nay

leasbomx feserdqree node irbfy. eF endxempid) ithee Wenidupcdrd mypyaigeludxficlds such as

. tabl Q cynents. . The .various .el enents ,he . C

ng %c?%ﬁ%‘[ﬁbﬁﬁyf gﬁﬂé’gof“ 1 glyg?%mﬁ?%o%g?rysggg tsé,?Oglcal location,

“cMh{v&tHﬁiitﬁ Q&?Qﬁleﬁ@ e a1 MRt hetbrddse Wat feabie $ecobd iyl 1Rfude none,
at a

bi nary iles, Btrieve files, database files, or
somenomals ep theatxethpleafields. (Eewe embediment, the virtuplerecord may include a

g8, RO oShSR hrolfYBgRr  5¢ @ variable

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 include a list of available services, nodes 115, or joBs 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 to 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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sui tabl e data structure. Local nenory 520 may al so

conprise a plurality of tables or files stored on one
weennsanec®2 or across a plurality of servers oPCH@Se®s/012599

Moreover, while illustrated as residing inside engine

500, some or all of local nmenory 520 may be interna

or external w thout departi %'fron1the scope of this

di sclosure. Illustrated | ocal” nenory 520 incl udes

physical list 521, virtual list 522, group file 523,

policy table 524, and job queue 525. But, while not
if sol, thesdptmtue pataowstdrs feriob wxe@tionaFurther, gopoeblers2danay associate

codi e S P TR R L P e 15, such o

no&"e%t 1‘é§1ﬁin@gwftﬁinteh§aﬂt1blh1u§ bfoupaddsihaiCt THie Sillofwh Watle ghoupi tdthave an
is operable to store identi fé) ng and phi{}é)l cal

mdmda@avremssmgf&wmw@ﬁufampetﬁm T [rEspUIERsy s Hxeven, g described

ab?vﬁcltgagggp% : ealstel %ﬁé’%@gr bef da;’[ &élJS&}}ﬂ E&J 4l may change

ac@%&ﬁ@kcﬁmeeﬁbl&uﬂé])ﬁﬁhﬁ}abthéﬁmmdeiﬁﬁy [ ncI ude fields such
‘node, " "availability," "pr ocessor [ zatd
mgﬂ?ghg/y tablg 5%@@,@9 ong @hﬁ’@F%\PQI]#(éeS‘ ﬁ’H;us‘?ec‘éﬂ erstood that policy

tablleo%?hbe uﬁ%leci‘}ggﬁf ay bePRQl 1th@(91%§ cabBPds éy:ﬂﬁfé%atét Policy 524

too that each recor may 1 n none, .
geiailly storesaproceaaing mdemaltqglemeﬁu indbrdwmation abowt mbbokﬁonmdt/qr virtual

chogiist ReY. 1B BB EnoaEies 7Y i icbSiey pfY gt 3¢ nasmmeters or
valeéﬂlééiﬁ%;luhf % gr@cﬁgm's?ke bRl ﬁnttﬁncﬁttﬁ{&ldt@@k&ﬁi ti8h, users’ allocated

virtua gement | nfornmati on about node 11 Vi rt ual
shdre of n&R21 Iifery viguad chustet 22@ianesgtbonal dat a structure

t hat_ i ncl ud at | east ane record per 5, F :
ex ah‘B‘i’ duets, S??%/ RS r B o™ Stlr?]a%? %P?Osug J%savg{g{l]g cxecution.
Gen@x%ﬁ?; queRY 823 @binbhﬁéé, any js@iable 'ddiar §tb;t&itu1ﬁ wsdhehs ' a bubble array,
secongary node, " "l ogical location," "conpati bil

datshapednbler et peintepiarAyHET FHIBEsIORN PRI (i 8 &8sy e 150 or
re erne(f’\llcé’I ﬁg% n%h?l%(%{fﬁf é)Bneaé‘ ﬁu9f52t5 REs %ﬁ%ﬁh 101% ciria#klurality of

Pecora I ncl u
qu&t(bséﬂ,”ll@t h&lﬁl daghlq@esus26 associbied W:]Xtannd: ef thgr nmguef lvirtuaB glRsters 220
G?oup flle 523 conprises one or nore tables or records
gaBl&0t o store user group and security information,

suchy, 3fe 8GRESS gfhttﬂbﬁl clhét@xt Iﬁal(efé’én‘lég—é?gme@lfo 1%5@%' i8b 150, made

each group reco Include a list of avail abl
upsef W ¢asks Wiﬂcles:odzﬂéiatlvnly Jsob/s i grotdemsby pee“@uhmgogalglglatlons and

ou be .assogi ated with a busine u
ox e e b YR 5T J10YP A 115 ane
as@bie anﬁoé)t} 8t NI 1008k PhrtitBIaf neders Stikddg ane sﬁiﬂdt‘tﬂe tt€chnique,
submt jobs 150 or administer at |east part of system

