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SYSTEM AND METHOD FOR TOPCOLOGY- AWARE JOB SCHEDULI NG

AND BACKFI LLI NG I N AN HPC ENVI RONMVENT TECHNI CAL FI ELD
wohies/1déa@e| osure rel ates generally to the fiel gcofusdasal2031

processi ng and, nore specifically, to a system and

nmet hod for topol ogy-aware job scheduling and

backfilling in an HPC environnment. BACKGROUND OF THE

| NVENTI ON Hi gh Performance nputing (HPC) is often

characteri zed by the conputing systens used by

scienti sts and engi neers for nodelin simul atin and

AN VSTIRY SR RGVER LSH) SORTOBPLAIGSTA ViR ) GRS AHBRHLING

Currently, ARG BACKFHSING EN tANHPA! ENVARONMENTusi ng

numer ous HPC clusters of one or nore processors

referred to as nodes. For nost |large scientific and

TERNENIELT, iFngrBpp! | cations, performance is chiefly
determined by parallel scalability and not the speed

of iThdy isginsirenoelates gemerally otoe thes diglchisif| daty procespingnangd, more

lLating factor i i l.di | h _hi o
sppalbl it SRl apd poutel GBloeB ke B e h @ Backciling in
an GG bskgromeheh) be based on i) hardware, ii) nenory,

/O, - and conmuni cation bandwi dth; iii) software; iv)

architecture; and v) applications. The processing,
BABRPROURPDOE FRPARGMEG HN! N most conventional HPC
—envrrUrTrrEW‘s—a‘r‘e_n‘O‘r‘rr‘a‘l‘%Tnot wel | bal anced and,

t herghrierfotmanet ComphtngdHPC) NamfteniPchagavtérized ngntle damputing

not have the |/O bandwi dth to satisfy hjgh-end dafa.
ST B Y eabiSi B ERERoRY Far oGRSl S ealyding complex
i co ' atdiss, | igned
088 AT ONRORESC OTRACRS, 0SS ity doien
usigoomatiroud KPP CradwspersioC oae et mumenpriosssory refigtedpiooasi miles.  For most

robust . cl ust er. managenent,. software for. effici.ent .
g S0 5 A i BRI ST T B S0t s Rey Sy perelle
sc&MbilityEarld\NMENd EPed bifindliRiGhiosddes, tRERIreaRaRbBYE ILifteandlimiting
met hod for job managenent in an HPC environnent  t hat

fagtorciny i klingercpyrchasing sieh el peéermages olystets. f$eeiabiity is generally
: i f HP i & ft L.
cBBHE b S DR, AR, Tt R MO LR i
iii) Sofsehrecivydarthitsthae] all gyepplic@ndnex dhet @dcessingg nainory, and /O
| east a portion of the upall ocated subset of nod éhe
bapdiyiift floioRaeIYENinng HP#SW@H{H%&% pempally ey el pelanced and,
th&r@for& R M Scal® BRIP AHTAP k—]?Ca&l%hﬁ‘ﬁﬁtsQfo Ad1%aPE BREMD bandwidth to

inverdition is that by at least partially reducing,
satisfy high-end data processing requirements or are built with blades that have too many

unneeded components installed, which tend to dramatically reduce the system’s reliability.
Accordingly, many HPC environments may not provide robust cluster management

software for efficient operation in production-oriented environments.

SUMMARY OF THE INVENTION

This disclosure provides a system and method for job management in an HPC

environment that includes determining an unallocated subset from a plurality of HPC
nodes, with each of the unallocated HPC nodes comprising an integrated fabric. An HPC
job is selected from a job queue and executed using at least a portion of the unallocated

subset of nodes.
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di stributing, or elimnating centralized sw tching

functionality, it may provide greater input/output
wORi@B)10¢me8 f or mance, perhaps four to eight tineBCTg2005/012031

conventional HPC bandw dth. Indeed, in certain

enbodi nents, the 1/0O performance may nearly equal

processor performance. This I'l -bal anced approach nmay

be | ess sensitive to conmuni ¢ati ons over head.

Accordingly, the present invention may increase bl ade

and overall system performance. A further possible

adv érﬂutealglerentmnr baiusewural ninenocientn éashnicelt adieptagrur tinsr example one

nt i b
ookt RSy BB pPRGTRBSRE 0L S By rocuine
dleﬁﬁutﬁigC’toP thnﬂﬂe\/cﬁifgf &@erallBed beitéhing dusdtioanlit9f itt ﬂﬁyqﬁsﬁﬂe greater
i nvol ved in manufacturing an HPC server, which may

inpyelostmat (H Q) operfTianed, t peBansnUEntg K1 i thaes H5s CO%YF@PBFal HPC
ost v n
ban%\glélﬁ} OI?ildéngiil (%JF V& félr ea &S{emof g}rlré;rig)g r?eﬁgl Egmag r}féarly equal
prédesdor i §eﬂm’ﬁﬁmb@bUSIhlﬁnﬁfeEfoﬁ]aﬁd:delntapbameld may beamss i gensitive to
part, on the bal anced gr chi tect ure. Vario

COBVIBBERAHERT VEReadth e ACARIEME DD Wsﬁ%tvlé“’%’r?é‘ may, jperegsp blade and
ov?l%te sggteltn POrRgYRN Aaﬁﬁﬁmf ggs]ﬁ‘ﬂe ﬁd?v%ﬁﬁgé: &l re@ehéa M 1BA8ANRH latency.

resent I nvention w be readi | appar ent to one
Fusthit, |tba:lpirelsertthﬁventlk)n BR B m&S@RtﬂTsmamé TelisbPRAw! N@gt tolerant

For a npre un st andi n t he,pr.ese .
g e Gl AU (SN SRR BEPendea o g spgls imvolved
in h?anhfa%tlﬁﬁkl AVIPO sEQSE FReH AA$ betpﬁgs%ﬂ ohMo @ARkekbNds M8 engineering
th the acconpanyi ng draw ngs, whi ch: FIGURE 1
labsl,. hmds’OIr the egsta mveio@dpn oeHpghing &Pfcbpmmélge orhsutyegion may further

Y BRSPS B0 SRR TBR5 e bl gt o, o
thephlticiRfihftefirel Neardik émlbﬁdlhfbﬁtssqfsh@ﬁmaitmillﬁdﬂfavb mnel, some, Or
t he usage thereof; FIGJRES 3A-C illustrate various
alleqfiilrsr pevandagss. Oher tachuisel aderensacss ot threrreseat BypRion will be readily
ﬁgﬁ% A-B illustrate various enbodi nents
apg%%ag%né ]lﬂgg us§ f,tl nterface in accordance with the
system of FIGURE 1; FIGURE 5 illustrates one
enbodl rrent Atz %gerrent software in
BRIELPH: A S JPRWINESE | GURE 1, FIGURE 6 is a
fl Ow?aarﬁl fé& 15@%&1@ ?anﬁﬁfg_h(ﬁdthE SHOMSEbERE afd Bi3taakant
job in acgor ddgﬁé:e W t hrS gh- per?or mance conputi ng Anass,
refysice s afowr InGidREtol the followmg descnptlons taken in conjunction with the

accompanying drawings, in which:

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

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

FIGURES 3A-C illustrate various embodiments of individual nodes in the system
of FIGURES 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;
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FIGURE 7 is a flowhart illustrating a nmethod for

dynam c backfilling of the grid in accordance with the
woigiFApesss or mance conputing system of FlI GURE 1pCams2005/012031
FIGURE 8 is a flow chart illustrating a nmethod for

dynam cal ly managi ng a node failure in accordance with

t he hi gh-performnce conputigg system of FlI GURE 1.

DETAI LED DESCRI PTI ON OF THE WNGS FIGURE 1 is a

bl ock diagramillustrating a high Perfornmance

Computin HPC) system 100 for executing software .
appFi@HR%o%slS #n flopehat dHesitatingra @ethad) @Taﬂl%mmmg a batch job in

at nospher i weat [ 1 Sl ' hng HPC
oo DLIARRP A efe wlEBeliOlns GhBIS AL BURE

f UNGIGORE 7 1sya fywetmrcAlubtyatialgl :omathed fandyrgmiabadkdidling of the grid
~ conputing hodes 115 with |1/ O performance tantially
in agcardagee Wih thedigh-pedesiange RFPHHESTSEM @ﬁéﬁﬂ and

t he E% r ' scal RefREDEcal mARBH d

ot hgiG? [ ngé&?ﬂ\?’sﬁaﬁggg%%éggg?nlgﬁp é)(glﬁt put (I/aO§, o g anode
failves fnorcovudasceawith thedrigteperfarbrance ¢anmniog.syfom od FaaPRE, 1.

the scalability of nodes 115 in a distributed

architecture may be represented by a derivative of
D;%ﬁf)%gmmmmﬁdﬂ@ﬁﬁﬁmwm * (1-Fc * (1-RR/L

ere S(N) = Speedup on N processors, Fp= Fraction
of PAGHREe] iCodbockrbagrEmaitiusteatingfa high-Resfosnange Cyyaputing (HPC)

Fc = action of. processin evpt ed | calia
syt AR LI ARy SEBTOF orRO oo bfy AR Gl Wimple an
a h&fiQReattlRy, dRGasty StrematibA0uHh @ WPl teghhilGdsped fstsna 00 erovides
substantially equal to or nearing, processin

usgre mfithr Hﬁﬁdbpctiqp@jitgy@pgmqgﬁg allpeated ameng V@?Od%%l computing nodes 115

efticiency of HRB Yo | ler g 1
wifly SEERERefve Pl ALY ERIATE BRInEhIR JAforBaE! Syneraly
thesb | ydes SlQlSVzﬁ*édéa}éﬂjz eqnlthtae ‘t&bhmswgoﬂjsaﬁ_r(mg( sbherho t}]fisgs, this increased
~scientists and engi neers) t u t ]O 15 r .
ingsoEEss (1) aosmaRpGndardused 91 Tspbe g@%mxa{npﬁeyﬁ{eéﬁ?labﬂﬁy of

0 b T4 ht&dtle! Be thAtsehdaNRReti@Mive of Amdahl’s
noé&%r %)fl;%ﬁ‘ %g%ltv\%{?gedfg% to 1onmgé'%)rerr%f}es adm'q%inst ration
lawmor kst ations or |local clients 120. But system 100

maybe a standal one conputing environnment or any other

sui tabl e environnent. In short, systemlO0 is any HPC

conputing envi Iy 517€8. +F des* (i-BiR/K )scal eabl e

nodes 115 and aI@ﬁgﬁrs (t(hIl(;mBsesrwig1 sublron't jo%s 150,

dynam cal ly all ocates scal eabl e nodes 115 for job 150,

and _aut ormmat i cal | xecut es £ob i at :
Wit Taresth PN HESERhE Thpl Sl e Bl R Altion of
Népatdiecdde, be =PFraeesselprdsdssggdetoticd e nomumaicatiohs, and RR/L =

subm tted by an -
Ratio of Remote/L%)/cal I\Xemory Bandwidth. Therefore, by HPC system 100 providing I/O

performance substantially equal to or nearing processing performance, HPC system 100
increases overall efficiency of HPC applications and allows for easier system
administration.

HPC system 100 is a distributed client/server system that allows users (such as
scientists and engineers) to submit jobs 150 for processing on an HPC server 102. For
example, system 100 may 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 cbmputing environment or any other suitable environment. In short, system
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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
woemsimesent . Job 150 may al so be a request toPCTWS2005/012031

data center application, such as a clustered database,

an online transaction processing system or a

clustered application server, The term"dynamcally,"

as used herein, generally nmeans that certain

processing is determ ned, at least in part, at

run-tinme based on one or nore variables., The term

100 ﬁ?:u aoyradRG gpmpptinga §n‘(jg§¥1pq@é !t]@a,t ﬁpclg@@q;ehi.gh]yysqﬁ@gm nqqss 115 and
BB PR B AP BN R P s 150,

andlBEeRRLEAN &fedites ol DSRtdia@kHeyillocuted medec b efghl Bilemay be any
any suitable user or admnistrator_interaction._ w

2 Wi th,
batgly ot eRinQObWPEFOLR tockeRiPEasrrs SR fretochibpies pd shpraitted by any
dj I r PC. se c i I bdel f
w35 EO Ol 2 AR 3 gl s o o
othiel Urghlperformbndealequiceakntodels 130 mayredsccbeis requesttnaye @etata center

engi.ne 130. Generally, HPC server 102 c ri ses .a
oSS o8 1 oS e 25 s e SOB iR gy, o o
5d €he8 Ablep) %i%&él%eans that

' ' r Ve n
chfigBid dopHE RfonSEREE Thg AR A nd G b B0 e
certanproemssiag)is cleteyoimnd, ot lgasbde geitngt dendioe baseh qis one or more

f.qr e | e, bl ade ener al s pur pose _pefrsonal .
vl Broerper ot tholed Rt RL e Ol My b ggropriate
prd‘c‘é%ﬁr SubstafitiARYp&tdiaied Dy 4ta6dse pa@\UfIBBC staariaol Vit should be

FIGQURE 1 provides nerely one exanpl f conputers tha

e of ¢ hat .
underytobé thessutomaticalhy’ firher senieraplapesranyyswiable ussr phadgknistrator

T B BB SRl e 08 e

usi TP e&mpeit BI2S cahfiives tahglocak b esnsote @smyvelel oparable to process job
server pool, hi other V\Drg(iq’s t he present disclosur

. e .

