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| SCHEDULING IN A HIGH-PERFORMANCE COMPUTING (HPC)
SYSTEM TECHNICAL FIELD This disclosure relates generally to data
processing and more particularly to scheduling in an HPC system. 5
BACKGROUND High Performance Computing (HPC) is often
characterized by the computing systems used by scientists and engineers
for modeling, simulating, and analyzing complex physical or algorithmic
phenomena. Currently, HPC machings are typically designed using
Numerous HPC clusters of one or more processors referred to as nodes.
For most 10 large scientific and engineering applications, performance is
chiefly determinesdiympRaiRicIsele pilityrapg REOHE ARRES of individual

nodes; therefore, scalalgifiyis oftReaimitingy sagter in building or
purchasing such high performance clusters. Scalability is generally

considered to be based on i) hardware, ii) memory, input/output (1/0), and
TECHINIRIcATBhIbandwidth; iii) software; iv) architecture; and v)

applicatio r sing, memary, .15 and 1/0 bandwjdth in most
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schetalisis o, 280t HYE spstiemwell. Many HPC environments do not have the 1/0

bandwidth to satisfy high-end data processing requirements or are built

with blades that have too many unneeded components installed, which

tically reduce the system's reliability. Accordingly, many
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re, 1or eff|C|ent op ration in productlon-orlented environments.
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] HPC s .,2_0ne aspect of the present invention provides a
e O O G AR AICRSOTE F57 SEHLEL ARG, For most
largsigpigseifiormdrrteivernipgtipglitd @ systfonmative o gidediveiztiaehinethiey parailel
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b tge_%%fte , the call further specifying a number of nodes for executing the
OB WP AE WSS B Est ek phRaPLEHiRpRcTor RRISSHRR BAEOTY,
andnmdrm?mghememstgmmtm@Mﬁw%ﬂon%ﬁﬁa&be&@mﬁmy not well

tionships between naodes executing t , the request heing compac
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is spatial: generate one or more spatial combinations of
system’s reliability. Accordingly, many HPC environments may not provide robust

cluster management software for efficient operation in production-oriented environments.

SUMMARY

Embodiments of the present invention may reduce or eliminate disadvantages,

problems, or both associated with scheduling in an HPC system.



nodes in the cluster accommodating the number of nodes specified in the
call and further accommodating the assumed spatial relationships
between nodes executing the job; and select one of the spatial
combinations that is schedulable according to a list of nodes in the cluster
available for scheduling; if the request is compact: generate one or more
compact combinations of nodes in thg cluster accommodating the number
of nodes specified in the call; and select one of the compact combinations
that is schedulable according to the list of nodes in the cluster available

for sEHECRIRTG aft BHaPishibré E6MHSACPIRE StereBHSE readable medium

en€afBbinationsothatfaredehrtiaiicasnordingotedhe:issapnese s thesystem,
cluster ava'lacslnle f%r scheduling; if the request is nonspatial and )
the, %m&éﬁ Bty SRR BT 0 SRS HRD e SRR gy bt ik call
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and.noncogmpact combination,of nodes in the cluster accommodating the
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one or more identified nodes that are schedulable according to the list of nodes in the

cluster available for scheduling; and communicate a return fo the management engine
identifying one or more nodes in the selected spatial, compact, or nonspatial and

noncompact combination of nodes in the cluster for executing the job.

An alternate aspect of the present invention provides a method for scheduling in

a high-performance computing (HPC) system, the method comprising: receiving a call



and noncompact: identifying one or more nodes schedulable according to
the list of nodes in the cluster available for scheduling; and generating a
nonspatial and noncompact combination of nodes in the cluster
accommodating the number of nodes specified in the call, the nonspatial
and noncompact combination comprigjng one or more of the one or more
identified nodes that are schedulable according to the list of nodes in the
cluster available or scheduling; and communicating a return to the

froRRR3ESMENt SRANS HSPRING e kROt Nadas i ihe: selegedipralithem,

compact, or. nonspatial and noncompact combination of nodes in the
theoradtsPF6iTERECHARY T SOBDASHIAdr iab e sshadulpe semnrivigione or more

proavides A aYsianh i SEsOMing i d shighiPeRIPane’ AP MPUIPG LR, o
sistem the system for s_chedullng in the HPC system comprising: means
n
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coipRIEr R nedasin heiHBGcsYIem. dhe call P ey 2 TANYERE job assumes

comprising a job for scheduling, the job comprising one or more )
SPERICEARNFGIRSRAIUTSR BOHICSFCHtIE the del ihereqiestbr < oppact if the
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determining whether the request is spatial, compact, or nonspatial and

and, BRRERAIAEE iBe iRt muin g paatal fehe OhiEexipHiiapetween nodes
exéelaiRNBBIRD; Retuery nRHesexesHbRAhHE 10 1S raie 2pReNGombinations

compact if the job assumes proximity between nodes executing the job,

of fipslea i dRe SBINGTsTSpAmAr atee Hoh BbmPeicPfr 1rdspErasyisdda s call and
finrSRatiRicinHonatip IRy MBI RLRYSERMALES, CHAHIRG IR IWecuting the

means for,.if the request is spatial; generating one or more spatial

Joby SRbRTIESOHE BRABhELisPHE FoSEMatiosmiiidatrbetdaRlmaserrdintoipes list
of spaeifipdie taealhanhiktrg ascanmedating gRsEWNehPRAIYenerating

relationships between nodes executing processes in the job; and

Ong S TG SHEPEFHTEBRIRAES AbRfSAE thatiusEEreammaBRAaRE U gisiber
of adisdsofpreraglimtine: duBtemavailabip fosrchedmingnipaansod®iniftbss that is
reguest is compact: generating one or more compact combinations of
sl 5 R ORGP B A e uPHERT o IRl i9s e iHipgeand
tha@&ﬂ:rﬁcdﬁl_@ a@fﬁﬁh&m%h@ﬂf%@%ﬂ@@@mh a;@hgql ﬁl@jﬁﬁgfi%{fﬁ Eﬂ@%%}%ﬁl?ﬂl@%@la%rding
ccarding to the list of nodes in the clyster available for scheduling an ]
to gty m‘g%%dﬁé[&? LB R AR AR G DR BFST 1 honspatil
an@eir?agui.ﬁﬁéetamdi?mg?dﬁ@ diﬁhﬁﬁrﬂqfﬂﬁﬁzénsﬂﬂ@cﬁlﬂa‘iﬂgr Apiakle thothe list of
cheduling; means for, if the request is nonspatjal and npncompact: .
no énmyﬁ'*?a B ﬁ%ﬁ%ﬂhgdi "o BB FERDrEFRGH Re RsPORIRSEE and
nomddhpalustenisivailablefadeiaduingeandgenarabingianorspatidbaad nodes

noncompact c ination of nodes in the cluster accommodating the
SO R dALe D BSH R oo B R P SHHOR D one o
mogombihatioe comprsiagtomametbithe: aradaunske deenrtfiedinadedist of
(ghat.are sch&dulable@cgﬁ?rding tQ the list of nodes in the cluster available
no g

& SbHeRUTHEArRY s Tor ¥R SORRIPRIESHAG 2 retum fo the
mamgeagaemaniengiosifdeatidyingroneremnireinanesdrdhd selgtliedompact, or

nol%s%%g%l’a%%rgggggh%agp Qo’s’xggﬂgtlt%?ldof nodes in the cluster for executing the job.
Another aspect of the present invention provides a system for scheduling in a
high-performance computing (HPC) system, the system for scheduling in the HPC
system comprising: means for receiving a call from a management engine operable to
manage a cluster of nodes in the HPC system, the call specifying a request comprising
a job for scheduling, the job comprising one or more processes for execution at one or

more nodes in the cluster, the call further specifying a number of nodes for executing



noncompact combination of nodes in the cluster for executing the job.
Particular embodiments of the present invention may provide one or more
technical advantages. As an example, particular embodiments may
reduce time requirements typically associated with scheduling a job for
execution at an HPC system. Particgjar embodiments may reduce
computational requirements typically associated with scheduling a job for
execution at an HPC system. Particular embodiments of the present WO

th@?ﬁ@lgééﬁg%?@&éﬂ%%@ﬁ&ﬁgpt&i?é/ﬁ{éti?%p{ ide @Hn&a%@??o%&ﬁ%b%ﬁaz
of th

e above technical advantages. Particular embodiments may provide
ang oBFARBRS o tHier teenpicdci anedigbsone dpimaveistenisiotiahagltéonships
betRRORRRABRIAADISOR kil @gﬂ&@%éﬂé@rmﬁlg%r%’tﬂgséﬁﬂptégghmes

and claims herein. 5BRIEF DESCRIPTION OF THE DRAWINGS To
Prosvitte Bes@coriiRteXasERSatlfingobs theepreguattinbeindomenipatiel and
nofRAMHERS ANARAAN RS DS I LIRIRR RIS QSO cen nodes

description taken in conjunction with the accompanying drawings, in .
eXGoMIERE s prbUReans iffRistibibe B ipRatigh-pearhiuheeccompatingpatial
coRHANLIR csoidancewit.aee &@mﬁﬂsagahgtﬂa%em%ﬁeé Eeified in

FIGURE 2 illustrates an example node in the HPC system illustrated in

therfallpad Hurtbrs apepmmndstingetha e snasisl 2t ipHswshinn Pefmieen nodes

exéEtiH) ipracBade inl i Ioh) REd4 ISReS A0 S*AORIGA0SRMMmations that is
FIGURES 5A-5D illustrate various embodiments of the grid in the system

schadpGlo R ding the lishgk nedrsdn tesdnstos smibbipder el s means

forehmRRdimants of @og{gmé HdSRIHRIBRRGE o RCCHAARFIMIIIIR AY B
_0 of1 FIGURE 1; 20 FI URI;% iIIustragtes one embodiment o?%%tgcluster Hb(_ies
in Hig vhgihart EBmIdTEne e cormRtelnrimersifiad in MowRemd slecting
onk KBURESillisiralasman@xampie Rnerimensional searsshieldadinie @des in

dimension; FIGURE 9 illustrates two free meshes constructed using a 'y

the, (IUSIEr AV HRBIaI ISP, SPtBerREnd dhatidt dRs qvpsRBRCMEsRegther compact

comw&mws@ﬁe&ﬁmﬁ@&a&mﬁg&olmiﬁl%Bgeéliﬂstﬁef@wé%%aﬂable
illustrating a methaod for submitting_ a batch job in accordance with the

forrighrfmsrsaes entbtg oPRIEigREd nPGURRact? Hegtifying one
or igwehrddl ustiadingricnetied frdyinamig baciiiing,pttbe Bk available for

scheduling; and generating a nonspatial and noncompact combination of nodes in the

cluster accommodating the number of nodes specified in the call, the nonspatial and
noncompact combination comprising one or more of the one or more identified nodes
that are schedulable according to the list of nodes in the cluster available for
scheduling; and means for communicating a return to the management engine
identifying one or more nodes in the selected spatial, compact, or nonspatial and

noncompact combination of nodes in the cluster for executing the job.

Particular embodiments of the present invention may provide one or more
technical advantages. As an example, particular embodiments may reduce time
requirements typically associated with scheduling a job for execution at an HPC
svstem. Particular embodiments may reduce computational requiremenis typically
associated with scheduling a job for execution at an HPC system. Particular

embodiments of the present
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30 in accordance with the high-performance computing system of

FIGURE 1; and WO 2006/055028 PCT/US20051012500 4 FIGURE 13 is

a flow chart illustrating a method for dynamically managing a node failure
Wift Hvedrdedsce with the high-performance computing systemPSITRIGURE 2560

DETAILED DESCRIPTION OF THE DRAWINGS 5 FIGURE 1 is a block

diagram illustrating a high Performance Computing (HPC) system 100 for

executing software applications and @rocesses, for example an

atmospheric, weather, or crash simulation, using HPC techniques. System
100 provides users with HPC functionality dynamically allocated among
inVgavicus ety sodes arl Sondtlefl e ehovmambeisabsthatitiesimarticular
eniBdtimBERCRSS! BEb PRI AP AP 66 & S@l%ﬁg}fhrﬁgaﬁhmggeg,sl féjesoﬂ’go?ea $Which

scaleable because of, among other things, this increas
MeboridHYBPR FEdace aTaBR Sidieh dp. the redEmplterfiewesl sinsinion, and
claipdesrdidd in a distributed architecture may be represented by a
derivative of Amdahl's law: S(N) = 1/((FP/N)+FS) x (1-Fe x (1-RR/L)) 15
where S(N) = Speedup on N processors, Fp= Fraction of Parallel Code,

BIHEF PERSGRIPGION 0P Al @ ICOUaNES = Fraction of processing devoted
toc ications, and RR/L = Ratio of Remotg/L.ocal Memory
Banﬁ%&%?%erae%%? b?)ﬁg’lr esy}%}%éer%s %B‘E}%oc\’/ ding ﬁﬁsﬁrfaﬁlﬁ%‘?&aﬂd the
featutsstandi sy avegdstthorenbarifaeprodessing petherfuilovant BScaysigirtaken in
corflcfBneraaRe S QURIRheHIC SRR QL HE (rapplications and allows for

easier system_administration. HPC System 100 is a distributed
client/SERRE systdivstgsalmwsimsents (Jigh-nerfeanmsstscampwinginesisn  in

acdOr8uRIBiADSnE RhHRMRAESEING P88 hiRGosgRver 102. For example,
include HPC server 102 that is connected, throu

t h
R RSB 3 B AR e TG R AL P s e FUGURE

1; 120. But system 100 may be a standalone computing environment or any

othefgu viconment. In short tem 100 is a C computing
envir(%:ﬂn%?t‘%r?at el 3%%%%%?}?%%%%@03%8 %nsgffgg(#%géﬁbmg e user
to suBFHEELS 1l5eirayn antsaplsiivdatpsiscaleable nodes 115 for job 150,

and piiemarcally syepuesdoR ARQ.using e allacated,p %Si%j o IWiem of

150 may be any 30 batch or online job operable to be processed usi
FI%tééﬁﬁi%é‘é”&?d}%%itted by any apt user. For example, job 150

mayHIGURBYURSLABr ikt alisn.gs SRnRIRrANY JMELZA0RIOPRNGR e in
awﬁ%léusﬁg?églg%%%%t %ﬁ&f{gf}é h-performance requirement. Job 150
r

may als ta center application, such as a
clustef@dRiatdbdisstratesontio etAoHAGiA O rORC SRING SHSRIBerb® software in

acc%%i%@@iﬁ?ﬁl&cﬂr?eq ns&rigféU'HEIterm "dynamically," as used herein,
S a

generally means'that certain processing is determined, at least in part, at
run-HHaIBas et dheirasesr anoegample one dimensional request folded into a ¥

dimension;

FIGURE 9 illustrates two free meshes constructed using a y axis as an inner loop;

FIGURE 10 illustrates two free meshes constructed using an x axis as an inner
loop;

FIGURE 11 is a flowchart illustrating a method for submitting a batch job in
accordance with the high-performance computing system of FIGURE 1;

FIGURE 12 is a flowchart illustrating a method for dynamic backfilling of the grid
in accordance with the high-performance computing system of FIGURE 1; and
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5 variables. The term "automatically,” as used herein, generally means

that the appropriate processing is substantially performed by at least part
of HPC system 100. It should be understood that "automatically" further

WebHAPgd®s any suitable user or administrator interaction RGTHUSP8ES 2500

100 without departing from the scope of this disclosure. HPC server 102
comprises any local or remote computer operable to process job 10 150
using a plurality of balanced nodes 145 and cluster management engine
130. Generally, HPC server 102 comprises a distributed computer such

as a blade server or other distributed server. However the configuration,

servBFAORinkl g edlapichattiiostradees method doedynamicathypriseaging a node
f2iRRTRUHEIRIRERGRRS NG BRKiSe SUEhAS é@{naﬁaﬂmsze%aa%@m 1

general-purpose personal computers (PC), Macintoshes, workstations,
Unix-based 15 computers, or any other suitable devices. Generally,

DHIIGURE DESCRUEN OB TIMe THXAWRNGyf computers that may be used
with isclosure, For example, although FIGURE 1 illustrates one
servlé&r]('ii[g]?qfch%%Srr'ﬁl a]f/ﬁ?actg gix s AREE A dHRe, Reremanen CampRing (HPC)

systeplebféntia usingiiog putnarethasihanieervars, agovekas afseriimple an

0 rds resent disclosu templates compute .

o i B R SRR grovices

us@dAEh B a feysdnnalify sharenisalsalicocetdd tondocuimentothputergmodes 115
HieqoPeis e ndssiRangomRRsS st aon

s 0 i f% 3 ‘a?r%)ic%%é&%ge ice. HPC ¢ a&gneraliy,

network computer, or any other suitable ssin ( server
thespy odss thi B poHSrcAlals Peeautmag béla@fwat@gaerot@mwbiaﬁymased Vo
peifReTARg BYSIeANT BHgIakdaey, EHH % IMINOWS KANETiQ ANAREN5 i 4

. suitgble operating system. According to one 25 embodiment, HPC server
A B A A OBt G AR 0% web
server. Therefore, server 102 may comprise any computer with software
and/or hardware §§ SR @1}@ fion suitable to ({/r}g}gzc lly allocate
nodes 115 to process If/lg j())ﬁb?lgﬁ At hi%]hxle ¥e', l*-'@server 102
includes a management node 105, a grid 110 30 comprising a plurality of

whBRIead Iosgadhglustiay 'PRBGBIICHLL ROIRGH3G PAOIRISEEENISAY Braction of

server 102 may be a standard 19" rack including a plurality of_’b ades
Nopsbalsh/cr o dis/oobBokop i rrsetsirgieyotsd te samysatinns arbRRL =
RativeoRHenirgIeea paaants Bhatalinoqassstse b awe HigbPandwidting 1o

emory; i) dual host channel adapters (HCAS); iv) integrated_fabric
per?w%%’%g?‘%%&&%fsﬁ%&iﬁﬁ Shd' eSO o PRG S tdR A 00
inceapliesyeiie sefiuceinys ofmiibOenisphitlatoder tailireBdedefeondingd t@ystem
adm%%%ﬁgvel. But it will 5 be understood that HPC server 102 and nodes
115 may not include all of these components. Management node 105

comprisesygete dédloireablistabaitsb elintitiyrdedivaied thamdoagingess (such as
sci@RNEINMN A ARSI SH AU mEOLEXARPIE, %@@@sgﬁl@%ﬂtﬁlogfnéosé M2, For

comprise two blades, with one of the two blades being redundant (such as
exagpple, system 100 may include HPC server 102 that is connected, through network 106,

to one or more administration workstations or local clients 120. But system 100 may be a
standalone computing environment or any other suitable environment, In short, system
100 is any HPC computing environment that includes highly scalsable nodes 115 and
allows the user to submit jobs 150, dynamically allocates scaleable nodes 115 for job 150,
and antomatically executes job 150 using the allocated nodes 115. Job 150 may be any
batch or online job operable to be processed using HPC techniques and submitted by any

apt user. For example, job 150 may be a request for a simulation, a model, or for any
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10 active/passive configuration). In one embodiment, management node

105 may be the same type of blade or computing device as HPC nodes

115. But, management node 105 may be any node, including any

wiklunebesobeircuits and configured in any suitable fashion, sClug2assiti2sos

remains operable to at least partially manage grid 110. Often,

management node 105 is physically or logically separated from the

plurality of HPC nodes 115, jointly 15 represented in grid 110. In the

illustrated embodiment, management node 105 may be communicably

coupled to grid 110 via link 108. Reference to a "link" encompasses any
othafipshpriafercame mjcatinentoduil it plemelatiy anpaisprdprane data center
appﬁﬁ IH{)T}}U %IL'(EC tlgn% 8(1%%&%9'dﬁ%ﬁge?ﬁﬁ%@@aﬂgc%ﬂvﬁ%&g%gy&@nﬁ or &

méy INclude one or more wires |n_0ne or more CIFCL{it boar , one or
clustetad dppéivativosesrrBibipsas dnesicpyre 20teddicarih Srogksneans that

certii ??c&&%@ﬁm%&g&pmitﬁﬁs@rﬁﬁﬁﬁﬁwﬁ kS MAY YafRBeRr oOIE more

wide area netwgrks (WANS), one or more portions of the Intﬁrnet, ora .
varighlotmirtfoleBr PBR IS e etk 8o e RPAPBISINERES iabmy approprate
pro&RRadimensdink198 Brovifes by igaliiohaD Gigapt Ejfienna00. It should be

communications betwieg %%ﬁ?égement ode 105 ang ﬁridus%}%i 23&nd, . .
undertprd it AOEGRLYT 1ETHER  EORRERE ToF Y TEAEEE Procesding
intep@ten witnigatyn gpihiifidis detingriispbihtisampsy didhas theshsare.

"~ hyp be, or other shape or confi ' | ing, from the o1,

o e e e e O LAl L e

150 aing of phidalits0 offretenagsbraptiatd 1&nandcelvers amapaese A pPBBiStd 30-
Gergérggllgg ksprebueRP NPAESHHRAD STEk AR MG SRE RN RARIIGhE server or

links, digital links, or any other type of link that can convey

- otheyigiebpisd MEForRRTEE SR RaRieUian, fFEkatipichisiss & Rhyliy. of

nodé%ﬁ@ﬂ??ﬂ?d%ﬁt iz W%Qﬁ%@ﬁ@&a@g%ﬁz@ta@a%w ngn%sﬁtgummpm,

wiIth an Integratea switcn. IS allows 0 more easjly.pe .

bl GPRSRGEC 6 M) PO RN DS S Sgge gris bsed

corh@iaervptsr obdesuitble Havier, iGemmallynFEURBDE Ny workdly one

ex arger ; gtemstgrtsutglattoncl; 93hit rates withy 0 ﬁg%%ﬁmb%%pfgealmough
ORgest cabié being

eing less than 5 meters. In short, node 115 is 5 generally

FI@pRiL ddufomive anssteneiy b iheb mavircand ng thribic disdagee, prstem 100 can

be widihg a6k pedeulde oy imalde-ferlugienagaRtal Sdver pool. In other

communicably coupled with cluster management engine 130. Generally,

woglfenfhe3PreseRiv B HostHE s B BB ANERTP BT maRsbehiht S BEa! 8505
coRPEHEs SUSIQT MaRagRBRNBREINEohSthhgeNbIaaRRUIgstactdesaryd in this
hardware, software, firmwaye, or combinatjon thereof osperable 0 | computer
AoqiBRERrieL0TR. YRR Siails BYTHES 1175 S0 B M i SRS T ComPuics
wopkaeassetkaass stmbuas foraughothetheiniieattdessmandgirnefift{odever 102,
05. In another embadiment, man n neriodical :
or gD it N an e nCL ot O 1B et oo

Limway D&y endiwarbeapn epratetbonspiicbld angtaigs syiernsAksording to one
emSé&i%&Blﬁa%’P%?eméﬁ%mg{p JR¥aindisHe! Basic AR iNerPLaMled with a
combination thereof so long as it remains ) ,

remote web server. Therefore, server 102 may comprise any computer with sofiware
and/or hardware in any combination suitable to dynamically allocate nodes 115 to process
HPC job 150.

At a high level, HPC server 102 includes a management node 105, a grid 110
comprising a plurality of nodes 115, and cluster management engine 130. More

specifically, server 102 may be a standard 19” rack including a plurality of blades (nodes



10

15

20

25

30

15 compatible with at least a portion of cluster management engine 130.
Cluster management engine 130 could include any hardware, software,
firmware, or combination thereof operable to dynamically allocate and
wmamagesomsdes 115 and execute job 150 using nodes 115. FOI/exa0RI€2500
cluster management engine 130 may be written or described in any
appropriate computer language including C, C++, Java, Visual 20 Basic,
assembler, any suitable version of 4§L, and others or any combination
thereof. It will be understood that while cluster management engine 130 is
illustrated in FIGURE 1 as a single multi-tasked module, the features and
115funatonalisy peifbunetebis thisiep ginepomaytbeiperiokmedesomsuitiplerge, high
qdules such as,. for £x le, a physical layer le, a._virtyal r .
b B SO, A ek L O o s e, fri
switthtagh 25 FPRIG URIPIY; Bodtha), radvitalait aeated] inpwixter it fopower supplies.

The%%a\;@i%%nceo%séb%%ﬁt}gﬁmﬂg@ RSN RS IR R GAUN SAERNES BREiPWill
S assoclated wit

more proces cluster management engine 130 and
be mdgrsterd dhastdiRRanapemdfz ctifngofsd. Moraeemop dapiyde all of these

mn@&%&@ment engine 130 may be a child or sub-module of another

software module without departing from the scqpe of this disclosure,.
TheYerAeeTefis 8P iati SHIBPRO 8hdfe 1@6%@%&5@%&’%@@% Higated 10

maSQigate maduies epesdbledadatelligeotlyerandge madgakhb andtjols may
150. In particular embpdiments, gluster nagement engine.ingl

cor 8 RO O O T 813 SRAet CEite At (%50 an

activelpessitSctmfainsatio).aduleserietbiatont. Seiedatess 1®dmAP sy be the

san:zﬁg éﬂ%gudkgg%al%%pt%%}ggtﬁl?ﬁmgggj@ﬁ’é%g%dqq% .1%,%21%%@& node 105

ibed below. Server T02 may Iinclude interface 104 for X ,
maybmeny it reciviting sy Nomhsieh cscayiserdcostiensd Bign 13bls rhion,
so RevRrk 1984na Higatiservar esethensistikuiod SRYil00Meed meefigiment

embodiments, server 102 receives jobs 1581or ob polli)cs:%(?%,gom nef\g?”éinﬂ
nodgoltor streigelln iRty FARPBR PO ARl WRESPARIG BE Atedhac> omt
repeitesidy to iha aampuatienahatraydisinbodimeamaanigehant interflfemay be
that interconnects the n ._Generally, intexface 104 q '
corgF BRI USRS BO] hATRNIArG B SETABIEE o ion s eny
apjappiateledonoonmicatiicateandiihn e aBEMony spruifindgly, ippewzEacations
pro Qdm sc&”%%h%‘?ﬁ%%‘ﬁa&& BRI ING ANE L5 BHRARHY YUGRHORS: or more

prg%co s associated with communications network 106 or hardware
wirgpdnaisie 00 BeMEGIAERS BHSREE Lghene mengb® s malifiiss one or more

locMITGIES RN VS I SaMNMANISALRRORINMRPEI RaM B hebRbYRY TUABIBY one or
any other computer, such as clients 120. Indeed, (\?/Elile iIIustrgted as 15 Hon
eSS RIRIAREALS Q¥ ANE> SRE Ve BEFHRBR IO TETHSY Sishoaurgaete
of BEbANGER MR QIS NRdes WiGviheobtiepariingioamihelisoape lofitHE8 provides
disclosure, In pther.words, network 106 encompas an I .
e e S SR
11¢arious computing components. Network 106 may communicate, for

exarpple. jeme tgﬁ)ﬁ%%%ollléh%:} PRSI FIARE RRIAVHRAMRES processing power.

Typically, grid 110 is a 3D Torus, but it may be a mesh, a hypercube, or any other shape
or configuration without departing from the scope of this disclosure. Reference to a
“4orus” may encompass all or a portion of grid 110, where appropriate, and vice versa,
where appropriate. The links between nodes 115 in grid 110 may be serial or parailel
analog links, digital links, or any other type of link that can convey electrical or

electromagnetic signals such as, for example, fiber or copper. Each node 115 is
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20 Asynchronous Transfer Mode (ATM) cells, voice, video, data, and

other suitable information between network addresses. Network 106 may

include one or more local area networks (LANS), radio access networks
wRANgInetropolitan area networks (MANS), wide area ne®arks2005/012500

(WANS), all or a portion of the global computer network known as the

Internet, and/or any other communication system or systems at one or

more locations. 25 In general, disk faym 140 is any memory, database or

storage area network (SAN) for storing jobs 150, profiles, boot images, or

other HPC information. According to the illustrated embodiment, disk farm
coniigyied witbsan detcgraﬁﬁiewtoﬂag ol eiswb4@odRigH SfajmldﬂaOemﬁy peabedsisic

SAd Lorte Hla PR ber comm nicati
o protocols, for exam e, Inflnggm%%?{‘%lga%?ﬁ erne %lfb 8'35 115,
ool aPPEPRC FADBes Pt drnppssa by oo mwan@embdames with, in

soﬁi@t@ﬂlﬂkﬁhl@ﬁ@" 010 AxERtBBRCkEL B RdNEdS g laeaderihal Das Bqe 115 55
gqu rce |dent|f|§r and a destmatlon |dent|f|er WO 2006/055028

forpryrestachben cenaumiftionsad dnsprased §QLbaadwidth.
addiess, igektifies tﬁeﬁrmm@ter liRfORRAN O s PREHALERSHNAUSled with
| entifier, for exam%% ?S&éest atlo address |dent|f|es the recipient of the
clustel management See iny G&V yoﬁ@?&ﬁl%t%ﬁf@é‘éer'ftlf?@ﬁg%toﬁvﬁﬂngnm 8

fiojolnsw gsinsitrmedredns m/admatrﬂmnagem@igeagimamﬂsemrtmfm could

mcg’iglg.ﬂgfz@afa‘&gr@' If::@[ér% 'Hﬂ%({%}%d dmvma 1(')?1(: & egfa { lgl%g}.eei %t%rmme

and comprises an e onic computmg ICE opera rece ve

theyidyysient, T5#Biscat nose étb?@@dwmpmpméhmmoam@m with sysemgh a
“hehBiBedt, With Re-HAGGHRIROCh AL (her e ARG R OHMDET hRY gé}lézi't%%de 105

communlcably coupled to server 102. Further, "client 120" and "user of
may pesiolisshnagH g (A2 tiArTENRR e BRI A i ptesiaiedinpiar] 15. Agent
1311&@3@%&@ mﬁgo@@?ﬁﬁueb dtgﬁwengﬁg@_m éeé%a%gae{ple C, C++,
ilu nt.is de ed in terms eing used by one user.
e T A T T PR R TAD e S PE fRgltgmains
Comabblﬂmmhntdﬁeqbbsotﬁ&wmgmtm isamecikit E2Ginds 3Ged in thIS
disclogyie AlisAldA% Sieadad 0 ARGRMPASS.A REISONAL AmGomPHIGy ..

touch screen terminal, workstation, netwo com er |o§kS ere
or Gembinelioghiiseeqtcrpsrrieidea drssiviatily RDAYatonendr mioapEYlsssbES and

exddHRinthese e Qihaadevisesyqr @{@Hﬁl@%@éﬂ&aqgn%gﬁ%ﬁg&%ﬁ@vfgg fY be

example client 120 may comprise a computer that includes an input

wriffgickdeirEhein W ARRIORSIAh SEBRIST Fﬁ%@dﬁ@ﬂﬁ@g&\ﬁéetﬁa*%a\ﬁsuﬂ
Baﬁ@cmémﬁﬁw:ﬁnﬁ{mmﬂhﬁea&x@i&ﬁ)uf de\nce—ﬁlaﬁ%ﬁwwﬁyrﬁ&ml Ha&@&ereafl It
SocCli Wit t|o server 102 or clie inc a
Wﬂ?g a, v@sua %hgrma ion .%o é{ffl%e@%ﬁ ?ﬁglﬂ?pﬁgd'@\}ﬁesgﬁ'&% g,? @!J
as gevigk malhmmiknetbmnduﬂ@rﬂrelﬁaamaéslerstcﬁcﬁgﬂmﬂdgammmabm&gm efigine
a H.Iﬁﬁg. r I Q both rec ye input
ma§y Py &l( 0% %ggé%% 1858}@3 Ie%éoi f%%@ EI sw a e dule a

rom and provi t to users 0 IStr IOn
virtgalljypr %Wﬁbsﬁﬁp@@@m@lﬂﬂamgba@mepzmon engme (as shown in more detail

m FIGURE 7). Further, while illustrated as external to management node 105,

management node 105 typically executes one or more processes associated with cluster
management engine 130 and may store cluster management engine 130. Moreover,
cluster management engine 130 may be a child or sub-module of another software module
without departing from the scope of this disclosure. Therefore, cluster management
engine 130 comprises one or more software modules aperable to intelligently manage

nodes 115 and jobs 150. In particular embodiments, cluster management engine includes
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25 GUI 126 comprises a graphical user interface operable to allow i) the
user of client 120 to interface with system 100 to submit one or more jobs
150; and/or ii) the system (or network) administrator using client 120 to
WipradeeERsth system 100 for any suitable supervisory purpBSEUS2005/012560
Generally, GUI 126 provides the user of client 120 with an efficient and
user-friendly presentation of data provided by HPC system 100. GUI 126
may 30 comprise a plurality of custongizable frames or views having
interactive fields, pull-down lists, and buttons operated by the user. In one
embodiment, GUI 126 presents a job WO 2006/055028
a splsgnles 569 S0 alisoningmedeniisSitnidlis IS, tredgsrebedtbclow vivhadujeb 515
mdfRIREe ARSI SEAGl &5 ERRMARYRSEFD 1991301 GeREAR0 debribed
one of the input devices. GUI 126 may, alternatively or in combination,
belg?l’ﬁsent the physical and logical status of nodes 115 to the system

admBusiEaton agdjusiEaies iniald RBS RA-GinABHIEBERY G NRMANS: computer

ommands from the 581dministrator. Administrator commands may
Sy S eRa SIS R P b n O YR ARFRiPAR 14 O B R T Fifi s et distributed
envi@inienanbe ceelabotingotiistestspsany diberaeliablpboNTdaRGob policies from

M&rﬁ%gr it should.be,u rst that.the ter raphical user interface
2 may be ugoe}d?ﬁ%%%?ems?iﬁa% aa:rfr%rcf i%gth%ﬁrsﬁ?faémo{%%qé%#%&gn%e g?arﬁr}é?é directly to

theyeaptmeationdramterfaies the desac ividictivel dispifapesofat paiticotmegsaphinades.
GedsRliinteraes. Tbe rﬁ&%@&b%%@&%ﬁw&%ﬁgwo%%%@é%hSErs,uitable

interface, such as a generic web browser, that processes information in

comhipation arrlangrabizernrpraaisate tth rateskd Ghe Miser. sBesifiselinindarface

10a¢s@ptaiataist eoehentdiRning iR R e WeBh{Snttaddir 3aaldNtes g iated
.Eéxgpllorer 02 Netscape Iiflﬁwgat r) and return the appropriate HTML or XML
ViR, SREHERUCARARS RERSH 166 TSRSEARIP B EPRHBI AP Bgat stgpals.
is firsteimitieliZed dhdibtates . datiling dSwielipeocestnehisiesManRagaMeihputer
i termines the existence, state, location, and/or pther.
so B S R S Ao o S Bl et o
resHBa e esn Hereb el avdmbicuhiGiatbpok E3Tmapdists ietiilizetieanovarions

nod0M B %&hﬁ@ﬂ%ﬂé@ﬁ% ABRORY PANAGEME M RAAEL 03N, %l&sé?, r?etwork

management engine 130 may dynamically allocate various portions 0

 10Gigne90R85 e FMBRERHEaSiatEis 200 BuResPOEsN dpirekamisle facilitate

copreadtatnisedbRalicies Jaione ephadiment. HRANAGGRGEENIBL may
130 continugusl nodes 115 for, possible failure and, upon

monitor
corge %?}%%‘ﬁhlcﬁ a%/’f?ﬁlépqé’f ti%t%%tes% sofecelildifJemacticsly famagigane fames,
Asfabhrenosing znyfef MaitetiATIVBCosltry ieichnigides, QUisteinnannagenanible
: i anage and,provide nique execution
o R B el P el ST PRR Y mpue g e

ne%féfﬁxﬂaeﬁh@aﬁﬁﬁh@;ﬂ@@ﬁfsis@mqtk@ RéNemmctRmdiresscoperatiig (MANS),
widy 2t RRRIY HiPd NRS VPSS o [05Al AN m&%ﬂl&ﬂéﬁ?yﬁe%%%%&gfas the

installed applications and data. The cluster managerment engine may

Intefpgh AELT PR AthT SOBtREAEiRL SRR Bt Stame 20 meto lolingos.
assagigiae-AQiaRTAnt 0GP GLKHNEI TlBIRE BPURIBSSHED A%work (SAN)
forpscclc?xggg' jobs 150, profiles, boot images, or other HPC information. According to the
illustrated embodiment, disk farm 140 includes one or more storage clients 142. Disk
farm 140 may process and route data packets according to any of a Number of
communication protocols, for example, InfiniBand (IB), Gigabit Ethernet (GE), or
FibreChannel (FC). Data packets are typically used to transport data within disk farm 140.

