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ON- DEMAND | NSTANTI ATION I N A HI GH PERFORMANCE
COWPUTI NG (HPC) SYSTEM TECHNI CAL FI ELD Thi s di scl osure
wo edoaps®2peneral |y to data processi ng and nor ePCT/US2005/012489
particularly to ondemand instantiation in an HPC
system BACKGROUND Hi gh-performance conputing (HPC) is
of ten characterized by the conputing systens used by
scientists and engi neers for nodeling, sinulating, and
anal yzi ng conpl ex physical or algorithmc phenonena.
Currently, HPC machi nes are typically designed using
Nunmer ous HPC clusters of one or nore processors
r ef er r @-PEMNRINST ANBIATION IN A GIGH AIEREORMANGE
engi neeri ng appl i CZOMPREIINGEEIRC)BASEEMs chiefly
determ ned by parallel scalability and not the speed
of individual nodes; therefore, scalability is often a
TECHNICADNGFTERES or i n buil ding or purchasing such
hi gh- performance clusters. Scalability is generally
conbhigdlisstpstts tslatesagensrally fo) ddtapeesssing aind mesenpasticularly to on-
j . comruni cati on bandwi dth; iii)
derﬂé%@?&%%%%é#éé%ﬁ%@%@re; and v) applications. The
processing, nmenory, and I/O bandw dth in nost

conventi onal HPC environnents are normally not well
BA nd, therefore, do not scale well. Many HPC
e NV AR S a0R ¥ ngim - ti sf -
i ohBHFRERARS, Dol (D) i QAT Ikl 678  dbmputing
systeirtshusbd byl esienthstst arficangiteors formpdelivge stedatirgypad emdlgzing complex

phylgl??g]i &l‘,r:a %pg%fggp e{nglgl%né\g C(g}rgr aﬁl ; ; ;ﬁ’l(ll‘.r&}ﬁy r&:ﬁ%g%earet rt]}%:)ically designed
usitfINUARYTE THIEC BR%teRObS BRI fi8rd pRUsko!HRtRH IR ATEEE Yor most
software for efficient operation in

larggrseignifi¢ anrl ensinasriogd applidationmrpetfermBohRicifhietgmeseliy parallel

|1 i reduce. or .elinmnate disadva es
sl ISP Yol s a8l L TR iRy PR prga tmicos
facterridodiitdng or purthbding shar hi@hl?dﬁﬂﬁﬂﬁlcb REdsend.| 8EAIBityNisdenerally

hi gh- per f or mance_conputin HPC) system i ncl udes o
conpidgrerl\ip hg based orridBerdyiare dgestory riapytiougmit é4P), and communication

e f1ESt r - IS Q

g e i P
andi HOl bdidvgdéh @d usdser caafvemiel HRC esmilvirbineigs aars efioringBy adot well

t he, HP erver correspondingto the first port nunber
balagggd ?ﬂg _tﬁ?rPf\é’if@ Kgstot g }’Ve_h}eﬁ\éfﬁw AP froetireptignts doehot have the 1O
banl@eDh kd QLS BIHL&GR dRa gi’&!e&sg% gequﬁ'&‘ﬂentb for WP built Wﬁ%é)tlades that

identified service i1s avail Instantiating a
havp rtoy inginygunrieedédd ernpérieats etalled ewhichamed oo deomaicatiylesduce the

in,the.cluster,. Particul ar di ments of the presen
sySteR AL By 50 sowan%??lﬁ@_rwrgelﬂﬁw& gy o1 FEide robust
clustéeiadiag@fsnt sbfware BXaffitidit op@hlidiLil (361 REBADBRYE SniRYhments.

enable clients to request services at an HPC server.

In particular enbodi nents, a service at an HPC server

SU%@iAﬁﬁailable to aclient only if a request fromthe

to access the service neets one or nore

Cr i Ties presdn0 in@nties sndyorelibe: seeMhiiRte Meidvafitdb@, problems, or both

enbodi nents provide high availability of
associated with HPC systems.

In one embodiment, a method for on-demand instantiation in a high-performance
computing (HPC) system includes receiving a connection request from a client specifying
a first port number and a first host name advertised externally with respect to an HPC

server including a cluster of nodes, identifying a service at the HPC server corresponding
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hosts in a virtual cluster. Particular enbodi ments
dynam cally nonitor Internet service requests and map

W@ a@lka/0swauest s to and i nstantiate hosts provi dPEUSIDE5/012489
requested services. Particular enbodi nents of the
present invention provide all, some, or none of the
above techni cal advantages. Particul ar enbodi nents may
provi de one or nore other technical advantages, one or
nore of which may be readilﬁzapparent to a person
skilled in the art fromthe figures, description, and
clainms herein. BRI EF DESCRI PTI ON OF THE DRAW NGS To

to ther first plert aumbereanddhpfist bostmames detauiinipgofheties thyy dsatified service

. inyvention the features .and ant s .thereof iy
is o} lBlReiton. TabrtRGTeY EHEEoh UMY dBOET SRR o AiREgyiding the
iderttifie@ QBIvIRGE bRAoMnbFe dAes RGO BRBAYI Ng drawi ngs, in

which: FIGURE 1 illustrates an exanple .

hi qrartherdro emhadimestsnplitthe gprssest dnyémiioac swy dpisyelonpns or more

one, enbodi nent ,of the present. discl re. F .
e, SEP AR o A o SR BB e S B i mafe clienss o
requeki desticed /Gni MPELENVEE In partduBIRmEDbdithénts tar @tdse ann HPC server

exanpl e central processin unitc%gPU) in a _node;,
are &y tg 2 qlueats@rrlmfe%reaﬂe%%@ﬁbﬂ@ Blelopaegss the sgpressmeets one or

- | -QUS . . i . o
o P LU AL e R BERL Al b it of
hos#An GBvirtual stusiat. e Pusticutan snéodogénte dysamitally groajit béérnet service
user interface in accordance with the system of FlI GURE

requestSpANAREP I TeRUTSFIC N GREARIAIL AP SR RECVUTIDG P TefbEad services.

Pari@ A9 NI im Rk to‘f"@ﬁe_e?ﬂe@erﬁ%ﬁéﬂ GBoMid Lt S ¥ hEM bfthe above
FIGURE 1, FIGURE 8 i1l ustrates an exanple one )

techhi cab ndvanteges.r daueslar fepitwdtnéenis may yrovidamns iosmore|otiyRpechnical

VIR PSS ENG i TR P T Y BEReeds et Fp BEsPRsRYieddn the an
ﬁomR%rega§$mﬁbﬁ,chna&lms ABrefn.axi s as an inner | oop;

FIGURE 1 1 illustrates an exanple interface of the HPC
systemillustrated in FIGURE 1; FIGURE 12 is a

BRfﬂpofﬁﬁgékﬁpﬂd}gﬁﬁﬁil d for submitting a batch

h- per f or mance conputi ng
sysTeprofidE | aCdiire IontpléBbRInddéBtandirg bf el Ipagsent invention and the
illustrating a method for dynam c backfi]ling_of the .

featyyes qnd pdyapagesaiheso 'r?{?rftnﬁe 1h e fe it f‘o% WaRe deieHnEeh fpken in

conf.?ﬁ]%ﬁml_tﬂ 5%385 ; }ggé %ﬁ%ﬁéiﬂ \%rhﬁhf | ow chart

ustrating a am cal |l y managi ng a node _
f ai FIGHERE n 1 adlbostraias can wexampld ehigh-glerfpemdnee negmoputing  system  in

C uti system.of FIGQURE 1; and. Fl GURE 15
acc?rﬁgg%et‘?’g]? &y gﬁg@ﬁlﬁﬁ‘i st A5 it enand
| NSERIRBY! PRstrdled A etdifple node in the HPC system illustrated in FIGURE

(€Y

L;

FIGURE 3 illustrates an example central processing unit (CPU) in a node;

FIGURE 4 illustrates an example node pair;

FIGURES 5A-5D illustrate various embodiments of the grid in the system of
FIGURE 1 and the usage thereof;

FIGURES 6A-6B illustrate various embodiments of a graphical user interface in
accordance with the system of FIGURE 1;

FIGURE 7 illustrates one embodiment of the cluster management software in

accordance with the system in FIGURE 1;



10

15

20

25

30

systemillustrated in FIGURE 1. DETAI LED DESCRI PTI ON
OF THE DRAWNGS FIGURE 1 is a bl ock di agram
WO kdoassoat i ng a HPC system 100 for executing sPET/WE2005/012489
appl i cations and processes, for exanple an
at nospheric, weather, or crash simulation, using HPC
t echni ques. System 100 provi des users with HPC
functionality dynam cally al]ocated anong vari ous
conmputi ng nodes 115 with I/ O performance substantially
simlar to the processing performance. Generally,
t hese nodes 115 are easily scal eabl e because of, anobng
ot hEIGURE ngsillustivites ianc exms@e dneOdpeedfsomabmequeaindolded into a y
reduced fabric latency. For exanple, the scalability
dimefsigiies 115 in a distributed architecture may be

I ePFRSERE ©d11¥ratesdfol fredtrh s ePéonSHEREd uﬁné a ‘ax8(ablan Toner loop;
1/ ((FPIN)+FS) x (1-Fc x (1-RR/'L )) where
Speé‘&ﬂﬂ){l\%r‘lol\ﬂ][ﬂﬁfé@é% &we dreeppeshey a@mstmntedfusmg all edxis as an inner
looS? de, Fs= Fraction of Non-Parallel Code, Fc = Fraction
T processing devoted to conmuni cations, and RRIL =
Rat FIGGIORE Remiltstrhfes adn  Medibysly iBevé of hhe HIRT afatem, illugtrated in
HPC systen1100 providing I/ Qperformance substantially
FKE&% 5to or neari ng processi ng performance, HPC system
LO0FicUEREADCR @RIt CLEEFRCY nRlindd or Rkl ERET £Btch job in
ows for easler system adm nistration.
acceydahenwith thei Isghpdnfeﬂmarioa tedpatingystesesMEGURB1em t hat

CunAURE RS s s et nlEes b o ftagEr bkt of the erid

in a%%rd@ﬂ‘c%'mlﬂﬁthe%Y@i—ﬁéff&r%n&@&omﬂiﬁﬂng(Q%tHﬁ%fﬁGU@E 102
i s connected, through network 6, to one or nore

ad nF KiGRE déiipn flavr keartillustratingra m@tbadl fcul dysamécally manBging a node

w8 SRR RSP B SHEQRURR o

100F1Cﬁj1aml 5 PGS 0¥ dxAthpR MY Ethod T Un-ddhddnd inGhiEh€iSn in the HPC
ghly scal eabl e nodes 115 and allows the user to
SﬂgmbﬂhﬁﬁﬂgbglE%ﬁIREQnan1caIIy al | ocates scal eabl e nodes
115 for job 150, and automatically executes job 150
using the allocated nodes 115. Job 150 may be any
DERATERDAYESOR INEONOF AR SR AWINGSe processed usi ng HPC

| obFRuBEny TBa Biocbtiagtany gpphaiinn HRG sy BB Greoutng

soffvire aa?}ﬂh@e&ll&% An9ProRESSEOT fR né%(%.mg)féq Wh " 8ARSheridORvehB@r, or crash

may a be a request to run a data center
simaytgtionc using AP G tehnagien ﬂy&@ml@ﬁpm(tebasg;s \mﬁh &G ienctionality

tran rocessing.s ste or a re
aygRTRCEh L FHERE SHSHC R ufie ol )5 Sl O, gerformance
subBRAGAITR; sifhlReloatht YrdBRaMSe pdHeirmeREd. abehePIIBC BfeSé R8s 15 are easily

determned, at least in part, at run-timnme based on one
scalgabledresawsarafalmesg ofher thingn thisiinsressed 41Q performange @ad reduced

n

ety J5PELAb FE3RAHI oL BarRES 0L by gt mas
be hrastifedys b doniddile df tAradubltk thvine under st ood t hat

"automatical ly" further contenplates any suitabl e user

or administrator interaction with system 100 wi t hout

departing fr hi [ HPC

server 102 cgﬁ%plség ﬂsﬁ@%g& (FFQ § 1S§ﬁ£o uter

operable to process job

where S(N) = Speedup on N processors, Fp= Fraction of Parallel Code, Fs= Fraction of
Non-Parallel Code, Fc = Fraction of processing devoted to communications, and RR/L =

Ratio of Remote/Local Memory Bandwidth. Therefore, by HPC system 100 providing I/O
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150 using a plurality of balanced nodes 115 and
cl uster managenent engi ne 130. Generally, HPC server
WA BeosIPT i ses a distributed conputer such as BCDOUSZHE5/012489
server or other distributed server. However the
configuration, server 102 includes a plurality of
nodes 115. Nodes 115 conprise any conputer or
processi ng device such as, for exanple, blades,
gener al - pur pose personal coﬁ%uters (PO, Maci ntoshes,
wor kst ati ons, Uni x-based conputers, or any other
sui tabl e devices. Cenerally, FIGURE 1 provides nerely
perfmeaeommblsbnﬁﬂlyc@qqauueps nefh'mg Ivmyeslsmgtmﬁdmnda HRE system 100

osur . _exa |t h FIGURE .1 illustrates
inof S B Val £Biing; Otmptbe OUHTRPE hotthe el o faler  system
adnSi¥&trefdn00 can be i npl enent ed usi ng corrputers ot her
than servers, as well as a server pool. |In otherwords,
t heHB{Ce%'éWm dpe dés @mb@%wbwrsan@s szzmpah@tr allayeshesers (such as

as wel.l as COp
sciqioh B Eaheht FORRE WP e PRl PGSR d02. For
exahipld, hyﬁerdQOO ﬂmilnclh&@HPelrSﬁve@ QUP tHae s confiedté, ﬂﬁd@gl ﬁe@work 106,
enconpass a_personal computer, workstation, net

to 0EE9p (AP 2 @rmﬁmyloatwkst%tmnﬁ gplacabelismis K30 gélae%wt@@ loﬁnn:ay bea

r d
s 5ot B n 5RO B T B8, SRRyt
100S&r arer HPO} C(anp'utmgl‘lﬁwmmnhabﬂmt @eludds dagldiy nagalbﬂble) medes 115 and

embodi nent, HPC. server 102 so i nc|lude or
allo et AbFYPRI i a0, ermicl o g5 sablo apdes T15 for job 150,

and THEERMN0y SBEHE job Ol%or[ﬁmmmﬁlbéﬁe@ﬁadégqq@utJ%B 1\91otrﬁay be any
sof tware and/ or hardmare I'n any conbination suitab

bat¢hporgmaeijolalopgrabliel to ba treoassttd 1sinpSHPG teshoopss arHP@ﬂqrmtted by any

150. At a high .l . HPC server, 102 i.n des
ot it e P 20 Gt & St itk FETIASR papdah qryfor any
othétf hi Qﬂ?@ﬁoﬂﬂeﬁme agfhireindst, ETobESRAAYRIb WRIWiddBest 30 rudVRdBta center
ecifically, server 102 may be a standard 19" rack

appilﬁfﬁl%ild ishgh as pl dirsigred ylalgbass) aposlipe dyesacliars progessing syptem, or a

J | L
ol RhR S L0 00, SOMRTENS S s e gty means
certiaini ))rdﬂ:la@mgmsﬂeiehﬁme@l atalbagit 81 part, HEARIN-tihv )bakét @@r@&ieedr more
f ri sW tching; v) FPGA support; and VI) r edundant
Vaﬂaﬁl%ér A S BROTRACal Bt UaSibtFss eonrrlliungaiitBtidhe appropriate

pro&RYRENE @ﬁl%tﬁjtﬂaﬁy"pfeﬁﬁn{xfﬂ Ey %ﬁ?eg J}@OP 20 8%l 906.7%t should be

node~| evel . But e un tood t hat” HPC server
undeGooainthah Salsematicallyh yumier qontelmplﬁealahy (Sﬁ1tabﬂmss;3r or administrator

t t de 105 t
intefRRE Ve Soteht Yo P aToE: e R 0y tos cisSeRbes ng
an @A ik 182 Rbmphisss £X%aEBAISr rERORICTERerQREBIOR FR¥ess job

conprise two blades, with one of the two bl ades bei ng
150r weinada mlul(ahtm lof dhlameedh qrodewe /13 s end, elustenf ingnagamienin pngine 130

oDy SRS RSN RRSP ol P 568 e o

othﬁ:udwtrﬂba’fbﬂgs%ﬁﬁmt Hede et Aze U@)ﬁé@@atﬁfmy seeee102 nedwids réigﬁﬂurality of
i Nunber of circuits and configured in any suitab
nodﬁ%l ht-oNodesol I Soppgnniise jany cRRBRES olopreFessing dewicg sugheass for example,

bla#ég,r %%@g%lgoawé%rgrsﬁgﬂ :%81;11;[) ter%ﬁt} M&gﬁ&%@%ﬁ&%s 19g1x-based

conplutera| oit yn}othdP@lmaiﬂiesleﬂlﬂ:Es JGEInBﬂally, FEpURBEenpesides merely one

rid Int |IIu trat d enbodi nent, nanagene
exa%)@ gi@gnwggpr:bgiat may e use with the disclosure. Forgexample although

FIGURE 1 illustrates one server 102 that may be used with the disclosure, system 100 can

be implemented using computers other than servers, as well as a server pool. In other
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comuni cably coupled to grid 110 via link 108.
Reference to a "link" enconpasses any appropriate
W@ o0asH0eat | on conduit i npl enenting any appr opPCEHUS2005/012489
comuni cations protocol. As an exanple and not by way
of limtation, a link may include one or nore wires in
one or nore circuit boards, one or nore internal or
external buses, one or norelocal area networks (LANs),
one or nore netropolitan area networks (MANs), one or
nore wi de area networks (WANs), one or nore portions
of the Internet, or a conbination of two or nore such
wordsnkbe whent deimiom | @ntemlates mengibasli othet thdn rPend@B purpose

rovi des ablt it Ethernet conmmuni ca S
ool & Svetl et o dE Syl QoaraBne SO e As used
in BiQasEnRE, hedesn r&&npﬁteler féqaféﬁﬁé@% ERonhfHRE %aﬁlg%nal computer,

processi ng ower. Typi cal é@! grid 110 I's a 3D Torus

wokgtatipp, nesyotkecommmserhor anytathesrssiitle processing daviesr BRGserver 102,

o B SPAAREEBHN SIS LA 80 550 8. ik

WiaddwsoSer@erpof hp ot sgititde DR, A\Mftﬁﬂﬁ?l ap Pme pmdEne@NHPC server
vi ce versa, where appropriate. The Ilnks bet ween nodes

102 mgy plso dng ademlob%@m@em@éb y apurérsd pathed 1egioteygb sgrver. Therefore,

serbdr68 ’mag/' se lah{/] %&P Qbr @7 Ve RS thfvaah{]{ﬁ efn?%‘i)ﬁabmatlon
can con ectrical” or e romagneti c Si

suitable tb dynafmamlw ailodateb&xie@tli:tommcress Hﬁchobl(bd@; 115 is

con d . w inte witch. This all ode
(05t e ebon Pl v B BEREL b imedenSrigho @t 3R Erid 110

coﬂﬁigﬂasg %ngldi‘ﬁit?Sof“nBHéB 2¢5 X¥dd ddléstt@fnﬁfaﬁaéle%é%%gﬁ{eh%o More
nodes 11 Further, this may nake coppef wring work

specHickly, gerves 82 ey teta stpndasd (9'yrask indhading avilurhlityi of tates (nodes

di nents st. cable being.less than 5 .. .
10 S8R ot F 66N g PBaBTP D | GRpbPaReRy i) dpree, hieh
band@adtas hrefiRirghBior dasimmasy @H&ﬂn@ﬂsadapt@rsl HCaaped)! ifbgrated fabric

bandw dth. Each node 115 may include a cluster agent

switehpngs GRS aBoyotonsst &8 wwitndast pewer lfﬂaéﬁﬁag]é ABrt power supplies.
r.aul.ly S

T e ool o PR 10 15 SRR o BHE RN But it wit

be madageoe nthate Ml Cesetdd. 103gend dRi2s codl ehaynabiudecladey all of these
hardvvare software, firmnare, or conbi nation thereof
comgpORenlSi e to deternine the physical status of node 115
andyGAREBANE Aofe (18 BIAGRES & 1&@{ Bpe Pgde é\ﬁ,sL AU Qedcated to

heartbeat,"” to rranage nt node I n anot her
mamﬁmgjlonreamstm@raag edmnnstmmje ftos emamptne rinaatigealehty npdd 1105 may

corfiie. §1e. vighenc T ey oear Tt (BANoCERg SRERURY Gk o an

activO/FRssI RS cdlﬂi}m:am{/s ug rblﬁsemﬁdaim&ﬁamhlnﬁgen%nt Gib#le 105 may be the
Assenbl er i sual Basic, and others or any

samsoyb? Riblage of ﬁ@m@uﬁng ée\n@m@s HECinodes hbi.nBut orgragehéns node 105

Lt h e n nt engj.n
maif b o BRI Bl o & o Shp TRRRASERE Bl rshion
so foap dway &maﬁ@fdpwd‘tﬂie td atr lm}pmanp nERap BAH 100, tofemne ﬁfanagement

operable to dynami cally allocate and manage nodes 11

nodérﬂéPSe;& ébm@ﬂwé lagjeallysiengraisd deam fheplumbiy ebHRp|nodes 115 jointly
rep sUREFIn E gﬁ&laiqgrre&t thE e MBS BEH B Mdgﬁdgﬁg%@ node 105 may be

escri I'n any appropriate conmputef
conmaohioatiln goﬁ‘.pled)ﬂol-gnd a\]la,wa)\/hﬂu a®83aReﬁrerﬁ6$@ﬁb‘lhﬁk” ei@ddynpasses any

sui t abl e ver si on of ‘1% ot hers or any conbination
APPFPRETaS f ConjIpuRi£gtion, cop Er NERgL 2N IPTAITRE efommunications

profROAIBTBHLexEGAPI Endl 3R BySwhi b EhfiAtiSH 4 AnklhEYRRchde one or more

wires in one or more circuit boards, one or more internal or external buses, one or more
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as a single nulti-tasked nodule, the features and
functionality perfornmed by this engi ne may be

w@esobossoed by nultiple nodul es such as, for exedpUS2008012489
physi cal |ayer nodule, a virtual l[ayer nodule, a job
schedul er, and a presentation engine (as shown in nore
detail in FIGURE 7). Further, while illustrated as
external to managenent node 105, managenent node 105
typically executes one or nore processes associ ated
with cluster managenent engine 130 and may store
cl uster managenent engi ne 130. Moreover, cluster

locateareny @mqu%%gzme), 130 qmyongematr@mlit@ @neamsrbmrksj {MeANSS), one or

mofBSEcSREHURL oY) S L AGHL ) IRRAT 1 101LLAT LS combination

of mmag afee sueh ghks vikide @ pﬁﬁ’@pﬁ@t@s RNéheOEmPETiMeBQ 1HInkaI 08 provides
dul es operable to intelligently manage nodes 115 and

Glg]a'a%s@r 18612abi Phprpt epramuaispéistishvesn wpiagegient node 105 and grid
nagenment engi ne includes a scheduler 515 for

al l ocating nodes 115 to jobs 150, as described bel ow.
Schéddlidn is h@rn@yoﬂﬁ@iea 146 ie@tdonneetad Gorindrbased @rocessing power.
al | ocat.e _nodes obs 15 as further described

Tynealgeridd (ot o %éz uhé IﬁéllégP AtRFshad ynmlgqe pr any other shape
or SRATBRGAL W Bouh c{elﬁal%'hgeﬁorﬁotﬁ@ %6% %r $hi€ WscIMA & ference to a
client 120, over network 106 in i ent-server or

“torys’h eraycénsomipbsst @kl oe a iortomnedh grid |1rh0,cwhera|appmpb1aw, ardivice versa,

server 10 obs 150 o es from.
whGE B e T5 THEoPUTach Aotk Y Aid AdD B RE Pighor parallel
anafo01iARY, @ilcRsl Bekat 6ra§ﬁbﬁ%tlﬂ=!rr?95| Of lifik i esRBhAdy eRRkrical or
array using the sane wi deband interfaces that

eleqtiomagaetih segnglst fechnate®r cwmmlal fier pntcepperce Brgl node 115 is
congigg%id't algl? a}l Pk n%ra%ﬁcsg&gﬁg n"lgnss glfl(t)\»% 18d Pfy & mr(%raer gas g%e e basic

€ Co nation a opera 0 conmunt Ca

congtirlidi foietha@TX THAS. anWﬂfeﬁ)sSﬁmhleeC}aYZ)dlstamj‘eﬁ bétaeen biskr fBiles 115.
se software supportlng one or nor
Fu mllwrp co&p@rtwgévcgg an larggr systaimng Plt up to Glgablt rates with, in

sonfOERHNiRhisORE: 1R mfcﬁbll-%ﬂ& 1 Q“ﬁﬁjéﬂaé qri&%%f oL fl}otrto node 115 is

conmuni cat e’ physi si gnal's. Networ tates
genwraﬂglopsmlmd for nakéstreeighbomeoimatiiicatiobe bnvdeidnreagedd® dandwidth.

120 it LDy GeR AR st ISP gL poupled with

cluﬁﬁJr ﬂlﬁﬁag'éﬁl%n@@ﬁ*glﬁé ijent @@r@rall’j)eta‘g@ﬁtkl 3P0RCERYs AlgBBsts %? c8Bimands
bet ween various nodes 115 wi'f hout departing fromthe

frorg gopragementnodsi 5@ aadipecluptar oranagenmnt s ginael3for AgdiG6132 could

nl RS BT SISy goremin

the t‘phy?,ibdll shegus ONMPEIE NS and\ediiukicAROth8PYoeEHALLS 3tiéh ad Birough a
l e, Internet Protocol (1 P). packets, Franme Rel a

“hefrilg 3 InganeBrmens (RoderIfRs flsr anathrs quibpdjmend) menagegiesk node 105
ma;yn fé%ﬁ%l’ruf(a‘ﬁg c}% ﬁ*t 1@2&2 rdeﬁé?rk&n%giég #ﬁg/&fs I%E El%t 6{59&1;{%5& NE&fN 15 Agent

ses e one or nor
132hnmabeanﬁ&nnaumymp@m@hﬂﬂabnmm&ﬂqu@mg@QBMnsIﬁ@kk&nph C C++,

%m% %ﬁ@%a&%ﬁ q?nd%{tﬁ%s gg‘éqv?%grsﬂapaq L@]eémf)sg]eloné s it remains
FIBIetGiEn AR SoHAWR ofitel i MdrRind Bhgina i OF any

ther comuni cation system or systens at one or nore
| oc@iustensanhthent @ngise fldd coeldiiaclade ess hardneresoftwivey frmware,

or %cgjﬁa lgr'ggticgia%}}eérg({fgcg%gagﬁé?é élyﬂlg%lg%ﬁk %1%% a{n r%gzag%eggfi%’ 115 and
execute job 150 using nodes 115. For example, cluster management engine 130 may be

written or described in any appropriate computer language including C, C++, Java, Visual
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for storing jobs 150, profiles, boot images, or other
HPC i nformati on. According to the illustrated

wepdvemssoent , di sk farm 140 i ncl udes one or norECHUSIAYE12489
clients 142. Disk farm 140 nay process and route data
packets according to any of a Nunmber of conmunication
protocols, for exanple, InfiniBand (1B), G gabit
Et hernet (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

Basid esdehfbile] anyf auitableavgpdien oA46hlambothddrasay doddbintativn disereof. It
fhe transnjtter of [nformation, and t destipation

will Bepideiiand thab il shisled mageggiint qagine 34 o biseted S FIGURE 1

as %L %g@fe' hi®StaliRa hESIR! 8O Feired BRI RHADARI) %@rfoﬁ%éc??% thails engine

I's any device operable to present the user W
may bb pstfmsishomudtinle exodotes adeh ad, Sor extaingrle,\d physical layer module, a

. graphical , user. interface (GJ ) 126. At a high | evel .
virl e e e o e R ot pisackighintinafhedlay Shoof Bhpore detal
in FROURESEY. aFugheCt Whik GlIGRHHR iab Jexd@WAIC € ORafiahRnt Gode 105,

receive, transmt, process and store any appropriate,

magkgeamenssets Hetypigalll exgattemome0er mote piocEsspe aspaeiatedt iy cluster
t ha e b e [ 20 -
bl IBheht Sin T 0 P MR afls St e g, Moreoer
cludteOnasapemenisaizirgs 130 heybe 4 2Rild olgubhaodidedf another software module
_interchangeably as appropriate wthout departing from
withpi dpapmEofromhihe 8ropg| Qﬁ&l’l‘ise disghopwey ein}englFe’e%@ e management

Cnéélllﬁ! Y54 rceltngﬁgbs &REBr Gldr€ %ft\;vg‘redlﬁgﬁig&sbgﬁerhﬂett%riﬁll?éenﬂy manage
y

el ng use one user. But this disclosure T
nodesit £apd Hibasl 50hdh parivylan smbsdineepts, sksten eranagmurng engioe includes

0 ni e j.obs. 150 usi th | 124. used
o scHRORRT S AFE BT s g toushs 180 HcEnLipdingiow. Seheduter 15
ma§ RSO APRAESIAMNR N SRR ©0IRUALE ModbL UL téS fILREIBOL @8 MhrfiRk described
wor kst ation, network conmputer, kiosk, wreless data

belpwrt, cell phone, personal data assistant (PDA), one

or re cessors withi r 1 i.cas,
any SOt FOLGERERIR S, bitkfet 185 GaCieallBicaiEY sRF pulk computer
sysEImseRichL 29 diedt ¢RMP6VeEEnclwSRNPOS & at bidnt-saebtudestlen distributed

i nput device, such as a keypad, touch s,cgeen rm(g)rs*?,,,
engfongiehter Hetartain emhpdiBgAtsaseesst L 2eetivieirbh [ 5@ ARIQhpolicies from

. Chat h y . | iboctly
oo PRSI ICORIOYE, DRICHIR SRR M ity
thecbogiputdtiodalt aaraywistngaiheisafo wid¢haod interfadsslithdt A6terdBonérty the nodes.

Ge;irl%g]g}t(, élgtgéjaée? @}gﬁ%&“@ gg%hg%gquﬂégﬁlgt%gg/ ofE hﬁgvtage: in a suitable
corfhinftior XTI ab®E 128G huBitdtt dRtheefRstka 060 Nadre ?&pécﬁﬁ@il%interface

I nput fromand provide output to users of clients 1 )
104 tway wghptike seftmarn issppating pneaerdmprecosubwiisations paitesiingssociated

Jhamely GUL. 126. I 6..conprise hi cal . .

wilf AR aBerenrEt 1 ROy St b Bleplshaisy signal.
to Netwdrka® Mcillatey SHifiesd 4 WRelsdedBdthmOARa®bn Befwen computer
jobs 150; and/or ii) the system (or network

. ) L
sergeind 7 end anprothesi epymiitere yuchl 20 chients A28y f lideedaj while illustrated as

SysSt 100 for b | ' r .
L T T -
nod¥st 1 sagitiedt idepatihg drvn tsescopé b€l Jisgloasentatotlen wijrds, network

data provided by HPC system 100. GU 126 may copprise_. ..
106 encormessey @1y cRver z aefmerksy affe SUBMEHY @ik OREA? to facilitate

coMufi{cBE5ds" Sty S varith! 'cgﬁ)xming components.  Network 106 may

communicate, for example, Internet Protocol (IP) packets, Frame Relay frames,
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lists, and buttons operated by the user. In one
enbodi nent, GU 126 presents a job subm ssion display
W0 bab/optoesent s the vari ous job paraneter fiel dBCHIS005/012489
recei ves commands fromthe user of client 120 via one
of the input devices. GUJ 126 may, alternatively or in
conbi nation, present the physical and |ogical status
of nodes 115 to the system admi nistrator, as
illustrated in FI GURES 6A-6B, and receive various
commands fromthe adm ni strator. Adm nistrator
commands may i ncl ude marki ng nodes as (unavail abl e,
Asyathrohousg Toansfer nbibds  (AFMpagallse nainse , videsh odatd,ngnd oddler, suitable

R T ey o R R
netRkY SEANs) e &BIURKoRE (RANS)EmBlréFitart Bred@REIdRE (MANS),

one or nore graphical user interfaces and each of the
widel pesp Ingtpeorlss (&Aﬁga,tallcqn arorgemphihe globak eampurerajefwierk known as the
Therefore 126 nt \ ,cal. Uus .
o 0 oo S8 OB 43 2B el e toatons
MAR Q&RETeSmedih QEdEBs taiirol, Wwitys iiropie.and efficiently
presents the results to the user. Server 102 can
acdegenerah diskifaim d énanyimemgna daigbasres Skragisara petwgrk (SAN)
t r t Egat ]
for Hofih2 s LG RIS, pESERE O o PCRRNRIAGE Redord8 to the
illusietstbetbddifment, dlisknfaraspicinchilen pae at inoore skPRes cliangy 142. Disk
102 is first initialized or booted. ri this
fa“%r’gf’@eé’é%y (PF‘if@fselanﬁHmrﬁHE’e At P%‘%ﬁﬁsnéccfggn%gg e REs? (Mgmber of

nﬁﬁﬁﬁée&fbﬁe oAb RIE: fok 0GRAMpA), IAMBAII PIR)EIGigabit Ethernet (GE), or
CO C alr acterPgti cs of0 nodesﬂ)?w in gri 10. gAs descrii be(zd )

Fibmthaemel (FCs Datypaskets asetypisalln usddda trapeport dato witin digk &gm 140.

upon ch node'.s initialization or..u near ' .
A BReE Dy RS ok bR REFE bRl Rl e
The TRERGE "Gt BRI IO ekd@plRyL soart Caldrssplidatifice thar irastmitter of

portions of grid 110 to one or nore virtual clusters ,
infoppetigmsand tha,destination Adgntisier, foe geaepla s dgstpafipr pddress, adentifies

2 . [ Im ster managenent engi ne 130
the%%?ﬁl:é%g%ﬁ?&n%ﬁﬁ{)%rs nodes 115 for possible failure
andcli¢pdno detusyr devidengpeidbdé toopresent thehesenwiths jdl Submission screen

failed, effectively nagi ng.th [ e usin ny . of
or adnyitsiTation ¥ § gEBE uf@édﬁW?%&%ZG{J@! Lﬁ"{ efit r?aﬂlgagﬁ%% illustrated
clieBP 920 CindidBed BY 1856 @[ﬁa?% %n@”&i)ngfrggé df AedtfInftU@omputing device

execution environnent for each allocated node of _ _
opevdbi¢ talrecdivesttems®RD pravices end ctarg omyeappromiate datangggociated with

consi st of t. host name P address, ,OS, confiqured .
systegy 3,0@65% Wdﬁgtpe it rgtﬂgﬁ ethatf efe §’§/a§ft Bﬁ,sdnyaﬁn&ng)%g eot% %l%ents 120
commighidhd1fdodibd {Faii@no2arridal aclichf @20t et @iser of client 120” may

managenent ‘engi ne 130 may dynam cally add or subtract
be wsed dferchangeblytas apprepiiate svithppdepedimediany thescapasefcthistdizplosure.

olicies and cordin 0 i:Nn - i ckes
MoRGVE 57 ¢ O FREREHb R et B T AEHBLF . Bty 5 Bag HE oy one
useR€ BUESERt EECIWukd confelplAeHd Mt Shawy seéreanay e @de t@Gputer to

Once the user has entered the job paraneters and
congrymicete debsj 198 usmg the same G Adhagenent engi ne 130

proges thg . i 1 SSi.0N,1ohN ,

D SRS, ELSL AT P10 12018 LELELEToPBIARRE S prons
cordf@fler, tdeh v&eén teahinkl) evoulseatiogr netprorlCamspger, kimslageingdeds data port,

cel]gglglg{égp%rg%l gg’ge%’gits%ﬂégé},tqgg %S‘Eérﬁ%p}{ghg%sgﬁrg Iv&i%hlilr{ljl I‘chese or other

devhdls O8R! e ’c:rﬁgdlﬁ ?rdl:@&lﬁ%@e{lrl&y Weﬁ%g%, AldnP 78 Gy @omprise a
j ob’ space 30 W thin virtual cf uster 290 and execut es
comiterlhat achuss at hepualdevdicatsadh reddeypdd tosihregrddROmouse, or other
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techni ques. Based, at least in part, on the increased
I/ O performance, HPC server 102 may nore quickly

w@ 0vplostoe7 pr ocessi ng of job 150. Upon conpl et i BE/US2005/012489
cl uster managenment engi ne communi cates results 160 to
the user. FIGURE 2 illustrates an exanple node (or
bl ade) 115. A node 115 includes any conputing device
in any orientation for processing all or a portion,

~such as a thread or process,” of one or nore jobs 150.

As an exanple and not by way of limtation, a node 115
may i nclude a XEON not her board, an OPTERON

devivet ther kaaratcepsr inddrneationo apditann guhpet/ idemce Nhate cdtveyh asformation

] SIb RS e Y G e % B A i

1nf<§1‘ﬂ S, Jo% UD184.1 @o‘ghl@le 1h15ht%{/fcb GHA B tp%'f"@@ﬂbm Snclude fixed or
Istri’buting such functionality across nodes

remgvitde $11)©ag¢aye<bwu@lt es &amgnetid Q(lmpustw dighi -R(hl\’bror@ther suitable

.M turn_incre t_tol
medif ity b3t S i o A, PR St st SR8 4128 trowen the
adidRtrhtibrndgoB debmideee dikphy] Méﬂﬁeﬁﬂtlm CPUs 164 and a
sw tch éor fabric) 166. Reference to a node 115

encohpass cqm@n@pgsgrmcaé Heer anteikpeecaperable t%]@wel) the gser of client
12@8@@%&6@%%@%&3 18058 bbadly BRAG: i BRY 180 my@@gﬁgﬁe@&m (or

netwoilkd grlatigigtrsiod h@lhg dlfehnp 420 it dhtarfacnivitli systens 108 bt afry suitable
166 has twent

orts t S on s m .
SUPEEINEPHBER- 1 W %{Yngi%lé’ﬁ%wlﬂ © Y8R o Gf! el?tnlgﬁ g efficient
or
oAl L AT, e ol BERRC oo 681200 ey
coniprse al phmglignofcuasdnsizaile grinds 01 Qiewshavipgrintsrastive ficldepull-down

iSO TGOk B2 B b BABIRIGROER 1EB RO o jo

subBRHLILHYPLE tHHQ f}?eséﬂ@ thPvas ey paresietel Eoldsl@fFecdives commands
axis of grid 110 to facilitate 1nplenentation of a 3D
frommgbhusen o% pliens 139, vimpnoefihe innyp dedess i GULF3mayg,plternatively or in
ddi.t i onal t I d
co 1H%t},onh é)&gse%ﬁ tbg' gi?clﬂ 4 a%& gﬁcafas atI]?so #’Zt fodds ?151]té {hg system

adrhiffdteme satlbarutaf indF IGURESI6 AeiBs iaad atcehapairogy ciiatmhdafom the
a 4D torus or other nontraditi onai t opol ogy inclu
\i

admpigisigatonanA RS AP ENTEIaRE) pK 185ipde maskingimadss @ dipiyaitabte,
shu‘i?tﬂ%s IRade) &"es 11%@?11&9&6%0@ RB5 St el 5rczt}1glgﬁeﬁﬁﬂtable command.

e no to one or nore other nodés 115 al ong
Mopevsenrit si?muhi te agderatoodxies tlof tegni gliaplﬂ@,l uadri ipterfaeg may be used in

the g TR oF THEGHE b4 B cHDRES FEm A ST Ty e GEESS rehech of
themsg)@aiytl P a paficufiiy i’[ﬁi SscRflerfRe. M¥erBte OGUL 196 t@itéBplates any

on SVVI tch 1 6 may coupl e node 115 to anot her
grapbidel U656 integfacti, syclalas mggcalen@ M ebebrowset, yh%tmrgcqsseSglrnif@naﬁon in

A0 A RS AT RO 0L R b6l

frof théhiaipoaviaatiel b airowiért @k, 1 8Mciosoft | Thiesddt agdor@n@dr Netscape
descri bed, the present i nvention cont enpl at es any

Namaﬂoa)tﬁné refwi Gk apBePripiedk Mb®s XML sewengpysing astsk 106.