158 owsiegnsl alveality opdp fielencedop {haingderfsts] Dippgagt engine 130.
! t SESHW et Qngthd
YL BT e S5uFU Y LB H RSN 3l e o
otfet atiptibeed server. nFondedr the emnfignpties, seryerBnakludes a plurality of

conput er, . workstati.on, network conputer, .or. any,other
noggﬁn?]aﬁo ﬁgo%s &ég §§1nmjlsed§tw @&Pﬁt@@rﬁ&ffﬁmg_ 6@{1060?1}6{1&8, Yol example,
gRAERI- 1 B8Mplaersapap! edcihdsBe GletigtaAidrs, Unix-based
bla&o%e’r at i@xﬁépﬁs‘@gﬁ%&ﬁn& udi Ir))g rLSf(nS:?(, U(I;\III X,S W ndows S HEAse
copntesy, oromyastperosuitables deviess eGeprspliyt i G URE tlepsovides merely one

According to on nbodi ment., I ef. 02 V.
B e AR R
FIGEIRIE! illukhetes baé Servacineahat i teysed avith the disalvyure, system 100 can
computer with softwareand/ qr hardware in an

beciswierpented nsigicompriers othgy ari seRicrsy 2a ok at & sFig@egoaly s other
t L 5 i l
PR et ARl bR, oGy ¥t v

nmanage
computers as well as computers without conventional operating systems. As used in this

document, the term “computer” is intended to encompass a personal computer,
workstation, network computer, or any other suitable processing device. HPC server 102,
or the component nodes 115, may be adapted to execute any operating system including
Linux, UNIX, Windows Server, or any other suitable operating system. According to one
embodiment, HPC server 102 may also include or be communicably coupled with a

remote web server. Therefore, server 102 may comprise any computer with software
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conprising a plurality of nodes 115, and cl uster
managenent engi ne 130. More specifically, server 102
woayoshesa3 st andard 19" rack including a plural PCy/ust00s5/012031
bl ades (nodes 115) with sonme or all of the follow ng
conponents: i) dual -processors; ii) large, high
bandwi dth nenory; iii) dual Rhost channel adapters
(HCAs); iv) integrated fabri€ switching; v) FPGA
support; and vi) redundant power inputs or N+ power
suppl i es. These various conponents al | ow for fa'lurgs
and/of hsdwaisfin Ayl combIRBom BHED|ede dynamisally Allogata ngglss 115 fo process
HP%D% ﬁ§6°°d that HPC server 102 and nodes 115 may not
Imclrude all of these conponents. Managenent node 105
CONPt iaSkighadbvdleHPC soreerbl @dinchidbs hanbnaglehgnideetiec %t grid 110
to managi ng or assisting_an administrator. For .
comRaTiRg ¢ DREARGe B MOdRD dd 51080 nelysiE MPERH Phoorging 430, More
spéMiicﬂllg,ns%r\%fr 1b8%n plaflesa Q?" REELTRAUSEAB R pIiAUE o PSladdd (nodes
act1ve/ passive configuration). In one emnbodi nert,
11 Shawith esorret omalil e 185 folbywing dohgosente 1) yvel-pfockisatse iprlarge, high

conmputi ng devi.ce as. HPC nodes, 115. But agenent .
oa Bt b K65 4351 T S AP g et i
swhthigg 1SFROA S@MoHIUREGi) Feddidars YWokab ligpdt@ohiNeAL peer supplies.

long7as It remains operable to at |east partially o
Thewnagieus) comdpdikdts dfovefor fadimegyonimeontivgd to B% noge level. But it will

s BB, 1B bS58 s A, LETHPSoPLHGOAL o s

cofaP8ndntd. ust rat ed embodi ment, managenent node 105 may be
comuni cably coupled to grid 110 via J.ink 108. ,Link X
108 Manpcenerirnase Ky comntiensi ddersPneoplads substantially dedicated to

ot il L ont] Coat Lo .
BRI B PR SOTAE Ly gl 6l 105 my
comPisgatiot bEdbgr néth onemafitizattivonblades wesrg mehmgdente(guch as an

node 105 and grid 110. Gid 110 is a group of no
actiVeRAsHY'® rceagﬁgew& f ]g‘r on% EPBadE¥h B lelEEf iliof 5 may be the
sarhy P}h&;adf{ ‘tﬁadegc;r' &i% nbeRicd Bs I VUFodR Yl 5! BullBMak@eent node 105
mesh, a hypercube,

or any other shape or configuration
mayi biehmytnode piaclniling ahy onmbheofsampiss afd ¢dnifigurtidgn lany ayitable fashion,

he |inks hetween nqodes. 115 in grid 110 e ri
so i PR AR BB AL ] rr R o Gy R Bmagement
noly P65 RfpHykidkily betogfally &y RYd BbeCthE iphhlitglof HPC nodes 115, jointly
el ectromagnet’i ¢ signal s ‘such as, for exanple, fiber or

represepted. inEth 1 Hbdén Thesillustrated femipordisernhi MADagsMIeRt Beffeat Qymay be
switch,; This ,allows .no L5 & e i :
Cog’géqllécaélé’nscf)}”ﬂgiﬁ tfomgn ? hg?%][’)\;l%olﬁng(srﬁtabﬁd ﬁ@ psy(ﬁﬁ}igl gcgmp Hse ey
coddffuniiatibareedhieinglenetinpeinyngpdespribld cormuhieationstgroecol. In one
work in |ar stens at.

cxriogamant. it S0 BFOHES] WESOher ANGUPHHEEIck e ghgEEs between
mdraPLEeREbB910£ 5% ipp Meters,

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
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i short, node 115 is generally optim zed for

near est - nei ghbor comuni cati ons and increased |/0
woaodwoetich. Each node 115 may include a cl ust ePCa@smios/ 012031

132 comuni cably coupled with cluster nmanagenent

engi ne 130. Generally, agent 132 receives requests or

commands from managenent nodg 105 and/or cluster

managenent engi ne 130. Agent "132 coul d i ncl ude any

har dware, software, firmmare, or conbi nation thereof

operable to determ ne the physical status of node 115
betawedn othennedesdils. Fughern tiemerthakacappes FERNS Yok daggst ystems at

"heartheat " .to. mana . N . r
o R SR  EE R el AL  f 5 mrs
In 3861} ndd2 118 Hegakemlyeoptifizad ool heafestt igtos cohwdcations and
~ node_115. Agent 132 may be witten in any appropriate
incgepspdilOrbandwifiage such as, for exanple, C  Ct+,
ASS Flode ‘]leiﬁama | fidahe BA8luSter ﬂggltofﬁef:émﬁﬁmf&ﬁyly foupled with
conbi'Ration thereof so Iong as it remains conpatible
clusict Mnalgéraas tengineol 0. 0Genéralty,usgont 13 memperes mtquesigi orecommands
130. Custer Hanagerrent ngi ne 130 coul d.i nﬁéqlde an%/132 1d
froh aRasEncns GflodPe andior FE MeRaseR TG R T hdiesst 132 cou
indRRS gm ! 06t SRSt JHPMBAST BPEEBle td Yetermi
N %&elgaa{hgar?}é 15&(8)'§’u€1i¥1r11‘gwﬁbg12&5 115, For exarrgl e, oo deterine
thecphysical staanademdatl 16 rapid menidGicry theeprac¢ssededatar such as through a
wdescriped in an opkiate computer l.anguage
héz Ot g e s Hent FAUATOY; ShanongepRrod et tiesmgy node 105

ma%i%eﬁ%@icﬁll%’ ?m jhgé?u 982 dHeterdifle oG O thaBysotiatedingde 105 Agent
t her eof . wi Tl be understood that while cluster

13 rammglemerittcr fry meapBopriaje compater kogergersuph aprer gxample C, CH,
ABAFEER S A5 ERSTE AREAEe o 5 DRAHER g one st romain

coﬂlﬁﬁfﬁmé KRk d¥eabid pdrflbe offtidstbenasagemenisengirerl3@xanpl e, a
physi cal |ayer nodule, a virt nodul e

(I , j ob
schéduttermasgegmaniensdint 4 popiid Zl%f&?d%\éa%@ SRS mware,
or gc)%%@rhlhagloﬂ ﬁﬁkl%)lﬁ%g@ableﬂbr 'iiglgz[n*fgm lhBoddrd YRY NAAE e%})éigs 115 and

t 0 managenent no 5,” managenent node
extoupé bl 130 esiecnédes 1dfe Tor examplepclosies Besagessot eaginel 130 may be

e e SR o6 o oS T B PP . Javs, Visua
Ba@ﬁn?%@l'ﬁﬁfétr, £R%HuA8H18 IR0 oG B, £ dtBerS lor 86 co@BMbSorPthereof. It

andbt her software nmodul e w thout departing fromthe
witl dependefstaadi thatdivbitd dusteemamigsmehberging [ 3§ tseitlustrated in FIGURE 1

o5 FoRTR S SR rRER Bty derBrsgrand MR SR Eip Ty inis eneine
mayOBS pdrifimet iehultiple ABYuleH Shahde, foitabmnpls ahysitdriayer module, a

~communi cating with other conputer systens, such as i
virgyal daster amgiuleopdeb Achedibler apd@ praseatabion eREINS &7s,Hovgy in more detail

in OHE‘?IEREi §)t ri PHIIt}?eq, while illustrated as external to management node 105,

management node 105 typically executes one or more processes associated with cluster

management engine 130 and may store cluster management engine 130. Moreover,
cluster management engine 130 may be a child or sub-module of another software module
without departing from the scope of this disclosure. Therefore, cluster management
engine 130 comprises one or more software modules operable to intelligently manage

nodes 115 and jobs 150.
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environnment. I n certain enbodi nents, server 102

recei ves jobs 150 or job policies fromnetwork 106 for
webtesagesedn di sk farm 140. Di sk farm 140 may abPewn/use005/012031

attached directly to the conputational array using the

same W deband interfaces that interconnects the nodes.

Cenerally, interface 104 congrises | ogi ¢ encoded in

software and/or hardware in sui tabl e conbi nati on and

operabl e to conmunicate with network 106. More

specifically, interface 104 may conprise software

supPervef 162 oney dncludsr mterfasalfrciRr i comEnpPHeRtipgoygh other computer

ssociated wt i i r o, .
vt i o BRI TR bR 0P th el et BB Rirbutca
envifindnt. a1 Sertdith @®s8inthtVisérebi NE2 mosiNenjobatl 50 r het palésies from
conput er server 102 and any _other conputer, such as. ..
notgtorlo A6 for sorageriaciie i 190, P G anealie By ataeged directly to
bet . ie .
BRI 0 B kbt (ARt e nodes
Getlephy tihregfats DM tdmeprisesvgicdncbiel idissfivasend/or hardstanein a suitable

wor ds, network 106 enconpasseg any he rk, netwar .
coggpinatipn A 9([_?5?9501% &?Wéﬂ%tef“é}aﬁ 19 ail%ltogg%ﬁﬁﬁ S@S?W%B@’ interface
10% g#ﬁﬁég)?h ¥RE 's@@?xga&% HiRg 08O BPRRENESnmNRICURIS pkOBcoTB Mssociated

ate, r exanple; Internet Protocol (I'P) o
withawkehsyicdfioaspetReilay0d odtredyaraoperehledn somningatsf physical signals.

Mbd AT Ils, voice, video at a, and. of.her,

S R 106 medielsR Beeest RueliE RonfRRiglf between computer
setMet Yo7 kind OB v@erd Bsthpeer, @06h @5 oieste 120calndee®awhile illustrated as

net wor ks (LANs), radi o access networks

RANs) , . .
residing bpiviern serverr KX anst clisnk 520, npeork 1Gp @@(}’aal@af)eﬁé? Refnesn various

.all or a t t
soff 1) s B0 3, g9 LGOI B vors, o
106 O B bMFREds O Ang Y BEG[YIQr nSiydires)s oft subAeetworknnperable to facilitate

| ocations. In general, disk farm 140 is any ngmnry,
copaalREenDr bWEPMEaT S WEWHEPR CHRRPIGNE st JFiwegk 106 may
.Il(IJ[ i O’ r | ) i J&ﬁét H% Rel fr N
oM @}%g%i g&r% %%%:%@}Eﬁi%%%% ?ﬁg&ﬁll gg% ?%t edS’errbo%llierreﬁta,y e_lmes
Asghatitofi@rsnTtatBfer nbodde@A TV @llsyoyoies tvidengedatd, | amt other suitable

1nf13gr{23g}cg t?%w%%rrgﬁ‘%gr%f a'@}/q?gqr,}g ife%%?riglg)ﬁ:ﬁ%ﬁ 1%18&3% ﬁng 8rc %%}eslocal area

194 | iR it4d gdPinktworks (MANS),
o FLPTENRy 95 B o ANRORIS i achbvot, AN
witly piee aktworks 6l ANGs), tallaoy syportiordef the @lobhi gonettusgr nelyerk known as the

o P RE AT R AR DEALH o ) R R one

i denh igkh@hl, dfsRIfa®x 29Pksanyan&0uify; Batablde @8 Stordgdandd fidtwerk (SAN)
the transmtter of information, and the destjnation
foi stering jahsrl 50 profibssahpoteimages 5 witheatin infopmpaiiog. According to the

i dentd fies,. reci pi.ent, o ' ' i 1 Disk
54 G300, 55, B 0B, b Sl A,
fargii bMmos siagn pasee@eand route data packets according to any of a number of

communication protocols, for example, InfiniBand (IB), Gigabit Ethernet (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.
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or administration via a graphical user interface (GUJ)

126. At a high level, illustrated client 120 incl udes
wabkodsaaeds3 QU 126 and conprises an el ectroni ¢ eomuskiosg12031

devi ce operable to receive, transmt, process and

store any appropriate data associated with system 100.

It will be understood that there nmay be any nunber of

clients 120 conmuni cably cougled to server 102.

Further, "client 120" and "user of client 120" may be

used i nterchangeably as appropriate w thout departi ng

f r ofiliehicl 26cis poy devich pperabls 4o prpsens. thevayes aXily a joboyubmission screen

of il.lustratiaon ac L [ rhped, of:
or frmigieifbion g 2oiaBEl e Rieps? (CRREIpEC A b el ustated
cliGR N RIAIRS & Naist GUY 1066l 6@iiprises adnelecioogitt@mptuting device
conmuni cate jobs 150 using the same GUJ 126. dj% used., .
op¢rableHostegive) tamfnat, RIPPesAtandoBoresanshaARRgRrate flata associated with
D O[fRAS "therk© LE§ Mkl S8 khents 120
sy RGP B er SR M ther MG LR bl 0 ents
cotpffubicablel doupledne server Biafurttet,d chasi 1908mnd (‘RBAPS cherg 120” may
or nore _processors within these or other devices,,or ..
e B SR ot b i B AERE R0 diclosue.
MEtbdRRL fol 28sTTWilIERIh SEach FHRAPH (dREcribRatin tdiflsuFaRid used by one
I nput” devi ce, such as a keypad, touch screen, nouse,
usa@r @ubethisd disclosurt herintguplatas dbgt many crseest inay, usendnsomputer to
out put  deyi t hat ,conve i,nformati on associated with
CO@H@&HB@HSP?gﬁ)%$n%%?9@?e ]gp'clients 120, i ncl uding
di gigsalsdiatf. thi¢i Siabsurf elight 120nis @itefddd &2 @ncdinpdss tdr@ersonal
i nput device and out put device may_ include fixed, or
comphionbila sstesh sminedaverksiaion astveorkwemenics kieskpiiteless data port,

i sk, CD- r _other i,tapl e ' '

T Ly o A D

detibéD bg bny bhePElifiabieSirocdssing device. | Bt exabiples slient 1@0sypdyagomprise a

nanmely GJI 126. GUI 126 conprises a graphical user

compirer that enchisles 11 lapidlexioeo i) astnkexpaty opsh 3qrperhmopsg, or other
ide | H14€F t; i 0 % r i ation

ol THEPSE HETIHED 400,k LR I oRER st

assdiodl with aheopersiiorg of kéreert 10226 ¢leenini 20, findeding tdigital data, visual

. System 100 _fo uj t abl e supervij sor ur.pose. .