A data packet may include a header that has a source identifier and a destination identifier.



10

15

20

25

30

30 When a user logs on to client 120, he may be presented with a job
submission screen via GUI 126. Once the user has entered the job
parameters and submitted job 150, WO 20061055028
woGHik4E2095/012500 11 cluster management engine 130 potas3Iesiiesno
job submission, the related parameters, and any predetermined policies
associated with job 150, the user, or the user group. Cluster management
engine 130 then determines the appgopriate virtual cluster 220 based, at
least in part, on this information. Engine 130 then dynamically allocates a
job space 230 within 5 virtual cluster 220 and executes job 150 across the
Theakegaledaaaics:] 1usrgdpRC atechriqueddBaseideatifeastlin pemswitter of

. .the increas (%I/ erformance,. HPC.server 102 may..n r%%ﬂ%gé identifi
mfoéﬁ’r?"quatea]b(fo &8s ﬁ%tﬁ% ?8b1%§61%p%%rc%§r%%%%%’o% ,%ééﬁgggomanager’nénetn =
the exvfphemiconim imicatesmesults 160 to the user. FIGURE 2 illustrates an

exa&ipégt qggels(glli @%&e%@ra@l@ ?cgﬁr;s;leiti ﬂ?éqg%?@ﬂﬂ a]jg‘tpﬂmﬂﬁgm screen

device In any orientation for processing all or a portion, such as a thread
or wimpristetienofiaregenhisrb fobk isoiane GHEXARDIeAng HehyiFhaylpistrated
cliciNfag o RaQde: IlatayTingsidad aiphseotednaishianHplimOMevice
motherboard, or other computing device. Node 115 has a gé\rchltect (8 ith
OPeBFBIFicih g 5L IR BPRRSY faBTREafh SHES M ARRITBH Y s&ﬁ@cﬁfﬁ%ﬁa oW
sysdékﬂcﬁbgﬁﬁ”tlfc aﬁmssdmdealsld&iin}gtidiﬂez@.ﬂmpafﬁcaﬂgrmﬁmbﬁbcdim@na 120
istributing such functionality across nodes 115.in.arid 4. [FE5 (=3
co ﬂ%ggcﬂﬁ%fiiﬁogsﬁvgeﬁg}ﬁéo?o%ﬁﬁ% rr(?l é‘f/n#l?%u@ng‘iﬁgcre%%ig a% t ¥ ?5“6 may
be iRkEraneeliangtiablyld ampcoeriaisiwiparaliétmuting foicdbenwentorghis disslosure.
115 in qrid 110, D in 168 aAnd-asuiishdoniabne)
MO{%OE}’.eﬁg érgﬁsgeo%?gggjg %ﬁ%@%%%%r?cf%%&%o CPUs 164 Iégr)ld a b one
useswitButl €83 whslesapprepirmelatsidheh dB210 1SS BHY 1955 (1 computer to

corfiNGRMRRSSIYSE 8 (sRY 4t appropriate. Switch 166 may be an
Integrated switch. In g_articular embodiments, switch 166 has twenty-four

portdsTHEpBitdhéh A ecHEY dotpls ABRIFY e, FHERRRE e Tone!
compeler1RR IRk inau eRieuf R tettind, ilemdtkderjGetniasititivincirvodabrisor,
on_switch 166 each co de 115 to anoth :
ool R RTEREL QU8 FORE B G 5 e oot A0 B der
dedinaiher sedelibt Suitdrig moressis pigrick 1 IDr anenpls, s dALNREISOPgg1se a
may_each .coupl r a %&&ﬁ,%&@g&]&h
i e %%tlh aa‘tgnll%%aesmqggtg |§n§ é%%g%&rﬁeagr%dgeﬁé}gg%r other topalogy in ,er
devyjsiel 110, vreldrisepl pefunaiirawaef #86THRVICAEPIRS DL 1A fEtotlmation

24006831 L e ich &bl dR RUURALE 10mRiemIeRMEation Ohvltauidipsas gl visual
~ topology (such as a 4D tarus or other nontraditional ?O togolo y |r}cl dgl)%d or
infiBIE iR YRR Wt ROBhBeiPEHCe e | APE PP ATh S B1tE Sone

rerRbVARIE R S0R AW Gl B6 Amaypeetipleonpaeei Al GRRANN areodibiesuitable
nodes 115 WO, 2006/055028 PCTIUS2005/012500 12 al [AT=We)
- 1500805
mﬁ%;@%ﬁ&%‘%ﬁg}?&%%ﬁ’%ﬁ% prlﬁgf/% Fe%llll? gg‘c%)rﬁlr%ﬂsn?cf;%?ggr%mps or £ the
administration and job submission display, namely GUI 126.

GUI 126 comprises a graphical user interface operable to allow i) the user of client
120 to interface with system 100 to submit one or more jobs 150; and/or ii) the system (or
network) administrator using client 120 to interface with system 100 for any suitable
supervisory purpose. Generally, GUI 126 provides the user of client 120 with an efficient
and user-friendly presentation of data provided by HPC system 100. GUI 126 may
comprise a plurality of customizable frames or views having interactive fields, pull-down

lists, and buttons operated by the user. In one embodiment, GUI 126 presents a job
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hops between node 115 and one or more other node 115 relatively distant
from node 115.. As an example and not by way of limitation, a port on
switch 166 may couple node 115 to another node 155 residing along a
widnrtheessiedy axis of grid 110 several 3D jumps away 5 fronraodsbéSoirseo
particular embodiments, switch 166 is an InfiniBand switch. Although a
particular switch 166 is illustrated and described, the present invention
contemplates any suitable switch 166. Link 168a couples CPU 164a to
switch 166. Link 168b couples CPU 164a to another switch 166 in
another node 115, as described below. Link 168c couples CPU 10 164b
subioi sitchisphty; fhistkoiaatctheplas @R [ fatteivtheldnieh reeg vescommands
o R PSR 1 UL L AR oW 858 MRy o
) scribed below. In particular
condhrimiatidimentserd thk 188 siveluded dagisthistahg 2K narkegapibldorthe system

3 HRIGRtNGARREPHPRIR . RS AIGHD VIRI REEFES QRE IR QRBKIRCHOM: the
Although particular links 168 are illustrated and described, the present lFbi
admiiEkiBion cAVTRIRINAIEY SHPERdSImIKETRSe SRS 328515 ﬁ?&%@w able,

shuRtadedbis: Adis k7R maninekderanaiiniBied cbadinlotrpablekit command.

communicating approximately one gigabyte per second in each direction., .
MORR{5hhBRHIL AT 190 B8 MESHREH RN dSChBLT The Bresent =
the ifivgnlioucaniemplatbt aleycsititatie tinksfsrgraphike 13& doepleeswitdisach of

66 to other switches 166.in.other.n 1 Seh
e S A B SR [ RS e B e ot any
graphivablesat ctrrivenicalings appresimaely rreecyidhypecpiesdefreaon
syffi o G ey hobariculardiiks I daimdlustiaie Aldesddopdauta

e present invention contemplates any suitable links 172. FIGURE

3
froffiugtiened 2h a1 PRIFE G Hod U 8 TA RS RIS Netscape
NatiBibdthdsdiusttatagaogihe Hasariekiie pipsessiavegtrvork 106.

contemplates any suitable 2 U 164. ggu §6% in '“ﬁ‘[éa aprocessop, ..
1741 SRR ASBRT I TRSTRY Tl V57802 IERL R i%lg, and Eost &
thi€haonre, adagier (HAMan. Rigoesktl f@tnnoiesiébeactiastcheareiate, location,
oftware, or embedded logic ¢ nent combinati f 0
o RERLET BT R Ao nea i g e ikt be
baseD GO ABCEORProvsssonidatairepanNREL dedpartialiali e imepes, near
m&%ﬁgwiyﬁ%? AR BPRIGMAE!Y 86 RR.SIIMNSEZPIRLRSSAH RAYIAG BID may
y

approximate megabyte cache and being capable of approximately 7,2
iSRS B A A TN A SERbLIF RIS ROt LEhi S 20 Dased
on 2P @0rR0E S REt S RADHIERR0(n b pembidamkhip elldieadimgeinent engine

articular em odiment%ﬁ%r?Offg or 174.{}nc|# es a memory .C ntrgﬂgr that one
135%8“‘?@‘@}&9%9’?9@%% e bR R AR B articurar &
of HO66880T 11 Thlisljlifsisdtetanshdgisgribe thittve psegemiymfentitety of recovery
ontemplates any suitable processor, ,174. ] u CeSSOf.
te R af%afgagg%)ﬁ otﬁ%%q% E%il?tilélu ar§g§n1%ﬁr%%,s&{éqg%%%}sﬁmﬁlue
exanthpprowimatetnS o vidz fdacatiderods (FSByepalBiepf220. The execution

environment may consist of the hostname, IP address, operating system, configured

services, local and shared file systems, and a set of installed applications and data. The
cluster management engine 130 may dynamically add or subtract nodes from virtual
cluster 220 according to associated policies and according to inter-cluster policies, such as
priority.

When a user logs on to client 120, he may be presented with a job submission

screen via GUI 126. Once the user has entered the job parameters and submitted job 150,
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communicating approximately 6.4 gigabytes per second. Although a

particular bus 182 is illustrated and described, the present invention

contemplates any suitable bus 182. MCH 176 includes a hardware,
wepiimaoess embedded logic component or a combination obtwaudghesio12s00

more such components facilitating communication between processor 174

and one or more other components of HPC system 100, such as memory

unit 178. In particular embodiments,jiyICH 176 is a northbridge for CPU

164 that controls communication between processor 174 and one or

more of memory unit 178, bus 182, a Level 2 (L2) cache, and one or
clumrmmihgmmmﬁ@mtﬁ%@fﬁ&%%%éﬁdhaiﬁsﬂﬁéﬁﬁ}lﬂ@f&fegsp&‘@été% and

URST E752 H17 articular embodiments

o e P B s U i ot SR Gy Clustr

mﬂmm?%wn%tﬁ@ﬁbmbh@wmams thoepporpriatit dit8andhstie L0 b aedphe least

in SRtecRI{ BIRRLREMOBLHEISSS &%H?ﬁfﬁ i g%i%;i ] MCoh'J %73% A3 Mithin

example and not by way of limitation, memory u e two

virpyph pebusien P8niee) esrees deker %‘&ﬁ@mésoﬂﬁpplﬂ@métaqﬂ@szl@ga&yEﬁPC
tecPEigEEs SBeeed] Reaan ek, ARRRYGR RR8EHAYIBEREMRRE YA {8V8: 102 may

illustrated and escribed, the present invention contemplates any suitable

mOFﬁe% LS teI ﬁ@gﬁmﬁéﬁﬂ?oéﬁﬂen@%lﬁmﬂ&w Prggement
engnebfhoonticlles rashl{4QHY) tthiakimeltides one or more hardware, software,

or em&%}é&% ﬁﬁl %e@ponentsgn%gg tin bi %%e ﬁvi? pro e r é%?des any

and one or more other compon
corppiiog/draystona(B @8k ietap|ut torehessDE 2H ﬁ‘ngapdrﬁirh,em&t é@la&}sread or

pro%@ﬁtr% 6hO6: QIR EARaRst KE?H%Q %t%::lagg g-'eulfa& B‘f(})l%%%t ion, M node 115

particular embodlments the ICH Is a efor

may sinel® Xhhome ety d en ﬂ?éf ER{&haencthesbraed coupther toothputing

deor! Mmaydacilitate.communicationdSwerRdh ICH 2R R1 bASEROAY enables
di (ﬂemt(;nt controller (BMC oupled to the Ethernet interface. In
Sﬁ ihaf %nﬁé’?‘ﬁgo o gerntsntpdeie 165 b &titerd8mpbnaattisolar

embifdEneystedistBiinglydes HnetM@IROAGIOSERAZES CIF WS2005/01 Mobw.ate
ol ch BMC I partl.c lar emb iments, a copples
cen%%we?r‘%[{%ﬁtt%r tgnaé %v{\kfcw prgvmal ha™ acces}g“ir(?%ﬁﬁaéﬁt (?f?éaf‘fﬁl%n grid 110
andyptdgpardial sonsnBusalied aourdesddCH 1 #6gaidd HCA 180 to each
0thggola RASIGHALKRIOLPERIFs D %ﬁdj'g%\;ﬁt@hpgo é)(s 28! p%%‘rtencg to a
ress capable

interconnect (PCI) bus 184, such as a 5 PCI-E bus 1

nodsr oriaY ﬁ@m%@%@ﬁﬁ%a@mﬂéﬁsm&mm@h Reference
t0 «'Dﬂéﬂ@lﬂm E!d? é%iﬁ}:lu fatecand RS GHRd - BEPHRRE NS IRYE I8 may be an

%gg]g" E‘ r3rr€5y Suij H’B e bus 184. HCA 180 includes a hardware,

IR A e Aot ROHBGREN P Btk LR AL ARG RRS GroftroreT wo
porsushsedtep06e niayproviting ¢hans ai-rb@ﬁ%dd@ttﬁoefmstﬁﬁ d@m&t@ Bl@put to

odime MEL NOX 10 InfiniBand HCA 18

andgﬁgr%&%lgﬁr eqrﬁS odlcj:l mer?? e Sr8%.8“’é’5%’g§§dﬁﬁéitﬁa8 el Sﬂﬂﬁ]ﬁtél&s fo
anothengidea bided ey aeccn:xd%' wlhghi iy, silowappsoxiwiate!y6h. 8 gigahyiesple
nocggg Br;%%ﬁaﬁ%{t%gsﬁiﬁg]?ﬁ ;gfc))lr:x;,f Eoysé%"scgf :b%g ﬂ@oa%% & ;%r}% pRIoXIM %g%ay
each couple node 115 to another node 115 along a z axis of grid 110 to facilitate
implementation of a 3D mesh, a 3D torus, or other topology in grid 110. Additional poris
on switch 166 may couple node 115 to other nodes 115 in grid 110 to facilitate
implementation of a multidimensional topology (such as a 4D torus or other nontraditional
topology including more than three dimensions) in grid 110. In particular embodiments,

one or more ports on switch 166 may couple node 115 to one or more other nodes 115
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per PE to 1/0, such as Basic 110 System (BIOS), an Ethernet interface, or

other 1/0. In particular embodiments, HCA 180 allows a bandwidth at

switch 166 to reach 15 approximately 3.7 gigabytes per second for an

wapooxissaely 13.6 gigaflops per second peak, an I/O rate pCswiehd66500

to reach approximately 50 megabytes per gigaflop for approximately 0.27

bytes per flop, or both. Although a particular HCA 180 is illustrated and

described, the present invention contemplates any suitable HCA 180.

Each link 168 couples HCA 180 to a switch 166. Link 168a couples HCA

180 to a first switch 166 that 20 is a primary switch 166 with respect to
alokiCdnd 80 pascldiagoi dotslofgridd padtieodiah empadisertsniodiddd jumps or

ineludin . ineludes first switch 166..Lipk 168b.couples HCA 180
by e i e R R R e s,
As pg(rag e sofibetityakaw offfipettitonan entbodswils] Gonogectiplnoode 115 to

andREPING TEA L0 nGdes, ﬁ&%ﬁ&qtgﬂg';t;aiggllgg o8 j&gg&&%%ﬁggg@ away

FIGURE 4 illustrates an example node p ' ( .
fronepegfd foulgietisslss ambpdingmis sedia b6 in s dnfmiBead swétch. Although

a pHRGUEIRE MU BBSR Eh{0LATH PHISE VAR MK EIRASA AU IRBIBRGS any
Odeﬁglié 6. If a first switch 166 in node pair 186 is not functioning

sul Séﬁ“ ond switch 166 in node pair 186 may provide switching for
all fauinkCPga iconplde ORI 1862 lonedepadicd.84.i8wilestl 66@vissaqrinaita to

o e T A R R AR Bl
164ritrasyisohitdH6L66inktH 68 pattplesCPRIS 16 t/GHIRO0E/DE50E8, as described
belE\QTWQ%@Q@%ch%@?Q s%ﬁf}:(ﬂ ‘ri‘@g £ 8§ %Iﬁge?'r Jt?gﬁ%g%%ﬁgrhnode 115,

respect to CPUs 164a and 164b. If both switches 1% a and re
o5 FOREOA A BRI o R BFr G P Foas Siehi foel By TefaiBand

4xangil e4haprd swiihnl@ib.may Merddeswilching Qg&%a&?%cﬁﬂé in each
. 164d. If itch 166a is functioning properly, but switch 166b is not, switch
AirGEi08 Ay SR TSEEHER B For (et lisnos, a8 adesgfote e present

invswtiteh cb@Ghrisliten ctigningiaple piaity, 1681t SWileh1T66ad/0oLAURGHORIAG 115. A
. ly, switch 166b ide switching for CPUs, 164a, 164b, 164c,
i B e s o068 A Bl ome
gigahgopesisroprstion padh 188dHogridAlIGuAk particwm ptekaridhatdillusniefl and
imitatian,, i - it o afirst
e R A5 3¢ Counle
switehittPo1Beata eSS d6q in athsansdes id howelesesibndtdidewoda praticular

emB&Graent) af made 1 Saiedidd 1afiBald 208t SWItAAEERA SoURlesRdRin,
115a toﬁ? ird node 115 outside node pair 186 east of node 115a in grid

APPIYYPIHRY FI6°T SRS P s5cent secarbdiserien B ihrishpabigularisrks 172
are Giltstcieadaad pakeritRd, wesirefern devddim ivdfgpidtds & JinkidFRaiaks 172,

Svisiisee supa g dtialo i pd Usoyisdagetcpay 18,
CPU1B¥ tis dlwsiftitedcad heSlesndiad, ibelprpsintlidGehdowcondmiliifa angsidtable
CcpiAfhdn PIUCHA includes a processor 174, a memory controller hub (MCH) 176, a
memory unit 178, and a host channel adapter (HCA) 180. Processor 174 includes a
hardware, software, or embedded logic component or a combination of two or more such
components. In particular embodiments, processor 174 is a NOCONA XEON processor
174 from INTEL. In particular embodiments, processor 174 is an approximately 3.6
gigahertz processor having an approximately 1 megabyte cache and being capable of

approximately 7.2 gigaflops per second. In particular embodiments, processor 174
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embodiments, links 172 couple nodes 115a and 115b in node pair 186 to

sets of nodes 115 outside node pair 186 that are different from each

other. As an example and not by way of 20 limitation, links 172 at switch
whofhasmesggouple node 115a to a first set of six nodes 115 putsitensdesos

pair 186 that includes a first node 115 outside node pair 186, a second

node 115 outside node pair 186, a third node 115 outside node pair 186,

a fourth node 115 outside node pairj386, a fifth node 115 outside node

pair 186, and a sixth node 115 outside node pair 186. Links 172 at switch

166b may couple node 115b to a second set of six 25 nodes 115 outside
pravidis Haisel Bhrthdingclimpardcskyenthodadents] pauiside MDHmpRte: 86maRory

lghth n 115 gutside no air 186, a.ninth node 115 outside node

oo B e R S b R R g
175 irditrstratribapdidaeabeadhdie tweskth imouidiar Bootesipleteoaieypaitab86pircessor
17articular embodiments, a link 172 may couple a first node 115 adjacent a

first 30 edge of grid 110 to a second node 115 adjacent a second edge of

grid 340 b SeiBlasempsesetigd7Asnth MEkhpiétate Aetbythety ofn particular
embdtiiaiian, mrsider 8 ikpRdeihkiRiBNia0eniR W2 AR/ ®RA28R) capable of

PCT/U82005/0125006,T1y6 left edge of grid 110 and_a second node 11§) i
COEGHE AERTCIBETR g 0 Hp Bheae o Kigeeof g et o2 i
ilhG# 2 ed apd depldtiadttha gisequnaveniies chhteiophach i eritstlebthatsirstvic

de 115 is east of segond node 115 and second node 115 is west of first

1 A, SRR O T e SRt o mesinapon of o
or sweetchoWenpeBetSiarilitating Aenanotivetiexiniplesncprsiderralfitstmbdee or

modd 3R m@&ﬁytomﬁ@fswgﬂeo,a&%ﬂ ﬁ?%&ﬂﬁﬁfgﬁ% %%?dilﬁfe%?cuzar

back edge Oﬁ%riid 110 opposite the front edge of gri . A'link may
emppdistenits e sEiorie Acredarider, for FIOIhp4 bR tartiptt sorenigtion

betisseaUSfbedssecoNTiNade.dd dand sesondhade kitiisnedh aifirstnoge (12)
%115, (giesg)lte a Ioc?éfn of first node 115 relative to a location of second
ARBAEY PBIRGRAE RS FEPIF AR SEF Exifipl Resisiiar srthedimsats MCH

176l k% AdE0ENH RS BHJS20f gl 11D and grsketacnindinsisorjaeent anit 178

. : rid 110 osite the top ed rid. 110. A ljnk 172 ma
i R S R SRR R A chabaidlt s
mepsdsE|eRit sEtbritohstes 195 aladbdectital rvel DR )s mboveyfidstvined esdfidratel y

o L0 16 F UG A L AT O LB may

inchidy FORNPERAHIN mowan dietiestisadecapabisorb gyrassiasicly SURinates per
sectiisHatenane] CONHBOE QN AR Bedldry 0fis1 B HighilQusint Hescribed,

plurality of nqode types. For example, the illustrated node types are

theé’%?é‘?ﬁ%ﬁ‘i&i“ﬁ%‘éﬁf@épéﬁfﬁw (ﬁ@?@@r@@@% Wtih&ta server, database
senlerpatiduleompbidinede, FIHREpHS MU atesaaeanpleafcalding o)

idh 110. Folding 20 generally.allows for gn ical edge of grid 110 .
e e e e R ) B i el dociing

VOretiwrsen prdgeiess b podone. dntivis efhbostinmeetente dE BPT Sy steenvitippech as
a BRIQUDE IO RIGH B RGBTSR PAODHIANE %tﬂ?éﬁ%{‘ft%eﬁ& N&ddter or
other Ethernet interface coupled to the ICH, or both. In particular embodiments, the ICH
is a southbridge for CPU 164 that conirols YO functions of CPU 164. The Ethemet
interface coupled to the ICH may facilitate communication between the ICH and a
baseboard management controller (BMC) coupled to the Ethernet interface. In particular

embodiments, management node 105 or other component of HPC system 100 includes one
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Node line 216 may be any suitable hardware implementing any
communications protocol for interconnecting two or more nodes 115. For
example, node line 216 may be copper 25 wire or fiber optic cable
wicnpiemsstisg Gigabit Ethernet. In particular embodiments, @omadedise12506
216 includes one or more links 172, as described above. FIGURE 5C
illustrates grid 110 with one virtual cluster 220 allocated within it. While
illustrated with only one virtual cluster4220, there may be any Number
(including zero) of virtual clusters 220 in grid 110 without departing from
the scope of this 30 disclosure. Virtual cluster 220 is a logical grouping of
or modesntil BMCprdogssinglelaidddobkatt SOliFocexdmple Bitkraboitsilice to a
iat ith one £esearch grou O 2006/055028
SW%%Q%%%%%%%%%% 0% %fgéggg?tgn%{gaag?ggmgﬁ a%%/r%vther group of users
likelfp¥s skitfmiosiptitarNBEE 151, \tirdudl Gust8P 220 easly sthany shaperticular

emBHENGHdS AN qws&%sﬁapﬁ%ﬂiﬁén%mw&ﬁé&- (ﬂﬂaﬁf%qs WOMes, o as a
illustrated virtual cluster 220 includes a plurality of physically neighboring
PCli5eraeess $20 108t S5 iRl b 0% B‘PWB‘J@I%S%EPW}B%Z}’I%%&W&S per

secbﬁd.es&lﬁ5@&[ aleichlie 1O CesSIuisBeY ifﬂ@ﬂi@slbﬁﬁ%ﬂ?@a@ ﬂi@égﬁeinvenﬁon
ocated at an propriate tj For ex e, cluster 220 may be

coFEBINER ORI 2AOF oF Gy AN ROUBER & STAF B B & arpdded
logparampoersiormiagohbidytiamicaiio altonatedsds ecinfomexampleidiy channel-

a S needs. Moreover, virtual cluster, 2 ay c i

b Y oo ik furhoile G RO & Aox
InfipéRiseidd Cend Ehtudttopas irg e xabpslisnanta Al E14st80 220videsy hbandwidth of
ap,gmqa{egﬂysh%@e}%&e Feeludle AN Aidamal aﬁm%g?&gﬂ&%%wgﬁ s%,ggrébytes

in response to a failure of a second node 115, previously parto

PerRIROGES R ESP S B ERR SMC A drarode I prshaner dmately) 808gnegabytes
perpﬂlﬂlpmssmgsmtagesadi@ WltB%h!:lt%ﬁx %HZI@SJZO !%M&mﬂwﬁé}gﬁ%er V0. In
ocate one Qr more a sters to on Qr more ) JODS
parﬁ%‘(’:%?diﬁla%d%%e %dlﬁ#% a@(@ritﬁﬁﬂ‘,”&s YRR Betw S EISRESHo reach
appthustrately VaTi@islolcs pecesc2@0famd A30bxaspaetively caltdbaieder second
ithi le,vi ter 2 Generally..job space 230 is a set, of
peddy R RS Sl SRRy ARG ERNT B itor o
appresERasel Yob 25y ey predin. thiebetls didyuishspaesizdiorgdt axeditmljsrated
andl QG e \RE B UL IR FPBCAS AR NN SORERO e Seb L WML 165

departing from the spoge of the disclosure. The dimensions of job space

couplgs KGe HEMaAich o bl e G8a corrlariitidr k88 o adimbsmitany 66 that

is dlpiarminasibasestoniabapRMRIHE DalFEss ARMALENHARET SWitaRlecylar
haract ristiﬁ. Iﬂgartifuéar E%od%@,en%sc eduler 515 may _determine

e O o8 GimenSioneBe Lphisades Srstsvmied (6% sé‘?éd]tﬁﬁ]i’g"‘mples

HCAd@&Mmng ssatebeviiicld el dhut 2oaFebiir$ SHitEBwlitisteatecras QUGA 180, as

[ ts; Of ent graphicaluser. interface .40Q.i .
oo SHIIET 2 LIPS TE ST MR 1o e
second sentelt tepchedescpibaddaly®UI 126. In general, management GUI 400

PreseaiSRE 4 illustrates an example node pair 186 including two swiiches 166 and
four processors 174. Switches 166 in node pair 186 are redundant with respect to each
other, which may increase fault tolerance at node pair 186. If a first switch 166 in node
pair 186 is not functioning properly, a second switch 166 in node pair 186 may provide
switching for all four CPUs in node pair 186. In node pair 186, switch 166a is a primary
switch 166 with respect to CPUs 1642 and 164b and a secondary switch 166 with respect
to CPUs 164¢ and 164d. Switch 166b is a primary switch 166 with respect to CPUs 164¢
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variety of management interactive screens or displays to a system
administrator and/or a variety of job submission or profile screens to a
user. These screens or displays are 30 comprised of graphical elements
wasasnilsitadsinto various views of collected information. For exaropies@ibseo
400 may present a display of the physical health of grid 110 (illustrated
WO 2006/055028 PCT/US2005/012500 18 in FIGURE 6A) or the logical
allocation or topology of nodes 115 ipsgrid 110 (illustrated in FIGURE 6B).
FIGURE 6A illustrates example display 400a. Display 400a may include
information presented to the administrator for effectively managing nodes
and 1547 had5ilkestradey emidddirté nyiticiudes:a stalRibasdi e dudWweels. with both
iGalkpi 0 1] F mple, this pjcture ma
S o oo A Eb S Ao TRTRE HECYRARY o
CPEa ot 188brheg e iohdasbanycmvisersofisdion fon@RGabhicatud 164d. 1f
swf@ar%@mj@mﬁ@ﬁ@gtﬁ%?m%@m% BHYIed DRI T D8P dride
utilized or allocated node 115 may be black, and an unallocated nodé 115

SWHEIPE OU (et 1 ShPrL0ther G ing Messh HagPalri 69k idRistitpassmiperty,
burewiteltédqaainier GvertiontOhibiserioensdhl Do dnde privaiy AHAUR R YSIGabUs

ttributes of it, F mple, the administrator may be presented with
mﬁfc;fgr%%dt?oé%?hﬁﬁ%&?node," "availability," "processor utilization,"

"mehioky UHlizatiphy"eidmpekatiteit tpipsivat ¥@tivaik andetatidresssid@hode
paif Q4EPEh 11RFS @Ye MR examPIS falte rgg %g%? ﬁ%ﬁfgofﬁga?&%a at switch

&zysmal or logical node 15 information Isplay
166apapniar AR DisIay adoy nedy Alsoieide thedapminiStamtiofotde H6a in

gridieye of ¢ i0728 QosRedor R ARYpibeh dtale function,dFAGHRECRiside node
,I||#J rate %ag?%ae display 400b. Display 400b presents a view or picture

P 8 it Eib! hhduak.bidaaet stisb dfka seprissarderidsa to a
thirdriodk !:llfsltﬁl_ts’a?x%)zml&éq@dﬁd ggtga@t @fchddd1 E@ﬁliaw@%tgﬁm@!mamﬁyﬁﬁch
WO _exam space a ate thin cluster or executin .
Lo e R ol BB e S LB SbPAg b g5 in
gridhid Qudintet Beert greipiidaiowirualledustdy DD to widivh theldl Ui et nesispair
18@-%@0%%‘11}%@_/&[ i 3 ?i%E%l‘ﬁqugﬁaelg%%ﬁq%augc%y Cs‘?‘ ?oc%é 115ato a

Further, the administrator may move the pointer over one ot the |0

sixdpeds 330 sutsidh aodtiipgible féb betermeaidn Id preisested. I6r eXarnptiipular
embRGI ARMIISHAIOT MANMNE AI& 10 Ve L P1LHPRB8ME: SR tdime JNUGMREN 15

of nodes, estimated end time, processor usage, 1/0 usage, and others. It
outgide BRATRIE StSohae AR femcetofhe - (A p raserreRlaBal e py way of
liméxdonplinidisphys 4A0m a66k409p coaphessively)is 1orilustralion BUrRRERS! 15

only and may.include. none, s , or.al| of the jllustrated graphical
oG P SRR S RS e e e e s ongirode
1150061655028 RO TI85 20050 hRBOD! 3 Suiside node pair 186, a fourth node 115

outside node pair 186, a fifth node 115 outside node pair 186, and a sixth node 115 outside

node pair 186. Links 172 at switch 166b may couple node 115b to a second set of six
nodes 115 outside node pair 186 that includes a seventh node 115 outside node pair 186,
an ejghth node 115 outside node pair 186, a ninth node 115 outside node pair 186, a tenth
node 115 outside node pair 186, an cleventh node 115 outside node pair 186, and a twelfth
node 115 outside node pair 186.

In particular embodiments, a link 172 may couple a first node 115 adjacent a first
edge of grid 110 to a second node 115 adjacent a second edge of grid 110 opposite the first

edge. As an example and not by way of limitation, consider a first node 115 adjacent a
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FIGURE 7 illustrates one embodiment of cluster management engine 130,
in accordance with system 100. In this embodiment, cluster management
engine 130 includes a plurality of sub-modules or components: physical

woamagss®es, virtual manager 510, scheduler 515, and locaiomereiyarseo
variables 520. 5 Physical manager 505 is any software, logic, firmware, or
other module operable to determine the physical health of various nodes
115 and effectively manage nodes 11% based on this determined health.
Physical manager may use this data to efficiently determine and respond
to node 115 failures. In one embodiment, physical manager 505 is

lefcedgemfiiddblycaublec tond phdalits afipgents %38t efiphofsidingMOepebste the

5, d i b 32 gath d icate at
e B R S B S T R T 8 R e
sudly e fogaredsid 16 comntubisstendlondstd 18 sydmavoad midistrafors avadiert first
node 91%1a1BGRIOI HEIGY IFURLRARISS 2HAHT AV SO IR Qg f{ﬁb‘ﬂé‘rﬁ’s in

.or other module operable to manage virtual clusters 220 and the logical
2id 518 ofs gnether xamplse pamyideR R drThardsg bl pdisccptimbont ledgealf erid 110
andepiessidtaion pfnegectdbitithaphypisad stasusppbardmd FanBadsd M hbrid
11@?3{2’%’?@ V|rtual?r%%n%g§er 510 may generate virtual clusters 220 and
r AGHY thmig St ss il ot 226 1o raimetiicradp et st node
115 oo fdilvfeaoad sydten Daubsijotidqedst 5 ieraased R GdioTess#gpite a
rtualmanaager may. also cammunicate the .status_qf.virtual clyster
o L R R T e R e gl s ver
an@%}ﬁiamm Kiittisigeofaufiesk eodetl] Dadjactntd, 'ﬂsllP @mm@gséé'wldd¢.b$econd
node0: Ak MARRARI ) MBI FRRE RGNS DS AR BPBHB 00T YR 172

150 with particular nodes and communicate this information to

may frufer s 514 Pesrdin e ddinte mechyrtben sudintgeiistredaylba inbelow

secohipgbdenesaniinearinedddual vidhalCrisigrdd0 1% BasbigsMocation of first
e 130 includes scheduler 515.

diments, cluster management engin
m%@%ﬁ@%&%&?ﬁ?&%@fﬁ?&% f"e,%sso’ﬁvﬁﬁ’t%,lb?'embedded logic
COMPISHENESrsonsIpiilinmrasuchegnpdodnisior ¢flgaating nadsstdh5 0 and
' 5 cording.to a.sc i lgarithm. In particular embodiments,
e e e e By o 2D
Towssé ensahidgesingrit elntility v80adetivitg Bgobasd]sltsiéhushatsigenietipes
areCRNRILE0 Galls saedylers %ﬁ?%?ﬁﬁﬁ&ﬁa@%%%ﬂdﬁaﬁ%%@e}? pand

150. 30 In particular embodiments, when cluster management engine 1

cotpge e d FAFE R S Balilbegtatenatoprwsrierpi sl Rinetoof jgid150). Folding

gerRtsie nIvARAEe HIRNbRAANE dAR ideptities:tp Q1 2QR6/PE MR esponding axial
d PCT/U?ZOOS/_O 2500 20 scgedulerr?%lé nodes 115 in grid 110 available
g A CH R A b 1 BT AR AL AR SRS RRRIPBY wiay uF IFfeaHBReat, nodes

11 5virerwclpstdranandge mrenidenginarlathcials isphtdyleomldkitoyallpcaidinnes.
re.nQ 115 to a.job, 150, .cluster management engine 130 ma
LA A ey e

communicate to sc
for fiptafioesritingdvojob 186 Impertiddlafembadimentsdelliste? Managbmentper

wir b3 bae/ SN eiNEL A e Gigabit Bthemet. In particular embodiments, a
node line 216 includes one or more links 172, as described above.