1 Lin .
oo b BecLi . SRt TAGHR RIS Bt D
thlé-lpfti@eésﬁ&ﬁlst‘di’ Uphesefitht &t 180 Sstehnihed Ghe ckistdncd 68ate, location,
coupl es CPU 164b tq other switch 166, acf, descri bed
and/or other characteristics of nodes 115 in grid 110. As described above, this may be
based on a “heartbeat” communicated upon each node’s initialization or upon near

immediate polling by management node 105. Next, cluster management engine 130 may
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bel ow. Links 168e and 168f couple switch 166 to two

other CPUs 164 in other node 115, as further described
whedoemssokn particul ar enbodi ments, a |ink 168 PeUsSIes012489

an I nfiniBand 4X |ink capabl e of conmunicating

approxi mately one gi gabyte per second in each

direction. Although particular links 168 are

illustrated and descri bed, the present invention

contenpl ates any suitable Ii llks 168. Links 170 are 1/0

links to node 115. A link 170 may include an

I nfiniBand 4X Iink capabl e of communi cating
dynamicatiyiattatat yarorus pgitgpabpf gnqbéﬂo seaona hereedtirl clusters 220 based

i rection. t hou rticular |i 170 are .
on, ] Geiind Edsi AR aPnEy T e BRBSEmET AR mpeoment engine
130%2%&133&13%‘ fronitdr¥ n%Hést Al R Ipbﬁﬂﬂﬁe ¥Aifyre khd Kﬁ)oilﬂ(ﬁte@ﬁﬂﬁhg that one

swtch to other switchés 166 in ot her nodes 5,

of the neides drl b Baitedbeffentivelymameinieche &ilnbedigramt ef a %arlehhkf recovery

172 inc S an Infl i Band abI .
tectaduetins CHERR oihaiitioft AR, H0 a6 BPReE B4, prvide oy unique
exebiticdAeivifbnbRet if@Neachl atlhfélaﬂ@ﬂ mdet dfcviktanl tiustss 22F.2 Bl execution

illustrated and descri bed, the present invention

enver@nménﬁomay sensighpf §ie hostage, T pddressy OSrcafrgured services, local and

3358 A EEEUP LR Pl PO B P o

engirtel 30 £9P Ifﬂtynziuﬂi‘celm addor aﬂﬂﬁnph@deefrcmmylrmai bhlbﬂee 20Pkkcording to
164. CPU 164 .i ncl des a processor 174, ﬁ 1&
assecipied pplicies andipoe mer-clustenpqlisigintuch £yBHOEYy o

hos{yiehanngk 1@@%1{ & cﬁéﬂ%)zolﬁg é%AD PE BRBiited (At ag&wg@&mssmn

a hardwar e, tware, or enbed  ogi ¢ conponent or a
screeanti GALL 196. EInceioe wser hoy entened hhmphm@mmﬂt@s andn submitted job 150,

articul ar enbodi [oges 174
ot o5 Tea g | RPEESeS e ol e AR B o R melcrs, and
anyPpRE&esRhed f4lidiss ABoARBY WithRbElY, ﬁleaJs@f QR RBE tiger group. Cluster

pr ocessor haw(b(% an approxi mately ab te cache and
mahagengnt ezl 13 elaéptpmmﬁsathélaypmpza@ \g!%wal Spistep @0 based, at least
in }%_?tgong‘éls }1&81%2 t]‘?h? glg InﬁggB?lgé rﬁ;’ﬁ%ﬁﬂc %ﬁ&é %c%r J%)g;é{)%c’e 230 within

virfQEloCRS®O2207hd BrdcutteSiob IﬂﬂT@cﬁrMsstdfcbt ﬁld)dda&ﬂ mdwi disngsing HPC
efficient use of nenory bandw dQ}Q g{gou gh a
techpifivgse Haged, gt sae 4 pat, PMhP wicrqaseky P pefgraee JdRE spyey L 02 may
\Y/ at b t
ol Gl ol B 0L s FIEIIOR Bof MmpltidohPlisier managemen
engiﬂéc&memcﬁteﬂebﬂts16IOrto;ﬂwﬂsenuI ar enbodi nents, bus 182

o Bl ORE P T 20 N 9012495 1895 CE58) s rtudes any

cor tm%e&é?z'ih‘é inAnk NG tidn FBF bi‘cféHisﬁ{g BY$r 28riidh, such as a thread or

[ustrated and descri bed, "the present invention
proccﬂst efmieatr esorafnpsd a0t dtslas esamplesed nohy WaB of Hulieties aanode 115

L e R e A N—

deiési | Nb@d 11n9 BRMHR NirCldidcRie BROWERIE Bh OaReFdéd ¥lkiafitht enables

one or nore other conponents of HPC sgﬁsﬂtem 100 such i
disgributieroefy swiishing Fenctionalgar aqress apdesnb QucHl pgrticular
em%gd%lelq'%r H{lpnbuq’gg 3{191{ fL%HD Hor]‘eﬁf% agl%%sigxgﬁlésrPﬂSSm %nd 110 meg/f obviate

onmunircation tween proces and

cenRREd swhtdHingl 8grid U0, kﬁlﬁch andyeivalirn?inCledge fal hﬁl,eraamei in grid 110
one_or nore other conponents of CPU 164, 1n particular

andoepsbl nasHiel compnicyéon ameng nedoelirRsIridlbo MoH 176.
I'n Rkt 195G uEEROR APOL S 64 MY YovitdH Eor]fZlﬁlc) 166. Reference to a

node 115 may encompass two CPUs 164 and a switch 166, where appropriate. Reference
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i ncl udes ei ght gigabytes of random access nenory
(RAM. In particular enbodi nents, nenory unit 178

w0 p@bsiee7 t wo doubl e data rate (DDR) nenory deRCT/ES2005/012489
separately coupled to MCH 176. As an exanpl e and not
by way of limtation, nmenory unit 178 may include two
DDR2- 400 nenory devi ces each capabl e of approxi mately
3.2 G gabytes persecond per 1§hanne|. Al t hough a
particular nmenory unit 178 i's illustrated and
descri bed, the present invention contenplates any
suitable nmenory unit 178. In particular enbodi nents, a

to 4 pede HSupreenavomassrsst CRH 1040wbere: apprdpsiaten 3wigdhCH)6 may be an

mtéeér?r%é% g@glcl:x‘ogl gcrlrl'g%nen o“?ln?ggcg}'\@{ g(%hl Eé;é %?S(}%éél{xi\-to% ports. Two

porpy @resitthr 166 Mayacahpieoder] 1506 Mathfigient A6ROTINOS it M Cutput to

stem 10Q, such as a Basic |I/O System (Bl OS) coupl ed
and 3 podp . inéd&éﬂﬂnt ER Retther SPEsiE)l 66 ey efc apuplp node 115 to

andMd&lodEl e raﬁ)%"g dn™ &%ib %‘P%nﬁqli@l R?Focbﬁrtst be sézvﬁa% %g& n%grtégch couple

I n particul ar "enbodi nen t he I'S a sou
nodegll SepandtBer nddetl 16 ahingol ysadid 6f gridit10,and twb pRord 6#itch 166 may

el S0 4 T S Bl Gkt £ b B 110 0 i

implas etgainto MBI Ged¥RNg 3DQBﬁ1§ oy cﬁﬁer(t% g}cfhuﬁjide 1. CA&dBonal ports

Et hernet interface. g}(artl cul ar ‘enbdodi men
on kgl elréeﬁqfnaaoa@lpi@smdﬁ Sher otfearpenient 1 16f nHFgﬁdsyl;@ ém facilitate

B L5 B U DPBF S opions

topalogiitobidipg ooirel g thee Qﬁlﬁeﬁsﬁbr@?ﬁl 8fid 100 € I§Pkticular embodlments
managenent ports. Bus 184 cou es MCH 176 and HCA 180

onq & TBAEPABIHEY SWitsh b6 may ogp ee‘f?@‘édllﬁéﬁt%le gsuBoreg4hgranoges 115
aoBEAPEBs GOTRIE(: ok 08901 9RER B b s o

hops fmptvmcn medel i5 dndogadyhes gtiesr ns)de @ hil reldtitehodiglan@from node 115..
illustrated and descri bed,

ticyl b 184 t
As B hisfile B Biftooie o o e oky SUichappasisuplspode 115 1o
anotief nd&9 15N edsiies al%n@ %ﬁﬁ%ﬁ%@stmﬁpﬁﬁl%f ?1\/1\/0 491 08eheddns ; Y Jumps away

| ogi ¢ conponent  or conbi nati'on of or nore su
from@ege hbht b gardadlai mn@aoslhacrne |spatsl d 66 4Gt InfigiRandGavitchn Although

TR e SR E S

suitpible ¢ivitels 166. bandvm dth of approximtely 2.65 g| gabyt es
per_.second, al | ow approxi mately 85

gi gaBytlésa ﬁéPP15$ &Pééﬁﬁﬁfg t Pwiieth il 66.pHyink d6§w couples 68U A64a to
anoﬂf%‘f’ %wiltg-ﬁ 188 qn RBHRE W% 2 a%o(ge(sgﬁt@)byelg@ ?H% rpﬁéf couples CPU

such as aS|c
1 64b b eivsfltvhe], 660 r Lintkh&63d b@tpld:anBBTr t64butoastherbeiicing 66 ,Sas described

oo BRI B SRS T RS T s 1
as R QL FReg h¥lols: B rﬂaﬁg\‘oﬁﬁﬁoo%ﬁeﬁg P@%ﬁn’chﬂ@s %14 gﬁmBand
g §

rate at switch 166 o rea appr oxi’ma
4X délk girghlel op communitio amt@dlmaﬁlﬂbnby@gﬁ)ym@ tpef |se¢hnd0fn each

t h. hough rt.icul 80 is illu ted and
airegef: ; AshO g BBE i s, o Tt S strigl the present
&htioh @Bhte 6
lnvsvvi tch 11(131 . lelagg Sl%%gllaclgﬂllfglhgé qI—TCl:AﬁBlig*@?rg a flﬂjﬁgt& Hodle 115. A

linkshiOtredy inelgde padnfiniBandf X takycapatile oficaBuniceting apppedmately one

' bed i ,
eiedsid b P60 Boer bR ABL G e ok arggusteated and
desctrfbeﬂ JUthe résenSinveii drC bontéRplatel Rky L6BIH1E ‘HHE% €5%0. "'@ﬁ]k%8972 couple

to a second switch 166 that is a secondary switch
switch dg@de ofhsr ismalchen16Gin other nodes 115, as described below. In pal“ucular
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descri bed below. In particular enbodi nents, a node 115

not including HCA 180 includes second switch 166, as
waele®ensded bel ow. FIGURE 4 illustrates an exanpdBUSO®012489

pair 186 including two switches 166 and four

processors 174. Switches 166 in node pair 186 are

redundant with respect to each other, which may

increase fault tol erance at 1?ode pair 186. If a first

switch 166 in node pair 186 f's not functioning

properly, a second switch 166 in node pair 186 may

provide switching for all four CPUs in node pair 186.

emqudnﬁ@@té pdink T8 melydes o dgiBang é%rlprﬂfaragpab o£ omgwnicating

ol S e 00 e 7

are l6Btrated aad dedcAbed; t1$6/\prte§?dmt itventiert dontepnplates atyosuildble 1ib&d¢72.

and_164d_and a secondary _ switch 166 wth_ resp
CPUBICTEAR Ykt ovamifug frPbEd o4 foa Robhl 5 b thaesh. a gxample

criual F}?lms tg@ ?ﬁé JescI¥d ¢ dll;blé%g&t Wnﬂ&?‘é%rﬁ%gglgtersm ai}y suitable

SwWitc Us 164a ah and swtc
CPUrlodi d@PETV\l Gdcibcindes apraceiior 164, a amandr§ bdntroflerswibt (MCH) 176, a

e BT 198n ikhg IO UL AT HICRSr B Bropgssar 11 dhctudes a
hard®4e, sdFehrd, Qﬂ%ﬂeﬁd&ﬂog{‘cl%o%ﬁﬁﬁehtsorfdi&ﬁﬁﬁlﬁﬁidﬁgof two or more such

properly, but switch 166a is not functioni ng properly,
compeneets. 18 Gortivalar pmbodwnmqmmg 17é1is eRCOB4aXEON processor

174 grglr% Illg"fg{d(fﬁ 1%10 C]il%gdl%%?l r%&&%%@& eﬂsl%lg %Ii)l?rﬂmma%ely 3.6
glgﬂfdrtd lﬂrb@essdish@lilngiml’ﬂpbﬁ)x@ﬁdtenoﬂ Bygabgte Odchkidmdt Bdih@Rapable of
link 172a at switch 166a couples node 115a to a first

apprRsd@atels 7ot iegadlorhawe sseptd. 196 ﬁ@?lﬁwabﬁmb@é@lqli%aprpwssor 174
17
Protgl EQH&%&}# aﬁ% e %%ﬁﬂ%"ﬁ? si de r(1io e %gﬁ}y@i%% lsn/gﬂﬁ?]l&%%aa femory

coniroter ﬁrﬂ)ﬁﬁlmg’lefﬁclledt dsk®f rhémbrylbddwatth.s vilthotighl 6 @articular processor
| es 115 o.a third node 115 out si de node
174&5*& Sirg@geagﬁ Brciaé wiegen IpvVeeR C@&fsmpiat%kanmaat&? processor
174sWi tch 166a coupl es node 115a to a fourth node 115
out si de node gw: r 186 west of node 115a in grid 110,
| i nRusl 182 coup prg¢ﬁsgc86h743@mil MECHOd6 ol Sacht other.f i bt particular

d 18 . 1152 i d
em§ffedhoort b Foof ol indtel ShoERALS (ARES R IRE (3RE chigble of
conﬂnﬁlhl&ltﬁlgf‘d%gﬁ)xﬂi@te@% 5 |g£%@b91‘é§* RePdtchndl BR1tHG gAY Mﬂ@ﬂéﬂb’ﬁﬁ 182 is

ingrid In particular enbodi nents, links 172
ﬂlum@ anchdrserberly he prawent IBKNIoN priemplaies anpevitablebuss] &% MCH

17&8&%&6%@%@#&%; goq:t@?%%r %ﬁibred Egactorrﬁ)r elﬂ'ofr W& %@Enaﬂon of two

om eac exanp

or thord duah icompohéntk thcillifairey ccﬁrmlntlﬁlhaticﬁﬁbet%m pfmadser nptend one or
115 toa fir st%éet of six nodes_ 115outside node pair
morfs%t f~‘1h s@mpw&ntfd HEG pystam {86 suchsasopresiogs Uk dle/Sp alnr particular

emix oge (]jn]oﬁhBHch‘é ePEe 184+ atlgcgrtro 1&Mmcatlon

e 115 outS| e no alr , a fourt
beﬂm%ﬁpl@eessaﬂelmaand d86or mofel éf imemmcbeumlm&,ublm 2, nddweel 2 (L2)

cach o 659 5r Bitve Gt fPmiesBn IS APS iopuoqasbe o8, Mon
176$§QQWIWHQRST'EVSQQ@@@H31% %P&‘tﬂéﬁlap&ﬁﬁocﬁﬁfcﬁtslﬁﬁﬂo@ﬁnlt 178

i ncl udes a seventh node 115 outside node pair 18
inclgfegsheighingigebytassofoandim ercomsd enqmcpr[y (R2BVD). aImpmtlhu]andmbodlments

115 outs nod air 1 te e 115 ou
mefiRe Sl 1 s B L R ot 10MGRE R AR, separately
coupRd.to MAHA 76\Wlsfantexample and not by way of limitation, memory unit 178 may

include two DDR2-400 memory devices each capable of approximately 3.2 Gigabytes per
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node 115 outside node pair 186. In particul ar

enbodi nents, a link 172 may couple a first node 115
wa@eajoaosme7 a first edge of grid 110 to a secondPeDUs2003/612489

adj acent a second edge of grid 110 opposite the first

edge. As an exanple and not by way of limtation,

consider a first node 115 adjacent a |eft edge of grid

110 and a second node 115 ajjacent a right edge of

grid 110 opposite the left eédge of grid 110. A |ink

172 may couple first and second nodes 115 to each

ot her such that first node 115 is east of second node
seco_llclspmasmlo ridthroigh amicwéar\mgnom urfif 2% isnidlugiratedband described,
1hed%§§ ite a oca% kﬁ abr11ode 115 rg ;glve to a

PEEERG IHengPD SO %Soaélyf'i FhMGPCY 115 ‘As anot her

ex anm@mc&mmﬁimmg I8tk ddvagrs MOHadKas ant/Bcdnt@NEr hub (ICH)

edge of grid 110 and a second node 115 adjacent a bac
thate@@bldssr OBt pldmmmheééw@@» seftwase grresphedderylogis coppanents cfacﬂltatmg
vOdely T dees A5 A bEe by b5 A4 SEEORLLGEAPCIIRehAg0 such as
a Bc’u@ldd/(l Bysend(BiaxS)nbupledeo S ICH, bdighbio Etferes (GbBY eontroller or

115, desp |t§Fa | ocati on of flrit node 115 rel ati ve t

othgr Fibemet Biterice sepRlRd i B Chh 51 Pthg rInpattiqy] arﬁglbyé%ments the ICH
is #ROUAG A 1.20) f@nﬁl'afj bntfdld A FudBdRs %%%ﬁﬂﬂ@@enfheaEthernet

top edge of grid 110 an a second node 115 adj acent
intdybice mwpugetoofhegl(tldl i facphtam tempvaidatipn detyecenf thgr IQH and a

0..A k 1 5 .

back ot Bnpeashl Sectiof 2RI, by o8 Mo EORER GRS, 1g partiuter

emﬁ&ﬁﬁleﬂtl, SmaMiEeHRAOINHCN08 @r diker bemphRUEof HPSsystada 08 Ioludes one
despite a location of first node 115 relative to a

or ngreaiticlh BMEs. s bcpardcrlaornbiotnems, g link govples thaikegetmtagfsce to a

sl T G e RB RO ARl Pl e SA
i1 B8 rl&!%%oﬁlﬂ&s o gweakh®HCRaMBDY i e36h Tahets, I&af partlcular

8r|d 10 using a plurality of node types. For exa
emppdiments, by 136 %ealéph%é@nmoaelé%tl@rmpeqt/(bcwo% 1 4 Shch as a

pci-Ek sss38§é g)ﬁb () ¢ no e %ﬁ&ﬂ%@%‘%&a o ifrlatel @1t %%’B?tes per

server, COlTpUt ustr at
secamh mAIliﬁomgh 4 ﬁoaﬁd:ulag ‘buefl 84iid ﬂlu&ﬂ:ﬂed Enxl desegbek rtheaf atekgnt invention

for anp al to c nect to
3Afes e aiRaly ik e diseh 160 Sroules BAGU PR GO BV o Sbedded
log{@aﬂﬁﬁorﬁﬁt 698hL8SMatiBR V@Y -or lork h;'u@h CORP SR provI¥dteshannel-
are wrapped around to provide a near sean1ess

basp@pkﬁ@otyy (Pbhrigét Hy pertiode Einhediplegts, I%Gé 18Rhas 2a1€MEhI/ANOX

i BERARTEH 180, o BRBUER PRI IR vt banaviam of
appmxlﬁlawpyi 2%5lfmb ?/ngrpeﬁmﬂ SwhibR @yl dl10e/ %Mtewl 85 gigabytes

opper. Wi re or er optic cable inplenmenting G gabit
PefEEtfﬁ%qSﬁég elerrwnbﬂ’rﬁ)ﬂ@ @Watph dhab dtnedent 1S and a@aa%ﬂmatﬁlé/ $Pgnegabytes

pe NEL B O EIBSR, K083 i, 30, Fg35EL BRGHEE s 10, 1

partibulait esmtdtments,0EBCALd 180 t dllows ta bahdweith | atu SW[talt eth6 to reach

with only one virtual cluster 220, ther ny
aPH’(B’HB’éF¢X¥’ﬁc%@%ﬁ@$ P romt foyian wr%magefséil%% ﬂaoas per second

pe%? ol TA3 Qo Jtré%fchgﬁ%a{ o tlh b ﬁﬁlﬁel? %Oﬁleg%by%ér% O@%I %'%aﬂop for

sclosure. Virtu uster a’logic
appobxinnatidyg 027 Dytesrpep flopeesbath. nédtmugld ajpatteculds HHCAARO is illustrated

an S STROSL ot i HEOh o PPRBHE 20 stam S S goAeh tink 168
co@;‘lé&l{IPCRﬁS@?tS laSswhitckelley. T9niS YOWH douplelTH@A 18018 a 7284 switch 166 that

Virtual
is a primary switch 166 with respect to HCA 180, as described below. In particular
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cluster 220 may be any shape and incl ude any Nunber of

nodes 115 within grid 110. Indeed, while illustrated
waoReobasdo2T| uster 220 includes a plurality of pPgBFUSHEDS/§12489

nei ghbori ng nodes 115, cluster 220 may be a

di stributed cluster of logically related nodes 115

operable to process job 150. Virtual cluster 220 may

be all ocated at any appropri ate time. For exanple,

cluster 220 may be al | ocat ed upon initialization of

system 100 based, for exanple, on startup paraneters

or may be dynan1ca||y al | ocat ed based, for exanple, on

emmﬁam@@fé, mteVid p ingdupding 8YsA 1RM inchudsp ﬁrstusmtgbll 6| Laket68b couples
HCATRdTRY COBRDS LR | BEARE AP Bty QHBEn WillBiehRofld SEW 150, as

espon reque

des&@lbed%@dml & padtlbﬁlulaém‘ﬁddiﬁlbﬁlﬁ 2280 R nﬁt}hﬁtﬂﬂg ei@A ¥80 includes
nged to include an automatically allocated first
ﬁmwgﬁ

BV ifets] 60pay despiabrddely.a failure of a second node
115F1éﬁ§n%'t4gﬂﬁlg‘%‘at9@5ﬁ € ég;glle%'ﬂg g}ﬁgzlc%% ih uﬁ % 1 onsw1tches 166 and

enbo usters are no
foup pnmesxs»rm&é]r efwitcles. 1d6rnnpmdb|ptalﬂ Ho ﬁ’ﬁh’ﬁdhﬂdﬂlﬁﬂ \81’(1’1 respect to each

h | 515
oty U S5 3EFTEE SR 91T Abe e ORS PAS] SGc dbh i ish 6 in node
panS m? huhdt Fen@ oAt ﬁﬂaﬁéﬂ}asd et khach &d ﬁi"hocﬁa' O}%ﬂﬂR?BéSQlay provide

| ustrates various b spaces, 230a and
sw1t<él§p&fw |a11e‘.b9r CRUS m:m@cpam 186. ninencalaplai 1\86r swigdh i6ads emprimary

, t qof node

s ion O et K ERsR5 360 d5an e aFipdim RAERd bt respect

to @Mﬂ@h@ﬁto&aﬂdel%aﬂv Sekiich 685 a fiiRasadWich toBariEh Fesp&ieo CPUs 164
ace 230 per executing job 150 and vice versa, but

nd” Do . Ossena e Wi 65 o ectoed it €Ndatlcdeshd (iod. If both
swild @ bOCarBEORE BE filifofind FrARHC swil 161 (4TRRP ORI Vwitching for

CPHslv64d atdr Bi4brand swityin a66tcmby yrolédeeswitchird foa€RUsa64¢ ol 164d. If
par ters, policies, and/or any other suita

swiliia Ofe 5r gt faning REOBSHY-i Rt Sl ﬁéfﬁtssw%‘gh Lo way provide

swikththdRY (4/IL1dia NG 64, aﬁ@rlgél@' ﬁﬁeﬁ%'t nf66%f1ﬁ %ﬂc@igmng properly,

space 230 according’to a schedul ing al gorit
butgwstch il bealishwt dwactiFhiGYRED B SBtdhl 1a6btmat wowdﬁ |swutshlng for CPUs

e [ ts management graphi cal user interface
164&8‘3&%’1 8?‘%2?@6 with the system 100. Oten,

NMBNBRHREENY cthflle 406h hedePT BSBIMER Jaitr £ RNdix hélesUPI NGutside node

GJ 126. In general, managenment GU 400 presents a

pait, 334 &t gridfl 1ﬁan°a%;€trﬁ¥ﬁm}?1ﬁta§da1@t by evascofelimgatim, dinkpl|7dg @t switch
166ta qg npl%X?ﬁ)génl ?ﬂmo 4 ?fﬁ %togé 174 g){l@{de%od@r 'aﬁ“t]%ﬁené) s?rl}sogﬁsl 15a in

ssS1on or SCreens

gncb[ 10] il 12b a&E‘ﬁlt&D Mpga crpledinoge api:u 2l s@b/IBOdS115 outs1de node
assenbl ed into various views of collected informatio

pai-ht6 pihff Bodedpa pgrifidy Oplhis Effc a4 switshilaga eupiatanode 115 to a
thlrg :i%tﬁh gQF SRR 1lfb§% padt! {86 dak0of hb&&?f%&h%dngl cﬁ;gﬁfﬁg%ﬁ?} switch

ogi cal ["ocati1 on or
166graodpled ﬁocae 1 15astb raafoerth innd &1 GJREcsﬁlB)nodE b&IJRES &8st of node 115a in

arid heh Tl 3735 wivaihofioh ol nader a3t s BaRARRSL T Deide gpde pai
186e£1§o%tﬂou@|m sm{l gﬂa NGoNeRnd 152f &fk%vﬂc‘h' h fc%h}[%l‘és node 115a to

nbodi ment i ncl Gdes a standard web browser W
SlXthogEDdcallH mutstldﬂr sbdopaiscr¥ehslost node dil fal 1ﬂ1@1d Ft0. In particular

emtqua 131? ta, 11 1%2 c&%lg Bgdemal)iSQ ¢ oé’ I1 95% 1tnhneo 1%8 to setts otu nodes 115
outside node pair 186 that are different from each other. As an example and not by way of

limitation, links 172 at switch 166a may couple node 115a to a first set of six nodes 115
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110 and the conponent nodes 115. Each node 115 may be
one of any Nunber of colors, with each col or
WO 2pres®eet i Nng vari ous states. For exanple, a fBCT/E82005/012489
node 115 may be red, a utilized or allocated node 115
may be bl ack, and an unall ocated node 115 may be
shaded. Further, display 400a may al |l ow t he
adm ni strator to nove the pg}nter over one of the
nodes 115 and view the vari és physi cal attributes of
it. For exanple, the adninistrator may be presented

W th information including "node," "availability,"
outside gede pair 186 that includsa a firstrrnds r1>15u1ut511dezmdeq:mr 186, a second node

113, BERRE AR 186 W BT R e pB9Y el GESCRTowg noce 115

outgidp hods paat 8@ hyHEtceddedr 5loagidealods paie 18] B tAmod®Y15 outside
be dIS for the adm ni strator. D|sla 400a ma

nods R K. o Wirtkel 72ci Sitshr Lopb masocouplaaneda WSy locsesnd set of six
I t
noc%F é{ﬁ{é%%é&r ?cfﬁ% 5}{ ?ra]{gggtﬂétx %H:Itﬂ s 2 k'é\;e?@l r?ofgglgg dﬁ?@de node pair 186,

an da@mh rmdeﬂeﬁtoatsalwmcewprarr 1;36,0& tihéh ﬁxﬁdet hl6 cbmgd@ﬁd)despaat B6 a tenth
00.. The j| lustrated epbodi nent presents

nodj 13 i Ridede A6, B Plotenbaodn {1 Gl podemyir ]|§6sﬁFda§/twelfth

nocﬂaolqu Jutkidd¥JdePafinlsgys two exanple job spaces 230
| ocate wthin cluster 220 for executing one or nore

j obbl nBtculdi epbalméetishatipk 472 owytckepladnfint sedeat1dradjazent a first

e B SO RD e P o AL R ot ep R0 opposle the firt
edgdt Y6 Sxdriple tind ol bl et (T ifitationa bo et @0iirst fidte NGT adjacent a
the admi nistrator may nove the pointer over one of the

leftj adge op aied 1930d g@@@ﬂﬂh@de 317 edineent psight edasraferidold Ojopposite the
leftpédié} o v%%?ihl ﬁpr narreJ]f gntag Q%u}?llg r'?er,gﬂ %ﬁﬁl n%:tggﬁ% gg%eg Sl:l SS,atg dach other

suohshatrf&tieﬁbchnﬂl 5t israast ¢ir ecagistydeUsagad detddduisaigel 15a8 vaest of first
ther i 1| be understood that managepent GU 12
noq%r HF @dosaionefdystaieodapie f‘ﬂﬁ%‘fﬂ tﬁ}i’sloﬂ%ﬂ%l %fﬁacmde 115 in
egti t
g“‘%%i‘“’. %% bt clofpl & coh b3 A5 0} ATRARER LR B of grid 110
andgz agiond alode |l éfredjaserdss bazkledge oﬁ@ddthlﬁrcquosr&n%e&mrntedge of grid

TR by P o S S 3050 E50Re e s it nods

11 PR GOHBBTGEcOMAt AbIS M35 @Y 388nd hBdd i iselP@d MR Atnode 115 desplte a
cluster managenent engi ne 130 includes a pluralit

locafis eloist e@debi 15:mwmetm%locmwls¢fc@rzonﬁan@@el155@15gr13/ 110. As yet
ano\éllrlgr \?g?l!“ %65611@%/ 12& Cgllqlfl |1]ace a agéjdglseoogal%'ldnﬂboaﬁﬁ a second

no@qflﬁ\f&ﬁj a&enﬂadﬁitt@)m ¢dgermngrie 110 bpp’ﬁsﬁe thetog elige OPgidbiloe A Gnk 172
determ ne the physical health of various nodes 115 and

magcpuRle ifireh @n%ﬁ‘ﬁa@% npdesekl S1tpseash wiler swch whad sl radei Hedis below
secgﬁh&&' 11@“&(&1 %bn@ﬁ&?ﬁg Fs5 T8l ﬁas'i ?ggfeh ggfgéadf& te a location of first

Iclently determ ne and respon
no&eallllslreleﬁve fora longticandfedcomd mbde ﬂ)hﬁlﬁi@’ﬁi l1rtanager 505 is

I led to a pluraljty of agents 132,
Wﬁg %gﬁrﬂ%aﬁtéatﬁ aa%oelenb%maeéaf 256! Lyigygy/stem 100 and
the%@ 8t pé c%?tttl&reoﬁnﬁlégm qgﬁs@ra&% dn%%hﬁ?ﬁ%ﬁ%& aﬂamely a 3D

| nf ormation fo manager 505. Physical nanage
Torbe dfigridhidi0 uspr@ aplueality of nodeutppesather akanpls, ﬂhe ilustrgtetl elmile types
are ex lSI}CS no e tes g}le[e%t(Fél)Zs%w\é} rer}e\’é\ell(zlra%(a slerver database server, and
compute node. FIGURE 5B illustrates an example of “folding” of grid 110. Folding

generally allows for one physical edge of grid 110 to connect to a corresponding axial
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Virtual manager 510 is any software, logic, firmare,
or ot her nodul e operable to nanage virtual clusters
wWQ2®casi2t he | ogi cal state of nodes 115. GenerBdT/¥$2005/012489
virtual manager 510 links a |logical representation of
node 115 with the physical status of node 115. Based
on these links, virtual manager 510 may generate
virtual clusters 220 and pr?gess vari ous changes to
these clusters 220, such as'In response to node
failure or a (systemor user) request for increased
HPC processing. Virtual manager 510 may al so
edge,ahmmehy pavddinpe moretrobussforeidgeless| topelogy.edn g embodiment nodes
115333% glkggfp% ed hd qp Ipﬁ%\’l%? atﬁ}g%rssgegrgl elés ?opo?o]ggructé)gré%@ %E"g%mde line 216.
Nod¥ IReEDFPHa BQ ahP BSitabRDhar¥ivailelialpl iehBigg lanh ];Gmﬂ’ﬁMwatlons protocol
further determ ne the conpatibility of ng 150w
for préercprEcHRE H¥R 65 TIPS aﬂ@r:sgﬁénul?ﬁrce&ﬁ@pl%mg Hng %@maanbe copper
eré A %1%%? gﬁﬁg abﬁ&gf%lgieﬂleﬁﬁg% Qf’n a‘tﬁ{fﬂﬁgh{g@ntlﬁ a}‘ticflﬂdfaémbodlments a
nanager re resentlng
node Migle Qﬂdmiﬂudes bheled moteltker 72,22& dekcmh@élabowl ar
enbodlnents cl uster genent en 130 i Se .. .
HAGHTEE 561 3l0siegtpe arif o OSY%) Phe VG 1&18??5,2&%[1 CAigd within it
Whﬁgflaﬂg@lrafed Wih SHEAR ﬁﬂgﬂl&t&mom i b@% Q\UuIHBére(lncludmg
component s “f or ocat i ng nodes 11 obs 150
zer(a)c obrvititurg ¢lusters s20e dulgridg 150 gmxrthduh rdepaﬁmngafromcﬂleascope of this

s 0 TR RSO0 55 PP s LA e

jobd 380." E6LENnile, itt@R chiRfbr 220u4sdEhe HRDEGREBth @r[bglfeﬁ@rdkﬁ Qroup, a
cal I's schedul ér 515 to all ocate one or nore nodes 51

depagmienty 2150, orlmypvéhqrugmmef esebolkerE e submpjh shnigar u@bSe]ﬁO Virtual

clu%%e?%f e nt eapé %gd 1%&1'!436 %;g? ﬁ%lll@err I ]r%él%é) rlrg%] gggqurﬁe %d 110.

Inde&t) Wﬁlelﬁﬁsﬁa@éﬂnht‘tﬁalaﬂmsk@ Mhﬁdluﬂésf a plhtalitp d& phylsicllymeighboring

rid 110 avail able for aIIocatlon to.]
nodeg A k| dusigrc?2f amayRe ydistromted; drsteof é?glcaiﬁéﬁlaad@f%% I't5 operable
to;ﬁ@&@ nfy engi ne 130 calls scheduler 515 to allocate
one or nore nodes 115 to a job 150, cluster nmanagenent
engVireial Sﬁhsmm(bmﬂmbalaﬂam&ed‘ ai mmppmpsateﬁmﬁe aFd1 exampte, cluster
al | ingrid. 110 a r IIocatlo
22 gy B0 cHie] it CH G LB Wb O sl O g et startup
ar%ﬂgﬂeﬁeorll%g %@ldyﬁaﬁﬁﬁﬁgﬁllgéatéﬁﬁaste@ B leRg@bR, 6N higelBESer 102
nodes o a’job only if a Nunber of nodes 115
needy. aM(Hbd)\esr,f urtuall dlestert320rmay chasige iBGhape gﬂemee@ve@ e tor quickly

sl Bl e S S ) OB 220
ma3 e HFnadnibAllye ehah e@néuﬁaaae taﬁrm()mamwmammeaedaﬁstea@de 115 in
coupled to four Us 164, Schedul er 515 | ogl cal |

respas itgur Belugy pija seeondsneder by Praiowbypart pfslusers 0y In certain
f S % i

emﬁ%dglﬁeﬁ %%?}%elrsg%\ﬁrdaﬁbgns?dﬁ‘[ Eg‘,ﬁ%yi, 1%3%8 ng)%?%ﬂ‘%;ﬁeg{lgﬁsd In particular

embé!dlﬁl)én@,zéche&mm ISchey ull @atésdife @lrhaeattsl ohsteor 22fptoeone or more
nodes 115 to a

150, sc edul er 515 select a
jobp 489 agordipatq @%ﬁhﬁg‘ﬂlw ahgarit %@c e, @%50 Message
Pas g OR EMIS il @G Stet Validud Db% Ee@n%adarfdol%b respectlvely, allocated

2
confuni cat1on anong rocesseg In a
withar éxaﬁqilamrmabcidstmem(l; GenctaéldujobrspE%Z%Bswgﬂ@s OﬁnOdﬁSI 115 within

v1rﬁ'u@£clﬁg %eQﬁ)CqP dcgﬂl:plq% pest ‘g)gt ?r%gqt:‘tg é%ﬁ.vg JqthSgSO. "Pyplcally, there is

one job space 230 per executing job 150 and vice versa, but job spaces 230 may share

nodes 115 without departing from the scope of the disclosure. The dimensions of job
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assigns a uni que integer Rank between O and N - | to

each process. To communi cate a nessage to a first
wW@e@ees®27i n job 150, a second process in job 1BOI/Isz005/012489

specify a Rank of the first process. Simlarly, to

receive a nessage froma first process in a job 150,

asecond process in job 150 may specify a Rank of the

first process. Schedul er 153 may al so define one or

nor e broadcast groups each Zcilitating communi cat i on

of nessages from processes in the broadcast group to

all other processes in the broadcast group. To receive
spage Feswaydefawally inpus by [th@ol@ﬁés gr amnmls@ramm dynamgicallyp detgrmined

con rocess_in.the broadc ma le h
bashF 630 8RR oS, ST G0 BB R SBRRsl) L Baricutar
embolimb@schedulér S8 fyp Ql%teﬁﬁm@&ﬂl'é&ﬁtrﬁore dipakdidits, of a job space 230
‘conpact,” and "any." Reference to a "request"”

accaidinpig Assh %dllémjg@kgopsl@n aplsraibapprlopk i ate, and vice
r I r .
L RUN B SRNARGL iog R el il vor
interfape 408 1ns padorddrice rvefjluald sestean np@ls s a3ften, j mnapsfhent GUI 400 is
descri bed sp tlaIIy e cl s of existing MP
presgafad; Cathich &%ﬁ%?@?&at I R cPEHBRTER ‘EHF] $00 presents a
Varﬁg}p%ﬁ'@?a?ge!tﬂén@1ﬂt89ct%\%oscrééﬁ§ﬁp 8lspRdel § s?s!’t@maéalnﬁfﬁ@ﬁ‘ﬂl)le and/or a
TO process a | ob i ncl udi ng a Wweat her nodel,
vargtr v‘énob1@120mmylonsnr profileoscriéemerig i onger. gFhate @nm@nqaassinap@ays are

con R o eFatiea efinet Fonttuef sdtodlapPhs RERc R Brigd information.
For@angﬁs GuTedoi By g@gén@d display FiBEpi8fsreal héMhDfepid. 116qustrated

lgrocess of job 150 nodels the weather for a particular

CARE AD) oh &ed@gxcnhalh@atmn @depolpgyref Bedes 116 h’é gpel dd @4lustrated

infﬁé- 2 boundary val ues with each of four other

processes nei ghboring the process and then conputes
weaFIGIR E 06AL fikuspatet | exatnpic aisgpay F00pr oDéstaya 400 ﬂaSjD include
i ncl.uding a weat her podel, HPC server 102 may use

infyrpagien drsshisrolafhegrdreinstaigRfas sirgebh @Wﬁ@@g nodes 115. The

illubiitkd _odﬁﬂéhtgllntzl?lﬁé’sd% e aﬁi SHF {)1%'%&/5910%1@{ Qaltogwal ‘victure” or

syste I nst ea nenS|ona grid to partition
screengha lmlffgaidel 16f Rdr@xemplehthlsl:pnmmrrWIpr@\p@da ihegthysigal status of grid

1 1(] g‘tsgiutg]g Gg %}3 Poﬁ?fyfge (aﬁﬂgg B}aé/ e?c%% 0&;\ uing}e% of colors,
with @8@Scoldreh R et x;'aﬁgus $thtedt! 1301t S@nHldrRai@Nsod® 1@B8nay be red, a
reater than one, the re%gest is a three di nensi ona

utiltzed we stlocatdd agvle lde matisebejb aenohdas usalil@a@dmrle fld5 arey, be shaded.

Fur%}ﬁbé, %eﬁéig{()g ag %1 oW g}b:%ﬁn gsﬂg r% tg ogx;érféle 1%:%)0\9& one of the

nodes & 16liane W$¢v@l°ﬂ1@d varRagY @b sical atteiblites afﬁ T'Ftﬂ‘&:iaﬂai;fe tie ddd€inistrator
request, scheduler 150 may nmap spatial coordinates t;¢

0
mayppe RareRented f mﬂlomfonpa@myl zl]lcle<9<m$y xeydesy, Saveglability,” Sprocessor
nd v ’he ’I’ 22
ut11§3e3 1&12, nmz%gnrdgy glltl Qﬁéﬁ)n ‘%rﬁﬁggt{u\séée I;g%g?g)tﬁ §nd daddress. of
course, ﬁ%m&mmmb%mﬂol&data Teldladnd @ay epprogeste 1)]1551t:ad ax lvgical node

lnf%flgﬁ :”'Fgg}g lget (glq}iip; f%%}%he ulngqrtqa%\?g B%la@?,ﬁ’qosé gﬁglyial%%, allow the
adrfﬁ)fnstra!o'? P RIthtk $hH Abw %‘f@ﬁg I1 '1"@ Bf erfdrfh ther suitable function.

spatial coordinates to schedul er 515 first
i ncFK}féREsﬁlﬁIﬂdmga@s zaxamplse chéplgr AOIObllD;s;ﬂa‘}eﬂaOOh}pnee@masnew or

ol RP Y GBET eTok 10 28 e A RO 2o virun

cluges Emtall%htéae%hﬁi Bad Sl@bedlyisﬁfay%b rﬁﬁﬁéﬁ&sﬁﬁ?st tv example job
coordi nates to MPI "Rank, e.g., first increnen

spagésoly allvcateaxithin stusgar 280 farOexetitgrg one or more jobs 150 Display 400b
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incrementing along a y axis of grid 110, and then
incrementing along a z axis of grid 110, cluster
worewagsseent engi ne 30 nmay present a requested POhUIH05/012489
to schedul er 515 as, e.g., {Sz, Sy, Sx}. A "conpact”
request enconpasses a job 150 not described spatially.
Schedul er 515 may al |l ocate nodes 115 to a conpact
request to mnimze a nHXInH comuni cati on di stance
(or hop count) between each gglr of nodes 115
allocated to the conpact request. An "any" request
enconpasses a job 150 requiring little or no
may allew pthmcbmmsﬁemﬂwmac therpoigehesdu igeaphivBbvinrtgl dmt@t:%ﬁoeto view

115 sat i s est
e HnE o1 Hpgfi s el B SR Yot TGP B e, OF Fiffocatea).
Furtlih e haitistiane thipokve het bog dnd cﬁrth@ijobls@acééym such that
user submts a job 150 to HPC server 102, the user nay

sultgblgdolg gg@ma}logns g@@@r@gb, E,@ SV e@ﬁhq @g‘mllg‘(yatox may be able to view
el RSB 80, BRRLESELG, L B g, o s

andaot]dﬁgree of Ieevvay allotted to schedul er 515 for

pur s of ocati ng nodes 115 to 150. gher
NuniaF ]gli’fi/ Wéﬁtha& frang et &W%%@emawt P by example
PP, S e i
norsp admal orrallcpfebe iltwtrzied graphidad dighentssk5v et healdiigona] olmnagement
1 150 on{ i f nodes 115 are avail able to accommodate the
clewgntsing sho¥uest. In particul ar enbodi nents, if a user

SUDRIGSRE P RBddtAtes’ & EHbodiehciPEf SRS mma?geﬁféﬂt 28EiBe 130, in
an aggressive flag on the spatial request to a Nunber

accgrtba@@ withh aysterer H)0. s dhethid embedimant,i elysten nanegamentagngine 130

ues t 9)
A e e e e B e
510 seipdpRe 513, @gd Gsdhl Mempy (c)ﬂ \Qmia‘ales gptodi nents, a conpact

request nay allow unlimted ho counts betmeen pai.r
of Rwisal mamager PO irawy spEWerfel %@@@W%@ﬂ@@ﬁr mbdule operable to
C te s

e 3 P A2l BUERE, nodes 15
bas¢@0orc #ib slerinérbd| bealthl Physicyl infanagelunipeusefthisodes t1&ificiently
e AP e o35 L 3k 1 S5 S M BT mb s05 1
coriXBRRABI® §ﬁ»le@@o 298RS/ (Yieaéehﬁgm N eghCREBAG o 688/8Sde 115. As

|nd|cates alinmt on hop counts befween pairs of nodes
desgu‘@e(hab@@atag@tx d 32 rgathes rapdceommyniesit . at |leass pbisical information to

the limt..on h unt s

maléageg gp]{l@ @’gﬁsd?aé Juanager, #oggma;( %g ﬁlnﬂmers gpf:rgg 19 %omm11mcate al%rts to a
syseib adthitsator anklesmt C20IstaglctwdRageeNt engi ne 130 call's

schedul er 515 to all ocate one or nore nodes 115 to a

j ob Vgl managar S 0 dnasyeafisvare.dagicnBrmsareppiortheragodyla operable to

I

ma{lL &fgﬁ%g:%xts@dyﬂd &dstglg S(?éf%a? ta?elogf rgo%g%lyfg) e@enﬁe&%%@ﬁ&al manager
510&@1@1{3%1@@0&1 Ifeb&gerﬂaftlcmaﬁ nbde 1 15 wathi the phyzase dams o€node 115. Based

id 110 (which schedul er 515 | ater a((iij usts to
on g’@ﬁ%}lﬁk% éﬂralaL BBaEsA LY ma3yzgengrat yiriyal o pgers §2m@ﬁ6 BFoGsPs various
chaﬂ%gse%l ﬂr%%t Hﬁéte&vmlt()c Qlflc]h(s {n‘"@sﬁh I nB 'fdl é @f a ésystem or user)

equa our er o
reqaeshifbrainceeasalr HRCI proedssmg t‘élri}u@lbﬂﬁﬁe(ger élh@ may also communicate the
i dent i fi

status o Vlrtu ‘ius?er 2 (sjl?c% as uml%gatgc? ngges 11155 to scheduler 515 to enable
dynamic backfilling of unexecuted, or queued, HPC processes and jobs 150. Virtual

manager 510 may further determine the compatibility of job 150 with particular nodes 115
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avai |l abl e for allocation to job 150 (such as, for
exanple, a list of all nodes 115 avail able for
w@bkdoeostoeon to job 150). In particul ar enbodi MeBEL/ES$2005/012489
Request edNodes i ndi cates the Nunber of nodes 115
request ed, Request Type indicates the request type,
Request edSi ze (which includes an array) indicates the
size of job 150, Aggressiveﬁjag i ndi cates the
aggressive flag on job 150, Por usSi ze (whi ch includes
array) indicates the swtch-based size of grid 110,
NodesPer S witch indicates the Nunber of nodes 115 per
ands whmutunice®, thidu iforedtivdets sohddwert 685.t NHo ddutabe embbdineniéss virtual

115 i lable f | | ' .0..j ob 15 d
maggs R Goied 2 SpaioehiepRe et ek Pl it 3o 220 one
or NDpLtiERseMBoldmana dhaskdr endnagendddt @ g@hé 050 fRlddep scheBuler 515.

I'n garti cul ar enbodi ments, when schedul er 515
Schedilst dil & sn¢ladesas hardytase, tsotiwerre 91| c@)beddgdy lpgic gomponent or one or

moPE ARH Hpanbits Mol WiBERink ALY | 1 AbOISoPHichrding tq 2 scheduling
algasthan. | | Bi paftiontleemBddimahts 0getteddlet B 1j50k h5P)uig &n MR particular

§§Pk of each node aJlocated to job .150; and a return
em{Qodmentsn s 1esRqnse te Aabtey Mpnagement PRginG 130 &eoiving iPl bif cluster
[ I ' I .
majibmchfin 3RTPHELER soult 91 I ARiCRHo B hofles 515 to job 150.
In patitileutmbodinivoti mbeh slusteo nanhgaaent engiohe sl 301511 sclzedulep 515 to

150, schedul er .51 irst initializes variaples f . .
LR G G 3075313 frielo doResiih e S A oeg st B0 gentifes o
schle@ultN$1 3/ A6deBDI18Sin gafad) ToRAIIKNB Y& dRochiéh BLPBABDE APhn example

results) for processing at cluster nmanagenent engine

and| g@.byirseef Martatin, edegshisicamanhgsmnt e@npad? sllsgisberluler 515 to
allcgg%e%&%/ '§IF lrgéf%dﬁodeg df 105afqne élaj:p{alo 0\?\/i cth}/sPe%Smgrfla[gZet%%rglg :éllcf:llgl?lg 130 may

may~ use ng exanp
corhiiuhicaieit@ echadalet al Ph liotfchll dodepBic il driehvEl®, avaiigble for allocation to
. AnyAllowed:. If the NodesRequested = 1 o.

jobgly® i Iy nertisiha erabadiments, ¢ lesbirgagtaaemetemeinerigOs@lly scheduler 515

| = T . L f . _ Tl
o QR LB e ien 1 NS ikl TRANET N OBARE o ATl bl for
alldagore ssjobelPlOag greafer Ghamparcdgbl oveNumbdr ofenmlekll $8 requested for job

15CorrPactAI | owed = False Else |If RequestedType =
Qiorrpact o Spatial All owed = Fal se o Conpact Al | owed =

Tr ugs Qlef¥ptRl! 008 m Fifar embodiments, grid 110 is a three dimensional
torus of switches 166 each coupled to four CPUs 164. Scheduler 515 logically configures
grid 110 as a torus of nodes 115. A torus of size [x, y,z] switches 166 provides six
possible logical configurations: [4x, y,z], [x,4y,z], [x, y,4z], [2x,2y,z], [Zx, y,Zz], and
[%,27,2z]. When scheduler 515 allocates one or more nodes 115 to a job 150, scheduler
515 may select a logical configuration best suited to job 150.