1n’fégﬁ%t}cgq, 1§ G[éu{Zéi1 %Otgrtb?/ ilrtpé]g d{:‘ﬁge a%i putpht @?%lg%]fla}l é]bclude fixed or

rex’ﬁ%&%l@@coﬁfg@ I8Nt daREndilc @RuYerRiigSs CTH-ROMNoPbther suitable
ata provided by HPC system 100. "GU 126 may conprise

mealiptabethiregeivf input fromi aaloprevide vt de userews chents 4g0 through the
fields

i nt.eractiv .pul.l -down || st.s, d buttons
ad@ﬂ:‘&?%%@& 3&3 _J‘?bn%lbt‘}&%%“?n %Ppl%éla oé.ﬁ%ré%? GU 126

pPr esgnt B2@cdrRktissy BFhphicalusd §iricetopatablerte 9HOHwS) theaiser of client

various job paraneter fields and receives conmands
120e mt@nﬁ@eu@& systeng [l Q@ fex subpyt cmefaoréwe d,epbs.t »8; Pﬁ‘f%@l“t i1) the system (or
negx(fe&i(f %amin%&aﬁizl@siﬂg%ﬁerﬂl 123 {bah{té/r%c% With 'sYstem 100 for any suitable
supervisory purpose. Generally, GUI 126 provides the user of client 120 with an efficient
and user-friendly presentation of data provided by HPC system 100. GUI 126 may
comprise a plurality of customizable frames or views having interactive fields, pull-down
lists, and buttons operated by the user. In one embodiment, GUI 126 presents a job
submission display that presents the various job parameter fields and receives commands
from the user of glient 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
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conmbi nati on, present the physical and |ogical status
of nodes 115 to the systenmadm nistrator, as
wohkbessiéas ed i n FI GURES 4A- B, and receive vari 8d%/US2005/012031
commands fromthe adm ni strator. Adm nistrator
commands may i nclude marki ng nodes as (unavail abl e,
shutting down nodes for nain%enance, rebooti ng nodes,
or any other suitable command. Moreover, it should be
understood that the term graphical user interface may
be used in the singular or in the plural to describe
adroimistratornes dlugtratpd e HIGUBES 4AvBe end secsivangirioys gommangsy from the

PP e A0 S3lanl AL 3 RYESS comaie

shutfii £ 66 RE Srod &R MSinRngeRErdbootivEdnddeonseny dthat suitable command.
processes information in sggt em 100 and efficientl

Moseasiorit shaukd be awderstood dhathe trawr grapfpal diser iieragh mdy be used in
R R PRLT LBt 80 1 BB URRAEEIE s oo
therdaéplays df aepastiyuitaypriphiel hfdvinterfacéMThesdpenSER 186 icngtemplates any

network 106. I n one aspect .of %{)Erati on[ HPC serv
p

. er . .
grapbisal usef jIpleifapsy; PR |2 Ao BSFICETH BEPWSElrPAGPIEfFSes information in

sy 486 Smd A HSibAy PRAGLS RN esBIRIt e 1ui3Er. dSESEFT 0B Tatk R6cept data

exl stence, state, | ocation, and/'or ot her
froohaliadt E10 sid tde wfebnordwserl (66g.j Mlgrdeﬁﬂll@mﬁsEﬁléme i Gyebjetscape

abov t hi be bas a " rtheat" comruni cat
NegEair e e R e PP T U 5 e o GRS
pol Ird BBe RypORHRGSI RN, MILE sd0&- 108eist firsiCinitfdli@ed or booted. During

‘managenent engine 130 may dynamically allocate various |
thip prodesn wlestergnpapgement engine 18P detarmings, the Axisigngss gats, location,

20 bas on, .for r tes mne [ C] hj,:
oo BRSSPI s L BE O DRI Dlis may be
bagedNbh MU Ohiariefd NEdnamiBnidgied pdi Sedebr nquiess iiditidiAatibh wreupon near
and, upon determ ning that_ one of the nodes 115

immerlfatepolling By fapaggeriRags AY-t et SISt @anassRens fysige 130 may
o BRI P Botoh IR L4 PRaggaIEl 20 buod
ongfoe erirmple, preietemnined polices. dache ahibodmend, detier ofinagement engine

virtual cluster 220 ﬁgg execu.ﬁo ..envi ronnent, .na

13Q sauatintougly menitops,aedes fprpas§ible Preoz?%]r upetL aetgli}%ip'g}% that one

of BR8] BFF3I80 VdrfeRBvell ﬁfbﬁh%iﬁé‘ thesthdiR Gistniz! @y DY 8 vafTBLy of recovery
and a set of i'nstalled applications and data. The

techhigueer Glasteyevpagenzanyienging 360nmypy dseamanagd §nda@epvide a unique
subt ract . nodes fromwvi rtual . cluster . reing .
XY 8Eie§tvgamﬁ‘8$i PN O%ag%do Pg‘lyen 8§tvél%|ga(ri1)tczl?3?egl éljisdt?elrﬂ[th $ exscution

enPidbrinGdr® Smayp WShsiats oP thed hbktiam¥NEN addieSE opeldBigosystem, configured
client 120, he may be presented with a job subnissigg
seyiqeadacalizad cbpred Age syyieras tand aschof asalledrapplicptions apddata. The

BB BTSSR o v
cliesr 2a0e aedosding el associated policies and according to inter-cluster policies, such as
priority.

When a user logs on to client 120, he may be presented with a job submission
screen via GUI 126. Once the user has entered the job parameters and submitted job 150,
cluster management engine 130 processes the job submission, the related parameters, and
any predetermined policies associated with job 150, the user, or the user group. Cluster

management engine 130 then determines the appropriate virtual cluster 220 based, at least
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any predeterm ned policies associated wth job 150,

the user, or the user group. C uster managenent engine
wa2aWstileess3 det er m nes the appropriate virtual cPasUse005/012031

220 based, at leastin part, on this informtion.

Engi ne 130 then dynamcally allocates a job space 230

within virtual cluster 220 d executes job 150 across

the all ocated nodes 115 usi HPC t echni ques. Based,

at least in part, on the increased I/O performance,

HPC server 102 may nore quickly conpl ete processing of

in paoty o Bi@s mﬂpmnatmn@nemedﬁO tdn dstmemiorili alj eeasen a iohgpage 230 within

BTk B0, 9, b8 o LB s e

techBGu@NBOE atRagEn Birt,loaBE a@Yeas&ET/©Yerfolth4ARFHPE server 102 may
il lustrates one configuration, namely a 3D Torus, of

mogg qelickiyocameplely propissingl aftiph i50nolgoR y‘e@@leﬁpar clugighranagement
enégeeco&jmﬁ%g{lt%g ]teeglél?opf)% tz))ﬁ?eet?se?r e external 1/0 nOde FS

a server, database server, and
c ONMPLGERBS P\ -DRNIGkIRE: 2&idus|eusodahass alﬁgmd(al”(phﬁsysfem 100 and the

“fol din of grid 210. Fol di ng general al.l ows f
useghr Empeathorgtly F15 08 o3t ereaptitusaios mamely a 3D Torus,

of %Hg HeHRRRY! glu?ﬁei of ‘?19 o)&)‘&ge%p)éxﬁﬁﬁg' Ghe N Bu @@ fode types are

ust or “ed t opo In thi's embodi nent, nodes
extadil é/lOsnM&arRSesler&ero @Bdmbtadpmmr@e, datrtwae semary andscompute node.

Flﬁgﬁﬁﬁ:ﬁﬁm%&gtgf grtl ﬁ’gﬁﬂﬂgf)g“ :lfﬁp%ﬁggq(ﬁgl%e n]ji}gln%g%g%ger allows for

oné& | S@ée' id?1 15! 18BhndcPlo 4 BSBEPORNIRE Emﬁgedgéoth@feby providing
re nodes . For exanple, node line 216 may

a nuop pﬁ:usWrr@gdﬁssftpbdﬁgﬁo plui thiscathodimens noden? | -’n@re @/rgmﬂdt around to

||
pryids 1 A sefpalRet Topafpe ool BY ShofiR 2A5° Wide 116 may be any

sultdbhélﬁdrﬂﬂh&quﬂédibr@lﬂk)én? REmwiUnidatibnC hrosdcel fordfterdonaesting two or
may be any nunber (1ncluding zero) of virtual clusters

mope@ofles S dFon examlnoidedisad G W@befeoqappﬁew%d)ﬁeﬁw optic cable
lméﬁ{n%ngllrl%gcﬁ%g Syrtual cluster 220 is a | ogical
no

es 15 for processing related jobs 150.
For FeGUREl 2C iltustitateal gridd 20 eith2aR@ vieyalbdusies2] aledted within it.
th one res h gro a de n a lab, or any,. .
Wl@qu@hls@t% 5ronle eft Vihieh FSED 22bihiie RKbF 4y FypRY Gncluding
URlustel 1906 in220d MY Renamy d &h 1tAE U8R of thi
Zm%EQJ gk%of&ﬁg eslnl within grid 210. 1ndeed, &% 0 °
dlslclolsulst rirtedl diste220 ] abiginal gROpingcdfutbdss alfptfmmm@symg related

of _ph [ ] d 215 I
jotpel S fReERrBtico RSP B Ty Ay A AR R SHEh group, a
deptBnOReL BB Br by BheC BRSp joPRisdB Bikelyi tbtsuBithslnhiiﬂtnefobEZ@O Virtual
may be al | ocated at any appropriate time. For e

clusten $28rmap be rany shapaphdizaleds YpoRInpet @fan@%tzlénwgﬁn grid 210.
Incf'e%gtwme Hfl)lsg%sg irtuaP lu‘saft)éia% fhcnfids gtpﬂrtaﬂtef of physically neighboring

nodes 215, cluster 220 may be a distributed cluster of logically related nodes 215 operable
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
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paranmeters or may be dynam cally all ocated based, for

exanpl e, on changed server 102 needs. Mbreover,
woRodsuaéess | uster 220 may change its shape and BCTAIS2M0E012031

time to quickly respond to changi ng requests, denands,

and situations. For exanple, virtual cluster 220may be

dynam cal |y changed to inclqge an automatically

all ocated first node 215 in ‘response to a failure of a

second node 215, previously part of cluster 220. In

certain enbodi nents, clusters 220 may share nodes 215 )
mapdepdypressillyy changed rte snelpdGarmupeanatidally allecesd isi sede 215 in

| ob spac 23Pa and 230 pect. i | e .
s R R 03 PRt ARSI g A A6 1 concin
em%%ﬁﬁn%?&uét&s 226 elayGhare@dess AboasWrddbksdiny taquired. cl ust er

dynam cally allocated to conplete received jqb
150FIGYRECHD iljustretse varipus johappess, ifacamd@bespectively, allocated
.execut i ] ob: 15 ' rsg, t~40h .S cps
IR hRLA0s 20 Y00 R RaceBodins wivin
vir@hl éhgedizcdy@atmi@lly Bliecaiddmerohpibae odcejved jetpEite Pidcaliyy there is

be manual |y input by the user_ or adm n'bstr tor or 0 h
On@;ﬂbaﬁaé%lﬁﬁé PEE £XICHIIAS doth Bk and MR 55153 PUimaPetpeces 230 may share

noc%? l&}&'@%ﬁg%ﬁ %fypﬁﬁll}g Wor? {hE Scapel §AfAk &LEIALAL  §hb Hithensions of job

trate varrous enbodi nents of ' .
spacadBy inthycde maniedly iffutiby the isbr bt @dmimistrater ol dymemically @etermined

but exanpl e, enbodi.ments, nod 11 re represented by

basgi 2048 BRSOt ABHCis SROH A SURer A AG6 RER TG ovi co
i N gRYUREREM & IARHIREFABLE ehBoBinRHBSSf Rldivi@ial dodes 115 in grid
portion, such as a thread or process, of job 150. For

11@x dpticeillubiraicis t81 Sxamaylepembodimanidanetioxddgag rappesented by blades

r rd, a standard PCl:Expr.es [
315obligr BoartneB Sy BhRuird i aufany S TRAd bikatge to process al
or Blpdston3 b8cH & @Mrbat 60pbed, dBfobi K50ar it dxaniply, dlddeddS may be a
di'stributes the fabric sw tching conponents uniformy
standard Seeonodf¥smothsrbioardg pistandard, PCThExmpss @pisgmp ynotherbodrd, or any
reducib%g or elim r&ati ng any centralized sw tching
othef, FEableomEPE £8i%hg the fault tol erance, and al | owing

MeS $AGR PBSTI didnteBrabed Ablielarchifeéteresihecdibiribates ythe baideswitching
315 includes an integrated switch 345. Switch 34

A [ 9 .
compenentie snEpLmlyupgIess gpdeﬁo}}% 1p pgrid ,-HQ, tharghy pgssibly reducing or

di.fferent - i .
P oSSR A e s o
mdskigeqfikdiRn sl paallelreslorospedibicildy,usadopti tgjudeThedategrated switch
34;15 ?Sg%g‘g\:) 5[4{52@%@1%%{ %?%FIBV\I%BCI’;(# é:@?&ii%étf h@%ﬂ%&f folr Id?f%érgl% ttol(f))ologies.
Fog?eg)g(lsl?é, ?s&gtcil;ﬁﬁc inw B8 dnOciRhi-Shte AwiftAd@at bhiiad @Ndgider three-

onnections for linking to neighbor ]
dimatésmal ifsstabodD Eorids tppbgy adtiesentgltqromisdnélodestWaiX” connections

| j.nki ng to. nanage node 10 hi .one.ewbodi t o rs
MITIERIN o B R M o
neAbbiChbdes 14 BB RY -axis, two “Z” connections for linking to neighbor nodes 115

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

embodiment, 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
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easily providing built-in fabric switching. Swmtch 345
may al so conprise a twenty-four port switch that
wabkb@wsedodr mul ti di mensi onal topol ogi es, such aC#AB2005/012031
Torus, or other nontraditional topol ogies of greater
than three di mensions. Nbreover nodes 115 may further
i nterconnected along a diagq axi s, thereby reducing
junps or hops of comunicati nsbet ween rel ati vel y
di stant nodes 115. For exanple, a first node 115 nay
be connected wth a second node 115 that physi cal
betwveari deativalodigtaat nodashleléstléurl grample asBisemngde i |h5 @@ay g/e connected
i mens al RE, 3A |
Wltglaaﬁf‘éo@‘g of, é{ly r{gaf{ pélyﬂf%}w Fesiep alqng.d E}aﬁ'ﬁea erlIye asst SqVepl three

dm&&gﬁﬁﬁS?ﬁﬁsﬁ%g@,and 320b, local or renote nmenory 340,
I nt egrat ed svmtch (or fabric) 345. Processor_ 320

ex eEIﬁﬂéﬁEl s tillusitatasns biadd 3hanthetl a4 teebighalexel; inghedop gif deast two

t he opgr.ati of, bl ade
oS B 320 gl A 5 20, HRL AT Byl or i
345 Z?rdcéssﬁpam et d@utel Ghanaletidng| etntlﬂhﬁnpﬂ@t@@ﬂstarts paﬁﬁrmhlﬁ eperations
3 i cabl e. I n one enbodi nment, processor 32
0 gwlp

r315e sechxasnfky xampie it lgﬁr(tfql‘)prﬁgsq{jé@gsg}lt (gpPtheReference to
proc?]sso %EO 61%, 95E3 95 REde rrfn%ﬁf)l' V}% S%Eéﬁ 0%]20 GREr L% ﬁle. In one

processor I'p wth

emgé’diﬁﬁnﬁrﬁioé'&ﬁﬁr ?Z(Eﬁdﬂyn@mﬂrﬂeteh Xeosér od i Itmaintm ™t bﬂ)cehsaf or other
processor nodule may include a native PCl/Express that
sinfilap ocsssosfor | dsripidye thapsebr dion grympls dhe SSEROBPEPOREET may be a

o c

pro%&&oﬂHMO&lhls 0 mayc | incladdNoa t hditvied FeCIBRpresSo dihedt b nm;igweQ Z@ﬁcwncy