FIGURE 5C illustrates grid 110 with one virtual cluster 220 allocated within it.
While illustrated with only one virtual cluster 220, there may be any Number (including
zero) of virtual clusters 220 in grid 110 without departing from the scope of this
disclosure. Virtual cluster 220 is a logical grouping of nodes 115 for processing related

jobs 150. For example, virtual cluster 220 may be associated with one research group, a
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to allocate one or more nodes 115 to a job 150 only if a Number of nodes

115 available for allocation to job 150 is greater than or equal to a

Number of nodes 115 requested for job 150. As described above, in

wigeztsasoesnbodiments, grid 110 is a three dimensional 10ggnussabes/o12500

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 lpgical configurations: [4x,y,z], [X,4Y,z],

[X,y,42], [2x,2y,2], [2X,y,2Z], and [x,2y,2z]. When scheduler 515 allocates

one or more nodes 115 to a job 150, scheduler 515 may select a logical
dervotuficniyatioh, be srsuitbertarpaly H5OsdS MebsageuBassiimiateidace I04PVirtual

' r icafi on cesses-in g o 0. .
e odmen S HA B RO o oo a0
Indsgdievhils Hiwsdented viragbplusser. 3 ingbersoihenitingfivprsivesemighboring
noRSNAY 86ka0 AP S S HNBHRIBICIRH R I RENEAUR: aNHNed 195555 anle

process. To communicate a message to a first process in job 150, a
to RIgEsdPrdelss in job 150 may specify a Rank of 20 the first process.
Simigftyaleieaeine )&r{b lﬁlfg gsm&awm a Qﬂ?éa%ﬁ@ﬁfﬁﬁ@ tBnDE? Quedmple, cluster
econd pracess in jo .may specjfy a Rank of the first process.
22 e b ERAA TG oVVHGHe LYt PPoGRemon sartup
parfanditating mmmmmm_mma@esmmqmrmpm hmtbi_eﬂagaﬁdmt 102
el R BIANGLRICARSEPS 10 16, 0GR IOUP, TP IRCENE Bre 1o quickdy
message from a first process in a broadcast grogp, a second process if
resm@dzg_%@mas’@@mﬁ Arayeagecify titiiionsicdsr grample, partielidnster 220
ma@NBRAmeNtsSChRiis! Bl 2RRRdIes thissypen T ieguesiShirsRAtRl] 15 in

"compact,” and "any.” Reference to a "request” encomFasses a &t;lISO, ]
rIn certain

TeRIRETe!Oab STOBFR, hAtFORce RS d IRV RE P PR ST \RIRUFF 2
embodimies jelasided HRey sBivendfs the lé@%ﬁrﬁb%b’sdﬁfge : aésﬁqllﬁ larticular
e. A "spatial" re t encompasses a job 30,150 described spatially. _
e S P ABMAT RS 4R ARAIeF A ORet o e
jobahidrayotesses émaqmaﬁgdﬁémhmdmﬂﬁaiwﬂm example. To
Progaef it/ shAAA0ARR WA ONs T 350/ 3362 984 51480 dp QA i, Barea
. weather model, HPC server 102°'may use ‘a two dimensionalgrid
withiscermmalaiviguahgusies 2% Ganeralioob stasitad ¥oisrdiseitel sysstend)l fowithin

virtBarifiagethe ofase afithasart apd sivides e timsdaeriad IidIscrale . is
time steps. Each proces%s of :ob 150 models the weather for a particuiar

one;ieh, spacth &3 JeRfh SHAGH thfe W Y itR e I PR o ReReIgEY) may share
nodesuridantialietepitingagbre fifeuscates PR assessHRIgNDIRYIB8HARions of job

rqacess and then ¢ utes, weather for the particular area. TQ process a,
g & WL P e T LERALANS ) e B erined
basMb Iyatgnidﬂﬂqmﬁp?asshngfdomgﬁwhed a?ﬁtaﬁ&_ Bﬁmi‘a&lﬁﬁnﬂ'&.(d]nq_)articular
eml%mﬁ?én?g %&i?ﬁ%ﬂ’?fﬁ@g @%&%&glﬁéﬁg\, O gl'[)nxg %Sﬁggnaskcg{sldogoap%ﬁt.l yoarc]:e 230

the surface of the earth. 10 For an application'assuminga s Aty
acopriifin s hiskadiding plecdibseinaspsibed below.

FIGURES 6A-6B illustrate various embodiments of a management graphical user
interface 400 in accordance with the system 100. Often, management GUI 400 is
presented to client 120 using GUI 126. In general, management GUI 400 presents a
variety of management interactive screens or displays to a system administrator and/or a
variety of job submission or profile screens to a user. These screens or displays are

comprised of graphical elements assembled into various views of collected information.

For example, GUT 400 may present a display of the physical health of grid 110 (illustrated
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150, a user may request a triplet {Sx, Sy, Sz} of nodes 115 for job 150. If
all the dimensions S are greater than one, the request is a three
dimensional request. If one of the dimensions S is equal to one, the
wequsaisszs two dimensional request. If two of the dimensiasrisums/oi2500
equal to one, the request is a one dimensional request. To allocate nodes
15 115 to the request, scheduler 150 may map spatial coordinates to MPI
Rank as follows: i[x,y, z] XX Sy X S@+y Xx Sz + z . Sx, Sy, and Sz
indicate a size of the request, x is between zero and Sx, y is between
zero and Sy, and z is between zero and Sz. To allocate nodes 115to a
in FGRHcHsIomahedogiest aichatihiar: 156ingy ofiapdepdtial ogidinategilostrated
inMB s follows: [x, y] -4 x x Sy +y. In particular embodiments, to
map spatial 20 coordinates to MPI Rank, scheduler 515 first increments

alon§!SYBEiS6 dhestates tisarmpleratiselats 4@y a Parleofighd mey andude

infteRIBEr SRANR ANt AR RIS Gl 19rlbAvVAGCHRMLIRISAMs 115, The
incorr Cgt‘iéif? Jmption regarding scheduler 515 mapplngiaspa 1al

illystiaf B) Baikes 8. shdartruabe REFHSaToR AR Xegiebf gitdre” or
scrkdihthteif godreT0eming elongeatiayisefoidyl JRvARAHR M RRANMGRING orid

long,a z axis of grid 110, 25 clugter mapagement engine 30 may_present
LB A2 e S e0a o 155 85 08 063y Nt dplos,
witle quistdocopesstog ajobutSttet describegispatisiiyl Sehetlianayte red, a
: | t reguest 1o minimize, a,maxim
L O e P TR e
Fugheeisaley e spapatiosdhe sadmmishatanio mouestepoinispasseseejolf the

nodea0L I8HE RGe W ROV R0 I IBHPERCE SR ARIRIMNICAIAR coehAuIer 10 MaY. o
allgcate any set of nodes 115 to satisfy an any WO 2006/055028

maBCRIUBSHOBIG1 G0 BEvERAS. Siliimon 19t provalabilivdul Smsgssor
utikm POt ilihelesrestutingter, fTreanentatienipdrig 5 1QaVher or
coﬁarslés%egggrmi%elae'ob 150??) tPC %ver 02, the user may alsq specify an
BGroSER EHATSH ISHTBY 1A AIEHEs A Lny Sapratate Al g rbas gialpode
infigraafioatimgy DpalispMyunite teetiméd srerorandapyndigating @ slegretoef the
e r purpeses of allocating nodes 115 to
o B RS E ) R e R R e

J
NurdBetdide B fidugsaics Al e dspkia 466 e RiwlP ¢ @epresctB2zavidw or
pichES NVRIMASIVES itheoBP2HaLBANEHCIP S804 RERRIMALRL e virtyal

; schedules job 150 only if nodes 115 are available to accommodate the
cluglsi et SGHEREd B R L N AP entbiEim &t ifatbgedisplawityve spamale job
spaeq 2st ditobdRCuagiver]d and sate:atuRgorRsly enlag epstnsospaliglay 400b
matees tg aaNum er gggatert n zero, scheduleéi515 tries. to .
AECOTmMOTATBRNE ioR {0 FRRYR 818 PRI CYH ipnai 8] Bitkp dpster 220 to view
thead¥umimmnofiatdehé iSpatimbedyestischediles jhch5E al@gotpashaliocated).
FulfBgUeRL ARadicHlar i t mpact regyest.may allo
_unlimited hop countsr%%}[%%géjﬁglgi%bo %190%%5 115%I §8 %r)gds\% Pfﬁse\%o such that
suitable job information is presented. For example, the administrator may be able to view

the job name, start time, Number of nodes, estimated end time, processor usage, O usage,
and others.

It will be understood that management GUI 126 (represented above by example
displays 400a and 400b, respectively) is for illustration purposes only and may include
none, soms, or all of the illustrated graphical elements as well as additional management

elements not shown,
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15 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

Wwie graeatssoddan or equal to a Number of nodes 115 requestegsmaokoubaso

embodiments, an aggressive flag on a compact request indicates a limit

on hop counts between pairs of nodes 115 allocated to the compact

request. In such 20 embodiments, thgylimit on hop counts may equal |,

where a is the aggressive flag.. 1-a In particular embodiments, when

cluster management engine 130 calls scheduler 515 to allocate one or

morEMHMRE Tl Slhosaaiob 360 eetbstitmemnalemest anginehstt prgindes0, in

lowing i 0 eduler, 515: g Number of npdes 115 requested; a

acgr%?é%s‘%%%ge;gﬁsﬁlze c?ﬁ j%b F% ; asneélgéorg%%?\% féﬁsgeﬁ ngomfgﬁm gnt engime 130
inclygies la-pasdiishiedi-gridule0op Somwprobnss gl erl Sddatersadjustsisb manager

516leieming 37098d858 91269 9td LR Fhlumber of nodes 115 per

switch 166 (which, in particular embodiments, equals four); a Number of

nod&yEiskpaaste 367 HResRie ol Zsoimnnae Aundicrodrispeble to

detereriad adephbiizapVRHRR 6TTorANRC AHABs 0 19D A {RaD AP AR SRS 115

a list of all npdes 115 avajlable for allocation to job 150). In particular
ba%%t%’&dfﬁf n%?%m?ssa{lsa’:@o&é%%ﬁwé&%ﬁ% 303 UD T facte 19 ciently

detrepiiestad, Rpguéstypk iNdidaiesdhereqs eﬁfiﬁyﬁ&dﬁﬁ%@ﬁ@ ﬁil@?ger 505 is
ich includ indjcates the si j[ab 150, AggressiveEla
s S B e b ST B o e g s
desgritiod B0/ GusssizE Bnrithien rreld desnenranaiedit dessttpesiviit hnfasedion to
masiiio8 o8 Qi odsaRersniteh pelcalen G NBIbE olABRGR SRS o &

switch 166, NumFreeNodes indicates the Number of no avalla

sSSP ARGt R e, 1A diareEredadffst (which includes an array)
idertiiesaDRRQIBITEONOURS sbiRvaNailalle finR AloANBRACIGREDBble o

articular embodi ts, when scheduler 515 schedules (or attempts to
el 53! TSI 50 SR AR B e e A RBR IR oo rAgTBltp el mansger
514dandifichtidenbiepodestdim dllockiedIovjabbpHpuek aataslist &fdeodes Based
| 50);.an MPI Rank of each node allgcated to job 150;
on B HERE SRR 0 ) R R DR L s
chagpes dndbieie robited] 2 Adt scherule jotpdBe, or (8Yshibualer 3X5ysam or user)

reqRE¥SHS thadMEd @@@ﬂouéﬁﬂéicw B%HQS“%% et%gyoﬁééecﬁiﬁgﬂ{?gg%&é the

to a job 150, scheduler 515 first initializes variables for schedu

Stags p it AR 8300 Tgh ceerisg!ed mrdosatisbits sehedirerdl5 to enable
dyreeiieebipiiigiseheslule-tasiesUls) R aapeiNgG Glcids el dNaBad8H e Ny irtyal
15 engine 13 ree variables-SpatialAllowed, CompactAllowed, and
LAY S S E0ED WU BRI SeheAGr s g s 13
andhedobonirmgeettamplitogitdacnitatidel Spatml Al wedaic ampasiiawedirtyal
maﬂk%fsrﬁ?“n%‘%"ﬁé’ ér!tfg J%clt\lxoegzee%eRn% %ea%t %jdi:vfldual virtual cluster 220.

In particular embodiments, cluster management engine 130 includes scheduler 515.
Scheduler 515 includes a hardware, software, or embedded logic component or one or
more such components for allocating nodes 115 to jobs 150 according to a scheduling
algorithm. In particular embodiments, scheduler 515 is a plug in. In particular
embodiments, in response to cluster management engine 130 receiving a job 150, cluster
management engine 130 calls scheduler 515 to allocate one or more nodes 515 to job 150.
In particular embodiments, when cluster management engine 130 calls scheduler 515 to

allocate one or more nodes 515 to a job 150, cluster management engine 130 identifies to
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o SpatialAllowed = False 20 o CompactAllowed = False o AnyAllowed =
True Else If RequestedType = SPATIAL o SpatialAllowed = True o
AnyAllowed = False 25 o If AggressiveFlag > 0 . CompactAllowed = True
wo BilseosédesnPactAllowed = False Else If RequestedType =pComsmot 30500
o SpatialAllowed = False o CompactAllowed = True o AnyAllowed =
False Else If RequestedType = Any o SpatialAllowed = False 350
CompactAllowed = False o AnyAllowgd = True WO 2006/055028
PCT/US2005/012500 24 In particular embodiments, scheduler 515
orients a switch-based size of grid 110 to indicate larger dimensions of
schypdular1 §l b efotes sSrhdiieratidnenGiong ol g fick hli@céEQﬁUW Xwidﬂs an cxample

th itch-based size of ori
o e e L oA R LB 1S to
allqepte seﬁéaumxslgoéeapbhéstar@rusm@o;oqusmdmmg%mamm@hm 130 may

gedisthbaveess TSN AP ivyigh: {9 i”%'ﬂ?ge@cm%@m%{%‘@ M estion to
of TorusMaE and scheduler 515 applies InverseTorusMap to a ot

jobh brfbs 13 8B ediysBte.SRusiefoRAPaES Y thetiﬁﬁd@%wchecfuler 515

S

o AllBEAYERRR BRI 50k RIREEEINGRINE FNEXATRIE RO WY e for

f limitatio lust t ine_ 130 communicates a
SIGSHER Bt 0 (AL R S50 PR F B0 aretefor b

15@ets TorusMap to {2,0,1}. The switch-based torus size then becomes 16 x
15x,14 nd fo ode 155 eeNqdel ist having,indices { z},.the
|nd|§(§ssdo% RS d gbb 5 After & aﬁgdlf g%g%appﬁ%% %#u%gkabngr% %xensmnal

torphef swilehse ToPUsvInpofar¢h éoeﬂbwéfwaﬂfpﬂe ehleZv0dr Biﬁ)avgmal@r configures

e imensions indicates ber ensiqns
fgor?ir)n@odlflcgg%ﬁ’\%{}én coﬂ\?grtm% goguvilt?ﬁs A fd tordd a 50 e(g]gg% es six

pomhﬁslowamwnﬁ@nﬁiamﬂ@MWMOWMVi[@y pafeb obiie [lBeNSRS and

for mgdification and resg‘gctlve multipliers of the dimensions

otfificalibRn SeMsyifes 51 sllorajereng oty nenie apdae Wifmtnaiishslfyl, scheduler
51 Sfiﬁ%lfge?éé@e R:IO8 b ADMIIRY 58RI RhfR8limensions

Message Passing Interface (MPD 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 NV 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, 4 second process in job 150 may specify a Rank of
the first process. Similarly, to receive a message from & first process in a job 150, a
second process in job 150 may specify a Rank of the first process. Scheduler 150 may
also define one or more broadcast groups each facilitating communication of messageé
from processes in the broadcast group to all other processes in the broadcast group. To
receive a message from a first process in a broadcast group, a second process in the
broadcast group may specify the broadcast group

In particular embodiments, scheduler 515 handles three types of requests:

% G

“spatial,” “compact,” and “any.” Reference to a “request” encompasses a job 150, where
appropriate, and vice versa, where appropriate. When a user submits a job 150 to HPC
server 102, the user may specify a request type. A “spatial” request encompasses a job
150 described spatially. Ome class of existing MPI applications assumes a spatial

relationship among processes in a job 150. Weather models are an example. To process a
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for modification by two. Scheduler 515 determines which multiplication to

apply and then 20 modifies a size of the torus, initially described in terms

of switches, accordingly. Scheduler 515 determines, according to
wiBeguwastiype, which multiplication to apply. In particular emboginsemtse 12500

scheduler 515 applies one or more geometric transformations to a

request to generate a list of meshes satisfying the request. A mesh

includes a box embedded in grid 113,;A start point, [SX,Sy,Sz], and an

end point, 25 [EX, Ey, EZz], define a mesh. A mesh "wraps" in one or more

dimensions if the mesh has a start point greater than an end point in the
joboh#amnhoimglimensibasnAddn BREMplecartdnalhymay ohlindiatatodal gnd

hwrth rtpoint.at [3.7,5] ndane dporntat294 wra smth

ené&%c? asgnr%engl%ﬂugo °A pgﬁth[hde (3 In g Tlﬁo gf&gs |ﬁ 51?
surfﬁ%hfﬂ[symh red ExideSIh6 thme ByfodnuifStisSres Eaje Afer. SEhﬂdpfeCess of

jobollsp YENRIES F st 1 ?%%ﬁlﬁpgﬁquﬁ %f)%%%%?ﬁg sedyienn s%ep, the

loops through the list until scheduler WO 200
PropRs AISPOESI PEndery2Babies iwdhtirkch Lhntsh atheripseenssrsiatsighbinting the

pro@spﬁﬁ tRea 5@&1@&!&9@@%&5@@ allapiaitan.AiRcAtPR IR, g fé?ﬂ)%eﬁo including
era e dimensignal request tends to result in six meshes
a \geéa( ﬁg ﬂ% E%Se&rﬁ%b iR siBiTal rdiyGe stisaudannl gt irnrompassing

longnmﬁheéamﬁsfymgltlaﬁztewe{st andimitire dinn@insteng)desyeptstetlsoa two
sult hu red fm shesSsa ing the request. In particular
dlm On n%"ﬂ r?ts0 %a% ggule&regﬁf &S ﬁhgoe@gl%t- yased torus for a two orthree
d|mEﬁS@hhﬁé@p@@ta’@Omaasmmeaal\smﬁabmi&hinaétﬂpsaﬁaﬁ@‘yingékms in a job
e variables far schgduli t rm
15029ugs} %%f;&%&ﬂé Hapjes Exrir‘gtﬁg ?%%%r e it 5%}9 Qe?s %y all the

nodes 11 one |m nsio "ax
dingndieng Sixis glestritdrmson6 e gfapieétﬁslalﬂntﬁaaﬁalnn&sﬁmﬂgqmﬁﬁne of the
il 113 % ler 51 ob 150,sot atazax of swtc
' in gir(?l) 1103|s n S#ugrgg’(?lmen |on gc%é‘g 16T BIE e %o%’% job O Of the
dimgsiepatiate axsliteotiseibaxis FHdscfons dinpadicubregmisbdifnefits;atheodes

114 QH%@Q@@Q&“%&%@@P @gﬁww%éﬁﬁu%d&%%ﬁm% foflows:

15 MapDimension[0] =1 M mension|[1 Map
L% Kaabmdaf = Sqapindieate a ote Wmisi a\PéW@F? Hasify ah thelarquest, x is

betWRRAINGSRM §:19 s NWhsr 6”0 ﬂ@%ﬂp%ﬁtﬁfti%%g?&@%?ﬁ% Zqﬂts gﬁocate

of Ilmltatlon ‘a=1{4,6,2} corresponds to a]0]=4

m‘iﬁﬁni}é i BriRi dinarsiganl crcsintsbarlen s & cnavep SpEinlapeldinaies to
MPR RS @ meliR wsaxig:0f] switshes 166 'ﬂl%EQtﬂe%@a%oeﬁlgo&ﬁl&ﬂgﬁwEﬁ-ﬁk?@ﬂ?iftlai

nodes 115 to initialize variables for scheduling a two dimensional request

coordipaipdaiMiZRsalindindise 5éd fievt snaermisaalong a z axis of grid 110, then

increments along a y axis of grid 110, and then increments along an x axis of grid 110. To
accommodate an incorrect assumption regarding scheduler 515 mapping spatial
coordinates to MPI Rank, e.g., first incrementing along an x axis of grid 110, then
incrementing along a y axis of grid 110, and then incrementing along a z axis of grid 110,

cluster management engine 30 may present a requested job 150 to scheduler 515 as, e.g.,

{8z, 8y, 8x}.

A “compact” request encompasses a job 150 not described spatially. Scheduler
515 may allocate nodes 115 to a compact request to minimize a maximum communication
distance (or hop count) between each pair of nodes 115 allocated to the compact request.
An “any” request encompasses a job 150 requiring little or no inferprocess

communication. Scheduler 150 may allocate any set of nodes 115 to satisfy an any
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25 two dimensional requests into a third, unused dimension to generate a
more compact shape for scheduling. Because many such folds may be
possible, scheduler 515 may select a configuration (which may be
waiffereudsirmm a 2x2 configuration of nodes 115) that gener@iesesgresaiesio
Number of such folds. Scheduler 515 may check each of six possible
configurations for a two dimensional request and calculate a Number of
possible folds for 30 each of the six pgssible configurations. In particular
embodiments, scheduler 515 selects a WO 2006/055025
PCT/US2005/012500 26 configuration allowing a greatest Number of
reqpessiblelicldsh IFspaniictides echbdhdimestaniopiheiaventofin lichebvaeng from

ﬂa%ﬂé%#aéo% e9n igti(;?gi;ons, scheduler 515 first selects the 1 x 4
on m

iguratiort moditying the z axis and then selects the 1 x 4 configuration
modifpisiyaest ssbonitn pasticlfarte rhilfétanents] 0, tthe evamnney altie specify an

2 PEIMEENR %rkzﬂﬁ?q@ngﬁg%i@ﬁgr%%&ﬂg,gﬁr?gﬁesﬁmeﬂ & Y Roating-

selects the 2x2 configuration. In particular embo S, In the @vent of a

poife NumbeeRaiesr 1orawlopecidirsingionissteneliitevi8larsdselsehsduler
513MerdpirdosentiguirianpoRidnoriey B5d 202XaShiben SRIREE RS ¥Reduler
Slsconf!giratlont%%dlf w;g tk&é}landog axes, and then selects the 2x2

cBifiguTateh &rygﬂ Gt ASRRR ) 255 AR SriBRtahiesest to HPC
sersahédtlend kBisniinlizgsevarialiieg 1o firesehatitlirgurdhteczeiv)ansimnddr 515

request heduler 515 Id initialize variables for, scheduling.a two
s S e S ade ey A e R o I e o
pm‘éﬁ@maﬁ@@@w@t&ﬁm@mém@mwwwumrmmem athests an
oedBIRACAL all g ugafelrindaad R BBNACiBe ALY, IRANUAIEEARIARIER, o
Al

r scheduling a compact request, 15 scheduler 515 multiples a z axis

cograRestpisdbe rRpiEs raURstr BtgEnthadilendls cennglirsiommodnty o epatial
reqRenfiasHating PNPES @ ComaBCliaauestispiRas SRIRbiALRGJR Sompact

115 coupled to a switch 166 allocated to the compact request, which in
SosiEh TR AL IO IP oSS HB IS R EH A Ao [ lfged to the

congratiogtiynesits, Sdhddiden 31 basindiay ndtatizesiursishipafespeheginge, as
request. 20 A partition is a smallest mesh including all.nodes 11

e A T SRt 19 S e Nfber of

nodgs ok Hiinatelishin dpantivonti PaisEqefBirititicate sqanl encecurdbenief ofottes 115

reqREHHO By BAHSIRGIHPIGRIGR:A.S %%@Es@@e%i{gtb% %ﬂpgﬁl gé‘%[@s? $hdlcates a

. indicates whether the partition wraps. Scheduler 515 may construct a

limiamben toa bebesiyivrEaadendd ot penied to thesermpprig auvedudatsuch
A partition may 25 be much smaller than gyid 110. Fori=0, 1, and 2,

empodirapnteiha HTE QDA SRHEM BRI b sSihfe TE6ETdittdlterrerrsiamas.
(which includes an array) and PartEnd(r] includes a maximum of all

posSiIe HieBist rritedimerit crhes Ty it isaigenpal el 1 Maretastipdnler

51511df Maekwizetit eguals:d AurSizeh] (P arurapeliLissdiiemchesduletRdRe 130
sets gé)]géinu,se (which includes an array) to NODE_NOT IN USE for all

Proyidas QWIS AP I LT Rt e NS B R MIOBEF8pIes dthbreApeiad; 2 request

type; a size of job 150; an aggressive flag on job 150; a switch-based size of grid 110
(which scheduler 515 later adjusts to determine a node-based size of grid 110); a Number
of nodes 115 per switch 166 (which, in particular embodiments, equals four); a Number of
nodes 115 available for allocation to job 150; and identification of one or more nodes 115
available for allocation to job 150 (such as, for example, a list of all nodes 115 available
for allocation to job 150). In particular embodiments, RequestedNodes indicates the
Number of nodes 115 requested, RequestType indicates the request type, RequestedSize

(which includes an array) indicates the size of job 150, AggressiveFlag indicates the
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WO 2006/055028 PCT/US2005/012500 27 In particular embodiments,
FreeY]i J,k] contains a Number of free nodes 155 along line {ij,k} to
{i,TorusSize[i]-1,k}. FreeX]ij,Is] includes a Number of free nodes 115
walangslinsn{g,k} to {TorusSize[O]-1,j,k}. Scheduler 515 uses RreeNijgkarndoo
FreeX[ij,k] to execute a scan algorithm, as described below. In particular
embodiments, 5 scheduler 515 constructs FreeY][i j,k] and FreeX]i j,k] 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},
agekBERZ RN oS YoBX 15}, Toyusgis {uBiibnSylcand {HziBli@ig theewitchdased

,__orientati rrespond to four.unique, 9 '
S12¢ 8t a8 s?ﬁaﬁggé%%q(f er %lrrlr‘lié(ila%agﬁp ye§%§sn§%%&g%§i%sl 6,
Numiaeeeliudéstmé'amtwthewmnhcrmfae@ﬁihl@a@ﬁiéﬁh@tﬁﬁ@é@aﬁ%ﬂ@m@.150= and
consigets.all i : 1035 MR sFhedidingAlable for
Freei\%%eﬁi Fat‘j%%%%%[&zﬁ%%% wﬁ%%?o%igﬁ%?tgﬁg%imension of job 150

alloeafimalsodnb, 186heduler 515 may fold either of two used dimensions of job
150 SriibRigimahsians el jandpQusaate simioiildo o bRetpis erschedule)
_dimension of job 150, i.e., the dimension of job 150, %Lll?l to.one, '%815163 115
2 joheddRuicRbrralFashio e Gere it %’?H&“ﬁé‘gcé‘%ﬁ%‘ﬁcﬁ% 'R ‘

ree cﬁmens_lona
allotaeshidfissheduierch kb olds aftivdasion tiatiseddabanb inféyrahriviliglerdf of

a length of the fold, g last fold will be shorter than. all-bregeding,
eac@vﬂf&#v@i]l?%fﬁt iR é%%%im%ﬁﬁ%ﬁ%%e‘éﬁ%oﬁ%%ﬁ% eg%antao% a%l#régéﬁ or 513
schetinled$ibn s inESkchadifimls 150ié oredindotsionds Schrethlisrsdslen ) S can

fold jo ]150 Lnyg[?ither of two unused dimensions. Scheduler 515 may
nev schfe ae.% ) . . . .
then either of two resulting dimensions into a remaining unused

dimémpisticvieresuhedimsmipacorinesta agiandd iiyRAR AR sTRASHGE Ve &t

initfAReatenAlR O fouEahes i fU CYR Bl uetktiassajpe XErD pecoring to the
dimensional request folded Into a i/ﬂ ZS#eré?T%)rsrion. In I.:IGL%I@}ES%rm acement
varigihessl st B9 0REBIdRE 1HeSHE hiEsLihiar REGGEstng 11 TS MG e

endiiRIEnsionTsing adalsldengiaatfallotedederateciiorwdinendiohal Alested—
. 4,24 d ' ional h{1.1 t o losic
ini LT SESAT SRRG N STRCHRy Rt o LR fo ey e oe

may Num old zero, a second
to falihiineS patla thinddsBortperdAllowed/ ned Sokiddaieed 15 assigns an MPI

Ran.k to[ﬂgg%&élﬁi Q0ga Lol_[d, the MPI Rank is 30 incremented as a z
value incr e £ver-Nidmbered folds and as z values decrease
WO 20@6/ {REFAS260QR012500 28 along odd-Numbered folds.
As an example\apd aekBywyay of limitation, the MPI Rank for node 115 at
[0,0] mayherzesqudhsiipeRagikAwiapde 115 at [0,1] may be one, the
MPI Rapk ffanadeiddadat [(ned may be two, and the MPI Rank for node
115 at [0, 3hmaylibesth+eralddne MPI Rank for node 115 at [1,3] may be
four, the MEfARgrdksdieeFlade D15 at
» CompactAllowed = True
o Else
« ComPactAllowed = False
+ PElse If RequestedType = Compact
o SpatialAllowed = False
o CompactAllowed = True
o AnyAllowed = False
. Else If RequestedType = Any
o SpatialAllowed = False
o CompactAllowed = False
o AnyAllowed = True
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5 [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

wepnigussingard toward x = 0. In particular embodiments, sehaguiersdmsoo

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. 10 Scheduler 515 may prohihif 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

di?mgriﬁdﬁatfs?é%ddmhfl&mlﬂﬂ&m @ﬁéﬁt@'ﬁ %@}Bﬁ%h‘éwhmﬂaf%% gréd 110 to
. scheduler 515 folded into fi FIGURE 8, scheduler 515 has az
e o s TS e G o oo TorasMap
(widirhéndistesrat schiodotBeBaSiis Soitiddbiisst] scead\jed 316 orkyugéneraticate

largth? RS0 rbgg%i%iﬂ?%e@%a&%@ie?qﬁﬁén 1&183h§ts gl'?dp?fgc u?ﬁledule S':315

embodiments, er 515 allows no more than two* concatenations.

appisediprusifanteciaedes 515 identfiedein FoaleiniasisidmeicBasgylap (which
incRRIONA fpldyipitaiisieddafalding Adimrnsiomiial sehgdiier eladowetivan

into first, unless the first fold did not result in concatenation. If a size of
to E}gﬁtﬁ@?&%ﬁnlﬂrﬂ@é‘&q% [RRdor B0 Rtprengisming donbishenelisienmsnrgement
enginddEdtar prakedifpentss SuChargisho mensy esthat seheddler 21Quster

allows no more t two concatenations, In ular embodiments,

e e 1 A GPEoa b B e S g 1 A1 to

schfdiilerretfieshisinbaesvs sae Tinensipnal {sohddulee 245a0nsiaimaashs then
possible accordion-like fold and each possible orientation of each such

becgsmesiflthe reglibsind threa anferSidiniFshtesidkispbasi dodissudes wagh the
ind RSBl UENGUSN o e gael 18 RALEUAL CHBOdMENtE, ST The

<. 3
915 records each such construction using y

InvelssToheIhefonth i Bovepastidlewef] isofrue, scheduler 515 constructs a
com}gact mesh containing a requested Number of nodes 115. Scheduler

515 eé?@ﬁ%?th??h@@‘r@&%%stﬁ%%@n%’%eiﬁ%eﬁw Bedfrpmber  of
din(wbichsifisl uted funsrayheA Taivexam plevand Batdaytyyay 1o fdinvsatinRedelorus.

e the reque r of ngdes 115 and Q be a cubic root of N WO
M A SReoa e A AL g TO A PRTE e ARy and
respaitibityseitiiBestiif the{@in@p@indfiv nQdiScitduleschdfla dafenay multiply

i : ill di i £ .
onedFERVSRSGRRIRE {n%éﬁi%gdﬂc{f REGH tt)?fﬂ%ﬁt{l}g)ﬁﬁ%rz%h OF ?\in §1§ %eg %Vxx\}.ensmns

BestFit according to a BuildCompactkits function, as descr
for medifiradehy tHen Sebristadts ailetaunines whidhgulimivetomsigroptprnd then

modi§es Of erAldP dimnenaiongehBesitlarindiesedRaner SAMALDO accordingly.
dimensions of grid 110 and records the meshes using Fit (which" includes

Schatultayy SERADUIRS, Sr8ttHen roRroves nfe SEaHEisHE 9B A AIDIRS
deshiibegtahmte dabpéitieslar esnbodinents, apglibd 0dsea Br€8ore geometric

o AR R BTV s
includes a box embedded in grid 110. A start point, [Sx, Sy, Sz], and an end point,
[Ex,Ey, Ez] , define a mesh. A mesh “wraps” in one or more dimensions if the mesh has a
start point greater than an end point in the one or more dimensions. As an example and
not by way of limitation, a mesh with a start point at [3,7,5] and an end point at [2,9,4]
wraps in the x and y dimensions. A point, [x, y,z}, in grid 110 resides in a nonwrapping
mesh if [Sx < x < Ex], [Sy <y < Ey], and [Sz < 2 < Fz]. Afier scheduler 515 generates a
list of meshes satisfying the request, scheduler 515 loops through the list until scheduler
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10 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
wniokdkB@executes a process, all CPUs 164 at switch 166 pexegsias/o12500
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 15 example and not by yvay of limitation, if scheduler 515
multiplied a torus of switches 166 in a y dimension by two and ina z
dimension by two, scheduler 515 would keep only meshes in Fit having

5156MeRYiaNg A simensiansharinak Rith testhentsortsremaddindl ffeshdkbie for

Fit.according to maximum hgp caounts in the remainin shes. A .
SloRAiRh G SETHER AR g AT TS O p AR ESD Gl Teslt in six
mestR¥ Sy BEhis B eiudSyatyvd Gambhsibhaloreqesttdsndate remskinmienhop meshes

.counts identical to each other, schedu | t
i SR R R g S e
satitifpitatibr, iuesid, ByBrandhrpbo@@e9F nhednlersalh stitakmaderbased torus
for TEANGE I SHIRANIEH a2 ToqRHLE M 210eiake:MI NrveEH SEhRMe s the

not remove undesirable meshes from Fit, scheduler 515 25 would not
req@sherate all meshes including at least N nodes 115. As an example and

ol mot altds mech T 27y Mech TLL 2 would et 1

,3,3},.Fit would not jnclude mesh {1,1,27}. Mesh {1, w .
one, BATPR OB S NOH Bt Sr e L S AR B Ay RSBt (gl e
110east Dre mesipsaiizfyintnadeoudst SshclEit V6 udpngibde @ soibshaetprds of

o gri an ter management engi I
e R g Al b B SRS o Sog i 8 B A 1 htons
the 2006/0550R8 PG HUTROCE0.12560 G0 Aphadiowweis, ﬁl@rgél,%i@a SRR to 2
oneocﬁﬁla{smgggrg&fagﬂeshes, schedgler 515 loops thrqugh NoquInUse with

an x axis as an outer loop, a 'y axis next, and a z axis as an inner loop

untiMsERMniRIPRES RS Tifies a free node 115. A free mesh includes a

meslyippisingoaySree nodes 115, and a free node 115 includes a node

115 allocatable to_a joh 150. 5 Scheduler 515 constructs NumFreeMeshes

and PR REiRRIHFTéeMeshes]. NumFreeMeshes indicates a Number

of freeypivesdie$+vgrid 110, and FreeMesh is a list identifying, for each

freeﬂ}f%ﬁ‘ igg%ri__gzllo, one or more free meshes structures in grid 110. As

an exa?np?e not by way of limitation, indices of node 115 may be {il, |l

kl}. Scheduler 515 may increment a z axis until scheduler 515 identifies a
[ niodirate rrodeel dBnasisndhasyideeivanip dndrxjrroging e b s 15 fajhere

set FreeM sh.starti%%o kl and . EreeMes i’ k2 L5 6 ds t
DR REA TG AN O B £ S G e A ) fomssponds to
il ﬁs;,}a&gqi] ErgeMashlehd[?] whsrespprasiteean end value of the free mesh.

cheduler 515 may then increment a y axis, starting at fl, to identify a first,

valuls prréerlmaambedimenssischeBugh T jmey. fistnishiads Bt fripa®s of

swhanifegdaderigaheddlar 15516 thengeis brepMesh startilitdijeanttiables for

sch'e::éxeiﬁrl\a/lgeg Q{a?on g&ﬂetx?silgﬂgl r%c?@e%gu ! z?a]i'gctu &t embodiments, scheduler 515 folds a

two dimensional requests into a third, unused dimension to generate a more compact shape
for scheduling. Because many such folds may be possible, scheduler 515 may select &
configuration (which may be different from a 2x2 configuration of nodes 115) that
generates a greatest Number of such folds. Scheduler 515 may check each of six possible
configurations for a two dimensional request and calculate a Number of possible folds for

each of the six possible configurations. In particular embodiments, scheduler 515 selects a
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increments an x axis, starting at i1, to identify a first value, i2, so that

plane, {i2, ji,kl} through {i2, j2-1,k2-1}, includes at least one nonfree node.