Message Passing Interface (MPI) is a standard for communication among
processes in a job 150. In particular embodiments, scheduler 515 assigns an MPI Rank to
each node 115 allocated to a job 150. For a job 150 including N processes, scheduler 150
assigns a unique integer Rank between 0 and N—1 to each process. To communicate a
message to a first process in job 150, a second process in job 150 may specify a Rank of

the first process. Similarly, to receive a message from a first process in a job 150, a
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El se If RequestedType = Any o Spatial All owed = Fal se o
Conpact Al l owed = Fal se o AnyAllowed = True In
w@20obioswbar enbodi nents, schedul er 515 ori ent SPEI/US2005/012489
swi tch-based size of grid 110 to indicate |arger
di mensions of grid 110 before smaller dinensions of
grid 110. TorusMap (which includes an array) indicates
the switch-based size of grig 110 oriented to indicate
| ar ger di nensions of grid 128 before smal | er
di mensions of grid 110. Schedul er 515 applies TorusMap
to all nodes 115 identified in FreeNodelLi st.
secoml/ prosesEonje/i po (mwdyi spleciifty @l Redssofathe éirﬂaypcdss &cheduler 150 may

i nverse of Toru schedul.er,.515 a
slsq RS B pr i Dt EEBS Rortb degigse BPRBkRation gf essages
frohQRodealesDiafiRE 8rdaBlddf gfdﬁg th il dth&t prbeesSésUiattBe broadcast group. To
managenent engi ne 13 processing. As an exanple
receivel anmessage Wiyn of filst pracass mwa lirpadehtisgrewD.nh HeqpagERrocess in the
ine 130 co ch-based torus size of
broi%%ite%?ﬁ%p 18 &% Cékgﬁfaér%éq%ﬁséﬁc dul er 515 sets TorusMap
t 0 fn2partichlar diiBoditehte N -sbiasitbrt O13Ishaddles thien theB0oBE Srequests:

16x;,5“x 14 and, f“or a node 155 |n Freel\lodeLl st havi n%
“spatali"c eempscty’ 3 “appg Refgrenes tor “irguest 1 grrogmegses a job 150, where

I
e ERY S AR oy AAEHRYR  Hent L b Spmy NG iob 120 to HPC

seryearto2c tliealseeniayd;pecﬂf}t & reqastiMpd mei‘@amig requetstcatcespasses a job

15(&%%8‘1?:3@3' nSI IE]F: CIagg £ g’éfg}n%g flg\gﬁ%gtlgn%ngs%{ntﬂeg ga spatial
rel%ﬁ@l %@ce@@gml\@ﬁm%bz]w&ﬁﬁéﬂﬁ&iel%é af %xeﬁﬁpl% h&o process a

|nenS|ons or nodification and respective nultipliers
jobof50 tnsludingen sveather froedeloldPEi ssater d2 188y aidellaewos iﬁnmwnal grid
mul ti pl yone. o ons.far nodifi n
enclopiie Biede. wng J4E TR, ERLisRE" hsfe o bfion the
surfiediof ﬂibaéa!rtﬁrhnb)dl‘hﬂés theGesprRyd ibdbdis@tRrtihe 8pdnEsdh process of
mul tiplication to apply and then nodifies a S|ze of

jobt 198 medels thei wiathes forya pardieplapagai At therbeginpingoff eachdigne step, the

GO, r
pro%equéé(g%l#%gy bm\%ﬁcﬂ?}ﬂ %ﬁ]e§ Fh §1| %fﬁo{ﬁ%%‘che@%%%%k&gnél&bonng the
propésstahd tearcoampoted ivreathics for&hehpaitlblﬁar &ddh BAppldces ofob 160 including
nore geonet transf rmtlons tQ a reques
V@@#&ra}%@ HEG: S or Oh oz 367 o @‘?fﬁa dirlgn @&ie%‘td epCompassing
long%?dr‘]éf 'lgﬁﬂuﬁge%@ AMARNIE rf@?@@ﬂnﬂefﬂ &fdr&ﬁn&t%osg(s&n%)t ?ﬁs&ead of a two

. SX, Sy, Sz], and an end poi nt
dlrrdaasnond gmdrta 9hrt1t1An tiesturfage apie ealmh one or nore

nS| 0 mesh _has a_st. reater
" Effces STt epplicifind SrenaE trpp e reiERein SH0Rs BipflR in a job
15@@&5@& en@fdefifdst AVt (i, b5, BE1 ?lrfaﬂ 31 5e5p %tﬂSoa If all th
dtart rp0| 2 eg‘%rs 3,7,5] gi]d )}an end po?snt at i 2 ©
dim#h8ipss 5 ard greatyr t&m@l olte, the®QGés0isa tméeqmmahsmx{lax rem]est iIfione of the
grid 110 resides in a nonw appi ng mssh if [Sx x EX],
dinfeggions S isyqqualgiqgoneshe ragupst is gf ty dispensiguplereqnest If two of the
t..Qf e
nfBASEE SRyl gl PESHER 77 HAPBH RS EBT pln s
115 ibthedeqidsf, isetsedalend $6 mdyatnap Spatdh edoddatakes tai MBI Raslpas tfollows:
to_a set_of nodes 155 avail able fqr_allocatio 0 the .
[ peduest ahenat ¥4 2 a Shr S dhrShdndifap & &ige  Ierggiest,  is
betwled S54 lahd Sarc] ysfsxbetween zero and Sy, and z is between zero and Sz. To allocate
nodes 115 to a two dimensional request, scheduler 150 may map spatial coordinates to

MPI Rank as follows: [x,y]—> xxSy+y. In particular embodiments, to map spatial
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meshes satisfying the request, a two di nensi ona
request tends to result in tens of nmeshes satisfying
wao b@onseest, and a one di nensi onal request tePCBEUS®05/012489
result in hundreds of neshes satisfying the request.
In particular enbodi ments, schedul er 515 sets a
node- based torus for a two or three di nensiona
request to nmaxim ze a Nunber,.of nmeshes satisfying the
request. To initialize varlgﬁles for scheduling (or
al l ocating one or nore nodes 115 to) a one di nensi ona

request, scheduler 515 sets g axis and a z axis of
coog@watéh&l\@’éé{an ghiedulen Pl & Grsh irgrements alohiz qur @tis ofigod 110, then

t hat
nc B, s PORERAN TS, TIR AR Ao iy 558 10
accGmhmduiee ran5 ifcdrfeen efs@hrdptldrp reg@ingl Qolgedul® 318X hfippAEO spatial
In particular enbodi nents,

e y axis, ef ore t he
COOF‘SP?%W% MBE ﬁaﬂ‘ks eo AIShARCIBMFRING BIRAE aneqaads of grld 110, then

BABREERR 31708 7 &1 ER P BN Ul AT ASKR did 110,

clusiemmamgemaht engizey3haay poesant 4 redesstedajodi 15§ tbrsoheddldr$13-as, e.g.,
where approprlate As an exanpl e and not by way of
54§%§¥ation {4 6,2} corresponds to [q] =4, [I] 2
er S olols o . In nar ti
snBaspmpie; SR GieopPalR 4GP 1% oSLHEHPS! sttty Scheduler
515smhy alieatelffles 1 Ytd £cdulfhct Rqle? X nfsifiz 4 Akin®iin @ mmunication
nodes 115 to initialize variables for scheduling a two

distaneps(eE e spunth berween each pairy ofi radend 1 2 pllectitedetotthe compact request.
se ul 5 t [ Si sts intq

A Sl S 01, TS RS L G

conﬂhmpieatfonr Scineldier i 159 mB}ECB;ﬂUSa&e raag yses W moldes d$5 Bysati€fy an any

0ss e, dul er, 51 y select a configuration .
fe%? hr?a&?%b‘g%d%r?‘flé‘?seﬁg 4{1?%59 23 appoTtaRifif WO%} Beley Fpsplting from
$§§%§K%;§%nghqb generates a greatest Nunber of such

dul er 515 may check each of six possible
conWhglm ratseosEdity a gobt WY ©i HBGsicorall 02 cthaestr may also spemfy an

agggeas§(1(\:fg tg?o&ajé){;'%gﬂs Irlaféaét?cfui%;e% % fngalg} ?,I a&ﬁ{i%?gs(s:geot{ag is a floating-
poiRiTNOEbeEBdtH eerd €616 iall @ne IA&i cRRges HEgr8e P '1‘@6‘\&91'3”&31‘0&@&[‘ to scheduler
allowi ng a greatest Nunber of possible fol

S15pfeF Prepese ofedttssatinenedss LA to tieb é%ntA brghar Nilmbblegwe@ scheduler
515t rejiéevéaf{:ﬂa aglld()v%il o%hsoer %edllf” 1 W Sts%ail& fq%g%st to HPC

conftigura
serx&ael 1ex2t ald bets lax dggeenfviegiiigabh Othe l‘@dﬂwﬂVﬂeﬂ@est he réXdcheduler 515

SCh‘ing(l%g r@‘%ﬁllgbj lf;aafml?él@a%l gf}?%? @B%Pagt}ﬁﬁt%gl%\églgf@ggte atlhé Ispeatlal request. In
partG i HHAlh s, 1? & lﬂl@&%ﬁﬁﬁ? é?pé%oggﬁu%stt J&q{é)()f %e rver 102 and sets an

configuration.” In particu ment's,
aggoessize flag ob dalna/\@analt neguest torroNemBeixgraateothiin gdlroatchadﬁler 515 tries to

BB T Sy i UL S50 g e
reqﬁﬂfsbl%éiﬁl&ts ' 3915‘ 180Gk fa)’écﬁiﬁ;a&@ﬁaqﬁes@n‘in baftithbr AMIANGR, a compact

sel ects x 2 confi'guration
request may allow unhmlted hop counts between pairs of nodes 115 allocated to the

compact request. Scheduler 150 can always accommodate such a request because, as
described above, cluster management engine 130 calls scheduler 515 only if a Number of
nodes 115 available for allocation is greater than or equal to a Number of nodes 115

requested. In particular embodiments, an aggressive flag on a compact request indicates a
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nodi fying the x and y axes. In particul ar enbodi nents,
schedul er 515 initializes variables for scheduling a
wo booeessenensi onal request as schedul er 515 woRECTIUS2005/012489
initialize variables for scheduling a two di nensi ona
request, except that a three di nensional request
allows six orientations (or rotations) that are each
uni que with respect to each%gther i nstead of allow ng
folds. In particular enbodi MEnts, to initialize
variables for scheduling a conpact request, scheduler
515 nmultiples a z axis of the conpact request by four
limit ondhopegorpls batvisen paiy af nedpsdil P ehocated tegthe cosapact request. In such
configuration to process a conpagt request facilitates
embsEmerts ghé limicteshopldounis updyedjublo—a—s wiletd v kGbe agdrosatecthy.
to t he conpact request, which |h Bur nreduces
part || %ﬂ{ngfrlérg @Jéhlﬁ%{t%é\?h&? Et%{ g%ggen% Je%gm%: lri ;O calls scheduler
515 tui tlladaiez eise vam@dhedes 015 s@laejd)bl Iiﬁ)g chnisteR N}arapgest enghne 130
mesh incl all nodes 115

pro %{ﬁe'&% q@&@%ﬁsqt &b$°§sﬁ518?r eh éainmlh?@ of pagesd arequspted; a request
typé; n@bﬁ@to?go@ 156344 a@%s@en@&c?eoﬁ ot 50; p@E\Rf%tEl% E{ébed size of grid 110

ﬁartEnd i ndi cates an en rdinate o
(whpelr $qht3d1dﬂr 5 PalateBdjofts o detdinciat @esncde-diagel sife dthgrid 110); a Number

ot 14 B8 R R s B e B0 5 o Nmber

nodean s Eﬁ/zﬁlabIeCfof gubeagoh &Q@ bNS00dn SRBHEHRS A OF oﬂ@gleﬁloﬂell%des 115
satisfying a request. artltlon may be nuch snal

availphlp fofr allpcatian toggb 150 £sy@ aﬁa foaregarpplepa disisplazlt hodes 115 avallable

for eﬂ%k#}%ﬁhto( m‘? P% nlqo %12 é:ugtg Oe%ifbrog; en% %%%tré@lgt)(?ﬁs indicates the

Nuinbed eft@siea 1mﬁxeqﬁ¢§fe@fRaidesiﬂ@p6 Inbh@ltdas bo @Egliesit 5 Rétluested&ze
Fr eel\/tf . PartSize = Part Endt{ £ Part Start

(which faclysis tag; %“éqyi]méla@m dhersizgofgiopel P Agmaessine b*g[ lzl}hcates the

aggt&silk YB: § O%Cﬁ‘)g dikloe 'TRé%g é%@gﬂoﬂﬁuﬁ% Err%éhh&ﬁaﬂe%?ﬂé"%zﬁ%h—based

an arra for a es I n rree
sizeanfl ggdt110p Nﬁﬁm{bi\ﬂl\@ﬂi fralicagds| thetNlﬁnbair(nfemdeb n15 per switch 166,

rg? i\f‘ééeﬁ%@gg‘ggg@ﬁ q”:flrnﬁ ]IzlJ qy%nl%:lgn ora gca%oﬁqco Jcsb 150, and
Freél‘f%d@lﬁéis(%'h?c%[ tnkhuldes aﬁ arraf)l' ﬁl%ﬁ(i[lﬁed ®1§Q of Bt H6Sesa1 NUERSGble for

free nodes 115 al ong ne {ij,k
allopatgmieodplr &§Q] -1,j, :} . Schedul er 515 uses FteeY[iJ, k]

T A LN T
a J&iasoosﬁieauet $1Erlﬁ60flhzs khd €dllcawbg 1 {hdbnl‘ihcﬁIUDYOf fhodes 115

tial All oned or Conpact AUowed |s
allosﬁs@ it | Pestich gs Frlige of §@¢@dm5e?11®i@dtt¢ u@s 19@; iap NPT Rank of

eacﬁ ttfold‘é téﬂfogft%& Qé\} 51?1?6“ L\h@ % ilih q%%‘fl‘é mdAca‘lQ.‘lBgt ﬂlhe A { fgfgcggégler 515

to si'x uni
schécﬁvkecB_mbSﬁ}) (2{)&11&111@35}15 c{léByloSXchSdﬂlle Jélﬁ)‘lS(SZQIEEX} scheduler 515 can

Sz, Sx,. Sy}, and {& Sy, Sx] . The six orientations
nevéw}ag@ﬁ 3%?%53 fotr un?/que ]90 rotations and two uni que
180{11 n;% u'lé?réﬁqﬂohﬁﬁerﬁ§ hedub&hie ﬁ%&s N8y 8RRLY 156, Q:hg@.ggr 515 first

di mensions are equal to each ot her’,
inl‘tlélhl@evmbbpsefoo rsckertuding gob ]aiOe thamaistteldbles jSo Hé@uh@brcﬁﬂ@ to the

var(GBIeR, e o BREHe AaRls G HoHLR daproctsBE o pffster thanagemen
engfeMeIEi OThred Vo1 dLOSEAURABoWEE . CORPSRIN 1&%& 1§1cf%yAuowed—

fold either of two used di mensi’ons of job
indicate allowed types of scheduling. Scheduler 515 may use the followmg example logic

to initialize SpatialAllowed, CompactAllowed, and AnyAllowed:
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di mensi ons of job 150 greater than one, into the
unused di nension of job 150, i.e., the dinension of

W@ ow6A502EqUal to one, in an accordion-1like faR¢i/os008012489
generate a nore conpact three dinensional nesh. If
schedul er 515 folds a dinension that is not anintegral
multiple of a length of the fold, a last fold wll be
shorter than all preceding fgrgl ds, which will result in
a two dinmensional nesh concdatenated onto a three
di mensi onal nesh. If job 150 is one di nensional,
schedul er 515 nmay fold job 150 into either of tmo
unus edf GiedMNaissRemrestgtnddul er 515 may then fol d either
of two r8sailaiAllgyvedi mEalsé ons into a renmini ng unused
di mensi oGompactatiowtd rd'akhape of the nesh woul d,
gener al | xngpBekedg Trike a concat enati on of four meshes.
FI QURE] If Rletsdstealrope 23paxanpl e one di mensi onal

request &oldeddydO- @y di mension, hi FI GURE 8,
schedul €Rn Aﬁo\p ng ded the one d| nmensi onal request,

II}If Lo chensmn using a fold | ength of
four fo ge%ts ! v% nensi onal mesh, {l,2,4}, and
a one di ? }"ﬁé"é Tt 3}, concat enat ed onto the
two di° Ponal mesh. Schedul er 515 may Nunber a first

fold zerb, C&‘%@@W&PW@WF@%, and a third, short fold
two, Viked! Benessteddypess Sompsbigns an MPI Rank to nodes
115 akongpadiatAdicyed=hBalsdl Rank is increnented as a z
val ueoi nCompsaillaivedy Tewen- Nunbered fol ds and as z

val ues danykBseed+ Falge odd- Nunbered fol ds. As an
exa.rrpEHiseGIﬂRe tddYypey Aefy | imtation, the MPl Rank for
node 115g 1Hed@ype zero, the MPI Rank for node
115 at | rh ad?RMon@do‘Fﬁsethe MPI Rank for node 115 at

[0, 2] may, é %l%] Rank for node 115 at
[0, 3] rray hr ee e I\/PI Rank for node 115 at [1, 3]
ode . 115 l.:
£i VIg%%rtE gﬂ%[r en{blgamgég t Cg@%ﬁg e}o % 1n§] %?glﬁ asyjte I%Laseé s1z§ o?ﬁ ggg 110 to
indichte lirgbddinesisians ef grid Nuvbefore drhalkeg e edsédnsokridol 1@e drorusMap

%ﬁ request using_an odd Nunber of corTPI ete folds,
(whi Faf %a%aﬁlaaﬁ% %e%t%tbéﬁ%d sige ot grig 13 @riented to indicate

larg%P thHiorls nc‘/ia%ﬁj(}] tlgWe?oré sma e]i Himé}ﬁ{otng G #d 110. Scheduler 515

nbodi nent s ul er only consi ders
apph@&:'@oltdlshﬁaplto ke odbd$15 Dehisfied yprsedbddladtd ﬂneerse‘éltorusNEap (which

and. not b [ i m [Ne] a fol
inoffe g it 5 prdse LM Smcd e e S 395 fap e BRBY ForusMap
to adRE bPhdtel Ol §18116¢at QNS aJbBBSGHABA reh?Bifie Ha0listAS Clﬁlst anagement
descri bed above, in particular enbodi nents, gl 1ne
engips] 30 fors prowessifigredsi ongkaplbsantsot iy ceay Af disgicion, if cluster

h f ol d d h dul 51
ot W 3 el LA Gl o o5
schédﬁ'léilGﬂS' EHh‘édellblr §i5 sétg‘TJ):IluEMBFt(g 52 8% equﬁla %\'mt’él]r Padl@Sorus Size then

a z di nension and di nensi on.

bec@ns@qendsﬁm Chnliokstsa dod MBNH @Peelmﬂ%m@ h@@iﬁg %ﬁd@é& éx, y,z}, the
folded first, scheduler 515 may generate up to

indicen el edé | 05, affe@r sehetioleal 5Of dpplies NESHUEHap | ralre {y,z x}. The
particul ar enbodi ments, schedul er 515 all ows no nore
TnvérbaliortsMaycfon dlat abosie Exmsple As{l2,0lesul t, when schedul er
515 schedul es a one di nensi onal job 150 asecond fold
i s Ipeearticelasd emboﬂmlmfmg Namgl¥aplpisieasionk atlnth@h@dua eNumber of
nless th rst .fol
dlm@&ém%%g ﬁl%g of!?ncée1 gl ena | SROVIE2 §W§‘éh'h?sed&8mf 0 2i r?dg'??ased torus.

MapDinesgsna[2] rl IN@giMod[R] pelvillel igdigéof 1RO deRBGERMRITe mdBification and
results. mparticul ar enbodi nents, such a restriction

resneRA Y BEIURNATS efctheiimersiasso Masification i dedan 51 wray multiply
concatenations. In particular enbodi nents,
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schedul er 515 initially constructs all possible neshes

satisfying a request. If the request is one or two
walrewensioonal , schedul er 515 constructs each poBRGI/DE®05/012489

accordion-like fold and each possible orientation of

each such fold. If the request is three dinensional,

schedul er 515 constructs each possible orientation of

the request. In particular odi nents, schedul er 515

records each such construction using a list of Try

Structures, as described below If CanactAmeed 'S

Tr ue, scheduler 515 constructs a conpact

onecqfithe flnengioas faquedfieafioniblrr of mybinly eelc_‘pgffsts&f@r@dht dimensions
for %ﬁgﬁ%ﬁh&p?%ﬁ éﬂ-n%fiﬁi%f glcjgcslé)tgr?@gg \th])%ﬂ gfkgﬁ@{c%ﬁoﬁ he itpg:ﬁ}y and then
modifiels notsizeyofvalye @drub,i initiallyi described it teemb hef Eﬁﬁbllml @dcordingly.

of nodes 115 and be a_cubi ¢ .root_ of
s«mﬁﬁbﬁ%&w tRIBIRGS, AGepEling to HhVRS: Wm‘%ft 0y cht&rbto apply.
Besit,Fi f e e
ah Sltgr \ﬁta rtfc’glai Qﬁedu@nr ﬂg’l S%C]Q eIl §g$e%@1§5 oglié o(#rs rrng& g geomeric

trangfameadonte ofeqBes tié-igenearatear bt heshes BuisfidGp thractFést.s A mesh
cri bed bel ow. Schedul

. nction, e r 515
mClBaﬁsz‘rttPé‘t @ng?q%eaégh@sd Hd%i ng %Wlitré}%moﬁ e%ﬁ:eand AArend point,
to di nensions of BestFit and | ess tha
g Tt RS0 s T QYRS TPl FuE GROISnS 1 e ssh has o
ich A er
star! ﬁbl%g gﬁ!ﬁ%eb éllgﬂuzﬁl deeﬂdnﬁdlﬂﬁdlgﬁ}}ggﬁg o cﬁ'e dﬁﬁ%}{‘asgoxls esg%if example and
not amx/@ of himfratidr, auhash ﬁﬂb@cht:ﬁ’epbﬁlt ag {3 U548 b eid rpbfneat [2,9,4]
di mensi onal torus of switches 166 each coupled to
wra@P s the6dandSe tieetmbiens. 5 ASpoinii [fc iyes|, tibgritlano ﬁeﬁ&esah1td‘llafnvﬁapplng
factor of faur. in one dinmension or factor of two in
meshyi |8 ﬁgrf-sEJo S[SJt 8 ya€ Eplrandf (6 <gr £ @z 1@ fien s¢h¢du11ag5 f Dgenerates a
.switch 166. Tg increase a likelih

list ¢ meaﬁff Ymeihe requgst sehedaler S daaps dbropgthe hﬁéﬁltlb feheduler
t r )

515@8&11%%%3&1\?1}1{3%&1@4 %%Eﬁée‘%ﬁ%bzé( g?%icrggasegts% e?&ﬁsbﬁu)loﬂgg %% Y ailable for

allokaemstoothleyeqlmh esienemilpga shmesilmanﬁdsmﬂ @eqale@tr tefds €o result in six

mesfR] F95T R HCGRTIoRh a0 S Chioml SRS 'shl ot Dyindagy Gimeshes
satibfly[HgttBé tQest afndsac&ﬁcﬁifn%ﬁm@éa@ ré'ﬂ;')ﬂe&t' tQAdsQQ r&ult@h U8n@Eds of meshes

swi tches 166 in a y dimension by two and in a z
satigfyingribe aenuest. tlmartgmﬂﬁéobm@dnsqrﬁs,mhﬁddﬂdrééﬁ sets| eym@ﬂmsd torus
It e /. _and nensi o
for ikt R el o RREh B FaRERR 8 e ignithes satisfying the
requEBki mum hop counts in the remaining neshes. A maxi num
di st ance between any two nodes in a nesh of size

{ Sx Osvutyél}zeﬂ@ne@ﬁs ffrr) schedyjing| (pr allepating one|or mews nagdshdds to) a
oneEHE TR PUBLACBASAIEL 5 80 Rl it £RST Rl 166 i i

110kehadl e2 tdoaﬁglrhﬁemn ofxsdies A$5.aRclesdalepbes ﬁﬁt@s bt ISWSOWBM‘. F axis of
4,6,16} and M 2 ={

M1 =
SWIEC%\?FJQ%Q% g 18iis P%ir%sed@ame%%% d%ﬁh@ﬁulsqéi Spﬁxeg f<21d6é(fbo]f5é) along
the Mhxis B¥8Mhd § asis. h?ﬁéﬂeﬁdér%aﬂx ?aﬁicqm? %}an s, H:Hédi%ﬁb&ﬁ@ lies to a

meshes from Fit not generate a
Onertﬂasbrssonahmnuchtng at | east N nodes 115 As an exanpl e

ﬁ@ﬁwaxé mtation, if N equal ed
BYEHC we}s tFit equal ed {3,3,3}, Fit would
nOtMalemensmn[O] =1

MapDimension[1] =2

MapMod[0] =2



10

15

20

25

30

i nclude nmesh {1,1,27} . Mesh {l,l,27} would not result
in a reasonabl e Nunber of neshes and woul d al ways

w0 e®alssoen at | east one mesh satisfying a requBsr/PS2005/012489
since Fit would include a nesh equal to grid 110 and
cl uster managenent engi ne 130 calls schedul er 515 only
if Nis less than or equal to a Number of nodes 115 in
grid 110. If AnyAllowed is 5rue to construct one or
nore free nmeshes, schedul er §15 | oops through
Nodel nUse with an x axis as an outer |loop, a y axis
next, and a z axis as an inner |loop until schedul er
515MapMedi k=2 a free node 115. A free nesh includes a
nesh |nclud|ng onIy free nodes 115, and a free node

b SERREL A BRI bR AR ol ot P 1, whe

wpo RN B Y SEEANERAE S, Y FRoRsS ?%aﬁ@ké?.%ﬂgspmds t

a[oli_-sﬂ digerg i iy Bgrl_fzorvvh%%;éb }elfrpdl tdresh in grid 110, one

free nmeshes 'struct n grid 110. As an

ex alppaatians: élﬁbod:ﬁnemy séhedblenbl RidNalsd Reli £§Saxes a®Ee axis of
115 may . be {il }. Schedul er 515 ghéncrenent a z

switghes 161 gri éﬁ@ém et X B 1epnfigwiatipp o€ §odesn bl fociaitipbige variables for

e
g 61, et By IR bl SHRBOHERE SRR 05 v
two-dithendtome Mepiests s ti[tR}d, oonsedsinonukson o genstasy 4 moad coenmct shape
f h al th i s, d F nd
for 3o Heorse ARb Bl 4D g T PHaoTEE FrBkdiIer 513 may select a
conﬁ?hﬁﬁkﬂl G{'ivhﬁﬁﬁ Ybé BERrdAFHRNBND ) Bbhfigudtish tdf Nbdes 115) that
to |den a first value, /2, sothat |1ne,
gengyates g greatmt)quany wglsudty fo]ds/ ﬁchkduleﬂ 51}5 may glhaspk{@gc}aof six possible
n e node. Schedul.er. 5
congE G RHip T or AP e s AL SRR b NEBIPRF 6T posiple folds for
eacBoNgRepostible EdhEIgutichE MRPasticAlrenbotiEnens, @EKddﬁE;r 315 selects a
zl, toidentify a first value, il, so that plane,

configpratipn rilowingc grRatest Nyngber of possitjlg folds c]lllR?éé%CUéQT dnghpdiments, in

g e

conﬁguﬁtlhﬁ eddéfiyinzthe £ epieahd tHeh&elabI@‘ﬂﬁs px dcwafgsatiedlodifying the y
covers all nodes 115 in 0. The ab ve

aXI-b Siemhodimpas n the svear o aa egen gt 11 ¢ gqgnfiguration and a
2xTER88eu [ isf t,@r 9eso t enefr.a

><a ?Pffer%ﬁ%psg(?l eg?lefﬁrfgg rrgéﬁgstheb%t ZonF&H%u%t%l\f\)% o‘reltil piticular
embminreerits,ela theshes (ﬁ ratiebetwibe twa oy nwire (2 >e230:imnﬁgmatlonsAscheduler

51 Sat[t“iﬁgﬁfie % i 5 “%ﬁ&“@ﬁg&ﬁ% t ero g 21?('1 %%tges I’alen selects the 2x 2

confibfifagbe rtﬁsdlbﬁﬁgn&ﬁ@ Aehd'Q BYesd%hd REn ARIdcRNEe YOO RRfguration
an x axis as an inner | oop in a two di mensi onal case.

modifdurthegr qnd utes atiepartionar ¢releodm§hf@sscb@dxd@1rﬂét1ed1ahz¢sn@nables
for ?cﬁéd@xlgé %%e d Sl”rlleg’lglﬁ)g‘l 1I gltﬁ)eéa %r]gchﬁ%@ rREI 51 g)?uisd 1g§1a ﬁe $Rriables for

schd:diilhﬁg d m(bpdlrﬂelﬂsﬁhﬁiedﬁle@t cAtpa i3 Q tthé| dighefsiod esqubdtSallows six
area 532a is a first free nesh, and area 532b

Orlqngaﬂsn% delorrfationsy thigswe espmnaaueywﬂhnreme@mz epch offesgnstead of
udes nodes 115 in use, area 532a is a first

ngﬁg%ﬁﬂgih and area 532b is a second free nesh. In
parﬂllpatticﬂlﬂarel’dlmdmmﬂi $o irfitdlizd wheiablEslior yelegluling b Ii:sﬂhpact request,
éﬁ@ed i n aI orithmto. schedul e spatlal requests

sch o] 5f fed &F"(jo‘?ﬁ thensamppast meqngple Eofﬁﬁra&‘i generate a 1x4
FeGUest.SU o It Ny !

confl . S St T>r<1eh# | ?g&l%gﬁxg 'tﬂs Con% AYrhp Bt FREHUES use of

all nodes 115 coupled to a switch 166 allocated to the compact request, which in turn
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scheduling algorithnms are simlar to each other, but

use scan algorithnms that are relatively different from
we@2wh/ostober . 1 f schedul er 515 schedul es a j ob EGODUS2005/012489

schedul er 515 lists nodes 150 allocated to job 150 in

Assi gnedNodelLi st according to MPI Rank, i.e.,

Assi gnedNodeLi stf/] has MPI Rank /. To schedul e a

spatial request having size {Sx, Sy, Sz}, schedul er 515

uses a scan algorithmto sed&ch for a start point in

Nodel nUse for the spatial request. The foll ow ng

exanpl e |l ogic provides an exanpl e description of an
redeceafpigeiestatinn at gwitéh pomtsPagrigtldi0t Inpadictarembodimentssdheduler

art.End.i.s .an end.point of a partition and Tx, Ty, and
153yl g PR ks Rpa Bl i el s Y

resp itY 1 a E@kllest BRdsh Shatdin@lallt fod2artiBnd[&id 00 available for

PartStart[l] to PartEnd[|] For z =PartStart[2] to

schedulingn dlaptPtas[3] tticgtes ottart ceordinate ofitBe partition; 1’6@%&53] indicates

+Sy-1 For /¢ =z to.7+Sg-1d.f [
on ¥BE<pgrdigliseef o ek TR SR ol neltion, and
ParbW¥apsf3] ihicates dvifettier | the (pdrfiticn Wriksy) Rehettuler T LE nfyd coidstruct a
End For End For End For Return False |n particul ar

parifigo Tedved engthselasrarchgofar mRfssabl Ja8alng & tagestodpeastition may
v HE SIS egge i onabars, sl OBl BB, b or
poskibie £co@dina®es-ih FraMesh (wltich ineByded an array) and PartEnd[i] includes a
maximum of all possible i coordinates in FreeMesh. PartSize[i] = PartEnd[7] — PartStart[7]
+ 1. If PartSize[i] equals TorusSize[i], PartWraps[i] is True. Scheduler 515 sets
NodeInUse (which includes an array) to NODE_NOT IN _USE for all nodes in FreeMesh
and set to NODE_IN_USE for all other nodes.

In particular embodiments, FreeY[i,j,k] contains a Number of free nodes 155 along
line {ij,k} to {i, TorusSize[l]—l,k}. FreeX[i,j,k] includes a Number of free nodes 115
along line {ijk} to {TorusSize[O]—l, j,k}. Scheduler 515 wuses FreeY[iy,k] and
FreeX[i,j,k] to execute a scan algorithm, as described below. In particular embodiments,
scheduler 515 constructs FreeY[ij,k] and FreeX[ijk] only if SpatialAllowed or
CompactAllowed is True.

If SpatialAllowed is True, scheduler 515 tries various structures for scheduling a
request. A spatial job of size S= {Sx, Sy,Sz} has up to six unique orientations:
{Sx,Sy,Sz}, {Sx,Sz,Sy}, {Sy,Sx,Sz}, {Sy,Sz,Sx}, {Sz,Sx,Sy}, and {Sz,Sy,Sx}. The six
orientations correspond to four unique 90° rotations and two unique 180° rotations that
scheduler 515 may apply to a mesh. If any two dimensions are equal to each other, only
three unique orientations are available. Scheduler 515 considers all possible orientations
when scheduling a mesh. If a job 150 is two dimensional, i.e., one dimension of job 150
equals one, scheduler 515 may fold either of two used dimensions of job 150, i.e.,
dimensions of job 150 greater than one, into the unused dimension of job 150, i.e., the
dimension of job 150 equal to one, in an accordion-like fashion to generate a more

compact three dimensional mesh. If scheduler 515 folds a dimension that is not an
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For k = z to z+Sz-1 If (NodelnUse[z nod Tx, j nod Ty,

k nmod Tz) =NODE_NOTJ NJJSE Count = Count + 1 End If
weeae®si02End For End For |f (Count > Request edNOT®S)005/012489

Return True End If The above logic is relatively

inefficient, since schedul er 515 eval uates each point

in NodelnUse up to Sx x Sy x Sz tines. In the above

scan of a conpact request, a z loop increnents

from say, z \ to z\ +1, i d / inner |oops do not

change and a k | oop changes only at end points. As a

result, a two dinensional nmesh from{ y,zl} to {x +Sx,
111t65gra4 $yult1pl£ ofzl1ngth o€ stel folded l4st iiﬁdf\m]rltbheshomal thart @i pneding folds,

Whg;:ﬂ Wlﬁ%FSU tulf)ear t_}gvoscgmae%%?na? 6116\{\3'5 cgggéi aie% tq_%& %e g_ﬁm?nzsiongl mesh.
If j8B 150 &one dimdnSiohsIl E&h%ﬂul@fib' E3hRY i BRSjobl 150)into &M@y bf two unused
i nner | oops count free nodes 115 in a sequence of

dimepgigngre Mshediter Ab%meay Hieanigld eitherxpk ted resuléng Simersjons into a
ren}aml%go‘uﬁugeﬁod? effﬁ@ ei\c eglggggiﬁap%néjf tﬁg qf?esﬁ m%su&(ir egg&llgﬁéeakmg,

asim al ong

be Ecc&&é(teﬁaiﬁumiffbmtrheﬂfehgl ude arrays) fac:| litate reducing
ng_time. In particylar enbodi ments, schedul er

grlgFf@i‘%Et B etllugiratesyiang exaneRls | eritaensional dequsaipdelded into a y
dln{eﬁgiUﬁsrin FIGRERENE s@i%d]ﬁfe'i @Y% héd {’0"11@ tﬂggﬁg N rﬁ&ls@n]al 1&?&868'[ {1, 11},

tore two di nensi ona

1ntd3ﬂien} dehensiory usingdfAd &@Rps oﬂf’imiroi!o' SoMeratd aFtWo Hlmenglohél mesh,
If PartWars 1 = True, end[z] Part End[ z] .

Qeﬁ}d[aqu aﬂﬂﬁ’&hmﬁmﬁ[@ mesISr{lzleJ}Z]SOImaaned OW:OI the two |d11f1¢nsmna1 mesh.
o. For each

Schedplgr glg%yo%%n 52 ‘f’tt 2@[%283 e e, 3] fhird; ghort £o1d two.
Wh@ﬁ%@l?eﬁufe}" ﬁ@rets%(g% bh NPZRaAIO 1 %ddes! M@aﬂge)%?reﬁr)fdlsﬁ%e MPI Rank is

i cul ar enbodi nent s,
mcmwhtstdma b4 Nable ihgepeheloag e dimbwe] frddeandegiur eslues decrease

alolli\lé'I %@Ng&%&e%pg)ﬁsg? %% %ﬂ(an}q?le an8 0{ 8§/ va(ayaor}dlirgﬂa?[i()lno H‘wf IP/I"PI Rank
for MO@E Y1 X aPRy,015ay bk | Zeto, Bho RIPI LXK BLH0de NUS"H@[O Ofmby 886 one, the

nodes 115 al ong line {x,PartStart]

MP{ Raplg fqratogetl[l 5 :r_l} G5yl may by twm@mdéhwbjﬂlzlga@ké@t sl 15 at [0,3] may
be Méée Tfh%er’Pﬁagl? koqvl\{oﬁe 198 Qf [1,3] may be four, the MPI Rank for node 115 at
[1,2] may be five, and so on. Concatenation starts at z = 0, since the fold has an even
Number. If scheduler 515 folded the request using an odd Number of complete folds,
concatenation would instead start at z = 3 and continue inward toward x = 0. In particular
embodiments, scheduler 515 only considers accordion-like folds. Other types of folds
exist. As an example and not by way of limitation, a fold may produce a staircase shape.
Scheduler 515 may prohibit certain folds on one dimensional jobs 150. As described
above, in particular embodiments, scheduler 515 folds one dimensional jobs 150 twice. A
second fold either folds a dimension that scheduler 515 folded first or folds a dimension
that scheduler 515 folded into first. In FIGURE 8, scheduler 515 has folded a z dimension
and folded into a y dimension. If a second fold folds a dimension that scheduler 515
folded first, scheduler 515 may generate up to three concatenations, for a total of four
meshes.  In particular embodiments, scheduler 515 allows no more than two

concatenations. As a result, when scheduler 515 schedules a one dimensional job 150, a
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y loop o If NewX = True Do nothing. o Else Update

zPlane . For each z = PartStart[2] to PartEnd[2],
w@aibosoe7 free nodes 115 in |ine segment from B&T/YS1007912489

to {x+Sx-1,y-1,z} from Zplane[z] o Use FreeX[x,y-1,z]

- FreeX[x+<S' x,>"-1,z] to avoid | ooping over x Add

free nodes 115 in |line segnent from{x,y+Sy-I ,z) to

{x+Sx-1, y+Sy-1 ,z} to zPI a?%[z] o Use

FreoX[ x, y+Sy-1,z] - FreeX x+5x,y+Sy-1,z] to avoid

| oopi ng over x o Set NewX = False for a next y

increment o Set NewY = True for the below z |o

op z
secprsbioldisi eeieighed to fddingardimpngpe that seheguler Fb tf@d%ﬁf intfirst, unless
the 218% tzf?lgiccﬁ&‘ %&’ﬁa%g&elf lzn- %i?lg t:egétnfbrég l}%?%&éoﬁ“ﬂ{)}? ég@ Htn i%tegraﬁ %mltiple of
foldlehgihefi dakchienativi mt}ult'fss Iapatticulaf eﬂéb@}i?ﬁﬁtéﬁ?lcﬁ hgeé:‘fﬂctﬁ)n ensures

t [ ' I rom{Xx,y, z+Sz- to {x+sX- )
thats DT SIaL lfovs o s FABU oS Echalisbs (b X HcBier sabediments,
: . [ - :
R
onel gr tyar dingnbianale stheduleeni § costhetiuéaeh Hisblappiomsonslile fold and

f the foll ow difications to address
cacB polTIE gftentblih ootacR 09 4R H ing @i ifred i Eitonpl, scheduler
515t Benseubm® NGcR HRMBRE Bridhth@on REURESeqighedyl %Irtié&l@ embodiments,
schgchﬁ)l ies a nodul us function to the indices before any

&y Ibarerdheech sl copytruction meinganr listtafdiry itenshirésy asdescribed
beldw di mension or a y dinmension, to conpute free nodes
81ﬂ7’i'5for a line segnent, e.g., frompoint a to point b,

s ¢ Hé dvhgiactAlowed ipTHRS sdheaalenOTRonkibeth @lcotnplctlnhddB containing a
one fr artition

se nts, ompoint a to an end of the
feqlﬂeﬁ‘%gﬁ\ém&bf‘éﬁfymé?%@ i SFhednlgr ahddpdgnatesdhe s @itenl filgand stores
the GheshNf BBLFH LinMicH thAlellarParray). As an example and not by way of
limitation, let N be the requested Number of nodes 115 and Q be a cubic root of N
truncated to an integer. Scheduler initially sets BestFit to {Q, Q,Q}. If N =0, scheduler

515 is done. Otherwise, scheduler 515 will increment one or more dimensions of BestFit
according to a BuildCompactFits function, as described below. Scheduler 515 then
constructs all meshes having dimensions greater than or equal to dimensions of BestFit
and less than or equal to dimensions of grid 110 and records the meshes using Fit (which
includes an array).

Scheduler 515 then removes undesirable meshes from Fit. As described above, in
particular embodiments, grid 110 is a three dimensional torus of switches 166 each
coupled to four CPUs 164. Scheduler 515 modifies the torus by either a factor of four in
one dimension or a factor of two in two dimensions to account for grid 110 including four
CPUs 164 per switch 166. To increase a likelihood scheduler 515 will satisfy a request so
that, when one CPU 164 at a switch 166 executes a process, all CPUs 164 at switch 166
execute processes, scheduler 515 keeps only meshes having sizes in the one or more
modified dimensions that are integral multiples of the multiplication factor. As an
example and not by way of limitation, if scheduler 515 multiplied a torus of switches 166
in a y dimension by two and in a z dimension by two, scheduler 515 would keep only

meshes in Fit having even y and z dimensions.
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In particul ar enbodi nents, a scan al gorithm applicable
to a spatial request is simlar to the above scan
w@bk@ensiobm appl i cabl e to a conpact request. | nPCT/US2005/012489
particul ar enbodi ments, differences between a scan
al gorithm applicable to a spatial request and the
above scan al gorithm applicable to a conpact request
include the following: (1) instead of schedul er 515
identifying a point in a ne having a particul ar
Count, schedul er 515 | ooks for a point in the nesh at
whi ch all nodes 115 are free, which tends to reduce a
menBehednlef evlénthers ;sodsderi@pingcineshdsein Fit Zcomgtinge®dmbximum hop
handl e one .or nore concat enat ed neshes, since, as .
cofiBe fin SRl dne DehoR n et BECIaRGoh S e GOV Btleq in @ mesh
i NEengilona — di [ :
o B o o r batse 0 habe Thalk i NG Fhn RS ARRRKimum hop
coutididentivaiito smbheBers sohediilenal £ put nhomickle cloas o Wi a tube before

particul ar enbodi ments, such nodifications to the scan
theapiyen Mash t didan expmglscand nekbynieyr o limiteHoms 96+ 44,646} and

M%%Eﬁ?éﬁﬂi?q“ RSB BB ey B P oAb Y, befge M
Senot TAEn et st i ANRhouSFICHAE el BB B aopeguter 515

wosldafot peyersteralicheshes inthalidg Stleast Niigdes t11 §1C AYrasexempid and not by
schedul er 515 identifies a Try Structure tha

[
way, oh digiitaipnell Y eapaledriweniy-peneon andsBesiFit pevaleds 33,%35% Fit would not
: hedu n essive flag.an the spatjal
incde gussh 236 b1t RERTN BRus et ot e eorRile MBmber of meshes
- : i . . '

and BRSNS B R el e R BTG st R PRWBd inctude o
mesic bpditd ggd all Qand chustet maha%enﬁ@t sagiad UE& ghl:IBeS(ﬁB@IIEraSlS only if N
. request.In particular enbodinents, scheduling a
is I?Ségka@ésqr equRldp @iy oA nedestlilain grgdiPt hm i nvol ves up

to ) ' . fal '

Schidurar LAgP AT RS e e MG Re! SHRULRR 15 loops
throuph Neddidisengith iaelxosis as afr quter [Toy,. & Mayis insxtaambppiariy as an inner

function, for_ratation. Try.r [ n array .havin . )
toop Rt S oGP TR Ao Rdr LS BTSE PO RCIUGeS st including
on1g>%§m<ﬁleancﬂs,n;ﬁid R¥redapdef 15iipdhads #Redel V5 bMRARLaDIL b a job 150.
, 2 } neans index 0 gets ma?ped to 1, index 1 gets

Schedplsed 15 0 eomatrigislexNepmbeaedlashgmedindo FresdleshB¥ymFreeMeshes].

e XponZitssa ALY -1 L [ . .
Nl R Nimp! oY bty Tl ARG is o st
idenNifyhigy, f@featiolids neslo dugid 01 A ofhé ¥r HloFdtédmeshes structures in grid 110.

Try. fol dLengt h is an array indicating |engths of BN
As fag) exgmplerapd met b by i0f lktasionayndised of aradegl 18nmiayi dhex {i1, /1, k1}.
of fol ded di mrensjon. As an ex I nd nat by of
SelfeiRy 77 Gy SpPIeD) e it sCsap  S rie i e e Rode 115,
suchOlsd f606:086h18 §1,3X%8} . - Schedulb0b # ndyS s F8ENI8N start[2] to k1 and
I ndi cating an ndex of a di nension ofdeé Into. .

Fre®Wiesi.oddiE] % k$—an FeéMyshlsidt[C ptorgpadds to defardialae of a free mesh
di mension that_remained fixed. In particul ar

alopgridertiF g nd dfteellegeondidll eqrrespendsetoetmienbyalunanl thejfes mesh.
Sc}ﬂegiﬁlgg 3 5§ %{rhsfdtﬂle@ Eﬂc?elﬁ‘ént ) S)i %]785 t %t%gng %t; L) ?de%ﬁhﬂ'\ﬁ#'&%avﬁkuse, j2, so

structure, edu assi gns
thaBnd, df1| &1} through {1, j1,k2 — 1}, includes at least one nonfree node. Scheduler

515 then sets FreeMesh.start[1] to j1 and FreeMesh.end[2] to j2—1. Scheduler 515 then

increments an x axis, starting at i1, to identify a first value, i2, so that plane, {iz, Jl, kl}
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Schedul er 515 applies an inverse rotation map to the

starting point to map the starting point to a
w@e@bnoset or med nesh. Schedul er 515 const r uct sSPEDUSN0S/G12489

| eave the starting point of the nesh fixed so that

schedul er 515 need not apply an inverse fold.