therelty alBawiog thenprohlesm tonbesateed efficiestlyis tfer 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 turnaround for the user and likely
improves the overall 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,y) or 3D (x,y,z) - Nodes 115 are allocated and tasks may be

ordered in the specified dimensions, thereby preserving efficient neighbor to neighbor
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managenent engi ne 500 may determine if the user

submtting job 150 is a valid user and,if so, the
wopbtismaeapar anet ers for job execution. Further pCgUSA®s/012599

tabl e 523 nmay associ ate each user group with a virtua

cluster 220 or with one or nore physical nodes 115,

such as nodes residing withif, a particular group's

domain. This all ows each gr to have an individua

processi ng space w thout conpeting for resources.

However, as described above, the shape and size of
cominunigation | uEheeISp@ZﬁJEWOMYdmmeé @ reripty ot fihsgeS0 where it is

o A58 e A S AR lppoes atoving

thé/\tddpeﬁﬁn% RekkE Sde@B tS0afo e@hinGichiabkr@uedidy anth pelphiyr tasks. For
524 may be used interchangeably as ap roprl ate. Poli

exgpalegi Freivgst|of Sstagleseld 2 dmegsian §2. allocated 11¥ a cube.
f Vi . .
Foéggﬂ-fgg)ﬁlb%g %Lﬂéc Pgréslgagl @gdfo?cfed néltg)%ﬁglé‘l‘féél%;ﬁl)‘hg Lgi_%odlscussed in
FI@UREaZ]}l)]BJt'IﬁreSpreﬁemagleaﬁ)ha& refghbotl ko geiphlodyl @mrsinrieations. Cluster
problemrun time i%% slots, preenptio

maapgw cBEgR 08 TBpY e fq gligratg e W%ﬁ@{n@m@z@é shape in any
e
ori gt CPor pR AN 22085 LEERET B oang FnmP R, SV gRehysica
nodesmertically onhyrizmitdlbl e data structure, such as a
bubbl e array, database table, or pointer array, for
storing any nunber (including zero) of jobs 150 or

r ef gegngie Cﬁlﬁ@t%l&termeﬁfagelﬂ&% RSN BRI Se® RPnodes 115 in a cubic
associated with grid 110 or a plurality of queues 525,

volpinten eﬁuh tqmslggy &Zﬁmalstbodxaadleﬁ jobg H58ndllosting Heooperating tasks to
ters 22 110. on
ex bt s 1 L P ok 3Bl A B 0B FSBE By Bl nodes

113450, made up of N tasks V\,hl ch cooperatlvely sol ve a
probl em by perform ng cal cul ati ons and exchangi ng
i nformati on. C uster managenent engi ne 500 allocates N
nod S t 15
par s 1L S5rEe 31808 BAEhchlend Bl B0 HlceBoEIE nodes 115 in o
sphidienletturak. Goi expnigie the Gt mktrmayblee platedeid thé ﬁente:remﬁle)llS of the

Pt Btk he S PGSy B Todek T SEEHBAPedR SiflgyRode 115. I
wifl BRRIb&SoRY tid? @hé‘ﬁl%eméﬂ@ gﬁfeij be&R rembidiLlaslEH8 %9?&?%1& critical.

engi ne 500 atte s to exploit the architecture 0
Thietopelogd @Ry mzhmmhzm the ﬂu;tamcp betwicdie ghet first qagk @né rall other tasks. This

SRR AT ST M DRI S ——

task! BB witRRaGEsBE. engi ne 500 then sel ects and
al | ocat es

Random - cluster management engine 500 allocates 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 follow ng exanple

t opol ogi es: Specified 2D (x,y) or 3D (x,y,z) - Nodes
wadesanesdal | ocat ed and tasks may be ordered i nPCIAIS2005/012599

speci fied dinmensions, thereby preserving efficient

nei ghbor to nei ghborcomuni cati on. The specified

topol ogy manages a variety of.jobs 150 where it is

desirabl e that the physical C%nnunication t opol ogy

mat ch the probl em topol ogy all ow ng the cooperating

tasks of job 150 to conmmunicate frequently wth

nei @imr ma@ggmemoengen@ﬁw aayptilizg ieplecemens wagis stiorpdaas a job

ST S adimdls " b5 SR s By e
mddifi&@ Alub Beensdro0snd ds whichciepsssehts hotvl aﬁggREsﬁzEJ)y cludiéd anagement
prese nei g

rving efficient neighbor to

engin s3I Faild aliempicp pacemog blyearepidinghigi the regstadask for process)
t