Scheduler then sets FreeMesh.start[0] to it and FreeMesh.end[0] to i2-1.
wocheshses:815 repeats the above process scheduler 515 cowarsalbd3adeso

115in grid 110. The above process does not result 20 in a unique set of

free meshes. Looping in a different order tends to generate a different set

of free meshes, but only if two or mo#g free meshes share a boundary with

each other. A free mesh entirely surrounded by nodes 115 in is always

unique. FIGURES 9 and 10 illustrate a difference between using ay axis
cosfparuiftnellon @ adRas AN SADH BOSIIROR 1R, AR ARIRPSINS  iments, in
mﬁcggg}.{@ aURI% %Iustrates two free, meshes constructed using a %ég axis

i 8

28 & innarfoos A FTCURE PORHELIAIS nih fbtemakbh &S diegl= 4
configngptionmadifybng diin aeis inapthkn FHELIRED] a%eadh3gintludesnnmgag the »

118 is a first f 532b i d f
o R, e A e R gad igfoand o
2 %23%%#%@%@@,@@5@315@%&@ a%egonafifeguratiosh. 3 Inparticular
emBaicelas emBRANERISs Sehepules LR HIES A lirsh §%§Hﬂ@9r%1e gg;ﬂggﬁé&m

hedule spatial requests, a second scheduling algorithm to'sc e

SC
S1y dpspadlestdte & Inorsisumbosorelibing te 2008/ g rxsacha sshuts divird x 2
cossthadtibnonalgayim e sehedule ams readesisn TR AstaNSecond, figuration

cheduling algorithms are similar to each other, but use scan algorithms
mot%l %ea}%gfaﬁggwaﬁﬁei@rﬂ%ﬁﬁaéﬁﬁb&hmﬁssEﬂ&’&ﬁ}@f %h%l@é%éaeﬁé%@bles
forjethe&iirgch dautedibkhdistminedesst BsGaltdoaied1® JalnibS@iithlize variables for
ignedNodel ist according tq MPI k, i.e,, 5 AssignedNodeList[i] has .

<o N S BCR A TR oo Tied e et s s
origgiRtieRielos I5tadersh Suarmralgatithmitnseritbhrispecstartepdinbiher instead of
amg\;ﬂggmg@g for the spatial request. The following example logic provides

an example description of an example scan algorithm. PartStart is a start

pointiitisdarsatedimety omitiatizeyarinibes drosvikcdmlinghcmenacs request,
schersiersies wulpl%s ¥ Angki# GMensitnhdasrastively fixs BaItRiRt0l . 4

r}ﬁ ParttlEnd[Q%. Fory = PartStart 1‘% to PartEnd[l] For z = PartStart[2] to
COPISHERT] PiTE A s W SRR oIS $rgh faeilifelss wse of
all zo8es 1 15 (Nogid Useli switdhT6§ mitebaiyd o redcd@paciNQREINARE 20tm

redflibs fﬁ%lﬁ%ntation at switch points in grid 110. In particular embodiments, scheduler

515 similarly initializes variables for scheduling an any request,

A partition is a smallest mesh including all nodes 115 in grid 110 available for
scheduling. PartStart[3] indicates a start coordinate of the partition, PartBnd[3] indicates
an end coordinate of the partition, PartSize[3] indicates a size of the partition, and
PartWraps[3] indicates whether the partition wraps. Scheduler 515 may construct a
partition to reduce lengths of searches for nodes 115 satisfying a request. A partition may
be much smaller than grid 110. Fori=0, 1, and 2, PartStart[7] includes a minimum of all
possible i coordinates in FreeMesh (which includes an array) and PartEnd[i] includes a
maximum of all possible 7 coordinates in FreeMesh. PartSize[i] = PartEnd[i] - PartStart{7]
+ 1. If PartSize[/] equals TorusSize[s], 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.
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End If End For End For End For 25 If (Hit = True) Return True End If
End For End For 30 End For Return False In particular embodiments, a
scan algorithm applicable to a compact request replaces the above Hit
wilegowithsaegount value incremented in an innermost loop aShdollowsi2seo

Count =0 Fori=xto x+Sx-1 Forj=ytoy+Sy-1Fork=ztoz+Sz-1 WO
2006/055028 PCT/US2005/012500 32 If (NodehiUse[i mod Tx, j mod Ty,

k mod Tz) = NODE-NOT-IN-USE Caynt = Count + | End If End For 5

End For End For If (Count ? RequestedNodes) Return True End If 10
The above logic is relatively inefficient, since scheduler 515 evaluates

eachinpgirtidnlaNasibbiitsentp F&@Y{Kjﬁymlfﬁﬁﬁmu{ﬁ?%%ﬁh@g%&i@dﬂﬂ @long
. t, loop, increments from, say, zltozi+ 1,iand |
i e 0t SHAl ol ARG, NI BLHES i 115
alokgsuthe pidimengienalang irgmé&X;y’Zk}cﬁQe&éé#s% YseS¥ide 1 and

excluded from further calculations and scheduler 515 adds a two
Fregmnbhbionanin Fremn{dgofitan) eS dajcrbpd Blotyy I8 pattieden yndedjments,
scHistiEngr calculalinnscls I BRGVE INRET JOPPEERYAL ed}ﬂfeﬁfl alibfAllowed or

sequence of two dfrr?ensio%f’?nﬂtfshes along g’% §xis of size {Sx, Sy,h. A?z o

CorgairteHRvetdig¥hesh and adds
If SpatialAliowed is True, scheduler 515 tries various structures for scheduling a

request. A spatial job of size §= {Sx,&),Sz} has up to six unique orientations:
{Sx, 8,52}, {S%, 82,89}, {8y, S%,8z}, {Sv.82,5x}, {2, 5%, 5y}, and {Sz, 5y, 5x}. 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, ie.,
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
integral multiple of a length of the fold, a last fold will be shorter than all preceding folds,
which will result in a two dimensional mesh concatenated onto a three dimensional mesh.
If job 150 is one dimensional, scheduler 515 may fold job 150 into either of two unused
dimensions. Scheduler 515 may then fold either of two resulting dimensions into a
remaining unused dimension. A resulting shape of the mesh would, generally speaking,
be a concatenation of four meshes.

FIGURE 8 illusirates an example one dimensional request folded into a ¥
dimension. In FIGURE 8, scheduler 515 has folded the one dimensional request, {1,1,1 1},
into the y dimension using a fold length of four to generate a two dimensional mesh,
{1.2,4}, and a one dimensional mesh {1,1,3}, concatenated onto the two dimensional mesh,

Scheduler 515 may Number a first fold zero, a second fold one, and a third, short fold two.
When scheduler 515 assigns an MPI Rank to nodes 115 along a fold, the MPI Rank is

incremented as a z value increases along even-Numbered folds and as z values decrease
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another, At a y loop, a similar effect occurs along a y axis. FreeX and
FreeY (which both 20 include arrays) facilitate reducing processing time.

In particular embodiments, scheduler 515 uses the following algorithm to
WECARsasTmspact request: Define an array, zPlane[TorusSizef2i]utaossaresos
two dimensional mesh counts. Compute an end point of x, y, and z loops
as follows: o Fori=0Oto2 25 If PartWraps]i] = True, end[i] = PartEnd][i]
Else end[i] = PartEnd[i] - Size[i] o Nagv x will loop from PartStart[0] to
End[0] and so on. x loop o For each z = PartStart[2] to PartEnd[2],

re-compute zPlane for meshes 30 {x,PartStart[l],z} to

alordX s8R ERRIlSYALZn ek paplieutal eynbedimeniijstiatdulén VP Rank

would use three loop, here. FreeY. d I
o B5ARA oA g O A DS bR TEb VP TS L o Ohe e
MPErael foRads Ers[ 4 By22 npydrddes, anduihe s Rirek fonaedel 155 ol ] may
o 4% PRERPAFIERe 38 (B AU BY i} MENEYRin® BPBARINS ot
=True for the below y loop. "y loop 0'If NewX = True Do nothing. 40 o
(12 Iseyve 2o060b5028.PCPnoseatsn oirsos 23 Oupisdipialichasgn even

NugReh A Haisiartebiehrd EdRiveuhisaet Feedndembibdn tngplete folds,
segment froméx,y-l,z) tc;aéx+8x-l y-1,z} from Zplane

. \ 50 Use .
conprsaR{Rn Topfd PEEKIR RAET A %Bda%tin%dﬂ?ﬁﬁf@fé‘w%’aﬁ frodn Rigigular
emégcﬁmlgdtais[ﬁgamé%ets‘xemgwmﬁwag tRchediSn-like+ Bk 7} CotePlopefzpbiolds

_Use FreeX|[x y+Sy-1,7] - FreeX[x +Sv-| 10 id loopj
i St R T S0 B A AR e
ScHeelnw 216apay |payhibif Meta foliwien 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 dinensional job 150, a
second fold is restricted to folding a dimension that scheduler 515 folded into first, unless
the first fold did not result in concatenation. If a size of job 150 is an integral multiple of
fold length, no concatenation results. In particular embodiments, such a restriction ensures
that scheduler 515 allows no more than two concatenations. In particular embodiments,
scheduler 515 initially constructs all possible meshes satisfying a request. If the request is
one or two dimensional, scheduler 515 constructs each possible accordion-like fold and
each possible orientation of each such fold. If the request is three dimensional, scheduler
515 constructs each possible orientation of the request. In particular embodiments,
scheduler 515 records each such construction using a list of Try Structures, as described
below.

If CompactAllowed is True, scheduler 515 constructs a compact mesh containing a
requested Number of nodes 115. Scheduler 515 designates the mesh a best fit and stores
the mesh in BestFit (which includes an array). As an example and not by way of

limitation, let N be the requested Number of nodes 115 and O be a cubic root of N
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15 Sum zPlane from z = PartStart[2] to z = PartEnd[2] and record results
in Count o Else Subtract zPlane[z-1] from Count Compute zPlane[z+Sz-1
], which is a sum of free nodes 115 in a two 20 dimensional mesh from

Wt Wder$320dg to {x+sX-1,y+Sy-1,z+Sz-1}. As described abovecuassbvigaXzsoo
to reduce a Number of loops from two to one. Add zPlane[z+Sz-1] to
Count o If Count ? RequestedNodes, Return True 25 In particular
embodiments, scheduler 515 applies®ne or more of the following
modifications to address a partition wrapping in a dimension: (1) if indices
in the dimension exceed array bounds, scheduler 515 applies a modulus

trufiemetian ia thedadisenchateigianyyasaypaterercéy and(2)1f e %ﬁr,tié'@féduler

wraps in an x dimension or a y 30 dimension, to compute free nodes 115
S13dp dante SEBFREISE sedulmdIGintt icpanseb onscpieoredirensinmofdestFit
accffﬁﬁr{got_t_ ag%tlfqﬁlmﬁﬂgg&fﬁ@qgmﬁ%;ﬁ, Q:ﬁé?é}}%é@%ﬁg&%@ %ﬁaﬁﬁaf ¥18 then

artition, jn x Qr y dimension and another from a beginning of the ]
CO%EH%ﬁiién B?W%Qfﬁ&ﬂ%‘?%%ﬁﬁgﬁ&% ) %qgfé&mmﬁm of BestFit
andafepdichbl @i equspatidhieainss if bl Sinilaidedhedhbyesdan algarithmwhich
incg Isi%%t%lg atcla compact request. In particular embodiments, differences
etween a scan algorithm applicable to a spatial request and the above
scarbigdrith il Appticabie wesauodmiableragsiest frciubie. thie thitoribed atbve, in
atiiRAdRbaghedNeERd S ey ing.a PRILINB.Mesh Ay digyar
P Count, scheduler Slgg{ookhgﬁf%grfg %%I%ﬁ %&g&g@r}%@] %?uv%h%fﬂ%ﬁtﬁé%gezgﬁgach

couplediadonidi e 18 dsdule Almhamdifiea theterenkrsitherdr(fiptor of four in

on@ediieh 91 2 May IR dQNARJIBRERBLMOR LANCRP BRI D RRIESng four
Cpﬁéﬁ 32006/055028 PCT/US2005/012500 34 since, as described above,

d ab
LR SR L8P0 QTR AT S PO UAFRHLNSA A ILSHHY 2 fpest s
thatiwienstoralPeNU6sktoldedtth RESILGRRBASErHeS) IRTPULDDRWRVitch 166

itional meshes.conc ted onto the base mesh. In particular
exeem c])%OCCSS 8, 8C du?eé d?#gn%e 5 On meslI?Lesﬁ Vi gf‘}a 8r eO&]&C%r gnore

|men?s’, sucnm ICa IOI’?S 0) ?ﬁe scan a]fgl]or %Z%

modﬁﬁmwﬁmm@mmim@witmﬁp&ww 85 nbisidiedtitingfathb x 26 an
exanb GAATAVIANQN LY RS QF MOFe QFd8ES.PE Mﬂt%@ﬁa‘;%%?%%{% Ahes 166

spatial request, scheduler 515 uses a scheduling algorithm that applies a

in g HBRASKR P ERBRATH Sr Emrasiom s topTrohstuletufés wewld keep only

meScRed Rk idRAlfiasia I&ielure that is schedulable. If no Try
strugtures.in trge list are schedulable and an aggressive flag on the spatial
req§8§ﬁ§”§é L AR RS R AR G e il Hipdigénte iearigi@ hop

couhBlimitizautraitied g dhe Spaiahiequeistatot RMiSs: any two nodes in a mesh
of size {Sx,Sy,Sz} is (Sx+1)+(Sy —1)+ (82 ~1). If two meshes have maximum hop
counts identical to each other, scheduler 515 puts the mesh closer to being a cube before
the other mesh. As an example and not by way of limitation, M, = {4,6,16} and
M, ={8,9,9} have the same maximum distance, but scheduler 515 puts M- before M.

Even if scheduler 515 did not remove undesirable meshes from Fit, scheduler 515
would not generate all meshes including at least ¥ nodes 115, As an example and not by

way of limitation, if N equaled twenty-seven and BestFit equaled {3,3,3}, Fit would not
inciude mesh {1,1,27} . Mesh {1,1,27 } would not result in a reasonable Number of meshes

and would always result in at least one mesh satisfying a request, since Fit would include a
mesh equal to grid 110 and ciuster management engine 130 calls scheduler 515 only if N
is less than or equal to a Number of nodes 115 in grid 110,
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scheduler 515 uses a compact scheduling algorithm to try to schedule the
spatial request. In particular embodiments, scheduling a request
according to a spatial algorithm involves up to three transformations: two
wioldmaosdmre rotation. Scheduler 515 keeps track of the transfargasianssoo
using the following fields in Try: 15 . Try.rMap is a mapping function for
rotation. Try.rMap is an array having three elements that maps indices of
a point. As an example and not by wgy of limitation, Try.rMap = {1, 0, 2}
means index 0 gets mapped to 1, index | gets mapped to 0 and index 2
gets mapped to 2 so that, under the map, {x, vy, z} -> {y, X, z}. . Try.irMap is
an iVRRSA NbWEY iMags, 20 cbrvNunaiolsiMians iReicassea, Nerahdercs f5Itimps
producing a Try Structure.. . Try.foldLength is an array. indicatin Jengths
threfy RideRR S eoTd Y8R 854h % mﬁi%'ﬁgﬁigaé’namaen% 5% o?d”e%ﬂs a5 ar mner
loogliERENSHRBIAG 803 edamifie afidenntdeyl WaylofitmitativmcTugetoldPegnififluding
2 indicates that an i fold folded az.axi Try.fol ' Yer &
ont R (Rt & SR s S R 117, BARaRo ¢ job 150,
Schiedlibating &n indenswhetsdintSmsibBravieshemained fixegeMegaitismBreeMeshes].

Nm%'ﬁ%%%ﬁgég%&%ﬂﬁ%hﬁgﬂfﬁ&wgtﬁf&ﬂ@??xf@{daﬂﬁﬂ 4@ 18ecMesh is a list

sche le at a starting point in grid 110 usin%a Try structure, scheduler

idesifyingsfgn saviri mRaneh 42 erifldif 090 oomInER Hes Beehah AR iR 8rde! 10
As r&l‘iaé%?‘l@paﬁﬁ the $kariag BOINEEe.MAD e cslastingRontdany be {il, /1, k1}.

pretransformed mesh. Scheduler 515 constructs folds to leave the
Sclwduling poimenfinsecmasie ihadsset schefdlau o dsntifies haeulsmynade 115,

sudf Y516 Ol YO 2906/55028,RATIY S2905 010500 r ey 6161 nd
(0] r

ops through'the pretransformed mesh in to generate MPI Rank. As

Freddbatibadlabové2in bakicaledralsoiiinearesnands aris stagrvalugepigdicenyesh
aloBNi$n S 2, Midd|6 4090 ARcha AP LIt ABEHS AR ReNeAUleHD iR ARRligsesh.

the transtormations applied to the pretransformed mesh to_ 5 each point

Schedyley bk tmayobpraecETam to/aiFisrderdenatifel S HsHEp ferthaalue, /2, so

thayﬁﬂé,f({f mati @ils dedhgnietransiarnes dnreh ot RafehrdAdsE &lioiRldS heduler
then fold$ 1, and then rotates the point to get aﬁﬁint, X', y', z, in the

Z
51piberasritormedsreshrtidbiedued SieMedh mskikithd fiote Sgacduler §15 then
. Into an end of AssignedNodeList, . In.parti I i ct,
mcggﬁxg%ialfﬁzgxa%%sﬁ tﬁ%ﬂﬁm pﬁ? zﬁl‘to 1dc!:nt{? a%% v%iﬂ&%‘i’@@@ﬁﬁt 1&19&” ﬁ, _Tyl, ]cl}

applies’a scan gorithm to each mesh in a list of

thedyistipntures Wit the cefopactsdesduling atgdrithmoddentifidsdulErythen sets

structure that works. A Number of meshes in the Ii%g@%%gﬁérelativel

FroghgeshAtuPbio M ddig Ry il dpifitdion® iﬁa%?r%%bc’“’

proedR xch&iiades tibeandiasaer €8s fargeide hintiedbodesdcbss Besthot Fesult
in ‘;41&%21];’5"%’?3%? ﬁ%%uégsesi?es. Looping in a different order tends to generate a different
set of free meshes, but only if two or more free meshes share a boundary with each other.
A free mesh entirely surrounded by nodes 115 in is always unique. FIGURES 9 and 10
illustrate a difference between using a y axis as an inner loop and an x axis as an inner loop
in a two dimensional case. FIGURE 9 illustrates two free meshes constructed using a y
axis as an inner loop, and FIGURE 10 illustrates two free meshes constructed using an x
axis as an inner loop. In FIGURE 9, area 530 includes nodes 115 in use, area 532ais a
first free mesh, and area 532b is a second free mesh. Similarly, in FIGURE 10, area 530
includes nodes 115 in use, area 532a is a first free mesh, and area 532b is a second free
mesh.

In particular embodiments, scheduler 515 uses a first scheduling algorithm to

schedule spatial requests, a second scheduling algorithm to schedule compact requests,



16

15

20

25

30

35

over two thousand meshes in a Try structures list. Although applying a

binary search to 15 the Try structures list may be desirable, a binary

search of the Try structures list would not work in particular embodiments.
wo hinatgsesarch including condition C would not work unlesgcfdyibéasnesess

true for element i, C were true for all j greater than or equal to i and, (2) if

C were false for element i, C were false for all j less than or equal to I. In

particular embodiments, a binary segrch of a Try structures list would not

work, since a possibility 20 exists that a scan using, for example, mesh Mi

= {4,4,4} would find enough nodes to satisfy a request, while a scan

andISINGi{QT BXAMRI, NeSM? fo{3chdlijevaenid rRaticdaspitEhd/Bdseimgl second

abave Ml in the Try strugtures list. In particular embodiments INArY.1..:
Sc@&'&%’@ﬁ DR IHEYI e S I:%g"@[b ﬂ%.gﬁ’fr%%huesg uler 5‘?%"3?18‘3‘55%# e%r%ggliaﬁwely
diferbry Stmcitkstist. €cdidiuietc hiasdmednicslisiahddrshedibreiddulisis nodes
15 identifies a fit for g.mesh j I Vi A¥imymdistancei, ;e
IS(forggﬁ?agt?éa%r t}?tgn l(i)foeqﬁlal fgg??%qte@ét%ig% m%gs?%lri&r% the list having a P e

Assigpeiodetis{aintoes Ml Rdsé fit. If no mesh in the list having a maximum
dist%%qh@@ﬁliﬁ;ge%&% idhadishirying.a eadpem distenere3s has ofcan

equalto 1w her. As'an example and not by way of limitation, .
algerifipnde §rayh Apisamrephinbiingedehndsinfomibgispatiebegvastitd he following
exa-xrgﬁ[eel@\él%’ Ak +n1éx|3§1%1% B PYER gisipRgedhiiclsaRfa308INRe Phrthtdt is

+1} covers {x,y za} , {X, Y, z + 1} also works. Induction applies to all j

a stymb arantieat RrEgdas e enf meintedin PrHE IR ERG I % ARG torus sizes in
x, i%@%ﬁ%{&ﬁ\fggpem%t to any mesh {x, y, z } having a maximum
distance i-1, {x, y, z + I} has a WO 2006/055028 PCT/US2005/012500 36
nFaxiPaeisial@ed Badrakdi@does not fit. Neither does {X, y, z } since {x,
Yy, z FathcovensStdi] ), taPafBodfilingly, Scheduler 515 constructs
MaxDistancefRartftdakD)iztRacEn @2 during initialization. In particular
embodimemnts,=dlvirary search of meshes in Fit does not guarantee a 5
best fit, but préeiiesaieeasenably good upper bound on a best fit. In
particular embodfi#ieits; ¥ Bin¥in} search of meshes in Fit is efficient, e.g.,
generating approximﬁ?ég’té’ﬁ%%ﬁ%slfo_r approximately oge thousand B
meshes. Scheduler 515¥d3"ade2liseBp@Bbuhy 6 MA% Bihafy &fcd? =
on maximum lengths or run I}ﬁ refdownward from the upper _
bound. In particular emhodjrien &5%inear search downward tends to be
more 10 efficient. S er'515 runs a binary search on Fit and returns
HighFit and High sl ?—fighFit is an index of Fit satisfying a request,
and HighStart 'Engfogrtlng point of a fit in grid 110. An algorithm for
running a li - SEqldl downward begins with HighFit and HighStart. In
particular embgdime scheduler 515 decrements a maximum distance
of a 15 currgpy fpighFit mesh. Scheduler 515 then loops through all
meshes;inglggding the maximum distance until scheduler 515 identifies a
meshgatighying the request. If scheduler 515 identifies a mesh satisfying
the,repest, scheduler 515 sets the mesh to
Return False

In particular embodiments, a scan algorithm applicable to a compact request

replaces the above Hit flag with a Count value incremented in an innermost loop as

follows:

Count =0
For i = x {o x+Sx-1
Forj =y to y+Sy-1
Fork =z to z+Sz-1
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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 20 scheduler 515 cannot identify a fit
wionagattioglar maximum distance, then scheduler 515 canpetrigesiei/oazsoo
fit for a shorter maximum distance. Scheduler 515 loops through a Fit
mesh and inserts one or more nodes 115 into an end of
AssignedNodelList. An order of the thyee loops depends on how scheduler
515 mapped a switch-based torus to a node-based torus. If scheduler
mapped the switch-based 25 torus using a 4 x 1 configuration in one
dimension, r@lodehdisepnaianis, ambdney, loapd machsthie SISMmppEh
the switch-bas€duara$"using a 2x2 configuration in two dimensions, the
two dimensfoddiare innermost loops. To schedule an any request,
scheduBnd¥srioops through FreeMesh and fills the any request until
schdelldios15 has assigned a requested Number of nodes 115 to the any
Rlest WO 2006/055028 PCT/US2005/012500 37 Scheduler 515
insEreAbaeR enrssinddadasiynedNodeList incrementally as scheduler 515
Ioop@?ﬁ%’@uﬁ%‘?reeMeSh. In particular embodiments, scheduler 515 loops
ttFn‘Bjubfh FreeMesh as follows: A z axis is an innermost loop. Scheduler
515 expanded the z axis hy a factor of four 5 when scheduler 515
Thgo?’?{?é’r{)e?&%%\%ﬁt&ﬂ?ﬂéfg@d fstaciETt, NoeR-Srhedtlt b (FERigpteRessch peint in
Nodslatiiangrtaast }abpiendisie. avoifldragmeniatiof ot&mRids: 1odeaumed: loop
. to a switch 116. A smaller one of two remaining dimensions in FreeMesh
MLty 8% dhdoazldrhet B driRe aRRs hivgdfafdnions ghanges
onigutermendt Ipemsl0 Sehedulerdd SdisigselaaiessRparSdh Using {x,1.21} 1o
node-based COC}ro_Iinates in_AssignedNodeList according to MPI Rank.

{x ASaigridKiodelistt Bded Rowrdwthe etlaulatioes zns sfvrpiaR ARk adds a two
iassh ek istlif i ina e.l15 of MPI Lya
R s Tk Y T R DTz - 1) 0
furtheseiboubitistss 4, |fstaofl dvdilabld wpdesditSipassattdd sEheduteqbbdnf two
. SWitch- rdi Ingpartigdlag,embadiments, to set an mpiRan
R B T o X N ooy ook a0 s

anciigorithi FocpraGiniNueffreeblodesled paGomiermiesignadNesde atfiie o
incﬁﬂg%@%ﬁﬁﬁﬁ{g '%%E%%ﬁ%%oagggﬁl%g@r}g 0 %a?éﬂu?arA%diments, scheduler

Inverse TorusMap to first t sof To or | =

STiusssrthedNinraing Bligoriieg to Bear N odbistfeguerdinate[k] for all k =

Q.1,5&ne an array, zPlane[ TorusSize[2]], to store two dimensional mesh counts.
« Compute an end point of x, y, and z loops as follows:
o Fori=0t02
« If PartWraps[i} = True, end[i] = PariEnd[]
« Else end[{] = PartEnd[i] — Size[]
o Nowx will loop from PartStartf 0] to End[0] and so on.
»  xloop
o For each z = PartStart[2] to PartEnd[2], re-compute zPlane for meshes
{x,PartStart{1}],2} to {x+Sx-1,PartStart[1]+Sy-1,z}
« In particular embodiments, scheduler 515 would use three loop here.
FreeY used here reduces a Number of loops to two: one loop for x and
one lop for z. FreeY{xPartStart{1],z] — FreeY[r,PartStart{1]+Sy,2]
provides a Number of free nodes 115 along line {x,PartStart[1],z} to
{x,PartStart{1}+Sy-1,z} inclusively.
o Bet NewX = True for the below y loop.
« yloop
o IfNewX =True
» Do nothing.
o Else
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FreeNodeList[j].mpiRank =i 25 Exit j loop The following example logic
describes particular embodiments of scheduler 515. In particular
embodiments, when cluster management engine 130 calls scheduler 515

WO 2eehadude a job 150, cluster management engine 130 comuunseaies12500
values for the 30 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. 35 AggressiveFlag: A
floating-point filyrddiezPliween zero and one indicating a degree of
leeway allotte#doeachedubertSihifor purpoSed o], allocating nodes 115 to
job 150. WO 2006/055028cP GrEdUis2I805/ 01 2m0(in38sd@neaSifieAgrray} to
having three elemenfs-irfdichtinhza Switchpbasgd size of grid 110.
NodesPerSwitch: A Nurrbedssf GResX[b64-taliptedesbh-Switehz1660in avoid
grid 110. NumFreeNodes: ladrinmbesrof nodes 115 in FreeNodeList. 5
FreeNodeList: A list §erdeRoesesrddturiss lingicesmpeiviombasettsy-1.2} to
coordinates of node&11%- és}’d‘ fapferotosdtiarrdiihg. In particular
embodiments, schedulef5 ?etﬁ’ﬁﬁ?%’?ré%%’rﬁe?ioltomﬁﬁ@egﬂi’é?sw*ﬁubﬂ to

515 att sc 2AERUBEPIE PISEE ASSIGNED: Indicates
sché’dug%} % %g E(ﬁ?e’%’é NO ASSIGNMENT

& A& ¥ &8 Rler 515 has not schedule job
1507 ?f%fv AISSIGNMENT FOR_JOB_CATEGORY: Indicates
scheduler edu ven odes 11
grid 110 are %ﬁ‘ﬂ%ﬁ eﬁ%@ eduFaJ%}g@%k dzules gr@g@n Y ?Jer%sf sin

sets mpiRank fields of FreeNode structures accordlngly In partlcular

embodlments,s%ﬁr&pgpfagé HPRQRMRER cluster 20 management
engine 13Q andoaghe fl EHRIOPH HAMLUISIR BRI TER o two
engine 130 toﬁlﬂéﬁﬁ@ﬁih%&ﬁhﬁ engLor8XAeCts aRdgonyers- outnply. As

from schedulegdsdiBhde @w@ﬁd@é@@ﬁ%mwammwé%m two 10
expects. In pagtieular embodiments, setSchedulable, which determines

whether a job A8 iBldheorsticHlly seladulable, encompasses the
followinly Exam 2iclepicst2dNbdat Foheck Tatde () = False

Tn particular embodiments, scheduler 515 applies one or more of the following
modifications to address a partition wrapping in a dimension: (1) if indices in the
dimension exceed array bounds, scheduler 515 applies a2 modulus function to the indices
before a.ﬁy array reference; and (2) if the partition wraps in an x dimension or a y
dimension, to compute free nodes 115 for a line segment, e.g., from point @ to point b,
scheduler 515 computes free nodes 115 for two line segments, one from point a to an end
of the partition in the x or y dimension and another from a beginning of the partition to
point b.

In particular embodiments, a scan algorithm applicable to a spatial request is
similar to the above scan algorithm applicable to a compact request. In particular
embodiments, differences between a scan algorithm applicable to a spatial 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,
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Return PQS NO_ASSIGNMENT_FOR_JOB_CATEGORY End If If
initSchedulerO = False Return
PQS_NO_ASSIGNMENT_AT_SPECIFIED_TIME 30 End If If
weeguestddodes > NumFreeNodes ret = False Else ret = pehaduiesiotsoo
35 End If If ret = True setMpiRank() Return PQS_ASSIGNED Else 40
Return PQS_NO_ASSIGNMENT AT_SPECIFIED TIME WO
2006/05,5028 PCT/US2005/012503439 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 5
sincdAVidhaving tuerldlementsapiddetfiionwRiaalonediesamchesquest or

dimensional array, R 3], having three, el indicati i .
R T
meshastieuerentbodimetits bRenkdsicl ubameibupblerdiedrents. Renkjofifigitions

ank[l] 51 Ran = ori= ri=i !
to ‘%[E?gﬂr%k | 0@’&2%%%%?@%% = %ﬁ%ﬁ”ﬁ%‘%ﬁ%ﬁ%@ﬁ?ﬁ%ﬁm 213
sché&ifes PO hpehdicondigersinthy entrsaese REl a8 e s@HtAcdetermines

Whefgegcﬁégtﬁélgos%ﬁmex%'ﬁégél|¥cﬁ9&@@#'§@eu%09mﬁﬁﬁ§%goﬁﬂnn that

following example logic:

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.

In particular embodiments, scheduling a request according to a spatial algorithm
involves up to three transformations: two folds and one rotation. Scheduler 515 keeps
track of the transformations using the following fields in Try:

« TrysMap is a mapping function for rotation. Try.rMap is an array having three
elements that maps indices of a point. As an example and not by way of limitation,
TryxMap = {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, v, z} = {¥,%, 2}.

« Try.irMap is an inverse of Try.rMap.
« Try.NumFoldMaps indicates a Number of folds producing a Try Structure,
» Try.foldLength is an array indicating lengths of folds.

« TryfoldFrom 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.



10

15

20

25

30

Fori=0to 2 If TorusSize[i] <_1 25 Return False End For
IfRequestedNodes>TorusSize[0] x TorusSize[l] x TorusSize[2] x
NodesPerSwitch Return False End If 30 If NodesPerSwitch not equal to
wionoodRetoes False; End If If RequestType = SPATIAL factodOFa@5/012500
factor[1] = 2 Rank(TorusSize, tRank) Rank(RequestedSize, jRank)
NumJobDim = 0 NumExceed = 0 40 Fori=0to2 If RequestedSize[i] > 1)
NumJobDim = NumJobDim + 1 Elsgslf RequestedSize[i] < 1 WO
2006/055028 PCT/US2005/012500 40 Return False End If If
RequestedSize[jRank]i]] > TorusSize[tRank][i]] Exceed[NumExceed] =i5
Nurgxaers 515usExEaedgh Ihdneitbhstiohhed it xeeetera® MBIRANk.
Trug J fekdsBdiNbve Xeesd il RetudsiedS)zejRadkiE xoeetf0]pep, a ¥ axis
NodesRaa8wilcbpxaldaus:Siv iR amidFxoped[0]] Return True End If 15 If
l.\lurgélr(l)e [&f@ §1§ 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*, »’, 2’}, in the pretransformed mesh.
Scheduler 515 then inserts the node, {x’, ¥, 2}, into an end of AssignedNodeList.

In particular embodiments, a compact scheduling algorithm applies a scan

algorithm to each mesh in a list of Try siructures 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 113, BestFit = {4,4,5}, which results in
over two thousand meshes in a Try structures list, Although applying a binary search to
the Try structures list may be desirable, a binary search of the Try structures list would not
work in particular embodiments. A binary search including condition C would not work
unless, (1) if C were true for element i, C were true for all / greater than or equal to 7 and,
(2) if C were false for element #, C were false for all j less than or equal to i. In particular
embodiments, a binary search of a Try structures list would not work, since a possibility
exists that a scan using, for example, mesh M1 = {4,4,4} would find enough 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 7 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, y,z} is a mesh having a
maximum distance 7 that fits. Therefore, {x, y,Z+ 1} has a maximum distance {+1 and,
since {x, V,Z+ 1} COVers {x, ¥V, z}, {x, ¥V, Z+ 1} also works. Induction applies to all j
greater than or equal to 7. If no mesh in the list having a maximum distance { works, with

respect to any mesh {x,y,z} having a maximum distance i-1, {x,y,z+1} has a
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Return True End If Return False Else 20 If

RequestedSize[jRank[Exceed[0]] 5 factor[0] x TOrusSize[tRank[Exceed[O]
and RequestedSize[jRank[Exceed[1]] <_ factor[ 1] x
whons8iseftRank[Exceed[1]] Return True End If 25 IfNumJauDirszndamdoo
(RequestedSize[jRank[Exceed[0]] 5 NodesPerSwitch x
TorusSize[tRank[Exceed[0]] or RequestedSize[jRank[Exceed][l]] <_
NodesPerSwitch x TorusSize[tRankfExceed[ | ]]) Return Tiue 30 End If
return False End If return True 35 In particular embodiments,
initScheduler, which sets allowed scheduling types., encompasses the

maiBHowinEeXRT IR l0eicidéAualnl SR argueRiss oplyone sinde 15,2 +1} covers
initScheduler sets an allowed type to Any, regardless of an original

{x, sgaliestAddReig sfesitiodiisr=51 Drddemmest TyjesRistmgeRignlowBistances,2]
g True 40 SpatialAllowed = False CompactAllowed = False Else If
uing fildEir= Compact CompactAllowed = True AnyAllowed = False 45
Spatiapattiat smbalimMiie) 2006065028 RCTIIB2005701RB6 0104 Rulkyges a

ool SRS SRS b e
emiealiseents, 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.