PCl_. channel 325 and 40, . Nor t b
AcogigBhmAP TR 32NN S STICIB P B pl Pica, hes the
ﬁ%ﬁg& fot I g iolile PREREY: 3. a PCl bus, Level 2

any ot her rel ated conmponents. In one
emb Bikideedits, mago pisb bmqlu@el\faﬂlbrdgnﬁ@ﬂu Sentblridget 322, PCI channel 325,

B S5 50L %S RIS iy gm0 ot

coﬁ&ﬂ§%bﬁﬁ§m§€aﬁ@h@%h%§mofﬁ3wOc{ tren lﬁﬁb%i/élellfcacﬁél, afé any other
may i nplenment the Intel Hub Architecture

rel(ttbcﬂﬂ()mmn)entsmhb@nq mlpqgi(y@gntaNgthbqa,qlg% ?alngprm@mq%tﬁ@ Wth processor

R o A 0 I s

(U0} Rinctess eradd 315. Neraater snbodinrm blaiatils nnay_,pmqﬂement the Intel
bet ween |nt(f}grat ed conponents. This heInXS reduce t

HubuMsbiteastre (I AS"); whisihatieludess Granhigs a0d GB&YI%@O@@,@?@FHHer Hub
enec di
GRS e  ATBIr Ver "102  Ehch HoA' 335 mmy”

pr ovici&hannel 325 comprises any high-speed, low latency link designed to increase

the communication speed between integrated components. This helps reduce the number
of buses in blade 315, which can reduce system bottlenecks. HCA 335 comprises any
component providing channel-based /O within server 102. Each HCA 335 may provide a
total bandwidth of 2.65GB/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 /O rate is
50MB/sec per Gigaflop.
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total bandwi dth of 2.65CB/sec, thereby allow ng

1.85@B/sec per PEto switch 345 and 800MB/ sec per PE
woaodshasasich as, for exanple, Bl OGS (Basic | npupCOWSpos/012031

Systen), an Ethernet managenent interface, and others.

This further allows the total switch 345 bandw dth to

be 3. 7GB/sec for 13.6G gafl 0183/ sec peak or

0.27Bytes/Flop I/Orate is 50MB/ sec per

G gafl op. Menory 340 includes any nmenory or database

nodul e and nay take the formof volatile or

nonMenicary i3H@ imdwdes yany mednaety iy, datebaseompdile mingd ardyotgke the form of

netic dj.a, optical dia,. flash . r : . :

o RS AR R Ry TR, ooeh BB, cptic
mefRdi fhsh OfeRDYy, OfRB6mS Héded Inferh@§a (R AM)| gbmi-enifeniory (ROM),

conponent. In the illustrated enbodi ment, nmenory 340
remavablonpedise dr any otieg stitablgalocalogbremefst mewgre copppyent. In the
. no ompponent s_aoperat |
o Ky ARG O I Al 15 7 B Sy Rt o)
meB¥R¥ WdnfintiRE bdasinkbQt Weddh ofit Gidépar Mengprfr &40 trhas include any

di sclosure, FIGURE 3B illustrates, a b %deﬂgw <§§hat’ .
appraptiatelclsta; fo5 pIsEEEs o xegving BRE ipopl SOnwiBeyl departing from this
dmﬂﬁ%%’TfanSport/ peri pheral conponent interconnect

f BCl ) bridges 330a and 330b, and two HCAs 335a and
335pIGERENB ¢llitratte a3Hiadé ALS toiv sndtddsgwet proegssors 320a and 320b,

B R e S R b A
an&)k?@)eg%%%véﬂmsaﬁﬁa%ﬂ& 3gstanpl e, a central processing

unit In the illustrated enbodi nent, Er ocessor
320 Emayptecstpdd 35 tcludps et loast pwo queesssors p2ot Reecessoni3Rh executes

. processor. or derivative. In this enbodi ne

insEYEENIS ATl @gglgg[g]tesdtiaﬁ g‘h pg&ﬁ 1% Op ﬁrglgo esvgf Bgﬁg ﬁ3t150§ucg as, for

exe}ﬁ‘ﬁﬂ)lle,d batant eeodeihg uh® (CPUTK I die Dlubigatéd @mbbaigrsnd| @ssessor 320
he

ual processor nodule may provide four to five _
may crahPriss U AIPRIOP EXPAsEIP R otherd SITHIBT PEQEeSHE iy Gt @H Ve In this

erbRELIGY ShE 0 LG TRIEE Yy RO MR el ol
buflépamlédkdfof EaMIDEe Repanessf the ldus] pliosessasmodule may provide four to
Accor di ngl rocessor 320 has efficien

) t
fivg ggﬂrgqﬁlqn lhsag]ﬁ(pgrfp%@r&;@p ’thq%t gﬁ@t%ﬁﬁg}ﬂ%{%@s&plve memory
bal%uéi:q{h kXD %lgg)g&ﬁ%%@ fmi;mgere thih +Y Sroe8R6di378Rkithout departing

each processor as on r nore Hyper Transport (tm
froporthottgpe of thid dischometui Actgrdimgly, i preeesss532(Ghae etliidignt memory

bapbh e CiFG B CechEtd T Lo T 1O CREbEREb D, mm s
endDOHEHRL &M CRABRRBGENES0 hdd bie R8I RSrer BYMGEranSSort™ (or other similar
conduit type) links 325.

Generally, HT link 325 comprises any high-speed, low latency link designed to
increase the communication speed between integrated components. This helps reduce the
number of buses in blade 315, which can reduce system bottlenecks. 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
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nunber of buses in bl ade 315, which can reduce system
bottl enecks. HT |link 325 supports processor to

wORoBsasewB comruni cati ons for cache coherent  PCT/US2005/012031
mul ti processor bl ades 315. Using HT links 325, up to
ei ght processors 320 may be placed on bl ade 315. If
utilized, HyperTransport may, provi de bandwi dth of 6.4
@B/ sec, 12.8, or nore, therelb providing a better than
forty-fold increase in data throughput over |egacy PCl
buses. FurtherHyper Transport technol ogy may be

Hypeffipatspint éechnology eepache coapatitdn gdthdlsgacsutl dandagds, sughyas PCL

t her, t.echnol ogi es as PCl-X. Blade 315 further
an‘?ﬂ*@?ﬁ&@?" _ %c%‘%ﬂ?é’gi‘sgso and HCA 335. PCl bridge 330

may BRRIe 38 S ifgmes ihdlude Bl/Pantadyd 330 HAHCAGEHS. B bridge 330 may

Specification Revision 2.2 or 3.0 or PCl Express Base

be gpagiad incronyiancaowit P Gy cal Py §P?‘iiﬁ§aﬁtoﬁleﬁ“°é’éﬁf‘9n P@ror338 or PCI
e RBTERSE Sp RGPS, 0 Qs chontp 4o Lobprcs any

corapbidt F@S‘vicﬁﬂig tahhélibaseddl/ BiGAThih séivar Bin dncna remblodinaeng, HHCA 335
typically created by attachi pg hpst channel adapters ..
comP S 4RGN EHHICR. JBPES Chaie Brice NN CEay taching host
r I : N k
ch%égf cha?)tc?? %@ﬁrg%feégaﬁ%m ARGtk ‘éVl’l_ldlhnérﬁb%Inr&{ﬁ%féé Sﬁlﬂg%%@dand networ

rc In nore detal In F oD,
coteptvity dnepant InfiafBand ROricExPnestedin dgere33otainin KIGURE 3B.

335 may create ul | - dupl ex / I,/ hannel .for
S50 S0 bt PGBERPIoR EEIER 0 RBar et S hapyieate & full-duplex
2GR/ POScIRHALl folr &AEh RAGEMAT IR0 O 1§ WRRSILT embodiments, this provides

processor - processor conmuni cations in distributed HPC
suiciant bamrbyitith100supFort phegessorpracepios \eoterItitatigas 31 disfiitiged HPC

/O f | . t iall. i
oSt P TaRB0 e s BCuBy SRS 2 B RRRS il ary or
subdtdnially Bhiasceanatthie perfbeeinge of pkedbada0315 i ncl udi ng

a daughter board. In this enbodi nent, the daught

boaldCHRE 8Gplustrates, pugthesceambndimpghet blade fd S cHRly g 2 daughter
LAt e f i h . . er cache
o B U At 0 SR s

one or nore
coB&6nt Fberfe¥anplles dhightér bomtiriat epbratdeght mcludeagme or more Field

ProBSpESIe . AerelaIA) FBoa St b BedTeE Sphier board
indthddd HRFIREAD ?lé:@ﬁgelbx%&'iéda@ﬁ%soé Be1 340U, irdspedttveB). Tslly, FPGA

custom al gori . vector processors for sygnal,
350 nprgeides rblatec B Y ptwithn moeestapdaido mtenfases s Hiengbilt

applications, d high b idth. F | E '
st e e e R e e 58 B sy processing

apPRERILRY, 3nd M gh dAGKRIHT FoPRxiBplePRGA hiafesipplent the ability of
performance of a general purpose processor for special

bladerisSi nproyidie aecelerwioncfuing ef tendw tyrelyi ténemthegseformance of a
geﬁ%ﬁ%ﬁlﬁrgﬂge_r &%gés%rn%o{f Egérc%al %Hct{B'ﬁ*s 'shéh & L %ﬁ}ﬁe, low precision Fast

Fourier Transform (FFT) and matrix arithmetic functions.

ty to process custom

The preceding illustrations and accompanying descriptions provide exemplary
diagrams for implementing various scaleable nodes 115 (illustrated as example blades
315). However, these figures are merely illustrative and system 100 contemplates using
any suitable combination and arrangement of elements for implementing various
scalability schemes. Although the present invention has been illustrated and described, in

part, in regard to blade server 102, those of ordinary skill in the art will recognize that the
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The preceding illustrations and acconpanyi ng
descriptions provide exenplary diagrans for
wonpisawesss i ng vari ous scal eabl e nodes 115 (il | mernabmd012031
as exanpl e bl ades 315). However, these figures are
merely illustrative and system 100 contenpl ates usi ng
any suitabl e conbination angsarrangenent of el enments
for inplenmenting various scafability schenes. Although
the present invention has been illustrated and
described, in part, in regard to bl ade server 102,
tea¢Himese off ther pliesent yingkitidn rmtayt e appliedi ko anycelpsieses! (P server

t het eachi,ngs of .t he i.n t I
e b3S "5l e G S L AR50 cctmiquo
desSHbdl Bérbimt RhP Be 964y OF 9 difidblikatwititandepirdhg fidne the scope of this
t echni ques descri bed herein may be_ | ocal or

dlsdpstrm bhee thqsn otervese pkPt iy 1Rdvde HE'S c’@ﬁé‘%ﬁ (opj odes 115)
i sclosure. o .
mcﬂlg’g{ﬂtlgg aelgrsulta 2 coﬁa? 'tqilorz %gﬁrf Sagxfag%él}ﬁ%ﬂfg}nfyélgﬁ%r#g chlj'i?rgvﬂmg high
perf&ﬁ‘i&héb’it:érﬁputﬁigcboafdf anhtsresduciaf 16D éatmnys ¥oreoyen \thelppagations of
hi gh perfornmance conputing po [ reduc /0
thel vBHE JIUSNBE VB TaRLsoBaY 261 ORI ki as appropriate.
For é)JaHli)ﬁcr gfaﬁq 15'%83']}?61%@& ﬂ?&ht 6f STBhASL ﬁﬁﬁillapﬁodes 115 or various
f as appropri at exanple, grid 110 may
nodersQIlﬂdngntehungaﬂnffemnghalslm mihblact mybhrtq:qmlﬂear nodes 115

or vario s 1 | ementi ng,differi har d

or fabri ﬁ%ﬁgggt@t% p%sqpaﬁ YIRS SHIRO %@%tsu%rt%'rlgfuéagemegt graphical
useY WieFHS 26PAHLEBRROlvi HBRIGBMEIG0. JOMRR] Sdhadenht GUI 400 is

Intertface 400 in accordance with the system 100.

preSéitteh fo whemgEPensingIGUAB26.i In meagiehtwanagsment el 4¢ppresents 2

Va%‘%& 8 ? Fmg%?e%%tg&gﬁg%%@?éﬁlg er aci%%gg Qé ¢ gﬁgmﬁp B RRGr Snd/or o

vaﬁ*étg Rqu}ess duBmsRySsreplofithTkdb&dsr @t orusan dHhEseasoréHhs earydlsmays are
subm ssion or profile screens to a_ user T
corgpm@émj geplird pilegenty p@e@b}ﬁgrlpg)eaarwls gfﬁ%‘% pE g9l ected information.

eLem i e SG@?E@(EBE? grelséltt% &{ﬁf&}pgistgg 'pir‘:tzﬁcé?fheglﬂt J)Pﬁde 10 (illustrated

For exerm_
I Af O present
in EI@DREWAQfortthelqgmaS aldm:latlhteat tdpolufgygrf |m$d6$11)15 in gr1d 110 (illustrated
éyélustrated in FIGURE 4A) or the logical allocation
in gy of nodes 115 in grid 110 (illustrated in

Fl GF'E@B&@ 4 AP %‘ﬁ%‘ceﬁp‘eﬂl §tdh§§1§§ AP Bisplla§PhFA may include

400a splay 4 c ude informati on presented
informdtioa pisénteds ta dheo adrhnnst@fcdrefm af’édcyvﬁmagmgglgn ogéaes 115. The

115, ‘The il.l ustrat ed errbod cI udes st »
illygirgted %B@m\%ﬁt HC edie%gfl A ng. ‘g?kb BIVETF ‘glglrl e ?55@&[1 Jicture” or
sc&éﬂsﬁotléio id910. eF&“@Jaﬁrplé Hihi§ pRitele Wh®y pyidertay !pHy‘SldefD @tatus of grid

hysi cal status of grid 110 and the conmponent no
110 18] tiEaedmproget modss Baclonedeot1 Samgy he wBeof gpy aﬁmgt%of colors,

i th h I
Wlﬁ\{(%ﬁ]ﬁ f?:gl%r 5603933%{1%%5; na(%)e s %{fﬁe@ %}gé?b eﬁhﬁlg 1 Mifed noli®ti 15 may be red, a

utilized or allocated node 115 may be black, and an unallocated node 115 may be shaded.