LR Fe OFALS SRR SOLIASE Sl st ek AR 18 ony if e

optilluac sttatekynfolr failmeﬂidlkﬁls;i\isapd)ssﬂjle apdh ytsrad:ufl ofhbdepresents placing nodes

vertically or, horizontally t Fit be - r
114 SRS SO0 FERTDS R b QS s AVHISPIE gpfes 115 to

haﬂ(ﬂla YHE reqtiasesS g?gﬁél@ﬁythgfﬂlé&h%ﬁﬁ IeidtR Y8 Shok QRerrite Cadministrative

'l owm ng coop ting tasks to exchange data wth any
pohclh@624 ashsasbygsavires meserivatipn heorsﬂiestcapﬂ@eerﬁ&mwnarf)ﬂangmobs 150
ter managenent engi ne

@@sgrvp %&PQ@@&E’E}E?@?@ Y fﬁte%l herical vol une. For

ex a%%%reéel&ﬁq ilftﬁiraticﬁﬁ kndrayconghapkmgedestiiptidte pfRideesin exemplary
node 115 of t here with the rest of the tasks

m uéarehamnrf@ﬁ e@gulqéO% implementing lagical é@hfms fapganagigg nodes 115

(? é?ras {40,D o%%ggr 39 E%[u¥e{1%t m&% L@&%@ P 53%%&% q]z)Otc%ﬁtemplates

I ning tasks’i's y cCr

using Pedlyogitableycombihat ohearidh errah@hﬁ:ﬁt: ef ﬂ)@lwd edlethbigts for ghplementing
task and al] other tasks. This eff|C|SntIy hand
thesgrage efeisal genﬂms@m% foes eofwatesmodulen eaihiRsdeaty suitable

coﬁ‘thﬁu&l? Qndl latShedrBHE o f UM &ML £ effrbcﬁ%lg} R4d38In Igﬁi%%gmj “and jobs

cluster nmanagerrent engi ne 500 ocatés N no

1504 K\J{nre@wbn,dhd opce:rmsmrnterfahe varidus iillwstrated maodidss dpbarcenbined and/or
| 0 %:gall hy3|cally | ocated. In one enbodi nent,

SCRAFET %ncourages aggressi ve use of grid 110

for faeiRiE bl 'snegﬂB%Hﬁ‘? §Bustttih ahi dxlabifplé MRAESd 600 FHMBYnamically
jobs 150. It be understood that 'the prior

prdmpnmgjwuamssmmpmrﬂmg Vd&s@tq gebaskimgnteofitlg present disclosure.
elln%]:@ g ?@gﬁﬁsgo‘{ egf‘rﬁ}eé R hjé% es f gV?XChn eeflRR'CbaB 68 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 submit job 150 directly using HPC
server 102. Next, at step 610, cluster management engine 130 selects group 523 based
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al l ocating such topol ogi es. C uster nmanagenent engi ne
500 may utilize a placenent weight, stored as a job
woaWspas@aset er or policy 524 paranmeter. |n onePCT/US2005/012599
enbodi nent, the placenent weight is a nodifier value
between 0 and 1, which represents how aggressively
cl uster managenent engi ne 500 should attenpt to pl ace
nodes 115 according to the requested task (or process)
pl acement strategy. In this exanple, a value of 0
represents placing nodes 115 only if the optinmm
upet izt ey, (Queedhereaeiionsiified, gasten mhragementengine é3@ompares the

represents placi ng,node [ di at el as .J.qn
o 67 S B D87 A2 b B 51 3o
chds@r handb&nddi@nEReusstmay M &8 dpprogrize wc@ﬁ?’@ﬂﬁmw @h¥erify the
does not overrrde adm nistrative policies 524 such as |
us¢r$ éilmcb@qnectcéqmmerdcgrpup 2% chister manpgeneti enging A Y& deternines if the
0 arge j.obs 150 an [ eser he 4 h
o 3 R U e P R BIBLAROHE 4l rostame
ch3fs RApdhed edg@ei3ptselebtsprinil dbustdt 220eiRtepra20noripicily, virtual
di agram f or .egrgg ne 500 i nplenmenting | ggical schenes .
clystsr 230 i hegderified and sllaerdeq per todbe SulHEver of 1oRi120. But, in the
evgﬂtgﬁft&al' %s%:frﬂ().y hds ﬁdfsge%ﬁ‘.teht\églli&'ég, élﬁ&tﬂemaﬁgééme t engine 130 may
contenplates ‘Using ‘any suitabl e conbination and
auwh’(ijaail@gﬁnamﬁatﬁ virtigl chikteel28frantrey fmr of thel eckmitiiesgddshelsal above.
and other _algorithns. Thus, thes of tware du ma
NEAOHHE GRStk BReEORBI A (30 Gt s BURGH D PAced on the
tsef fegtivel j '
oL AT 1501 nEt U UnRNARLACIRI, bl digi® 130 may
deterhirst that gpromiited eslicyy2b esssitéchadthathe/ eser,siopal ¥ et any other
as appropri.ate, . FIGURE 6 is fl owc t, illustratin .
oo BB E ot RO BOB PR AREQRI [ (PRI h Fopernise
caRHds 98¢ @idnBioRs 6LfodaB0aL We%) B3@NR vAllvedinderdtood fthdt fiige appropriate
present disclosure. CGenerally, FIGJURE 6 describes
dm;enm BoY, inqlhde henstls eividdls, beighit On gnyhotBerhAPRISPiiAte parameter or
nam.cal l.].oc Sy Nt ' .
onBRRENED A (RSO RLR IR e Aot aBRAfRe S appropriate
jo]?_%ﬂa(%ealﬂl?b @ﬁeeu%sets of @bdé&@l?ﬁvﬁt@irt hital lchsedtr e220s padier the initial
e follow ng description focuses on the operation of
paganelers havrbregerhtished aelgermanagsmsat F5 Weﬁggﬂt%ﬁ@t $¥5pte job 150 on
Hﬁ@%ﬁy%@%ﬁ%ﬁeﬁ%@ﬁw t&xpl at es using any appropriate
conbi nat1on and arrangenent of |ogical elenents
if n‘lemiaeu's:iasrgll Stape6lly, dudterohandgemesnts engibed30 determines if there are
unct i ity, so.lo as . the functio ity renmains
engrigl B3Rl a0l dstPrRUaCH s RLIOR Peton Vs eihe (it uaifpsers already
esBBHMRE. 1H2AnERCAEVRE dnBRats UBMsS 1 PMhen 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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150 from a user. As descri bed above, in one enbodi nment