Scheduler 515 runs a binary search on Fit and returns HighFit and HighStartf3].
HighFit is an index of Fit satisfying a request, and HighStart is a starting point of a fitin
grid 110. An algorithm for running a linear search downward begins with HighFit and
HighStart. In particular embodiments, scheduler 515 decremenis a maximum distance ofa
current HighFit mesh. Scheduler 515 then loops through all meshes including the
meximum 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
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End If End If 10 factor[0] = 2 factor[1] = 2 Rank(TorusSize, tRank)
TorusMap[0] = tRank[2] TorusMap]l] = tRank[l] 15 TorusMap[2] =
tRank[0] InverseTorusMap[tRank[0]] = 2 InverseTorusMap[tRank][l]] = 1
wineerseBorsisMap[tRank[2]] = 0 If SpatialAllowed = True 20HET/US2065/012500
setTorusForSpatial() = False Return False End If Else If CompactAllowed
= True If setTorusForCompactl( = False 25 Return False End If Else If
setTorusForAny() = False Return Faiise 30 End If End If Fori =0 to
NumMapDimensions TorusSize[mapDiminsions][i]] = mapMod][ij x
Torussize[mapDiminsionsJi]] End For 35 SetPartitionO If SpatialAllowed =
Trugchudilis satatEaesGodend 1 iitoAssimsiibwlebist uremgutally as scheduler
uildCagmpactFit If.If An =1 uj
519 P B S B e e R TR Pl
FreeMesh as follows:

. A z axis is 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 Joop 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
Jarger 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[7,0] is a x coordinate of a
node 115 of MPI Rank i, AssignedNodeList{7,1] is a y coordinate of node 115 of MFI
Rank 7, and AssignedNodeList[i,2] is a z coordinate of node 115 of MPI Rank i,
FreeNodeList is a list of available nodes 115 passed to scheduler 515 in switch-based
coordinates. In particular embodiments, to set an mpiRank field in FreeNodeList,
scheduler 515 uses the following example algorithm:

. Fori=0to NunFreeNodes -1
o Convert AssignedNodeList[{] to switch-based coordinates and add them to
To[4] '
o Apply InverseTorusMap to first three elements of To
o Forj= 0 to NumFreeNodes — 1
. If To[k] = FreeNodeList[/].coordinatef£] for all £ = 0,1,2,3
« FreeNodeList[f].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. Setto 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.
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InitScan() End If WO 2006/055028 PCT/US2005/012500 42 return True
In particular embodiments, setTorusForSpatial, which maps a
switch-based torus to a node-based torus for a spatial request,
wenmospasses the following example logic: 5 Rank(Requested$ius2diRamigno
NumDim = 0 dNdx=0 Fori=0to 2 If RequestedSize[i] > 1) 10
twoD[NumDim] =i NumDim = NumDim + 1 Else oneD[dNdx] =i dNdx =
dNdx + 1 15 End If End For If NumB2gnm =1 Return setTorusForlDo Else If
NumDirn = 2 20 Return setTorusFor2D() Else Return setTorusFor3D()
End If 25 In particular embodiments, setTorusForlD, which multiplies grid
HMaRgitwo factorminkap largestihiesadsionssofjdioaling, jRavik2pased size of
JRank{l], encompga'édéﬂne following example logic: NumMapDiminsions =

map‘%ﬁp i ”ﬂ%uﬁl%&n&apég rRaRRIpIRSIO RSk SR8 In grid 110.

factoé%)m}mapMo [] = factor[0] Forl Oto3 ntSizeli] =

besof peflEol BdA 6?8 HodeList.

FreeNodeLtst. 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.

PQS_NO_ASSIGNMENT AT _SPECIFIED_TIME: Indicates scheduler 515 has
not schedule job 150.

PQS NO_ASSIGNMENT FOR_JOB_CATEGORY: Indicates scheduler 515 can
never schedule job 150, even
if all nodes 115 in grid 110 are
available.

If scheduler 515 schedules job 150, scheduler 515 sets mpiRank fields of FreeNode
stractures accordingly. In particular embodiments, a wrapper function between cluster
management engine 130 and scheduler 515 converts input from cluster management
engine 130 to a format that scheduler 515 expects and converts output from scheduler 515
to a format that cluster management engine 130 expects.

In particular embodiments, setSchedulable, which determines whether a job 150 is
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 = scheduieJob()
End If
Ifret = True
setMpiRank()
Return PQS_ASSIGNED
Else
Return PQS NO_ASSIGNMENT AT _SPECIFIED _TIME
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TorusSize[i] = ntSize[i] End For For i =0 to 3 40 RequestedSize[i] =

OriginalSize[jRank[i]] JobMapl[jRank[i]] =i End For Return True WO

2006/055028 PCTIUS2005/012500 43 In particular embodiments,
wsetlarusgeoy 2D maps a switch-based torus to a node- base@tams O s00

of six ways: 1. {7101, 7[1], 7[21} -* {710],2 x 711],2 x 212]} 5 2. {210],

211], 2[2]1 --> {2 x 210], T [1], 2 x 7[2]} 3.{710], 711], T[2]} -~ {2 x 7[C], 2

x 211], 7[2]) 4.{710], 7[1], 212]) -* §4O], 7111,4 x 212]) 5. {710], 211],

7[2]} -* {710], 4 x 7[1], 712]} 6. {7[0], 211], 712]) -4 {4 x 710], 711], 212])

10 T is TorusSize. The first three configurations result from scheduler 515

eqgfiguring nodes 115 per switch 166 as 2x2 nodes 115. The last three

configurations result from scheduler 515 configuring nodes 115 per

switgh jbBcaid ehibswiatestd, 1R atir padtichlacheinkoditfentdls to rank job sizes,

emgggg%‘gugg éigal%ouégegse%%%n;%ua%Uf&S HoteGhsdulerRdRNe Y ARG  onal

map-that W%U d generate a greatest number

arrayf Tafsgtivotnetirte demivateyEhtpitdive Samfoidréien wsdircasinay amray,
R %ﬁ}é%&%gégftﬁ?&%‘EEQY&Brﬁﬁ{céﬁ@?ﬂyiﬁ&é}éggﬁ%}rmiéda%kﬁ{ﬁ,ﬂatkiank{{)] <

: zes|l, O] = size of the partition in the x dimension for X
En[Rewilg it G Rkt o & pariienls evphafienpatiRAr AN PR RERRIG Al o
i elfat'@n i. pSizes]i, 2] = size of the partition in the z dimension for
gopfiguration i. 20 pSizes|i, 3] = the Number of tries that would be
gepgfatedfor configuration i. In particular embodiments, setTorusFor2D
grgempasses the following example logic: max =-1 25 maxNdx = -1
Forigfte2 Foneirlto3 NumMapDiminsions = 2 mapDiminsions[0] = (i+])
mod 3 FnffeguRifhinBifikesiit]iF (i+j+) mod 3 mapMod[0] = factor[0]
k = Rank[j]
Rank{j) = Rank[/]
Rank[i] =k
End If
End For
End For

In particular embodiments, setSchedulable, which determines whether a job 150 is
theoretically schedulable, encompasses the following example logic:

Fori=0to2
If TorusSizeli] £ 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] = 2
factor[13=2
Rank(TorusSize, tRank)
Rank(RequestedSize, jRank)
NumJobDim = 0
NumEzxceed =0
Fori=0to2

If RequestedSize{i] > 1)
NumJobDim = NumJobDim + 1
Else If RequestedSize[i] < 1
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mapMod]l] = factor[l] setTestPartSize(testPartSize) pSizes|i +j -1, 2] =
testPartSize[2] 35 pSizes|i +j -1, 1] = testPartSize[l] pSizes[i +j-1, 0] =
testPartSize[0] pSizes]i +j -1][3] = cnt2DTries(testPartSize,
wilequestiadSize) WO 2006/055028 PCTIUS2005/012500 44cif/pSiaesiizseo
+j- 1][3] > max max = pSizes|i +j -1][3] maxNdx=i+j-1 End If 5 End. For
End For Fori=0to3 NumMapDiminsions =i mapDiminsions[0] =2 -i 10
mapMod[0] = NodesperGrid setTestfgartSize(testPartSize) pSizes[i+3, 2]
= testspSize[2] pSizes[i+3, 1] = testspSize[l] pSizes[i+3, 0] =
testspSize[0] 15 pSizes[i+3][3] = cnt2DTries(testPartSize, RequestedSize)
ifpSizes[i+B3Md3trrnax max = pSizes[i+3][3] maxNdx = i+3 End If 20 End
For If npgy 1 O if CompactAllowed = True SpatialAllowed = False Return
setTorgsReftamnpset{franldHie retnisSEa{gRakikfd]If Else For i=0to2 30
ntSize[i] =HxatdPuehFanssdlap]i]]
NumExceed = NumBExceed + 1
End If
End For
If NumExceed = 0
Return True
Blse If NumExceed = 1
Tf RequestedSize[jRank[Exceed[0]] < NodesPerSwitch x
TorusSize[fRank[Exceed[0]]
Return True
End If
If NumlobDim < 3
Return True
End If
Return False
Else
If RequestedSize[jRank[Exceed[0]] £ factor[0] x TorusSize{/Rank[Exceed[0]
and RequestedSize{j/Rank[Exceed[1]] < factorf1] x
TorusSize[Rank[Exceed[ 1]}
Return True
End If
f NumJobDim < 3 and (RequestedSize[/Rank[Exceed[0]] < NodesPerSwitch
x TorusSize[Rank{Fxceed[0]] or
RequestedSize[jRank[Exceed{1]] < NodesPerSwitch x
TorusSize[Rank[Exceed[11]])
Return True
End If
return False
End If
return True

Tn particular embodiments, injtScheduler, 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
Spatial Allowed = False
CompactAllowed = False

Flse If RequestType = Compact
CompactAllowed = True
AnyAllowed = False
SpatialAllowed = False
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End For Fori=0to2 TorusSize[z] = ntSize[i] End For 35 If maxNdx < 3
NumMapDiminsions = 2 mapDiminsions[0] _ (maxNdx+1) mod 3
mapDiminsions[1] = (maxNdx+2) mod 3 mapMod[0] = factor[0] 40

wiaagidediibs factor[1] RequestedSize[mapDiminsions[0]] = pCT/US2005/012500

OriginalSize[jRank][l]] RequestedSize[mapDiminsions[1]] =
OriginalSize[Rank[2]] RequestedSize[3 - mapDiminsions[0] -
mapDiminsions[l]] _ OriginalSize[/Rank[0]] 45
JobMap[/Rank[1]]=mapDiminsions[0] JobMap[/Rank[2]] =
mapDiminsions[l] JobMap[JRank[0]] = 3- mapDiminsions[0]-
map Rimigsensiik Weh20061055028 PCT/US2005/012500 45 Else
Numhdas AdohdreMeagDiminsions = 1 mapDiminsions[0] = (5 - maxNdx)
mod gyAloapilediflke NodesperGrid If mapDiminsions[0] = 2 i=1 Else
i=2 18 dend divRdagiesiedSize[mapDiminsions[0]] = OriginalSize[/Rank[2]]
Requettedfize{ilow@tigihaiSize[IRank[l JJ RequestedSize[3 -
mapBminsions[0] - i] = Origina]Size[fRank[0]] JobMapURank[2]] =
mapDifimsperisidlore:dsiatap[fRank[1]j = i JobMap[fRank[0]] = 3 -
magbdiinsions[0] - i End If End If Return True
End If
factor]0] =2
factor[1]1=2
Rank(TorusSize, fRank)
TorusMap{0] = Rank[2]
TorusMap[1] = tRank[1]
TorusMap[2] = Rank{0]
InverseTorusMap[Rank[0]] =2
InverseTorusMap{fRank{1]] = 1
InverseTorusMap[Rank[2]] =0
If SpatialAllowed = True
If setTorusForSpatial() = 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(z]]
End For
SetPartition()
1f Spatial Allowed = True
buildSpatial Tries(}
End I
If compactAllowed = True
buildCompactFits()
End If
If AnyAllowed = True
buildFreeMeshes()
End If
If Spatial Allowed = True or CompactAllowed = True
InitScan()
End If
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20 In particular embodiments, setTorusFor3D encompasses the following
example logic: max =-1 maxNdx = -1 25 Fori=0to2 Forj=i+lto2
NumMapDiminsions = 2 mapDiminsions[O] = (i+j) mod 3

winapigimssagions|l] = (i+j+1) mod 3 30 mapMod[0] = factor[0] poapNkecsib =500
factor[1] setTestPartSize(testPartSize) pSizes|i +j - 1, 2] = testPartSize[2]
pSizes[i +] - 1, 1 ]| = testPartSize[ | ] 35 pSizes]i 4] - 1, 0] = testPartSize[0]
pSizes[i + - 1, 3] = cnt2DTries(testPgrtSize, RequestedSize) If (pSizes|i
+j- 1,3] > max) max = pSizes|[i +j - 1, 3] maxNdx=i+j-1 40 End If End For
End For Fori=0to2 NumMapDiminsions =1 45 mapDiminsions[0] =
marMeaio] = NodesperGrid; WO 2006/055028 PCT/US2005/012500 46
setTestP artSize(testP artSize) pSizes[i+3, 2] = testPartSize[2]

pSiz@%ﬁm&uldmmmmﬁim[&rqa&zeﬂmﬂanmmstﬂmai zwfajhBbased torus to
3 cnt2 |es tes tPartSize, R dsize If nSizes(i+3][3]
a ni(f?n%a g}-u ]6<§| rﬁjl ai )ﬁ{}%g(m_pagﬁesétﬁg ??Sltl%mng exgﬁﬁfgfﬁ%{c.
Rank(RequestedSize, jRank)
NumDim =0
dNdx = 0
Fori=0to2
If RequestedSize[i] > 1)
twoD[NumDim] = {
NumDim = NumDim - 1
Else
oneD{dNdx] =1
dNdx = dNdx + 1
End If
End For
If NumDim =1
Return setTorusForlD()
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:

NumMapDiminsions = 2
mapDiminsions[0] = jRank[2]
mapDiminsions{1] = fRank[1]
mapMod[0] = factor[0]
mapModf1] = factor{0]
Fori=0to3
ntSize[i] = TorusSize[TorusMap{{]]
End For
Fori=0to3
TorusSize[/] = ntSize[i]
End For
Fori=0to0o3
RequestedSize[i] = OriginalSize[jRank[/]]
JobMap[jRank{i]] =i
End For
Retum True
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10 End For If max < 0 If CompactAllowed = True SpatialAllowed = False
Return setTorusForCompaet() 15 Else return False End If Else
Fori=0to2 20 ntSize[i] = TorusSize[TorusMap]i]] End For Fori=0to2
woasBizetl] = ntSize[i] End For 25 If maxNdx < 3 NumModre12us0680) =00
(maxNdx+l)mod 3 mod][l] = (maxNdx+2) mod 3 NumMapDiminsions = 2
30 mapDiminsions[0] = (maxNdx+1) mod 3 mapDiminsions [11 =
(maxNdx+2) mod 3 mapMod[0] = fagtpr[0] mapMod[l] = factorfl]
RequestedSize(mapDiminsions[0]] = OriginalSize[iRank[1]1 35
RequestedSize(mapDiminsions[l]] = OriginalSize[jRank[2]]
RequestedSize[3 - mapDiminsions[0] - mapDiminsions[ 1 ]] _

ong zellzaniiol v|ap{IRankt P mapp R kwinaiansk torus to a node-
bas]é%}lﬂ}%ﬁg’mk([ %f‘%aBDiminsions[l] 40 JobMap[/Rank[0]] = 3 -
mapDi %

minsions[O] - nrapDiminsions|l] Else NumMod =1 mod[0] = 2 -

e S oG
- 0L 1ML, 1213 — {2 %1103, T{1], 2 < T12]}

3. {110}, 711}, 7121} — {2 x 1701, 2 x 11], 7121}

4. {T10], 7(1}, 721} — {710], 7111, 4 x I12])

5. {710}, T, T121} — {710], 4 = 111], 7121}

6. {I101, 7111, T(2]} — {4 x 1M0), 7111, 7121}
T'is TorusSize. The first three configurations result from scheduler 515 configuring nodes

3]

115 per switch 166 as 2x2 nodes 115. The last three configurations result from
scheduler 515 configuring nodes 115 per switch 166 as 1x1 nodes 115. In particular
embodiments, setTorusFor2D counts Try structures that scheduler 515 would generate for
each map and selects a map that would generate a greatest number of Try structures. In
the event of a tie, setTorusFor2D selects a map according to the above order. Scheduler
515 constructs pSize[6,4] to include:

pSizesi, 0] = size of the partition in the x dimension for configuration 7.

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

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

In particular embodiments, setTorusFor2D encompasses the following example

logic:
max = -1
maxNdx = -]
Fori=0to 2

Forj=i+lto3
NumMapDiminsions = 2
mapDiminsions[0] = (i+7) mod 3
mapDiminsions{1] = (i+j+1) mod 3
mapMod[0] = factor]0]
mapModf1] = factor{1]
setTestPartSize(testPartSize)
pSizes[i + j —1, 2] = testPartSize[2]
pSizesfi + j 1, 1] = testPartSize[1]
pSizes[i + j ~1, 0] = testPartSize[0]
pSizes{i +j ~1][3] = ent2DTries(testPartSize, RequestedSize)
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WO 2006/055028 PCT/US2005/012500 47 i=1Else i=2 End If 5
RequestedSize[mapD minsions[0]] = OriginalSize[jRank[2]]
RequestedSize][i] = OriginalSize[jRank[1]] requestedSize[3 -

wnapisiosinggons[O] - i] = originalSize[/Rank[0]]; JobMap[jRap&iZiisz00s/012500

mapDiminsions[O] JobMap[jRank[1]] =i 10 JobMap[iRank[0]] = 3 -
mapDiminsions[0] - i End If End If Return. True 15 In particular
embodiments, setTorusForCompactgyvhich sets a z dimension of a
compact request to a 4 x | configuration, encompasses the following
example logic: Fori=0to3 ntSize[i] = TorusSize[tMap][i]] End For 20
Fori=0tafpSiecss Size[i|BntSize{i] End For NumMapDiminsions = |
mapDiminsiensfSizesg5rmapNed[0] = NodesperGrid Return True In
particular enstsdEinvehts; setTorusForAny, which sets a z dimension of an
any redingsito a 4 x 1 configuration, encompasses the following example
logiditB0HeDri=0to3 ntSize[i] = TorusSize[tMap]i]] End For Fori=0to3
TouhESize[i] = ntSize[i] 35 End For NumMapDiminsions = |
rhahDTHiksions[0] = 2 mapMod[0] = NodesperGrid
NumMapDiminsions = 1
mapDiminsions[0] =2 —{
mapMod{0} = NodesperGrid
setTestPartSize(testPartSize)
pSizes[i+3, 2] = testspSize[2]
pSizes[i+3, 1] = testspSize[1]
pSizesfi+3, 0] = testspSize[0]
pSizes[i+3][3] = cri2DTries(testPartSize, RequestedSize)
if pSizes[i+3][3] > max
max = pSizes{i+31{3]
maxNdx = {+3
End If
End For
Ifmax <0
if CompactAliowed = True
SpatialAllowed = False
Return setTorusForCompact()
Else '
return False
EndIf
Else
Fori=01t02
ntSize{7] = TorusSize[TorusMap[]]
End For
Fori=0to2
TorusSize[i] = 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[/Rank{1]]
RequestedSize{mapDiminsions[1]] = OriginalSize[/Rank[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]



10

15

20

30

35

40

45

Return True 40 In particular embodiments, setPartition encompasses the
following example logic: Fori =0 to TorusSize[0] - 1 Forj=0to
TorusSize[ 1] - 1 For k = 0 to TorusSize[2] - 1 WO 2006/055028

WoQHb/52635/012500 48 NodelnUseli,j,k] = NODE-IN-USE sEnar$00danskos

For End For 5 Fori=0to2 PartStart[i] = TorusSize[i] PartEnd[i] =0 End
For For i = 0 to NumFreeNodes - 1 10 To[0] =
FreeNodes]i].coordinate[TorusMap[O})s To[1] =
FreeNodes]i].coordinate[TorusMap[1]] To[2] =
FreeNodes]i].coordinate[TorusMap|[2]] If NumMapDimensions = |
To[MEpPimension[0]] = To[MapDimension[0]] x MapMod[0] + 15
FreeNodasfilMedordinate[3] Else To[MapDimension[0]] =

To[Map BimédsdinfthsiddepMod[0] + FreeNodes]i].coordinate[3] /
MapModidpDioiMapBit)enSionftiaNdaMapBimension[1]] x MapMod[1] +
20 FreeMepldofij ¢boidadatefdlmdd MapMod([l] End If NodelnUse[To[0]],
To[1], THmepNoDENf- N USE Forj=0to2 IfTo[j] <PartStart[j] 25
PartStart]j] = To[/] End If IfTo[j] <PartStart[j7 PartStart]j] = To[j] End If 30
End For=is¢

j e
End If
RequestedSize[mapDiminsions{0]] = OriginalSize[jRank{2]]
RequestedSize{i] = OriginaiSize[jRank[1]]
RequestedSize[3 — mapDiminsions[0] - i] = OriginalSize[/Rank[0]]
JobMap[jRank[2]] = mapDiminsions[0]
JobMap[jRank[1]j =1
JobMap[/Rank[0]] = 3 — mapDiminsions[0] -
End If
End If
Return Troe

In particular embodiments, setTorusFor3D encompasses the following example

logic:
max = -]
maxNdx =~}
Fori=0to2

Forj=i+1t02
NumMapDiminsions = 2
mapDiminsions{0] = (i-+7) mod 3
mapDiminsions{1] = (i-+/+1) mod 3
mapMod[0] = factor{(]
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 = {

mapDiminsions[0] = 2 - i

mapMod[0] = NodesperGrid;
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End For Fori=0to2 If PartStart[i] = 0 and PartEnd[i] = TorusSize[i] - |
PartWrapsJi] = True 35 Else PartWraps][i] = False End If PartSize[ij= -
PartEnd[i] - PartStart[i] + 1 End For 40 In particular embodiments,
WwioitBeaessweRich constructs FreeY and FreeX, encompassespihedel@aingsoo
example logic: For i = 0 to TorusSize[O] - 1 For k = 0 to TorusSize[2]- 1
45 Count = 0 For j = TorusSize[i] - 1 to 0 by -1 WO 2006/055028
PCT/US2005/012500 49 If NodelnUggl[ij,k] = NODE-NOT-IN-USE Count
= Count + | End If FreeY]i,j,k] = Count 5 End For End For End For For j =
0 to TorusSize[l] -1 For k = 0 to TorusStSize[2]-1 10 Count=0 Fori =
TorusSlee{Piridte=QdopadidpdelnUseli,j,k] = NODE-NOT-IN-USE Count
= Copfites[IHBn2] K fstFaasxk{pk] = Count End For End For End For 20 In
partipliaesprhhddimestRadsitdSpatial Tries, which determines a Number of

dimensiselk 13, dfedestBerSnngiipasses the following example logic:
pSizes[i+3], 3] = ent2DTries(testPartSize, RequestedSize

If pSizes[i+31{3] > max
max = pSizes[i+3, 3]
maxNdx = i+3

End If

End For
fmax <0

If CompactAllowed = True
Spatial Allowed = False
Return setTorusForCompact()
Else
return False
End If
Else
Fori=0to2
ntSizel7] = TorusSize[ TorusMap{i]]
End For
Fori=0to2
TorusSizef{] = ntSize[i]
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[jRank]{1]]
RequestedSize{mapDiminsions[1]] = OriginalSize[jRank{2]]
RequestedSize{3 — mapDiminsions[0] — mapDiminsions[1]] =
OriginalSize[/Rank{0]]
JobMap[jRank[1]] = mapDiminsions[0]
JobMap[/Rank{2]] = mapDiminsions[1]
. JobMap{jRank[0]] = 3 — mapDiminsions[0] - mapDiminsions{1]
se
NumMod =1
mod{0] = 2 — (maxNdx — 3)
NumMapDiminsions = 1
mapDiminsions[0] = (§ — maxNdx) mod 3
mapMod[0] = NodesperGrid
I mapDiminsions{0] = 2
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NumDim =0 Fori=0to2 If RequestedSize[i] > 1) 25 NumDim = NumDim +
1 End If End For If NumDim =1 buildIDTryQ 30 Else If NumDim = 2
build2DTry() Else for i=0to2 Try.baseSize[i] RequestedSize[i] 35 End For
whryehtursgeoncats = 0 Try.NumFoldMaps = 0 NumberOffriegerflis2005/012500

build3Dtry(Try, NumberOfl'ries) 40 End If In particular embodiments,
build3Dtry, which builds TryList for a three dimensional request and
builds Try structures for each fold in g;one dimensional request or a two
dimensional request, encompasses the following example logic: WO
2006/055028 PCT/US2005/012500 50 setOrient(Try, NumOrient, orient)
if NumOrientx 0 For (i = 0 to NumOrient - 1 ++NumTries; 5 Forj=0to2
TryList[EE&ImberOfTries].baseSize[j] = Try.baseSize[orient[i, j]] End For
TryList[INTumBerOftries].NumConcats = Try.NumConcats; Forj=0to
TryList[RediberOfTries].NumConcats -1 10 Fork=0to2
TryList[RenesedspabsapdivaSizefj0l i F=CkiyisdScaiFReafiatient]i, K][;
TryList[Rednpdedsiizdd] T ohigiestSimplRieB{ K] _ Try.concatStartNodel[j,
orient[i’rpz%\gested&zeﬁ — mapDiminsions{0] — {] = originalSize[jRank[01];

JobMap[jRank{2]} = mapDiminsions[0]

JobMap[jRank[1]] =i

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

End If
End If
Retum True

In particular embodiments, setTorusForCompact, which sets a z dimension of a

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

Fori=0to 3

ntSize(7] = TorusSize[tMap[7]]
End For
Fori=0to3

TorusSize[1] = ntSizef]
End For
NumMapDiminsions = |
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=0103

ntSize[] = TorusSize[tMap{{1]
End For
Fori=0to3

TorusSize[] = ntSize{7]
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
Forj =0 to TorusSize[1] -1
For £=0 to TorusSize[2] - 1
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15 End For End For TryListfNumberOfTries].NumFoldMaps =
Try.NumFoldMaps; For j= 0 to TryListifNumberOffries]. NumFoldMaps
TryListfNumberOfTries].foldLength[j] = Try.foldLengthlj] 20

wO'ybdsiidpmberOfTries].foldFrom[j] = Try.foldFrom[j] PCT/US2005/012500

TryListfNumberOffries].foldTo[jj = Try.foldTo][j]
TryList[NumberOflries].foldFix[j] = Try.foldFix[j] End For For k =0 to 2 25
TryList[NumberOffries].rMap[k] = origgt[i, k]
TryListfNumberOfTries].irMap[orient[i, k]] End For NumberOfTries =
NumberOffries + 1 30 In particular embodiments, setOrient, which
calculates sibdiernbBERf KnioNeetatiorssNumOrient, for a Try structure
and an mdiges map for each rotation, encompasses the following
exarBpERagic: NumOrient = 0; If try.NumberOfConcatanations > 0 35
FeaxiEBee?2 size[i] = try.baseSize[i]; For j = 0 to try.NumConcats -1 If
tiyocordatSEartNodelj, i] > size[i] size[i] = Try.concatStartNode]j, i] +
Try.Seribtadideti TdrudBi£elsk If Try.concatStartNodelj, i] < 0 size[i] = sizeli]
-try. RoidedBlartNode[/, i] End If End For End For 45 If size[0] <
Fardier[0] and size[1] <_ PartSize[l] andsize[2] <- PartSize[2] WO
5560550 28 pERAYdE05/012500 51 orient{NumOrient, 0] = 0
orieripMlliBreehedes(d . sosdinatplilenoMentoill = 2 NumOrient =
NumiOkert Erie%’é‘?ﬁél‘:lfﬂ‘%f%éf@ﬁ[@%&EF] and size[2] <_ PartSizel[l]
and%ﬁﬁé@%ﬁs‘{ﬂ.coordmate[T‘ErusMap{Q]

apDimernsions = 1
To[MapDimension[0]] = To[MapDimension[0]] x MapMod[0] +
FreeNodes[7].coordinate{3]
Else _
To[MapDimension[0]] = To[MapDimension{0]] x MapMod[0] +
FreeNodes{i].coordinate{3] / MapMod[1]
TofMapDimension[1]} = To[MapDimension[1]] x MapMod[1] +
FreeNodes[i].coordinate[3] mod MapMod[1]
End If
NodeInUse[To{0]], To[1], To{2]} = NODE_NOT_IN_USE
Forj=0to2
If To[f] < PartStart[f]
PartStart]j] = To[/]
End If
If To[7] < PartStart[f]
PartStartlj] = To[j]
End If
End For
End For
Fori=0102
If PartStart]7] = 0 and PartEnd[7] = TorusSize[i] — 1
PartWraps[i] = True
Else
PartWraps{i] = Faise
End If
PartSize[7] = 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
For j = TorusSize[1] - 1 to 0 by -1
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orientfNumOrient, 0] = 0 orientfNumOrient, I] = 2 orientfNumOrient, 2] = 1
10 NumOrient = NumOrient + | End If Ifsize[l] <_ PartSize[0] and size[0]
PartSize[1] andsize[2] < PartSize[2] orientfNumOrient, 0] =1
worpse[dsenOrient, 1] = 0 15 orient[NumOrient, 2] = 2 NumQOramyS2005/612500
NumOrient + 1 End If If size[1] <_ PartSize[0] and size[2] < PartSize[1]
andsize[0] < PartSize[2] orientfNumOrient, 0] = 1 20 orient[NuinOrient, 1]
= 2 orientfNumOrient, 2] = 0 NumQident = NumOrient + | End If If size[2]
<_PartSize[O] and size[0] < PartSize[1] andsize[l] < PartSize[2] 25
orientfNumOrient, 0] = 2 orientfNumOrient, 1] = 0 orientfNumOrient, 2] =1
NumOrientfNdehOldelii £ £ FODE 30T siXe[UPE PartSize[0] and size[1]
<_ PartSize[1famefsizef@psPartSize[2] orientfNumOrient, 0] = 2
orient{Nurd@didht, 11 = 1 orientfNumOrient, 2] =0 NumOrient =
NumOrientreeY &/ i puise If Try.baseSize[0] = Try.baseSize][l] If
try.basgg‘ilz%‘f@] = try.baseSize[2] If Try.baseSize[0] < PartSize[0] and
Try &ize[1] < PartSize[1] and Try.baseSize[2] 5 PartSize[2] 40

E
At rienf, 0] = 0_orient{NumOirient, 1] =1 orientfNumOrient, 2] = 2
@@%ﬁ@ﬂ% Tt Frd i
or £= 0 to TorusStSize[2]-

Count=0

For i = TorusSize[0]— 1 to 0 by -1
If NodeInUsefij.A] = NODE NOT IN USE

Count = Count + 1

End If
FreeX{ij k] = Count

End For

End For
End For

In particolar embodiments, buildSpatialTries, which determines a Number of
dimensions in a request, encompasses the following example logic:
NumDim = 0
Fori=0t02
If RequestedSize[i] > 1)
NumDim = NumDim + 1
. End If
End For
If NumDim = |
build1DTry(}
Else If NumDim = 2
build2DTry()
Else
fori=0102 &
Try.baseSize[/] RequestedSize[/]
End For
Try. NumConcats = 0
Try.NumFoldMaps = 0
NumberQOfTries = 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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45 Else If Try.baseSize[0] < PartSize[0] and Try.baseSize[l] <_ PartSize[1]
and Try.baseSize[2] < PartSize[2] WO 2006/055028
PCTIUS2005/012500 52 orientfNumOrient, 0] = 0 orient{NumOrient, 1] =
wb mi@mbbsmOrient, 2] = 2 NumOrient = NumOrient + 1 5 Enghdtibes/eizsoo
Try.baseSize[0] < PartSize[0] and Try.baseSize[2] 5 PartSize[l] and
Try.baseSize[1] <_ PartSize[2] orient[NumOrient, 0] =0
orient[NumOrient, 1] = 2 10 orient[Ny¢mOrient, 2] = 1 NumOrient =
NumOrient + | End If If Try.baseSize[2] < PartSize[0] and Try.baseSize[0]
PartSize[1] and Try.baseSize[1] < PartSize[2] 15 orient[NumOrient, 0] = 2
Qe ENHMQiaphCrikm Cor@signt(NumOrient, 2] = 1 NumOrient =
Nus@enkt>10 End If 20 End if Else if Try.baseSize[0] = Try.baseSize[2]
If Trydpgse SimellCPreSize[0] and Try.baseSize[l] PartSize[1] and
Try.baseSige[PtissPartSize[2] orient[NuinOrient, 0] = 0 25
orient[NMamGrieiet21] = | orientfNumOrient, 2] = 2 NumOrient =
NuinOrienTsyLig&duil<Tof Dasd Simefitel/ PadsidefePiaslonepthiadd Size[1]
Part5izEf#] Bovd 30 Try.baseSize[1] < PartSize[2] orient[NulnOrient, 0] =0
orient[ NGt enbpeOfToeE Al reosist, PyyNumConcats;
For j = 0 to TryList{NumberOfTries] NumConcats — 1
Fork=0to2
TryList[NumberOfTries.concatSize[/, k] = Try.concatSize[/,orient(7,
k1l
TryListfNumberOfTries).concatStartNode[/, k] =
Try.concatStartNode[f, orient[#, £]];
End For
End For

TryList{NumberOfTries].NumFoldMaps = Try. NumFoldMaps;

For j = 0 to TryList{NumberOfTries]. NumFoldMaps
TryList{NumberOQfTries].foldLength[/} = Try.foldLength[j]
TryList{NumberOfTries].foldFrom[;] = Try.foldFrom[/]
TryList{NumberOfTries].foldTol[;] = Try.foldTo[/]
TryListiNumberOfTries].foldFix[/] = Try.foldFix{/]

End For

Fork=0102
TryList{NumberOfTries].rMap[k] = orient[i, £]
TryListftNumberOfTries].irMap{orient[7, £]] = ;

End For

NumberOfTries = NumberOfTries + 1

In particular embodiments, setOrieni, 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.concatStariNodely, i] = size[i]
size[7] = Try.concatStartNodelj, 7] + Try.concatSize[j, i];
Else If Try.concatStartNode[/, i] <0
size[i] = size[{] — try.concatStartNodelj, 7]
End If
End For
End For
If size[0] < PartSize[0] and size[1] < PartSize[1] andsize[2] £ PartSize[2]
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NumOrient = NumOrient + |1 35 End If If Try.baseSize[1] < Partsize[0] and
Try.baseSize[0] < PartSize[1] and Try.baseSize[2] <_ PartSize[2]
orientfNumOrient, 0] = 1 orientfNumOrient, 1] = 0 40 orientfNumOrient, 2]