Schedul er 515 | oops through the pretransforned nesh in

to generate MPI Rank. As de;&ribed above, in

particul ar enbodi ments, an axis is an outer |loop, a

y axis is a mddle |oop, and a z axis is an inner

| oop., . Schedul er 515 applies the transformations
threughl ii@di2-olkRe 1pr dichates fasr ivadt omss honfiee aote. poSetedfiber then sets

, g in the_l;&g according to an order schedul er 515
Fres%‘éﬁ -HarthOn do 1 anes FesieMesh-6pd[ 01 & ¢he ! prishediter didneegeats the above

j 10t d

profRS Nk r SLOENERUPRo 4 158 30 07, PO beffoctss 8 g resu
in & WEqpe sdt pdfiek anevhes. NEsdpingohe diff@ent Tt Sertthgds tongashs a different

t node, {x\ \.z'}, into_an end of .
set &ng’% edhesciRt oy lfffw%@arn@?re S ﬁn@ﬁ%ﬂaarfe%bgqnda%wﬁb gagh other.
A BRNAHH ditigel BRI ' S Gad i
A SR b0l GREAAPRAEES 19 3 EAAOBHLhEVGURRSID w10
illugfedie o diffanencalbgovden imnigdondxif s iandilyostndat tads bhat inner loop

i S A PR AR Rt i

axid hgvart BinkOloopf &d FIGIORBS| 0 iNGbtkdes@olBeXmbies EonftRRER using an x

115 and a request for one hundred nodes 115, BestFit ="
axig as an gmer {gepc Hn ABGHIRE 9 o9 B0 tinpdudes medem bl rivstres aea 532a is a

T r Iat: | Y. bi ch
5 FRSSIATES o LA AL ST PR
inclgder wddenfl 15 hie ude, et F3Datismefest freé mashyl shdneéa F&ADKisiaNsecond free

articul ar enbodi nents. A binary search including
me¥ondi ti on Owoul d not work unless, (1) if C were true

forpe i ; t r g e 0 .

cqua RIS babbglRag, [GHEIR 35 Wb FRCLhE R llgorithn o
schegl @ spatiab ceduests,ad sgcond sshedvding arlgeetiial tot whedulé rompact requests,

parti cul ar .enbodj ments,, a hinary search of Tr
and ¢ _rthg u?cilgd‘ﬁ}nﬁt ai%ﬂﬁﬂl_“ Bt S?%&E@F & 6?9”5“6053#1& %I’Sf ynd second
sch@lisp S dohieimRar® GaRilMStoRech b@Er, BYAHR Ran B%%ﬂth%s that are relatively
{4,4,4} would find enough nodes to satisfy a request,

diffggeny fom egelnpthgsi Hgchddwier 48 pheduleraghb 180, schaluber KO lists nodes

t i P M_in.the T :
Oty S5EPISG, 16 RELDRRRIE M o Y e i
AssipmadNbdefistphkas™MPI Haslt ances works. | f schedul er 515

groups .meshes in a Try structures |list according to
maxd hFhedinls tiatnetial fepuest having skreduivedy, 52)5 schisivldrfilésusas a scan

fif for a sh i.n . the l.i h ng. a_maxi mym di st ance .
algqrithm 8 st R st mofiy i Npdof (s o i, soaiigl Tp@iest - Biofollowing
Rlobid prdv8ddsi il exBapld\@esripio i bitm. 2 i
S e Bt SR Rt Rl M alhilim b fStart is
a start peipsandnRarirngis pn endhpoint of a haviting and Fexfrand @t stestoos sizes in

I : . yal. to i wll fit either. As an exanple
& y’aaﬁlg%n(%lglg%y}&%l%g%??thF% tation, suppose \x, y,z] is a

sh havijn Xi ndi stance i that fits. Therefore,
XS ?ﬂstaﬁ%(ﬂﬂ%aﬁgﬁ&?wm di stance z+ | and, since
{x Bprynk to{]P, 1,“211[:1,] gx, y,z+i\ al so works.
| nducFPigi BppttrelR] toPatknd[2hr eat er than or equal to i.
If no mé&h=ilmug he |ist having a maxi mum di stance i
wor ks, wi t RomriespecttSxel any nmesh \x, y, z] having a
maxi mum di st docg=i-tb y+S¥-A,y,z +\ has a

For k = z to z+Sz-1
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maxi mum di stance i and al so does not fit. Neither does
{x,y,z} since {x,y,z+1} covers {x,y,z} . Accordingly,
w®edvedisdoer 515 constructs PCT/US2005/012489
MaxDi st ance[ NumvaxDi st ances, 2] during initialization.
In particular enbodi nents, a binary search of neshes
in Fit does not guarantee a best fit, but provides a
reasonabl y good upper bound 3ﬁn a best fit. hi
particul ar enbodi nents, a bi‘nary search of neshes in
Fit is efficient, e.g., generating approxi mtely ten
scans for approxinmately one thousand neshes. Schedul er
515 may use an upplr (NedelaUsddi runda Tbi gamyodkseBrch owd Tz) =
maxi mum | engt hs or run NODIdNr US€ar ch downward from
t he upper bound, hi [t#iFalsear enbodi nents, a |inear
search downward teRdsIfto be nore efficient.Schedul er
515 runs a bi namppdsggarch on Fit and returns Hi ghFit
and Hi ghStartfgd poddi ghFit is an index of Fit
satisfyi ngm@greguest, and H ghStart is a starting
poi nt OfIfZHt'thd}d% grid 110. An algorithmfor running a
I,
(55

i near se ward begins with H ghFit and
H ghStart . . ¥ cul ar enbodi ments, schedul er 515
decre 3 maxi mum di stance of a current Hi ghFit

mesh. H&8ul er 515 then | oops through all neshes
[ nclﬁftijdf‘?fg t he maxi num di stance until schedul er 515
E#ddor fi es a mesh satisfying the request. If schedul er
Redirnflelsei fi es a nesh satisfying the request,
schedul er 515 sets the nesh to H ghFit, decrenented
t helnnpactioiler GnfboateentORistan ANYrilERRpHciIE tHIPEEBPact request
I f schedul er 515 identifies no such neshes, the
replaeesottiet ahove dilit dlagnwith & Gopehvalpe gheementsd dn s innpinpost loop as
follbfs:schedul er 515 cannot identify a fit for a
parti cul ar maxi nrum di stance, then schedul er 515 cannot
[ ﬁﬁ'tt=i y a fit for a shorter maxi num di stance.
chedul er g%g | oops through a Fit nesh and inserts one
P];é'mfé_oﬁg S 115 into an end of AssignedNodelList. An
or 0¥/ 617 1™ Pht ee | oops depends on how schedul er 515
mappelot 54 éiSBdsed torus to a node-based torus. |f
schedul df (Negyedselhmod vixtjohod &z dumod A= NEMY MO IWN_1USE
conf i gur at iComninConet il nensi on, the one dinension is
an i nnerEdddp. |f schedul er 515 mapped the
swit cBnbb@sed torus using a 2 x 2 configuration in two
di measFg@ns, the two di mensions are innernost |oops. To
gehedpl e an any request, schedul er 515 | oops through
;11@&@ j e any request until schedul er 515
ﬁgge%yﬁﬁgﬁgfﬂ egatédrlt%dlfgst ed Nunmber of nodes 115 to the
%% Feques Schedul er 515 inserts nodes 115 into
anedhbdeList increnental ly as schedul er 515 | oops
tq%)ouglg FreeMesh. Li particular enbodi nents, scheduler
Thesaove dggis ishrebaiyRlyFimeEnsan, sice srhasiter 515acvaluatgssedol point in
[ I edul Z axi
No {:/hws% 1'50;§§fo')99 R t§ﬁ\/\%} q.H tﬁ{]eélgpl]}/;‘:é esr%érgﬁggggrgbgc% recale)%(t, gs a z loop

a factor of” four en 'sc erte

incréikits froddsag, A1abUs 110 ;and PHfep Rﬁ)?g db Yob8hanks bA@a tkh@oﬁ changes
axis as an I nnernost |oop tends to avoid fragnentation

onlypfat Cengs n@atscoupbed result, a two dimensional mesh from {x, ¥, zl} to
{x+8x,y+Sy—1, z1} is excluded from further calculations and scheduler 515 adds a two
dimensional mesh from {x, y,(z1+1)+ Sz — 1} to {x+Sx—1,y+Sy—1,(z1+ 1)+ Sz —1} to

further calculations. i, j, and &k inner loops count free nodes 115 in a sequence of two
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to a swtch 116. . A smaller one of two renaining

di mensions in FreeMesh is a mddle |oop, and a | arger
wo@p@enss0ehe two renmi ning di mensions i s an out BCTDS1005/012489

| oop. Schedul er 515 lists selected nodes 115 using

node- based coordi nates in Assi gnedl\lodeLi st according

to MPI Rank. AssignedNodelLi st[z 0] is a x coordinate

of anode 115 of MPI Rank i, ,ASSi gnedNodeL| st[z,I] is a

coordinate of node 115 of MPF Rank i, and

Assi gnedNodelLi st[z,2] is a z coordinate of node 115 of

MPI Rank i. FreeNodeList is a list of avail abl e nodes
dimgag o sissbies Aomghe dxik of sizd 5%, 5y $hi Actodmsatves one mesh and adds

coor di nat es In particular enbodl ments,_ tq_set_an
anofhsr RAYR Jlpen. Sl effagh aeqursalong a pedtis diressd and EresYi (wehich both

R
515awuet the-fhlhksweing atgorithim at esmnandogdd request:t o To[ 4] o Apply

Inv eTor us irsg.t e eI errent of .To.o For /
oPeLnagia E%laléf‘itf glzeﬁ]e j ERsignib mesh poynts.
co%?‘&PWﬁtaE’e]ld peint gf Jf,ykand alos?p%assf IeWeeNodeLi st [ /]

. npi REAKI=0jto 2Exit | | oop The fol | owi ng exanpl e | ogic
descri bes paPart Wedpaki] =fivesd iendil s PaftEsdiHedul er 515. In
parti cul ar Eserad[/ire®astEndlienStielibt er managenent engi ne
130, caldvwsx sdlhtudipl feym PafiStact[ab &Hd[0¢ and pobn. 150, cl uster
eanawepent engi ne 130 conmuni cates values for the

‘I;g |un g\%(c)g CGabRpyt= ﬂ%g@f@i e Sot lﬁ’arﬁﬁﬁﬂu | r@fcglglé)gte %lglane for meshes
1],z S
request e % %odkﬁ@ EHE? u%: ﬁﬁ%ux%g 1dt 1¥s@ethre§eltoop here.

DN e e
only for SPA ﬁﬁ %@4 g [aaéJGFt [T/]ezﬁ (isPartSart[ 1]+S5.2]
f1 oati ng- pB}(ﬁ’t‘ eﬁ %&é Bades, éﬁdﬂ%‘rgeh‘il%(ﬂ’F BatStaglll.z) to

a degree oftxPaawaitl Hifot zédndesivdhedul er 515 for
purqoo§é§N@WXaFlTé@%1fqrrﬁ]g€bﬁi@l‘éS’quls to job 150.

Toruks8pze: An array having three elenments indicating a
swid clif NewsEd=$ruee of grid 110. NodesPerSwitch: A
Nunmber of CRUstHie4 coupled to each switch 166 in grid
110, MeFr eeNodes: A Number of nodes 115 in

FreeNodeLi $fpdafereNadeLi st : A I I st of Fr eeNode

st :rjuct ﬁrl.gs be‘ge* fatip % por di nat es of
noades ava u u
enbodi rent s, SC% é %%%A aal éllfglgih lrlﬁle %?é‘rpﬁnct h‘gm {xy-1,z} to
fol lowing after ffom Zplific(2]
Use FreeX[x,-1,z] — FreeX[x+Sx,y—1,2z] to avoid
looping over x
« Add free nodes 115 in line segment from {x,y+Sy-1,z} to
{x+Sx-1,y+Sy—1,z} to zPlane[z]
o Use FreeX[x,y+Sy-1,z] — FreeX[x+Sx,y+Sy-1,z] to
avoid looping over x
o Set NewX = False for a next y increment
o Set NewY = True for the below z loop
. zloop
o IfNewY = True
« Sum zPlane from z = PartStart[2] to z = PartEnd[2] and record results in
Count
o Else
« Subtract zPlane[z-1] from Count
o Compute zPlane[z+S5z-1], which is a sum of free nodes 115 in a two
dimensional mesh from {x,y,z+Sz-1} to {x+sX-1,y+Sy-1,z+Sz-1}. As
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schedul er 515 attenpts to schedule a job 150:

PQS_ASSI GNED: | ndi cates schedul er 515 has schedul ed
W 296/0502PQS_NO_ASSI GNVENT_AT_SPECI FI ED_TI VE: PCOUSBED®E12489

schedul er 515 has not schedul e job 150.

PQS _NO _ASSI GNVENT_FOR JOB _CATEGORY: I ndi cates

schedul er 515 can never schedule job 150, even if all

nodes 115 in grid 110 are avgilable. I f schedul er 515

schedul es job 150, schedul er3515 sets npi Rank fi el ds

of FreeNode structures accordingly. In particular

enbodi nents, a_w apper function between cluster

managenent depdibed abgve, ael Feeeifethutedpcesd Nusahrey of dleopis gt two to

from cl ust ememanagenent engine 130 to a format that

schedul esr HAK Blpefs-sSzaljdo Conmter t s out put from

scheduf €ourt1d RequestdddNodes, Rehah Tehaist er managenent

engi ne 130 expects. In particular enbodi nents,

set gChaduhiab kibolitidnty, daianumt 33 a ﬁEJ’Sﬁ% r#nﬂﬁe 1?0h¢ Sollowing

theoretically schedul abl e, enconpasses the follow ng
moditigatpins foogildresd . patibohedappibg 6@ = dimlesgoRe(W)r if indices in the
d1n}%%%%€é§§: ag:\'aés ygg%ﬁ%ﬁlg app }(esEz{] gnoldtlldsffunction to the indices
befGlQ@SarlYOaASPI el MENE;_Add $PF fleEpArtilidE viaass i ahfx dimension or a
. Request edNodes > NunF??El\bdeE&ftet = Fa?sse Else ret = g
dimepsiaguioeTaitEdige qodes Y for arlinge segmeanpi Raniiom meintipfo point b,

w5 G T o e i o

of thamhititivhain theast yreimicasioRank ,anvihiet frosch ®eginfinglShe partition to
.calls to rank job sizes, enconpasses the follow ng

POl‘é&’anpl e logic. Input to Rank includes a one

di "N, B08kL: & imd ayl LEe; Sqnati t i

ut ot Ay B, Jo ol D SRR SRR gl reauest i

simtank¢ 3he abave mgait utgeeitleh eapplitablé ridi £ abinpget tequest. In particular

embodimen g,l dfferentes beltvr\}géncae sscagfaléo?i’chn% g{)ﬁ?cryé{eot]o a<spatia1 request and the

above scan algorithm applicable to a compact request include the following: (1) instead of

scheduler 515 identifying a point in a mesh having a particular Count, scheduler 515 looks
for a point in the mesh at which all nodes 115 are free, which tends to reduce a memory
references; and (2) scheduler 515 may need to handle one or more concatenated meshes,
since, as described above, scheduler 515 may be dealing with a one dimensional request or
a two dimensional request folded to produce a base mesh having up to two additional
meshes concatenated onto the base mesh. In particular embodiments, such modifications
to the scan algorithm tend to reduce a maximum run time associated with scheduler 515
scheduling a 16 x16 %16 configuration by one or more orders of magnitude.

To schedule a spatial request, scheduler 515 uses a scheduling algorithm that
applies a scan algorithm to each Try structure in a list of Try structures until scheduler 515
identifies a Try Structure that is schedulable. If no Try structures in the list are
schedulable and an aggressive flag on the spatial request is zero, scheduler 515 returns to
cluster management engine 130 without scheduling the spatial request. Otherwise,

scheduler 515 uses a compact scheduling algorithm to try to schedule the spatial request.
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Inf[Rank[I]] < In[Rank[2]. hi particul ar enbodi nents,

Rank i ncludes a bubble algorithm Rank[0] = 0 Rank[I]
we2mRasdop2] = 2 For i = 0to 2 If In[Rank[/] <PCT/US2005/012489

I n[ Rank[ z] k = Rank[/] Rank[/] = Rank[z] Rank[z] = k

End If End For End For In particul ar enbodi nents,

set Schedul abl e, which determ nes whether a job 150 is

theoretically schedul abl e,

onpasses the follow ng

c
exanple logic: For i =0 to%%'lf TorusSize[ ] <1

Return Fal se End For |fRequestedNodes > TorasSi ze[ 0] X
TorusSize[l] x TorusSi ze[2] x NodesPerS witch Return

Fal bep@&toulpf embodioetsPeehsditingha meguesiopsabrding foo@spatial algorithm

inv@%te

3P Bt srpaformptigs 99 YRR R BE T etayer 15 keeps

tradReiTKh SR AMEShRUShZ Bsing RRmklloNapdRhidinTe:0 NunExceed = 0

For
Rumy:

i =0 to 2 If _Reqf;Jlest edSi ze[z] > 1) NumJobDim=_
Bty is a mEpRiag| Fneion B felgtpy o [Iryr™Man iRen gfray having three

Fal elements that maps indices of a point. As an example and not by way of limitation,

Try.rMap = {1, 0, 2} means index 0 gets mapped to 1, index 1 gets mapped to 0
and index 2 gets mapped to 2 so that, under the map, {x,y, z} = {y, x, z}.

Try.irtMap is an inverse of Try.rxMap.
Try.NumFoldMaps indicates a Number of folds producing a Try Structure.
Try.foldLength is an array indicating lengths of folds.

Try.foldFrom is an array indicating an index of a folded dimension. As an
example and not by way of limitation, Try.foldFrom[:] = 2 indicates that an i fold
folded a z axis.

Try.foldTo is an array indicating an index of a dimension folded into.

Try.foldFix is an array indicating an index of a dimension that remained fixed.

In particular embodiments, after scheduler 515 determines that a job 150 is schedulable at

a starting point in grid 110 using a Try structure, scheduler 515 assigns MPI Ranks as

follows:

Scheduler 515 applies an inverse rotation map to the starting point to map the
starting point to a pretransformed mesh. Scheduler 515 constructs folds to leave
the starting point of the mesh fixed so that scheduler 515 need not apply an inverse
fold.

Scheduler 515 loops through the pretransformed mesh in to generate MPI Rank.
As described above, in particular embodiments, an x axis is an outer loop, a y axis
is a middle loop, and a z axis is an inner loop.

Scheduler 515 applies the transformations applied to the pretransformed mesh to
each point {x, y, z} in the loop according to an order scheduler 515 applied the
transformations to the pretransformed mesh, i.e., scheduler 515 folds 0, then folds
1, and then rotates the point to get a point, {x’, ’, z’}, in the pretransformed mesh.
Scheduler 515 then inserts the node, {x’, y’, z’}, into an end of AssignedNodeList.

In particular embodiments, a compact scheduling algorithm applies a scan

algorithm to each mesh in a list of Try structures until the compact scheduling algorithm

identifies a Try structure that works. A Number of meshes in the list may be relatively

large. As an example and not by way of limitation, for a torus including 16x16x16

nodes 115 and a request for one hundred nodes 115, BestFit = {4,4,5}, which results in
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End If If RequestedSi ze[/Rank[/]] > TorusSi ze[
Rank| >"]] Exceed[ NunExceed] = i NunkExceed = NunExceed
wo2esid21 f End For |f NunmExceed = 0 Return TrReI/BEF®65/012489
If NunmExceed = 1lIf RequestedSi ze[/ Rank[ Exceed[ ] <
NodesPer Swi tch x TorasSi ze[ Rank[ Exceed[0]] Return
True End If If NumJobDim < 3 Return True End If Return
Fal se El se If RequestedSi ze[/.Rank[ Exceed[ ] <
factor[0] x TorusSi ze| 7TRank[’Exceed[ 0] and
Request edSi ze[ / Rank[ Exceed[|]] < factor[l] X
TorusSi ze[ "Rank[ Exceed[|]] Return True End If If
oveivrg dheysand nmshesdin (aREgyBC RIS 1] AlthorgiEsprEnR @ binary search to

il b e i i e
workomus8ii agir7dabudimeniee & Binhgy Jeatctrincliidiug cbaditibh @ ®buldmot work

Fal se.End If return True In particul ar enbodi nents, .
iy (R irEaure {1 S pmenlts C 21 e 1@k clbiogPa A g adual to £ and,
i |.g 104 | pb; :
() ONBERIESH Uil 0009 SR8 108y b il €. Wit
embgdiwetd, 2 Ppary seatelyof a Fgastdichgses Bt weouldmogimogt, since a possibility

exi$t§ gllfla%sat écailfus%egg grsgfa%ll}!?gensiesi I%IIOL {5?4? egvul}{ipgnd: erli\cr)]ggh nodes to
satisfy a request, while a scan using, for example, mesh M2 = {2,2,10} would not, despite
M2 being above M1 in the Try structures list. In particular embodiments, a binary search
of maximum distances works. If scheduler 515 groups meshes in a Try structures list
according to maximum distance, then, if scheduler 515 identifies a fit for a mesh in the list
having a maximum distance i, for all j greater than or equal to i, at least one mesh in the
list having a maximum distance j will also fit. If no mesh in the list having a maximum

distance i fits, no mesh in the list having a maximum distance less than or equal to i will fit
either. As an example and not by way of limitation, suppose {x, ¥, z} is a mesh having a
maximum distance i that fits. Therefore, {x, y,z+ 1} has a maximum distance i+1 and,
since {x, V,Z+ 1} covers {x, ¥, z} s {x, y,z+ 1} also works. Induction applies to all j
greater than or equal to i. If no mesh in the list having a maximum distance i works, with
respect to any mesh {x,y, z} having a maximum distance i—1, {x, v,z + 1} has a

maximum distance ; and also does not fit. Neither does {x, y, z} since {x, v,z + 1} covers

{x, y,z}. Accordingly, Scheduler 515 constructs MaxDistance[NumMaxDistances,2]
during initialization.

In particular embodiments, a binary search of meshes in Fit does not guarantee a
best fit, but provides a reasonably good upper bound on a best fit. In particular
embodiments, a binary search of meshes in Fit is efficient, e.g., generating approximately
ten scans for approximately one thousand meshes. Scheduler 515 may use an upper bound
to run a binary search on maximum lengths or run a linear search downward from the
upper bound. In particular embodiments, a linear search downward tends to be more

efficient.
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AnyAl | owed = True Spatial Al lowed = Fal se

Conpact Al | owed Fal se Else If Request Type Conpact
w@vpasIat | owed True AnyAl | owed = Fal se PCT/US2005/012489

Spati al Al | owed Fal se El se |If Request Type Spati al

Spati al Al | owed True AnyAl |l owed = False If

Aggr essi veFl ag 0 Conpact All owed = True El se Conpact

Allowed = False End If End Iffactor[0] = 2 factor[Il] =

2 Rank(TorasSi ze, Rank) Tor L?él\/ap[ 0] = Rank[ 2]

TorusMap[|l] *Rank[l] TorusMap ] = Rank[ 0]

mver seTorusMap[/ Rank[0]] = 2 InverseTorasMap[>Rank|[|]]

= 1S¢hedules 615 mansvbpinara aedrel] pn Fitgands relzpag Hég%ﬂl e HighStart[3].

Hi %-B?#t%s Isaé ilﬁ(fetx-lc:ogf%g %&gﬁ&% géqg&sﬁﬁxg@h%@ﬁ% R 8 ol dr a fit in
21i6 @1 TOrAS @b Sampast fubing Fhhae sBathdowhaksEbgios wWithBlisaFit and

ILf setTor u,sForAn%O = Fal se Return Fal se . .
HighStart. In particular emibodiments, scheduler 515 decrements a maximum distance of a

current HighFit mesh. Scheduler 515 then loops through all meshes including the

AV I I T

maximum distance until scheduler 515 identifies a mesh satisfying the request. If
scheduler 515 identifies a mesh satisfying the request, scheduler 515 sets the mesh to
HighFit, decremented the maximum distance again, and repeats the process. If scheduler
515 identifies no such meshes, the algorithm exits and a current HighFit is a best fit. If
scheduler 515 cannot identify a fit for a particular maximum distance, then scheduler 515
cannot identify a fit for a shorter maximum distance.

Scheduler 515 loops through a Fit mesh and inserts one or more nodes 115 into an
end of AssignedNodeList. An order of the three loops depends on how scheduler 515
mapped a switch-based torus to a node-based torus. If scheduler mapped the switch-based
torus using a 4x1 configuration in one dimension, the one dimension is an inner loop. If
scheduler 515 mapped the switch-based torus using a 2x2 configuration in two
dimensions, the two dimensions are innermost loops.

To schedule an any request, scheduler 515 loops through FreeMesh and fills the
any request until scheduler 515 has assigned a requested Number of nodes 115 to the any
request

Scheduler 515 inserts nodes 115 into AssignedNodeList incrementally as scheduler
515 loops through FreeMesh. In particular embodiments, scheduler 515 loops through
FreeMesh as follows: '

« A zaxisis an innermost loop. Scheduler 515 expanded the z axis by a factor of four
when scheduler 515 converted a switch-based torus to a node-based torus. Using
the z axis as an innermost loop tends to avoid fragmentation of CPUs 164 coupled
to a switch 116.

« A smaller one of two remaining dimensions in FreeMesh is a middle loop, and a
larger one of the two remaining dimensions is an outermost loop.

Scheduler 515 lists selected nodes 115 using node-based coordinates in

AssignedNodeList according to MPI Rank. AssignedNodeList[Z,0] is a x coordinate of a
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End If End If For = 0 to Nuni MapDi nensi ons
TorusSi ze[ mapDi m nsions[/]] = mapMdfz] x
waena®Soze[ mapDi mi nsions[(|] End For Set Parti t P@rI51005/012489
Spati al All owed = True buildSpatial TriesO End If If
conpact Al  owed = True buil dConpactFitsO End If If
AnyAl | owed = True buil dFreeMeshesO End If |If
Spatial All owed = True or Conpact Al l owed = True
InitScanO End If return Trué'In particul ar
enbodi nents, set TorusFor Spatial, which maps a
W|tch based torus to a node- based torus for a spati al

nOdee]qlé r%%#phs%ﬁé@l@%@éﬁt[@m ig2 exeavpdisate sginode 115 of MPI

Ra@a?kﬁgﬁ%ﬁ& queste Fg%al\llin%d}?ma% ? e nji% fMPrRank i

FredNodaLnst=is MUt of availalﬂbsre)dem Db ohkbell to dchethiabe 5=1|5dﬁ<ldSer'ch-based
I fN | Return setTorusFor

coo%_eiig%gq 1': fm&%%‘hﬁ;}q{ar fmb% mé?lts to set an mpiRank field in %reeNodeLlst

scheduler 515 uses the following example algorithm:

« Fori=0to NumFreeNodes — 1
o Convert AssignedNodeList[7] to switch-based coordinates and add them to
To[4]
o Apply InverseTorusMap to first three elements of To
o Forj=0to NumFreeNodes — 1
« If To[k] = FreeNodeList[j].coordinate[k] for all £ = 0,1,2,3
» FreeNodeList[j].mpiRank = i
« Exit jloop

The following example logic describes particular embodiments of scheduler 515.
In particular embodiments, when cluster management engine 130 calls scheduler 515 to
schedule a job 150, cluster management engine 130 communicates values for the

following input parameters to scheduler 515:

RequestedNodes: Indicates a Number of nodes 115 requested.
RequestType: Indicates a request type. Set to SPATIAL, COMPACT, or ANY.

RequestSize: An array having three elements indicating a request size. Valid
only for SPATIAL requests.

AggressiveFlag: A floating-point number between zero and one indicating a degree
of leeway allotted to scheduler 515 for purposes of allocating nodes
115 to job 150.

TorusSize: An array having three elements indicating a switch-based size of
grid 110.

NodesPerSwitch: A Number of CPUs 164 coupled to each switch 166 in grid 110.
NumFreeNodes: A Number of nodes 115 in FreeNodeList.
FreeNodeList: A list of FreeNode structures indicating switch-based coordinates of
nodes 115 available for scheduling,
In particular embodiments, scheduler 515 returns one of the following after

scheduler 515 attempts to schedule a job 150:

PQS_ASSIGNED: Indicates scheduler 515 has scheduled job 150.
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Return set TorusFor 2D() El se Return set TorusFor3D() End

If In particular enbodi nents, setTorusForl D, which
woriosiopdoees grid 110 by two factors in two | arBEBUS2005/012489

di mensi ons of job 150, y"Rank[2] and jRank[Il],

enconpasses the follow ng exanple | ogic:

NumvVapDi m nsions = 2 mapDi m nsi ons[ 0] =/ Rank][ 2]

mapDi m nsi ons[ [T = Rank[ l] rggpl\/bd[ 0] = factor[0]

maphod( | ] factor[0] For to 3 nt Si ze[z] =

Tor usSi ze[Torusl\/ap[z]] End For For z= 0 to 3

TorusSi ze[z] = ntSize[z] End For For i =0 to 3

REFU A SIS ICNMENT &1 §PRENSED: [Tk [ kidjcates scheduler 515 has

JobMap[/Rank[z]] =1 End For Return Trnxﬂsbhedpberjbbdﬁ()ar

b d.tqrus
PN oS, LR ICR, CRREoRYL  Blich ?Sg Wd? 515 can
711], 712]} (r) {710], 2 x 7Tl], 2 x 711 egeb 150, even
711], 712]} (r) { 2 x J1Q, T[1], 2 xif# zgﬁese,lls(ly@duoare
JUIT, 7121} (r) (2 x J1Q, 2 x Jil], Jazlp (319
ITI], 7[2]} - " (J1Q, JI], 4 x 712]} 5. (319, Jli],
7T2fscledule}) 515 schedhled job715R] §chédulérld 1G] setskhpiRank E‘lﬂl_]d}s of BreeNode
JQ, JLI1, 712]1}.J.0is TorusS The first. th
SIS PTG TPl GADSERE S & BT AR egen cluster
mafdBend & 19@ r139WddC BehbablefS 12 Xonbele d%lll gfrrorg Tcguétés tnanagement

three configurations result from sch
eng@mﬂGOgtgrau teymatchaschedbleydi S supeathando®naertsicutputrfoate scheduler 515

cul ar odi.ne Se Tor usFor 2D count s
a‘lgoi‘/m% tﬁ?}g?ﬁﬁ%?a{lﬁ%@%ﬁﬁggﬂf’if’ég ul d generate for
each paficudditbniRlinéss, dcfBRRedulle, Wit dgemehad Whéher a job 150 is

greatest number of Try structures. In
theoretically schedulable, encompasses the following example logic:

If setSchedulable() = False
Return PQS_NO_ASSIGNMENT FOR JOB CATEGORY
End If
If initScheduler() = False
Return PQS_NO_ASSIGNMENT AT SPECIFIED TIME
End If
If RequestedNodes > NumFreeNodes
ret = False
Else
ret = scheduleJob()
End If
If ret = True
setMpiRank()
Return PQS_ASSIGNED
Else
Return PQS_NO_ASSIGNMENT AT SPECIFIED TIME
End If

In particular embodiments, Rank, which scheduler 515 calls to rank job sizes,
encompasses the following example logic. Input to Rank includes a one dimensional
array, In[3], having three elements. Output from Rank includes a one dimensional array,
Rank[3], having three elements indicating, in increasing size, indices of In. In[Rank[0] <
In[Rank[1]] < In[Rank[2]. In particular embodiments, Rank includes a bubble algorithm.

Rank[0]=0
Rank[1]=1
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the event of a tie, setTorusFor2D selects a map
according to the above order. Schedul er 515 constructs

W@ 310se5H27] to include: pSizes[/, 0] = size ofPCTES2005/012489

partition in the x dinension for configuration /.

pSi zes[/, 1] = size of the partition in they

di mension for configuration i . pSizes[/, 2] = size of
the partition in the z di rregion for configuration i.
pSi zes[z, 3] = the Nunber of'“tries that would be

generated for configuration i. In particular
enbodi nents, set TorusFor2D enconpasses the fol |l ow ng
&3 0gic: max = - 1 maxNdx = - 1 For =0 to 2

Fory=91t22+ 1 to 3 NumVapDi minsions = 2
mapBpmyi=nsildn®[ 0] = (i+j) nod 3 mapDi minsions[l] =
(/+/" # In[Rewk[q <mpRAxdfP] = factor[O0] mapMod[I] =
fact or [ | } =seinkggt Part Si ze(test Part Si ze) pSizes[/ +/-1,
= tesppaiSt R&digl) PSi zes[/ + -1, 1] =

testPart h&lf[]|=1 pSi'zes[/ +/-1, 0] = testPartSize[(
pSi ze 7 1] [3] = cnt2DTr| es(testPartSi ze,
Reqﬁe%‘t:ed[ ize) If pSizes[/ + 7-1][3] > max nmax =

+ 7 - 1][3] maxNdx = / +7-1 End If End For End
br z= 0 to 3 NumvapDi ni nsi ons =1
rmpD| mnsions[0] = 2 - z mapMud[ 0] = NodesperGid
set nepprpadargimbadinentnsetSch ahé@uvzléglﬁ detgrmipps whether a job 150 is

the%‘%ﬁg%g’?gﬁ%&%ﬂlé’ Eh{%cgﬁs‘?aé%@téée f &o&v“:ﬁ?gt g’xraglp%ee {olglc

Fori=0to2
If TorusSize[i] < 1
Return False
End For
If RequestedNodes > TorusSize[0] x TorusSize[1] x TorusSize[2] x NodesPerSwitch
Return False
End If
If NodesPerSwitch not equal to four
Return False;
End If
If RequestType = SPATIAL
factor[0] =
factor[1]=2
Rank(TorusSize, fRank)
Rank(RequestedSize, jRank)
NumJobDim = 0
NumExceed =0
Fori=0to 2
If RequestedSize[i] > 1)
NumJobDim = NumJobDim + 1
Else If RequestedSize[i] < 1
Return False
End If
If RequestedSize[jRank[7]] > TorusSize[Rank[:]]
Exceed[NumExceed] = i
NumExceed = NumExceed + 1
End If
End For
If NumExceed = 0
Return True
Else If NumExceed = 1
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pSi zes[ z+3] [3] cnt2DTries(testPartSi ze,
Request edSi ze) if pSizes[z+3][3] > max nmax =
w@Bi005302743] [ 3] maxNdx = z+3 End If End For | fPOEKS2008012489
i f ConpactAllowed = True Spatial All owed = Fal se Return
set Tor usFor Conpact () Else return False End If Else For
z= 0 to 2 ntSize[z] = TorusSi ze[ TorusMap[ z]] End For
For i = 0 to 2 TorusSi ze[ z] 45 Nt Si ze[z] End For
I f maxNdx < 3 NuniVapDi mi nsi ong = 2 mapDi m nsions[0] =
(maxNdx+1) nmod 3 mapDi mnsions[l] = (maxNdx+2) nod 3
rmrl\/bd%O] = factor[ 0] mapMdd[I] = factor[l]
Requedt Bersicsisfibig @ﬁlﬁﬁgﬁi@ﬁ@[f)%ﬂ] ¥ NodesPerSwitch x
Ori gi nal Si ze[ / RankTofupSirelqRard] Bxiged€]ImapDi mi nsi ons[1]]
= Oi gi nRetBiwBfueRank[ 2] ] Request edSi ze[ 3 -
mapDi Mnddf ons[ 0] -mapDi m nsions[1]] =
Ori gi neNGindeipiraak[ 0] ] JobMap[/ Rank[ 1]J =
mapD m nge@AsTE] JobMar [/ Rank[2]] = mapDi m nsions[|]
JobMag{jRank[ 0] ] = 3-mapDi m nsi ons[ O] - mapDi m nsi ons[ | ]
Bl se NUR%ase 1
Else
If RequestedSize[jRank[Exceed[0]] < factor[0] x TorusSize[fRank[Exceed[0]
and RequestedSize[jRank[Exceed[1]] < factor[1] x
TorusSize[fRank[Exceed[1]]
Return True
End If
If NumJobDim < 3 and (RequestedSize[jRank[Exceed[0]] < NodesPerSwitch
x TorusSize[fRank[Exceed[0]] or
RequestedSize[jRank[Exceed[1]] < NodesPerSwitch x
TorusSize[fRank[Exceed[1]])
Return True
End If
return False
End If
return True

In particular embodiments, initScheduler, which sets allowed scheduling types.,
encompasses the following example logic. If a job 150 requests only one node 115,
initScheduler sets an allowed type to Any, regardless of an original request:

If RequestedNodes = 1 or RequestType = Any
AnyAllowed = True
SpatialAllowed = False
CompactAllowed = False

Else If RequestType = Compact
CompactAllowed = True
AnyAllowed = False
Spatial Allowed = False

Else If RequestType = Spatial
SpatialAllowed = True
AnyAllowed = False
If AggressiveFlag > 0

CompactAllowed = True
Else
Compact Allowed = False
End If
End If
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NumvapDi m nsions = 1 mapDim nsions [0] = (5 - maxNdx)
nmod 3mapMod[ 0] = NodesperGid If mapD mi nsions[0] = 2

WO 2006l0598kBe /| = 2 End |f PCT/US2005/012489

Request edSi ze[ mapDi m nsi ons[0]] =

Oiginal Si ze[/ Rank[ 2] ] Request edSi ze[ z] =

Original Size[/Rank[l]] RequestedSi ze[3 -

mapDi m nsions[0] - i] = O gunal Si ze[ / Rank[ 0] ]
JobMap[/ Rank[ 2] ] = mapDi m nsirons[ 0] JobMap[/Rank[l]] =
i JobMap[/Rank[0]] = 3 - mapDimnsionsfQ - i End If
End I f Return True In particular enbodi nents,
deatarbflusFor 3D enconpasses t he _foll owing exarrpl e | ogic:
maototEll=2 maxNdx = - 1 For i = 0to 2 For/ =/+ to 2
Rand@jobissires iRaik) = 2 nmapD m nsi ons[0] = (i +j) nod 3
MapdsMEpiS] e msdnk]2]= (i +j +1) nod 3 mapMod| 0] factor[ 0]
mpddMi{p[]1] = makior f | ] set Test Part Si ze(t est Part Si ze)

o [27~7Ra1ﬂk[ ] = testPartSize[2] pSizesf/ + - 1,
VeTs %S pSi zesfz + - | , 0]
th?s?'é %I e [/ +7 - 1, 3] =

Request edSi ze) If (pSizes[/

t
verse s ap pSl zes[r +7 - 1, 3] maxNdx = +7

patlal owed =
If setTorusForSpatlal() False
Return False
End If
Else If CompactAllowed = True
If setTorusForCompactl() = False
Return False
End If
Else
If setTorusForAny() = False
Return False
End If
End If
For i = 0 to NumMapDimensions
TorusSize[mapDiminsions[i]] = mapMod[i] x TorusSize[mapDiminsions[:]]
End For

SetPartition()

If Spatial Allowed = True
buildSpatial Tries()

End If

If compactAllowed = True
buildCompactFits()

End If

If AnyAllowed = True
buildFreeMeshes()

End If

If Spatial Allowed = True or CompactAllowed = True
InitScan()

End If

return True

In particular embodiments, setTorusForSpatial, which maps a switch-based torus to

a node-based torus for a spatial request, encompasses the following example logic:
Rank(RequestedSize, jRank)
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End If End For End For For i = 0 to 2 NumVapDi m nsi ons
= 1 mapDimnsions[0] = 2 - i mapMd[ 0] = NodesperGi d;

W@ ed06e50Part Si ze(test Part Si ze) rSizes[+3, 2] =PCT/US2005/012489

testPartSize | pSizes[z+3, 1] =
testPartSize[l]rSizes[/+3, 0] = testPartSize[ ]
pSi zes[ z+3], 3] = cnt2DTries(testPartSi ze,
Request edSi ze | f pSi zes[z+3][2] > max max = pSizes[z+3,
3] maxNdx = z+3 End If End Por If max < O If
Conpact AUowed = True Spatial All owed = Fal se Return
set TorusFor Conpact () Else return False End If El se For
NumBim& 2 ntSize[d = TorusSi ze[ TorusMap[z]] End For
dd¥dx=0 to 2 TorusSize[z] = ntSize[z] End For If
exNeb0 ts 23 Nunivod = 2 nod[ 0] = (nmaxNdx+l )nod 3 nod[ 1]
= (rreReydestadsizepd >3)NumvapDi ni nsi ons = 2
twoD[NumDim] = i
NumDim = NumDim + 1
Else
oneD[dNdx] =1
dNdx = dNdx + 1
End If
End For
If NumDim = 1
Return setTorusFor1D()
Else If NumDim = 2
Return setTorusFor2D()
Else
Return setTorusFor3D()
End If

In particular embodiments, setTorusForlD, which multiplies grid 110 by two
factors in two largest dimensions of job 150, jRank[2] and jRank[1], encompasses the

following example logic:

25

30

35

40

NumMapDiminsions = 2
mapDiminsions[0] = jRank[2]
mapDiminsions[1] = jRank[1]
mapMod[0] = factor[0]
mapMod[1] = factor[0]
Fori=0to3
ntSize[i] = TorusSize[ TorusMap[i]]
End For
Fori=0to3
TorusSize[i] = ntSize[7]
End For
Fori=0to3
RequestedSize[i] = OriginalSize[jRank][{]]
JobMap[/Rank[i]] = i
End For
Return True

In particular embodiments, setTorusFor2D maps a switch-based torus to a node-

based torus in one of six ways:

1. {1101, 711], 1121} — {110], 2 x 171], 2 x 12}
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mapDi m nsi ons[ 0] = (maxNdx+1) nod 3 mapDi mnsions[l] =
(maxNdx+2) nod 3 mapMod[ 0] = factor[0] mapModfl] =
w0 awbosfok] Request edSi ze[ mapDi m nsions[0]] = PCT/US2005/012489
Oiginal Size[/Rank[1]] RequestedSi ze[ mapDi m nsions[|]]
= Oiginal Size[/Rank[ 2]] RequestedSi ze[ 3 -
mapDi m nsions[0] -mapDi mnsions[1]] =
Oiginal Size[/"Rank[0]] JobMap[/Rank[I]] =
mapDi m nsi ons[ 0] JobMap[/ Rank[ 2]] = mapD m nsions[|]
Jobl\/ap[/ Rank[0]] = 3 - nmapDi m nsi ons[ 0]
Dimnsions[l] Else Numvbd = 1 nod[0] =
23 3R VB B2 i b HOL, TR i AiJons| 0]

W@EEW@?’E%@ g]agi@gL IR Siileins F
Reqﬂﬁﬁl,ldiﬂﬁijﬁ]ﬁ&ﬁgmhﬂﬂﬂﬂxom] Si ze[2] =
S BRI iz~
Jobﬁgo{ qi%a]om%?]——) {4] qmtlﬁgl OI%}SSI[ 6]e[ Jobrl\]/aE [ } ]Rank[ []1]
TisT e?'us)S%QéVHPﬁé Fapkd-Q &onﬁggraﬁomgﬂmnﬁosgﬁé&%r 515 cogﬁgurh{g nodes

End If Return True In particul ar
11539@YT§WU91Fd16@O&ﬁ)é’C>12 l\lmllesﬂléet gha IZStdthﬂm'ISDmﬁglméﬁtlcﬁlS result from

t to configuratio enc
SChf“ﬁe 't o %’%%@%éi%lleseﬁ%é’% Swffgli‘ 188 __asa%l §°‘$‘?sz]§:[ i‘] particular
embBodlitd &Stk ZS%ETdYEsFofrZJj) kotmtsl ThP&tructures that scheduler 515 would generate for

each map and selects a map that would generate a greatest number of Try structures. In

2 (rmedx

(5

the event of a tie, setTorusFor2D selects a map according to the above order. Scheduler
515 constructs pSize[6,4] to include:

pSizes[i, 0] = size of the partition in the x dimension for configuration .

pSizes[i, 1] = size of the partition in the y dimension for configuration .

pSizes[i, 2] = size of the partition in the z dimension for configuration i.
pSizes[i, 3] = the Number of tries that would be generated for configuration i.