the user may submt job 150 using client 120. In
wanoeishessenbodi ment, the user may subnmit job 1BOT/US2005/012599

directly using HPC server 102. Next, at step 610,

cl uster managenment engi ne 130 sel ects group 523

basedupon the user. Once the,user is verified, cluster

managenent engi ne 130 conpar%% the user to the group

access control list (ACL) at step 615. But it will be

understood that cluster managenent engi ne 130 may use

y
enginy 13@ptlogatésathe sshectedinodes ddhrforyind 120 veingfihe selected spbset 230.

Based .upon det erm ne roup 523 | ust e t
AcGigRdo 736 AR ieautr PRedispt HIEhE RIS REHRR e satus of
nodB4YS$h OFtRERYILIEt SBATRE AthallbeatéE Ty sl @iteder \Onee sadt 230 has

host nane, cluster managenment engine 130 sel ects
beani appregiriatly sl eqatedp oluster Byeageeamot engipg £ pxecutgs jabyk0 at step 665

.cl ust 2 i dept i.fi I [
o R ARG RS P Bt LR 1, Lt oy ot
suifdbls befamdbds. hast nay dppespriasd aibld, sdheter mlatiagestent engine 130 may
managenent engine 130 may automaticaglly al Focat e
communigate ¢ etherdrseoprgsens jofyresnys 460 it iherdsenn guexpmple, results 160
' t peCl ust er nmanagenent
ma&%é%%gﬁgg%pgééﬁsgyg%{Optg?:ilcs:eé V%gg@%g%gd on the
SubFiGEREN7 df g fAbwikdt illustretieg enbexdinpén metholdudQe for dynamically

BBGTEN S000e 3,m Ue e T L SHPLOPELS G o i
pr%%t%ﬁ{i%cm%? PA} &th§etClel Ele efhod G00SARE PR TRESMRAHg 8NGlaBR space in

en determ nes or otherw se calculates the
virtliahnelusieo 80 0det¢roiinihgChaopimam BR0L50 thatrs| ¢ompatible with the space,

nder st ood at the. riate di.nension ' u Lo
oo GG s tHe o e PTG Seiale SpisB opEpb Al eripion
wil 36 ARBh8he BperGiie @Cdlestérshhthgesnidasdule 80 ipafemitdibiemethod.
di nensi ons are used to determ ne the appropriate job .
Bug,patc avithathe( previoyp stawebprtn sprem 1 1%) coptemplates; peiggany appropriate
cl ust.er 0 r I LA g e
co 5 RSBl at B JHREH BpRALETRYBERAIEY S i of

dee¥®edifigciionalith0 on HPC server 102 in steps 635 through
665. At deci sional ste%0 3 j

5 | t {. .
130 Migthest AP oseins af Hip &/ Var &hs%oééﬂ%va”??% R Rgiag 190 Sorts job
qu@tlté £LAlG tﬁ@ﬁ%ugﬁétg& eSibb @R AP RGR S %%nta shét ehfie 130 sorts the queue

paranmeters already established. | here are not
526 ibaseghomthegsiotit of fdberl 50Istmedin therqugaertnd. Bugitreilligounderstood

s 1 B PR g 090 S Qv a0 i, Sl fEE Bacterisi

SRAREBIERHor At 6 dpttnAdes 150RVillTR decited By et 48P 710, cluster
Suuntil the gubset 2%% isqavailaéle at gtegb645. P

me#Prgoeeyi mgitenti) detenmines the gember ohavailsbigpneiss 116niweone of the
th h _nod 15 i | : .
R B TSeA BAPRL B LT S dtrmine e