WO 2004054@8ient = NumOrient + 1 End If Else TfTry.baseSize{¥}y&$2005/012500

Try?baseSize[2]) If Try.baseSize[0] < PartSize[0] and Try.baseSize[l] S
PartSize[1] and 45 Try.baseSize[2] < PartSize[2] orient[NumOrient, 0] =
0 orient[NumOrient, 1] = | WO 2006/§55028 PCT/US2005/012500 53
orientfNumOrient, 2] = 2 NumOrient = NumOrient+ | End If
IfTry.baseSize[1] <_ PartSize[0] and Try.baseSize[0] 5 PartSize[1] and 5
Try.baseSERIB RS ] orientNumOrient, 0] = | orient{NumOrient, 1]
=0 oriengMwOMent2] B2 NumOrient = NumOrient + 1 10 End If If
Try.baseSpiliPaPaasiiéoPand Try.baseSize[2] 5 Partsize[1] and
Try.basSSBRIFISPEMSBER! ‘ofientfNumOrient, 0] = 1 orient[NumOrient,
1] =BndiE orlent[NumOrlent 2] =0 NumOQrient = NumQOrient + | End If
Elsé? A b %?k%%ﬁa(ﬁ RaiStas bhadsizelit] < hgﬁmm]
and 203*“‘3“?53 FZE‘EE] I9artS|ze[2] orient{NumOrient, 0] =

orlent[l\(')&enfﬂumonent ];] =1

NumOrient = NumOrient + 1
End If
If size[1] < PartSize[0] and size[0] < PartSize[1] andsize[2] < PartSize{2]
orient NumOrient, 0] = 1
orientfNumOrient, 1]= 0
orient{NumOrient, 2} = 2
NumOrient = NumOrient + 1
End If
If size[1] < PartSize[0] and size[2] < PartSize[1] andsize[0] < Parthze[Z]
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] < PartSizel1] andsize[1] < PartSizef2]
orient{NumOrient, 0] = 2
orient[NumOrient, 1] =0
orientfNumOrient, 2] = 1
NumOrient = NumOrient + 1
End If
If size[2] < PartSize[0] and size[1] < PariSize[1] andsize[0] < PartSize{2]
orient{NumOrient, 0] =2
orient{NumOrient, 1] = 1
orient{NumOrient, 2] = 0
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, 17 =1
orient{NumOrient, 2] =2
NumOrient = NumQrient + 1
End If
Else
If Try.baseSize[0] < PariSize[0] and Try.baseSize{1] < PartSizef1] and
Try.baseSize[2] < PartSize][2]




orientfNumOrient, 2] =2 NumOrient = NumOrient + 1 25 End If If
Try.baseSize[0] <_ PartSize[0] and Try.baseSize[2] 5 PartSize[1] and
Try.baseSize[1] <_ PartSize[2] orient[NumOrient, 0] =
warmetismOrient, 1] = 2 30 orient[NumOrient, 2] = 1 NumQ@ugernisz005/012500
NunOrient + 1 End If If Try.baseSize[1] 5 PartSize[0] and Try.basesize[0]
< PartSize[l] and Try.baseSize[2] 5 PartSize[2] 35 orient{NumOrient, 0] =
1 orient[NumOrient, 1] = 0 orient[NymOrient, 2] =2 NumOrient =
NumOrient + 1 End If 40 If Try.baseSize[1] 5 PartSize[0] and
Try.baseSize[2] 5 PartSize[1] and Try.baseSize[2] 5 PartSize[0]
orient[Num@ieti8hSrientiéhhumOrient, 1] = 2 orientfNumOrient, 2] =
45 NumOriwgirnt Nami®itshtH ¢ 1End If WO 2006/055028
PCT/US200%78t Do) dents Ay baseSize[2] 5 PartSize[0] and
Try.baseSHeps)seprSuiiend Try.baseSize[2] <- PartSize[l]
onent[l\ﬁ%@fment 01 = 2 orient[NumOrient, 11 = 0 5 orient{NumOrient, 2]
=1 NurHGReRseKashtbaPariSTethand FrrraseSizsizb e PertSisetiz afo]
and Try. baseSuz@ﬁl] Pa?f?i’éﬁ?%ﬁ%m'@ batdiepld]2] < PartSize[0] 10

orient[NunfSHe Gy th umOrient, 1] =1 orientfNumOrient, 2] = 0
ent O1'1c~mt 1=

orient{NumOrient, 2] = 1
NumOrient = NumOrient + ]
EndIf
If Try.baseSize{2] < PartSize[0] and Try.baseSize[0] < PartSize[1] and
Try.baseSize[1] < PartSize[2]
orient{ NumOrient, 0] =2
orient{NumQrient, 1] =0
orient{NumOrient, 2] = 1
NumOrient = NumOrient + 1
End If
End if
Else if Try.baseSize{0] = Try.baseSize[2]
I 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
otientfNumOrient, 2] =
NumOrient = NumOrient + 1
End If
If Try.baseSize[0] < PartSize[0] and Try.baseSize[1] < PartSizef2] 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[(] and Try.baseSize[0] < PartSize[1] and
Tty baseSize[2] < PartSize[2]
orientfNumOrient, 0] = 1
orientfNumOrient, 11 =0
orient[NumOrient, 2] =2
NumOrient = NumOrient + 1
End If
Else Tf Try.baseSize[1] = Try2>baseSize[2])
If Try.baseSize[0] < PartSize{0] and Try.baseSize[1] < PartSize[1]} and
Try.baseSize[2] < PartSizef2]
orient{NumOrient, 0] =0
orient{ NumOrient, 1] =1
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wBaltlleress02® For i = 0 to NutFolds -1 dl =

Nu tnOrient = NumOrient + | End If 15 End If In particular embodiments,
build2Dtry encompasses the following example logic: Rank(PartSize,
pRank) build2DFold(PartSize, pRank, RequestedSize, NumFolds,

RequestedSize[FoldList[i].fixDimension] + FoldList[i].foldLengtht +
FoldList[i].NumFolds If FoldList[i].remainder not equal 0 dl =dl + 1 25
End If Forj =i+ 1to NumFolds -1 D&%
RequestedSize[FoldList[j].fixDimension] + FoldList[j].foldLengtht +
FoldList[j].NumFolds If FoldList[j].remainder not equal 0 30 D2=d2+1 End
If If d2<ettigréiNpRshient-dldt &st[j] FoldList[j] = FoldList[i] 35 FoldList[i] =
tmpFoldNareaEnumeridEorl End For 40 NumberOfrries = 0 Fori =0
to NBAHbIds - 1 try.baseSize[FoldList[i].fixDimension] =
Reqtestebaptpebitis StarthiaMamsidny- tayeSize(0] < PartSize[1] and
aseSize[EoIdList[i&jgld ersritizel Ebfe PatiBizeitiLength
try.bas@SBEINBRPEALdeDImension] = FoldList[i]. NumFolds 45 If

St Hotldqull 0 try.NumConcats =1 WO 2006/055028

PCT/U S0T28H6° 55! T FoldList[il.NumFolds is odd Try.
con ;:;[ 882’7[0", ?ﬁﬁﬁ&ldDimension] _ FoldList[i].foldLength -
POkl QMBI < PartSize[0] and Try baseSize[2] < PartSize[1] and

Try.baseSize[0] < PartSize[2]
orient{NumOrient, 0= 1
orient{NumOQOrient, 1]= 2
orient{NumOrient, 2] = 0
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, 01 = 0
orient(NumOrient, 1] =1
orient{NumOrient, 2] = 2
NumOrient = NumOrient + 1
End If A
If Try baseSize[0] < PartSize[0] and Try.baseSize[2] < PartSize1] and
Try.baseSize[l] < PartSize[2]
orient{NumOrient, 0] =0
orient{NumOrient, 1] = 2
orientNumOrient, 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, 171 =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[ ()
orient{NumOrient, 0] = 1
orient{NumOrient, 1] =2
orient[NumOrient, 2] =0
NumOrient = NumOrient -+ 1
End If

PCT/US2005/612500
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Else 5 Try.concatStartNode[0, FoldList[i]. foldDimension] =0 End If
try.concatStartNode[O,FoldList[i]. fixDimension] = 0
try.concatStartNode[O,FoldList[i]. oneDimension] = FoldList[i]. NumFolds

wity20@neatzize[0,FoldList[i]. fixDimension] = try.baseSize[Folizatilodsh 12500

fixDimension] try.concatSize[0, FoldList[i]. foldDimension] = FoldList][i].
remainder try.concatSize[O,FoldList[i]. oneDimension] = 1 Else
try.NumConcats = 0 15 End If try.NypFoldMaps = 1 try.foldLength[0] =
FoldList[i].foldLength try.foldFrom[O] = FoldList[i].foldDimension
try.foldTo[0] = FoldList[i]. oneDimension 20 try.foldFix[0] =
FoldifisifablisdSimgrpiorRuildph Ty buseshas@f i) 5 Fomin
particular embodiments, Wifldziafeid] ayRichehgilslg 3!l possible folds of a
two 25atiemetfiémonddismesH,-encompasses the following example logic: j=0
oneD =ofiekDRumfozdf,diye[f] = 1 and oneD =-1 30 oneD =i Else
twoD[j] erdeftipramBrgdf, 35-Ehd For If size[twoD[1]] >_ size[twoD[0]] bigD
= twngPngé@eﬁtmﬁmmrEMéAO bigD = twoD[O] littleD = twoD[1] End
If =n
If Try.baseSize{2] < PartSize[0] and Try.baseSize[1] < PartSize{1] and
Try.baseSize[2] < PartSize[0]

orientfNumOrient, 0] = 2

orient{NumOrient, 1]= 1

orient{NumOrient, 2] = 0

NumOrient = NumOrient -+ 1

End If

End If

In particular embodiments, build2Dtry encompasses the following example logic:

Rank(PartSize, pRank)
build?DFold(PartSize, pRank, RequestedSize, NumFolds, FoldList)
For i = 0 io NumFolds - 1
dl = RequestedSize[FoldList[i].fixDimension] + FoldList[¢].foldLengtht +

FoldList[{].NumFolds
If FoldList[{].remainder not equal 0
dl=4d1+1
End If '

Forj=i+1 to NumFolds -1
D2 = RequestedSize[FoldList[/].fixDimension] + FoldList[j].foldLengtht +
FoldList]/]. NumFolds
If FoldList[;].remainder not equal ¢
D2=d2+1
End If
ifdaz<dl
TempFold = FoldList{;]
FoldListff] = FoldList[7]
FoldList{7] = tempFold
di=d2
End If
End For
End For
NumberOfTries =0
For i =0 to NumFolds - 1
try.baseSize[FoldList[{].fixDimension] = RequestedSize[FoldList[i].fixDimensjon]
try.baseSize[FoldList[].foldDimension = FoldList]i].foldLength
try.baseSize[ FoldList[i].oneDimension] = FoldList[{] NumFolds
If FoldList{i].remainder not equal 0
ry. NumConcats = 1
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startFoldB = sqrt(size[bigD]) If startFoldB x startFoldB not equal size[bigD]
or startFoldB = 1 45 StartFoldB = startFoldB + 1 End If WO 2006/055028
PCT/US2005/012500 56 endFoldB = size[bigD] 12 startFoidL =
wspe(siasfiitsie D)) If startFoldL x startFoldL not equal size[littleDF/o82005/012500
startFoldL = | StartFoldL = startFoldL + 1 5 if size[bigD] not equal
size[littleD] endFoldL= size][littleD] / 2 else endFoldL =1 End If 10
NumFolds = 1 If endFoldB ? startFojgB NumFolds= NumFolds
+(endFoldB - startFoldB+l) End If If endFoldL > _ startFoldL 15
NumFolds= NumFolds +(endFoldL - startFoldL+1) End If foldindex = 0O;
FoldLigﬁ@ﬁmgq@mjﬁﬂWkgﬂa&e[littleD] FoldList[foldIndex].NumFolds
= 1 20 Folpyistfelttdaxjodmainsdel sth]. FoldDistfaitinpex].foldD = littleD
FoldList[foldIndex].fixD Eohig Bt FdtddistpigloBebd onk Dremeing®er 25 An

array, Eleenstructed according to the example logic below, is a mesh size
of a resultingcbrgatStddofef G Foldddeids @RRnkeosivnlanBrray, tRank.
t[littleD=ddize[bigD] t[bigD] = FoldList[foldIndex].foldLength t[oneD] =

FoldLIstifoleioaiSsiaridiade QIEQIM%@QW ot =alse Forit=0 (92
while Hif=c@Exlad® ﬁ;@l[:ﬂ pidlEt b R 1 = FoldList[{].NumFolds
try.concatSize] 0,FoldList[i]. ﬁxDlmensmn} baseSize[FoldList[Z].
fixDimension]

try.concatSize[0, FoldList[i]. foldDimension] = FoldList[7]. remainder
try.concatSize[0,FoldList]]. oneDimension] = 1
Else
try. NumConcats = 0
End If
try.NumFoldMaps = 1
try.foldLength[0] = FoldList{7].foldLength
try.foldFrom[0] = FoldList[:].foldDimension
try.foldTo[0] = FoldList[{]. 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[11] 2 sizeftwoD[0]]
bigD = twoD{1]
littleD = twoD[0]
Else
bigD = twoD[0]
littleD = twoD{1]
End If
startFoldB = sqrt(size{bigD]}
If stariFoldB x startFoldB not equal size[bigD] or startFoldB = 1
StartFoldB = startFoldB + 1
End If
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hit = True 35 End If If hit = False foldindex = foldlndex + | End If For i =
startFoldB to endFoldB 40 FoldList[foldIndex].foldLength = i
FoldList[foldIndex].NunFolds = size[bigD] /i FoldList[foldIndex].remainder

wo sinellighd mod i FOIldList[foldIndex].foldD = bigD PCT/US2005/012500

FoldList[foldIndex].fixD = littleD 45 FoldList[foldIndex].oneD = oneD
t[littleD] = size[littleD] WO 2006/055025 PCTIUS2005/012500 57 t[bigD] =
FoldList[foldIndex].foldLength If (Folgl ist[foldIndex].remainder not equal 0
tfoneD] = FoldList[foldIndex].NumFolds + 1 Else 5 tjoneD] =
FoldList[foldIndex].NumFolds End If Rank(t, tRank) hit = False Foril =0
i @wilehitsbaleg 40 If titRank(il ]] > PartSize[pRank(i 1]] hit = True
Engdfi&nd ﬁ@{(&%@ﬁﬂ%@ﬁe 15 foldindex = foldindex + | End If End For
trQdrrstart Foltho ROt letuaF sited int[éniindeagfoldLentth = i 20
Foldkigtffaltindexldiotait-elts = size[littleD] 1 i
Halgbjsipiciotiex)alenzajiideDs size[littleD] mod |
FOlelidBt{fdldinsiexiifidielD) ~2ittleD FoldList[foldindex].fixD = bigD
else

endFoldL =1
End If
NumFolds =1
If endFoldB = startFoldB

NumFolds= NumFolds +(endFoldB - startFoldB+1})
End If
If endFoldL = stariFoldL

NumFolds= NumFolds +(endFoldL — startFoldZ+1)
End I
foldindex = 0;
FoldList[foldIndex].foldLength =size[littleD]
FoldList[foldIndex].NumFolds = 1
FoldListffoldIndex] .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, Rank.

HlittleD] = size[bigD]
bigD] = FoldList[foldIndex].foldLength
t{oneD] = FoldList[foldIndex] NumFolds
rank(?, fRank)
hit = False
For i1 = 0 to 2 while hit = False
If {{/Rank[71] > PartSize[pRank{i1]]
hit = True
End If
If hit = False
foldIndex = foldIndex + 1
End If

" For i = startFoldB to endFoldB

FoldList[foldIndex].foldLength = I
FoldList[foldIndex].NumFolds = size[bigD] /i
FoldList[foldIndex].remainder = size[bigD] mod i
FoldList[foldIndex].foldD = bigD
FoldList[foldIndex].fixD = littleD
FoldList[foldIndex].oneD = oneD

tlittleD] = sizeflittleD]
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FoldList[foldIndex].oneD = oneD 25 t[bigD] = size[bigD] t[littleD] =
FoldList[foldIndex].foldLength If FoldList[foldIndex].remainder not equal O
tfoneD] = FoldList[foldIndex].NumFolds + 1 Else 30 tjoneD] =
wicotoldsiielelindex].NurnFolds End If Rank(t, tRank) hit = Falseifesdokei oo
to 2 while hit = False 35 If t[tRank([ill] > PartSize[pRank[i1]] hit = True End
If End For If hit = False 40 Foldindex = foldindex + 1 End If End For In
particular embodiments, buildITry geggrates a list of folds of a one
dimensional 45 request and, for each fold, calls build2DFold to generate
a list of one or more additional WO 2006/055028 PCT/US2005/012500
58 quig[i}uilﬂmy,mgemﬁl&g]!mdﬁe@gﬁ in the OneDFoldList, which
encohipaldiesitoialtolingaxasmple &rdcture: Structure oneDFold Fold
StructurpueizD-F eldidiFifeidtudedyoiikbidteger NumTwoDFolds integer
twoBkeldSize[3] End Structure In particular embodiments, oneD includes
a first felleindR pafiddiasEfaldbeinméhteneddd 10 includes a list of folds
genErskdd from the first fold. NumTwoDFolds indicates a Number of folds
in tsBk{a Barkdular embodiments, twoDFoldSize indicates a mesh size
pasé@d—‘_ F&lﬁ‘ailequld. Scheduler 515 generates Try structures for
eleri8his ﬁiﬂthﬂQ“%]& i FBISRI3Dtry to build all possible rotations of
each TR 4RigklFE IR partiestaRamiBidiments, buildiTry encompasses the
foIIowir@nﬁémg@%gic: 15 Rank(PartSize, pRank)

End For
if hit = False
foldndex = foldindex + 1
End If
End For
For i = startFoldL to endFoldL
FoldList[foldIndex].foldLength = i
FoldList{foldIndex] NumFolds = sizeflittleD] /
FoldList[foldIndex].remainder = sizeflittleD] mod
FoldList[foldIndex].foldD = littleD
FoldList[foldIndex].fixD = bigD
FoldList[foldIndex].oneD = oneD
[bigD] = size[bigD]
iflittleD] = FoldList{foldIndex].foldLength
If FoldList{foldIndex].remainder not equal 0
f[oneD] = FoldList{foldIndex].NumFolds + 1
Else
floneD] = FoldList{foldIndex].NumFolds
End If
Rank(t, iRank)
hit = False
for {1 =0 to 2 while hit = False
If #Rank(i1]] > PartSize[pRank[i1]]
hit = True
End If
End For
If hit = False
Foldindex = foldIndex + 1
End If
End For

In particular embodiments, build1Try generates a list of folds of a one dimensional

request and, for each fold, calls build2DFold to generate a list of one or more additional
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Rank(RequestedSize, jRank[0]) end = sgrt(RequestedSize[/Rank[2]])
start = 2 OneDFoldList[0].oneD.foldLength = RequestedSize[jRank[2]] 20
OneDFoldList[0].oneD.NumFolds =1 OneDFoldList[0].oneD.remainder =
wo onalafeoddList[0].oneD.foldD =jRank[2] OneDFoldList[0].paeR206dd12500
=jRank[l] OneDFoldList[0].oneD.fixD = jRank[0] 25
OneDFoldList[0].twoDFoldSize[jRank[2]] = RequestedSize[jRank[2]]
OneDFoldList[0].twoDFoldSizeuRank[l]] = 1
OneDFoldList[0].twoDFoldSize[jRank[0]] = I hit = False For j = 0 to 2 while
hit = False 30 if RequestedSize[jRanlc[/]] > PartSize[pRank[j]] hit = True
fo1dE NG BRdyReedtditir-Fs e Shlviki2hE odéBagRizet, pRatiK encompasses the
RequestedSize, OneDFoldList[0].twoD, OneDFoldList[0].nTwoDFolds)
follgyrep Pl foPRtfoDFolds = | NumIDFolds = 1; Else 40 NumIDFolds =
QurEad- geiReniZero = False WO 2006/055028 PCT/US2005/012500 59
Forfistdstatidarend @aeDFoldListiNumIDFolds].oneD.foldLength =i
Ongbidd@duistidumIBredds].oneD.NumFolds = RequestedSize[jRank[2]] / i
OnébégaidL istNumIBEelehodeBiremainder = RequestedSize[/Rank[2]]
modhiég@®neDFoldListiNinlisietts].oneD.foldD=jRank[2]
E@deldididieistf NumIDFolds].oneD.oneD = jRank[1]
I TR RIS SO IS AR A a2 Lovler ombodiments, tuoD
inclanaRARIdLI st patRFntd haneahe fitdl fbdtNumTwoDFolds 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, pRanl)
Rank(RequestedSize, jRank{0])
end = sqrt(RequestedSize[/Rank[2]])
start =2
OneDFoldList[0].oneD.foldLength = RequestedSize[jRank(2]]
OneDFoldList[0].oneD . NumFelds = 1
OneDFoldList[0].oneD.xemainder = 0
OneDFoldList[0].oneD.foldD = jRank[2]
OneDFoldList[0].oneD.oneD = jRank[1]
OneDFoldList[0].oneD.fixD = jRank[0]
OneDFoldList[0].twoDFoldSize[/Rank[2]] = RequestedSize[/Rank[2]]
OneDFoldList[0].twoDFoldSize[jRank[1]]1= 1
OneDFoldList[0].twoDFoldSize]jRank[0]] = 1
hit = False
For j = 0 to 2 while hit = False

if RequestedSize[/Rank(/]] > PartSize[pRank[7]]

hit = True

End If
End For
If hit = False

build2DFold(PartSize, pRank, RequestedSize, OneDFoldList]0].twoD,

OneDFoldList[0].nTwoDFolds)

OneDFoldList[0].nTwoDFolds = 1

NumliDFolds=1;
Eise

Num1DFolds = 0
End If
gotRemZero = False
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10 OneDFoldListiNumIDFolds].twoDFoldSize[jRank[1]] =
OneDFoldList{Num | DFolds] . oneD.NumFolds
OneDFoldListNumIDFolds].twoDFoldSize[jRank[0]] = 1 If

wonehfesdtsstiNumIDFolds].oneD.relnainder not equal O or gotResmben Soo

False 15 If OneDFoldListfNumIDFolds].oneD.remainder = 0 gotRemZero
= True End if build2DFold(PartSize, pRank, RequestedSize,
OneDFoldList{Num 1 DFolds].twoDkgldSize, ,20
OneDFoldListfNumIDFolds].twoD, OneDFoldList{Num 1
DFolds].nTwoDFolds) NumIDFolds = NumIDFolds + 1 End If End For 25
NumberITriegs 0 For i = 0 to NumIDFolds For j =0 to

OnefEpictistidinhunoDirelds) b peikpidigst i oneD.foldD not equal
OnehEpicliistidiiweR bR oneDnabifalillist il qnaRdeindiReek[2]0/30
try. lonseSigrRiGapRnel tiFskitueDijefdd]der = RequestedSize[/Rank{2]] mod /
OneREDIE ALt fWoR FoktSizpiRsa BEEERERR]0DIj]. fixD]

try. ioaeSEe Dt Naol tDRt]{siveobi]chetBD] /Rank{ 1]
On@ﬁﬁbﬁﬁiﬂtﬁit{@iomwpﬁ%}si%%g@@ %gﬁazﬂ

try. CasdSioRUsifFoldbsifiy Robitd =

OneDFoldList[z].twoD(j}. NumEsieRF adbist DirasDEeid twsoiirethansder
not SqeBFoidRjsHmTdRalds v aPEmaBIFeldail B7oD[). NumFolds is
odd ARy YdhisHRbeEH NG Ak, oreDEBIERISHI] twoD((] foldD] =

n &Hi Qeta: ol (54T, il.remainder
e D

e O eI s oRHLRPL 5 0 WO 20061055028
got ero = True

End If
build2DFold(PartSize, pRank, RequestedSize,
OneDFoldList[Num1DFolds].twoDFoldSize,
OneDFoldList{Num1DFolds].twoD,
OneDFoldList{Num1DFolds].nTwoDFolds)
Num1DFolds = Numl1DFolds + 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[i].oneD.remainder = 0
try.baseSize[OneDFoldList[i].twoD[/].fixD] =
OneDFoldList]{].twoDFoldSize[OneDFoldList{i].tw
oD[/].fixD]
try baseSize[OneDFoldList[7].twoD[/].foldD] =
OneDFoldListf{].twoDJj].foldLength
try.baseSize[ OneDFoldList]].twoD[/l.oneD] =
OneDFoldList[{].twoD{j].NumFolds;
if OneDFoldList{{].twoD[/].remainder not equal 0
try. NumConcats = |
if OneDFoldList{].twoD[/] NumFolds is odd
try.concatStarfNode[0, OneDFoldList{i].twoD{j].foldD] =
OneDFoldList{{].twoD[/].foldLength -
OneDFoldList[i].twoD{j].remainder
Else
try.concatStartNode[ 0, OneDFoldList[i].twoD{j].foldD] = 0
End If
try.concatStarfNode[0, OneDFoldList[i].twoD[j].fixD} =0
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60 try.concatStartNode[0, OneDFoldList[i].twoDDIl.oneD] _
OneDFoldList[i].twoDU].NurFolds try.concatSize[O,
OneDFoldList[i].twoDIj].fixD] = try.baseSize[OneDFoldList[i].twoD[f ].fixD]

wotryeessaatSize[0, OneDFoldList[i].twoD(i].foldD] = PCT/US2005/012500

OneDFoldList[i].twoDIf].remainder try.concatSize[0
OneDFoldList[i].twoD[f]l.oneD] =1; Else try.NumConcats =0 10 End If If
OneDFoldList[i].oneD.remainder notggqual O if
OneDFoldList[i].oneD.NumFolds is odd
try.concatStartNode[try.NumConcats, OneDFoldList[i].oneD.foldD] _ 15

OneDFoldList{il,oaghdoidhestdty - ppPialdkipfiwenePdgmaiader Else
try.concatStartNode[try. NumCorpeptsel DnefDf: isiienapRdoldD] = 0 20
End If try.congatatadiNeeeftyONunToricals]. QEDT.aldhist{i].oneD.fixD] =
0 try.coneatStartNode[try. Nuni dasesze@eDiFoldList]i].oneD)oufieD]
OneDFoldListfijyaneEaiSindolds ¢#iyReddicat3| 2efply N dehIireats,
OneDFoldList[i].oneD.fixD] = 108&8FpldbirtE]SizeDj. MumiGdcats,
OneDFoldListfilyowe Bufdicil) OneiiaiisitlilsHidobdDueEhaibhder
try.concatSiks{try.NumConcats, OneDFoldList[i].oneD.oneD] =
oneDEnd[O] Nonears#rtNdde[try.NumConeats, 0] +

try.concatS¥; NumConcats, 0] - 1 30 oneDEnNd[1] =

try. concatSIfafPNéf‘g ing ﬂﬁ@%ﬁé’ﬁ‘%&“ﬂ@ not equal 0

try.coneatSiz éfé{]s"lie]) I‘i“%ﬁ%@%ﬁd{% =

try. concatStartNo%ﬁFW@rEﬁf@a P‘fﬁ;
2] - 1 k = try.concatStartNode it
OneDFoldList[i].twoDj].foldD] Fr‘?tt ne
If OneDFoIdngl[S%twoD[ﬂ NumFoias 15 odd

try.concatStartNode[try.NumConcats,
OneDFoldList[i].oneD.foldD} =0

th éﬁ[]try NumConcats,

LoD U] foldD]

End If

try.concatStartNode[try. NumConcats, OneDFoldList{/].oneD.fixD] = 0

try.concatStartNode[try. NumConcats, OneDFoldList[{].oneD.oneD] =
OneDFoldList[{].oneD.NumFolds

try.concatSizeftry. NumConcats, OneDFoldList{{].oneD fixD] = 1

try.concatSize[try.NumConcats, OneDFoldList{i].oneD.foldD] =
OneDFoldList[{].oneD.remainder

try.concatSize[try NumConcats, OneDFoldList[/].oneD.oneD] = 1

oneDEnd[0] = try.concatStariNode{try. NumConcats, 0] +
try.concatSizeftry. NumConcats, 0] — 1

oneDEnd[1] = try.concatStartNode[try NumConcats, 1] -+
try.concatSize{try. NumConcats, 11— 1

oneDEnd[2] = try.concatStartNode[try NumConcats, 2] +
try.concatSize[try. NumConcats, 2] — 1

k = try.concatStartNode[try.NumConcats,
OneDFoldList[7].twoD{f].foldD]

1 = oneDEnd[OneDFoldList[z].twoD[f].foldD}

If OneDFoldList[#].twoD[/]. NumFolds is odd

try.concatStarfNode[try. NumConcats,
OneDFoldList[i].twoD[/].foldD] =
OneDFoldList{i].twoD[j].foldLength — 1 — (k mod
OneDFoldList{].twoD[/].foldLength)
oneDEnd[ OneDFoldList]:].twoD{;].foldD] =

OneDFoldList[{].oneD.foldLength - 1 ~ (1 mod
OneDFoldList[i].oneD.foldLength)

Else
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try.coneatStartNode[try.NumConcats, OneDFoldList[i].twoD[/].foldD] _ 40
OneDFoldList[i].twoD[j].foldLength - 1 - (Ic mod
OneDFoldList[i].twoDU].foldLength)

wornsbdzss)tane DFoldList[i].twoD[j].foldD] = PCT/US2005/012500
OneDFoldList[i].oneD.foldLength - 1 - (1 mod
OneDFoldList[i].oneD.foldLength) 45 Else WO 2006/055028
PCT/US2005/012500 61 try.concagitartNode[try.NumConcats,
OneDFoldList[i].twoDU/.foldD] = k mod
OneDFoldList[i].twoDUf.foldLength
oneDEnd[OneD gl dbistibk v RidiieldidimConads,5
OneDFoldList[i].oneD.foldLengte ot fist[{].twoD[/1.foldD] = k mod
try.concatStartNode[try. Num GansaisdlnsiDiF ol ifodtedgiheD] =
OneDFoldList]i]. e DEnd{CeeifoldinsiDiEwiiDLib BEBM EistiéneD.oneD]
=1 / 10 OneDFoldList[i].oneD $oidDEokjilisti].eopdtdikepefiNumConcats,
0] = oneDEnd{e§i1fry.concatStartNode[try.NumConcats, 0] + |

try.concatSizéfirgoNeatCoitulel tm) Mugpfe %gp DFoldList{7].oneD.oneD] =k
[il

try.concatStartNode[try. NumJdprel¥olqListl gvoD foldLength
try. concatSm@P@PPﬁEﬁli)‘l@'éﬁ%@ e pneBDenaRl =1/

try.concatStartNode[tr Nmncfaﬂ Folghist
try. NumConcE{%QPﬂcﬁg
OneDFoldList]i].oneD, %old CEE;% {
OneDFoldListfY SRBYEE iy 15
try.foldFix[0] = OneDE th
OneDFoIdLlstﬁ’tonﬁ%‘ LWEE[ A
OneDFoldList]j (;P HllEQne FoIdLlst[l] twoDU].oneD
try.foldFix[] 5 neDFo Llst[l] twoDUJ.fixD build3Dtry(Try,

Numb erOfM.?\ﬁ)mFoldMaps =
try.foldLength[0] = OneDFoldList[i] .oneD.foldLength

try.foldFrom{[0] = OneDFoldList[{].oneD.foldD
try.foldTo[0] = OneDFoldlist{i].oneD.oneD
try.foldFix[0] = OneDFoldList{i].oneD.fxD
iry.foldLength[1] = OneDFoldList[/].twoD[/].foldLength
try.foldFrom[1] = OneDFoldList{{]. twoD{/}.foldD
try.foldTo[1] = OneDFoldList[i].twoD[j].oneD
try.foldFix[1] = OneDFoldList]i].twoD{/].fixD
build3Diry(Try, NumberOfTries)
End For
End For
NumbDeleted = 0
For i = 0 to NumberOfTries — 1
curMax = TryList{i].baseSize[0] + TryList[7].baseSize[1] + TryList[{].baseSize[2]
if TryList]i}. NumConcats > 0
curMax = curMax + 1
End If
For j = i +1toNumberOfTries — 1
duplicate = True
For il = 0 to 2 while duplicate = True
If TryList[j].baseSize[i1] not equal TryList[] baseSize[]
duplicate = False
End If
End For
If duplicate = True and TryList{f] NumConcats = TryList{i] NumConcats)
For i1 = 0 to TryList[/].NumConcats while duplicate = True
For j1 = 0 to 2 while duplicate = True

&ts =
8A9a SngyhIel =
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End For 30 End For NumDeleted = 0 For i = 0 to NumberOfTries - 1
curMax = TryList[i].baseSize[0] + TryList[i].baseSize[1 ] +
TryList[i].baseSize[2] if TryList[i.NumConcats > 0 35 curMax = curMax + |
wiondod#seeds= | +ltoNumberOfTries -1 duplicate = True For i2erQi008s/612506
while duplicate = True 40 If TryListU].baseSize[il] not equal
TryList[i].baseSize[i] duplicate = False End If End For If duplicate = True
and TryListU].NumConcats = TryLig4i].NumConcats) 45 Foril=0to
TryList[i].NumConcats while duplicate = True For j1= 0 to 2 while duplicate
= True WO 2006/055028 PCT/US2005/012500 62 If
TryList[j].co neat@@tﬁqg{gﬂij@%@g{aﬁm@b[ﬁryj{i]s;{&t eghgatStartNodelil, j1]
duplicate = False Else If TryLigt{{.ceprastiaeitadiodeliegual S
TryList[i].concatSizefi:pli¢akd =duplicate = False End For End For End If
10 If duplicate = Ereaf Foyllidt[p) wacdigikefil] iaseSigehl] = TorusSizelil] +
1 End For NumDeleted = NumiptletedcentathzElde jAxtMax =
TryList[j].baseSize[Clupiimk istfidlbaseSize[l] + TryList[j].baseSize[2] If
TryList[j]. Nun¥adritats > 0
End For
End If
If duplicate = True
Foril=01t02
TryList[/].baseSize[i1] = TorusSize[i1] + 1
End For
NumDeleted = NumDeleted + 1
Else
nxtMax = TryList[7].baseSize[0] + TryList[/].baseSize[1] +
TryList[/].baseSize|2]
If TryList[f].NumConcats > 0
nxtMax = mxtMax + 1
End If
If nxtMax < curMax
TempTry = TryList[/}
TryList]j] = TryList[i]
TryList[7] = tempTry
curMax = nxtMax
End If
End If
End For
End For
NumberOfTries = NumberOfTries — NumDeleted

In particular embodiments, buildCompactFits, which constructs BestFit{3],

encompasses the following example logic:

Rank(PartSize,ParfRank)
] = QubeRoot(ResuestedNodes)
hit = False
For i =110 [+1 while hit = False
Forj = i to [+1 while hit = False
For (k = to /+1 while hit = False
If i x j x k = RequestedNodes
0] =1
f11=j
f21=k
hit = True
End If
End For
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nxtMax = nxtMax + 1 20 End If If nxtMax < curMax TempTry = TryList[j]
TryList[j] = TryList[i] TryList[i] = tempTry 25 curMax = nxtMax End If End
If End For End For 30 NumberOfFries = NumberOftries - NumDeleted In

wertisudstoegsnbodiments, buildCompactFits, which constructe&estzisii1 2500

encompasses the following example logic: Rank(PartSize,PartRank) 35
1= QubeRoot(ResuestedNodes) hit = False For i =1 to 1+1 while hit =
False Forj=ito 1+1 while hit = Falgg For (k =j to 1+1 while hit = False
40 If i x ] x k? RequestedNodes t[0] =i t[l]=] t[2] = k hit = True 45 End If
End For WO 2006/055028 PCT/US2005/012500 63 End For End For If
t[0] EtdartBize[PartRank[0]] If t[1] > PartSize[PartRank[1]] 5 t[1]=t[1]-1 hit
FRd[Ber For t[2] = RequestedNodes / (t[0] x t[1]) to PartSize[PartRank[2]]
Whil@ihtt BarSilsgPdatf0dnkll]Ix t[2] > RequestedNodes
If 1] > PartSize[Par/Rank{1]]
fij=411-1
hit = False
For 2] = RequestedNodes / (z[0] % #[1]) to PartSize[ParRank{2]] while hit =
False
If 0] x #1] x #[2] 2 RequestedNodes
Hit = True
End If
End For
End If
Else.
0] = PartSize[ParfRank[0]]
I = sqrt(RequestedNodes / £{0])
hit = False;
Forj=1Ito [+ 1 while hit = False
For (k=jto [ + 1 while hit = False
If(¢[0] x j x k& =2 RequestedNodes
f1]=]
H2l1=k
hit = True
End If
End For
End For -
if ff 1] > PartSize[ParrRank{1]]
f{ 1] = PartSize[PartRank{17]
{2] = RequestedNodes / (/{0] x #1])
If 0] x 1] x #{2] < RequestedNodes
{2]=421+1
End If
End If
End If
bestFit{pRank[0]] = /0];
bestFit{pRank[1]] = f17;
bestFit{pRank[2]] = #2];
NumberOfFits = 0
For { = BestFit[0] to PartSize[0]
For j = BestFit[1] to PartSize[1]
For k= BestFit[2] to PartSize[2]
Fit[NumberOfFits,0] = ;
Fit[NumberOfFits,1] =7
Fit[NumberOfFits,2] = k
Hit = True
If (7 not equal to PartSize[0]) and(j not equal to PartSize[0]) and (% not
equal to PartSize[0])
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10 Hit = True End If End For End If Else. 15 t[0] = PartSize[PartRank][0]]
| = sqrt(RequestedNodes / t[0]) hit = False; For j=1to | + 1 while hit =
False For (k =jto 1 + 1 while hit = False 20 If (t{[0] x j x k ?
wideguestediNodes 411 =jt[2] = k hit=True End If 25 End fpefr/Eswdds0iikoo
t[i] > PartSize[PartRank[l]] t[l] = PartSize[PartRank([l]] t[2] =
RequestedNodes / (f[0] x t[1]) 30 If t[0] x t[ 1] x t[2]<RequestedNodes t[2]
=1[2] + | End If End If End If 35 begtFit[pRank[0]] = t[0]; bestFit[pRank[l]]
=t[1]; bestFit[pRank[2]] = t[2]; NumberOfFits = 0 For i = BestFit[0] to
PartSize[0] 40 For j = BestFit[l] to PartSize[1] For k = BestFit[2] to
PartSize[2] FiINHmRarRHS Rh5iin &M WRIO IS i
Fit[NumberOfFithkﬁmﬁﬁl%Mfgp{gp@ﬁ@é@m@ PasbirapNMaGk] not
not equal to PartSize[0]) and ggmptoasiual to PartSize[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[4, 0] + Fit{i, 1]+ Fit[s, 2]
Forj =1+ 1 to NumBerOfFits — 1
d2 = Fit[f, 0] + Fit[f, 1] + Fit], 2]
ifd2 < dt
k = Fit]j, 0]
Fit[j, 01 =Fit[y, 0
Fit[i, 0] =k
k=TFit[f, 1]
Fit]/, 1] = Fitfi, 1]
Fit[i, 1] =k
k=Fit[y, 1]
Fitfj, 11 =Fit{7, 1]
Fit[i, 1]1=%
dl =d2
Else If d2 = dl
Rank(Fit[{], iRank)
Rank(Fit[/], /Rank)
hit=0
For (k=0 to 2 while hit= 0
If Fit{j, jRank[k] > Fit{{, iRanl([%]
hit=1
Else If Fit{j, jRank[ k] < Fit{i, iRank{X]
Hit=-1
End For
Ifhit=1
k= Fitfj, 0]
Fit[j, 01 = Fit{i, 0]
Fit[i, 01=%
k=TFit]j, 1]
Fitfj, 1] =Fitfj, 1]
Fit[i, 11=k
k="Fit{j, 1]
Fitj, 1] = Fitfi, 1]
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WO 2006/055028 PCT/US2005/012500 64 For m =0 to