—4(U

Further, display 400a may allow the administrator to move the pointer over one of the
nodes 115 and view the various physical attributes of it. For example, the administrator
may be presented with information including “node,” “availability,” “processor
utilization,” “memory utilization,” “temperature,” “physical location,” and “address.” Of

course, these are merely example data fields and any appropriate physical or logical node
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utilized or allocated node 115 nmay be bl ack, and an

unal | ocated node 115 nay be shaded. Further, display
woQos/ wess3al | ow t he admi nistrator to nove the poTASE05/012031

over one of the nodes 115 and view the vari ous

physical attributes of it. For exanple, the

adm ni strator may be presented mrth i nformati on

i ncl udi ng "node," "avai | abi | y,' processor

utiIization nenory utillzatlon " "tenperature,”

" physi cal Iocatlon and "address." O course, these
infametion rraayy bexdisgia)e foratm fdroinigratond Qrtﬁ})ké/pé?% piaxt dso allow the

R Pt BN P B0 S5 B P PR
ad”FfG@REaitB’ﬁlldsﬁaftheﬁ Blefkﬁsplaﬁmmf @ikplayl ZLOOID presents a view or
perform any other suitable function. FlIGJRE 4

piki ué heaogsbimatei] i 5 b s refidspm A mgpbpresents the virtua
or tHre h o)

B35S S o8 S DRS00 RS 1) cumpc s

spatkd Qm&lld‘ehﬂésﬁlﬁ{m%ﬁﬁealzao fait @gcwdiddhome @ indreljbBs 15@ sPisplay 400b

400b further displays two exanpl e job spaces
mag|allgwahe adimistiiate e ﬂ?%nrl@r Oiéezfje%enhlg?g e Bfustgp 220 to view
n
e gl Lk Rl AT AR
Fuﬁh@y\thhfadrrﬁhuﬁﬂmmr mhy modeshd psingr evpedndyf thajop s;saces 230 such that

statuses_ (such as aIIo ed or 0 Furt
smrqbée RIS oR 5 Py 8 ?’ﬁ’&lpg%% g bios MR g o view
thel j nﬁtﬂ@csgﬁ't And, SHfberldrabdGUbiARI&l EbtitBf 1688EdraRags I/O usage,
p]r esente For exanple, the adm nistrator may be a [e
and otheisew t he job nane, start time, nunber of nodes,

est'nat end tinme, processor .u
ot ndr e e SferhioBE R ERAR . REF TR prhBRRE PPy example
displa§P1466£ BhE 4061 %@e@ﬁv&?ﬁﬁﬁpfo@ ithssiatiay HuddSes amr a4dQhay include
reSpectively) is for illustration purposes only. aqd
nomy;omncomfdbo edllusieatas graphigal|elespentsas well @§taflg][t1@aa management
enents as well as additional managenent
eleg "E:hor\]wgri shown. FIGURE 5 illustrates one
enb@CleURﬂH 5 fuserhiss bee embodigeme of cengh nendgayers lwogme 130, shown

here as_en |ne 500, in accordance wi em 1
heten ps 8BS dP M i agqogdangs %aséfétﬁ’é’ntl é gir%et{‘ugoﬁmgodlment cluster

mdnﬁgel Qx(?se n%l sgRkdd %LYdGQf H,ll?alff?q}fl &H-RO6HETBP %Sﬂﬁ@nents physical

I cal nager t ual “ manager 510, job

meslagacmsemtﬁalanamgdr §1dg &b sn'herbﬂt\;r b, amirlpaailr@gn@zor variables 520.
mana Q5 is fi r

or SeHBFLRRRARE BRat Ay 0 Tra v e s ey R Gerabie o

deﬂaﬁ? ldeth@oh Xﬁf:él%é%ltﬁ Qfesaribhd nedsk eff asd le‘ﬂ%bﬁlvdlmmege nodes 115
nodes 11 ased on this determ ned health. Physjca

basrsin ey dhismdstesiaed Mieeltl aPlaysicel endnagete Arayy Usfe this atfe toysfficiently
%ﬁ%} %glgflt f%é)ﬁog go 1%%5f16§ %aﬂuxeeg InI Jﬁeoerlll?oo%m&ﬂ' ﬁ'ﬁ:}@ cal manager 505 is

communicably coupled to a plurality of agents 132, each residing on one node 115. As

described above, agents 132 gather and communicate at least physical information to
manager 505. Physical manager 505 may be further operable to communicate alerts to a
system administrator at client 120 via network 106.

Virtual manager 510 is any software, logic, firmware, or other module operable to
manage virtual clusters 220 and the logical state of nodes 115. Generally, virtual manager

510 links a logical representation of node 115 with the physical status of node 115. Based
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 and porpmanicpg ihig énfogm@ﬁ%sp yohrse

communi cably coupled to a plurality of agents 132,

each residing on one node 115. As descri bed above,
wagers1966t32 gat her and conmuni cate at | east phyeraabko0os/012031

i nformati on to manager 505. Physical nanager 505 may

be further operable to communicate alerts to a system

adm ni strator at client 1201%ia network 106. Virtua

manager 510 is any software, ‘'l ogic, firmwvare, or other

nodul e operable to manage virtual clusters 220 and the

| ogi cal state of nodes 115. General | virtual manager
on BibGe linksg sirtual oghager Si 6 praysganeeats W@%Clﬁﬁé@ 229zndiprecess various

t he physic s of, node 115.
chapy fathersar et St <Ry PoEisRtise F FEHS Mol PESF & (P53 or usen
reqBO £ PERASedVAPTOMS c&zbiaBg EBirfuel mlaﬁ@g,%r <5|105ﬁ@r slsa zsmmumcate the
such as in response to node failure or a

status of yirtuebeluster 128 suqkn&séwﬂacartwﬂelqﬂeééééstp n@b Scheii‘eleraﬁw to enable

oo S B TpB GET AR GeBAo  4 via

mafifdtedud elayFlBhdrdetnableghel ymmtﬁ)ﬂh)@ajff ob 15 (hg'lthfpartlcular nodes 115
unexecut ed, or gqueued, HPC p oc sses and jobs
‘%eéyu ar i fertpifeem odlments virtual

ma%%“) H{abr'bte Jécf’%gflei&tm 4 1%@1% Pbl%alrhqgﬁ& obps and

ni ca rmati1 on t schedul er 515. In
cer C&lstbrembmgemnt snghnier Sﬁuhlmamrawemcﬂam mindEda}@r 515 Job

ohj ect repre en an i d|V|duaI Vit cluste
scheﬁwgf b PRSI RER( an P T Atayoil Ht FgHer opets of the

éhli]’gqégoﬁfcéla% welP Qzlﬁ’lctlﬁg ‘i’)%c%ﬁso%" ndaldulBe allScatidng t(f)] determine an

topo ogy-aware nodul e that processes aspects of
optSiysmejob spacs2Af @teistlmas Restdrs at lare pBep corsidesest schidg processors,

the tinme allocations et erm,n
PrSERED BEBoBhA TRt ishS TR S SPPLRT L Bigrsy g In other
wokdt¢ b(élﬂ@ch@&ﬂ@ﬁ%@f@acaﬂl&QﬁMWﬁMI ¥26 nmt@remrynbmso physical
di sks, visualization éngines, and others hi oth

manegais305 tsh eawhedin Bealth 8f Foripusanedes; Hieradr 6Tk apgger 510 to
126 t
dy%aﬁlglcalg/ f‘ﬁ c%kv_’gqb] %)gg? 538, witlY 3! & a1 ; ?rcluggell; 200, ’]Fhls dynamic

vari ous no Vi rtua
alloGariag ey a&bﬁlph@haﬂymgha}ahxbuah]lgonﬂmes jhaboﬁqmamoﬂiéﬁates knowledge
within a certain ﬁﬁiual cluster 220. Thi

of dhe GEBEROMPPLER IR AR CEP: RHEGHPRISR A" %@oﬁ“ﬁﬁﬁ@m Job
scl{eﬁﬂfer% qﬂfnﬂlrég %:'gﬂp'b ﬁaélﬁniﬁ’(grfc@lgg &KEcdthd StibsiBNerial and parallel

gri when appropriate, virtual
pmgrmi; erSéhEdnleﬂ 6b5 sshheldubles ;ﬁaﬁdhamwwstobonpiemanfcpom@s 524 on

t er act t f both el
sl R B A BN BB TN QT E ol 2 4 DA o a vay to

| MPleRRaH mRRAJepi BB ergihe OSD0S Sl taks Nir gt é@xe@ewa 515, may be
various problens presented by job 150. ust er

fumlmnagnemm toepgnﬁmaa ifrien L@nclasomhn&u%ﬁst@rb SuBR dapicdly comprise
overl,fsggﬁrgaﬁj\/ﬁtpeﬁcgnt %e cgattaagrp{t edltslgy%ﬁ{géﬂﬁ? {/Qoéﬁg%(ﬁ)hg % that processing
is not lost to a platform failure. Based on this, a file system’s I/O can be segregated into
two portions: productive /O and defensive I/O. Productive VO is the writing of data that
the user calls for to do science such as, for example, visualization dumps, traces of key
physics variables over time, and others. Defensive /O is performed to manage a large
simulation run over a substantial period of time. Accordingly, increased /O bandwidth

greatly reduces the time and risk involved in check-pointing.
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over seventy-five percent of data witten to disk.

This I/Ois often done so that processing is not | ost
woaoa/péa@sf orm fail ure. Based on this, a file BgsUSNI0S/012031

I/ O can be segregated into two portions: productive

I/ O and defensive I/O Productive I1/Ois the witing

of data that the user calls for to do science such as,

for exanple, visualization dlljgrrps, traces of key

physi cs variables over tine, and others. Defensive I1/0O

is performed to manage a large sinulation run over a
‘subBetantingto geineotPOpfocal memorsc 5y} enmiprises lagieal dessaptipnsdor data

bandwi dt h .great | y.reduc the ti ' [ .
BN R YRR, Ao AP gty LR scred i
an a1 B2 Qo SeATNH: S 8% rd geUbfepdbl €l €6 bei difined)Sprocdsselitoa retrieved by

structures) of a plurality of features of system 100.

corhpatible easiep rior Sramplgylosal wewpBHSIhmah FopRTiss RE oOpore eXtensible

|.oqgical dat t i . .
N R Gt LR sRBFR 3P DR e KRB gy bedesrvedin
ter@¥ ATHCL stae@dntsTB8driptH 20irtmal Stwoager Aseeso Method (B8AM) files, flat

extensi bl e_Mar kup Language (XM.) tables or docunent
filepheingradatfles BHeYR ﬁlew%@é% ErQrISEBMaTSPaTatRd- %QSSLSV) files.

D s X ‘
 FUESETEPLSSE0 L ks, SH500 B8 IOy ot
suifableedata staicalras &oéal lnesmornyr520onampalse pemptiseck platalisy ¢{8Whes or files

files. It will be understood that.each el enent :
stopcdnpR 088 Sﬁr‘i‘?’érlpgb‘?re‘j‘cr?ﬁb? é’?urﬁlrltya?ﬂ/ SBYHE ! _n%lesab Ir@x’i?gf’%r’ while
illuRfrhidg by fe%idiﬂfié)ﬁﬁide RPRE Y500 208y &1 §01068IREhSS 520 may be internal

plurality of tables or files stored on one sérver 102

or extemel witlow dpparting from thé senpewéd this disclesies. Mor eover

whi il trated as si di L nsi de. i .

o Wb TR 35 S S e S50 Soue e
52 ﬂcﬂfé%‘ttaﬂ@ Ban t adagjobrqueué 525.s Bipewhile hbi Bludirsted,dsenl @nemory 520
[TTustrated | ocal menory 520 includes physjcal |i st )
mayAnclude pthenHatpjssuctypes, inghusling ok t@%?ﬁf’pé‘i@%f?gt %fi@“t departing

524 and. j.ab. : ' Rl { SBysical list 521

e A D2 el M QB RAG) i s

is bpehblditoGtate jiddntifph endnshyaicdi mahaggment fikformattbapahont mgde 115.
fromthe scope of this disclos Ret ur n

. A h
TS LoEE 5 L PEL e SEABD 0 b n
reclto?](% j@érq{oﬁe hgen gblf é’)iaﬂg)éég ri%el Saf AlcofBRAAY MPRIe fields such as “node,”

rmation about n .~ Physical list 521 may be a |
“availlability? rfpneiessval utdiptiost rtro¢mery vhibzationd) {itgmperature,” “physical

| east, .one regcord per ngde 115. For e e, the
logahgg c&fl‘%re_@c o?lbooﬁé’?ag‘?‘?cl ?J‘H%O Fet dg \g]lfjlgﬂeoggder%%%de?hat each record
may@ihidluli@Ribhé, tshme, oP ﬁl@‘é@ﬁﬁ@éxdﬂl@lé ifieRis] O, one"diBdindent, the physical
utilization," "temperature,” "physical |ocation,”" .
recoadither psqvide bfsweigh key tosanother tabde, teehsas, far sxppplepyirtual list 522.

under.st that. each .recor .ncl u : :
oS08 e S T B Rrmtion
abORIAE Al 5.1 VEalalliseEsp2 phovbdemalif-ginedngionkledatd sinmhot e includes at
tabl e, such as, for exanple, virtual |ist 522.
Jeast one record per node 115. For example, the virtual record may include fields such as
“node,” “availability,” “job,” “virtual cluster,” “secondary node,” “logical location,”
“compatibility,” and others. It will be understood that each record may include none,
some, or all of the example fields. In one embodiment, the virtual record may include a

link to another table such as, for example, group file 523.
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Virtual list 522 is operable to store |ogical or

vi rtual managenent information about node 115. Virtua
woOieds/15&83 may be a mnul ti-di nensi onal data struetCuoms2005/012031

that includes at |east one record per node 115. For

exanpl e, the virtual record may i nclude fields such as

"node, " "availability," "job," V|rtual cluster,"”

"secondary node," "l ogi cal Igcatlon "“conpatibility,"

and others. It will be understood that each record nmay

i ncl ude none, sone, or all of the exanple fields, In

oneGeq‘rtpoﬂlerrS%ﬁt compasey| gneuel MPEEL tﬁbépsnﬁych%lﬁ lﬂi’éraﬁlq fhRtore user
sroig 1B E b PRI E e B e, RHRTPI (B, #oE enample, cach

grolf @&fo@& nﬁﬁ)%@lﬁ(ﬂ@a 1isx stavaiable eérvgfes;umdam ﬁlSmgrrbstfy)r a user. Each
i nformati on, such as access control |ists

logiel @@%Hr%ébe anerialghouh » QEYREFSHEEYUR APl %Pﬂ‘f@?ﬂ%rﬂ project, a
secE%hér'?%l T vadtﬁgscolllg oftdis oChokORSrd ﬁfat Grelatid to submit jobs

group nay be associated wt busi ness
15 0@ Ugaininisteni 4t, leastdgprarof neystem d0Pr ojBastd oa théc infptrgation, cluster
group, or anéo ot her, col | eCtl on of e or