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 management engine 130 dynamically determines the optimum shape
(or other dimensions) of selected job 150 at 720. Once the optimum shape 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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t he opti mum subset 230 from avail abl e nodes 115 at

step 650. It will be understood that the opti mum
weunbsanc280 may be det erm ned using any appr opPCaUS2005/012599

criteria, including fastest processing tinme, nost

reliabl e nodes 115, physical or virtual |ocations, or

first avail abl e nodes 115. 4step 655, cluster

managenment engi ne 130 sel ect$"the determ ned subset

230 fromthe selected virtual cluster 220. Next, at

step 660, cluster nmanagenent engi ne 130 aIIocates t he

sel @dtdadisimdbstep 185 @tuses bnmemgmtnglglmﬁelé% Idetsrraines if there are

B0 R0 QYRR BIS0, TPl 6 5t e

11§J¢ﬁem Elt st 73mbluBetiahd geinehPendin oM (' dyikliatBi #dcattonodes 115 for
"al | ocat ed". Once subset 230 has been appropriately

thenselesiest iol, 159) usingenyhanpaeiEih techmighn e For gxamle. alusier] pnagement

6 t e e
oo$R 130, AHE0sC00 SOAALIAO3 AR Ra5E A 58S, cuter
mahddradit @ngias d0etredatculdés theyumbpr ofavailtisle tiodes inclittsd] etuster 220.
managenent engi ne 130 nay conmmuni cate or ot herw se

Atpsteps ¢, ql%%err@gleﬁaegle&%en%e £ 5& eeies jobrl50xamplleeated nodes 115.

O340 00D BB 0, S RSSBILdeda s o
156); dnanl cf]!usrm‘trhmdigé’lﬁiéntf emglrréylr?oﬁ rseleats|tiye hawt deib 150 ingha sorted job queue

i rtual er 22Q i 1 nce
s2Y b liniia 501 FoGBre Rt dostrbdaPe. I Ao PP gD iat while
ek Racths 7a01goﬂ ecﬁﬁﬁélblﬁﬁn%%fn%ﬁmr@l&g 13 ﬁﬂa&r %fﬁll:l@tes Bakttel ﬁhd terminate
virtual cluster 220 eterm ning the optlnun1job 15

the tieghnidpees dldwsratadan enaiady7G0res aBy e opEaie tlm@ec uting t he

det n,t aval l able s .
foll (.I)Wgelg ct h%%’v Cg?{[ \R{l tra?g% g ¢ % oertJ}éOrc{; (I)% rgorof1 ynamically

m il B i e EFOL ABIY 1m)ciu bfd 130 ih nicaeadeni/ifg ohdi Ieﬁ1bod1ment of the
met hod. But, as with the previous flowhart, syste

presgn disrloenpl abled high deyehretang r8<98r¢€f§?1ébf‘éo¢ﬁé‘?rﬁ’é]@mé rfh%tnlepde 115

il USROS 2 IR0 ot RGP e

nodé blSSewltH@B,seMdar@' ﬁd)dﬁs}llh’f rTﬁtea@(ﬂthhg eimgcbrrmloilB@ll]s dodus on the
2

o 2 SRS ARS8 hc i

prcpx)i(‘rtf%r EB%C]@%ter g ek 2008 L&l piates tih L BEH GpprépriatBUlontination and

00d that cluster nanagenen engine 130
aﬂﬁﬂﬂﬂmﬂ“beﬁﬁubdﬁmﬁmw$mpbmuﬂyng&MnabﬂdlQﬁhﬁd@ﬁ@&h@ﬁh@hondﬂy

cotr spoReERRE R R0S tert PP mehiBhms gt hif Agermines

that 3tbadet & R esldihe ARUIREHbAS aiidl tRitce ﬂﬁﬁg&néﬂt5eﬂgihe 130 may
one of the virtual clusters 220. O course, cluster

deteamingetheinnoden i hbas) Soleduiping ay ﬂétﬂb}qﬁeﬁ]@llﬂ% For example, cluster

management engine 130 may pull nodes 115 (or agents 132) at various times and may

determine that node 115 has failed based upon the lack of a response from node 115. In
another example, agent 132 existing on 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 virtual 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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nunber of avail abl e nodes 115 in grid 110 or in any

one or nore of virtual clusters 220. At step 715,
wolosstieseosrnagenent engi ne 130 sel ects first | 8oTA50005/012599

fromsorted job queue 525. Next, cluster managenent

engi ne 130 dynam cally determ nes the opti mum shape

(or other dinensions) of selgited job 150 at 720. Once

t he opti mum shape or di nensi of selected job 150 is

deternined, then cluster managenent engine 130

determnes if it can backfill job 150 in the
asspptaspwithnedeili § uthlen pressssing 2RB. | As deegpibed 2Bovdx befogh processing