NumMapDimensions While Hit = True If
FitfNumberOfFits,MapDimension[m]] mod MapMod[m] not equal to O Hit

wo Balsesdknd If End For End If If Hit = True NumberOfFitspeT/082065/612500

NumberOfFits + 1 10 End If End For End For End For Fori =0 to
NumBerOfFits - 1 15 dl = Fit[i, O] + Fit[i, 1] + Fit[i, 2] Forj=i+ito
NumBerOfFits -1 d2 = FitU, 0] + FitUg] + Fit[j, 2] if d2<dl k= Fit[/, 0] 20
Fit[/, 0] = Fit[i, 0] Fit[i, 0] = k k=FitU, 1] FitU, 1] = Fit[i, 1] Fit[i, 1] =k 25
k=Fit[/, 1] FitU, 1] = Fit[i, 1] Fit[i, ] =k dl=d2 Else If d2 = dI 30 Rank(Fit[i],
iIRank) Rank(Fitf}, JRask) hit=0 For (k=0 to 2 while hit =0 If FitU, jRank[K]
> Fit[i, iRank[kg1 35dbit =1 Else If Fit[/, jRank[k] < Fit[i, iRank[K]
End If
End If
End For
End For
lastMax =0
NumMaxDistances = 0
For i = 0 NumberOfFits — 1
currentMax = Fit[i, 0] + Fit[i, 1]+ Fit[i, 2]
If currentMax not equal lastMax
MazDistance[NumberOfMaxDistance, 0] = i
MaxDistance] NumberOfMaxDistance, 1] = currentMax
NumberOfMaxDistance = NumberOfMaxDistance + 1
End If
End For

In particular embodiments, buildFreeMeshes Function encompasses the following

example logic;

NumPFreeMeshes = 0
For i = partStart[0] fo PartEnd[0]
For j =PartStart{ 1] to PartEnd{1]
For k= PartStart{2] to PartEnd[2]
If NodeInUse[i,j,£] = NODE_NOT IN USE
NodelnUse[7,7,k] = NODE ON HOLD
meshStart[0] = ¢
meshStart[1] =/
meshStart[2] = £
inMesh = True
for mz=k-+ 1 to PartEnd[2] and inMesh = True
if NodeInUse[/,/,mz] not equal NODE_NOT _IN USE
inMesh = False
End If
End For
If inMesh = True
mEnd{2] =mz ~ 1
Else
mEnd{2Z]=mz~2
If PartWraps[2] and meshStart[2] = 0 and meshEnd{2] not equal
PartEnd[2]
inMesh = True;
For mz = PartEnd[2 to meshEnd[2] by ~1 and inMesh = True
If NodeluUse [i,j,mz] not equal NODE_NOT _IN USE
inMesh = False
End If
End For



10

15

20

25

30

35

40

45

Hit = -1. End For If hit =1 40 k = FitU, 0] FitU, 0] = Fit[i, 0] Fit[i, 0] =k
k=FitU, 1] FitU, 1] = Fit[i, 1] 45 Fit[i, 1] = k k=FitU, 1] FitU, 1] = Fit[i, 1]
WO 2006/055028 PCT/US2005/012500 65 Fit[i, 1] = k di=d2 End If End
wb ndsneskxyr End For lastMax = 0 NumMaxDistances = 0 POTs005/012500
NumberOfFits - 1 10 currentMax = Fit[i, 0] + Fit[i, 1] + Fit[i, 2] If currentMax
not equal lastMax MaxDistance[NumberOfMaxDistance, 0] = i
MaxDistance[NumberOfMaxDistancggl] = currentMax
NumberOfMaxDistance = NumberOfMaxDistance + 1 15 End If End For
In particular embodiments, buildFreeMeshes Function encompasses the
following examplgf lagiesi2 NugFreeMeshes = 0 For i = partStart[0] to
PartEnd[O] For j =PaiStait{1]1to PartEnd[1] For k = PartStart[2] to
PartEnd[2] If NodEls&Jse[i,j,k] = NODE NOT IN USE 25 NodelnUselJij,k] =
NODE-ON-HOLD meshkStar{Q] =i
End If
if mz £ PartEnd|2]
meshStari[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{Z, 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 PaxtWraps[1] and meshStart{1] = 0 and meshEnd[1] not equal
PartEnd[1]
mMesh = True
For my = PartEnd{1] to meshEnd[1] by —1 and inMesh = True
For mz = meshStart{2] to meshEnd[2] and inMesh = True
If NodelnUse{Z,my,mz mod Torus Size[2] not equal
NODE_NOT IN USE
inMesh = False
End If
End For
End For
If inMesh = True
My =my + 1
Else
my=my+2
End If
ifmy < PartBnd[1]
meshStart[1] = iy
meshEnd[1] =meshEnd[1] + TorusSize{1]
End If
End If
End For
inMesh = True
for mx =i+ 1 to PartEnd[0] and inMesh = True
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meshStart[1] =] meshStart[2] = k inMesh = True 30 for mz = k+ i to
PartEnd[2] and inMesh = True if NodelnUse][ij,rnz] not equal
NODE-NOT-IN-USE inMesh = False End If End For 35 If inMesh =True

wokndf@isezenz - 1 Else mEnd[2] = rnz - 2 If PartWraps[2] angr/us2005/012500

meshStart[2] = 0 and meshEnd[2] not equal 40 PartEnd[2] inMesh =
True; For mz = PartEnd[2 to meshEnd[2] by-1 and inMesh = True If
NodelnUse [i,j,mz] not equal NODE/NOT-IN-USE inMesh = False 45 End
If End For WO 2006/055028 PCT/US2005/012500 66 If inMesh = True
mz=mz+1 Else mz=mz+2 5 End If if mz <_ PartEnd[2] meshStart[2] =
mz; meshEnd|2] gingshEQdiRd i keTus Rigal@hdrndslonNzad H taMesh =
True For my =j + | torRastEnalSlahinddnMeainT A FeERZ Frue
meshStart[2 tomeshEngf2] aciaeskmime If NedlelntiseiSiony] zzmochod
TorusSize[2]] not equal 15 NODE-NOT-INZéaEdindash = Falset equal
. NODE NOT _IN_USE
mMesh = 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
End If
If mx < PartEnd{0]
meshStart{0] = mx
meshBnd[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]
FreeMeshNumPFreeMeshes].end[1] = meshEnd[1]
FreeMesh[NumFreeMeshes].end[2] = meshEad[2]
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End If End For If inMesh = True 20 meshEnd[l ] =my - 1 Else
meshEnd[1 ] = my - 2 End If If PartWraps|l] and meshStart[1] = 0 and
meshEnd[1] not equal 25 PartEnd[1] inMesh = True For my = PartEnd]l]
wio shkEne[1] by-1 and inMesh = True For mz = meshStam2iAms2005/61250¢
meshEnNnd[2] and inMesh =True If NodelnUse[i,my,mz mod Torus Size[2]
not equal 30 NODE NOT ZN USE inMesh = False End If End For End
For 35 If inMesh = True My=my+l Ed§e my=my+2 End If 40 if my 5
PartEnd[1] meshStart[1] = my meshEnd[ | ] =meshEnd[ | + TorusSize[ 11
End If End If 45 End For inMesh = True for mx =i + | to PartEnd[0] and
inMesh = TruerlRI2APRIGRPRZREGRI/IR2RRBHL 2380 BEIAOMY iiteshs
meshStart[l] to meshEnd[ | ] and inMesh ;ng(ﬁsmqmﬂéﬁtg&gk%[l?:[g
mEnd[2] and inMesh = True If NodelnUsefamssaxrnad jToRs BNz 1)
mod TorussiZeéjPimetreehstah NAPRNORHYUSE
mx] = 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]
NodelnUse[mx1], my1], mz1]=NODE_ON HOLD
End For
End For
End For
Fori=0to2
FreeMesh[NumFresMeshes]. Rank{i] =2 - /;
End For
For/=0to2
Form=[+1103
11 = FreeMesh[NumFreeMeshes].Rank{/]
ml = FreeMesh[NumFreeMeshes].Rank{m]
If meshEnd[m1] — meshStari[m!] <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 = PartStari{2] to PartEnd[2]
If NodelnUse{i,j,k] = NODE_ON HOLD
NodenUse[/,7,k] = NODE_NOT _IN_USE
End If
End For
End For
End For
For i = 0 to NumFreeMeshes — 1
Forj=i+] to NumFreeMeshes — 1
hit = False
if FreeMesh{j].NumNodes < freeMesh{i].NumNodes
hit = True;
Else If FreeMesh[;/]. NumNodes = freeMesh([7]. NumNodes
hit = True
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inMesh = False End If End For End For 10 End For If inMesh = True
meshEnd[0] = mx - 1 Else meshEnd[O] = mx - 2 15 End If IfpartWraps[0]
and meshStart[O] = 0 and meshEnd[0] not equal PartEnd[0] inMesh =
worredrasex = partEnd[O] to meshEnd[0] by -1 and inMesh pcTrus088resoo
my = meshStart[1] to meshEnd[1] and inMesh = True For mz =
meshStart[2] to meshEnd[2] and inMesh = True If NodelnUse[mx,my mod
Torussize[l |,mz Mod TorusSize[2]got equal NODE-NOT-IN-USE 25
inMesh = False End If End For End For End For 30 If inMesh = True
Mx=mx+1 Else Mx=mx+2 End If 35 If nix _< PartEnd[0] meshStart[0] =

mx meshRd[Q] neshioglol rferusSize[0] End If End If 40
FreeMesh[NumfesMeshasikianiGlemesy gl
FreeMesh[NumFggeMaghes].Start[ 1 | = meshStart[ 1 ]
FreeMesh[NumgmeeMeshes].Start[2] = meshStart[2]
FreeMeshiiNamdreeMeshes].end[0] = meshEnd[0]
End If
If hit = True
TempMash = FreeMesh{/]
FreeMesh[/] = FreeMesh[7]
FreeMesh{i] = 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 SpatialAllowed = True
If scheduleSpatial() = True
return True
Else If CompactAliowed = 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:

GotFit = False
For i = 0 to NumberQfTries — 1 while GotFit = False
If scanSpatial(TryList{{],Start) = True
GotFit = True
setSpatialNodelnUse(Try, Start)
End If
End For
Return GotFit

In particular embodiments, setSpatialNodeInUse, which builds AssignedNodeList,
encompasses the following example logic:

Nodelndex =0
For (cNode[0] = 0 to OriginalSize[0] — 1



10

15

20

25

30

35

40

45

FreeMesh[NumFreeMeshes].end[ 1 | = meshEnd[ 1] 45
FreeMesh[NumFreeMeshes].end[2] = meshEnd[2] WO 2006/055028
PCT/US2005/012500 68 FreeMesh[NumFreeMeshes].NumNodes =
wommebba3gi®] - meshStart[0] + 1) x (meshEnd[ | ] - meshStagi¢gshaba42500
(meshEnd[21 - meshStart[2] + 1) For mx = meshStart[0] to meshEnd[0] 5
mx| = mx mod TorusSize[0] For my = meshStart[l] to meshEnd[1] myl =
my mod TorusSize[1l | For mz = meshStart[2] to meshEnd[2] mzl = mz
mod TorusSize[2] 10 NodelnUse[mxI], myl], =I] = NODE-ON-HOLD End
For End For End For Fori=0to2 15 FreeMesh[NumFreeMeshes].Rank[/]
= 2 Hor B6HEQN Fr i@ figrmgr Ll to 311 =
FreeMesh{divsdErseMesheskRarkidjz O ml =
FreeMesh[RinnFieeMeshes].Rank[m] IfineshEnd[ml] -meshStart[ml]
<meshEnd[ll] yodeskeGtatlifpIEieedrsh{yumFreeMeshes].Rank[l] = ml
FreeMeshRadien] = 11 End If 25 End For End For NumFreeMeshes =
NumFreeMé3kpiuntFEId M rdl For 30 End For End For For i =
partStart[0] toPadaio]0)yyHol ERMFIStatlie RatE B 6or k =
PartStart[2] tomaedeféi[21y.foldTo{0]] = jcNode{ Try.foldFrom[0]] /
Try.foldLength[0]
I mNodef0, Try.foldTo[0]] is odd
mNode[0, Try.foldFrom[0]] = Try.foldLength[0] - 1 —
(feNode[Try.foldFrom[0]] mod
Try. foldLength[0])
Else
mNode{0, Try.foldFrom{0]] = jcNode[ Try.foldFrom[0]] mod
Try.foldLength{0]
End If
Fori=0to 2
nodeli] = mNode[0, Try.rMap[/]]
End For
Flse
mNodef0, Try.foldFix[0]] =/cNode[ Try.foldFix[0]]
mNode[0,Try.foldTo[0]] = jeNode[ Try.foldFrom[0}] / Try—> foldLnt[0]
If mNode[0, Try.foldTo[0]1is odd
. mNode[0, Try.foldFrom{0]] = Try.foldLength[0] — 1 —
(jeNode[Try. foldFrom[0]] mod

Try.foldLength{0])
Else
mNode([0, Try.foldFrom(0]] = jcNode[ Try.foldFrom[0]] mod
Try.foldLength[0]
End If

mNode{1, Try.foldFix[1]] =mNode{0, Try.foldFix[11]
mNode[1, Try.foldTo[1]] = mNode[0, Try.foldFromj1]]/
Try.foldLength[1]
If mNode[1, Try.foldTo{1]] is odd
mNode(1, Try.foldFrom({1]] = Try.foldLength{1] — 1 ~(mNode[0,
. Try.foldFrom[1}] mod Try.foldLength[1])
se
mNode[1, Try.foldFrom(1]] = mNode[0, Try.foldFrom[1]]
modTry— foldLnt{1]
Fori=0to2
node[7] = mNode[ 1, Try.rMap{i]]
End For
End If
Fori=0102
Node[7] = node[7] mod TorusSize[]
End For
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35 If NodcInUse[ijk] =NODE ON HOLD NodelnUse[ij,k] =
NODE-NOT_IN-USE End If End For End For 40 End For Fori=0 to
NumFreeMeshes - 1 For j =i +1 to NumFreeMeshes - | hit = False if

wioreebleshif.NumNodes < freeMesh[i].NumNodes 45 hit = Pareysztss/iizsoo

FreeMesh[j].NumNodes = freeMesh[i].NumNodes hit = True WO
2006/055028 PCTIUS2005/012500 69 For | =0 to 2 while hit = True If
FreeMesh[j].Rank][l] > freeMesh[i].Rapk[l]) Hit = False End If 5 End For
End If If hit = True TempMesh = FreeMesh[ij FreeMesh[j] = FreeMesh[i]
10 FreeMesh[i] = TempMesh End If End For End For 15 In particular
embodimeNsd&ahreineddb, whielt fehdaap2Trwanbsshetules 15
successfullj sihediNeged jsfNbaOdBL M passRpdne following example
logic: If Spatmigteinéa el EtodSaheduleSpadigf] = True return True 20
Else If Comfossigaditviceit S sTiNieddlatien) 3theddigCompact() End If Else If
CompactARéndethdet ra@lodsudzsehiedule Compact()
End For
End For
End For

In particular embodiments, scanSpatial encompasses the following example logic:

Fori=0to2
If PartWraps[7])
End[i] =PartEnd[{]
Else
End[7] = PartEnd|i] — Try.baseSizefi} + 1
End If
End For
zPlaneCnt = Try.baseSize[0] » Try.baseSize[1];
For i = PartStart]0] to End[0]
newX = True
For (n = PartStart[2] to PartEnd[2]
zPlane[n] =0
End For
For 1 =i to i+try.baseSize[(]
For n = PartStart]2] to PartEnd[?2]
I1 = I mod TorusSize[0]
ml = PartStart]1]
m2 = (ml + Try.baseSize{1]) mod TorusSize[1]
If PartStart{1] + Try.baseSize[1] £ PartEnd[1]
1 ZPlane[n] = zPlane[n] + FreeY[/1,m1,n] — FreeY{/l 2]
Else
ZPlane[n] = zPlane[n]+ FreeY[il,m1,n]
End If
End For
End For
For j = PartStart[1] to End[1]
if newX = False
I1 = { mod TorusSize[0]
I2 = (i + Try.baseSize[0]) mod TorusSize[0]
ml = {j — 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{I2,m1,1])
Else
zPlane{n] = zPlane[n] — FreeX[/1,m1,1]
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25 Else Return scheduleAnyo End If 30 In particular embodiments,
scheduleSpatial encompasses the following example logic: GotFit = False
For i = 0 to NumberOfi'ries -1 while GotFit = False If
wseanspsiad(TryList[i],Start) = True 35 GotFit = True PCT/US2005/012500
setSpatialNodelnUse(Try, Start) End If End For Return GotFit 40 In
particular embodiments, setSpatialNodelnUse, which builds
AssignedNodeList, encompasses the following example logic: Nodelndex
= 0 For (cNode[0] = 0 to OriginalSize[0] - 1 WO 2006/055028
PCT/US2005/012500 70 For cNode[1] = 0 to OriginalSize[l] - | For
cNode[2] = 0 to @ggialSize[2] - | Fori=0 to 2 jcNode[jobMap][i]] =
cNode[i] 5 Emghdpedf Try.NumFoldMaps =1 mNode[0, Try.foldFix[0]]
jcNode[TrgfaldFix[0]] mNode[O, Try.foldTo[0]] = jeNode[Try.foldFrom[0]] /
Try.foldLengtif}]ule Perdate]@ FayHadiTo[0]] is odd mNode[O,
Try.foldFrom[0]} zPTanyefeld e gty #]- GcNbeKiy, foldhtontfofedhiden] n] ~
Try.foldLength[0]) Else 15 mNode[0, Try.folcdelioll =)
jcNode[Try.foli&m{0]} mod Try.foldLength[O] End If Fori=0to2
End If
I1 =i mod TorusSize[(]
12 = (i + Try.baseSize[0]) mod TorusSize[0]
ml = (j + Try.baseSize[1]) mod TorusSizej1]
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[/1,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,n1,n]}) + FreeX[0m2n]) —
FreeX[/1,m2,n]
End For
End If
Else
newX = False;
[ = PartStart|2];
while k £ End[2])
hit = True;
For n = Fk; to k+ Try.baseSize[2] — | while hit = True
If zPlane[n mod TorusSize{2]] not equal zPlaneCnt
hit = False;
End If
End For
if hit = True
Start[0] =1{;
Start[1] =7;
Startf2] = £;
For ¢Ndx = 0 to try.NumConcats — 1 while hit = True
For m = 0 to 2 while hit = True
¢Start[m] = Start[m] + Try.concatStartNode[cNdx, n]
cBnd[m] = cStart{m] + Try.concatSize[cNdx, m] — 1}
if (¢End[m] 2> TorusSize{m] && PartWraps[m] = False
hit = False;
End For
For 1 = ¢Start[0] to cEnd[0] while hit = True
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nodeli] = mNode[0, Try.rMap[l]] 20 End For Else mNode[0, Try.foldFix[O]]
jcNode[Try.foldFix[0]] mNode[O,Try.foldTo[0]] = jcNode[Try.foldFrom][O]] /
Try--> foldLnt[0] If mNode[0, Try.foldTo[0]] is odd 25 mNode[0,

whrydaldfswn[0}] = Try.foldLength[0] -1- (jcNode[Try.foldFromp{@}isaa/e12500

Try.foldLength[0]) Else mNode[O, Try.foldFrom[Q]] =
joNode[Try.foldFrom[0]] mod 30 Try.foldLength[O] End If mNode][l,
Try.foldFix[l]] =mNodel[O, Try.foldFixjjj mNode[l, Try.foldTo[l]] = mNodelO,
Try.foldFrom[1}} / Try.foldLength[1] 35 IfmNode[l, Try.foldTo[l]] is odd
mNode[l, Try.foldFrom[1]] = Try.foldLength[1] -1-(mNode[0,
Try.foldFrom[1]] med-aciaigirenatoii BlsamMadettdy. foldFrom(l]]
=mNode[0, Try.foldFrerm{ HE@-m9ed erhdpirvatii nkoriTRie2 node(i] =
mNode[l, Try.rMapli]] End Fab&merifsdfzdfofi=0to2 Node[i] = nodel[il
mod TorusSize[i] End kel ¥Wor@DMb&a28 RCT/US2005/012500 71
NodelnUse[node[0], nodé[F]z mostiERipsMeHF - IN - USE
AssignedNodeList[NodéfidedsI0]Fseiidde]0]1 Pussigred NOBEI (OO dRINUSE
1] = node[2] AssignedNodgitistfbdeindex, 2] = node[2] 5 Nodelndex =

Nodelndex + | End Foriddior
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=0102
HighStart[{] = PartStart[{]
End For
LowFit=-1
While True
CurrentFit = LowFit + (HighFit — LowFit) /2
If scanCompact(NumberOfNodes, Fit[CurrentFit], HighStart) = True
Hightit = CurrentFit
Else
LowFit = CurrentFit
End If
If HighFit = LowFit + 1
Return
End If
End While
Hit = False
For i = 0 to NumMaxDistances — 1 While Hit = False
If HighFit 2 MaxDistance[7,0]
HigMaxDistance = {



10

15

20

25

30

35

40

45

End For 10 In particular embodiments, scanSpatial encompasses the
following example logic: Fori=0to2 If PartWraps[i]) End[i] =PartEnd][i]
Else 15 End[i] = PartEnd][i] - Try.baseSize[i] + 1 End If End For zPlaneCnt
wo ToyshaseSize[O] x Try.baseSize[ 1]; For i = PartStart[0] topEna[§JoB8oe12500
newX = True For (n = PartStart[2] to PartEnd[2] zPlane[n] = 0 End For
For | =i to i+tiy.baseSize[0] 25 For n = PartStart[2] to PartEnd[2] 11 =1
mod TorusSize[0] ml = PartStart[l] nag, = (ml + Try.baseSize[1]) mod
TorusSize[1] IfPartStart[1] +Try.baseSize[1] < PartEnd[l] 30 ZPlane[n] =
zPlane[n] + FreeY[11,ml,n] - FreeY[11,m2,n] Else ZPlane[n]
=zPlangfi+ArarY[il,ml,n] End If End For 35 End For For j = PartStart[1]
to Efal Ifif newX = False 11 =i mod TorusSize[0] 12 = (i +
TEpdBseSize[0]) mod TorusSize[0] 40 nil = (j - 1) mod TorusSize[1] if
Pt Eaps[0] = False or i+try.baseSize[0]) PartEnd[0] For n = PartStart[2]
td' @ arthighikiBiFtynbasdSiz 6[B] <1 PartEnd[0] zPlane[n] = zPlane[n] -
(Fre&peptibith FriylarPésx{deliifl,n]) 45 Else zPlane[n] = zPlane[n] -

Freel)"(ﬂﬁmqm}\daxmstance -1
EndFit = NumberOfFits — 1

Else
EndFit = MaxDistance[j+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
setCompactNodelnUse(Fit(HighFit), HighStart)

In particular embodiments, setComPactNodeInUse encompasses the following

example logic:

node =0
Fori=0t02
if Start[i] =z TorustSize[i]
Start[/] = Start[/] mod TorusSizef{]
End[#] = Start{7] + Size[{] - 1
End If
End For
If NumMapDiminsions = 1
If MapDiminsion{0] = 0
order[0] =1
order{11=2
order[2] =0
Else If MapDiminsion{0] =1
order[0] =0
order[1] =2
order[2] =1
Else
order[0] =0
order[1j=1
order[2] =2
Epnd If
Else
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WO 2006/055028 PCT/US2005/012500 72 End If End For Else Forn =
PartStart[2] to PartEnd[2] 5 zPlane[n] = zPlane[n] - (FreeX[ll,ml,n]+
(FreeX[O,ml,n] - FreeX[12,ml,n])) End For End If 11 =i mod TorusSize[0]

w2 ms6o2s Try.basesize[0]) mod TorusSize[0] nil = (j + TrypoasesSinafdi3xoo

mod TorusSize[l] 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] 15 ZPlane[n] = zPlane[n] 5FreeX[II,mI,n] - FreeX]li,ni2,n] Else
ZPlane[n] = zPlane[n] + FreeX[ll,ml,n] End If End For 20 Else For n =
PartStart[2] to PartEnd[2] ZPlane[n] = zPlane[n] + FreeX][l1,ml,n]) +

Freextti@uoip-)-Magpsilmadb EM foamEas i Else newX = False;
k= Pwdﬁ{&ﬂt{i}ﬁawbﬂaih'sﬁyﬁgmqi[Zﬂ 30 hit = True; For n = k; to k+
Try.kadaBiye[RadDivhiteibi] ) True If zPlane[n mod TorusSize[2]] not
eBudlfPlaneCnt hit = False; End If 35 End For if hit = True
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 endforder[1]] and count < RequestedNodes
indexforder|1]] =  mod TorusSize[order[1]]
For k= Start{order[2]] to end[order[2]] and count < RequestedNodes
index[order[2]] = £ mod TorusSize[order[2]]

If NodelnUse[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=0102 :
If PartWraps[i] = True
end[i] =PartEnd[/]
Else
end[{] = PartEnd[7] - Start[i] + 1
End If
For i = PartStar[0] to end[0]
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]; nh+)
/1 = Imod TorusSize[0];
m1 = PartStart[1]
m2 = (PartStart{1] + size[1]) mod TorusSize[1]
If PariStart]11+size[1] < PartEnd[17])
. ZPlane[n] = zPlane[n] +FreeY[il,m1,n] - FreeY{/1,m2,n]
se
ZPlane(n] = zPlane[n] +FreeY{/1,m1,n]
End If
r End For
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Start[0] =i; Start[l] =j; Start[2] = k; 40 For cNdx = 0 to.try.NumConeats -1
while hit = True For m = 0 to 2 while hit = True cStart[m] = Start[m] +
Try.concatStartNode[cNdx, m] cEnd[m] = cStart[m] +
woryssqosmabsize[cNdx, in] - 1; if (cEnd[m] ? TorusSize[m] && ianWrapsfizdoo
= False 45 hit = False; End For For | = eStart[0] to cEnd[0] while hit =
True WO 2006/055028 PCTIUS2005/012500 73 For m = cStart[1] to
cEnd[l] while hit = True For n = cStagt[2] to cEnd[2] while hit = True ZI=2Z
mod TorusSize[O] ml = m mod TorusSize[l] 5 nl =n mod TorusSize[2] If
NodelnUse[ll,ml,nl] not equal NODE-NOT-IN-USE hit = False; End If End
For 10sgagdzor End For If hit = True Return True; Else 15 K=k+| End If
Else kps =Hngkétaq BrslithdEnd For End For Return False 25 In
particular agxpeimeiats, scheduleCompactFunction, which runs a binary
search onfitveicompasses the following example logic:
1=i
12 = (i + size[0]) mod TorusSize[0]
ml=j-1
If PartWraps[0] = False or i+Start[0] < PartEnd[0]
For n = PartStari[2] to PartEnd{2]
If i+size[0] < PartBEnd[0]
ZPlane[n] = zPlane[n] - (FreeX [/1,m1,n] ~ FreeX{I2,m1,n])
else
zPlane[n] = zPlane[n] — FreeX {/1,m1,n]
End If
End For
Else
For n = PartStart[2] to PartEnd{2]
zPlane[r] = zPlane[n] — (FreeX [/1,m1,n] + (FreeX[0,m1,n] —
FreeX [12,m1,x]))
End For
End If
=i :
12 = (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]
If (i + Start[0] < PartEnd[0])
ZPlane[r] = zPlane[n] + (FreeX[/1,m1,n] — FreeX[Il,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,m1.n] -
FreeX[/1,m2,n]))
End For
End If
Else
newX = False
End If
For k = PartStart[2] to end[2]
if newY = True
newY = False
count =90,
Forn=kto k + size[2]
count = count + zPlane{n mod TorusSize[2]]
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HighFit = NumberOfFits -1 Fori=0to2 HighStart[i] = PartStat[i] 30 End For
LowFit = -1 While True CurrentFit = LowFit + (HighFit - LowFit) / 2 If
scanCompact(NumberOfNodes, Fit[CurrentFit], HighStart) = True 35
widighbassoaiurrentFit Else LowFit = CurrentFit End If If Highitrrosmedrit 2500

1 40 Return End If End While Hit = False For i = 0 to NumMaxDistances
- i While Hit = False 45 If HighFit ? MaxDistance[i,0] HigMaxDistance =i
WO 2006/055028 PCT/US2005/012500 74 Hit = True End If End For
Hit = True 5 For f = HighMaxDistance - Ito 0 by -1 StartFit =
MaxDistance[i,0] If i =NumMaxDistance - 1 EndFit = NumberOfFits -1
Else 10 EndFit = BiakRistance[i+1,0] -1 End If Hit = False For j = StartFit
to EndFit WhilEl#dit = False If scanCompact(NumberOfNodes, Fit[/],
HighStart)= True ctBnitigtieat=} eiihbiaxDistance = |

k1 = (k + size[2] — 1) mod TorusSize[2]

zPlane(k1]=0

=i

I2 = (i + size{0]) mod TorusSize[0]

If PartWraps[0] = False ot i + size{0]) < PartEnd[0]

Form = to j + size[1]
ml = m mod TorusSize[1]
If i + size{0] < PartEnd[0]
ZPlane[k1] = zPlane[k1] + (FreeX[/1,m1,k1] —

FreeX[/2,m1,k17)
Else
ZPlane[k1] = zPlane[A1] + FreeX{/1,m1 k1]
End For

Else
For m = j to j + size[1]
ZPlane[k1] = zPlane{k1] + FreeX[/1,m1,k1] +
(FreeX[0,m1,k1] — FreeX[/2,m1,k1])

End For
End If
count= count + zPlane[%1]
End If
If count = NumberOf Nodes
Start[0] =1
Start[1] =7
Start{2] = &
retum True
EndIf
End For
End For
End For
End For
retum False

In particular embodiments, scheduleAny encompasses the following logic:

Node =10
Remainder = RequestedNodes
For m = 0 to NumFreeMeshes while Remainder > (
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]
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Hit = True End If End For 20 End For

setCompactNodelnUse(Fit(HighFit), HighStart) In particular embodiments,
setComPactNodelnUse encompasses the following example logic: 25
woadesmBokor i = 0 to 2 if Start[ >- TorustSize[i] Start[i] = Stas{ifrosmes/o12500
TorusSize[i] End[i] = Start[i] + Size[i] - 1 30 End If End For If
NumMapDiminsions = 1 If MapDiminsion[0] = 0 order[0] = 1 35 order][l] =
2 order[2] = 0 Else If MapDiminsioal)] = 1 order[0] = O order[l] =2 40
order[2] = | Else order[0] =0 order[l] =1 order[2] =2 45 End If Else WO
2006/055028 PCT/US2005/012500 75 order[O] = 3 - MapDiminsion[0] -
MapfRiminsion[1] order[1 ] = MapDiminsion[O] order[2] = MapDiminsion[1]
End If ivgeuntréekmesim Rratteprger[0]] to end[order[0]] and count <
RequegtadMNadesvintipx]daet[0]] = i mod TorusSize[order[O]]
End If
For i = FreeMesh[m].Start{iNdx] toFreeMesh{m].end[{Ndx] while Remainder > 0
For j = FreeMesh[m].Start[/Ndx] to FreeMesh[n].end[/Ndx] while Remainder
>0
For k = FreeMesh{m].Start[2] to FreeMesh[m].end[2] while Remainder > 0
i1 = i mod TorusSize[/Ndx]
j1=j mod TorusSize[iMod]
k1 = k mod TorusSize[2]
IfiNdx=0
NodenUse[i1,/1,k1] = NODE_IN_USE
Else
NodeInUsel/1,i1,k1]=NODE_IN_USE
End If
AssignedNodeList{Node].[{Ndx] = 71
' AssignedNodeList[Node].[/Ndx] = /1
AssignedNodeList[Node, 2] = kl
Node =Node + 1
End For
End For
End For
End For

In particular embodiments, setMpiRank encompasses the following logic:

For node = 0 to RequestedNodes — 1
to[0] = AssignedNodeList[node, 0]
to[ 1] = AssignedNodeList[node, 1]
to[2] = AssignedNodeList[node, 2]
If NumMapDiminsions = 1
tolMapDiminsion[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{node1],coordinate{0] and
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For j = Start[order[ 1]] to end[order[1]] and count < RequestedNodes
index[order[1]] =) mod TorusSize[order[1]] 10 For k = Start[order[2]] to
end[order[2]] and count < RequestedNodes index[order[2]] = k mod

woamssiaelprder[2]] If NodelnUse[index|[0], index]l], index[2 1}crheinis/ 012500
NOT IN USE NodelnUse[index[0], index[1], index[2]] = NODE_IN_USE
AssignedNodelList[node, order[0] = index[order[0]] 15
AssignedNodeList[node, order[l] = ingigx[order[2]]
AssignedNodelList[node, order[2] = index[order[2]] node = node + 1 End If
End For 20 End For End For In particular embodiments, ScanCompact
encompasseld TherielidlviRg .yacRIe . JogiEnaRHzto2 If PartWraps|i] =
True end[i®RParfexdiijdeElsa{acdi]=dRadtne]fjwatart[iJ + 1 30 End If
For i = PartSi3) foFtecthudi€llistiemae 1 Isuetinate3F O to TorusSize[2]
ZPlane[n] ¥B3%& &eld FHoofied [ bmpiRark—sizdi0] for (n = pStart[2]; n 5
PENd[2]; nH#)=1Tree| mod TorusSize[O]; ml = PartStart[1] 40 m2 =
(PartSt&#af}t+ size[1]) mod TorusSize[1] If PartStart[ | ]+size[ I] 5
PartEp#iFar]) zPlane[n] = zPlane[n] +FreeY[l1,ml,n] - FreeY[ll,m2,n] Else

éT?i] = zPlane[n] +FreeY[/l,m1,n] 45 End If 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  coordinatef4]
integer  mpiRank
End Structure

In particular embodiments, scheduler 515 uses a Fold Structure to record how
scheduler 515 folds one dimensional and two dimensional spatial requests.