In particular embodiments, setTorusFor2D encompasses the following example

logic:
max = -1
maxNdx = —1
Fori=0to2

Forj=i+1to3
NumMapDiminsions = 2
mapDiminsions[0] = (i+7) mod 3
mapDiminsions[1] = (i+j+1) mod 3
mapMod[0] = factor[0]
mapMod[1] = factor[1]
setTestPartSize(testPartSize)
pSizes[i +j —1, 2] = testPartSize[2]
pSizes[i +j -1, 1] = testPartSize[1]
pSizes[i + j -1, 0] = testPartSize[0]
pSizes[i + j —1][3] = cnt2DTries(testPartSize, RequestedSize)
If pSizes[i +j — 1][3] > max
max = pSizes[i +j — 1][3]
maxNdx =i +j—1
End If
End For
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For = 0 to 3 TorusSize[z] = ntSize[z] End For
NumvVapDi m nsions = 1 mapDi m nsions[0] = 2 mapMd[ 0] =

woaess®we i d Return True I n particul ar enbodi PERNUS2005/012489

set Tor usFor Any, which sets a z dinension of an any
request to a 4x1 configuration, enconpasses the
follow ng exanple logic: For i = 0 to 3 ntSize[z]
TorusSi ze[tMa r[ z"]] End Fg For = 0to 3
TorusSi zefz] = ntSize[z] En 4F NumvapDi m nsions = 1
mapDi m nsions[0] = 2 mapMod[ 0] = NodesperGid Return
True In particular enbodi nents, sefPartition

asses the followi ng exanple logic: For z= 0 to

TorasSe[0] - | For/ = 0 to TorusSize[l] - 1 For k =0
t o NoamMdgpDielizdions =11 Nodel nUse[ z, j,/c] = NODEJNJQSEEnd
Fornﬁppuﬁmgloﬁg[d]Eqr For i = 0to 2 PartStart[z] =

Tor paph@apl] PRbdds g{@qd = 0 End For For i =0 to
NU ”Eét’?@s@@ﬁﬁﬁze tedtPAREGL) =
[ TorasMap[0]] To[l] =

Fre C%or%’!S%@[TorusNa r(I']] To[2] =
[ Toruswvap[2]] |If

Fr e ’%r{gz c o1 dHa
p 1 es[z ? 3= cntZD%nes(testPartSme RequestedSize)
if pSizes[i+3][3] > max
max = pSizes[i+3][3]
maxNdx = i+3
End If
End For
Ifmax < 0
if CompactAllowed = True
SpatialAllowed = False
Return setTorusForCompact()
Else
return False
End If
Else
Fori=0to2
ntSize[7] = TorusSize[ TorusMap[i]]
End For
Fori=0to2
TorusSize[7] = ntSize[i]
End For
If maxNdx < 3
NumMapDiminsions = 2
mapDiminsions[0] = (maxNdx+1) mod 3
mapDiminsions[1] = (maxNdx+2) mod 3
mapMod[0] = factor[0]
mapMod[1] = factor|1]
RequestedSize[mapDiminsions[0]] = OriginalSize[jRank[1]]
RequestedSize[mapDiminsions[1]] = OriginalSize[jRank[2]]
RequestedSize[3 — mapDiminsions[0] — mapDiminsions[1]] =
OriginalSize[jRank[0]]
JobMap[jRank[1]} = mapDiminsions[0]
JobMap[jRank[2]] = mapDiminsions[1]
JobMap[jRank[0]] = 3— mapDiminsions[0]- mapDiminsions[1]
Else
NumMod =1
NumMapDiminsions = 1
mapDiminsions[0] = (5 — maxNdx) mod 3
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To[ MapDi nensi on[ 0] ] = To[ MapDi nensi on[ 0] ] x MapMod][ 0]
+ FreeNodes[z] .coordinate[3] Else To[ MapD nensi on[ 0] ]

we200efo5fapDi mensi on[ 0] ] x MapMbd[ 0] + PCT/US2005/012489

FreeNodes[ z] . coordi nate”™] / Maphod[| ]
To[ MapDi nension[1]] To[ MapDi nension[|]]
[I]

Maphod[ 1] +
Fr eeNodes| z] . coor di nat e*] nod l\/apl\/bd dIf

X
En
Nodel nUse[ To[ 0] ], To[l], To[% NCDE NOTJNJJSE For/
=0to 2 IfTo[/] < PartStart4[/] PartStart]J] = To[ Z]
End If IfTo[/] < PartStart[/] PartStart]j] = To[Z] End
If End For End For For i = 0to 2 If PartStart[z] =0
and PargpMetip] § Nodgwet@si ze[ z] - 1 PartWaps[z] = True
El se PamapPanigpiohs[8] £2l se End |f Part Si ze[ z]

Part End[ZzF1- PartStart[z] + 1 End For In particul ar
enbodiBRent s, initScan, which constructs FreeY and
FreeX, enegnpasses the foll ovvi ng exanpl e logic: For i
= 0 t@gpdqrusSi ze[0] - | For O to TorusSize[2]- 1

Count g Qes't:éa'S’izef Z@ﬁu 15 glﬁ%ﬁh% aﬁ%\%ﬁﬁﬁ&% miank[égunt + 1

Nodel
End | Eﬁ e@é e{ B
q bstz 3 map 1m1n31ons[0] — 1] = OriginalSize[jRank[0]]

JobMap[/Rank[2]] = mapDiminsions[0]

JobMap[jRank[1]] =i

JobMap[jRank[0]] = 3 — mapDiminsions[0] — i

End If

End If
Return True

In particular embodiments, setTorusFor3D encompasses the following example

logic:

max = —1
maxNdx =1
Fori=0to 2

Forj=i+1to2
NumMapDiminsions = 2
mapDiminsions[0] = (i+/) mod 3
mapDiminsions[1] = (i+j+1) mod 3
mapMod[0] = factor[0]
mapMod[1] = factor[1]
setTestPartSize(testPartSize)
pSizes[i + j — 1, 2] = testPartSize[2]
pSizes[i +j— 1, 1] = testPartSize[1]
pSizes[i +j — 1, 0] = testPartSize[0]
pSizes[i +j — 1, 3] = cnt2DTries(testPartSize, RequestedSize)
If (pSizes[i +j — 1,3] > max)

max = pSizes[i +j— 1, 3]
maxNdx =i +;j—1

End If

End For

End For
Fori=0to2

NumMapDiminsions = 1

mapDiminsions[0] =2 —{

mapMod[0] = NodesperGrid;

setTestPartSize(testPartSize)

pSizes[i+3, 2] = testPartSize[2]

pSizes[i+3, 1] = testPartSize[1]



10

15

20

25

30

35

40

45

End For End For End For For; = 0 to TorusSize[l] - 1
For k = 0 to TorusStSize[2]- 1 Count = 0 For i =

NCDE_NOT_I N USE Count = Count + 1 End If FteeXiJ, k]
Count End For End For End For In particular

enbodi nents, buildSpatial Tries, which determ nes a
Nunber of dinmensions in a request, enconpasses the

foll owi ng exanple logic: Nuf@im=0 For i =0 to 2 If
RequestedSi ze[z] > 1) NunDim= NunDim+ 1 End If End
For 1fNumDim =1 buildl DTryO Else If NunDim= 2

bui pH2&3[irn3( V] EtestPaftiSizeft 0 to 2 Try. baseSi ze[ z]
Re opRigésEickSi), 23 [=zdnt BDT sest ParySibk KeopeasdsSiz 0
Tr yIfyside i‘F‘MW]& mal NumberOf Tries = 0 buil d3Dtry(Try,
Nunber T bgﬁgs[ﬁ@g 3} f
maxNdx = i+3
End If
End For
Ifmax < 0
If CompactAllowed = True
SpatialAllowed = False
Return setTorusForCompact()
Else
return False
End If
Else
Fori=0to2
ntSize[i] = TorusSize[ TorusMap|i]]
End For
Fori=0to2
TorusSize[7] = ntSize[{]
End For
If maxNdx <3
NumMod =2
mod[0] = (maxNdx+1)mod 3
mod[1] = (maxNdx+2) mod 3
NumMapDiminsions = 2
mapDiminsions[0] = (maxNdx+1) mod 3
mapDiminsions[1] = (maxNdx+2) mod 3
mapMod[0] = factor[0]
mapMod[1] = factor[1]
RequestedSize[mapDiminsions[0]] = OriginalSize[/Rank[1]]
RequestedSize[mapDiminsions[1]] = OriginalSize[jRank[2]]
RequestedSize[3 — mapDiminsions[0] — mapDiminsions[1]] =
OriginalSize[jRank][0]]
JobMap[jRank[1]] = mapDiminsions[0]
JobMap[jRank[2]] = mapDiminsions|1]
JobMap[jRank[0]] = 3 — mapDiminsions[0] — mapDiminsions[1]
Else
NumMod =1
mod[0] = 2 — (maxNdx — 3)
NumMapDiminsions = 1
mapDiminsions[0] = (5 — maxNdx) mod 3
mapMod[0] = NodesperGrid
If mapDiminsions[0] = 2
i=1
Else

waoessioze[0] - | to O by - 1 If Nodel nUse[ zj , BET/ES2005/012489
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In particular enbodi nents, build3Dtry, which builds
TryList for a three dinensional request and builds Try

wa@aeogosees for each fold in a one di mensi onal PCBUS®8$/012489

or a two di mensional request, enconpasses the

followi ng exanple logic:setOient(Try, NunOrient,
orient) if NunOrient > 0 For (i =0 to NunOient - 1
++Numfries; Forj = 0 to 2

TryLi st[ NunberOF Tri es] . base§7ze[/] =

Try. baseSi ze[orient[z,/J] End For

TryLi st[ Nunber O Tri es] . NunConcats = Try. NunConcats;
Fory = Qi@ TryLi st[ Nunber O Tri es]. NunConcats - 1 For
k = OEndAf TryLi st [ Nunber Of Tri es. concat Si ze[/, k] =
Try. cqugatsttdSeld mapDRmihkidns[0]] = OriginalSize 'RankHZ]]

TryLi ftdbbuilssifdiiTe @sginciSepRabigiijNode[ /' , k] =

Try. copeRkelfLENOdGkpinghtigiN 1 dﬁg}ﬁﬂﬁiz%aﬁg For
TryLi sf [3_' It u?‘%i I@ s ="Try. Nunto ps;
For/ _f’ my %L[i er rres] . NunfFol dvaps

Ti yLi I es].foldLengt ] o=

Try.féf’ R %']TritPEPPNB}PSg’P%MTi’es].fm dFronf/] =

Ti yERSHaFron{ /] TiyLi st[ Nunber O Tries].fol dTo[/] =

Hid ol dTo[/] TryList[NunmberOf Tries].foldFix[/] =
Repummdirdgei xf/ ] End For For /c= 0 to 2

TryLi st[ NunberOf Tries].rMap[A:] = orient[i, K]

Tr yIn parfidhiabembbdinieass| setTbapForGoaniatt, whicl kets a; z Bitflension of a
For NunmberO Tries = NunberOF Tries + particul ar

11 .
corppashERdHETh {2 4t @qﬁgﬁﬁtwwnewnwsE%qhstf@@“&n&ewleé@glc:

Py gue pat ations, NunOrient, for a Try structure and
an LR ees : rotation, enconpasses the
s s e

Eﬂdlﬁ@" exanpl e NunOrient = 0; |If

Wy ; Nymber O Concat anations > 0 For i = Qo 2
TorusSize[i] = ntSize[i]

End For

NumMapDiminsions = 1
mapDiminsions[0] = 2
mapMod[0] = NodesperGrid
Return True

In particular embodiments, setTorusForAny, which sets a z dimension of an any

request to a 4x1 configuration, encompasses the following example logic:

Fori=0to3

ntSize[i] = TorusSize[tMap[i]]
End For
Fori=0to3

TorusSize[{] = ntSize[i]
End For
NumMapDiminsions = 1
mapDiminsions[0] =2
mapMod[0] = NodesperGrid
Return True

In particular embodiments, setPartition encompasses the following example logic:

For i = 0 to TorusSize[0] — 1
For j = 0 to TorusSize[1] — 1
For k=0 to TorusSize[2] — 1
NodelnUse[7,j,k] = NODE_IN USE
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size[l] = try.baseSize[/]; Forj = 0 to try. NunConcats
- 1 If try.concatStartNode[/", ] > size[z] size[l] =
waeoososreat St art Node[/, i] +Try.concatSize[/, PET/UR08%012489
If Try.concatStartNode[/, z] < O size[r] = size[i] -
try.concatStartNode[/, i] End If End For End
Forlfsize[0] < PartSize[O and size[l] < PartSize[l]
andsi ze[ 2] < PartSi ze[ 2] ori gnt [ NumOrient, O] 0
orient[ NunCrient, =1 ori nt[ NunOrient, 1] 2
Nuntrient = NurrOrlent + 1 End If If size[O <
Part Si ze[ and size[2] < PartSize[l] andsize[l] <
Par t SEAE[ERT orient[NumOrient, 0] = 0 orient[NunOrient,
1] En@Farient[ NumOrient, 2] = 1 NunOrient = NunOri ent
End Fend If Ifsize[l] < PartSize[(Q and size[( <
Par 1 Si0aepl ]| andsi ze[2] < PartSize ] orient[NunOrient,
0] Farﬂgtm[ll]&nﬂ)mdg@éﬂzpnt 1] = 0 orient[NunOrient, 2] =
ZWﬂd t@E NumOient + 1 End If If size[l] <

Eﬁ and size[2] < PartS| ze[l] andsize[0] <

t .S N nO t =1 t[ NunOr t,

i %%ﬂﬁ@ Li orent [ Mancx ent,

]T § F]fr Eﬁﬂrond size[ 0] <

Pa e[ ‘}‘ maée QF‘{S ] orient[NunOrient,
ate[TqusMa@[

If NumMapD1men51ons =1
To[MapDimension[0]] = To[MapDimension[0]] x MapMod[0] +
FreeNodes[i].coordinate[3]
Else
To[MapDimension[0]] = To[MapDimension[0]] x MapMod[0] +
FreeNodes[7].coordinate[3] / MapMod[1]
To[MapDimension[1]] = To[MapDimension[1]] x MapMod[1] +
FreeNodes[7].coordinate[3] mod MapMod[1]
End If
NodeInUse[To[0]], To[1], To[2]] = NODE NOT IN USE
Forj=0to2
If To[j] < PartStart[/]
PartStart]j] = Tol/]
End If
If To[j] < PartStart[/]
PartStart]j] = Tol[/]
End If
End For
End For
Fori=0to 2
If PartStart[i] = 0 and PartEnd[¢] = TorusSize[i] — 1
PartWraps[i] = True
Else
PartWraps|i] = False
End If
PartSize[i] = PartEnd[{] — PartStart[i] + 1
End For

In particular embodiments, initScan, which constructs FreeY and FreeX,
encompasses the following example logic:

For i = 0 to TorusSize[0] — 1
For k= 0 to TorusSize[2]- 1
Count=0
Forj = TorusSize[1] — 1 to 0 by -1
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orient[NumOrient, 2] = 1 NunOrient = NumOrient + 1 End
If Ifsize[2] < PartSize[O and size[l] < PartSize[l]
w@nasizwpD] < PartSize[2] orient[NunOrient, O]PET/BS2005/012489

orient[NunOrient, I ] =1 orient[NunOrient, 2] =0
NunOrient = NumOrient + 1 End If Else If
Try. baseSi ze[Q = Try. baseSize[l] If try.baseSize[( =
try. baseSi ze[2] IfTry.baseSize[Q < PartSize[Q and
Try. baseSi ze[|] < PartSi ze[l and Try. baseSi ze[ 2] <
Part Size ] orient[NunOrient, O] = 0 orient[NunOri ent,
I ] =1 orient[NunOient, ] NunOrlent = NunOri ent
+ 1 End HNodebdiseryl BMEEZEP@]_N BREt Si ze[ 0] and
Try. baseSi £juhl=€oBart &i ze[|] and Try. baseSi ze[ 2] <
Part Si zeEﬁ?dIfori ent [ NunmOr i ent, 0] = 0 orient[NunCrient,
7 =1 oFIiee% Iﬂym@dugﬂt 2] = 2 NunmOrient = NunmOrient
+ 1 Emghdltor! %ry baseSi ze[(J < PartSize[Q and
TryE}?@ &Si ze[ 2] < PartSize[l] and Try. baseSi zefl] <

ze[2] orlent[NunOrlent 0] = 0 orient[NunCrient,
E‘ ?Eﬁe ent =1 NumOrient = NunOrient

gl ze[2] < PartSize[Q and
ze[I] and Try. baseSi ze[l] <

t‘;gf”as
PartS| QIF ori ent NunOrl ent, 0] =2
For:

oru581ze[ —-1t00by-1
If NodeInUse[i,j,k] = NODE NOT IN USE
Count = Count + 1
End If
FreeX[i,j,k] = Count
End For
End For
End For

In particular embodiments, buildSpatialTries, which determines a Number of
dimensions in a request, encompasses the following example logic:

NumDim =0
Fori=0to 2
If RequestedSize[i] > 1)
NumDim = NumDim + 1
End If
End For
If NumDim = 1
build1DTry()
Else If NumDim =2
build2DTry()
Else
fori=0to2
Try.baseSize[i] RequestedSize[{]
End For
Try.NumConcats = 0
Try.NumFoldMaps = 0
NumberOfTries = 0
build3Dtry(Try, NumberOfTries)
End If

In particular embodiments, build3Dtry, which builds TryList for a three
dimensional request and builds Try structures for each fold in a one dimensional request or

a two dimensional request, encompasses the following example logic:
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orient[NunOrient, I ] = Oorient[NunOrient, 2] =1
NunOrient = NunOrient + 1 End If End if Else if
waeooshs®esSi ze[ O = Try. baseSi ze[ 2] |fTry. base PEPE]0057012489
Part Si ze[Q and Try. baseSi ze[l] < PartSize[l] and
Try. baseSi ze[ 2] < PartSize[2] orient[NunOient, O]
orient[NumOrient, I ] =1 orient[NunOrient, 2] = 2
NunOrient = NumOrient + 1 E ? If 1fTry. baseSi ze[ O
PartSi ze[Q and Try. baseSi zé[l] < PartSize[2] and
Try. baseSi ze[|] < PartSize[2] orient[NunOient, O]
orient[NumDrient, 1] = 2 orient[NunOrient, 2] =1
hetDenehity, NukhOrRmit,emtenty) 1 End If 1fTry. baseSi ze[| ]
BEaubOziehtsh oand Try. baseSi ze[ < PartSize[l] and
Tr w&qse@itgw&n%&ﬂuﬁi ze[2] orient[NumOrient, 0] =1
or i entfiNgriegnt , | = O. orient[NunOrient, 2] = 2

N

I
o

N

NurrOgngp} OfrrOrlent + 1 End If Else Tf

T ' 1

I Lf U

Try. E‘}? ar ze r nt, 0] =0
?rOfE ex iﬁﬁ b

Rurror F2R{ - 0 (T8 s G mber D Efge Yoy %%?Sbaées?ze[ﬂ <

NunmOr i*€ht
Part Si zefQﬂT*aﬁdO%r baseSi ze[ O < PartSize[l] and
ryLlst[NumberOfT ries.concatSize[j, k] = Try.concatSize[j,orient[7,

K1l;
TryList{NumberOfTries].concatStartNode[/, k] =
Try.concatStartNode[j, orient[Z, £]];
End For
End For
TryList[NumberOfTries] NumFoldMaps = Try.NumFoldMaps;
For j = 0 to TryList[NumberOfTries]. NumFoldMaps
TryList[NumberOfTries].foldLength[/] = Try.foldLength[/]
TryList{NumberOfTries].foldFrom[;] = Try.foldFrom{]
TryList{fNumberOfTries].foldTo[/] = Try.foldTo[/]
TryListfNumberOfTries].foldFix[;] = Try.foldFix[/]
End For
Fork=0to2
TryList[NumberOfTries].rMap[£] = orient[, k]
TryList{NumberOfTries].irMap[orient[7, k]] =
End For
NumberOfTries = NumberOfTries + 1

In particular embodiments, setOrient, which calculates a Number of unique

rotations, NumOrient, for a Try structure and an indices map for each rotation,
encompasses the following example logic:

NumOrient = 0;
If try NumberOfConcatanations > 0
Fori=0to2
size[i] = try.baseSize[i];
Forj =0 to try. NumConcats — 1
If try.concatStartNode[j, i] = size[i]
size[i] = Try.concatStartNode[;, i] + Try.concatSize[/, i];
Else If Try.concatStartNode[/, i] <0
size[i] = size[i] — try.concatStartNode[/, i]
End If
End For
End For
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Try. baseSi ze[2] < PartSize[2] orient[NunOrient, 0] =1
orient[NumDrient, I] = Oorient[NunGient, 2] = 2

wokoseoswet = NunmOrient + 1 End |If |fTry. baseSi r€[/U$2085/012489

PartSize[Q and Try. baseSi ze[2] < PartSize[l] and
Try.baseSize[( < PartSize[2] orient[NunOrient, 0] =1
orient[NumOrient, 1] = 2 orient[NunOrient, 2] =0
NunOrient = NunOrient +1E?If El se _
| fTry. baseSize[Q < PartSize[( and Try.baseSize[l] <
PartSi ze[l] and Try baseSi ze[2] < PartSize[ 2]
ori nOri ent, = 0 orient[NunOrient, 1]
ori JF ROF iﬂé%l?e[olz dusize[ Ny e[ H andm[abﬁtPaftSlzeE&]d
If f?ﬂ?ﬂtﬂ’c{%@gr@é{ =8 PartSize[J and Try. baseSi ze[ 2]
< Par o8ptB\hOmisdt, T 7.lbaseSi ze[| ] < Part Si ze[ 2]
or i enofibiutidmenient, O =2 O ori ent [ NunOri ent, 1] =2
or i entNulwO¥rt erMlym@Liest A1 NunOri ent = NunOx i ent + 1 End
| f EBAdEy. baseSi ze[l] < PartSize[Q and Try. baseSize[ O
< Rkt g[Mn@lBé{o 4 PAFESE ZP%EF ze%aﬁaéiﬁﬁfk%i_aﬁgzem
ori engfy [I@irh@ﬁ%nt 0 1 orient[Nu t T =
ori ethE\}H[ﬂﬁéﬁtent #]=7 2 Nunx ient = NunOrient + 1 End
I f orientf[NumOrient, 2] = 1
NumOrient = NumOrient + 1
End If
If size[1] < PartSize[0] and size[0] < PartSize[1] andsize[2] < PartSize[2]
orient{NumOrient, 0] = 1
orient[NumOrient, 1]= 0
orient{fNumOrient, 2] =
NumOrient = NumOrient + 1
End If
If size[1] < PartSize[0] and size[2] < PartSize[1] andsize[0] < PartSize[2]
orient{NumOrient, 0] = 1
orient[NumOrient, 1] =2
orient{NumOrient, 2] = 0
NumOrient = NumOrient + 1
End If
If size[2] < PartSize[0] and size[0] < PartSize[1] andsize[1] < PartSize[2]
orient{NumOirient, 0] = 2
orient{NumOrient, 1] =
orient{NumOrient, 2] = 1
NumOrient = NumOrient + 1
End If
If size[2] < PartSize[0] and size[1] < PartSize[1] andsize[0] < PartSize[2]
orient[NumOrient, 0] = 2
orient{NumOrient, 1] = 1
orient[NumOrient, 2] =
NumOrient = NumOrient + 1
End If
Else If Try.baseSize[0] = Try.baseSize[1]
If try.baseSize[ 0] = try.baseSize[2]
If Try.baseSize[0] < PartSize[0] and Try.baseSize[1] < PartSize[1] and
Try.baseSize[2] < PartSize[2]
orient{NumOrient, 0] =0
orient{NumOrient, 1] = 1
orient[NumOrient, 2] = 2
NumOrient = NumOrient + 1
End If
Else
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[ fTry. baseSi ze[|] < PartSize[O and Try.baseSi ze[2] <
Part Si zefl] and Try. baseSi ze[2] < PartSi ze[ Q

w@eioensodiunrient, 0] = lorient[NunOrient, 1] BCRUS2005/012489

orient[NunOrient, 2] 0O NumOrient NunOrient + 1 End
If If Try.baseSize[2] < PartSize[(Q and
Try.baseSize[( < PartSize[l] and Try.baseSi ze[2] <
PartSi ze[l] orient[NunOri en%2 0] = 2 orient[NunCrient,

I ] Oorient[ NunOrient, 2] 1 NumOrient = NunOrient +
1 End If IfTry. baseSize[2] < PartSize[(Q and

Try. ba eS| ze[l] < Part$Size I] and Try. baseSi zeéﬂ@l <
PartSII szl rh’@ﬁéﬂe 1and djry-bageSge[ ldrit Priimzel 1 aed
1] = 1 ori ent [ Nun(FiydaseSim2E<PaxiSimeiZlent = NunOri ent
+ 1 End drienHMNyniQridnt, Qar@ i cul ar enbodi nent s,

bui | d2Dt enengdvorrassed the fol | owi ng exanpl e | ogi c:
Rank ( Par ér&ngi@lunjhresnlk )2] bl | d2DFol d( Part Si ze, pRank,

Request ed@moeientN NI ent fFal dList) For i = 0 to
Nunfolpdg 1f 1 dl = Request edSi ze[ Fol dLi st [ z]

o éu%agﬁlﬁé Fﬁ:&ﬂh- gﬁ kgﬁ g%rrg%]n%—g?rtslz? [1] and
[

equal = dl arSize 1 to Nunftolds -
6I List[/].

FoI dLi stf;}if’%w&%r{egg[ f' XD' mensi on] +

At2 + Fol dLi St[Z] .NunfFolds If
Fol dLi st{*

ot equal 0 D2 = d2 + 1
umOnent NumOrlent +1

End If
If Try.baseSize[2] < PartSize[0] and Try.baseSize[0] < PartSize[1] and
Try.baseSize[1] < PartSize[2]
orient{NumOrient, 0] =2
orient[NumOrient, 1]=0
orient[NumOrient, 2] = 1
NumOrient = NumOrient + 1
End If
End if
Else if Try.baseSize[0] = Try.baseSize[2]
If Try.baseSize[0] < PartSize[0] and Try.baseSize[1] < PartSize[1] and
Try.baseSize[2] < PartSize[2]
orient{NumOrient, 0] = 0
orient[NumOrient, 1] =1
orient[NumOrient, 2] =2
NumOrient = NumOrient + 1
End If
If Try.baseSize[0] < PartSize[0] and Try.baseSize[1] < PartSize[2] and
Try.baseSize[1] < PartSize[2]
orient[NumOrient, 0] = 0
orient[NumOrient, 1] =2
orient[NumOrient, 2] = 1
NumOrient = NumOrient + 1
End If
If Try.baseSize[1] < PartSize[0] and Try.baseSize[0] < PartSize[1] and
Try.baseSize[2] < PartSize[2]
orient[NumOrient, 0] = 1
orient{NumOrient, 1] = 0
orient{NumOrient, 2] =2
NumOrient = NumOrient + 1
End If
Else Tf Try.baseSize[1] = Try > baseSize[2])




10

15

20

25

30

35

40

45

End If Ifd2 < dl TenpFold = FoldList[/] FoldListD ] =
FoldLi St[Z] FoldList[z] = tenpFold dl = d2 End If End

wao-enosssd2For NunberOf Tries = 0 For = 0 to NunPFeXtTES2005/012489

ltry. baseSi ze[ Fol dLi st[z] .fixD nension] =

Request edSi ze[ Fol dLi st[z] .fixDi nmension] try

. baseSi ze[ Fol dList[z '] .foldD nension =

Fol dLi st[z].foldLength try .RhaseSi ze[ Fol dLi st[ z].

oneDi mensi on] = Fol dLi st[z] ."Nunfol ds If

Fol dLi st[z].remai nder not equal O try.NunConcats = 1
If FoldLiSt[Z Nunfol ds is odd Try. concat St art Node| O,
Fol HlTirgbpsePizet Q| < Beridirsi0d and EryFosisetivelil] & Partict[dhatch -
Fol dLi st[z] .renai hidevasebise 2T <yParthizf2[St ar t Node] 0,

Fol dLiosite{ﬂﬂ}IumOﬁe:th]#&hsi on] =0 End If

try. coneaSuackivate] €,1Fol dlist[z]. fixDinmension] = 0

try. conealSha0:Nage] 8ol dList[z]. oneDi nension] =

Fol dLm@ﬂleerﬁ%@ﬁleh{ylconcat Si ze[ O, Fol dLi st [ z],

fixghggnsion] = try. baseS| ze[ FoI dL| st[z].

fix g;ggggglgglﬁ 1y ragsﬁﬁe lﬁgﬁ Y Bdrisize[1] and

trycon i Z OF ion] = 1 Else
ﬁ‘ﬂ?‘lﬁ g)[“ﬁn If try NunFol dvaps = 1

try f@F‘S‘E@ﬂ ®List[z].fol dLength

try. f@F@lﬁflﬁ\ﬂﬂP@}‘leﬁt QibFe?Ll st[z] .fol dDi mension
try. f Nugidi@it =NwmoOdiehst [l 2] . oneDi nensi on
t r yEddlfdFi x[ 0] = Fol dList[z]. fixDi nension
If Try.baseSize[1] < PartSize[0] and Try.baseSize[2] < PartSize[1] and
Try.baseSize[0] < PartSize[2]
orient[NumOrient, 0] = 1
orient[NumOrient, 1]=2
orient{NumOrient, 2] =
NumOrient = NumOrient + 1
End If
Else
If Try.baseSize[0] < PartSize[0] and Try.baseSize[1] < PartSize[1] and
Try.baseSize[2] < PartSize[2]
orient[NumOrient, 0] =
orient{NumOrient, 1] =1
orient[NumOrient, 2] =
NumOrient = NumOrient + 1
End If
If Try.baseSize[0] < PartSize[0] and Try.baseSize[2] < PartSize[1] and
Try.baseSize[1] < PartSize[2]
orientfNumOrient, 0] =0
orient{NumOrient, 1]=2
orient{NumOrient, 2] = 1
NumOrient = NumOrient + 1
End If
If Try.baseSize[1] < PartSize[0] and Try.baseSize[0] < PartSize[1] and
Try.baseSize[2] < PartSize[2]
orient[NumOrient, 0] = 1
orient{NumOrient, 1] =0
orient{NumOrient, 2] =2
NumOrient = NumOrient + 1
End If
If Try.baseSize[1] < PartSize[0] and Try.baseSize[2] < PartSize[1] and
Try.baseSize[2] < PartSize[0]
orientfNumOrient, 0] = 1
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bui 1 d3Dtry(Try, NunberO Tries) End For In particul ar
enbodi nents, buil d2Dfol d, which builds all possible

w0 2006955027 a two di nensi onal nesh, enconpasses PEEUS2005/012489

followi ng exanple logic: 7 =0 oneD=- 1 For z=0 to
2 1f size[z] =1 and oneD = - 1 oneDi Else twoD[/] =
| 7 =7+ 1 End If End For If size[twoDI]] >
size[twoD[ 0]] bigD = tvvoD[I] littleD = twoD 0] Else
bigD = twoD[ O] HttleD = twoDLl] End If startFol dB =
sqrt(size[bigD]) If startFoldB x startFol dB not equal
size[bigDl or startFoldB = 1 StartFoldB = startFol dB +
1 End opienfENamerign. £1 si2ze[ bigD] / 2 startFol dL =
sqr t ( origei NimPriem} ] +0 start Fol dL x start Fol dL not
equal Neinz@fientt=tNebDDrient start Fol dL = 1 StartFol dL =
stafadHl dL + 1 if size[bigD not equal size[littleD
endlEmrsﬂ.bases&e K Phﬂt&@ﬁ@ ] bn@TH) 5ReSA 6pl<d1harfslée[Ep£hdlf
Nunfol ds = 1 endirpbaRsizepiat phAk
orient[NumOnent 01=2
orientfNumOrient, 1] =0
orient[NumOrient, 2] =1
NumOrient = NumOrient + 1
End If
If Try.baseSize[2] < PartSize[0] and Try.baseSize[1] < PartSize[1] and
Try.baseSize[2] < PartSize[0]
orient[ NumOrient, 0] =2
orient[NumOrient, 1] =
orient[NumOrient, 2] =0
NumOrient = NumOrient + 1
End If
End If

In particular embodiments, build2Dtry encompasses the following example logic:

Rank(PartSize, pRank)
build2DFold(PartSize, pRank, RequestedSize, NumFolds, FoldList)
For i = 0 to NumFolds — 1
d1 = RequestedSize[FoldList[7].fixDimension] + FoldList[i].foldLengtht -+

FoldList[7].NumFolds
If FoldList[7].remainder not equal 0
dl=d1+1
End If

Forj =i+ 1 to NumFolds — 1
D2 = RequestedSize[FoldList[/].fixDimension] + FoldList[/].foldLengtht +
FoldList[;].NumFolds
If FoldList[/].remainder not equal 0
D2=d2+1
End If
Ifd2 <di1
TempFold = FoldList[/]
FoldList[/] = FoldList[{]
FoldList[{] = tempFold
dl =d2
End If
End For
End For
NumberOfTries =0
For i = 0 to NumFolds — 1
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Nuntol ds= Nunfol ds +(endFol dB - startFol dB+1) End If
I f endFol dL > startFol dL Nunfol ds= Nuntol ds +(endFol dL

WO 2@b@asI0rnl dL+1) End |If fol dl ndex = O; PCT/US2005/012489

Fol dLi st[fol dl ndex] .foldLength =size[littleD]

Fol dLi st[fol dl ndex] . NunfFolds = 1 Fol dLi st[f ol dl ndex]
.remainder = 0 FoldList[foldlndex].foldD = 1littleD
Fol dLi st[fol dl ndex] . fi xD = gigD
Fol dLi st [ f ol dl ndex] . oneD = AeD An array, t,

constructed according to the exanple logic below, is a
mesh size of a resulting Try. Schedul er 515 records a
Rartky.lefseBize[iF oldListf ] Ay DirRarsion] ] RéquestedSizef FelidEastlo). GpPpimension]
* [ kirgbdseFiat[tol dti§tf ip fddDiteenksionf~oFadtEigi]foldiregh =

Fol et bt $izeiFdldIdeR] . ondWifdeatids] + BOKITst[iRRtiFolist =

Falﬁ@oﬁ@ﬁstf]ren&lﬁda%o wjubeo hit = False If | 7Rank[/1]]
> Par

h|t = True End If If hit = Fal se
f ol dl [ End If For i = startFoldB to
endFo JF& }gtgﬁ X ﬁldﬁﬁ h =
Fol dLi st[PSPATAR ?}%S i @f&
Fol dLi st [ f ol dI ndex{old}is Lpngih %fefﬁ?}ad?f
Fol dLi fol dl ndex]. fol dD = bi gD Fol dL| st foI dI ndex
fixD HPyepneash @E&@ﬂﬁﬁ%ﬁ@ﬁhﬁﬁ%} follamensismgd : !
[[litEndDf = size[littleD] /[bigD =
Fol dLirytcphctStarited [ Offwl diListhigt fix Difnension] =
( Fol dhiysiohéan®iettNdd{]0,F o dns i.dereDinenséan) ad FddList[7]. NumFolds
try.concatSize[0,FoldList[i]. fixDimension] = try.baseSize[FoldList[].
fixDimension]
try.concatSize[0, FoldList[{]. foldDimension] = FoldList[7]. remainder
try.concatSize[0,FoldList[/]. oneDimension] = 1
Else
try.NumConcats = 0
End If
try. NumFoldMaps = 1
try.foldLength[0] = FoldList[i].foldLength
try.foldFrom[0] = FoldList[7].foldDimension
try.foldTo[0] = FoldList[7]. oneDimension
try.foldFix[0] = FoldList[].fixDimension
build3Dtry(Try, NumberOfTries)
End For

In particular embodiments, build2Dfold, which builds all possible folds of a two

dimensional mesh, encompasses the following example logic:

j=0
oneD =-1
Fori=0to2
If size[i] = 1 and oneD =-1
oneD =1
Else
twoD[j] =1
j=j+1
End If
End For
If size[twoD[1]] = size[twoD[0]]
bigD =twoDJ[1]
littleD = twoDJ[0]
Else
bigD = twoDJ[0]
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/[oneD] = FoldList[foldl ndex] .Nunfolds + 1 Else
/[oneD] = Fol dLi st[foldl ndex] .Nunfolds End If Rank(/,

w0 Rakoysokit = False For / 1 = 0 to 2 whil e hitPET/Bsl08#012489

If /[/RarJdf |]] >PartSi ze[pRank[/I]] hit = True End If

End For if hit = False foldlndex = foldlndex + 1 End

If End For For i = startFoldL to endFol dL

Fol dLi st [fol dl ndex] . f ol dLen%%h = i Fol dLi stffol dl ndex]
.Nunfol ds = size[littleD / Fol dLi st [ f ol dI ndex]
.remai nder = size[littleD rmd [

FoI dList[foldl ndex].foldD = HtleD

Fol ltlleBtT il hdex] . fi xD = bi gD Fol dLi st f f ol dI ndex] .

&ndif = oneD /[ bigD] = size[bigD /[1MeD] =

Fattibidst§ fat(sizefizi)]) f ol dLengt h 1 f Fol dLi st[f ol dl ndex].

EnmtiudéB nabrts]dB noPeduahsik} bizDHdr @tartFbldBo+ dI ndex]

Nug;tﬁﬁpaa]gt sadgtrsg@gH{oneD] = Fol dLi st[f ol dl ndex]
hgnFol ds End If Rank(t, /Rank) hit = False for | =0

Eﬁdl?olmus‘%‘z se If /[/Ranlyl]] >
Ealbalatel pﬁ%}%ﬁ{ ldebpti t = True End If

If startFoldL x startFoldL not equal size[littleD] or startFoldL = 1
StartFoldL = startFoldL + 1
if size[bigD] not equal size[littleD]
endFoldL = size[littleD] / 2
else
endFoldL =1
End If
NumPFolds = 1
If endFoldB 2 startFoldB
NumFolds= NumFolds +(endFoldB — startFoldB+1)
End If
If endFoldL > startFoldL
NumFolds= NumFolds +(endFoldL — startFoldZ+1)
End If
foldIndex = 0;
FoldList[foldIndex].foldLength =size[littleD]
FoldList[foldIndex].NumFolds = 1
FoldList[foldIndex].remainder = 0
FoldList[foldIndex].foldD = littleD
FoldList[foldIndex].fixD = bigD
FoldList[foldIndex].oneD = oneD

An array, ¢, constructed according to the example logic below, is a mesh size of a

resulting Try. Scheduler 515 records a Rank of  in an array, fRank.

[littleD] = size[bigD]
{[bigD] = FoldList[foldIndex].foldLength
f{oneD] = FoldList[foldIndex].NumFolds
rank(z, fRank)
hit = False
For i1 = 0 to 2 while hit = False
If f{fRank[i1]] > PartSize[pRank[i1]]
hit = True
End If
If hit = False
foldIndex = foldIndex + 1
End If
For i = startFoldB to endFoldB
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End For IfM = Fal seFol dl ndex = foldlndex + 1 End If
End For In particular enbodi nents, buildl Try generates

w@200685500f f ol ds of a one di mensional request BCMUS$005/012489

each fold, calls build2DFold to generate a |list of one
or nore additional folds. buildl Try records the |ist

of folds in the OneDFol dLi st, which enconpasses the
foll owi ng exanpl e structure:__Structure oneDFold Fol d
Structure oneD Fold Structurd twoD[ x ] integer
NunmifwoDFol ds i nt eger twoDFol dSi ze[ 3] End Structure In
particul ar enbodi nents, oneD includes a first fold. In
par¥eldListfolélmtexdi folshesgtht=woD i ncl udes a list of folds
genkoldbist]fdldlordes INuhFolds =fsoefhighirwoDFol ds i ndi cat es
a Neotbkist] fifldindbxigremaindeoDsizébighsrhodul ar embodi nent s,
tm}DE@L@@foz@Inu&g]lf@mlDesb presh size passed to

bui peldRk@fAdImes el enit generates Try structures

fOfF(ﬁhE@ﬁfglélngé tdﬂ%ﬁﬁ&% alls build3Dtry to build all
lhtme ﬁt of ea Try structure. In
par T‘%IB fq | dI Try enconpasses the
foI éx’é rtS| ze, pRank)
d?g I'(i:lﬂg O
sqrt( T@B ?’F dz§r+t1: 2

e dL| stg 1 oneD foI dLengt h =
Requeé[loé@lé] Z&p dieasﬂiplzl]h}de&iwblmﬁlomgu st f oj . oneD. Nunfol ds
= 1E@hEDFol dLi st [ 0] . oneD. remai nder = 0
Onelird( iR ®ik) 0] . oneD. f ol dD =yRank][ 2]
OnelFelrdise st [ 0] . oneD. oneD =/ Rank[ 1]
Onelidrol dLo t%ti innl@Hi@D Ffalls?éD =yRank[ O]
OneDFgf g ﬁ@l@ﬁﬂmnk[ 2] ]

Request ZIF:% Ra k[2]
OweDF st t woDFol dSi ze[ / Rank[ 1 ]] 1
[

st[0].twoDFol dSi ze| yRank[0]] 1 hit = Fal se
Forfhl 1%12 while hit = Fal se
foldIndex = foldIndex + 1
End If
End For

For i = startFoldL to endFoldL
FoldList[foldIndex].foldLength = i
FoldList[foldIndex].NumFolds = size[littleD] / i
FoldList[foldIndex].remainder = size[littleD] mod i
FoldList{foldIndex].foldD = littleD
FoldList[foldIndex].fixD = bigD
FoldList[foldIndex].oneD = oneD
t[bigD] = size[bigD]
f{littleD] = FoldList[foldIndex].foldLength
If FoldList[foldIndex].remainder not equal 0

f{oneD] = FoldList[foldIndex].NumFolds + 1
Else

{{oneD] = FoldList[foldIndex].NumFolds
End If
Rank(t, fRank)
hit = False
for i1 = 0 to 2 while hit = False

If #{fRank[71]] > PartSize[pRank[i1]]

hit = True

End If
End For
If hit = False
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True End If End For IfM = Fal sebuil d2DFol d(Part Si ze,
w@Rmeks;soRequest edSi ze, OneDFol dLi st[ 0] . twoD, PCT/US2005/012489

OneDFol dLi st[ 0] . nTwoDFol ds) OneDFol dLi st[ 0] . nTwoDFol ds

1 Num DFolds =1 ; Else Num DFolds O End If got RenZero

= Fal se For z= start to end

OneDrFol dLi st [ Num DFol ds] . onel). fol dLength = z

OneDFol dLi st [ Num DrFol ds] . oneD. Nunfol ds =

Request edSi ze[/ Rank[ 2] ] / z

OneDFol dLi st [ Num DFol ds] . oneD. r emai nder =

Requedioblisiexet foRlinke:2T ]l nod i

OneBkdIfdLi st [ Nunl DFol ds] . oneD. f ol dD =yUank] 2]

@Eodeorol dLi st [ Numl  DFol ds] . oneD. oneD =/ Rank[ 1]

OneDFol dLi st [ Num DFol ds] . oneD. fi xD =yRank[ 0]

Onefi teﬂ‘rm&)'airﬁ%:rﬁé Getiat Eﬁ@s%q{s/t oRRJM%[c?ﬂa]one dimensional
OneDFol dL| st [ Nunl DFol’ds] . onéD). f ol dLengt h

req@rsé BRG | fot eadh mcmbuﬁQZHmm Beigirate [a/ lisRafkfi¢ pt more additional

N T

follb{m@*@daﬁ@@m@h{ryum DFol ds] . oneD. remai nder not equal O
got RenZero = Fal se |If OneDrFol dLi st [ Numi

@F@P@Fﬁoﬁﬁ%@ emai nder 0 got RenZero = True End If
bui FeldSoretear 08eRe, pRank, Request edSi ze,
OneBrdIStucsd NutivoDPo] ds] . t woDFol dSi ze,

OneinksglerLi st [ NuiNunbFebDBdLds woD,

OneilegkelLi st [ NunivbBBbldS]ze[BwoDFol ds) Nuni DFol ds =
Muwaldaehels + 1 End I f

In particular embodiments, oneD includes a first fold. In particular embodiments, twoD
includes a list of folds generated from the first fold. NumTwoDFolds indicates a Number
of folds in twoD. In particular embodiments, twoDFoldSize indicates a mesh size passed
to build2Dfold. Scheduler 515 generates Try structures for elements of twoD and calls
build3Dtry to build all possible rotations of each Try structure. In particular embodiments,
build1Try encompasses the following example logic:

Rank(PartSize, pRank)
Rank(RequestedSize, jRank[0])
end = sqrt(RequestedSize[jRank[2]])
start = 2
OneDFoldList[0].oneD.foldLength = RequestedSize[jRank[2]]
OneDFoldList[0].oneD.NumFolds = 1
OneDFoldList[0].oneD.remainder = 0
OneDFoldList[0].oneD.foldD = jRank[2]
OneDFoldList[0].oneD.oneD = jRank[1]
OneDFoldList[0].oneD.fixD = jRank[0]
OneDFoldList[0].twoDFoldSize[jRank[2]] = RequestedSize[jRank[2]]
OneDFoldList[0].twoDFoldSize[jRank[1]] = 1
OneDFoldList[0].twoDFoldSize[jRank[0]] = 1
hit = False
For j = 0 to 2 while hit = False

if RequestedSize[jRank][;]] > PartSize[pRank[/]]

hit = True

End If
End For
If hit = False
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End For NunmberOfTries = 0 For i =0 to Nunl DFol ds For/
= 0 to OneDFol dLi st D] . nTwoDFol ds | f
w@e@bPBsdoelli st[/] . oneD. f ol dD not equal PCT/US2005/012489
OneDFol dList[/].twoD{/].fol dD or
OneDFol dlist[z"].oneD.renmai nder = 0
try. baseSi ze[ OneDFol dLi st[/] .twoD[/"].fixD|
OneDFol dLi st D ]. t woDFol dSi ze],OneDFol dLi st[z].tw
oD[/].fixD] try. baseSi ze[ OneDFol dLi st[z].twoD[ /]
.fol dD| OneDFol dLi st[z].twoD[/]. ;ol dLen%i h
OneDFol dLj st z].two one =
YRR FSienaiak. Reavkiptiaze, dnebekitss ilivsopy
r enai nde@nﬁ]al’@lébywé{p] @TWﬁPFNsﬂﬁI:oncat s = 1if
One@@%ﬂlﬁbts‘f[@ ] nTwoDFplds Nuni Fol ds i s odd
t r yNewhP&EoBIsar 1;Node[ 0, OneDFol dList[ ].twoD[/].fol dD]
@heDFol dLi st[ (| .twoD[{/]. fol dLengt h- OneDFol dLi stf/]
. t vieipd DFoRIRed (nder El se try. concat St art Node[ O,
GagDFol dList[(].twoD[/]. fol dD] 0O End If
Bmeﬁ%&@tzﬁtﬁrt Node[ O, OneDFol dL| st[?].twoD[/"].fixD|

t St art Node[ 0,
Fopllg Ct8 o e[ Q&L FSeDFoI dLi s
P/‘ 1 ﬁ% . % ‘olds = RequestedSize[jRank[2]]/ i
[
By