At, deci si onal enent en

endiy goriieet b ReenRyt BhERe TN s FoRnRRES HE Yot Hkifes to an

adi@fisttAer, SatediRelly RtckBbhe hfreplaedngendddeNOSYldr any other suitable
avai | abl e nodes 115, then at step 730 cluster

prmm@ néﬁthe&]gﬁ adol 360 cysreiatecamith thi|fadet aedenbifodhan the cluster
m 91 I}len% e% CltS%ddét%uk% tﬁér' c§1Y 5 3RROP e{d' x@}tﬁ‘ the _]Of ]050 at step
eenn ques or exa er nmanagenen 3

820mWNdiseattdigd 8EL msqu aSardigsnenthegiden 3%] BUREoS 15(Nenta11 @lpropriate
séﬁ‘gfo 735, cluster managenment engi ne 130 recal cul at es
nogerel }urHok eX@RPlavElPH A AESRIER! SN HOURAY S1eGuE ki3 command
S r e 1 X S
or g 4 ofeP pLob T TRAREE T Ind R TR Ref RESGRgs0. ctoster
mmgﬁndmobr{gm'e 130 tdeailocates aodust 1 Enosigh widdaslist 182f oFor example,

el ect ed ob 150 en cluster 13
chSr SATGEPHE R b19 T3 SHAE DeoRRiedt FBeELe agal list 522

frodd “§1'lc?dateﬁ4 30 29 ¢hikbeTesehig tHeefoH S8 Yefn $6:8Bnaé@ and tall appropriate
w | I be understood that whil Ilustrated as a | oop,

nodd:su kl%deﬂﬁmg@mhﬂn dngtemman@mmy ehgine i130 etemptsciotig;execute the

tern1n ues,Ll.lustrated in method 700
JO%Fgowlga?Jvﬁf @F ﬁ%s ﬁl &EF%EI% IghS0- 1| owehar t
il w&tsn@i 839 oﬁﬁt@)&ﬁﬁﬁlgemeiﬁt dh@cheB00) fedicvey gam;esa;zt ¥nd parameters
managi ng failure of a node 115 in grid 11

forpthed¢t W0 o %8%%%@&@@6}@% g ht0 then determines the
op lnt%lﬁl &%Hétez_%’%?]f n?d lgg 1&%@%{:@1@3 95 80Q {836 ag’&fon the retrieved
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prc'ggpatte%nlég[%rcélc% 18Pu f al tlhgrd e)ya%qﬂg c‘ﬂil@fersn%&a%gllngnt e%%l%' 56°m thay have

determined that a secondary node 115 was operable to replace the failed node 115 and the
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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 illustrate 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



managenent engine 130 may pull nodes 115 (or agents

132) at various tines and may determ ne that node 115
woaseositaedsed based upon the | ack of a response Pcomsomde12599

115. In anot her exanple, agent 132 existing on node

115 may communi cate a "heartbeat” and the lack of this

"heartbeat" may indicate nodS 115 failure. Next, at

step 810, cluster managenent @ngine 130 renoves the

failed node 115 fromvirtual cluster 220. In one

enbodi ment, cluster nmanagenment engi ne 130 may change
ﬂchharﬂ;traajastalcn‘ pheod esithiBanaouslyr endédr fin shffﬁ’éﬁt prdem than as shown.
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diffede slhs, s%tlogfﬁsl ﬁb%@lﬁocﬁatr&ﬁal% Eprobhatteher e is no | Ob

150associ at ed wi th node 115, processi ng ends.
des &lthough #iedisclogetedras beew d@&@@bﬁb lremims of cerdain rembodlments and

gelileggl %g%nﬂtam%n%} ﬁ}%gﬁ 91536? X(ﬁgtar% ap?r%agaq%o%n rﬁ%r{hgge IEBafEents and

m&ms%ﬁf‘&rﬁppmﬂﬁolﬁ&se shilledniy tied zhﬁfAswr&ﬁi@ly? the above description of
processin If there is a job 150 associated with _the
exqgplecembedimentssdoas gt defence PSPty ﬁlag e‘?fé‘ﬁ?sué%gl Qther changes,

e
sutisglgu 75, a{n'c..'l1 eﬂ%éaé%hkg eﬁ?odﬁc?ssfoie;wg[géﬁ%e ufiie o?rlg‘hﬂgg&gnﬁtga?d scope
of&ﬁgdﬁdoiﬁ@ kills job 150 on all approprlate nodes 115.
For exanpl e, cluster managenent engi ne 130 may execute
a kill job command or use any other appropriate
technique to end job 150. Next, at step 830, cluster
managenent engi ne 130 de-all ocates nodes 115 using