N TR R T
if soefRlo éﬁﬁ ggraﬁié&;@ w400 ex&%ﬁ%ﬁi Rrthb, %rddibft%l@@QB Qﬂay associate

cl ust gement engine 500 nay detérnmne if th
eachaser grobypristithi angrtpaltelussd 228 om withl o argeere @hmsmﬂmd@s 115, such as
he aqpti nu rs for b _exe

oo BB, 58 b aEs HUA Mg Bl fo v o

1nd‘i’\}1ﬂﬁa1¥ Hro&dshiag %a«?ez Qllt‘hbuﬁ/\’cétﬁp&ﬁl% fr BNy Blotal e adaRscribed
5, such as nodes resid \r;guvmthl n a partl cul ar

abcgreomlpe shatenaich smhr)fs vatqab st P2y imaypbe slymams gpd may change

dual roce hout conpeting for
accroé B%lf Iée§dslq d}gascrlwb}ed above, the shape and

si zeoRdy bl sl 1n©1ut16§ sﬁe a2 thor@yolixdesd y It avﬂld)eamdiemkgpd that policy
change accordrng@to needs, tine,

tabjim B POl Pl b pE 'B9d pireshaaeblhas Giiprite. Policy 524
gergegalaﬂ}g %t??eg fré%%vglngyamge %gdggﬁqupglfémmﬁoibbﬁy jdbablse @dfor virtual

I nt er changeably as
clusepy 0P0.i aF@. efémhﬂle,yprﬂﬁﬂesg 62143 maay ynabuder exy pnmbers of rgrameters or

enment |nfornat ut j.obs, 150 and/
Vaqugcsdgc g@p&lgmétzz@ prp ?Pé?ee tlrrbeg 0 TS, Ip]écgmé)ﬁtﬂn,r}gers allocated

shdr@ﬁfﬁ(g{l% ABYor RitRE tluefer P26 ARBLEIS or vari abl es

I nc ng problem size, problemrun tinme, tineslots,
pr edolplaiare, 52s eepsesenls| asaeietlosh aireanyt ohihes [PPsaverting execution.

b 518 oF s SR, U o SR vt s

dat@BReubbleNer FEARE alray, foll Wetmeddly ﬁ}lﬁﬁlﬁﬁ’rl (ﬁﬁﬁld’irﬁg/ Z&d) bﬁhﬂbﬂ 150 or
dat a structure such as a bubble array

referehpethetsto. piatherteenasabq e qyeye 2P @ﬁt%@ﬁt%‘ylth @ﬁl\éelrl8 or a plurality of
qu%.lﬁié %gg nt% ezagﬁ %mbe@ef SiSO Q%Béggd%ttﬁ 8he 8? ﬁrﬁ gﬁé @itrﬁal clusters 220

uéue associ ate
withifP tid @l(l).t y of
In one aspect of operation, cluster management engine 500 receives job 150, made
up of N tasks which cooperatively solve a problem by performing calculations and
exchanging information. Cluster management engine 500 allocates N nodes 115 and
assigns each of the N tasks to one particular node 515 using any suitable technique,
thereby allowing the problem to be solved efficiently. For example, cluster management

engine 500 may utilize job parameters, such as job task placement strategy, supplied by
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gueues 525, with each queue 525 associated with one of

the unique virtual clusters 220 within grid 110. In
wonesasewst of operation, cluster managenment eRQTUS28012031

receives job 150, nade up of N tasks which

cooperatively solve a problem by performng

cal cul ati ons and exchangi ng hﬁfornation. Cl uster

managenent engi ne 500 al | ocdt'es N nodes 115 and

assigns each of the N tasks to one particular node 515

usi ng any suitable technique, thereby allow ng the .
thepiseib| Regardlesse cistey aymaganant spging S0 gHempig peaploy| the prshitecture

nmana nt.engi ne 5 il | :
of JBVRoT0E AR Ao e o e, g i AR GB IR 3K sl ikely

impregey té 66&all Elrosdtpit fRRGGEME0D. engi ne 500 attenpts to
exploit the architecture of server 102 [

I i ch hﬁg turdw
pr ol €88 emhedEantk elpster; Prapament foeinendq dep selfsts and allocates
i ' . Qf system 100.
noc}eﬁhg%écé)%%g;{ﬁéﬁ gﬁg%{gkﬁlﬁ Ena ergrel&ﬁ#ﬁoegfrll%i' ne 500 then
sel ects and all ocates nodes 115 according to any of

o b B IRABED LB PSR o3BGl AR By oy ve
or&%?edofndﬁx%esg)ebi?ifea hBmeREGHS, itedeish ?gégnei ; efffch@f @dghbor to neighbor

preserving efficient neighbor bor ) .
comnnmicaiiomt | Bre sideifieslpspioldgydmangesk oy yarietiiagfesoba 150 where it is

varj e f jobs. 150 where it is desirahble t th .
cesybla e B phiit SR Bpblongl San i bl bfoey allowing
thel QRPEAGN s 3hIIWMBL IO ©OQRRISkIcAE framikatlpifhofei #idrtiasks. For

conruni cate frequently with nei ghbor tasks. For .
exaplepd toquest b fuiasles infa 3xdxasdimension (2x2,2) viilrksradlogpted sn a cube.

2 will be | ocat. j ¢ nF - £ . .
Fof e dorpose 28 GRGRGR b, B PR ik P BRiGutols (as discussed in
FIGURENSD ) Réhileasreshrsiay eghiclentmoidHBoRE0 A&phbarhioemunications. Cluster

preserving efficient nei%gb r to neighq%g ) ) .
maSAERTLAM CRENEHY0 TErBe dfcerk @i‘@%ﬁﬁ% e egiiicd dmgnsianpl shape in any
orikAiGord. O F@% legeﬁﬂglg, %%Z%) &0k fh&A be 1 MBRREP RIS BRPSHilAble physical

any orientation.” For exanple,” a 2x2x8 box nay be
noddslveetitatig onhotizamtdllye avai | abl e physi cal nodes

vertically or horizontally Best Fit Cube - cluster

management engi ne 500 all ocates N nodes 115 in a cubic

Vol e Fif tube L QAR WarRbEmehtediotie JtansdloRstes MOBodedA 15 in a cubic

al | om ng cooperating tasks to exchange data with any
volunieer ThisKep@ygyri affietentiyn dandles dpbt 436 ealkaring esoonpiptingudasks to

odes .115.. Best FEit Sphere - .cl ust e [
ex%@ﬁgeafiptgc i 80 Offis ég&i%é’ PRSP g{;el ca %oﬁ%.ef%g}{ o nodes
11§xanmpl e, the first task may be placed in the center

node 115 of the

Best Fit Sphere - cluster management engine 500 allocates N nodes 115 in a
spherical volume. For example, the first task may be placed in the center node 115 of the
sphere with the rest of the tasks placed on nodes 115 surrounding the center node 115. It
will be understood that the placement order of the remaining tasks is not typically critical.
This topology may minimize the distance between the first task and all other tasks. This
efficiently handles a large class of problems where tasks 2 - N communicate with the first

task, but not with each other.
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sphere with the rest of the tasks placed on nodes 115

surroundi ng the center node 115. It will be understood
woOheds/éws3 pl acenment order of the remaining taskeTiIUS2000012031

typically critical. This topology may mnim ze the

di stance between the first task and all other tasks.

This efficiently handles a l.arge class of problens

where tasks 2 - N comuni cat%1 with the first task, but

not with each other. Random - cl uster managenent engi ne

500 al l ocates N nodes 115 with reduced consideration

for Ramkme ndeer masagement enginal0) dlocgry N aadesyll> with reduced

ocat ed. r
cons G R L8 o s M Y B ab R PR A Ebodiment,
hlé/\highldglytdnb@uﬂa és@w@tdﬁe lofj g@ids] bfdr Yatkfilihf plogposes, with little
rstood that t e prior topol ogi es and acconpanying
imppst tor ¢therijobs BYde for illustration purposes only and nay
not depict actual topol ogies used or techniques for
al l ocating such topol ogi es. Custer nmanagenent engi ne
It ?Eslg beRyhdetstdddz thag t]pxli @ﬁem?;dimlmésg hthd asd:cnnmhyhg descuption are for
paranmeter or policy 52 ar ane . In one .
ilsiisch RBROSESt LY 304 CBRE A0 del @th@cfvé tgpolpgey used gnterhniques for
all@ci% g&hqo Boits. Which represents how aggressively
g nment engi ne 500 should attenpt to place
nod éﬂ;usleit&namgemdnmglgnm ﬁmmgqumb adplacesient @relgﬁ,o@e@é)as a job

| acenent s In this exa lue
15§ eSS Tk Y METRL 1B SR oo Pl ST pRgstent weieht is o
modi iR ARY UePhed BAS10RMIcH RpRA&HRE BbR sﬁv&l@ﬂ digst@fmanagement
represents placing nodes 115 i nmedi ate

engihe F@0 shramldaitamgpt tb plase grodes hdr agioaidling/i; tﬁ%bﬁ%eﬁ% gﬂ§k forsprocess)
oSG O G R B e L ASREc U] SByi tn

opﬁﬁﬁﬁluit@@eg' [@abhsddhs) i pedsitds ahd aprabicent 1 s¢meseatsi gacing nodes
of large Jobs 150 and preserve the job throu h;f%tl of
11@?@@%% aotyng PRehpeete Fnaveh ftPe,6F OHISTBHTe ANaable Rodes 115 to
9 t k Ministrati
b B R B TR Rfnistrative
poficies fBhaghng resmes tbidvatih, jiro bsledl &0pretentsteayationtifdarge jobs 150

f | [ t 00
and BiEenp Hieg8 LS UL HEG Y Bond nat | o and
arr %gﬁﬁ}g x%f il u@&hﬁ%ﬁi aﬁd QEERMpani R dBiSRNbioRHet HiESRemplary

and orithnms. Thus, these software nodul es nay
mdduatzr uh@ranyfos angiah 560 @mpbnwatmg) kogaerdl seltames ferevnaging nodes 115

ang ggame{\%g. %lgrgzle\efgr‘f_, ﬁlgt I(ﬁ{gé?%f msma ﬂﬂ.}sﬁogeezert o%rs?é?lg 1J08 Q%ntemplates

usink! 445t fufaBR f&%{hﬁﬁonrrmﬂ Bﬁaﬁg&ﬁvnﬂ od 1egickl cslers@parfat aplementing
as appropriate
these an?lpothgr algorithms. Thus, these software modules may include any suitable

combination and arrangement of elements for effectively managing nodes 115 and jobs
150. Moreover, the operations of the various illustrated modules may be combined and/or
separated as appropriate.

FIGURE 6 is a flowchart illustrating an example method 600 for dynamically
processing a job submission in accordance with one embodiment of the present disclosure.
Generally, FIGURE 6 describes method 600, which receives a batch job submission,
dynamically allocates nodes 115 into a job space 230 based on the job parameters and

associated policies 524, and executes job 150 using the allocated space. The following
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FIGURE 6 is a flowhart illustrating an exanpl e net hod

600 for dynamcally processing a job subm ssion in
weaceridessse Wit h one enbodi nent of the present PCT/US2005/012031

di scl osure. Cenerally, FIGJURE 6 descri bes nmethod 600,

whi ch receives a batch job subm ssion, dynam cally

al l ocates nodes 115 into a j Qb space 230 based on the

j ob parameters and associ ate?% policies 524, and

executes job 150 using the all ocated space. The

fol | owi ngdescription focuses on the operation of
desctiptidre focusesagre fenoparatihnl of ¢lester mapaggaantimrfuted ¢ dn performing

0Q. t stem1 cont.enpl at es_. usi i
mefbgrloo e 14 e S S Tl el BPlpBAR Sohbihon and
arradJRhRAESH ToBlkaPSleReRls imdlplentntih Sotle 9¢ kil dhe described functionality,

functionality, so long as the functionality remains

so kapg ﬁ@ﬁ?eilfatl@ionwéb’ﬁ@@a%@wf@@ﬁ%- at step 605, where HPC
seryer gLV ' 1 SSi f . ..
iR S AT AR e R B
150 Bl BQsersi Ag dolckiont 038, i Dnanabbéimenrtindisrentiy sihit job 150
oSt LTl e et i F s n
ser?&J et S%\Ig)r(tg 4p (s:']éﬁ%leaa%&eyﬁﬁﬂa%éﬂ%ny%ﬁéine P96 Qelch8 HSE 523 based

S verified, stet nanagenent engi he 130 conpares

updrheheusser. Omct Hiee gseolip vediGeh slustartmaagbment ¢niale) 13 compares the
step, 615. But it wil].be understoo h I

usehgA4BR FENP %Bﬁsn@nﬁgtllﬁt&%cﬁgeataﬁp gb%r ?ﬁ’? ﬁta}%id E é&lﬂ}fl?rts?(’d that

clubfef Hﬁhg%&énén@ leﬂﬁﬁé fryo s &b‘é%t’y BPPRAPiatePROBuES ttedhiiqiR o verify the

group cluster management engine 130 determines if
usdrhBassiyponalsteanisd group Y23 clisigusenagemsat ongiee 1 hdesernynes if the

t he requested service and haostn C
uses e pEErs e St SaNEnGTrd G " BROEPET wuSistEhely AR GHF Bhotmame
cludtép bfedbgemeny iehgivall 30Iseistie i@ chmier R0 iatlstap i6R0. Typiedlly, virtual
all ocated prior to the subm ssion of jobh 150. But, in .
clusten 229 anay beiifleniified end sllesaterbpriorde thiotubpyssipn of job 150. But, in the
establ i,s ' .
ov R AT Pl TR SRR F1ALAE 30 TR g 130 sy
autdfnatibsllyt etdvatequiemal elnstei B2d whgvay d@itte, tectinigicspleathed above.

cluster nm t [ 130, | | i
NehSEcHE 0o e SHBNTRGRERIGY SgiLLY oAU oRrnaed on the
suﬁllféﬁ{)ﬁrog?ﬂg)agg BN, QR BRbIRR e YcIERdrehhaRnieRe engine 130 may

appropri olicy 524 associated with the user, job
detbEfineothe aapyraptriater palppr 634 iastosiated wéthi the wSpugplerlS0, or any other

manggenent .engjine, 130 then deter.mn r_otherwse .
aPEf_QPE%tFa‘frggﬂ@-hebﬁ-}Sf% ppngeement R S%SOa el g% e%rgass OF otherwise
calMilates B #iBRA5ISHOO0bNBY at ﬁg% 8PN RRVi &b endérbieos Hen thendyropriate

I nclude length, width, height, or any other

dimgpsicprnay éngudaeetr, width hasighit oF jagy i etherpgppaenyiate pagpmeter or
B T e
joWMshaten230 (druadbse! BE0OHes2205) Aithier virtval ichistek @20. After the initial
parameters have been established, cluster management 130 attempts to execute job 150 on
HPC server 102 in steps 635 through 665.