.~

t r y 0 sﬂ g]@ emaflwgaaﬁ equestesjize[jRank|2]] mod
%%?r%é@lsis 1Dheddst-ened)-faddD 7 /Rewbl3] / | . f ol dD] =
On e(QD@DE pldd i3ty um 1R Bplds]. anePeineBler Rank[ doncat Si ze[ 0
On Dl dsis {{ Wpm 1DRoRfs]. bueERD =/RankFE]se
t r yONIPROddiIciat] Slum 1D Foids]. tfoDFoldSize[jRank[2]] =
OneDFol dLi st [/] . oneD. r eoBéDRSAL BENuBABHIAR] bhieD.foldLength
On eDie FOLd St Rl DR AN ST It d S i e[ Pflghi 17 =
t M YOSDIASEEANLA BRDIdsY oNTRARERI R
OneDFoldList[Num1DFolds].twoDFoldSize[jRank[0]] = 1
If OneDFoldList{Num1DFolds].oneD.remainder not equal 0 or gotRemZero =
False
If OneDFoldList[Num1DFolds].oneD.remainder = 0
gotRemZero = True
End If
build2DFold(PartSize, pRank, RequestedSize,
OneDFoldListfNum1DFolds].twoDFoldSize,
OneDFoldList[Num1DFolds].twoD,
OneDFoldListfNum1DFolds].nTwoDFolds)
Num1DFolds = Num1DFolds + 1
End If
End For
NumberOfTries = 0
For i = 0 to Num1DFolds
For j = 0 to OneDFoldList[i].nTwoDFolds
If OneDFoldList{i].oneD.foldD not equal OneDFoldList[#].twoD[;].foldD or
OneDFoldList[{].oneD.remainder = 0
try.baseSize[ OneDFoldList[i].twoD[;].fixD] =
OneDFoldList[7].twoDFoldSize[ OneDFoldList[].tw
oD[;].fixD]
try.baseSize[OneDFoldList[i].twoD][;].foldD] =
OneDFoldList[{].twoD[/].foldLength
try.baseSize[OneDFoldList[i].twoD[].oneD] =
OneDFoldList[7].twoD[j].NumFolds;
if OneDFoldList[i].twoD[j].remainder not equal 0
try. NumConcats = 1
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MeDrFol dLi st[ ].oneD.fol dD] = OneDFol dLi stf/]
.oneD. fol dLength - OneDFol dList[/] .oneD.remi nder

wWEk®e/053097 concat St art Node[ t ry. NumConcat s, PCT/US2005/012489

MeDFol dLi st[z].oneD.foldD] = 0 End If
try.concat Start Node[try. NunConcat s,
OneDFol dList[/].oneD. fixD] = 0
try.concat Start Node[try. Nu ncat s,
OneDFoI dLi st[ z].oneD. oneD] ="OneDFol dLi s

"].oneD. Nunfol ds try. concat Si ze[ try. NunConcat s,
OneDFol dList[/].oneD. fixD] =
try. concat & Qe¢RFqldNstitsweR(3. NumFOIdS is odd
OneDFol dLi st [ #t§.camefStérdN o] 0,-Or@hBoikdlist{i].6woD[/].foldD] =
] . oneD. rermai nder try. coBaedEoldE]st]iywhNidiiTdold Bergzth —
OneDFol dLi st [/] . oneD. oneRDEoIdLBe D[ Dkemainder
try.concat $ygrt Node[ try. NunConcats, 0] +
try.concatSi Z %&ﬂﬁﬁ@&f@@ S@ne@FoidLlstW%Qﬁﬁgj foldz =0

try. concat Node nmConcat s,

try. concat 3l e tr 06 F&]tdhst[ tw%%ﬁ]z—l()‘

try. concat ' t dit D D
try. concat zcé’P?? ta “Bine 'S '31 S 0 [’] oneD] =
: I-r%f’a[f]stwo dLﬁ‘Sst [ | ]

.twoD\j] . f & SizelGh OpeREpGhEELvR
foldD] 1f Q neDFoI dLi st frypaseSigsispng Dﬁqlmﬁpéﬂ éWPTs)[I ﬁxD]
oddt ry. condatcsneatBixelde PnelpFdhttiibtcd)/].foldD] =
OneDFol dLi st [ z] . t woD[ / ] OheDBE&{List[i].twoD[j].remainder
OneDFol dLi sity[cohcat3B[0 OnéliFdikistji] iwoD[.o0dD o tl;
OneDFol dijgst [ z] . twoD[ /] . f ol dLengt h)

oneDEnd[ OneRheldEbsdd«d ot wol{ /] . fol dD] =
OneDFol dgj, H{z] oneD. fol dLength- 1 - ( 1 nod

OneDFol d
try. concat%%?r H&?‘%QJ EI%I% &Qrﬁﬁi qucl);ildo
gego: gtl t] C‘E’“‘Q‘ éﬁi[ %1} onrfgts
eDFol dLi s
O % LISE[Z] .fol =
oneDEnd[ OneDFol dLi st [ z] ¢ EeDFold_lei[i]l.one .folgil?iggth—

OneDFoldList[7].oneD.remainder

=try. concat Start I\Iode|£9ﬂ

Else
try.concatStartNode[try.NumConcats,

OneDFoldList[i].oneD.foldD] = 0

End If

try.concatStartNode[try.NumConcats, OneDFoldList[i].oneD.fixD] =

try.concatStartNode[try. NumConcats, OneDFoldList[i].oneD.oneD] =
OneDFoldList[i].oneD.NumFolds

try.concatSize[try. NumConcats, OneDFoldList[i].oneD.fixD] = 1

try.concatSize[try. NumConcats, OneDFoldList[i].oneD.foldD] =
OneDFoldList[i].oneD.remainder

try.concatSize[try.NumConcats, OneDFoldList[{].oneD.oneD] = 1

oneDEnd[0] = try.concatStartNode[try.NumConcats, 0] +
try.concatSize[try.NumConcats, 0] — 1

oneDEnd[1] = try.concatStartNode[try.NumConcats, 1] +
try.concatSize[try.NumConcats, 1] — 1

oneDEnd[2] = try.concatStartNode[try.NumConcats, 2] +
try.concatSize[try.NumConcats, 2] — 1

k = try.concatStartNode[try.NumConcats,
OneDFoldList[7].twoD[;].foldD]

I = oneDEnd[OneDFoldList[{].twoD[/].foldD]

If OneDFoldList[7].twoD[;].NumFolds is odd



OneDFol dLi st[z] .oneD.foldLength End If

try.concat St art Node[try. NunConcat s, OneDFol dLi st[ z] . one
wo2enes02= k / OneDrFol dLi st z] . t woD. f ol dLengt hPCT/US2005/012489

oneDENnd[ OneDFol dLi st[ z] . oneD. oneD] = 1/

OneDFol dLi st [ z] . oneD. f ol dLengt h

try.concat Si ze[try. NunConcats, 0] = oneDEnd[0] -

try.concat Start Node[try. Nu ncats, 0] + 1

try.concatSi ze[try. NunConcat's, 1] = oneDEnd[l] -

try.concat Start Node[try. NunConcats, 1] + 1

try.concat Si ze[try. NunConcats, 2] = oneDEnd ] -

try. concat St a#Y- Wf&tﬁ@mh}@m@m@}, + 1
try. NunConcats = try. NuBadpbeldkist]xwehd/]f6ldD] =
try. NunFol dvaps = 2 t r yOheDEdldhist[H[tEbDE].foldLength — 1 — (k mod
OneDFol dLi st [ z] . oneD. f oDd¢RRgthist[]ywbDI[ Al Fsianéiyih)
5 QneDFol dLi st [ ¢n E@ﬁé[@@l&]ﬁﬂt[ ewebpl.didp] =
OneDFol dLi st [ z] . oneD. ongRbrytd ﬁ{[a%néb%ldiength 1—(1mod

OneDFol dLi st[/]. oneD. flé?l?lﬁ(%di@ lo%ggtfp%@hh =
OneDFol dLi st

OneDFol dLi g twoD{ /] engt
i{tz%, tvvog?r}N foI dTo[I] =
10 OneDFol dLi st [ 2{"“Y%6 O%%@?ﬁ & =9 d
OneDFol dLi st [ z] . t woDf /] 90¢ Gfl ] mo
Nunber Of Tri es) End For WH@PQ{/
to Nunber Of Trousd diO%‘PPlT‘@@(Llﬁt[l']'ﬁ oPE1.-fold Dbaé @&dze[ q +
TryList[z].baseSi ze[l] @nelfﬁliﬂldblls[[d]onb@ée@imgth] i f
TryLi st [ z] BvddConcats > O curMax = curMax + 1 End If
15 For/ = z+1tiyNonbes@akNode/sry-Nuimdoipdatsg@h <D Holdieiipr].ontD snéD] = k
to 2 while duplicate = /lowbrdldlikyitsbD/bidpasabi ze[ 21 ]
not equal BaybESA[IORLDPeRIERZEI#D.oneD] =1/
OneDFoldList[i].oneD.foldLength
try.concatSize[try.NumConcats, 0] = oneDEnd[0] —
20 try.concatStartNode[try.NumConcats, 0] + 1
try.concatSize[try.NumConcats, 1] = oneDEnd[1] —
try.concatStartNode[try.NumConcats, 1] + 1
try.concatSize[try NumConcats, 2] = oneDEnd[2] —
try.concatStartNode[try.NumConcats, 2] + 1
25 try.NumConcats = try.NumConcats + 1
End If
try.NumFoldMaps =2
try.foldLength[0] = OneDFoldList[i].oneD.foldLength
try.foldFrom[0] = OneDFoldList[{].oneD.foldD
30 try.foldTo[0] = OneDFoldList[i].oneD.oneD
try.foldFix[0] = OneDFoldList[i].oneD.fixD
try.foldLength[ 1] = OneDFoldList[i].twoD[/].foldLength
try.foldFrom[1] = OneDFoldList[i].twoD[/].foldD
try.foldTo[ 1] = OneDFoldList[i].twoD[/].oneD

35 - try.foldFix[1] = OneDFoldList[:].twoD[/].fixD
build3Dtry(Try, NumberOfTries)
End For
End For
NumDeleted = 0
40 For i = 0 to NumberOfTries — 1

curMax = TryList[{].baseSize[0] + TryList[i].baseSize[1] + TryList[i].baseSize[2]
if TryList[7].NumConcats > 0
curMax = curMax + 1
End If
45 For j = i +1toNumberOfTries — 1
duplicate = True
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duplicate = False End If End For If duplicate = True
and TryList[/].NunConcats = TryList[z].NunConcats) For
WO 2006/0850eD TryLi st[z]. NumConcats whil e dupl i caP@r/ES2nie12489
For | | = 0to 2 while duplicate = True If
TryList[/].concat StartNode[zl, jlI] not equal
TryList[z].concat StartNode[ z1JI] duplicate = Fal se
Else If TryList[/].concatSi 263[ zl JI'] not equal
TryList[z].concatSize[zl , j7“1] duplicate = Fal se End
For End For End If If duplicate = True For zI = 0 to 2
TryList[/].baseSi ze[zl] = TorusSize[zl] + 1 End For
NunDe [Fer é= 9 tadrmleatupticate + Trlge nxt Max =
TryLi st [ ] Trpbst SibaedSiie# ] fioydqust TryLidlabeeSeSiek] +
TryLi st[/"]dupheSFalsg] |f TryList[/].NunmConcats > O
nxt Max =EpktfMax + 1 End If If nxtMax < curMax TenpTry
= Trylgmitddk] TryList[/] = TryList[z] TryList[z] =
t enp Ty aesifcMe*= Tru®shYB¥yEeg) NunkBshchls 041 91 RO oakats)
For i1 = 0 to TryList[i].NumConcats while duplicate = True
For j1 =0 to 2 while duplicate = True
If TryList[/].concatStartNode[71, j1] not equal
TryList[].concatStartNode[71, j1]
duplicate = False
Else If TryList[/].concatSize[i1, j1] not equal
TryList[7].concatSize[il, j1]
duplicate = False
End For
End For
End If
If duplicate = True
Foril =0to 2
TryList[/].baseSize[i1] = TorusSize[i1] + 1
End For
NumDeleted = NumDeleted + 1
Else
nxtMax = TryList[j].baseSize[0] + TryList[/].baseSize[1] +
TryList[/].baseSize[2]
If TryList[;]. NumConcats > 0
nxtMax = nxtMax + 1
End If
If nxtMax < curMax
TempTry = TryList[/]
TryList[/j] = TryList[{]
TryList[{] = tempTry
curMax = nxtMax
End If
End If
End For
End For
NumberOfTries = NumberOfTries — NumDeleted

In particolar embodiments, buildCompactFits, which constructs BestFit[3],

encompasses the following example logic:

Rank(PartSize,ParfRank)

[ = QubeRoot(ResuestedNodes)
hit = False

For i =1to /41 while hit = False



10

15

20

25

30

35

40

45

Nunber O Tries = NunberOF Tries -NunDel eted In
particul ar enbodi nents, buil dConpactFits, which

w@omshswer s BestFit[ 3], enconpasses the fol | ow@myUS2005/012489

exanpl e logic: Rarik(PartSize, ParzRank) / =

QubeRoot ( Resuest edNodes) hit = False For i =1to /+1
while hit = FalseFory =i to /+1 while hit = Fal se For
(k j to/+1 while hit = Fal f i xj xKk

RequestedNodes Z[O =i Z[I1]7=J Z[2] = k hit = Trae
End If End For End For End For If Z[Q
Part Si ze[ Par ZRank[ (_)g ] 1fZ[1] > PartSi ze[ Par ZRank[ | ]]
Z[ 1 forZ =7 tp)/+1 whilgihit =Fgla¢ se” For z[ 2] = Request edNodes
[ (/[ &pr &k T tq I+t whidahit SiFabePar ZRank[ 2] ] while hit
Fal se | fH[i®j x iZEIRequed¢odeRequest edNodes Hit = True
End If End#®je=iEnd If Else Z[Q =
Part Si ze[ Pafit|Bgnk[ 0] ] / = sqrt(RequestedNodes / t[OQ])
hit = Falsgp)Bafj =/ to/ + 1 while hit = False For
(k =) to/yhlTwhaile hit = False If (t[0] x j x K
Request egdNpfles
End For
End For
End For
If f[0] < PartSize[ParfRank[0]]
If #[1] > PartSize[ParfRank[1]]
H1]=141]-1
hit = False
For #2] = RequestedNodes / (0] x £[1]) to PartSize[Par/Rank[2]] while hit =
False
If 0] x #{1] x #[2] = RequestedNodes
Hit = True
End If
End For
End If
Else
1{0] = PartSize[ParfRank[0]]
[ = sqrt(RequestedNodes / £[0])
hit = False;
Forj=1[to [+ 1 while hit = False
For (k =jto /+ 1 while hit = False
If (#[0] x j x k = RequestedNodes
fq1]=]
f2]=k
hit = True
End If
End For
End For
if f{1] > PartSize[ParfRank[1]]
[ 1] = PartSize[ParfRank[1]]
2] = RequestedNodes / ({0] x [1])
If #{0] x #[1] x #[2] < RequestedNodes
H2]=142]+1
End If
End If
End If
bestFit[pRank[0]] = #0];
bestFit[pRank[1]] = #[1];
bestFit[pRank[2]] = #2];
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t[I] = t[2] =k hit = True End If End For End For if
Z[I] > PartSize[ParzRank[I]] Z[I] =
w@a00b8s30e] Pfflrt Rank[1]] Z[2] = Request edNodesP¢T/{85003/012489
Xt[lI]) I'fZ[ x Z[1] x Z[2] < RequestedNodes Z[2] =
z[2] + 1 End If End If End If bestFit[pRank[O0]] =
Z[O; bestFit[pRank[1]] = Z[1]; bestFit[pRank[2]] =
Z[ 2] ; NumberOFFits = 0 For i 5 BestFit[(Q to
PartSizefd For / = BestFit[f] to PartSizefl] For k
BestFit[2] to PartSize[2] Fit[NunmberOFits,0] =i
Fit[ NunberOFits,|] = Fit[NunberOFits, 2] =k Ht =
Tugebor@1Rits mdt equal to PartSize[d) and(/ not equal
tfor PamteSiFtEd1p Paribide[Ok not equal to PartSize[0]) For m
= OFdrg NBedtBigDj toePestSazel Mhi le Hit = True If
Fi t [ Nirob&=dstftig2 MaFartSeesijon[ M ] nod MapMbd[w] not
equal t oFgNdmberOffds®@=fnd If End For End If If Ht =
Tr ue Nunpiqq\gnﬁe}@ﬂ:ﬁsquyer OFits + 1
Fit[NumberOfFits,2] = k&
Hit = True
If (i not equal to PartSize[0]) and(; not equal to PartSize[0]) and (k not
equal to PartSize[0])
For m = 0 to NumMapDimensions While Hit = True
If FitfNumberOfFits,MapDimension[m]] mod MapMod[m] not
equal to 0
Hit = False
End If
End For
End If
If Hit = True
NumberOfFits = NumberOfFits + 1
End If
End For
End For
End For
For i = 0 to NumBerOfFits — 1
d1 = Fit[;, 0] + Fit[7, 1] + Fit[7, 2]
Forj=i+1 to NumBerOfFits — 1
d2 =Fit[7, 0] + Fit[j, 1] + Fit[j, 2]
if d2 <dl1
k= Fit[j, 0]
Fit[j, 0] = Fit[7, 0]
Fit[i, 0] = k
k= Fit[j, 1]
Fit[j, 1] = Fit[i, 1]
Fit[i, 1] =k
k= TFit[j, 1]
Fit[j, 1] = Fit[7, 1]
Fit[i, 1]=k
dl=d2
Else If d2 = d1
Rank(Fit[i], iRank)
Rank(Fit[/], jRank)
hit=0
For (k=0 to 2 while hit =0
If Fit{j, jRank[k] > Fit[i, iRank[/]
hit=1
Else If Fit[f, jRank[k] < Fit[i, iRank[/]
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WQ@P006085027 = i + 1 to NunBerOFFits - 1 d

End If End For End For End For For i = 0 to
NumBerOFFits - 1 dl = Fit[i, O] + Fit[z, 1] + Fit[/,
2 = Fi tp¢T/U83005/012489
Fit[/, 1] + Fit[/, 2] ifd2 <dl Fit[/, Q Fitly, 0] =
Fit[i, O] Fit[z, O] /c Fit[/, | ] Else Ifd2 dI
Rank(Fit[/], i Rank) Rank(Fit[/iyRank) hit = O For (k
=0 to 2 while hit =0 If Fit]/,yRank[/c] > Fit][z,
i Rank[/c] hit =1 Else If Fit[/-,yRank[/c] < Fit][z,
i Rank[/c]Ht = 1 End For If hit =1 =Fit[/, O]
Fitly, Q Fit[z, O Fit[z, Q =t =Fit[/, | ] Fitly,
| 1 Fit[/, 1])HBi=t{k, | ]=k /fc = Fitj)", 1] Fit[/, | ]
= Fit[/,EhdFonfi, | ] =k dl = d2 End If End If
Ifhit=1
k= Fit[j, 0]
Fit[j, 0] = Fit[i, 0]
Fit[7, 01 =%
k=TFit[j, 1]
Fitlj, 11 =Fit[i, 1]
Fit[i, 11=k
k=TFit[j, 1]
Fit[j, 1] =Fit[i, 1]
Fit[i, 11=%
dl=d2
End If
End If
End For
End For
lastMax = 0
NumMaxDistances = 0
For i = 0 NumberOfFits — 1
currentMax = Fit[7, 0] + Fit[i, 1] + Fit[i, 2]
If currentMax not equal lastMax
MaxDistance[ NumberOfMaxDistance, 0] = {
MaxDistance[ NumberOfMaxDistance, 1] = currentMax
NumberOfMaxDistance = NumberOfMaxDistance + 1
End If
End For

In particular embodiments, buildFreeMeshes Function encompasses the following

example logic:

NumFreeMeshes = 0
For i = partStart[0] to PartEnd[0]
For j =PartStart[1] to PartEnd[1]
For k = PartStart[2] to PartEnd[2]

If NodelnUse[i,7,k] = NODE_NOT _IN USE
NodeInUse[i,/,k] =NODE_ON HOLD
meshStart[0] =i
meshStart[1] =
meshStart[2] =k
inMesh = True
for mz =k + 1 to PartEnd[2] and inMesh = True

if NodelnUse[i,j,mz] not equal NODE NOT IN USE
inMesh = False .
End If
End For



End For End For lastMax = 0 NumVaxDi stances = 0 For i
= 0 NunmberOFits - 1 currentMax = Fit[/, 0] + Fit[i,
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wda poos/oFHoe] i |
MaxDi st ance[ Nunber Of MaxDi st ance, 0] = i
MaxDi st ance[ Nunber O MaxDi st ance, 1] = current Max
Nunber Of MaxDi st ance = Nunber Of MaxDi stance + 1 End If
In particul ar errbodldgent s, buil dFreeMeshes
- Functi on enconpasses the fol
NuntreeMeshes = 0 For i partStart[Q to Parffind[O0]
Fory =PartStart[l] to PartEnd[I] For k =PartStart] 2]
to Part End[lPinMashobaenUse[ zV ] = NODE_NOT | N_USE
Nodel nUse] zj , hEhdR2] RGRE-ON_HOLD meshStart[0] = i
meshStart[ IHlsesj nmeshStart[2] = /c inl\/bsh = True for
= lc + 1 &@nf@taadl2] and i nMesh True if

Nodel nUse[ yf patwigh] 23 aHa n N NPE J M%hﬁﬁ&@? Iilo’c‘e:qual
Fal se End If End ForI'fi nMashf, ZFle nEnd[ 2] =

El se mEnd[ 2] Zai&p2 thePart Wap
0 and meshEn nOIParetﬁué‘fz B HSFEH 2 oy e inMesh Lo rrue

2] If currentMax not equal | ast MARCT/US2005/012489

owi ng exanpl e | ogic:

2] and rreshStart[Z] =

If NodeInUse [i,j,mz] not equal NODE NOT IN USE
inMesh = False
End If
End For
If inMesh = True
mz=mz+ 1
Else
mz =mz + 2
End If
if mz < PartEnd[2]
meshStart[2] = mz;
meshEnd[2] =meshEnd[2] + TorusSize[2]
End If
End If
inMesh = True
For my =j+ 1 to PartEnd[1] and inMesh = True
For mz = meshStart[2 tomeshEnd[2] an inMesh = True
If NodeInUse[7, my, mz mod TorusSize[2]] not equal
NODE_NOT IN USE
inMesh = False
End If
End For
If inMesh = True
meshEnd[1]=my -1
Else
meshEnd[1]=my -2
End If
If PartWraps[1] and meshStart[1] = 0 and meshEnd[1] not equal
PartEnd[1]
inMesh = True
For my = PartEnd[1] to meshEnd[1] by —1 and inMesh = True
For mz = meshStart[2] to meshEnd[2] and inMesh = True
If NodeInUse[7,my,mz mod Torus Size[2] not equal
NODE_NOT IN USE
inMesh = False
End If
End For
End For
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For nz = PartEnd[2 to nmeshEnd[2] by - 1 and inMesh =
True If NodelnUse [ij,ne] not equal NODE _NOT | NJLIJSE
w0 pddesssornl se End | f End For If inMesh = True P®I/ESI0R5/612489
1 Elsenz =nz + 2 EndIf if ne < PartEnd[ 2]
meshStart[2] = nz; nmeshEnd[ 2] =neshEnd[2] +
TorusSi ze[2] End If End If inMesh = True For ny - | +
1 to PartEnd[I] and inMesh = _True For nz = meshStart[2
tonmeshEnd[ 2] an i nMesh = Trdd I f Nodel nUse[ z, ny, nz
nod TorusSi ze[2]] not equal NODE _NOT_I N USE i nMesh =
Fal se End I f End For IfinMesh = True nmeshEnd[I] = ny -
1 El se nmeshEnd[ IIfimMesp =Ti@eEnd If |f PartWaps[l] and
meshStart[l] = 0 aMy+mgRENd[|] not equal PartEnd[l]
i nMesh = True Fdls¢ry = PartEnd[l] to meshEnd[Il] by-1
and i nMesh = True = g% +2 meshStart[ 2] to nmeshEnd[ 2]
and i nMesh = Truyg,dif Nodel nUse[ z, ny, nenod Tor us

Si ze[ 2] not equqknﬁ@gml}gﬁﬂ\l_USE
meshStart[1] = my
meshEnd[1] =meshEnd[1] + TorusSize[1]
End If
End If
End For
inMesh = True
for mx =i+ 1 to PartEnd[0] and inMesh = True
for my = meshStart[1] to meshEnd[1] and inMesh = True
for mz = mStart[2] to mEnd[2] and inMesh = True

If NodelnUse[mx,my mod TorusSize[l],mz mod
TorusSize[2]] not equal

NODE_NOT IN USE
inMesh = False
End If
End For

End For
End For
If inMesh = True

meshEnd[0] = mx — 1

Else
meshEnd[0] = mx —2
End If
If partWraps[0] and meshStart[0] = 0 and meshEnd[0] not equal
PartEnd[0]
inMesh = True

For mx = partEnd[0] to meshEnd[0] by —1 and inMesh = True
For my = meshStart[1] to meshEnd[1] and inMesh = True
For mz = meshStart[2] to meshEnd[2] and inMesh = True
If NodeInUse[mx,my mod TorusSize[1],mz Mod
TorusSize[2]] not equal
NODE NOT IN USE
inMesh = False
End If
End For
End For
End For
If inMesh = True
Mx=mx+1
Else
Mx=mx+2
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i nMesh = False End If End For End Forlf i nMesh = True
My =ny + 1 Elseny =ny +2 End If if ny < PartEnd[I]

wore®h8ssaet [ ] = ny neshEnd[|] =nmeshEnd[I] +  PCT/US2005/012489

TorasSi ze[l] End If End If End For inMesh = True for
nk =i + 1 to PartEnd[0] and inMesh = True for ny =
meshStart[l] to neshEnd[l] and i nMesh = True for nz =
nStart[2] to nEnd[2] and inlMgsh = True I|f
Nodel nUse[ mx, ny nod TorusSi ze[l], nz nod TorusSi ze[ 2] ]
not equal NODE _NOT_I N USE i nMesh = False End I f End
For End For End For IfinMesh = True meshEnd[Q = nx- |
El se meshEnd[dE nx - 2 End If If partWaps[O and
meshSt art [ 0] Enor adtrtfsd0End[ 0] not equal Part End[ 0]
i nMesh = True Foreshat{(QarmiEnd[ O] to nmeshEnd[ 0] by - 1
and i nMesh = Tr ueshEnd[0] = meshEnd[0] + TorusSize[0]
End If
End If
FreeMesh[NumFreeMeshes].Start[0] = meshStart[0]
FreeMesh[NumFreeMeshes].Start[ 1] = meshStart[1]
FreeMesh[NumFreeMeshes].Start[2] = meshStart[2]
FreeMesh[NumFreeMeshes].end[0] = meshEnd[0]
FreeMesh[NumFreeMeshes].end[1] = meshEnd[1]
FreeMesh[NumFreeMeshes].end[2] = meshEnd[2]
FreeMesh[NumFreeMeshes].NumNodes = (meshEnd[0] — meshStart[0]
+ 1) x(meshEnd[1] — meshStart[1] + 1)
x (meshEnd[2] — meshStart[2] -+ 1)
For mx = meshStart[0] to meshEnd[0]
mx1 = mx mod TorusSize[0]
For my = meshStart[1] to meshEnd[1]
myl = my mod TorusSize[1]
For mz = meshStart[2] to meshEnd[2]
mz1 = mz mod TorusSize[2]
NodeInUse[mx1], myl], mz1]=NODE_ON HOLD
End For
End For
End For
Fori=0to2
FreeMesh[NumFreeMeshes].Rank[i] =2 — /;
End For
For/=0t02
Form=1[+1to3
[1 = FreeMesh[NumFreeMeshes].Rank]/]
ml = FreeMesh[NumFreeMeshes].Rank[m]
If meshEnd[m1] — meshStart[mm1] <meshEnd[/1] — meshStart[/1]
FreeMesh|NumFreeMeshes].Rank[/] = m1
FreeMeshRank[m] = [1
End If
End For
End For
NumFreeMeshes = NumFreeMeshes + 1
End If
End For
End For
End For
For i = partStart[0] to PartEnd[0]
For j =PartStart[1] to PartEnd[1]
For k= PartStart[2] to PartEnd[2]
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For ny = neshStart[l] to meshEnd[l] and inMesh = True
For nz = neshStart[2] to nmeshEnd[2] and i nMesh = True
wo ooblossenUse[ nx, my nod TorusSi ze[l ], nz Mod PCT/US2005/012489
TorusSi ze[ 2] ] not equal NODE_NOT_I N USE i nMesh = Fal se
End If End For End For End For If inMesh = True Mk nx+
1 Else Mk = nx + 2End If If nx PartEnd[O0]
meshStart[Q = nx rreshEndfq6 = meshEnd[Q +
TorusSi ze[0] End If End If ©° .
FreeMesh[ Nunfr eeMeshes] . Start[q meshStart[ Q
FreeMesh[ NunFreeMeshes] . Start[ 1] meshStart[ 1]
Fr eeMes hif Modetdinbg s NGPErON2HOE DreshsSt art |
Fr eeMesh[ NNddebd MeEiésF NOWE QNOF e siERd[ O
Fr eeMeshEMunFr eeMeshes] . end[ ] = neshEnd[ ]
Fr eeMgsa[FRddnFr eeMeshes] . end[ 2] = neshEnd[ 2]
Fr eglepdd NunFr eeMeshes] . NumNodes = (meshEnd[ g
Eart[q + 1) x(meshEnd[Il] - nmeshStart[I] + 1) X
h ant[2] + 1) For nx = neshStart[(
T regﬁ £}1§§ 1 nod TorusS| ze[ 0] For ny =

rresﬁ%i?cr't L}I%m e&ﬁ%ﬁ%ﬁm nmyl = ny nod TorasSi ze[l]
For ny %hSt art %é[sto mes ndE\IZ] rrzl = roz nod
Toras& ¥ zl'@f T xdrgeM ?F;[ qdesNODE_ON_HOLD
Else If FreeMesh[i] NumNodes = freeMesh[7].NumNodes
hit = True
For /= 0 to 2 while hit = True
If FreeMesh[j].Rank[/] > freeMesh[7].Rank[/])
Hit = False
End If
End For
End If
If hit = True
TempMesh = FreeMesh][/]
FreeMesh][/] = FreeMesh][{]
FreeMesh[{] = TempMesh
End If
End For
End For

In particular embodiments, ScheduleJob, which returns True if scheduler 515
successfully schedules a job 150, encompasses the following example logic:

If Spatial Allowed = True
If scheduleSpatial() = True
return True
Else If CompactAllowed = True
return scheduleCompact()
End If
Else If CompactAllowed = True
return scheduleCompact()
Else
Return scheduleAny()
End If

In particular embodiments, scheduleSpatial encompasses the following example

logic:
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End For End For End For For i=0 to 2

FreeMesh[ NunFreeMeshes] . Rank[z] =2 - 1; End For For |
wW®23406/05500r m= /4l to 3/ 1 = PCT/US2005/012489

FreeMesh[ Nunfr eeMeshes] . Rank[/] m

=Fr eeMesn[ Nunfr eeMeshes] . Rank[ 7w] |f meshEnd[rl]

-meshStart[m ] <nmeshEnd[/|] -nmeshStart[/]]

FreeMesh[ NunfreeMeshes] . Rank[ /] = m FreeMeshRank[n] =

/ 1 End If End For End For nFreeMeshes =

NuntreeMeshes + 1 End If End For End For End For For i

rartStart[Q to PartEnd[0] For =PartStart[ 1] to

Bamtitk Felke 1] For k =PartStart[2] to PartEnd[2]If

Podel osRxbbrOfTHEDE 1 i @ AFNedeilsse[ y ]
aJ;faf(‘IHi@stETStaH)MGFN End For End For For i

= es - /| =i +1to

Nuntr e se if FreeMesh[/] . NunNodes
<t el %‘fﬁfo‘fl@rﬁ{\%gf?% ?‘ True; Else If

E{l h[ /] . NunNodes freeMesh[ z] . NumNodes

Return GotFit

In particular embodiments, setSpatialNodeInUse, which builds AssignedNodeList,

encompasses the following example logic:

Nodelndex = 0
For (cNode[0] = 0 to OriginalSize[0] — 1
For cNode[1] = 0 to OriginalSize[1] — 1
For cNode[2] = 0 to OriginalSize[2] — 1
Fori=0to2
jcNode[jobMap[i]] = cNode[i]
End For
If Try NumFoldMaps = 1
mNode[0, Try.foldFix[0]] =jcNode[ Try.foldFix[0]]
mNode[0, Try.foldTo[0]] = jcNode[Try.foldFrom[0]] /
Try.foldLength[0]
If mNode[0, Try.foldTo[0]] is odd
mNode[0, Try.foldFrom[0]] = Try.foldLength[0] -1 -
(jcNode[ Try.foldFrom[0]] mod
Try.foldLength[0])
Else
mNode[0, Try.foldFrom[0]] = jeNode[ Try.foldFrom[0]] mod
Try.foldLength[0]
End If
Fori=0to2
node[i] = mNode[0, Try.rMap[/]]
End For
Else
mNode[0, Try.foldFix[0]] =jcNode[ Try.foldFix[0]]
mNode[0,Try.foldTo[0]] = jcNode[Try.foldFrom[0]] / Try — foldLnt[0]
If mNode[0, Try.foldTo[0]] is odd
mNode[0, Try.foldFrom[0]] = Try.foldLength[0] — 1 —
(jcNode[Try.foldFrom[0]] mod

Try.foldLength[0])
Else
mNode[0, Try.foldFrom[0]] = jeNode[Try.foldFrom[0]] mod
Try.foldLength[0]
End If

mNode[1, Try.foldFix[1]] =mNode[0, Try.foldFix[1]]
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hit = True For / = 0 to 2 while hit = True If
FreeMesh[/] .Rank[/] > freeMesh[z] .Rank[/]) Ht =

wo-adosesded | f End For End If Ifhit = True Tenph&BS2005/012489

FreeMesh[/] FreeMesh[/] = FreeMesh[z] FreeMesh[z] =
TempMesh End If End For End For In particular
enbodi nents, Schedul eJob, which returns True if
schedul er 515 successfully 3§hedules a job 150,
enconpasses the foll ow ng exanple logic: If
Spatial All owed = True If schedul eSpatial () = True
return True Else If ConpactAllowed = True return
schedul eCompidedd]), EydoldToH ke miNodethday foliFowd d]]# Tr ue
return schedul eConpact () El se ReydsldLechikdyl eAny() End
If I'n partilemiNyvdepITiregfolEny s}] 1§@d&edul eSpat i al
enconpasses t isddef1! f&d]&%ﬁ @le@L@Q%ﬂEﬂlﬂ —3 KahaR
For i = 0to Nurrber OTries - bRt ]mod fﬂj ﬁﬁiLeEgth[l])
scanSpat i al’%ggﬁr yList[z], St art) = True Go
setSrati al eII\Po eﬁ( -I’l:r3y fold%trgmh)]] dNocEe[g nf’ryl%olrdFrom[l]]
modTry— foldLnt{1]
Fori=0to2
node[{] = mNode[1, Try.rMap][7]]
End For
End If
Fori=0to 2
Node[:] = node[i] mod TorusSize[i]
End For
NodelnUse[node[0], node[1], node[2]] = NODE_IN USE
AssignedNodeList[Nodelndex, 0] = node[0]
AssignedNodeList[Nodelndex, 1] = node[2]
AssignedNodeList[Nodelndex, 2] = node[2]
Nodelndex = Nodelndex + 1
End For
End For
End For

In particular embodiments, scanSpatial encompasses the following example logic:

Fori=0to2
If PartWraps[i])
End[7] =PartEnd[1]
Else
End[{] = PartEnd[{] — Try.baseSize[{] + 1
End If
End For
zPlaneCnt = Try.baseSize[0] x Try.baseSize[1];
For i = PartStart[0] to End[0]
newX = True
For (n = PartStart[2] to PartEnd[2]
zPlane[n] =
End For
For 1=1ito i+try.baseSize[0]
For n = PartStart[2] to PartEnd[2]
/1 =] mod TorusSize[0]
ml = PartStart[1]
m2 = (ml + Try.baseSize[1]) mod TorusSize[1]
If PartStart[ 1] + Try.baseSize[1] < PartEnd[1]
ZPlane[n] = zPlane[n] + FreeY[/1,m1,n] — FreeY[I1,m2,n]



Return GotFit In particular enbodi nents,
set Spati al Nodel nUse, whi ch buil ds Assi gnedNodelLi st ,
wenpmonpmeses the foll ow ng exanpl e | ogi c: NodeP@EX2005/012489
For (cNode[0] = 0 to Oiginal Size[0] - 1 For cNode[l]
= 0to Oiginal Size[l] - 1 For cNode[2] =0 to
Original Size[2] - 1 For i =0 to 2 ycNode[jobMp[z]] =
cNode[ z] End For If Try.Nu ?I dvaps = 1 nlNode] 0,
Try.fol dFi X[ 0]] =j cNode[ Try.fol dFi x[ 0] ] nNode[ O,
Try.foldTo[O]] / Try.foldLength[O] If nmNode[O,
Try. fol dTo[O]] is odd nmNode[ 0, Try.foldFronf0]] =
Try. f ol dElg thf[O] - I - (/cNode[Try.foldFronf0]] nod
Try. fol dLng ¥ Alene[mitvdate X7 L.yl f ol dFr ond 0]
—ycl\lode[ETk@/Iffol dFronf0]] nod Try.fol dLength[0] End If
For i En8Fpoo 2 node[z] = nNode[O, Try.rMar[/]] End For
El skndidade[ O, Try.fol dFi x[ 0]] =/cNode[ Try. fol dFi x[ 0] ]

Nt [7 6, aff[1] =ycNode[ Try. fol dFron{0]] / Try
f ol dLmr[;?ijsff;g -Bder?ﬂ(gi Try.fol dTo[0]] is odd mNode[ O,

Try. f ol qgll'-r ol dLength[ O] - | -
(/cNode[lIr_y qrst;‘ﬁ %%%fol Lengt h[0]) El se

nmNode|[ O, Tr e[1] .foldFronf 0]] nod

Try.fol rct%\ﬁ Eps 0] = False or i+try.baseSize[0]) PartEnd[0]
For n = PartStart[2] to PartEnd[2]
If i+Try.baseSize[0] < PartEnd[0]
zPlane[n] = zPlane[n] — (FreeX[/1,m1,n] — FreeX[I12,m1,n])
Else
zPlane[n] = zPlane[n] — FreeX[I1,m1,1]
End If
End For
Else
For n = PartStart[2] to PartEnd[2]
zPlane[n] = zPlane[n] — (FreeX[/1,ml.nl+ (FreeX[0,ml,n] —
FreeX[12,m1,n]))
End For
End If
[1 =imod TorusSize[0]
2 = (i + Try.baseSize[0]) mod TorusSize[0]
ml = (j + Try.baseSize[1]) mod TorusSize[1]
If PartWraps[0] = False or i+try.baseSize[0]) < PartEnd[0]
For n = PartStart[2] to PartEnd[2]
If i + Try.baseSize[0] < PartEnd[0]
ZPlane[n] = zPlane[n] + FreeX[/1,m1,n] — FreeX[I1,m2,n]
Else
ZPlane[n] = zPlane[n] + FreeX[/1,m1,n]
End If
End For
Else
For n = PartStart[2] to PartEnd[2]
ZPlane[n] = zPlane[n] + FreeX[/1,m1,n]) + FreeX[0,m2,n]) —
FreeX[/1,m2,n]
End For
End If
Else
newX = False;
k= PartStart[2];
while £ < End[2])
hit = True;
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End If nmNode[l, Try.foldFix[I]] =nNode[DO,
Try.foldFi x[1]]mNode[l, Try.foldTo[l]] mNode[O,
waeopsHsdoetFr ong | ]
Try.foldTo[I]]
th

]/ Try.fol dLengt h[I] 1 f nNodePdT/US2005/012489
is odd nNode[l, Try.foldFronfl]] =
Try.foldLength[l] - 1 -(nmNode[O, Try.foldFroni 1]] nod
Try.foldLengthj 1]) Else nNode[l, Try.foldFronfl]]
mMNode[ 0, Try.foldFronil]] m)dTry “foldLnt[I] For i
to 2 node[z] = mNode[l, Try7#Mar[z]] End For End If
For i = 0 to 2 Node[z] = node[z] nod TorusSi ze[z] End
For Nodel nUse[ node[ 0], node[l], node[2]] = NODEJNJUSE
Assi gnedipaed k;sb NOTiglbaskeSize[ D] — + whildéiit0 True

Assi gned mﬁQlPilz&feEi\i(ﬁd@ MadgRize[l]]] nstdgqhal]zPlaneCnt

Assi gnedl\lodeLHlfsi Neslel ndex, 2] = node[2] Nodel ndex =
Nodel ndex £nd For End For End For In particul ar
enbodi n'q;?_} scanSpatl al enconpasses the foll ow ng

0

exanpl For z=0to 2 IfPartWapsM End[ z]

—PartEnd End[z] = PartEnd[z] - Try. baseSi ze[ z]
+ 1 End If Fb‘r’ zPl aneCnt = Try. baseSi ze[ 0]
xTry.baseS “J=For [ PartStart[q to End[ 0] newX =
True Start[2

For cNdx 0 to try.NumConcats — 1 while hit = True
For m = 0 to 2 while hit = True
cStart[m] = Start[m] + Try.concatStartNode[cNdx, m]
cEnd[m] = cStart[m] + Try.concatSize[cNdx, m] — 1;
if (cEnd[m] > TorusSize[m] && PartWraps[m] = False
hit = False;
End For
For 1 = ¢Start[0] to cEnd[0] while hit = True
For m = c¢Start[1] to cEnd[ 1] while hit = True
For n = cStart[2] to cEnd[2] while hit = True
/1 = [ mod TorusSize[0]
ml = m mod TorusSize[1]
nl = n mod TorusSize[2]
If NodeInUse[/1,m1,n1] not equal NODE_NOT_IN_USE

hit = False;
End If
End For
End For
End For
If hit = True
Return True;
Else
K=k+1
End If
Else
k=n+1
End If
End If
End For
End For
Return False

In particular embodiments, scheduleCompactFunction, which runs a binary search

on Fit, encompasses the following example logic:

HighFit = NumberOfFits — 1
Fori=0to02
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For (n = PartStart[2] to PartEnd[2] zPlane[n] = 0 End
For For 1=1i to z+try.baseSize[Q For n = PartStart][ 2]

wa eoorasIoEnd[ 2] / 1 /nod TorusSi ze[0] m = Part BUHU$$003/012489

m = (m + Try.baseSize[l]) nod TorusSi ze[l]
[fPartStart[l] + Try.baseSize[l] < PartEnd[]I]
ZPl ane[n] = zPlane|>] + FreeY[/l ,m ,n] - FreeY[/I
, M2, n]El se ZPl ane[>] = zPlane[/i]+ FreeY[ll m ,n] End
If End For End For For/ = Pg?‘tStart[I] to End[l]
ifnewX = False / 1 =i nod TorusSize[0] /2 = (i
+Try. baseSi ze[Q ) nod TorusSize[0] m =(j- \ ) nod
TorHigbsme]i]1F RatSRat{f]|W aps[ O = Fal se or
EBhtiryr baseSi ze[ ) PartEnd[0] For n =PartStart[2] to
a@wgnmrlz] I f z+Try. baseSi ze[Q < PartEnd[ 0] zPl ane|>]
Wl;l Bhel"] - (FreeX[/I , tx] - FreeX[/2,/w,n])
@ éﬂtl@i e[LQJwF‘t-Z owrigesl /1, m, ] End If End
I r'gpa %éﬁ ézl%lt @%&@ﬁ rﬁ%ht%ﬁ'-—-aﬁ%%"] =
zPIg ,
li,é i 4 For End If / 1 =1 mod
Tor %l ze 0]

(i +Try. baseSi ze nmod TorusSi ze[ O
LowFit = CurrentFlt y () [0]

End If
If HighFit = LowFit + 1
Return
End If
End While
Hit = False
For i = 0 to NumMaxDistances — 1 While Hit = False
If HighFit = MaxDistance[7,0]
HigMaxDistance = i
Hit = True
End If
End For
Hit = True
For i = HighMaxDistance — 1 to 0 by —1
StartFit = MaxDistance[7,0]
If i =NumMaxDistance — 1
EndFit = NumberOfFits — 1
Else
EndFit = MaxDistance[i+1,0] — 1
End If
Hit = False
For j = StartFit to EndFit While Hit = False
If scanCompact(NumberOfNodes, Fit[/], HighStart)= True
HighFit = j
HighMaxDistance = /
Hit = True
End If
End For
End For
setCompactNodeInUse(Fit(HighFit), HighStart)

In particular embodiments, setComPactNodeInUse encompasses the following

example logic:

node=10
Fori=0to2
if Start[7] = TorustSize[7]
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w@2006850p0] For

m =(f +Try.baseSize[l]) nod TorusSi ze[l]
IfPart Waps[O = False or z+try. baseSize[(Q) <

Try. baseSi ze[(Q < PartEnd[0] ZPlane[n] = zPlane[n] +
FreeX[/l,m,n] - FreeX[/I,n2, /1] Else ZPl ane[n] =

zPl ane[n] + FreeX[/l ,m ,?] End If End For Else For n
= PartStart[2] to PartEnd[2],_ZPl ane["] = zPlane|>] +
FreeX[/1,mM,w) + FreeX[0,n2”"]) FreeX/I|,n2, ] End
For End If Else newX = False; /c= PartStart[2]; while
< End[2]) hit = True;For n k ; to k +Try. baseSi ze[ 2] -
1 whi Marifilt= Stafplmof fTopSéaetl n mod Tor usSi ze[2]] not
equal EnR[idreEnt[i]hi SizelifFal se; End If End For if hit =
TruendStfart[Q =i ; Start[l] =; Start[2] = k; For
ENd¥org O to try. NunConcats -1 while hit = True For m
FONE@MapWinliRidist= £ True Cﬁj’t art[gli[n; St arst[ni [;1

Tr dg[ cNdx, cEn = cStart +
Trzl.fg\% hfﬁﬁﬁfer%[%g m-1; if(cEnd[n] > TorusSi ze[ n
&& PartiNaps(yi = False hit = False; End For

order[2] =0
Else If MapDiminsion[0] = 1
order[0] =0
order[1]=2
order[2] =1
Else
order[0] =0
order[1]=1
order[2] =2
End If
Else
order[0] = 3 — MapDiminsion[0] — MapDiminsion[1]
order[1] = MapDiminsion[0]
order[2] = MapDiminsion[1]
End If
count =0
For i = Start[order[0]] to end[order[0]] and count < RequestedNodes
index[order[0]] = i mod TorusSize[order[0]]
For j = Start[order[1]] to end[order[1]] and count < RequestedNodes
index[order[1]] =j mod TorusSize[order[1]]
For k = Start[order[2]] to end[order[2]] and count < RequestedNodes
index[order[2]] = k mod TorusSize[order[2]]