virtual |ist 522. For exanple, cluster nanagenent
engi ne 130 may change the status of nodes 115 in
virtual list 522 from"allocated" to "avail able". Once

the job has been term nated and all appropriate nodes
115 de-al l ocated, then cluster managenent engi ne 130
attenpts to re-execute the job 150 using avail abl e
nodes 115 in steps 835 through 850. At step 835,

cl uster managenent engine 130 retrieves policy 524 and
paranmeters for the killed job 150 at step 835. Custer
managenent engi ne 130 then determ nes the optinmum
subset 230 of nodes 115 in virtual cluster 220, at
step 840, based on the retrieved policy 524 and the

j ob paraneters. Once the subset 230 of nodes 115 has
been determ ned, then cluster managenent engi ne 130
dynam cally allocates the subset 230 of nodes 115 at -
step 845. For exanple, cluster managenent engi ne 130
may change the status of nodes 115 in virtual |ist 522
from"unal |l ocated" to "allocated". It will be
understood that this subset of nodes 115 may be
different fromthe original subset of nodes
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that job 150 was executing on. For exanple, cluster

managenent engi ne 130 may determ ne that a different
weunbsabe@t nodes is optinmal because of the nodectaiskesse12599

that pronpted this execution. In another exanple,

cluster managenent engi ne 130 may have determ ned that

a secondary node 115 was opey ble to repl ace the

fail ed node 115 and the new subset 230 is

substantially simlar to the old job space 230. Once

the all ocated subset 230 has been determ ned and
WHATJSATIeAIMERdRA: cl ust er nmanagenent engi ne 130 executes

job_ 150 at_ s 50. T recedi flgwcharts and
acc&npan% ﬁbé"gﬁpﬁg’m‘?eg(ﬁor%ﬁ d(:}@)t%é né’geé PP %ret hods
600 q n{@erbésid; 800. I n short, system 100 contenpl ates
using any suitable technique for performng these and
ot herswitgh leemprsiog eiihh gt snoreearis, tte switshdetegrgtadpn the motherboard;
hi sfl omchart nmay take place simultaneously and/or in
AMYifferent orders than as shown. Mbreover, system 100
may atlSiGagietito qsroddsdis agstiritilon@l estqips,anf ¢WC Bbemach processor
and/or different steps, so long as the nethods remain
comppinigplynoepledite fhegiestatadsvaichane sifpgated onglagmotherboard.
described in terns of certain enbodi nents and
general |y associ ated nethods, alterations and
per nut at iMhe R nddestChrirhddiembrirscaasat avepled ds thei ihteghed switch
apparent to those skill] in the art. Accordingly, the
ﬂ“ﬁ@ﬁV%HG@§QFWB@V%&ﬂW?( | e enbodi ments does not
define or constrain this disclosure. O her changes,
substitutions, and alterations are al so possible
wi t Bout dpdIRC ngdd obElaith e, sphrriroceasnd futlgyecovpled to the integrated
di scl osyre VWHAT | S DJIS: 1. A Hi gh Perfornmance
SW%??%ﬁ%ﬁrW@%@‘%qd&hg: a rot herboard; a
switch conprising eight or nore ports, the switch
i ntegrated on the notherboard;: and at |east two ,
pr odessorhedgBeatside afoClajraclutthe Rrocemory spmmaaicably coupled via a
r ocessor pmuni cably coupled to the integrated
H W ]&aﬁls%orgtdﬁl%nt egrated on the notherboard. 2. The HPC
node of Claim1, each processor coupled to the
integrated switch through a Host Channel Adapter
(HCA) . 3 TheHdPipedasd&lam ¢ st @fpceéa@hcmeﬁgé%y coupled to the
intEngra{eﬁes ﬁﬁl&ﬁb&g}, é%ohﬁ%ﬁd%fe.egrat ed switch through a
per ridge.

ranspor

6. The HPC node of Claim 1, the integrated switch operable to communicate

I/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.
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4. The HPC node of Claim1l, the processors

communi cably coupled via a Hyper Transport |ink. 5.
wohesHPGInode of Claim 1, each processor comURCTARR0NS/012599

coupled to the integrated switch through a North

Bridge. 6. The HPC node of Claim1l, the integrated

sw tch operable to communicate |1/O nessages at a

bandw dt h substantially si ni4&r to power of the

processors. 7. The HPC node of Claim1l, the integrated

switch conprising an Infm band switch. 8. The HPC node

of @ ai mAlHigthReiformegraCotpsting (HPED eystbecongprising a plurality of
. .conmunj ﬁ%ega‘igrst nessage froma first of the two or
mt?Fﬁ?Iéleﬁ?eé gpdes, ¢ach nedRFRIAPERS a second nessage from