At decisional step 635, cluster management engine 130 determines if there are
enough available nodes to allocate the desired job space 230, using the parameters already
established. If there are not enough nodes 115, then cluster management engine 130

determines the earliest available subset 230 of nodes 115 in virtual cluster 220 at step 640.
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paraneters have been established, cluster nmanagenent
130 attenpts to execute job 150 on HPC server 102 in
webkeps0685 t hrough 665. At deci sional step 635pCTiussiosn12031
managenent engine 130 determnes if there are enough
avai |l abl e nodes to allocate the desired job space 230,
usi ng the paraneters already,established. If there are
not enough nodes 115, then ust er managenent engi ne
130 determ nes the earliest avail abl e subset 230 of
nodes 115 in virtual cluster 220 at step 640Q0._The
Then, okister mamageayesnd sngian d M eddssiob 48840 jedpaueye 126 UPsb’fhe subset 230

I t
o AT A, TGRS HERE iy R R e e ar
eno Bodhers Ahatsabghclogeesadakbmeniaéngaid B0 dynemically determines
ust er managenent engi ne 130 d nam cagégd det

the BB %trhm 6P 28 195 67aaVS BABIcB (a0dt Wil b€ ypderstood that
St&ﬁigmgé Béett Mo Jnagq% RSN 59@ %ﬁlgaénr?; OpidtiWMteria, including

erm ned usin ppr opri ate
fastest protésding 1 ﬂmb udiosgrdliableastdeprid 6 e physigpl tar ntertuaidgt:atlons or first

avauﬁl!al'@?f%'ggsdi” PRbhe B8 Gt mpepBpmcatgne EARR the Betermined

sub, er i t th& @&'eftgd 13808 el Rkt 920! hqv&ete&rsgegm%ﬂ) %Hi@ﬁa?tmanagement

e selected virtual cluster 2 Next at
engitiee p3® Glocatésuth exelented awdre i 5 doigjobel ABosing It selestod pebset 230.

céq?lglglgtg d@gg%g‘%gé%%%‘tfguet Orgﬁtiasggwglgl ﬁr:]r%r%e? 3005 1|%u§ %flﬁl%e the status of

no&@ N3¢ e ituabRcH NSt 339 fTRY“hRARSGEed’ h@ “sll crhted”. Obnlé) gfset 230 has
115 in virtual node list 522 from"unall ocated" to

bechaippopaiataly all@ated, dupigemapmTeatenginl %)p«iﬁes‘ﬁtﬁ mbe1|5§3 at step 665

usnl%g“ a?fogig%% %}!%%%tbgé |dn°gn @%3‘%‘%@ a hn ?etﬁg‘gee gggg An‘&bany other

suitaBle PAhAEREE! SAt a8Y rdppyaiapo tizy cﬂiiéde,r mania@ngen‘otehgme 130 may

sui tabl e paraneters. At any approprjiate tipe,
com@ﬁggzém?otbwlﬁeprfwt y@ﬁgﬁ@ﬁ an he user. o We? ie, results 160

For exanpl e,
ma? Eﬁl{lﬁaﬂfggnﬁg%é%ﬁé? %"?@%ﬁ‘?"éw g?gsent ed t gpt he user
vi aF@&IURE2B.is Fal REhAZt ilbistating we Feaxpmpld m@mdam%@aradynamwaﬂy
exanpl e netho 700 for d ackfi. n
bacitEst YR EBI 20 G 10 S osoprdREe it sRbqtigeat of the
e@gﬁiQﬂ%ﬁ@sﬂfe OAt h S 8E HetHdd ST QRelérthes Aetepmitighav#a0ble, space in

met hod 700 describes determ ning avail able space in
virtiat tluader ROsdaternfiging the opimim J@g 3ethafpisi qemmnaibls Wikl the space,

hat . tihble wt hes X t e
ndgRepiiin g fopiag 1 [ibospERRETll ek 04} ol Yescription
wﬂ‘l 9bduQWn"Be s EHdPET Qisti ﬂlbnafgelﬁéﬁt 0edild 30 pepafdmmenthis method.
cluster managenent nodule 130 in performng this

Bukeashodth Bet proxun AN aRe, srsen ol poRsRaRS Ui aay,appropriate

cogﬁ*ngﬁom eﬁtp!a %ne%%g%lﬁ% ;6? lgg%alaglgﬁl%ﬁfs eﬂent i gg%ﬁﬁgn(gfaﬁ of the
deﬁh'be@furich@nahty.

Method 700 begins at step 705, where cluster management engine 130 sorts job

queue 525. In the illustrated embodiment, cluster management engine 130 sorts the queue
525 based on the priority of jobs 150 stored in the queue 525. But it will be understood
that cluster management engine 130 may sort queue 525 using any suitable characteristic
such that the appropriate or optimal job 150 will be executed. Next, at step 710, cluster

management engine 130 determines the number of available nodes 115 in one of the
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descri bed functionality. Method 700 begins at step

705, where cluster nmanagenent engine 130 sorts job
wquensa106685. I n the illustrated enbodi nent, cl uBCE&MUS2005/012031

managenent engi ne 130 sorts the queue 525 based on the

priority of jobs 150 stored in the queue 525. But it

w || be understood that clu managenent engi ne 130

may sort queue 525 using an;sfZt uitabl e characteristic

such that the appropriate or optimal job 150 will be

executed. Next, at step 710, cluster managenent engi ne
virth80cldstsrazion eof p«marsmu:ﬂmﬂr mﬁnageramtmgmen emay lsojdetermine the

t heyi rt I st I
8 O G RO el 2 S Tf Gy iy g D WG otugers 2201
At §ﬁé§'7l§bbﬁst@9ﬁﬁt§aéel§eﬂt Rngiht d30 k@le@t@ first jabyl SOnRomarsotted gob queue

of virtual clusters 220. At step 715, cluster

525m eyt mlmterén@aug@nwoe%}eebiosdynarrg@aliyO‘Eﬁtqrsen?Sr%\FnOptlmum shape

o o B8 i 5 B OHEER a861  nin

of SHdEBdﬂlSijﬂS() 1§Jdetaﬁh@eﬂ; &Iénjchhtei hfinagenid0 engine ¢34 ﬂeiermmes if it can

opti mum shape or dinmensi on of selected 150
baqkBilgph pein the paproprigie vatuakalvsis %?19&11 Sé‘?PaJ. 7%3 ﬂﬁbgﬂ 745.

det gk iHoRERnhl stk 7(2 n ﬁrg i‘fn'ldnla érﬁ?@lt gldenl j(hﬁetermmes if there are

appropriate vir ster 2 O In steps 72 hr ough
enoh!gﬁ noAes ﬁhi:a\mﬂahhl fos thepelezid job 1S0.ekf thatmeg@ mxghmgﬂa’pée nodes

115, glgen? %é%r n,} lé er, 1%8&1%%@%&?@%?1}%21%@ %gr%z% Y Hocaacles no%es 115 for
the@%RictcaBbE 180 %ﬁlg]élﬂ?s ﬁﬁ%aﬁi te§1§1ﬁ@ue7 3@01%)44@{1)% cluster management

managerrent en dynani cal | % | ocat es nodes 115
engine 180 enasensscthedeshobues Gesrsibag imFYCHBEr opriestet step 735, cluster

b 50 AR 5 5 5 SERRUNIE R 18,5 s 220

At %te@mﬂﬁ%luscér%w effBARGRARN1 3 EBgictes 30 150cal dldcatedsnodes 115.
the nunber of avallable nodes in virtua

Onpg jaht b’ip lrapobeeg) axsewsed Eﬂﬁﬁ&@?ﬁeWﬁree?fzjme@B@O@teﬁstfé% selected job
150 0Bty e{ll aggr?% %n@fhg 980 Sdigets ﬁbcl?eh)dt gﬁJ dﬂﬂ”%qnnﬁé sd&@7ob queue

kecute ere“were not enou es 115 for

sta{t SedpeTy aﬁ:d Pbdessihgd estunls s tstep magtemaﬂtbeemg;lmoclisﬂiat while
S ts th

ﬂwsm@a@; e e DRSPS ) ey LB F5otey f terminate

thev\dle cHind (gfes WRHELARH QR thekirl 700k lcugy éﬂﬂréﬁﬁu’c@ﬁﬁ@ as a | oop,

manag ement engl ne 13 Initiate, execute,
and FII@URiEn&tle a flewckah illuptreting |anm3<1am@leealethodnﬂiméu dymmically

g RPN e R B e pgiment of e

pré¥Badikdgsdrdi | Al € 10Eh fevrDdBethdd 800 dkirtbed lddtdrmining that node 115
accordance with one enbodi nent of the present

faittids ehtomatieallyaperformiiggidbeigeoveryrent rpnggan et s fspkecing the failed

nog Hﬁgr‘ﬁﬁh gag Jst ha?aérgzolqodel %‘?5 f afﬂeegollo@}féé) %gdr%ﬁlé)lég\iwll focus on the

overy and nmanagene
opéfafiod of tl@ster management module 130 in performmg this method. But as with the

previous flowcharts, system 100 contemplates using any appropriate combination and
arrangement of logical elements implementing some or all of the described functionality.
Method 800 begins at step 805, where cluster management engine 130 determines
that node 115 has failed. As described above, cluster management engine 130 may
determine that node 115 has failed using any suitable technique. For example, cluster

management engine 130 may pull nodes 115 (or agents 132) at various times and may
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node 115 with a secondary node 115. The fol |l ow ng
description wll focus on the operation of cluster
wornsgesmsnt nodul e 130 in perform ng this nmethedT/uBi05/012031
as wth the previous flowharts, system 100
contenpl at es usi ng any appropriate conbi nati on and
arrangenent of |ogical elenepts inplenenting sone or
all of the described functiomality. Method 800 begins
at step 805, where cluster nmanagenent engine 130
determ nes that node 115 has failed. As described
detatmoine that lnode éi 5 tranfdledbasedamginribe g ofmyresnonse fiopenode 115. In

that node 115 faj.l ed usin ny. sui le t ' -
angihit s Ras B2eRE 12 e pE A SR LS iy S s § PR and the
lacROgke thid Ehcdificafrd Bl Sindidle Bbde/aN 5 OfdHudel MSexgnak step 810, cluster
maydet erm ne that node 115 has fail ed based upon t

mehagsmest eaginesidbrismoreotherioded nade 11H fpmpiviiBial slustep EEO In one
e e o 5l P R 30 R TR e 115 n v

list 322 dh €alleded? & “faied Ur@usthexhnageiment Bl B0 thbwdétermines if a

__managenent engine 130 renpves the fajled_nod 15 from
joby13Q isaasseqiaied Bithapded pefeohle @:ﬁ@@@i%ﬁtﬁp S ﬁéghere 1s 10 job 150

] 1 . e . .
RSN oS00 S o PR BREE AL B0 o, B, procsi
endd udtger MEmaganant eegigs NS01 80yt hemnoeicatenianestrorf nzespags to an
150 i s associate ith failed node 115 at, . .deci sion
oGRS AN QP BECEIEOTES JRPRIAd & g
probésving. NENMHIOGES F8H 956 AociaftRl WRE Ghé BRGJRAEE] 1 DGR fhe cluster

processing ends, “cluster managenment engine 130 nmay
mapegement cagiae 43 0 eletaomings Dhayaotes AHS assariatedtwish dre job 150 at step

u ticall etermne a replace n 1 I .
s Wt e ShSleb siaBern il PRERED 06 Soup P gt Wbropriace
no@&SAG! Hoedxahplb, dibteri i @emBiRda gihtS 30 higrexebgte alkils jobrcommand

managenent engi ne 130 determ nes ot her nodes 115
or 15§ oiyaplber WPPIePtiRie teshniqwo tairendtiop B¥D. W@t at gteps§) cluster
82 cl.u engi 30K L) S 0
iRyl e [ AUSIERCRAE 0k Wi O 199, OPor cxampe
clidkn agenpahetngighe 1R0manchexgclieestauk of nodesbl Iommeintgial list 522

or use any other, yropriate technique to.end. job 150. .
o TS0 0 bR Bt SO ok P o Biopric
nogé:séﬁ%ﬂ g@-@%ﬁ&t&ﬁ)% ditRetitbibeMeht Yddind 150 aRédptshBire-execute the

ust ér managenent engi ne 130 may change the
jotst 5t usingivaileble poddssl liSrinieps 833 through &92 from
"allocated’ to "avail able". Onc he job has b
o AR SRS A3 BN e e 78S Haral g bprameters
forl R kiFeHRIbET SOTRNAGLIENt CRREHr Hanh3Bnaittt idfeS] 300then determines the
re-execute the job 150 using avall able nodes 115 in

optiepss®ss 23ArfughessHd. in Airtusd elyste220, @t sfep 840, hapryenbgetrieved
ngi 13 et.r.ieves polic r r ry1kh

pofi¥ 25 f5f Ea0h DA anc0ngf Jof SbREI AAFLE A0 i s becn

defed@irdehethe @Rt n@agdiént engine 130 dynamically allocates the subset 230 of

nodes 115 at step 845. For example, cluster management engine 130 may change the

suitable

status of nodes 115 in virtual list 522 from “unallocated” to “allocated”. It will be
understood that this subset of nodes 115 may be different from the original subset of nodes
that job 150 was executing on. For example, cluster management engine 130 may
determine that a different subset of nodes is optimal because of the node failure that

prompted this execution. In another example, cluster management engine 130 may have
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opti mum subset 230 of nodes 115 in virtual cluster

220, at step 840, based on the retrieved policy 524
wanadstioesop ob paraneters. Once the subset 230 oPCnwse®s/012031

115 has been determ ned, then cluster nanagenent

engi ne 130 dynami cally allocates the subset 230 of

nodes 115 at step 845. For %ggnple, cl ust er managenent

engi ne 130 may change the status of nodes 115 in

virtual list 522 from"unall ocated” to "allocated". It

wi Il be understood that this subset of nodes 115 ¥
detpenicpd fhet @ econdarmnode 165 wgs aaeraklgrie seplase the fdled mde 115 and the

ool SRS LR S TR 29 S s s s

236 HixSieden Acton@dRd ang allpédtei thdpetaicaanafagtientrengimef 130l axeeutes job
that pronpted this execution. In another exanpl e,
15%@M%@%§ﬂhanagenent engi ne 130 may havedet er i ned t hat

f ai ﬁgg n]%@%éﬁ lﬁgﬁg’;j‘%&ﬂ%ﬁ%n g%%éﬁﬁgld@xﬁg cfe@(lﬁgﬁﬁ)‘ﬁ hRRtrate exemplary

meghads t GO0t 1 700 vndi 860l aln tshotth gyoém ] @b copamplag3Ousi@neey suitable
f he aIIoca%ed su set 0 .has Dpee detegi%ned a

techpidpe Apreppric OW&ﬁ?fd cHfEh: may 8&3’8&%&? in this
flody@Rart 30a rf“tak%t gﬁcg%ulﬂiﬁoﬁlf CREIRYin| UANEHRT b®leANthan as shown.