If NodeInUse[index[0], index[1], index[2]] = NODE _NOT IN USE
NodelnUse[index[0], index[1], index[2]] = NODE_IN USE
AssignedNodeList[node, order[0] = index[order[0]]
AssignedNodeList[node, order[1] = index[order[2]]
AssignedNodeList[node, order[2] = index[order[2]]
node =node + 1

End If

End For
End For
End For

In particular embodiments, ScanCompact encompasses the following example

logic:

Fori=0to2
If PartWraps[i] = True

n =PartStart[2] to PartEnd[2] PE®US2005/012489
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For 1 cStart[O to cEnd[0] while hit = True For m =
cStart[l] to cEnd[l] while hit = True For n =cStart][2]

W@ 006@sp2] while hit = True /1 =/ nod Tor us SP@BEPOI0051012489

=m nod TorusSi ze[l] n\ =n nod TorusSize[2] If
Nodel nUse[/|,/nl.7i1] not equal NODE NOT_IN USE hit =
Fal se; End If End For End For End For If hit = True
Return True; Else K =Jc+ | dIf Else k =n + 1| End
If End If End For End For Return False In particular
enbodi nents, schedul eConpact Functi on, which runs a
bi nary search on Fit, enconpasses the follow ng
exanpleadiibgPatEndiighFit = NunberOfFFits - 1 For i =0 to
2Hi Blsstart[z] = PartStart[z] End For LowFit = - 1
Wi | e endlip= CartErd{t |~ Stast[iloviFit + (H ghFit - LowFit) /
2 | EnétanConpact ( Nunmber Of Nodes, Fit[CurrentFit],
H gh&tiaF PartStarfolue hi@hFit = CurrentFit El se
newX = True
For n =0 to TorusSize[2]
ZPlane[n] =0
End For
for (I=1ito i+ size[0]
for (n = pStart[2]; n < pEnd[2]; nt+)
[1 =/ mod TorusSize[0];
m1 = PartStart]1]
m2 = (PartStart[1] + size[1]) mod TorusSize[1]
If PartStart[1]+size[1] < PartEnd[1])
ZPlane[n] = zPlane[n] +FreeY[/1,m1,n] — FreeY[/1,m2,n]
Else
ZPlane[n] = zPlane[n] +FreeY[/1,m1,n]
End If
End For
End For
For j = PartStart[1] to End[1]
newY = True
If newX = False
=i
[2 = (i + size[0]) mod TorusSize[0]
ml=j—1
If PartWraps[0] = False or i+Start[0] < PartEnd[0]
For n = PartStart[2] to PartEnd[2]
If i+size[0] < PartEnd[0]
ZPlane[n] = zPlane[n] — (FreeX [/1,m1,n] — FreeX[[2,m1,n])
else
zPlane[n] = zPlane[n] — FreeX [/1,m1,n]
End If
End For
Else
For n = PartStart[2] to PartEnd[2]
zPlane[n] = zPlane[n] — (FreeX [/1,m1,n] + (FreeX[0,m1,n] —
FreeX [[12,m1,n]))
End For
End If
n=i
[2 = (i + Start[0]) mod TorusSize[0]
ml = (j + size[1] — 1) mod TorusSize[1]
If PartWraps[0] = False or i + Start[0]) < PartEnd[0]
For n = PartStart[2] to PartEnd[2]
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LowFit = CurrentFit End If If HghFit LowFit + 1
Return End If End While Ht = False For i =0 to
wOkooMasdest ances - 1 Wiile Hit = Fal se |If H ghftT/US2005/012489
MaxDi sta ace[z,0] H gMaxDistance =i Ht = True End If
End For H't = True For i =H ghMaxDi stance - 1 to 0 by
-1 StartFit = MaxDi stance[z,0] If z=NumvVaxDi stance - 1
EndFit = NunberOFits - 1 El.se EndFit =
MaxDi st ance[ z+l ,0] - 1 End I'f Hit = False For/ =
StartFit to EndFit Wiile Ht = False If
scanConpact ( Nunber O Nodes, Fi t]%q{«%[ H ghStart)= True
HighFit | H ghMVBk@itsttamdd <<Partkad{OB True End If End
For End For set ConpRlenélobe zRlavelniFi-t(FreiefbiEin)),n] — FreeX[/1,m2,n]
Hi ghStart) |n pd&ide cul ar enbodi nments,
set ConPact Nodel nUsgpPlangahpaBras[] harréeX[VQmil g exanpl e
logic: node = OHpgnfi = 0 to 2
End For
Else
For n = PartStart[2] to PartEnd[2]
ZPlane[n] = zPlane[n] + (FreeX[/1,m1,n] + (FreeX[0,m1,n] —
FreeX[/1,m2,n]))
End For
End If
Else
newX = False
End If
For k= PartStart[2] to end[2]
ifnewY = True
newY = False
count = 0;
For n=kto k+ size[2]
count = count + zPlane[n mod TorusSize[2]]
End For
Else
count = count — zPlane[k — 1]
k1 = (k + size[2] — 1) mod TorusSize[2]
zPlane[k1]=0
Nn=i
12 = (i + size[0]) mod TorusSize[0]
If PartWraps[0] = False or i + size[0]) < PartEnd[0]
Form =jtoj + size[1]
ml =m mod TorusSize[1]
If i + size[0] < PartEnd[0]
ZPlane[k1] = zPlane[k1] + (FreeX[I1,m1,k1] —

FreeX[/2,m1,k1])
Else
ZPlane[k1] = zPlane[k1] + FreeX[[1,m1,k1]
End For

Else
Form=jtoj + size[1]
ZPlane[k1] = zPlane[k1] + FreeX[/1,m1,k1] +
(FreeX[0,m1,k1] — FreeX[12,m1,k1])
End For
End If
count= count + zPlane[%1]
End If
If count > NumberOf Nodes
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if Start[i] > TorustSize[z]Start][ ] = Start])"] nod
TarusSi zep] End[z] Start[z] + Size[i] - 1 End If End

wao-o0060850DUMVBPD m nsions = 1 | f MapD m nsi on[ OPCEHUS2005/012489

order[0] = 1 order[l] = 2 order[2] = 0 Else If
MapDi m nsion[0] = 1 order[0] = O order[l] 2 order[2] =
1 Else order[0] = 0 order[l] =1 order[2] = 2 End If
El se order[0] = 3 - MapDi m ngion[0] -MapD m nsion[l]
order[l] = MapD m nsion[ 0] der[2] = MapDi m nsion[l]
End If count = O For i = Start[order[0]] to

end[ order[0]] and count < RequestedNodes

i ndex[ order [ 1]311&0]i=lrmd TorusSi ze[order[0]] For =
Start[order[|$trttld =gnd[ order[1]] and count <

Request edNodeStaitfjexf order[1]] = nod

TorusSi ze[ or detdrh [Tyud=or /c = Start[order[2]] to

end[ order [ ZhHi 1And count < Request edNodes

i ndex[orgiF&]] = k nod TorusSi ze[order[2]] If
NodeMggglHopdex[ 0], index[|], index[2]] =

. | N_USE Nodel nUse[i ndex[ 0], index[Il],

= NODE_I N _USE Assi gnedNodelLi st [ node,

N

or.der (i) = index[order[0]] Assi gnedNodelLi st[ node,
SYHRHAS® = i ndex[order[2]] AssignedNodeLi st [ node,
order[2] = index. [order[2]1] ) _

In particular embodiments, scheduleAny encompasses the following logic:
Node=10

Remainder = RequestedNodes
For m = 0 to NumFreeMeshes while Remainder > 0
If FreeMesh[m].Rank[0] = 2
iNdx = FreeMesh[m].Rank[2]
JNdx = FreeMesh[m].Rank[1]
Else If FreeMesh[m].Rank[1] = 2
iNdx = FreeMesh[m].Rank[2]
JNdx = FreeMesh[m].Rank[0]
Else
iNdx = FreeMesh[m].Rank[1]
JNdx = FreeMesh[m].Rank[0]
End If
For i = FreeMesh[m].Start[/Ndx] toFreeMesh[m].end[/Ndx] while Remainder > 0
For j = FreeMesh[m].Start[/Ndx] to FreeMesh[m].end[jNdx] while Remainder
>0
For k = FreeMesh[m].Start[2] to FreeMesh[m].end[2] while Remainder > 0
il =i mod TorusSize[/Ndx]
J1 =j mod TorusSize[iMod]
k1 =k mod TorusSize[2]
IfiNdx=0
NodelInUse[i1,/1,k1] = NODE_IN USE
Else
NodelnUse[j1,i1,k1] =NODE_IN USE
End If
AssignedNodeList[Node].[iNdx] = i1
AssignedNodeList[Node].[[Ndx] = j1
AssignedNodeList[Node, 2] = k1
Node = Node + 1
End For
End For
End For
End For



10

15

20

25

30

node = node + 1 End If End For End For End For In
particul ar enbodi nents, ScanConpact enconpasses the

wo edobosdory exanple logic: For = 0 to 2 If ParpdVWapbz)12489

= Trueend[z] =PartEnd[z] Else end[z] = PartEnd[z] -

Start[i] + 1 End If For i = PartStar[O to end[0] newX
= True For n = 0 to TorusSi ze[2] ZPl ane[w] = 0 End For
for (/ = zto i + size[0] for =rStart[2]; n <

pENd[ 2] ; n++) / 1 = /mod Torﬁs& ze[0]; ml =
PartStart[I] m (PartStart[I] +S|ze[l]) nod
TorusSi ze[l] If PartSt art[l]+size[l] < PartEnd[I])
ZPl ane[n] = zPlane[n] +FreeY[/Il,m ,n] - FreeY[/l
nQIrrﬂartﬁihﬂa eblodinedntd, ketvipi Rhdnha]{cbipasses thepllowing. 16 git:

End For F = PartStart[l] to End[l
Eﬂ ‘gﬁ B% ﬂ“%@aﬁ':gesl——afse/ 1 = 12[:](i +siz[e[]0])
modtord) r—ugglgrtﬂd defyist[node, O]
to[1] = Assigned odeLlst[node 1]
to[2] = AssignedNodeList[node, 2]
If NumMapDiminsions = 1
to[MapDiminsion[0]] = AssignedNodeList[node, MapDimension[0]] /

MapMod[0]
to[3] = AssignedNodeList[node, MapDiminsion[0]] mod MapMod[0]
Else
to[MapDiminsion[0]] = AssignedNodeList[node, MapDiminsion[0]] /
MapMod[0]
to[MapDiminsion[1]] = AssignedNodeList[node, MapDiminsion[1]] /
MapMod[1]
to[3] = (AssignedNodeList[node, MapDiminsion[0]] mod MapMod[0]) x
MapMod[1] +
AssignedNodeList[node, MapDiminsion[1]] mod MapMod[1]
End If
hit = False

for (nodel = 0 to NumFreeNodes — 1 while hit = False
If to[0] = FreeNodeList[nodel],coordinate[ 0] and
to[1] = FreeNodeList[nodel].coordinate[1] and
to[2] = FreeNodeList[nodel].coordinate[2] and
to[3] = FreeNodeList[nodel].coordinate[3]
FreeNodeList[nodel].mpiRank = node
Hit = True
End If
End For
End For

In particular embodiments, scheduler 515 uses the following example structures,
which are defined as follows, to allocate nodes 115 to jobs 150. As described above,
cluster management engine 130 communicates a list of FreeNode structures to scheduler
515 along with a job 150. The list includes all nodes 115 available for scheduling, In the
list, switch-based coordinates identify available nodes 115 in the list. If scheduler 515
schedules job 150, scheduler 515 sets mpiRank before returning.

Structure FreeNode
integer  coordinate[4]
mteger  mpiRank
End Structure
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If PartWaps[0] = False or /+Start[J < PartEnd[0] For
n = PartStart[2] to PartEnd[2] If z+size[0] <

w@a0ob@sp 0] ZPl ane[ "] = zPlane["] - (FreeX [|\Pak/pSi005/012489

FreeX[/2,rl,w) else zPlane[n] = zPl ane[n] -FreeX
[/1,mM,n] End If End For Else For n = PartStart[2] to

Part End[ 2] zPl ane[>] = zPlane[;t] - (FreeX +
(Freex[O,m ,n] - FreeX[IZ,gé,n])) End For End If / |

z /2 (i + Start[J) nod TorasSize[0] m = (J + size[l]

- 1) nod TorusSize[l] If PartWaps[0] = False or z+
Start[Q) < PartEnd[0] For n = PartStart[2] to
PariEpedfi@ilif ¢inbeditieatss fdiedulePan 6 Brself @ EolﬂF&tam@re]to =record how

scha R 5108 ofefiEprapiopal Angingh g fasiiies St BN Eng  For

g'trﬁ@tu{;é)Folﬂ = Part St art[2] to PartEnd[2] ZPlane[>] =

zPlg goﬁgg [/1,mM ,n] + (FreeX[O,m,n] -

Frg1 n%% ve End For End If Else newX = Fal se
neger K Fnda artStart[2] to end[2] ifnewYy True

integer  foldDimension

integer  fixDdimension

integer  oneDimension

End Structure

In particular embodiments, scheduler 515 uses a Try structure to store information

on meshes used for scheduling a spatial job 150. A Try structure includes information on

a base mesh and up to two concatenated meshes.

Structure Try
integer  baseSize[3]
integer  numConcats
integer  concatSize[2,3]
integer  concatStartNode[2,3]
integer  rMap[3]
integer  irMap[3]
integer  numFoldMaps
integer  foldLength[2]
integer  foldFrom[2]
integer  foldTo[2]
integer  foldFix[2]

End Structure

In particular embodiments, scheduler 515 uses a FreeMesh structure to store

information on meshes in grid 110 available for scheduling. Scheduler 515 uses FreeMesh

to schedule “any” requests.

Structure FreeMesh

integer  start[3]

integer  end[3]

integer  size[3]

integer  rank[3]

integer  numberOfNodes
End Structure
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newY = Fal se count = 0; For =/

c+ size[2] count =

cto
count + zPlane[n nod TorusSi ze[2]] End For El se count
+s

we2@mest02ZzPl ane[ & - 1] k \ = (Kk

ize[2] - 1)PemuS2005/012489

TorusSi ze[2] zPlane[M =0/1 =1/ /2 = ( z + size[0])

nod TorusSize[0] If PartWaps[Q = False or i +

size[0]) < PartEnd[Q For m= toj + size[ 1] mM = nod
TorusSi ze[l] Ifz + size[Q < PartEnd[0] ZPlane[H =
zPlane[I] + (FreeX(/I,m,/df1- Freex[/2,m,M) Else

ZPl ane[/d] zPlane[/cl] + FreeX/|,m ,/d] End For El se

For m=j toy + size[l] ZPlane[Al ] = zPlane[M] +

Fr éafatticularlenitebdiments, Fichadil €, A pded]the following example variables,

F L2, rl, End _F End ) =
whighpig [ﬁqu{aséfqﬂ!)%@ Tp pllgegigiodss :NL%E%% tlﬁgggggt ;rtfq =
-[Z:o?&%lﬁéitédNo%e@. b 2hmb¥ JrebdédtedhdiedEBea jdb F5pd For End

RequestType: a type of job request: SPATIAL, COMPACT, or ANY.
OriginalSize[3]: if RequestType = SPATIAL, a size of a job 150.

AggressiveFlag: a floating-point number between zero and one indicating a degree
of leeway allotted to scheduler 515 for purposes of allocating nodes 115 to a job
150.

JobMap[3]: if RequestType = SPATIAL, a mapping of indices of OriginalSize to
an order more suitable to scheduler 515.

RequestedSize[3]: if RequestType = SPATIAL, size of a job 150 after scheduler
515 has applied JobMap.

TorusSize[3]: size of grid 110 in terms of CPUs 164.
NodesPerSwitch: number of nodes 115 per switch 166.
NumPFreeNodes: number of nodes 115 available for scheduling.

FreeNodeList[NumFreeNodes]: list of nodes 115 available for scheduling passed
to scheduler 515.

SpatialAllowed: set to True if spatial scheduling allowed.
CompactAllowed: set to True if compact scheduling allowed.
AnyAllowed: set to True if any scheduling allowed.

TorusMap[3]: a mapping of indices from a switch-based torus to an order more
suitable to scheduler 515.

InverseTorusMap[3]: an inverse of TorusMap; applied to all output nodes 115
before returning to cluster management engine 130.

NumMapDimesions: number of dimensions modified when going from a switch-
based torus to a node base torus; possible values are one and two.

MapDimensions[2]: indices of dimensions modified when going from a switch-
based torus to the node base torus.

MapMod[2]: multipliers used when going from a switch-based torus to a node-
based torus; possible values are MapMod[0] = 4 for NumMapDimesions = 1 and
MapMod[0] = 2 and MapMode[1] = 2 for NumMapDimesions = 2.

PartSize[3]: size of a partition.

PartStart[3]: start coordinate of a partition.

PartEnd[3]: end coordinate of a partition.

PartWraps[3]: PartWraps[i] = True if a partition wraps in dimension i.
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End For End For return False In particular
enbodi nents, schedul eAny enconpasses the foll ow ng

wo o@bo550dbde = 0 Rermai nder = Request edNodes FoOPCTUS2005/012489
to NunfreeMeshes while Remainder > 0 If
FreeMesh[m . Rank[ 0] = 2 zNdx = FreeMesh[n]. Rank[ 2]
yNdx = FreeMesh[m . Rank[|] Else If FreeMesh[r].Rank[]I]
= 2 NdX = FreeMesh[>] .Rank[2] yNdx =
FreeMesh[w] . Rank[J El se z = FreeMesh[n]. Rank[ 1]
yNdx =FreeMesh[n].Rank[Q End If For i
=FreeMesh[w] . Start[/ Ndx] toFreeMesh[m .end[zNdx] while
RemejdetifiFsepT dudRizef 0 KT drueSiddf $ hT odusStze[2] T /MMobdenWse[i,/,k] indicates a
Fr egieshd Addeendl podsibrd vartdsl igclRésNiOme rIN>USEH@andk 115 assigned to
—Fraﬁst'}{elshbm Stsayt [ Ron® Noeehesiga - @ped 2]118hi bxilable),  and

Re T
5@%% zeE\?I—ﬂ)JIZ]b (g témﬂ&ﬁ;oyd%%f%gﬁgﬂé[ 2?5]3} g '\gldnodesn]q@ to a job
e

Use[zl ,/1, W NODE I N USE El se
l\locféée’fttﬂﬂ“efds&m[()]ﬂhb}fus&zmmg drdsSURE2 N dFe¢ Y [7,/,k] indicates a number
As sifdreedivdee L1 $id e €], 4 2hddwph £, TbrusSize[1]-1,k} inclusively. A scan

g&bﬂ%gﬁﬁﬁm [ Node] . [2/ Ndx] =yl
Ena’?lrgqgg[Torus%lzlef’(g]LTorusSme[ ]TorusSlé\l?gﬁ Free}%ﬁzj,k] 1nciE ca%s a number

of free nodes in the line {i,j,k} through {TorusSize[0]-1,,k} inclusively. A scan
routine uses FreeX.

« NumberOfTries: a number of Try structures constructed for a spatial request.
« TryList{NumberOfTries]: a list of Try structures for a spatial request.
« NumberOfFits: a number of meshes constructed for a compact request.

. Fit[NumberOfFits,3]: alist of meshes constructed for a compact request.
« Fit[i,0] = size of mesh 7 in an x dimension.
o Fit[i,1] = size of mesh i in a y dimension.
o Fit[i,2] = size of mesh i in a z dimension.

« NumMaxDistances: a number of unique maximum distances in Fit.

« MaxDistance[NumMaxDistances,2]: a list of unique maximum distances in Fit.
For any 0< i < NumMaxDistances, MaxDistance[7,0] = index into Fit of a first
mesh with maximum distance = MaxDistance[/,1].

« NumFreeMeshes: a number of free meshes in grid 110. A free mesh is a mesh
including only free nodes 115.

« FreeMesh[NumFreeMeshes]: an array of FreeMesh structures.

. AssignedNodeList[RequestedNodes,3]: a list of nodes 115 assigned to a job 115 in
MPI rank order.

Cluster management engine 130, such as through scheduler 515, may be further
operable to perform efficient check-pointing. Restart dumps typically comprise over
seventy-five percent of data written to disk. This J/O is often done so that processing is
not lost to a platform failure. Based on this, a file system’s I/O can be segregated into two
portions: productive I/O and defensive /O. Productive /O 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 I/O is performed to manage a large
simulation run over a substantial period of time. Accordingly, increased I/O bandwidth

greatly reduces the time and risk involved in check-pointing.
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End For End Forln particul ar enbodi nents, setMi Rank

enconpasses the followng logic: For node = 0 to
woe@eestoedNodes - 1 to[ 0] = Assi gnedNodeLi st [ npAEUSD)P5/012489

to[l] = AssignedNodeLi st[node, 1] to[2] =

Assi gnedNodelLi st[ node, 2] If NumvapD m nsions = 1

to[ MapDi m nsion[0]] = Assi gnedNodelLi st [ node,

MapDi mensi on[ 0] ] / MapModf o]8 to[3] =

Assi gnedNodelLi st [ node, I\/ale fi nsi on[ 0]] nod MapMod][ 0]

El se to[ MapDi mi nsi on[ 0] ] Assi gnedNodelLi st [ node,

MapDi m nsion[0]] / l\/apl\/bd[ 0] to[MapDim nsion[l]] =

Asqunﬁﬁii‘g]ﬂ&In'gﬁ]b [1806diecalvhpdounyi 529 confprisgs Jogival ddsdfipfons (or data

stmbﬁ%%a?e] EBRTIES oF e gHSNDgal MeTbag) e be stored in

] t serf
B B 5 i i

conpffatibjejode: FoeeNoudei locdlmaeiadty, 52000y Perap@se orgrg mexe| §Xtensible

Ma.ﬂ@?&ﬁ@g’f%%i(%&oﬁfs %5%&3{1‘%'8? et['l%el gﬂ? el%: %1%]5 may be described in

terrft 6 NePebib@ieiRAR doripprdithall Sblge Access Method (VSAM) files, flat
Fr eeNodelLi st [ nodel ] . mpi Rank = _node Hit = True End If

filegrhinary datgfdes-Biriave fhes dnhpssrtlentss aPmERrsspardtea@iedCSV) files.
It %11%@%@&&98& t Atl Qoh r@erﬁ Rk c%fng)g& ag%iabl@'t&‘tg a%lg goy other

oca

suitABledagcstiubiipe. ab@BAEmenidny t5eo mrm@emmmise raqﬂtmahﬂ;&()f tables or files
cgrmuni cates ? | i st of Freel\% tructures

stoge HEH OP% SOt 194 GRGCTse 1 Bl (FeTVeER OF MOy nMefger, while

B
or gxterhddevithiost depaftingcihwd thegcopd &f this disclosure.

Iltustrated local memory 520 includes physical list 521, virtual list 522, group file
523, policy table 524, and job queue 525. But, while not illustrated, local memory 520
may include other data structures, including a job table and audit log, without departing
from the scope of this disclosure. Returning to the illustrated structures, physical list 521
is operable to store identifying and physical management information about node 115.
Physical list 521 may be a multidimensional data structure that includes at least one record
per node 115. For example, the physical record may include fields such as “node,”

” <L

processor utilization,

2 CcC

memory utilization,” “temperature
2 2

2% <6

“availability, physical
location,” “address,” “boot images,” and others. It will be understood that each record
may include none, some, or all of the example fields. In one embodiment, the physical
record may provide a foreign key to another table, such as, for example, virtual list 522.
Virtual list 522 is operable to store logical or virtual management information
about node 115. Virtual list 522 may be a multidimensional data structure that includes at
least 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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schedul es job 150, schedul er 515 sets npi Rank before
returning. Structure FreeNode integer coordinate”]

WO paoegsi02hpi Rank End Structureln particul ar PCT/US2005/012489
enbodi nents, schedul er 515 uses a Fold Structure to
record how schedul er 515 fol ds one di nensional and two
di nensi onal spatial requests. Structure Fold integer
fol dLengt h i nteger nunfol ds_j nteger remai nder integer
fol dDi mensi on integer rl de$4wensi on i nteger
oneDi nensi on End Structure In particul ar enbodi nents,
schedul er 515 uses a Try structure to store
i niGroumfile 528 rompsitess ous ed niwe tadbedulréaogdsopguahle 40 store user

ob 150 A struct reincludsino IO na
eropcaad SRy g iany S coren e B et AL ot ample. cach
grou-‘é) r%cdrﬁtrﬁagﬁfncﬁﬁé @3is? 8F HNailableQ8R cRUASRRAAE Sorl jobe ﬁﬁ‘ra user Each
oncat Si Ze[ 2, 3] integer concat St artNode[2 3] inte

logwdi/@muiﬂ nmmﬂaegaemnatwhw[tb]a busxn@geegronn IPF SV g epaTiin eﬂf project, a

Sec‘irﬁi[ wit g%’]g F‘E&EP% Hglglt ?8 (r:l aF &9 Ie rllltsglg ? ﬁ%tuq% A8 submit jobs

1506 @&hffﬁﬂérs at $6RE %Hﬂ esf SyldberiSHY). @ Ee[se& s lihis tinfoeinatien, cluster
to store information on nmeshes in id 11 avallab
marxamm@tc eagineil3g matirbernieg ifgheuses é&bm%tté%@g Ygs a va h§ user and,

if so e ?]f gﬁum%amétgﬂ%fs}o% exebithtrl UG et SSNES il 15208hy associate

each user group with a virtual cluster 220 or with one or more physical nodes 115, such as
nodes residing within a particular group’s domain. This allows each group to have an
individual processing space without competing for resources. However, as described
above, the shape and size of virtual cluster 220 may be dynamic and may change
according to needs, time, or any other parameter.

Policy table 524 includes one or more policies. It will be understood that policy
table 524 and policy 524 may be used interchangeably as appropriate. Policy 524
generally stores processing and management information about jobs 150 and/or virtual
clusters 220. For example, policies 524 may include any Number of parameters or
variables including problem size, problem run time, timeslots, preemption, users’ allocated
share of node 115 or virtual cluster 220, and such.

Job queue 525 represents one or more streams of jobs 150 awaiting execution.
Generally, queue 525 comprises any suitable data structure, such as a bubble array,
database table, or pointer array, for storing any Number (including zero) of jobs 150 or
reference thereto. There may be one queue 525 associated with grid 110 or a plurality of
queues 525, with each queue 525 associated with one of the unique virtual clusters 220
within grid 110.

In one aspect of operation, cluster management engine 130 receives job 150, made
up of N tasks which cooperatively solve a problem by performing calculations and
exchanging information. Cluster management engine 130 allocates N nodes 115 and
assigns each of the N tasks to one particular node 115 using any suitable technique,
thereby allowing the problem to be solved efficiently. For example, cluster management

engine 130 may utilize job parameters, such as job task placement strategy, supplied by
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i nteger end[3] integer size[3] integer rank[3] integer
nunmber Of Nodes End Structureln particul ar enbodi nents,
wa@etvedsdoer 515 uses the foll ow ng exanpl e var i B@I/882005/012489
whi ch are defined as follows, to allocate nodes 115 to
j obs 150. RequestedNodes: a nunber of nodes requested
for a job 150. . RequestType: a type of job request:
SPATI AL, COMPACT, or ANY. . Original Size[3] : if
Request Type = SPATIAL, a si%® of a job 150.
Aggressi veFl ag: a fl oating-point nunber between zero
and one indicating a degree of |leeway allotted to
the ssehetegadless] olister npiniapasas cofingl 30 cdeinpty toodpbitlths ardpitecture
a job 150, . JobMap[3]:. .if RequestType = SPATIAL, a .
Of SRRiSpiTAG: Bhichith BES RPVER i QHer e Pgraly e s and Tikely
. ' I U 1dgequest edSi ze[ 3] : i f
top Yol 38 oferaf 6] 'Irdltg\(gLr,Slé,éii%rzneOc‘?fe a job 150 after

Q
St

equest Type = '
sc e duk emiEtiimeérs chysist iethagebittpengineTdiQ diginz eqlgts and allocates
Si of qrid 110 ip terns. of CP 164, . .
nodg g PenSiistenny At MedPToFing srabpte 1Estlosies i oy 166,
Nunfr eeNodes: nunber of nodes 115 avail able for
schedul i ng. FreehbdeListBNunFreehbdes]: i st of nodes
115pecified 2B éx.yber SEhésuiz) ngNpdessbtd e glarated) ayd ks may be

Spati al Al owed: ~set tq. True,if i al_ase | :
oo GBT R aTh Bl R AR o o
compeligchibhNOTRS Ispvdfled tépiddy avimdgess etvariotyTofigobs 1ahywhere it is
schedul i ng_al | owed. Tor,usl\/ap[gé: a@gaﬁ‘gi ng of i n?i ce .
desipabimihat ifiphy oY £oBHEBSAORIBPAIRL: e th PROLR foppfgy aflowing
the %8@&%{/ n%r taagsf’?f Jédgn%/? gcf F%Hﬁl!}{ﬁ)'a{@}réqﬁﬁtlﬂlrg%’% $8igBbor tasks. For

i
orusMap; appli out put nodes 115 before )
exampleyneqgst of & kasks ar a PaPsd)dimensionn(dj Ae2)181l be allocated in a cube.

For Jeiin) TS Ao A HDSER ey bt oD S GimsugTy SAAE preserving
ofiRESSidBoY &) HEShEY: LoRMBAGH oh¥O Clushér RBAnaRAE e BERE: 130 may be

I ndi ces of dinensions nodjfied when going froma
freestoi allotrtte tedspedfiad dimensinnahgpe hagey poeniation. NEggample, a 2x2x8

I N

4 for NumvapD nesions = 1 and MapMbd[ 0] = 2 and
MapMode[ ] = 2 for NumVapD nesions_= ﬁ . .
Best Fit Cube - cluster management engine 130 allocates N nodes 115 in a cubic

volume. This topology efficiently handles jobs 150 allowing cooperating tasks to
exchange data with any other tasks by minimizing the distance between any two nodes

115.

Best Fit Sphere - cluster management engine 130 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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PartSize[3]: size of a partition. . PartStart[3]:

start coordinate of a partition. PartEnd[3]: end
weomsgsoat e of a partition. PartWaps[3]: PareOVespz912489

= True if a partition waps in dinmension i..

NCACl nUSe[ TOnSSI Ze[J TOr UsSi Ze[ 1] 5TOr UsSi ZeP] ] :

Nodel nUse[y, A:] indicates a state of a node 115;

possi bl e val ues i ncl ude I N USE (node 115 assi gned

to anot her job 150), NODE_ I N_USE (node 115

avai | abl e), and NCDE ONJHOLD (a tenporary state used

when assi gni ng nodes 115 to a job 150). .

Fr eRaf{ddor usBiste[BinagenastSingaid 130 alos8iszN| mjdjes 16 ewivlj yeduced

ndi.cates a nu f fr des
congighraliih i in 0l | 1S pe BEEFELPT RORRA) ageleds 1 875 embpdiment,
Ste f grid 1 1
S RAGEPUhL RS ARERRY e of grid 110 o & e 3pg puoses, with fide

lmpaetetiﬁ([othlbrkqb&lﬁ@l cates a number of free nodes in the
line {ij,k} through {TorusSize[0]-1 J,k} inclusively.
A scan routine uses FreeX NurrberO‘Tri es: a nunber of

Tr YIt Sl Ut R Est 6Nt t]ﬁtpﬂbrftﬁpolagl%@ ahd atcongfueisk.description are
yLi st[ NunberOF Tries]: a |ist of Tr%/ﬁmtructures for a

for slbﬁtramn pPegostonly sshivay apiienict astusl famefogiss used petechniques for

a corrpact request.
allol%?[ ungtt(&%k;—%q%s a list of nmeshes constructed for
a C@]‘iﬁpactrnahegﬁmait engllﬁietl[Sﬂ i}y atikze e pdcemestweight) stmed as a job

1502]%)4;?1;&%? ok pgf géﬁ% p%}lrgSI tzq? i % Ogg}?l&oﬁgﬂé} ghlrere r]acement weight is a

mo&‘fﬁ@@%l@é PEANCRY afl NUPRER rQiredtRtsOMSy M@lﬁ bﬁltst@f‘ Gfi®agement
Fit. MaxD stance[ NumvaxDi st ances, a

engum Boeshouldi atiempd s placeesdes A 1 Fatcordng tcaﬂye @qu@steddask (or process)

Nu xDi st a MaxDi st a into.Fit
plagg e SERRECHS Jois S IREt it SF Rceressrfiiyia BRAG 1 spguty i the
optNiHT <6 8BS Tes dinfentieiibEls pksibleemd® SIS of N @bte@erﬂti @lacthg nodes
free mesh is a nesh including only free nodes 115.

11 Srinsmpdiste]pusstiees e dives pre enough g off othpradngaypilable nodes 115 to
r e e
BP0 LA INDHL g o e s
polmidﬁﬁdZ4 ikl at edsonma &i%ﬁmnbn gngirde td3IVeveatistarvaton bf tangehjobs 150
schedul 51 y be _further erable to perform
FﬁeEY %@w@aﬁmﬂﬂ%’& SYRELR i&? dunps typically
giogﬁﬁé ?ﬁelcge’ﬁ:ﬁ% 6ﬁﬁ§‘d‘aaﬁ ¥ -dnbl VR cBRb&SRh e Abs@tiBn Wrb¥il€Ant é?(emplary

I's often done So that processing Is not
modlwst diagram ﬁiraangmem%atmmmntﬁgsleglcalnsdlmLSs fax tharlaging nodes 115

Syst s L/ O can,be.segr.egat nt.o two portion
and3bBtda0s VAPl BETE S rTe Y B B del Ao B9 sontemplates
usidd 8nMslikd18 cBinbdatien tahatarfaRgement of logical elements for implementing

these and other 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 11 illustrates an example interface 104. Interface 104 includes a
hardware, software, or embedded logic component or a combination of two or more such
components providing an interface between network 106 and HPC server 102. In
particular embodiments, interface 104 includes an instantiation manager 534 and

instantiation data 536. Instantiation manager 534 includes a hardware, software, or
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user calls for to do science such as, for exanple,
vi sual i zati on dunps, traces of key physics vari abl es
wW@®6/05302E, and others. Defensive |/ O is perfor@EUtS1005/012489
manage a | arge sinulation run over a substantia
period of tinme. Accordingly, increased |I/0O bandw dth
greatly reduces the tine and risk involved in
check-poi nting. Returning to engi ne 130, |ocal nenory
520 conprises | ogical descri%ﬁi ons (or data
structures) of a plurality of features of system 100.
Local menory 520 may be stored in any physical or
emH)dnlg'Bd: dlogitatcampbmerdger apeoablimtivn bf tdef bnedipre such components

rocessed, or.retrieved ati ble code. For
: %E‘vem%fe%mgn%%% §t 590" bl BOASPPEE BnEomgiectih gequests from
che_?lgESt §pg! biye Sﬂ!@t‘iéﬁ% LABOG AR %ﬁe&l@gl feRuélts qﬁﬁH”ﬁﬁh{a 120 are

e variou [ ements may be described in terns
Trag$matseime fontol Pselocplt (sTCR} campattic®t mgaews. AddldmughvE O donnection

VSAM) fil flat fi data .fil .
reapeFodle deraibibe B4 ueen i L OB ey T fulgbisgpumection
reqﬁésltseSAs lah eﬂ’ar&lble%duﬁ&%ys‘tlé)ﬁgf hl‘iﬂttatlé?ﬂifd&mﬁé&ﬁﬁ% BB from clients

onprise a variable, table, or agﬁgws er suitable data

12%mmab¢ User. Dategram Rretast QJIQEDormatber orppnpengequests.
pI uf al%lgulglf rﬁ (pcil t%r1 Jcan'gg’uo%t Rhf %e? '3%2 %nc%g)m/ & a]rgater or an
PRy P Ur all SEervers o

intemncb @o lal douitet Higdt Qﬂarﬁshdse&hﬁbs’l gnd peitdemeg ndvettdRd eﬁcamuy with
or all _of |ocal nenor 520 ggﬁ be internal or externa

respiict o B ottt i Rgtor has pert gpmbggssingeraad (te d{fle server 102.
0
e
maﬁ@@meah angind 180 €s1ech525 mee»ta;mpMu physicalt mahdges t5|051 gittual manager
s R TR S e AT Sy 15

resﬁ&ge}d DEortfeaih RbudEdnti SIFnP 20 %ccd%@fngrt@ pagichiar h&ds.
lustrated structures, physical list 521 is operable

t o Esentatiaedats 534 ngludes d@ihf@] ipsthntipding feste at nodes 115 in response

formation a sihcal Jli.st 52
o BT P S A sRRHE 19 i Bt b ool s 530
inclides bEE OF R NisBOskesellives Ibiertiaramteznallyh@ith hyﬁjeetaio HPC server
record may include fields such as_ "node,
102 o Reiforamsel fot § serv'lc‘lgtr g@@g@@ﬁsegtam aPPHEFIOR, whefga Apprgpriate, and vice
verbI anielzea%ﬂp%b;rb te. tﬁg?%ngeglgé H, §hst %dreg ghYérQ%teix@«%nally with respect
to HRdescsterok2t fnay eaamhpasecaorwtmgyable,cvvhete appr@natao ned vice versa,

all of the e anple I n one enbhodi nent,
Whﬁ‘ﬁy@l’é%ﬂna?eecg? PR aar%swél ments,o{staghation, MABIgsh Z‘iﬁﬁeﬁﬂs up and
maﬁﬁzgh? su&%ﬁtlﬁ% *ta’tflc%r ﬁf( b@lar XﬂnBBdliﬁlen{s' b eR 1n\£ lidt W services
I'i'st 522 is operable t tore l'ogi cal or virtual
adveetirad ertamaliynwish respeointoaHBGY smvzmiel 021pecifies (Lad seivie, (2) a host

naechiads Pt PUHBE GHECRo A pEn S Tebties HPC server 102
corfsBOMiy td R ¥driicHahnd ENOL Gostantd hd!d&oki BlnfiBerSteinASo HPC

'node, ' avallablllty job,"™ "virtual cluster,
serverdd3 rmarﬁwonél@g to a hoebﬁh@‘ralwhb@ instangited, previdpathielseivicey The entry

an t a 0

s SRS ol S5 PG SRRl R, BRI PYe mace

avallaBleeiaegl inseitiatibh of ‘tfhefﬁdd;alshdtﬁ@wk@ plme hitE kv tige hdstkhould be
to another table such as, for exanE group file

madop gnaseBthics AP anSABMEkinebBY oia bmHisHAN Bsk Mg provide a web
ser G ONfSpORRLAGh Sphihadl 338 HABLHLOUATID ARG | don HTTP por

nf or ma access contro
corF@poﬁXﬁgww tﬁe meaatshr\@f Ouifing BGTeds iduts, thehest enag rbmnsin unfinstantiated
avai |l abl e services, nodes 115, or jobs for a user.
Each
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| ogi cal group may be associated with a business group
or unit, a departnent, a project, a security group, or
wa@aeyeosder col l ection of one or nore users thaPCHDS2005/012489

able to submt jobs 150 or adm nister at |east part of

system 100. Based on this information, cluster

managenent engi ne 130 may determne if the user

submtting job 150 is a valid user and, if so, the

opti mum paraneters for job ¥ecution. Further, group

tabl e 523 may associ ate each user group with a virtual

cluster 220 or with one or nore physical nodes 115,
durisg/Blksiass hots and @k dr ngrovidshinmces (spelt bs nodearl 1§ringpidsl 10) that the

o A R e S0 B B 00 e

at a\tslﬁr@? POC s 4e%kh 'ﬂ?@\gs&btgvfoceéshﬁlesﬁé’@%e%ﬁ d%tiag Hkiness hours,

ust er 220 may be dynam c and may change
instaatiatiordinagageo 584 edy, ingtantiate e hastytoprerade ﬁ@r\/m}feiegver to client 120.

If th%%s}af %‘bt bl & tzlgssénf\ﬂé} g%éf?sggfo%%%?seﬁgpwe%ﬁgv% Pvlltg1de business

hou1§ %sﬁﬁﬂatﬁﬁl Iﬁﬁﬁdéef SHEF160QNBE BITP St StRispRding . thE’OJeb G¥rver to
24 generally stores processing and nmanagenent

prevmtfthc ha&tlfmm atsyiding tigsvebsoreendy dteny 12Q-ual clusters
22 For izAgI
SR L S5 T8 R e oo

1ma§HSQB1l ﬁlﬁﬂaﬁﬁzﬁnig HBts at ho®s31106 $0 pmvﬁmmwlms Impmtlsular embodlments
| | ocated share of node 115 or vi rtual %ster 22

instagtiationchta 3 aljo dneludessoncep BYER e SHEeTE? Plétagwtg%#éosts at
nodgs 111? k?(z Fada2akidng Iﬁ%ﬁ%u'le&%m%@ﬂgl Mlstaﬁﬁﬁﬂﬁ @48 536 also

S any sultable ‘data structure, such as a
1nchbd,39 ine oa ey DSdmnﬁgamBom abdsdor mlstaptoattn@'rosarat agdesfldp to provide
storing any Nu er (| ncé}ydl n bs 150 ar
servgc'@peréﬁcaél EREPRIE Tﬂ@r Bé tlaﬂ’e r%sggnse 0 instantiation

marf \Aﬁéoﬂ4alte@91viﬂgtehcc9ﬁ1béjuo%1@q@ést &oRl 4 cAbtt120GhedBRMESn PER number

each queue 525 associated with one of the unique
advertisedi aktectaliyt with @ggechite HRCgsearder1 1€ thay WSB@ﬂécfto afservice

adv?gée %grgla]&% lVVu tr%gegatgm}g%t eriggip ghfsgagng’gu I?l%gh%/%§ 5349 K‘hay boot

an aREVI€HbBY 1 PRIl @1dM 1dustdd £bbatimaps alaildneemqhana:gile gystems for the
i nformati on. C uster nmanagenent engi ne 130 all ocat

serviescfegnitiaBzean Hos dei th seruise |t Bede He - Nnstarijaliop gagager 534 may also
upd? arotnle Q¥ ln‘?qrrf: P Po%allr]oatlff%{aﬂ s%ﬂa oﬁé‘ of ﬂB&foB%Hﬁ Bon files to route

ereby alfTowng t emto be solved efficiently.
IP fr&fificeframpélient QIZOStbemod@ahngﬂnrpartmmgarrmnbssﬁmmuy tot d¢drense time

TGQ@WWH?S;%@S‘E}S{?E W@gﬁ ﬁ{!ﬁ? ?}péggskpo l ac gﬁnc%%ﬁécrélg}ﬂ.erggﬂest from a
chef:ftnﬂ()n ﬁlsﬁgaﬁ&v\r}]ﬁﬁ%%%ﬁ 594 ?@f@hﬁ IF/N@A@ %&JIFeEﬁﬁtaUtEu%epﬁost and starts

provi des the quicker
a TOWIm’acmundtlcﬁm sequeaceusa rbehald dfi thel tprgetogv e$he HECP/IP connection

Qg S QUSDA oLR5 RIS s S BSTHRY AL e e

nhosfllid ¥BLifS nﬁﬁﬁ%glllﬁ FRCAP dondedtRnasequetcet ke désetibedy ﬂh@ present
exanpl e Topol ogies: Specified ID (x,y) or 3D (Xx,Vy

invétdivesontBdstes aly witabledonmastion skaicnes, HeapprENRE an«h hot by way

d
of bR b AR L8 oIS BLISI A, bALSH ) ove
P (P90 offfd 3 B8sed coandcBibY sétfueh&b@n HaQlfwiehetardet hest.

In particular embodiments, instantiation manager 534 tracks whether each host at

HPC server 102 is activé or inactive. In particular embodiments, instantiation manager

534 also controls whether each host at HPC server 102 is active or inactive. In particular
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desirabl e that the physical comrunication topol ogy
mat ch the probl emtopol ogy all ow ng the cooperating
w0 a8k®53027 j ob 150 to communi cate frequently w PET/US2005/012489

nei ghbor tasks. For exanple, a request of 8 tasks in a
2x2x2 dinmension (2, 2, 2) wll be allocated in a cube.
For best-fit purposes, 2D allocations can be "fol ded"
into 3 dinensions, while preserving efficient neighbor
to nei ghbor conmuni cations.8 uster managenent engine
130 may be free to allocate the specified di nensiona
shape in any orientation. For exanple, a 2x2x8 box may

embb@infhts Gadtadiatibh hnndgbe 534 anayaldbtermingswhethemedesvice should be
vertical I% or . horizontally Best Fi

. Cube - cl
availphlea g Emstanadifnnmanager a3 leigradney tﬁ?@ﬁj@s*gli’i@c ?h%%if 598 gpieger be

avaigaﬂeu MRtantidiSn tn?gxt%%&gy&@ El{(d’é: u6wh! ¥1dandloarrivRPSnAeP unavailable

OW ng coope ng tasks to exchange data with any ‘
one of here haddssl 16yat nihichrirstantjatidremdiagen A34 itstdntigted aalmgst tayprovide
nodes 115. Best Fit Sphere - cluster. npnagenent engine
the sppceIddugpies oRe HBH’QE&PT?}% Wb%S §B‘i‘?§ﬁﬁlin§ b vol une. For

ex g“ TBURE 196 hi fiSwcHaASHlubBMinBearPb:amgsle infethdie 606 Fbedynamically
node 115 of the sphere with the rest of the tasks

progebsingaljobrsubmdssponlinHesurdansg idfnenet dvebagdimpentrof flasuier eseps disclosure.