a sqefeBbarlihe two or nore processors, the first and

second nmessage comunicated in parallel.9. A Hgh
Per Aewiteh cempasipg tight of HPE) peyss thasvitdpniegiagd en the motherboard

lural.ity. of interconnected HRC nqde ch no

an st o igereoid R By L p Ry SO0, 1
OF  BPDINBasPOfwcS pro&t8sciy dpefabléd1tiBgeRécRet QR HPE job, each processor
not her board and operabl'e to i nterconnect at |east a

compywisablyfcoupled b0 thedntegratedfswitshasd injperatge ondhesmothggpoard.
processors operable to execute an HPC job, each
processor conmmuni cably coupled to the integrated
swWi tioh amteiHPE gebdofollairhe, nid bes beatdde pfdceshes diP€ach node

systemof Claim9, the two qr re Qrocess n each
conplebiodbeiemaics swieh Mhipusatied CORaraRIE UghAY Host
Channel Adapter (HCA). 11. The HPC system of C ai m 10,

the two or nore processors on each node further
couflled {ThetHiRC ispstergraft@dins WD} thie tivor @umbrea pkygessors on each node

R CORGE0 i LSRG L6 LT HEGIN A BT PE ATy
i nter-coupled via a Hyper Transport |ink. 13. The HPC

systemof Claim9, the two or nore processors on each
nodé2confibei BRG | systeoup] €limd, tthe twetos grere e grosgsspeshon each node

t hr ou a rth .Bridge, 14 The HRC system of C aim9,
COW@%F%’@PQ?’%“@WE Ylg%e%%{peé;\r{:%ls %‘Jgglcﬁc()'per able to
conmuni cate 1/ O nessages at a bandw dth substantially
simlar to power of the
13. The HPC system of Claim 9, the two or more processors on each node
communicably 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 to power of the

Processors.

15.  The HPC system 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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processors. 15. The HPC systemof Claim9, the

integrated switch of each node conprising an
wonbtisniog@and switch. 16. The HPC system of C ai RCOUSRGNE/012599

plurality of HPC nodes arranged in a topology, the

t opol ogy enabl ed by the integrated fabric of each

node. 17. The HPC system of aim 16, the topol ogy

conprising a hypercube.18. T HPC system of C aim 16,

t he topol ogy conprising a fol ded topol ogy. 19. The HPC

systemof Claim9, a first node of the plurality of

nodds. i ntledii(eysten of Glamdléc thedoproey esimpriséng folddd topology.

of nodes along an X axis, a third node of the

plurality of nodes along a Y axis, a fourth node of

t he 1pl ur aftiet HPOf sPREIRSORICMIE 8, 4 BXdtSnodeNEf ahd iphirblity of nodes

node al ong a di agonal axis. 20. The HPC system of )
intgjeanmacted, totanzecernshpede: ¢ighe blralie of ppdestalong am¥ i gdhird node of

the f.if rabl.e t e N .
bl R BgREROARS Sbur RGP e PRAIL KPRAATRIR o 2 s,
andRE fhadde atoigy disgongl ajis.ovi di ng a not her boar d,

integrating a switch with the notherboard; integrating

at | east two processors with the notherboard; and

coupli ng G r S t j t el wed

22. "The nTglt%hI(q)%@ésg &%%a&mc%{,ﬂv%h E}% el&dr%ﬁlg%(%l I ng ééﬂaf:}%hﬁm node and
thepfifile esdosperatltd fedudenh esyaget jathps winbop thegrhpralityest nodes.

coupling each processor to the integrated switch

t hrough a Host Channel Adapter (HCA). 23. The nethod

of Ghai MR HheMMAGHEIRMERUR FIPG nB8E RoRIpAsRSSOr Wi th the

integrated swtch conprises coupling each processor to

t he promidiggatneetherhoardh t hr ough a Hyper Transport/ PCl

bridge. 24. The net of .Cl.aim 21, further conprising

couptt ﬁgf‘%gs‘ﬁfﬁfil%&tggg%n\?fhfrbé’ per Transport |ink.

25. ifdiBgratiel BOWa® w&pcasdds with eghsthe®uiid] gl each

processor with the |nt,eg%ra_t ed switch conprises

coupbiplingessch pprcseses with thointagratehBivijch o t he i nt egrat ed

swtch through a North Bridge. 26. The nethod of Caim

21, the integrated switch operable to conmuni cate

22.  The method of Claim 21, wherein coupling each processor with the

integrated switch comprises coupling each processor to 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 integrated 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.



I/ O messages at a bandw dth substantially simlar to
power of the processors. 27. The nethod of Caim 21,
woheosimémgr at ed switch conprising an | nfi ni ban#CsmiSt@l/012599
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26.  The method of Claim 21, the integrated switch operable to communicate

I/O messages at a bandwidth substantially similar to power of the processors.

27.  The method of Claim 21, the integrated switch comprising an Infiniband

switch.