acconpanyi ng description illustrate exenpl ary nethods
Md@86ver,7 8gsterantD080Gy ise sirthads witht asiditi@n! céapse fipher steps, and/or

S any U|tab ue for erfornlng t hese and

dlfgﬁr gtei”%s?ﬁ? OngAaset ?H’reﬁ'ﬁﬂlaﬁ ré%ﬂadﬂﬁp%rp Y#& steps in this

f | onginatsh MRY diselésurB|has Bedi dBsbtiveacRUSIYs afléérthﬁn blli’abodlments and

different orders than as shown. Moreover, stem 10
genmgllwgésomtddomthmﬁ,halﬁfa@wﬁlﬁ gl pespEtasions @ﬁé esgt @B'é,odlments and

i ffer L& S

o5 s Pt IR SR i 020 R R A b R sbription of
exﬁﬂﬁl@%rﬁl@cdhﬂnﬁnt& eddes mft Gdfinbadm censhaih HEntdsciostire. Other changes,

general |y assocj ated net hod al terations
sutﬁémﬁwatanér%te@mﬂﬁ é@@lmﬂgmﬂ%ﬂ%ﬁ@%{% gfé}gl thie 1 spirisgnd scope

ag gg ub O those skilled in the art. Accordingly, the

ove escri ption of exanple enbodi nents does not

define or constrain this disclosure. O her changes,

substitutions, and alterations are al so possible

W t hout departing fromthe spirit and scope of this

di scl osure. WHAT IS CLAIMED I'S: 1. A nethod for job

managenent in an HPC environnent conpri Ssing:

determ ning an unal |l ocated subset froma plurality of

HPC nodes, each of the unallocated HPC nodes

conprising an integrated fabric; selecting an HPC job

froma job queue; and executing the selected job using

at least a portion of the unallocated subset of
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nodes. 2. The nethod of Caim1, wherein selecting the

HPC job conprises selecting the HPC job fromthe job
wquensaobmsed on priority, the selected job conmpCraiSns/012031

di mensi ons not greater than a topol ogy of the

unal | ocated subset. 3. The nethod of Claim2, wherein

selecting the HPC job fromt j ob queue based on

priority conprises: sorting the j ob queue based on j

ob priority; selecting a first HPC job fromthe sorted

j ob gueue' det erm ni ng di nensions of the first HPC job
@Ap&@%@gy of the unallocated subset; and in
response 1916{11% Hﬁ H‘?ﬁhg%}%l@ft rLe;her)C Mr!ﬂﬁgeﬂt‘égmlﬁﬁblﬂg

greater opo e unal ocat ed subset,
sel defbmmnfg smmnml(zbdalt%@ gubbetf fronm 4 (phursgloyt ca”dHPGbn@fleeueach of the

thod of d.aim 2, wher he di mensi ons of
“n%l}?éaqeg FIF‘% S COMPHPIAS B‘éggﬁgraté?ﬁ fy in part, on one

00|ated policy. 5.
Thegﬁé‘fqﬁiggﬁo}?% aim %Sd ?ﬁrltlﬁgr giidgn'prl sin dynam cal |y
al | exertuting the Jscibctscpacv‘te u§ing mat tleast @ngdrtioe @g ghie snpldevated subset of
ased, at least in part, on the dinmensions of the HPC
10deSh: and wherein execut | ng the selected job conprises

executing the selected job using the dynam cal | y
al l ocated job spare. 6. The nethod of Claiml, th

pl ukal i t f[hgfmatlmd ofddleim & ovperein setpcting fheddPe ieh féﬂmmses selecting

theglﬂﬂgﬂgtf g‘ﬁgl t qum(iuetélg ?)gscetﬁggp q%itggche g&é&%ﬂoﬁ'd&g}?ﬁgﬁ% dimensions

not &esteOtivn @topdiesyf dfithé uﬂililll@bﬁbdl El}bsetsel ecting one or nore
C nodes froma second plurality, each of the second
HPC nodes conprising an integrated fabric; and adding

h |
the ;se eﬁgg{xé@?&;@lﬁggﬁg 2N Qﬁlgll%g{n %l%%‘ﬁg%@fﬂ)@%@f) €bm the job queue

subset t he sel ected job.
baskd obheiofiey badpddesCl ai m 6, further conprising returning

t he second HPC nodes to the second plurality. 8. The
met BONgAheI0R;dyFue basgq phid IEBWE%. si ng;

selecting a first HPC job from the sorted job queue;

determining dimensions of the first HPC job with the topology of the unallocated
subset; and

in response to the dimensions of the first HPC job being greater than the topology

of the unallocated subset, selecting a second HPC job from the sorted job queue.

4. The method of Claim 2, wherein the dimensions of the first HPC job are

based, at least in part, on one or more job parameters and an associated policy.

5. The method of Claim 2, further comprising:

dynamically allocating a job spare from the unallocated subset based, at least in
part, on the dimensions of the HPC job; and

wherein executing the selected job comprises executing the selected job using the

dynamically allocated job spare.
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determining that a second HPC job that was executing

on a second subset in the plurality of HPC nodes has
wobandsadessaddi ng t he second subset to the unal | ecatsenos/012031

subset; and adding the failed job to the job queue. 9.

Software for job managenent in an HPC environnent

operable to: determ ne an unfg | ocat ed subset from a

plurality of HPC nodes, each of the unall ocated HPC

nodes conprising an integrated fabric; select an HPC

job froma job queue; and execute. the sel ect '

q : : djob ..
usi fg at Theasethad 98rClaan lofthe RETHX) ‘Pfoggpe’éo@é yoatprighng a first
. . aim9, wherein the

pl@%ﬂ?%ﬁ?é&oﬂﬁg@%ﬁg{%ﬁ@i%%%? ‘the HPC job conprises

sof erpRindpethabliignensionebltiie seleetediRh pabgrkatenthizhe topidogy of the

gueue,based on priority, the selected job conprising
firgfiphgAkYons not greater than a topol ogy of t he

unals!el@&ﬂj.:gﬁ&esdf Sk 1P nddi8 £ b WedoRd Plurttidl 8chQf the second HPC

wherein e software operable to select the HPC job
nofl¢scvniphsingoin igteetaeedoabre] and priority conprises

software erabl e to: the j.ob,queug b d.on job..

ori afting. BErEeed seronE RPGoeg s o PHEoRfRe Bl sty the
dird S iHShs Oqig;eesremcﬂ,atj@lg.rrensi ons of the first HPC job with

the topol ogy of fhe unallocated subset; and in
response to the dinensions of the first HPC job being

greater an_the .t Qgy. O h e - t

sel ?f:t atlg’gc ﬁoﬁﬁ%oﬁ%ggf ?’oﬁr%nﬁjﬁlg Cg%?{jgélg‘gﬁtggﬂaﬁg ﬁ’g@ Sic?o.nd HPC
nod&€o IR §avafi®plafaliey.ai m 10, wherein the di mensions of

the first HPC job are based, at least in part, on one

or nore job paraneters and an associ ated policy. 13.

The ¢sof t i ’@Hﬂ ]q]%;g%abl e to:

dynz:??ri cal 3(7%:}1 %&féemg}?b s%{aérbgﬁ rofi’t he unal | ocat ed

subsieteriasieg thaah seaagit HPE jphuthat vors dxeenttignensisesond glibset in the

the HPC | ob; and wherein the software operable to
Pl‘gﬁ]éfé’tﬁféﬂ%%go‘%eélhé% ailgd; ob conprises software operable

to %Sﬁggﬁe Ldi6n P QIb8&11E thd RRIYSHADsLE&; shgnam cal |y

al | ocat | ob spare. 14. The software of Claim®9, the

pl uradbingythofailePbrtodesjobomped. sing a first plurality

and the software further operable to:

9. Software for job management in an HPC environment operable to:

determine an unallocated subset from a plurality of HPC nodes, each of the
unallocated HPC nodes comprising an integrated fabric;

select an HPC job from a job queue; and

execute the selected job using at least a portion of the unallocated subset of nodes.

10.  The software of Claim 9, wherein the software operable to select the HPC
job comprises software operable to select the HPC job from the job queue based on
priority, the selected job comprising dimensions not greater than a topology of the

unallocated subset.
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determ ne that dinmensions of the selected job are

greater than a topology of the first plurality; select
wonesaneasdr e HPC nodes from a second pl uralitypceaskosni2o31

the second HPC nodes conprising an integrated fabric;

and add the sel ected second HPC nodes to the

unal | ocated subset to satisfjy,the di nensions of the

sel ected job. 15. The softwarfe of Caim 14, further

conprising returning the second HPC nodes to the

second pI urality.16. The software of Claim?9, further
opeddbl e The: Somﬁ@ﬂﬁqwft Katwhereia demepfiieace ppgabla e S?Ii%%t the HPC

L e e S
unalsb@d&tjeﬁqambﬁmbedanjd)bqﬁidritme failed job to the job
gueue. ' agenent in an HPC

A systemfor job
env |SF16ﬁ|?eﬁf€t Iégépl g]PWgt[le éorﬁﬂdgalg ﬂﬁ?‘ﬁ?' of HPC nodes, each
nod %efeﬁﬁin*é 1ﬂlgn§?5‘n§ b &g BLeHPaRbl Fith @l'ﬂéjt(g) [@23&% Rinallocated

node operab o: determ ne an ‘unal | ocat set from
subbsets aplur al | ty of HPC nodes; select an HPC job froma

ob . queue; e t. th
L p 5eBse o Dot ke patat B8 T ause 4 Prifl et Jranifg topotoay
of IR QkedJuBidl) skiect MHROEI FIPCYRL TRMRARTBAE MBdRicue.
operable to sel ect the HPC j ob conprises the

rranagerrent node operable to select the HPC job from
t he eue ase n. ' .
m} I Si g[g\e (§|O Slognsalﬁlg bgrféég 1grtﬁ$§g1?]e%gﬁ) 589 Hecﬁlrst IfIPC job are

baieldeatl«lB@lt trogead, e ofelbBeilore b8 parbhetay shdan @‘so@hﬁd m)llcay

wherein the managenment node operable to select the HPC

job fromthe job queue based on priority conprises the

manggene f ob queue based

on f}gb p?thg:g?]?sa&gglégnem?urst h%ﬁﬁtg fromthe

sor tdgdarpichllysibeate dpbespaterfeond nhasnmilloc:ESecbiubtsétd)aﬁéck 8t least in part,

on'_f dn?e%m\é)mng oftixe?lf’tcoﬁ%! g%y of the unallocated

wherein the software operable to execute the selected job comprises software

operable to execute the selected job using the dynamically allocated job spare.

14.  The software of Claim 9, the plurality of HPC nodes comprising a first
plurality and the software further operable to:

determine that dimensions of the selected job are greater than a topology of the
first plurality;

select one or more HPC nodes from a second plurality, each of the second HPC
nodes comprising an integrated fabric; and

add the selected second HPC nodes to the unallocated subset to satisfy the

dimensions of the selected job.

15.  The software of Claim 14, further comprising returning the second HPC

nodes to the second plurality.
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subset; and in response to the dinensions of the first
HPC job being greater than the topol ogy of the
wanedsiioems ed subset, select a second HPC j ob fpomusSk®s/012031

sorted job queue. 20. The systemof C aim 18, wherein

the di nensions of the first HPC job are based, at

| east in part, on one or oy e j ob paraneters and an

associated policy.,"It i i S o. i s e i 064747.1065 3

1 21. The systemof C aim 18, further operable to:

dynam cally allocate a jab spare%%{on]the unal | ocat ed

subéet H&gédﬁwwﬁqf§5§ﬂliﬁhﬁgﬂﬁ?e %'fe di mensi ons of

th PG ab; Mehba ;i i & QR6AAREset in the

A R S R S R
plurBIPE R OIPET Addles hhofaiikdcut e the sel ected job using the

dynam cally all ocat dThe syst em of

d joph spare %_2.
d @ﬂﬁqﬂpﬁec?wesuapq}ﬁ%ﬁ}eﬂgla c8SREEA onpr i si ng a
firshy ‘&PEHJQ? O@Qﬁfggﬁaﬂpnagenent node further
0:” det 1N

oper able er that dinmensions of the selected
job are greater than a topol ogy of the first

| lity; | ect, HP, -apd
D1 a1 o byl Aoiged Birasieaion i S Hadotoub il P asaR
| Nt ean AR 1APE hbdesaBithadde idttudigl acinestraed tibhcHRC

nodes to ‘the unall ocated subset to satisfy the
di remsnagesieof nade@psigbledeed j ob. 23. The system of

Caim22, the mana n 1 h&des:
return tq?éerglé%eo%ur%ggf%ﬁ%dd%g g%oﬁf %%Eeﬂégg%%gg;%?tr ality
24. The gyt HPT j6b &om djbb dubee;nmdéagenent node
further operable to: d

leterm ne, that a.second HPC |
that vaseieRee i sslpcisd 180 SEB8AHISERATiTTh Ot g %P@égfﬁatsybset of
(@f HPC nodes has failed; add the second subset to the
N00Gfal | ocat ed subset; and add the failed job to the job
queue.

18.  The system of Claim 17, wherein the management node operable to select
the HPC job comprises the management node operable to select the HPC job from the job
queue based on priority, the selected job comprising dimensions not greater than a

topology of the unallocated subset.

19.  The system of Claim 18, wherein the management node operable to select
the HPC job from the job queue based on priority comprises the management node
operable to:

sort the job queue based on job priority;

select a first HPC job from the sorted job queue;

determine dimensions of the first HPC job with the topology of the unallocated
subset; and

in response to the dimensions of the first HPC job being greater than the topology
of the unallocated subset, select a second HPC job from the sorted job queue.

20.  The system of Claim 18, wherein the dimensions of the first HPC job are

based, at least in part, on one or more job parameters and an associated policy.
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21.  The system of Claim 18, further operable to:

dynamically allocate a job spare from the unallocated subset based, at least in part,
on the dimensions of the HPC job; and

wherein the management node operable to execute the selected job comprises the
management node operable to execute the selected job using the dynamically allocated job

spare.

22.  The system of Claim 17, the plurality of HPC nodes comprising a first
plurality and the management node further operable to:

determine that dimensions of the selected job are greater than a topology of the
first plurality;

select one or more HPC nodes from a second plurality, each of the second HPC
nodes comprising an integrated fabric; and

add the selected second HPC nodes to the unallocated subset to satisfy the

dimensions of the selected job.

23.  The system of Claim 22, the management node further operable to return
the second HPC nodes to the second plurality.

24.  The system of Claim 17, the management node further operable to:

determine that a second HPC job that was executing on a second subset in the
plurality of HPC nodes has failed;

add the second subset to the unallocated subset; and

add the failed job to the job queue.