[t W u rstood that .ace o) [ ..
ookt HRELES:LR8 ks P, DhBF TR Gt o Siision
dyniRRal P alodhBs #Bdek Ni1Bentone j6b Spaee 00 atsken thdfbf parsmeters and

task and all other tasks. This effici ?nt | y handl es a :
assochfegendliciass>2ds apd sre@ties kel usingdhe allocated shastn g following

i t.h t [ rst Ut i - :
sl Pk 5 Ao B BB et et
methéd 16500.edBaedystoms il 0@ rahiempldter usingranynepieeprd4é @mnination and

K I TEETANNE Y. Y —
50 1}‘3@{%?%18%{'1%,5%%5939 ropMatd) |ittle inpact to ot her

| be understood that the prior o
t opdbthgd 660 dreginacat shapadls, ghede BRG parvenl r recgiges job submission

illustratiqgn purposes only and . not, .depi ct o
150 0 BBt ¥, ALY T et oo 150
usideQHRhOBI0E In aftbthst GHibHBMIBE HRAfseSAGY RebndiBRLONEY difeiclly asing HPC

a placenent weight, stored as a job 150 paraneter or

servisp |1Dﬁ-y Nzt ghatemblGreluster nagemedngEe 150 srdeqh groupee based
Caht e i
upO\ﬁgﬁg 8%%;,]?%8 SR Eel yeﬁﬂéﬁyaﬁ%tggﬁing%ﬁ%gt %%%'1‘36 compares the

oW aggr essi vel'y ¢ genent engin
userlﬁpth‘é@blh(}d abdch € ophitrdldispl(ACE) nodiep G155 Butcirvillrisy twletdtaod that

requested task, (or process) placenent strategy.. In .
clustes; @m@ggmﬁmte?ngawvbi(ﬁ@awsw%m@e@mt% SEAVLEY Wgﬁwa%? verify the
| ' t TR B jefmines if th
s o AP 05 A 0 B8k A0 s
usei haesticadsebythe asquested sawiteheBasedron theoeqiested servine and hostname,

ot herwi se avai |l abl e nodes 115 to hangl he Jequest . .
clu#@;ﬁp@ggpvpnt.t SIS L&?FE?F?S Wéi” cflu%%r@%n%tst[%(gor iqggncally, virtual
clu@doBi iy B 10¢RHREA] hfd ARcaéd paUERD B8 shIRERYLA Of job 150. But, in the

reservation, in order to prevent starvation of |arge

evehbhistudlsdustad 290 dee noebednecsfablishads clygiep manggerpmt esgive 0 may
aut iR RS ST St AR oY e A6 QLRRAMEL Bescribed above.
Next, at step 625, cluster management engine 130 retrieves policy 524 based on the
submission of job 150. In one embodiment, cluster management engine 130 may
determine the appropriate policy 524 associated with the user, job 150, or any other

appropriate criteria. Cluster management engine 130 then determines or otherwise
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nodul ar di agram for engine 130 inpl enmenting | ogi cal
schenes for managi ng nodes 115 and j obs 150. However,
wao kios/ofdogure is nerely illustrative and syst enPdD0S2005/012489

contenpl at es usi ng any suitabl e conbi nati on and

arrangenment of |ogical elenments for inplenenting these

and other algorithnms. Thus, these software nodul es may

i nclude any suitable conbination and arrangenent of

el ements for effectively ma?l(bgi ng nodes 115 and j obs

150. Moreover, the operations of the various

illustrated nodul es may be conbi ned and/ or separated
calcaiBited MY GRchsibss oo WRE aflstep b3Skt mdll &s uaderstoadniia the appropriate

interface 104. Interface 104 .i ncl udes har dwar re
dimensiansamay iaeludariengtie dV1dHyi heigin b 98 tOthsT SPPERRHAIN dptagpter or

0 ate

chafereli, A PR MABEvE TREIERLTIOE AN, §50% Baciithe U fpropr
job epired23teiisrs sutisat of hades 10%) wrthinudmislahnlustﬁ:sﬁéﬁt i dtfieprthe initial

manager 534 and antiati on dat tant| at.ion
pareE e Sem b S, o BREReE e Sor DaleE P apain gl 150 on
Hpd Q& TRNReR pg3p{m®@ml nation of two or nore such

conmponent s dgnam call'y instantiating hosts at nodes

1157t decisiepbrtp 635, mmonmmemeqm@ge 13 determanes §f there are

cood g BRI SRR TEPL B RODEES LR sty

estab[{$H3). CAMMEE! AroMot Qﬂbﬁ@i %ode@d t1Rubén Thtet ammagément engine 130
requests are described resent i nvent

deteswines thst earliest aY%ﬂahl?l suhgst 83@ 3 ohpedsilas in L‘EIESte%%ZOaQ? step 640.
ex I

Thep aggs m ?a%gﬂl%h fé@;ﬁl(g%dd nﬂ%ﬁ%@i&b %@gg ?‘gém hfg)t?lotth(e) glllbset 230

is a(/é,ﬂ[élB)e a ste 643. PR}obmgit}mnnammtSI tondecispmelstep 6BH. Once there are
particul ar en‘gl%? ment i nstanti atl on. nggg%lyg 53411

enop%thmde@ d5 g¥ai By TiterARATARPBPL FO8ITE Hpisplly flgiprmines
%u&oﬁﬁs&%@%@ﬂ QVﬁ%ie LRGN § aRSHéE 1650 S fOwRKbE tRdrit¥od that

respect to HPC server 102 to host nanmes and port
the rophibems silbree 2381 mey bIeIRIet@enn@r ugio@ . any nappaenriat icgteria, including

s SR8 e ST gV 198 P BE YSAIPABERRs or i
avaﬁé‘lﬁ@ﬁb@es PRYSACabp B3 afiBker 3 magsthédt bdbineaB8gelects ke determined
both) to dynamically instantiate _one or nore hosts

subgat @36rfrem Ffd@Fé@d Yireal pluptes B2fhs Nerb ah sieB 8¢ Elugfsr maanagement
engipgeggﬁ)sglllgcrfe e@cn(ﬁ éléﬁgs %g% R %F n1%0t Wi dx%taf}fe' SR subset 230.

Yron

Acdondihané oaé bmboﬂm&tnﬁ omstdmﬂaﬁtgérﬂx&ltl emgmeslﬁ(‘)rmmy clmnge the status of
connection requests féom clients 120, Hg iaﬂli’ 230 h

nodsmbbaiineba adsdishrds fiomo wnalecated3 b (olocad set 230 has

bee%ggmﬁgb‘ﬁ{egr ﬂg&%ﬁ Vi16RS RINVBERLEREG ol lg'f)ré%%dfes\%’b h50 at step 665

server 102. "Reference to a service
usirgnhenjlassedsmoe hpgetlionghe gob, parteetersarspriood ipatiey S2hdnd any other
vi ce versa, where apBRIEO nce to a l|ist

suiGhlEy BB AlRy or'h 680 SBREBFARI 1ot LT dSpuerny ppgnS 130 may

conyiiliyi€hte JoQ%tH@Ms%']ﬁQﬁHlaﬁ% RsulRUEdoNg thakk&. Mdresx@mple, results 160
appropriate, and vice versa, where appropriate. I'n

ma}oheiformmlttadammmm@wéheumtvairﬂwéi?@n manager 534 sets

up t al ns, su t bI | t4 r
enb | HgRicier iikitafifl R S Eiple, Mo AR dynamicaity
bacREillfign? IvirMJaWcIul@tef QQD 8g tgrfdol PR @@bw@ncelazahmcerﬁbmmem of the

1) a service, mg st nane and a port nunber
presai discloswig. et zhi Ilﬁxﬁlavm?‘ﬂiwii 899@@@011@63 fpernaiaingervatlghle space in

virtual cluster 220, determining the optimum job 150 that is compatible with the space,

and executing the determined job 150 in the available space. The following description
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corresponding to the service, and (3) a host nanme and
a port nunber internal to HPC server 102 correspondi ng
W@ 2008/055081 t hat, when instantiated, provides tPEI/US2005/012489
service. The entry may al so specify rules, conditions,
or both governing when the host should be made
avai |l abl e, when instantiation of the host should take
pl ace, and when the host sh %Id be made unavai l abl e.
As an exanpl e and not by way of limtation, a host may
provide a web server. |f instantiation manager 534
receives no HTTP requests at an HTTP port
wilt rcpe gp dhedipegetion affedustes Mmgmt ctmduleglaﬂm peefosmingthis method.

f he hqst r.ena |nsta ur i busi ness
Buf, 08 D88 2 VBT e B e, J0P ity isbE fay appropriate
cor@hihatiohl @hd tdraingthenthes logieu! éierﬁélﬁslﬁnpléiﬁélﬁ g el oﬁmé’ll of the
be avail able for other hosts, services,
desgalsd fynctipnafiffent 120 uses a web browser to access t he

|at|on
ne N SEICIOPUELROA OS] P65 S BN Ak D54 RB B G o sos
quenel528.eiv e 111ﬁsttzit¢deéihbdk121ﬁentj ElustbiembiSapemaht ﬁignﬁlBOls%@ts the queue
0 access the web server outs

5255 @g\éﬁ‘h B{}P’élty rigbahsd geregrinthh dgdle 334 Bwtgk rall tbﬁ anderstood
thai‘gﬂﬁexpﬁ’iﬁﬁ ééﬁ{eﬁq? §1ﬁ’%}ﬂ9'1§@n¥a2 st ?1(1)1\9@@5?59{153% aﬁf sﬁ[at%Yee%actenstlc

host ronlpr I din server t I en
SUChrthqjatht applbanatenincmbi:lmahjcé) 150nsilbbe bedouted. dddd, &3fep 710, cluster

I ncl udes ane e .boo es for i tant at |
map e En iR 430 ERE i TSR i aleblp pogies 11 0 e of the
virtADQGER M09, ONES@N, ichiste® M AAkén a3 &nglnt 0 30NALYIRS déﬂz?mme the
or nmore file systens for i nstantiating hosts at nodes
Numbsr efoavgilablie dedeetf negrid 11 eraintanyingror emdyo dif vishtad clusters 220.

A LR LB B S BhET AT HE SRR 13 SRl cen

5251 1Neki) chistey Ilﬂﬁlagﬁh&mtt?@gmeﬁﬁ Oadyn@macallyed cberthifdt th® YpM@yim shape
of limtation, in response to instantiation manager

(or geher ndzé&@f}swqﬁb of sleterbtobi I9R at ddtie nce thmeniimymehepe adimension
of s?;%g%'g 8‘5 ?%0 %gi Se‘ru%/eg?{ﬂ% SIL@%}I ﬁfahé ?g%‘ggﬁr%ﬁ@?id é’et&drﬂlges if it can
back&l yolc ESQanhvthe appaeplnz&x tfﬂnnah«tlhgten/QMn KeppELs tlirougﬂF’ELS

102, 534
kT HBTSOHIGHSA 145 AuriPr BRRRDAEE RGERC D0 SergaeScifhere are

eno@@l@ n6desMP5CavfaithSle F:Sthe ¥Bleétod JJH‘?S(ﬁ eI \h&E afLeddbh aPilabR nodes
host for the service at node 115. Instantiation

1lﬁ;rﬁwagﬂé lstesﬂorpégstqlrsmaggugtt engine 189 dmmcalﬂy hierates nodes 115 for

es. and_ane_ or. ura
ool T3 ERnRii P ProRiafisheidiss s Agugie, SBsle panagement
eng® 130CHagrusetho ddiBiuss déeriB@CMERRRURE e NeQtliat 8BM33, cluster
associ ated wth HPC server 102 responding to a

magagemert ¢nging Eipurestleylpishile Numbgitof rygilablayaqdgain girfuaicluster 220.

r f h
A JBR%A8. at SORRLa A o FRMNG LRSS 001 8 AUl 115
Ondehebtia0des bees bxeclited (bCH théteondto@ot biugha@denCTES for selected job
émeen client 120 and instantiation naniger 534 t akes
1508»|t B Clpier Bappemest graing b selectyfBs tiPkg ob APY Fbthgsored Job queue
525TRC 11[53 749 "YHeIC 1'09 sﬁlgqféﬁﬁlﬁf td §te? eﬁl@)r' Redin bPnBERRSA that while
i nventi on con es any sui e connection
illusexqc;bm:eloogs chnteenmmpg@n@n dnging 1BY nveyyinitfatd, ieRedusd, iand terminate
uld start a User Datagram

h tanti tlon na % ? 4 co
the | EJP]&B%%I BUBt P%% V@?P@Pnéﬁeﬁ’é?e | P- based
c OWR@MS@,% fRGRhAD ilRhaide of e&aﬁﬁk%%m thr ld9namically

particul ar enbodi ments, I nstahtiationh nanager
managingk filweeohemodadhs hmsghda’tlo in accordance with one embodiment of the



10

15

20

25

30

HPC server 102 is active or inactive. In particular

enbodi nents, instantiation manager 534 al so controls
wob@bhss2each host at HPC server 102 is acti veP@OF/US2005/012489

i nactive. In particul arenbodi nents, instantiation

manager 534 may determ ne whether a service should be

avai l able. If instantiation nmanager 534 determ nes

that a service should no |onger be avail abl e,

i nstanti ati on manager 534 shats down, idles, or

ot herw se nmakes unavail abl e one or nore nodes 115 at

whi ch instantiati on manager 534 instantiated a host to

pregsng isglosprge dérashigh lavel, msthade80Gb desciibendetermiving thgt node 115
il L R0 S £ PRI e e i

noder bresdihng secorfary wbde SI960NThe fattewingdadseripido wall€focus on the

enpodi rent of the present disclosure, General I(¥, )
OPCEAISDRYE Clustey daqnageraent mpedit | Ebim pepiorame thisanctbed. aByhes fvith the

- e . \ 115 |
e s SRS, 0 MO AL) 69958y 9HRDEA b bfdon
arraggswentatf dokipd lelements iBPlemanilgaxme ot eld of the dbSaibed ifg:tionality.

th | d space. foll owm ng description focuses .
eyl 35 3 S, WP e et e 51 i

thatP8Ede0N 13 s TRAGLA A0fescRYéd IYSLBIERD HMHBARhALESine 130 may
usi ng any appropriate conbi nati on and arrangenent o?

deterggine Hlat apderd hf hap Hyjlednesing gy saiteblotechnijuof Fohexample, cluster

maf BEEEPS 68 b HogS9 15080585 5! MR Tbhind may
detevhieethiPib deeT 166tias R2ed Bed vipsn HRaguBM S&hoike 56 fo@dM15. In

user. As descri bed above, in one enbodLnent‘}he user
anOﬂEy ex3Bplet 2geab! Ssexisingrp rededdd mapoconrunigae lastheartbeat” and the

| ¥ I; 114 0 direct!ly uskRhg
o BB AT IBHe A [ 50, SRS S0 ot
mareggineet & ia?v(lao?mo%s (IhT) f4ARd iomiseld Sufpan tiftgaludeaster LXLEIn one
the user. is verified, clusfer managenent engine 130 . .
e e PR YN0 B LBES TEGHRGp! H0dsci 15 in virtua
list 62 bnPtalIDEABIGbSaiBU, ClustirldharSeHOH®hSHhO990 Emtdeteirmines ifa

.. Ccluster nmanagenent engi ne 1§0 may use any appropriate
job 486 us pespcinisd ity frélet mode il § yit tlbasiosad stepBiisSe dif ulera is no job 150
et er m..ned .grQup,.523, cl uster ,managenent .engin 30 .

wss TS MiAlGb TR uh dup it Shol e Q8 MR B Gl processing

endsechusiee. mEapethetN chbdel 30 afE tofhvi&fe atd ROstNatBse to an
cluster managenent engine 130 selects virtual cluster

adnynigtrafer, sausememally eteranng ¢, replacement radgstlés o22mynatheneuitable
i i i n t ' 1 0 - ¥ SSi of

prod e £ SISO B b NS AT EL g s

marhgemetsingiel Elfedkteralinest ethemBoirg 4B Rbsoehgd@ith 30e fBBY150 at step
omatically allocate virtual c¢luster 220 using any

8205 NpHotk S R G U ddaRaeBman RS, 13kHIS ek 189 6p Wompropriste
nod6d LB &for TR %ﬂﬁpﬁ%teleﬁgh&%}n]eﬁp%ﬂg%f?%\gﬁ% Bfélcg%oléﬁi%bn%czmmand

based on the subm ssion of Jo one
or gdeusttye othenrrpgeapeiate achniqee 18 Ocminjobd €5@r nNed, tahestep 830, cluster

appropri ate iCYy.524 associ d with the. user, job
marB Sl iy Do P BF D Fde L bl drtiah B ER For example
clustRNALRIFBRENERHINE 1 3B thayNGRnge LR ﬂbtﬁ?f%f 92%63115105 lal% visr%uglp list 522

ot herw secal cul ates thé di méensions o
frong Selloqatediii tp| “apeilabtefer Onoo thet johthas Heea peropatedined all appropriate

i L O may 4 ncl.ude | ength i dt.h i ght, or an
nodfy TE SRR b piG maBREdiont ki e 1 8 it o Bkeoute the
job UsGGsinPediiablevdded 11SSA stHpFBBS iRHSHN R, used to

determ ne the appropriate job space 230 (or subset of

nodes 115) within virtual cluster 220. After the
initial
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paraneters have been established, cluster nmanagenent

130 attenpts to execute job 150 on HPC server 102 in
WGEL@p®5B356 t hr ough 665. At deci sional step 635PCTUSEDE012489

managenent engine 130 determnes if there are enough

avai |l abl e nodes to allocate the desired job space 230,

using the paraneters already established. If there are

not enough nodes 115, then c|uster nmanagenment engi ne

130 deternines the earliest%vailabl e subset 230 of

nodes 115 in virtual cluster 220 at step 640. Then,

cl uster managenent engi ne 130 adds job 150 to job

quelteteh?83 4 ridster magerhae ten2iBo 139 ratreivesapdlecyaiZ4samgpparameters

for fgg g@lqpi,g%glsﬁlr%gsé%pg%n ' ﬁﬁ%{gg Sni;ilggeg(e}% Felg(éﬂ)gl 13?5 Egl getermlnes the

optid LHSEBEtPB0JGAREAR 183G v RRial AUty DT £abp Y46 BhQIIB1BSE retrieved
e opti num subset 230 from avai | abl e nodes 115 at

poh&y op4650l the job Iplaramtmdeﬂgc@dm tshbset 1336 optriodeml1S has been

TR BT e SL TR 33 SR FRREORELR! st 250 o

nodésel 1Bl StepBA8S HikSexalip¥es ichatter Qhantigtinbit eﬂg@ﬁeﬂl}@) Ay eange the
first avalil able nodes 115. At st eIo 655 cluste

statusapbgedesni 1 e agivireual ot SEP e’@@@ fumalloratedy nfon e’f’é10§‘EIB@ et It will be
und23thI1 rélga(rsntﬁlg eubsse chf%tr?ggsaﬁgrnﬂg e 8 ffé?én? %gé?% Hgiﬂale%ﬁ)%%t of nodes

that%@bepﬁ(ﬁdvaﬁoéi&SutiI@oﬁ OrF@rObxaElﬁ{ﬂe usluﬁgr Mag@hmtcmglne 130 may
subset 230, Accordi ng %@9 ne enbodi

detepmmegthab at difRtsnh §ubss ohRgdeshisnepiinga) g@?%?f%“@? dgelailure that
pronl,léﬁ%fi thlis Ve‘xé&ﬂi%gq Gl lalséxagr%% fdh?s'f@r HARLLERAER! &dine B0 may have

ocate ce subset ’has been appropriately
deteaxhhmdahach secbn;htpnodmlﬂégemper@@im@ph@@ﬂ@f@@ﬁ wslejldp and the

oo 983570 RSER B! b B RS S50 RS BT s

23 0%& %@Q{ 8etBRANASE LA Slochled 2i¥n SRBePMah@detadnt Bi@gm@ Il 365 &x8dcutes job
managenent engi ne 130 may communi cate or ot herw se

150;311&*319!860] ob results 160 to the user For exanpl e,

e STl L0 S L L o O s

metBE&BLE, 780, hﬁﬂi 800 flihf sithet) agvisead 1190 baakdnplhten gising any suitable
virtual cluster 220 |né%rid 110 in a cordance 'ﬁh one. )
techaigysciormstfonningthess and tberdpsds) oderoadingly, Mapy gh thedieps in this

ﬂov{lrc%ta{% % ;0{;169 eﬁ&cr gﬁl%ﬁéo%ﬁm Bhd)Gr %Eadlffé}éh? oPREE Eiha'trf‘ gs shown.

Vit st'er eterm ning the optimum | ob
Moico&ér, Iéysi@ﬁimﬁm 1lnb¢ use tinethhés sytic eddiinoalesteps, it fewgr tsh?@s and/or

det er mi ned_ | he avail abl e, space. The
dlfffﬂ@m BANnE° H’é‘&f‘? ﬂ}k?tm%tﬂﬂ?\ésl AR APPTRA S e operati on of

bgﬁREmi'SaﬂﬁQ{?QEs R AWhRpit3fethbd B6F bRKIEIAR/ Ghktdtiation in HPC

. as wth the previous flowchart, system
systbﬁﬂl@bnﬂ"herpnheih@tb‘tgmmq shepy 98(h pvhqm ﬂlﬁ@léac@olﬁ:‘}l neagivema gerenection

rr ene el emsnt
reast B 1 R a20 PRCG HE AR GHEPrt P RS oD gy g terlly
W1tl§tres§k@lpto7pﬁ’c ¥hose1 @, U?‘Iteé%eﬁ'@@%@ni%ﬁ% onS83b ke tothedtidi Sequest,
b queue 525. In the illustrated enbodi nent, clustef

mstmm]gmnmnnag@n Ji3Aeacsenes drstantintien gaudGPHWEESR Hit pheervices

i s 1 t d n <F
o BB O PSPty 0, At 4 e
534N6s BRI Tist @H84teicBf d&itiTy adbivicelddr@bpadditpatoalid port atunber and the

such that the appropriate or optimal job 150 wi |l be
host nawgtspacifipg ip theagorgp@ttpmgpgues@ St gep 9006, 1nstant1at1on manager 534

determines, according to the list of services, whether the identified service is available to

client 120. As described above, whether the identified service is available to client 120
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managenent engi ne 130 determ nes the Nunber of
avai |l abl e nodes 115 in one of the virtual clusters
wWQ22®s/0H02zour se, cluster managenent engi ne 130PCEYSHDT 012489
determ ne the Nunber of avail able nodes 115 in grid
110 or in any one or nore of virtual clusters 220. At
step 715, cluster managenent engi ne 130 selects first
job 150 fromsorted job queue 525. Next, cluster
managenent engi ne 130 dynanPéaIIy deternrnes t he
opti mum shape (or other dinmensions) of selected job
150 at 720. Once the optinum shape or di nension of
may édpend ed ajtinle dsSOciated @k&lh&herbmdctid:rhequ&st Latatidﬂntity of a user at client

managenent enqi.ne 130 deternmines if backfi. || .
120] G5 0855 apieet RE UAppHBIGF IR Bapesrt IS AL o M5 eptifed service s
avaﬁﬁ‘tﬁ@sto Tdrent MOUGR Iﬁé&odéﬁoé@ﬁé $6 % | 9@3 et/ dep JRUSA®Intiation

management engi ne 130 det erm nes t ere are enough

manmpgees341us6s instantiatidreddta 53¢ ndictihg ethest l}am apgQr pdrt nurhleerdnternal

to 1FF G Fap Rl huft B B e Py ndFRe Bt 15 Ry oot ot e o

moRAfRIss 115 uf phid ihe t& 9&&@&@%6]1%&1&5@ set§ideGo dM¥nt 120. As described
appropriate technl% For exanpl e, cluster managenent
abomgmﬂténtlamnrmynqg@é Bthenaye lsnivge destansigtion lats 530 FcludREe a boot
ima ecgﬁ Vst%%sgl%ﬁﬁl éﬁ l’elﬁé'l% cg{/ tglrlﬁﬁ%ﬁlea@;ﬁg ggﬁ.g‘iﬁ H\S/dék%qS at which
pmﬁﬂ e h%’choﬁZ&dsAtAtSdlquY@}@f thelidgiti€ied varvhgdsenbvatiabierte client 120,
130 executes job 150 on all ocated nodes 115. ﬁpa %
he TR OTbRrobOR teAeR N B AHen §108 HOHEUAET R THBRLE A AGHOSRS the port
spe@l?iqgsln e cgﬁ{ecﬁ&ll eCh R IO greqrérg) lich €50 (ﬁlolﬁ?ta@éessmg the identified
managenment engi ne 130 sel ects e next job 150 inh the
ser\aoartzﬁdwhmh gmaueheszm';ethm shép 7Alfhomghl proodssstepgs in the method

MY PN SN T T T -

ord@iaﬁnyb Elil{ab@ts%’eps g% Bfelth 8tho @ NH:str AL MRIGUR B @ 5 RS dHctBSany suitable
| ustrated in method 700 at any appropriate tine.

mﬂﬁlGURE 14 is a flowchart |IIustrat|ng an exanpl e

ﬁgﬂﬁﬁw&gq& 6&8 Saé%énce WI rflg térﬁ{sl olfrc%atgifn &B%%gﬁents and

geneRERT Bsenited imethodsy ra@teraﬁbns?l ahd gahrrhﬁ‘dﬁd)ns Hﬁ'tl’fé@éi eBddiments and
descri bes determ ning that node 115 fail

methgdorrat be anagens & ﬂ@rsrrflﬁgeq uhe é@o@éﬁﬂ}rdm%w ﬁ’a%rg%fﬁélﬁﬁcrlptwn of
exaﬂ‘g)ge %@gaﬁﬁﬁf‘@s :dBFi n@{ (féﬁ QQ)Q ollg'éaﬁﬂv' trhré als foSHE! aWhﬁg changes,

oW ng escrlptlon W | ocus on
sub@@lﬁﬁams and alfteratiusstze alyapagsibie mntlnndd&partﬂr@fmm the spirit and scope

erformng this nmethod. But, as with the previous

18 %, system 100 contenplates usi ng any
appropriate conmbi nati on and arrangenent of | ogica

el ements i npl enenting sone or all of the described
functionality. Method 800 begins at step 805, where

cl uster managenent engi ne 130 determ nes that node 115
has failed. As described above, cluster nmanagenent
engi ne 130 may determ ne that node 115 has fail ed
usi ng any suitable technique. For exanple, cluster
managenent engine 130 nmay pull nodes 115 (or agents
132) at various tinmes and may determ ne that node 115
has fail ed based upon the | ack of a response from node
115. In anot her exanple, agent 132 existing on node
115 may communi cate a "heartbeat” and the |ack of this
"heartbeat"” may indicate node 115 failure. Next, at
step 810, cluster managenent engi ne 130 renoves the
failed node 115 fromvirtual cluster 220. hi one
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enbodi nment, cluster managenent engi ne 130 may change
the status of node 115 in virtual list 522 from
wO a00bossaeed” to "failed". Custer managenent ePQi/Ng2003012489

then determnes if a job 150 is associated with failed
node 115 at decisional step 815. If there is no job
150 associated with node 115, then processing ends. As
descri bed above, before processing ends, cluster
managenent engi ne 130 may cOhmuni cate an error nmessage
to an adm nistrator, automatically determ ne a
repl acenent node 115, or any other suitable

WHRAMISESSAIMEDIIR: there is a job 150 associated with the
fail ed nod(hé t hen. t he cluster

£ 0l

t
1536 Gt doMeBS b HBRNHBEENAS 1 odbERPaa e R COHB g PC)
systé'rﬁ Oth@tio gxﬂ‘l?ﬁ%?m Mﬁput&tre%a%& BEHumCAndSHRh XBARSEIRRbLe to:

s Job 150 on all appropriate nodes 115.
Fo rrec&mmkme@iomsre@esinﬁimg?ech@nt speaidying a1Bet peatnuemleas gnd a first

o 95t TS g YR O BERERE ALy s e

to al AIPRORIRA LoRPHLINE a LREted 6f Abdegcat es nodes 115 usi ng
virtual |ist 522, For exanple, cluster nanagenen

engdentifyl 3Genvivp at HeerfkdRC spieres earrasporshing toutés fr amrtrilumber and the
first rgual list 522 from"allocated" to "available". Once
TSLRa ?5%’has been term nated and all appropriate nodes

115jetiemalel wWisdtiie? dhe idbtitied seplies is musikdbsyend engi ne 130

attenpts to re-execute the job 15Q usi avail a

ot ehe Ksnitfed seNEeaIgeHbgsBB0aas B P aYgie the identified

?gﬁﬂﬁ 130 retrieves policy 524 and

Smwﬁgﬁgkgggfgﬁ or tﬁ%ﬂ@@Qh@% ob 150 at step 835. Custer

managenent engi ne 130 then determ nes the optinmm

subset 230 f.no virtual cl ster 22

step 840Lh%p §@d°€§Faflﬁe ’r‘gﬁ?rfﬂ@v 8 P8P Vngﬂuegﬁgs %;Féansmlssmn
ContP PREIQIBLEID) A8 r8thRselor280UREr MARSark 1Brdiéc] (UDP)

een deternmi ned, then cluster managenent engi ne 130

conukatianireqiebty aIIocates the subset 230 of nodes 115 at

step 845. For exanple, cluster managenent engi ne 130

may change the status of nodes 115 in virtual |ist 522

from " unpid 1@% 2lof ¢ aiinol, fafth@optabletod t will be

understood that this subset of nodes 115 na¥ h

di faceessrnt listr ofservigescitithe AHIC semeesomprisiga Iyl glogptries that
cac %%m1 S executing on. For exanple, cluster managenent

% 130 may determne that a different subset of

nodes i sa epvicemndbecause of the node failure that

ronpted this execut | n anot her. exanpl e,, cl.yster
ﬁanggene%&’o rT@’i“ﬁP@ ﬂ%ﬂf' Ratrg adle?%‘rs?d(ﬁ’ér%mla”%tm respect to the
Segﬁﬁ??&%&‘gﬁ@ ShRp RS FRESAMALE 4h@ Tepl ace the failed
an

e new subset 230 is substantially
si nideatify} accotdinptodthy bist efirardcea30 thediBe seiver, dhe ssrvice gt the HPC

subset 23 s.b deter ned IIoc ed t hen
SGWGQ?WOH&HEZ%%%&Q g‘ﬁ? OSt 150 at step

850. The precedi ng flomcharts and acconpanylng
description illustrate exenplary nmethods 600, 700, and
800. In short, system 100 contenpl ates using any
suitabl e technique for perform ng these and ot her
tasks. Accordingly, many of the steps in this
flomchart nmay take place simultaneously and/or in

di fferent orders than as shown. Mbreover, system 100
may use nmethods with additional steps, fewer steps,
and/ or
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different steps, so long as the nethods renmain
appropriate. FIGURE 15 illustrates an exanpl e nethod
wo ensossodlemand i nstantiation in HPC syst em 100PCTH82005/012489
nmet hod begins at step 900, where interface 104
recei ves a connection request froma client 120
specifying a port nunber and a host nane adverti sed
externally with respect to HPC server 102. At step
902, in response to the conflection request,
i nstanti ati on manager 534 accesses instantiation data
536 providing a |ist of services advertised externally
W t4) r espedbgicofidP4ins B rivelior bperabRitost ep 904,
i nstantiafion manager 534 uses the |ist of erV|c
i de%?@?ﬁsy'i hsts‘@?rweewrthe§ﬁ’ arNe e R HEM urﬁhﬁ‘b entfles that
em%z e host nane specified in the connection request.
t st p 906, instantiation manager 534 determn nes,
accor di ngseracg;hadl i st of services, whether the

e S kRl i B L5 30 Pt comespond

avahl 2Rh& tha, QJHeﬁ Ndx e dAQUTRY oSt BE Rfbr& Rodest inMBe e BiREles the
with the connection request, an identity of a user at

cllﬁmwcqznd or ot her aspect of the connection request.

o RS B R b LSl L B SR, D v

the QRBitifibd Sdraidk bBdhOdY rﬂ@f@fﬂg@és 15314e ¢lg@sr. i nstantiati on data
536 indicating a host name and a port nunber interna
to HPC server 102 corresponding to the identified
seryice o0ne or nore nodes
115§|n ?ﬁ%¢) 6¥Emﬁ%§v ﬁﬁmﬂﬁ%ﬁ? ntified service to
cli méssla’Zﬁst @Bseﬂﬁsesr atbthd 'HaHID\save]r nmhpmungtal moralignafentries that
534 al so us |nstant|at (ﬁata 5 i n Eudin% a Table:
each sggct n%é%"’lcﬁ |0éle§gr§11%rﬁqm 3 ¢ S¢TVA 1§ gvatiable;
and NStantiate the host at nodes 115, at which point the
met hod ends. At step 906, if the identified service is
unadedéiging, eadcording émtthd 26t of trerviegsh othethen che ddentifiedt gggvice 1is
agﬁ?. At step 910, instantiation manager 534 bl ocks the
av specified in the connection request to prevent
client 120 from accessing the identified service, at
whi ch point the nethod ends. Although particul ar steps

in 6he nbhtdrEis lof (e e avhereir o REes Sdigaje visther the service is
aval 1'&11'61%%5%%%% L fing gﬁ%éﬁféd%ﬂl 18 BRI AED FoaPHeldiEl! ar

steps in ustrated in
FI'GURE 15 may occur in any suitable order. Although
this dlsclosure has been described in te 0 ain .,
enbbdi mehbS 198 @gr%lla’é’f‘l 5E CReEtb Iy frg%s 2denfifitd Helvice is
t1b R, &@ﬁicoélév&f RS RIDRAE TR HoRNShmber ¢
un%%?ﬂ%%ébmﬁ k@ggmg%%gyent to théﬁé skilled in the%gr e o

prefent diekélivgt fromt dveesaingtire westifiddoteinace. of exanpl e
enbodi ments does not define or constrain this
di scl osure. Ot her changes, substitutions, and
al tgrati «Pﬂélo%iceomlaﬁn RO®SthBY pepitideut departing from
the spirit and scope of this disclosure. WHAT | S
CLARVES 4 B0t image gifde ﬁwtermrpnd@wmp@rautmgtsaﬁmnépﬁb porifigugation file

at tgﬁg@ e{{e% rcérr‘}gsg)ﬁﬂgllngg f,héag% ( I_rE\C/: i tﬁ%n? ﬁg\cﬁ r\9 % gt one or more

nodd%$ & tHe@MsBRe4@d! € to: receive a connection request
froma client specif |ng a flrakﬂﬁort nunber an

f i rste thedpoinmage, thadile pysiem god ﬁ*@enﬁaﬁathmﬁleftp rleitantlate the
hosrt] %?otw&hqgﬁleqgen%{f{edssgg/mexatt Ghd 8‘11 &Xrevﬂotdgs [rSRR Efekter.
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to an HPC server conprising a cluster of nodes;
identify a service at the HPC server corresponding to
W0 b@6f5308t port nunber and the first host nanePCT/US2005/012489
determ ne whether the identified service is avail abl e;
and if the identified service is avail abl e,
instantiate a host providing the identified service at
one or nore nodes in the clgster. 2. The | ogic of
Claim1, wherein the connection request is a
Transm ssion Control Protocol (TCP) connection request

Us P | (U . i
3 9The ThpREGH G iy Yooty PheGRET AP ile SBRMERr

list of services at the HPC server conprising a

plurality of entries that each specify: a_servjce,
a port Thetegic aqf@almolstfmmmowwﬁttps@eowpeﬂ%wﬁn&e host
with respect. to the HPC ser Ofyf OaddN&niti

prov S i JF GRSEY o e BRDRIA: ke o

connS&iofl egertk ohhehdiPEr tiehver whildthe hostis beotatg.t he HPC
server corresponding to the first port nunber and the

first host nane.4. The logic of Caim1, further

Opftabl%héﬁi'@&ﬁéﬁﬁnq Lhsfeipf services at the HPC

server conpﬁ?3|ng a pfurality of entries that each

spari didiess isser Ttaast Protbcal poertMediatiescessndonrirel 3R/ My address;

internal to the HPC server that correspond to a host
and t hat, when executed at one or nore nodes in the

cl yst Vi h&Bissish dCosdl aPtbiorbE over IP (TCP/IP

acg%rg{rﬁlaagdgl tbﬁgl%?‘%é;? gﬁﬂségﬁbisf:es at the HPC server, ( ) )
connettiorhsesenreon @ilngr Datagrate rirpfoceld(FaPY prer Bt ((GRE/IB} connection

nore nodes in the cluster. 5. The logic of Caiml,
S€qQUERft her operable to: access a list of services at the

HPC server conprising a plurality of entries that each

speci fy a service and one or nore rulfeg%‘i ndi catin

whéZher Thadogiepd Claim L vahespindhe elusighg eércnm&sesga plurality of

accordi { N Lisihingf | A1LS tHrBedi ional torus.
nodef GERAIEY Rgred ShNF abbcilind o 3 RopI G FoontifRIAIEA thrbedimensional

5, wherein the rules indicate whether the service is

avai | abl e based on a ti assoc

cohdect ILHA lpgg o Glakm 4 whseein g ﬁtpequ‘}ﬁ\é t?ﬂlg%&? %5 inodes is a central
proc e L A s, L "on Cho HPC server
corresponding to the first port nunber to
14. A method for on-demand instantiation in a high-performance computing
(HPC) system, the method comprising:
receiving a cdnnection request from a client specifying a first pox“t' number and a
first host name, the first port number and the first host name advertised externally with
respect to an HPC server comprising a cluster of nodes;
identifying a service at the HPC server corresponding to the first port number and
the first host name;
determining whether the identified service is available; and
if the identified service is available, instantiating a host providing the identified

service at one or more nodes in the cluster.
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prevent the client fromaccessing the identified
service. 8. The logic of daiml1, further operable to:
w@ewenssoar boot image, a file system and an opRPCHUBI995/012489
system (OS) configuration file at the HPC server
corresponding to the host providing the identified
service at one or nore nodes in the cluster; and use
the boot image, the file sygtemand the OS
configuration file to instantiate the host providing
the identified service at one or nore nodes in the
cluster.9. The logic, of Cdaiml, wherei.n the . . .
i dbtt i f i Bemethod; Qﬁg&liagn d4herewmy the ponnegtion fauegp @ Tyansmission
Cont$d12PRtdeol gr@iﬂ)e fcoﬁﬁ&gi%h' CeduBstSBPOS BleradihtfssmoPrdtbesl (UDP)
ost providing the 1dentified service at one or nore
connactttesrefuest.he cl uster and initiate a connection
sequence on behalf of the host while the host is
booting. 11. The logic of Claim1l1, wherein: the

adgls eSS Ths nidfhddireriaed 18 iRGUonpyieinghedi a Access
Control (1P/ MAC) address; and the connection sequence

i sacrevigs Miskef ssrvicksrat ity HPFLotenies compaisingm plyrglity pf entries that
hconnF(_:tion sequence or a User Datagram Protocol (UDP)
Cach S P (UDP/ 1'P) connection sequence. 12. The | ogic of
C ai m 1a syidecand t he cluster of nodes conprises a
plurality of nodes coupled to each other according to
a t opol BRPTCEHAPIsINga Roptpasee advrEHssdorkiP™ ﬁ)’ ath g@PeCt to the
Th [ ] el fl..a,npde in the cluster of
no egosl%g‘%é caé%ﬁgﬁoé?gﬁggﬁgeﬁﬁ (CPU) coupled to
t Walestidyind) escordihag tA thetlispof $epvicematdthedibRIC isastenrthe seivine at the

HPCriFa OB BHPAIZE g 0o EEoP B BE DR PR DR T BUBES T 11 om

a client specifying a first port nunber and a first
host nane, the first port nunber and the first host
nah® ad¥ee nietled of)ilainm &4, fyrthgridompsispiget t o an HPC

SRR RBeBeh B el SEr B P pE s v
eachRpédifjaunber and the first host name; determ ning

ether the identified service is available; and if
the i deAsewicsganskrvice is available, instantiating a

host provi di ' i fied: ' t
107 B A S T G R S on
whey gilipst that, ooiie etdeotedr a2 quesdr mereanddeananthe shuster, provides the

Control Protocol (TCP) connection request or a User
DafH¥car ot ocol (UDP) connection request. 16.° The

mfd%%?%rﬁa@édﬁlﬁg to th EASF sGORRE hiSthBHP@E&SS kROhdt providing
list of setrvices the HPC server conprising a

the igdruifretl iserwiaefat en¢ pr merd ites gathle chystari f y:

18.  The method of Claim 14, further comprising:

accessing a list of services at the HPC server comprising a plurality of entries that
each specify a service and one or more rules indicating whether the service is available;
and

determining, according to the list of services, whether the identified service is

available.
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30

a service; and a port nunber and a host nane
advertised externally with respect to the HPC server
W@ b@b/0s0eT espond to the service; and identifyiPQI/US2005/012489
according to the list of services at the HPC server,
the service at the HPC server corresponding to the
first port nunber and the first host nane. 17. The
met hod of O aim 14, furtherggonprising: accessing a
list of services at the HPC server conprising a
plurality of entries that each specify: a service; and

b h |.tp the HPC
Seldn; AREEStmA Bt BuntdTe, “hchein e RS ingfrale Whetbe e service s

avalﬁble%bﬁe@én FOER ROIeScd omia*ﬂﬁe sdrhaaét?dn reQh &Y h%ﬁﬁh%%e

service; and instantiating, according'to t
services at the HPC server, the host providing the

0901 L 15 B4 B8 15, R RO, 1 i srvce i
unavailaie) Hoelghg aqszmssm B HPCissiveP togeypbheRg t8tthd Riest 'jPE number to
server_ conprising. [urali ta/ of entries that each
prevendhe ¢lieny frggy %q“é@% e dfratifed pFFiger ul es i ndi cati ng
whet her the service is avail able; and determn ning,
according to the list of services, whether the
| d2ht i f Thelnstodi afeClaisn &4 ghithdrlcompPisinghe met hod of

Cd aim 18, \Q/nerel n th rul es i ndi cate whet her the
sefSFEEsNg & DAQLIMAgH) & !?a%@ﬂb g ap joperafigs systemd@Sriconfiguration

file ét tﬁﬁ"e HP@TE%NérQBHE%Hﬁ ib Hhd grcﬁ%l 1‘?1?%%6: Iﬁ%ntlﬁgf s%gfcg % one or

Claim 14, further conprisin ent
moreslmdﬁswhﬁgluﬁt%\/mdl abl e, blocking a port on the HPC

o 0B R BF A i ot e PRLCordiiefoncl to nstantine

the h&ﬁ:@tbﬁ&mg&ﬁe 1d_Eﬁ§ﬁ&F§é?fﬂ% off orfe! RnfBrd ﬁodésuﬁlttﬂ@ Eluster.
conpri sing: accessing a boot imge, a file system and

an operating system (0OS) configuration file at the HPC

s er | t .Qrqvi di ng .t he
e PAEFEOPNE B! 1 UIGE D BRI BRbLG o web s
cI uster and using the boot image, the file system and

th CS confi uratlon file to instanti ate the host
ml.?i*ge qdd eh Claime i, SEFtherceorapriving speofing an ddress of the

host bfbvhﬁﬁ% e RibRti fied dervilB Gt Hﬁ% Bedhdé n(ojh%m qn%ecwnsg%rﬁ%dgi %‘AF}?atmg a

ied service is a web server.
conngitignisequencé an beledf cithp hos iwhileshohést igb@ningddr ess  of
the host providing the identified service at one or
nore nodes in the cluster and initiating a connection

sezwencmeqﬁednsa@ktmﬁa if)gnbRsd. while the host is
booting. 24. The nethod of O aim 14, wherein:
the address is an Intemet Protocol over Media Access Control (IP/MAC) address;
and
the connection sequence is a Transmission Control Protocol over IP (TCP/IP)
connection sequence or a User Datagram Protocol (UDP) over IP (UDP/IP) connection

sequence,
25.  The method of Claim 14, wherein the cluster of nodes comprises a plurality

of nodes coupled to each other according to a topology comprising a three dimensional

torus.
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the address is an Internet Protocol over Media Access
Control (1P/ MAC) address; and the connection sequence
WO 2008/05302nsm ssi on Control Protocol over |P ( TEPY/US)005/012489
connecti on sequence or a User Datagram Protocol (UDP)
over | P (UDP/IP) connection sequence. 25. The nethod
of Caim1l4, wherein the cluster of nodes conprises a
plurality of nodes coupl ed { each other according to
a topol ogy conprising a three dinensional torus. 26.
The method of C aim 14, wherein a node in the cluster
of %odes is a central processing unit (CPU) coupled to
t wdOswi tibsdecthodof Glaim dde bersin HAQ & cluster ghnpdasiipp central
bdki i i;ng (HPC) system the
procgihg#%{&nh?g?mg{]{ogggﬁg%fvﬁg{tygg%élséti on in an HPC system
conprising: nmeans for receiving a connection request

1 28 b ST HEmelet Civederial inylrEaciolizer THRRDEHaMR g computing
(HPOPSysteddTBe WS Tdriﬁddeﬁﬁatrﬁriﬁﬁliﬁtiétiwé ihank m@s%eg? cétfpridite:

server COﬂ"pI‘I§I_ ng a cC USt er of no es,; rre_ans r.
i darens fomeecalving @i eangetianhrequirt fsamva clienlr spesifyingi adirst port

fdrs ort nynber .and the first,hqgst pane; .
oo W i Ry MR Bivs BAE e e ARt PEL o pavertised
exteinallawdihl refpeet toamdTPE 3BS/ef edmpriding Helubtdest hddegd servi ce

is avail abl e, instantiating a _host providing the
i dewens feddeifvinge sarvisaeat dre HBEesernvacomeppandang to the first port

numBer43Hd®he first host name;
means for determining whether the identified service is available; and
means for, if the identified service is available, instantiating a host providing the

identified service at one or more nodes in the cluster.
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