Structure Fold
integer  foldLength
integer  numFolds
integer  remainder
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]
mfeger  irMap[3]
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End[l] newY = True If newX = False 511 =1i12 = (i + size[0]) mod
TorusSize[0] ml=j - | If PartWraps[0] = False or i+Start[0] <- PartEnd[0]
wieannsmRag Start[2] to PartEnd[2] 10 If i+size[O] <- PartEndj@}-ZFsanslngzs00
zPlane[n] - (FreeX [ll,ml,n] - FreeX[12,ml,n]) else zPlane[n] = zPlane[n] -
FreeX [I1,ml,;n] End If 15 End For Else For n = PartStart[2] to PartEnd[2]
zPlane[n] = zPlane(n) - (FreeX [11,m¢m] + (FreeX[0,ml,n] - FreeX
[12,ml,n])) 20 End For End If 11=i 12 = (i + Start[0]) mod TorusSize[0] ml
= (j + size[l] - 1) mod TorusSize[1] 25 If PartWraps[0] = False or i +
Starff@$pss- PastimifeiVags n = PartStart[2] to PartEnd[2] If (i + Start[0]
Partibte{@]) ZBbkilefngth[2Plane[n] + (FreeX[ll,ml,n] - FreeX[11,m2,n] Else
30 Zategre[n] fotdfeme[R] + FreeX[ll,ml,n] End If End For Else Forn =
Part®tagd?] tofPldi&3d[2] 35 ZPlane[n] = zPlane[n] + (FreeX[ll,ml,n] +

(Fregdgeeml,nfol@FedX]11,m2,n]))
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  stari[3]

integer  end[3)

integer  size[3]

integer  rank[3}

integer  numberOfNodes

End Struchure

In particular embodiments, scheduler 515 uses the following example variables,

which are defined as follows, to allocate nodes 115 to jobs 150.

®

RequestedNodes: a number of nodes requested for a job 150.
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.

TorusSizef3]: 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.
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_End For End If Else 40 newX = False End If For k = PartStart[2] to end[2]
if newY = True newY = False 45 count = 0; For n = k to k + size[2] count
= count + zPlane[n mod TorusSize[2]] WO 2006/055028

wioGTt482028€51012500 77 End For Else count = count - zPamejkz0é5kl =00

(k+ size[2] -1) mod TorusSize[2] 5 zPlane[kl] =0 11=i 12 = (i + size[0])

mod TorusSize[0] If PartWraps[O] = False or i + size[0]) <_ PartEnd[0]

For m =j toj + size[l] 10 ml = ni mod gprusSize[ 1] Ifi + size[0] <

PartEnd[0] ZPlane[Kkl] = zPlane[kl] + (FreeX[ll,ml,kl] - FreeX[12,ml,/cl1)

Else 15 ZPlane[kl] = zPlane[kl] + FreeX]ll,ml,kl]] End For Else For m =j toj

+ sizefllARianelkl mamianelkindrae Kok kit RGP eXxtd m ik bkder more
-Fregdb wkdukBuiensh Eor End If count= count + zPlane[kl ] End If 25 If

>-
cou tverse cgpl?s%&%[ (:)dgns inverse of TorusMap; applied to all output nodes 115

before returning to cluster management engine 130.

. NumMapDimesiops: 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 swiich-
based torus to the node base torus.

«  MapMod[2]: multipliers used when going from a switch-based torus to 2 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 7.

. NodelnUsef TorusSize[0], TorusSize[ 1], TorusSize[2]]: NodeInUse[i,/,k] indicates a
state of a node 115; possible values include NODE_IN_USE (node 115 assigned to
another job 150), NODE NOT IN_USE (node 115 available), and

NODE_ON_HOLD (a temporary state used when assigning nodes 115 to a job
150).

« - FreeY[TorusSize[0], TorusSize[1], TorusSize[2]}: FreeY[i,,k] indicates a number
of free nodes 115 in line {ij,k} through {i,TorusSize[1]-1,k} inclusively. A scan
routine uses FreeY.

« FreeX[TorusSize[0], TorusSize{1],TorusSizef2]]: FreeX[iy k] indicates a number
of free nodes in the line {i,j,k} through {TorusSize[0]-1,/,k} inclusively. A scan
routine uses FreeX.

.  NumberOfTres: anumber of Try structures constructed for a spatial request.
«  TryListiNumberOfTries]: 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[£,0] = size of mesh { in an x dimension.
. Fit[i,1] = size of mesh i in a y dimension.
« Fitfi,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[,0] = index into Fit of a first
mesh with maximum distance = MaxDistance[1].

.  NumPreeMeshes: a number of free meshes in grid 110. A free mesh is a mesh
including only free nodes 115.



10

15

20

25

30

Start[0] =i Start[l] =) Start[2] = k return True 30 End If End For End For
End For End For 35 return False In particular embodiments, seheduleAny
encompasses the following logic: Node = 0 Remainder =
witegoeetsdblodes 40 For m = 0 to NumFreeMeshes while Reoradersm 3500
If FreeMesh[m].Rank[O] = 2 iNdx = FreeMesh[rn].Rank[2] JNdx =
FreeMesh[m]. Razdc[ 1] Else If FreeMesh[In].Rank[l] = 2 45 iNdx =
FreeMesh[m].Rank[2] [Ndx = FreeMggh[m].Rank[0] WO 2006/055028
PCT/US2005/012500 78 Else zNdx = FreeMesh[m].Rank[l]] JNdx =
FreeMesh[m].Rank[0] End If 5 For i = FreeMesh[m].Start[zNdx]

toFréeddeiuhi]enifidic it amgineErceNeFfhTtures.

; . S
ek s e iR o0,
it =i mod TorusSize[zNdx] 10 jl =j mod TorusSize[iMod] kI = k mod
Torughize] Zhatzdichen® dlogde! Q@@?%&Mﬁgﬂ%&ﬂ%glg?ﬂ'%ay be further

opé\1|'a glrt]y %%yfégai( lle?ﬁﬁ?n?%ﬁelgﬁgcﬁgﬁn%n dRIfIstart dumps typically comprise over
seventy-five percent of data written to disk. This I/O is often done so that processing is
not lost to a platform failure. Based on this, a file systenm’s I/O can be segregated into two
portions: productive I/O and defensive I/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 /O is perfom;led to manage a large
simulation run over a substantial period of time. Accordingly, increased /O bandwidth
greatly reduces the time and risk involved in check-pointing.

Returning to engine 130, local memory 520 comprises logical descriptions (or data
structures) of a plurality of features of system 100. Local memory 520 may be stored in
any physical or logical data storage operable to be defined, processed, or retrieved by
compatible code. For example, local memory 520 may comprise one or more eXtensible
Markup Language (XML) tables or documents. The various elements may be described in
terms of SQL statements or scripts, Virtual Storage Access Method (Vi SAM) files, flat
files, binary data files, Btrieve files, database files, or comma-separated-value (CSV) files.
It will be understood that each element may comprise a variable, table, or any other
suitable data structure. Local memory 520 may also comprise a plurality of tables or files
stored on one server 102 or across a plurality of servers or nodes. Moreover, while
illustrated as residing inside engine 130, some or all of local memory 520 may be internal
or external without departing from the scope of this disclosure,

Niustrated 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 iltustrated 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,”

“availability,” “processor utilization,” “memory utilization,” “temperature,” “physical
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AssignedNodeList[Node].[zNdx] = it AssignedNodeList[Node].[jNdx] =jl

AssignedNodeList[Node, 2] = kl 20 Node= Node + 1 End For End For

End For End For 25 In particular embodiments, setMpiRank

wengompasses the following logic: For node = 0 to RequestadNadRsesd12506

to[0] = AssignedNodeList[node, 0] to[l] = AssignedNodeList[node, 1] 30

to[2] = AssignedNodeList[node, 2] If NumMapDiminsions = 1

to[MapDiminsion[0]] = AssignedNodg} ist[node, MapDimension[0]] /

MapMod[0] to[3] = AssignedNodeList[node, MapDiminsion[0]] mod

MapMod[0] 35 Else to[MapDiminsion[0]] = AssignedNodeList[node,
locBRPimnsiIR oY, dYaphediOl o iirRpD NRIRGI M hiderstood that each record

AssignedNodeList[node, MapDiminsi / dn -
e
rec%ﬂﬁﬂf?%ﬂf&%éﬂfﬁﬁﬁi%ﬂk@dﬁ%@fﬁb%ﬂhﬁnmB{ih}'hphmmmgd[qz.

it = or (npdel = 0 to NumFreeNodes - it = :

If toié‘]l w %rgaﬁ\?o%eﬁsﬂjr?%%?g ]Jfgo%r) m%’t%‘[?f]{ a‘ﬁd”\l)g&ézé&é%%%%% ifiition

aboRGHE4S2605/012608t 722tofd} bi-saedltdstésticvalcdptodraumriijtineludes at
to[2] = FreeN istinod inatel2] t = :
e 1 e el S R ey inchude flds such o

“aofedit Lavailabibivyd’ [£50b,” “virtual cluster,” “secondary nods,” “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.

Group file 523 comprises one or more tables or records operable to store user
group and security information, such as access control lists (or ACLs). For example, each
group record may include a list of available services, nodes 115, or jobs for a user. Each
logical group may be associated with a business group or unit, a department, a project, a
security group, or any other collection of one or more users that are able to submit jobs
150 or administer at least part of system 100. Based on this information, cluster
management engine 130 may determine if the user submitting job 150 is a valid user and,
if so, the optimum parameters for job execution. Further, group table 523 may associate
each user group with a virtual claster 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 atray,
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End For End For 10 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
wh3osaasmanicates a list of FreeNode structures to schedulecBiSzaedenes0o

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 15 schedules job 150, scheduler 515 sets mpiRank

before returning. Structure FreeNode integer coordinate[4] integer

mpiRank End Structure 20 In particular embodiments, scheduler 515
dausa@a%mg@tmwﬁé@dﬁqg%Mg%@eﬁuiﬁﬁé faldsenadimgnsiangdo o

% jonal s aégal request ructure F Id mteg rfoIdLen hal

e 5%3 in etgglfen%m ée]rgsml IR UE |?‘ﬁ%°§é‘?t? 197 Shfeghyprality of
quﬁu@cﬁﬁ‘demrﬂxneanhmuelﬁlalmmmd%iﬁnﬁéﬂﬂﬁtarﬁﬁmﬂavﬁﬁwﬁﬂusters 220
wifti rpﬁpts scheduler 515 uses a Try structure to store information on

meshes used for scheduling a spatial job 150. A Try structure includes

inform@nmmcb%mrm@uaﬂeupa@@mhmmwé@ meshegoBS 50, made
up%fuﬂt%kgrklﬁ@g%ﬁpﬁéﬁﬂéﬁl%m%eg DMDG U tg g %rcalqulahons and

concatS|ze 2,3] integer concatStartNode[Z 3]40in ger r ] Integer
B8ro5500% %@%M/@mmoiﬁba Inesjey N nodes 115 and

wﬁ@@%@bﬁhﬂﬂpﬁawwg@ﬂﬂlﬁﬂ-gﬁ@%ﬁlcﬂﬁ?%ﬂ@@ﬂ%{% any suitable technique,

thereby allowing the problem to be solved efficiently. For example, cluster management

<h-

. engine 130 may utilize job parameters, such as job task placement strategy, supplied by

the user. Regardless, cluster management engine 130 attempts to exploit the architecture
of server 102, which in tum provides the quicker turnaround for the user and likely
improves the overall throughput for system 100.

In one embodiment, cluster management engine 130 then selecis and allocates

nodes 115 according to any of the following example topologies:

Specified 2D (x,y) or 3D (x,y,2) - Nodes 115 are allocated and tasks may be
ordered in the specified dimensions, thereby preserving efficient neighbor to neighbor
communication. The specified topology manages a variety of jobs 150 where it is
desirable that the physical communication topology match the problem topology allowing
the cooperating tasks of job 150 to communicate frequently with neighbor tasks. For
example, a request of 8 tasks in a 2x2x2 dimension (2, 2, 2) will be allocated in a cube.
For best-fit purposes, 2D allocations can be “folded” into 3 dimensions, while preserving
eificient neighbor to neighbor communications. Cluster management engine 130 may be
free to allocate the specified dimensional shape in any orientation. For example, a 2x2x8

box may be allocated within the available physical nodes vertically or horizontally

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.
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integer foldTo[2] 5 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
WisEgdrEeMesh 10 to schedule "any"” requests. Structure FRESMISSHNS/012500
integer start[3] integer end[3] integer size[3] 15 integer rank[3] integer
numberOfNodes End Structure In particular embodiments, scheduler 515
uses the following example variables520 which are defined as follows, to
allocate nodes 115 to jobs 150. RequestedNodes: a number of nodes
requested for a job 150. RequestType: a type of job request: SPATIAL,
COMPACT, or ANY. OriginalSize[3]: if RequestType = SPATIAL, a size

f a joh,1bQ. i . INQ-pOJ e I .
e S N RS 1

sphyuiend sedupten | Benarg b dbeifinstigsk By bsmlagedmap3ienfer node 115 of the
splRAANARTTIORST STHAY iAks FIARaPBINSatindisea s AgIR A Xi2RiP Bl 115. 1t

.order more suizttgble to scheduler 515. RequestedSize[3]:.if RequestType
will kepmeqptoad fhabthe;plsopms st plelin rrnatsg Serks s pplibwsa ik atpical
Thikapgefize 3l B izenahipidhkldsades mavéda RhistikedkadNadesRerbwitabks. This

umbper of nodes 115 per switch 166. NumFreeNodes: number of nodes
o ARAIE o Bk T ) PRI BTG G s SORBR o T s
task IB:bwei ledifle favhseieduling passed 35 to scheduler 515.

SpatialAllowed: set to True if spatial scheduling allowed.
CompactAllowed: set to True if compact scheduling allowed.

AnyRrade: seluger ipenpgamestisagionn b dlislesaten pobs/055028h reduced

cofa/iaR 4952000381 To s Markal; arrg@mag}qm@é&eﬁr{m @nbodiment,

.switch-based torus to an order more_ suitable to scheduler 515. o
thifn PR RISRIAPRST. BFIFREIS &t STopOEMAR; Tap el R BriRaTEh s litte
imfdd to other jobs 150.

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

Cluster management engine 130 may utilize a placement weight, stored as a job
150 parameter or policy 524 parameter. In one embodiment, the placement weight is a
modifier value between 0 and 1, which represents how aggressively cluster management
engine 130 should attempt to place nodes 115 according to the requested task (or process)
placement strategy. In this example, a value of 0 represents placing nodes 115 only if the
optimum strategy (or dimensions) is possible and a value of 1 represents placing nodes
115 immediately, as long as there are enough frec or otherwise available nodes 115 to
handle the request. Typically, the placement weight does not override administrative
policies 524 such as resource reservation, in order to prevent starvation of large jobs 150
and preserve the job throughput of HPC system 100.

The preceding illustration and accompanying description provide an exemplary
modular diagram for engine 130 implementing logical schemes for managing nodes 115
and jobs 150. However, this figure is merely fllustrative and system 100 contemplates

using any suitable combination and arrangement of logical elements for implementing
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before returning to cluster management engine 130. 5
NumMapDimesions: number of dimensions modified when going from a
switch- based torus to a node base torus; possible values are one and
WORNsAEaIBImensions[2]: indices of dimensions modified wiR€R/GstoesArRse0
a switch- based torus to the node base torus. MapMod[2]: multipliers used
when going from a switch-based torus to a node- 10 based torus; possible
values are MapMod[0] = 4 for NumMgpDimesions = 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
theseoakdinatier ofl gopiatitition. THuns P aréW rapbidkePanitep siy= ificheléf any suitable

artition wraps in dimensipn.i. . . ]
B e e =

150indicadese ttatpevitipnodetid Sapossilietirtdesddeletedprmbiggind/or

a(P?d 115 as ' E\eed to another job 150), NODE-NOT-IN-USE (node 115
S aTable p ar%g NODE_ON_HOLD (a temporary state used when )
ass@ﬁiﬁ@-ﬁddeéf’ 13,1@%/@1;@5112@@5@; an example method 600 for dynamically

pro&d Sl ] A Sriaailohatt a2z alhdoRiBI%S batb ddiaRiib kI Peaias dsclosure.
number “of free nodes 115 in line {j,j,k thro,u%h {i,'l',orusSLzeLﬂ-l.k& .
GengegleBIGUREchh W}hg&ﬁg@g& , which receives a batch job submission,

dyn%ﬁ%gﬂ? %leé)%ﬁ%i?@[ﬁ&@mmﬂd Jobresaiz ]| beva Khijtk ijudigrtesmeters and
number 25 of free noges in the.line {i,j.k}.thraugh {TorusSize[0]-Li .
ass T RS o TSRS R RCA B AT S ol
deseﬂmurﬁs:msmuu@edomgiepwmlmmesmxmmmﬁ@ermibspe@fﬁgﬁing
me&fogr%(%.r uc%eg f&traa %'%&)ﬁ%&%}?ﬁ%g Nﬁgﬂ%e@!:%@i@ﬂﬂé@b&;n%inaﬁon and
meshes const(uéftecﬁoraqompa request. 30 Fit[NumberOfFits,3]: a list
arrfgsesied tegics ety arclmsatieagmsser atligfohedgsaibediiaptionplity;
so RS MR It em Size d.in ay dimension. Fit[i,2] = size of
mesh i in a z dimension. NumMaxDistances: a number of unique -
MR REE A B A es e HES AP ESaEEs 0 Phigon
150|\J/I ﬁia%ea Mg MYMNJERGESHEVE]tin bat anpOimért Mignbdaxidistabess job 150
.MaxDistanceli,O] =.index.into Fit of a first mesh,with. j i =
SRR BTl PRI BERTUEFLS 12 Hioh B SHAL s p Dty Algg Frc
serfefre@2madixisa sheshl cdingoniydeen cognge 15 0Wdrato @Br08583gbased

upcf;ictill_éuu%ezrpoélr(ljc%?tggousglz is verified, cluster management engine 130 compares the

user io the group access control list {ACL) at step 615. But it will be understood that
cluster management engine 130 may use any appropriate security technique to verify the
user. Based upon determined group 523, cluster management engine 130 determines if the
user has access to the requested service. Based on the requested service and hostname,
cluster management engine 130 selects virtual cluster 220 at step 620. Typically, virtual
cluster 220 may be identified and allocated prior to the submission of job 150. But, in the
event virtual cluster 220 has not been established, cluster management engine 130 may
automatically allocate virtual cluster 220 using any of the techniques described 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

calculates the dimensions of job 150 at step 630. It will be understood that the appropriate
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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
wihoogtt3iieduler 515, may be further 5 operable to perforrCeffigter012500
check-pointing. Restart dumps typically comprise over seventy-five
percent of data written to disk. This 1/0 is often done so that processing is
not lost to a platform failure. Based gn this, a file system's 1/0 can be
segregated into two portions: productive I/O and defensive 1/O.
Productive 1/0 is the writing of data that the user calls for to do science

dméﬁg_tsﬁsﬁigy Q?f@lﬁﬁél%ﬂéﬂu,?l&léﬂg mfsli«gmpsr t/Eg@eSthé?aypiﬁpﬁb’gs ipgrameter or
variables over, time, and otheys. Defensive 1/0Q is perfor. t .
chaE S A ST IR S A S DV Rt Bt briae
jobinpaeased Y6 habbivicfmogksatlyshestbés thetinelusier i0involedtire initial
check-pointing. Retyrning,to ' I CORRASES 150
perfiicits TAL ok S e e 350 L0 on
HPIGerteodaLrimestepry652 thraaghi®Stored in 15 any physical or logical data
Storgg& ARG EARIe: 10 bes9e incly RIAGESSREMOEIEHIE TS BMGRRalEIehere are

code. For example, local memory 520 may comprise gne or more

encughcrygibiblavaties oL aliaguiadee Gaviatial SBaGE dRuriBR b emmEaRgics flready
estAIRMENTS N @eRe Ao serihedhiph tesma afl SQhestalemantseongaripts exiineall 30

Storage Access Method (VSAM) files, flat files, binary data file fi
A A T P L SRS RGO Iaa 2 o AP 640
Thet) dersieadshakernh @ligmelfimedyiscom piid ¢odsarqable  @bimtib thamyubset 230
. other .suitable ructure, I '
LA e T
encsgiverder HSdusilnreboaclvamrenanaseae ersieritifgmamicdhgiqeermines

the#%%n%ﬁﬂ‘?uﬂgé%lb% local Memory R2ARMay besiatessal araxtenabduiiosd that

éparting from the scope of this disclosure. 25 lllustrated local memor )
thesop IEIGED By RICaTRY B NHERITLESHE S8 FPHIEPESS, BUREgdtndins
fasgégt?p%l@éﬁhg%iﬁié? 5e5: Butbidhiledest ilssiphteitalosalinealdocdRbs mayfirst
include other data structyges, including a job table .an dif log, without, .
BB BASR o 1 S0 r H BT e R R 6 h T b nined
sut&ﬁﬂﬁwé&mhySimbéisﬁmués dpsiralsiéto Skare w@mﬁﬁ@ alvdtgihpsicagement
en mngelr:%g? gi?o%% Q@%@%@%@t@? 918!1 0??511;0%18’9 Fﬁy ﬁ&ﬁé@%%@e&@y ﬁﬁs@a 230,

imensional data structure that includes at least one record per node
ActaSimptoexemepibodio gy dieier aemeErmapt sogiae Hiosatdmage thegdatus of

noéi@%?!ﬂsﬂ?ﬂi%%d&?@&@éﬁ%ﬁ' iZaHoAm A IARERPY W tilidRIRR . teRREsabIEE 430 has
"physical WO 2006/055028 PCT/US2005/012500_83 location," "ar$1dress," 665
beoh gppinmagisly AlagatRerbisiPyIPBREEMAR SR il BrcHiPadaRd Al e

AR et et
oSN R D9 IRIPHPS G DAL B B by 0 mey
convifilualonanageheentsinfesseatid results 160 to the user. For example, resulis 160
may be formatted and presented to the user via GUI 126.

FIGURE 12 is a flowchart illustrating an example method 700 for dynamically
backfilling a virtual cluster 220 in grid 110 in accordance with one embodiment of the
present disclosure. At a high level, method 700 describes determining available 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

will focus on the operation of cluster management module 130 in performing this method.
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5 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,"
WineshEIester,” "secondary node," "logical location,” "comFAtiksligyoseIadseo

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 10 link to another table sugyg as, for example, group file 523.

Group file 523 comprises one or more tables or records operable to store

user group and security information, such as access control lists (or

BtACdsS)vﬁolﬂm(@mpieu@ﬁldW@!mumy@ﬁ@{dlﬁm)édﬁ@éﬁﬁﬂaﬁaﬂﬁs%@@ﬂa%mpnate
coﬁ‘ﬁ)rylgt? %‘1 %ge §elggﬁ9bsff? g logical r’f?g%%%&b% f%l of the

associated wit Siness group ar un A defd
deé@‘émfhﬁlgﬁéepalﬁVany other collectlon of one or more users that are able

t0 SUREIPBB0 1RAE A0NUNSIEE %ﬁ%@%ﬁg{& Stem 1 % Baselgﬁ sorts job

this |nformat|on cluster management engine 1

QUgHE P2 b HAitR ¢ sbraise @hﬁ\%ﬁ%s@wﬁ@nm@mt@mm 3 paramttersicue
520bisl etiRmbUISsLY IstaRle R AR AAKRSSOCIate ?@%W@ﬁnderstood

ih Wlth a virtual cluster 220 or with one or more physical nodes 1
@ %ﬁ 5L DEREHREDGIRG InithPry Sutehiens SRo 088 Wawt%hﬁaﬁ@nsﬂc
sueatzigiougpodpaides an dpidivid uﬁi pmm@ ama@&vntMuLC@rﬁe@tmg fefuster

[ce s, HQ descri b and size of virtual
m&? %t%lr B8 A e \ge%d(yfr?grrrnnil@ E':af!n may% %%al‘g ﬁﬁ’%@é@ﬁt#ﬂ%o the
W@F%W&iﬂﬂép%ra@feﬂtewﬂéohh;sﬁ@tbl@m&maﬁudmgxmmmmrelmﬁeteﬁniﬁe the
Nﬂﬂﬂ&%ﬂ%ﬁ%@%ﬁ%@&@@'iﬁ %1%? f?{?& ?xgﬁn%ngng %lzl'c% 5%%&%%? clllusqers 220,

interchangeably as appropriate. Policy 524 generally stores processing
AP rhbh SHEHTE RIRRSERETb RIS ULO158le8e BirstfiobViAD frooiussded Ziﬁﬂqueue

SZEOM%M%pﬁ{Qlﬁgeﬁ%%ﬁg‘dﬁcﬁd%M&W%&@ﬁﬁﬁ@%&%ﬁtﬂﬁm shape

(o} SR TSR TN bbb 2 GPER S DB E S  Sgmcnsion
of Jdbctpdgul ERGy dprassnts ahenaiusierensQamemigahsclH aw@itiiges if it can
ebh2 rises.any su data structure,
b P O b D ORS00 b
databhsecigions! oiteroifitér ehestyy forsteenenarendinemiier Geichding z_@fﬁér@fare
endbs ARROT 15eierancR eI Jhele glaiaailS%e ?fﬁ%%%%g e%%gg Ciab?e nodes

with grid 110 or a plurality of queues 525, with each queue

“%s%&%ué&é@%ﬁ? GHSF AR agREat Araing dRR dsmanricallyislincated a5 16 for
theoRf=a809 966 Q50RBIAL Ry Y 85@@%&[%1}%@'[ qflg' IR@at3el ecﬁ@é\/&%%agement

a ch cogperative sovea roblem b

ade up of N tasks w
o nef&g#l ﬁ’&yc (?uﬁ]a%mﬁéﬂﬁ&e% EHEvGhE Ak Bt SteP 735, cluster
mmmgmagmngmeaaaaalwte@atewﬁbeﬂsﬁabaﬁ@mn@@awsﬁ@mmstaezzo

T RO
Onﬁ@aﬁbdéﬂ]ém been executed (or if there were not enough nodes 115 for selected job
150), then cluster management engine 130 selects the next job 150 in the sorted job queue
525 at step 745 and processing retumns to step 720. It will be understood that while
illustrated as a loop, cluster management engine 130 may initiate, execute, and terminate
the techniques illustrated in method 700 at any appropriate time.

FIGURE 13 is a flowchart illustrating an example method 800 for dynamically
managing failure of a node 115 in grid 110 in accordance with one embodiment of the

present disclosure. At a high level, method 800 describes determining that node 115
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10 engine 130 may utilize job parameters, such as job task placement
strategy, supplied by the user. Regardless, cluster management engine
130 attempts to exploit the architecture of server 102, which in turn
warovedessthe quicker turnaround for the user and likely impregeaiHa0s/0123500
overall throughput for system 100. In one embodiment, cluster
management engine 130 then selects and allocates 15 nodes 115
according to any of the following exagle topologies: Specified 2D (x,y) or
3D (x,y,2) - Nodes 115 are allocated and tasks may be ordered in the
specified dimensions, thereby preserving efficient neighbor to neighbor

fait@rc]inmw_tnﬁaiw' 613?&&6?&?@%?%'@@ Iwﬂ' lﬁﬁﬁ%@m@fﬂt_ 'Piﬁ@iﬁﬁt&%ﬁé?hﬁ failed
recit is esirable tha ysica munication topology matc
no}%eeelp%)b‘iuétr]r% f’of)%‘f(%lé‘gagﬁo%%g ?ﬂgg c%e%%‘ﬁ%%%ﬁ&’@‘lé@%fmﬂs on the
opetrhionui chiztelr eyueptiveanitnnéidh bae iasicsformingXaimplethad.e Buesisoh 8 the
lasks i i Sighh ( ill be allocated in a cube. Far. .
prbest-fitﬁ&ja“%%g’s e B A TS Ebiaien and
ATFRESEIGTRG W@@ﬂ%@gﬁﬁ@@@m@i@m@ﬂmMm&ﬁtmg@qét&mctionaﬁty.
Managama e HnaslA 4Py 03e wheHEaia R Incale M8 sRAEIIEY 30 c)i/eE)egmines

dimensional shafg*e in any orientation. For example,; a 2x2x8~box ma

thayy sedge ittt ke affSofessHbsR Abosac SV ERICRINpaemsny GREiNg Bagtmay

deteiinfinbd ehatChigke ] DIahagemeneingingyl 3QaRe ROARS: kAR, cluster
cubic vaolume. Thi efficie

topolo tly handles jobs 150 allowing,
R bR B R GH R  ——
detprnitistét edvietWehaa fyikicoataiespdal fhe\MCk 200605828 from node 115, In

/L) 5/ t Fit Sphere - cluster managemegnt ine
an%%E a%ggla%%’s a%kﬁgggé %’%@ﬁge? “sphei ri‘lta:%ﬁ Vet r‘fwoé].ﬂagzrng??aerﬁ p%a%%g?ﬁs?nd the
lagla ¥ iy Hbepriheal immee inshtatentette 115 ofaifirespRéret with diep 186, otluster

mdhetasks BlasRd 130 Rosdeset W erRuAg 175 aoRtanRRge AR 53Vl one
em{l%/(i:;ﬁi;nderstood that the placement order of the remaining tasks Is not

foRlffeisr MARRERSHAIbERBIRG TRimA shanee dhstsints pErmdehlthin virtual
lisfisantasnantoatteihes tasied Thiguskicientlyhaadlesmlar96 Sassd@mines if 2
1 I(;:Sm%s\(z)vohec3 taiﬁsle-gl c%rnﬁtg‘uic te with the first task, but not with
105 a2h GHREP DR RO e 08t Hharh Jaronal SR e 130 4B ey 1q Job 150
assooiies] Mihvwitde ddtcétncprsigsiationdor wheksdribde xide beitngisalbsssing

physical n di t, this tapology encourages

e i R e
adgypisiRps smetisellldsécminer stoeplabemneht peibr (ddoloyiesyaoer suitable
prReSQMIPANY E-HeSriRoDsY §sd05 P AN MBURREES,A0Y AN DAY % ster

depict actual topologies used or techniques for allocating such topologies.
maBREERTL SRR M siFrgRes Sthen g dasizESpiaciaipd AtithciahiobtdP8cat step
82as Wil A 5GpIBNaiRtRmaliph2d RAEMBEISs. HNONHEVD QAIMEAh S riate

110[?5.'35'?

G5 epgrvg%l‘g%tlief 3uster management engine 130 may execute a kill job command
or use any other appropriate techmique to end job 150. Next, at step 830, cluster
management engine 130 de-allocates nodes 115 using virtual list 522. For example,
cluster management engine 130 may change the status of nodes 115 in virtual list 522
from “allocated” to “available”. Once the job has been terminated and all appropriate
nodes 115 de-allocated, then cluster management engine 130 attempts to re-execute the
job 150 using available nodes 115 in steps 835 through 850,

At step 835, cluster management engine 130 retrieves policy 524 and parameters
for the killed job 150 at step 835. Cluster management engine 130 then determines the
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20 modifier value between 0 and 1, which represents how aggressively
cluster management engine 130 should attempt to place nodes 115
according to the requested task (or process) placement strategy. In this
waxzugissoasvalue of 0 represents placing nodes 115 only if theT/@gbesimzsoo
strategy (or dimensions) is possible and a value of 1 represents placing
nodes 115 immediately, as long as there are enough free or otherwise
available nodes 115 to 25 handle the9r(§quest. Typically, the placement
weight does not override administrative policies 524 such as resource
reservation, in order to prevent starvation of large jobs 150 and preserve

opthayabstibeuobput Rbddb O sveieri00udBeRiecedigodiysiratie '8;?{;{3 retrieved
ccoppan description provide an exemplary modular diagram tor
DO Fine ) ST B AFTAGER <o BRI 3P hOtRssl 1853 been

detenhijodss mﬁmwemaguﬁtlegwﬁb gﬁ@mb_ t_w&mﬁéeaﬁy%Mtéy%@u%t k Q 230 of
plates g suitable combination and arrangement of logjca
o o LS ST Hob Sa e, AR o300 dnse the
staie sef anvdesttid S alg orittvals liTth522 these SoftileseteoduleslBAYSICIUTE will bo
i ; inati ngement.of elements for, effectiyel
A 1 e 3 SO Bl bt of odes
m@a%uéﬁf?u%&t@éﬁﬁ%ﬁaI@§~méﬂ%@?@®mkﬁn@h@ﬂd/mmﬁgﬁame¢@ﬁw 130 may

deRPRIOPIBLE SIHG R LIS 341uGEhad MNSHAIRLAREX MRS MENO. o tat

600 f%r ynamically processing a job submission in accordance with one

Pro e FHE BTl p i 2R R v amrle. derier angnasauRriEngingeitivey have
detnrethed 600 2 wiichdeeeeivés 1a DatehdphBIDMISSIoRe A BRMIEAN: 115 and the

lloca des,115 into a.joh space 230 based on the job parameters
ne‘gn%%%gs?éo%?é e bpso &aeis?y ESZ{ER%E? &8 é%%ﬁ%ai%é%si trdbsilosater subset
238 haedeThdefehivinnun0 dbsatiptjchefocluses padheoper atighol Siustesutes job
15@1&@@@%3‘nt module 130 in performing method 600. But system 100
contemplates using any appropriate combination and arrangement of

logichte|BFResHE e pleattin b raecompinyin eddesirived Hindtit aditymplary

sBINGAS e funetignalityrerigns Py ins at_ .
in sle 60@, where HPC server Foﬁﬂéibge%\%%jg@gﬁgén%&gﬁg 10891%% ?%fmsgﬂable
e B oA BEIRTRS EE ARoPB S, Ml O clsrmany olBrmitiat i this

flowsBartsingy ctifket RQe |sinnGtebRMbatiRe Nt theser BAKSUBNIE IQD shown.
tep 610, cluster

ire using HPC server 102,. Next, at S;
M T s AR SR B L5 PRl BSFF e e
diffpreniséens seliftahschusterthodm ageaeniieapiaes 130 compares the user to

the S [ S 15, But it will be understood

ot L She o TR I i Do e dueny e
genggfiyidetoinirdrintheduseieoBticat upbnaewatiine o §ribapr 5asbolimtets and
mefheBagaMRNYpRLinad 30 deteimingsit the 5&%@5_113"&% d%ﬁéﬁé&@&esgﬁ%%on of

reg ested service. Based on the requested service dnd hostname, er
ex ﬁ?aﬁ RHsAEiR a8 Yetsiias Plusrentaiar $i dsdupre20 Otbpicelignges,
substitudbns|usie a0 nay lbe duepdicm e e hliocates-Rrp E@ﬂ%&%ﬁtﬁ% iék?t.ko&ope

of Bdan 450, But, in the



25 event virtual cluster 220 has not been established, cluster
management engine 130 may automatically allocate virtual cluster 220
using any of the techniques described 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 30 appropriate criteria. Cluster management engine 130 then
wHAGeiermings@rPigerwise calculates the dimensions of job 150 at step 630.
[t will be understood that the appropriate WO 2006/055028 o _
PAET/USZoeBIs0ceEPigimetisnraragsdindtidelogigtr serdningdne bigh-
perfoRi¥netNRbAPRIRRY IaierRgramels, dhLhasactenstifed\SrleRETRGH AR adable
.these dimensions are used to determine the appropriate job space 230
mediyg} ReiBEERERHSHER 115) within virtual cluster 220. After the initial

patasieiel sdpieRech asighlishesh Ghistpermsioag emenicl 3Qattematadaes in
_ cute job 150 gn 5 HPC server 102 in steps 635, throu 65. At -
e L RRAR dheal Bpentaue G RS TE 1% B oL apsisine
one a@rmoenpughavaifablesndies ta akecatenthre dediceth jdiz spater 2@, aasirfgrther
g eciEh% é)grnaum%te%rgfarﬁlg%gg}lm%%&%lsnhetg. I.fo here are not enough nodes 115,
Pelther llster management englnegl b Uetermines the earliest available
sufssen?B0 vhathdesht IS dneviris abelimia2R@; stepbe@itizd ahdemncompact,
) : P f .
e e R
the jodteth 6 5BIUCH dEitiereraPEclei 61 fPh cdegTicE P ERIHBI h aivensre Rastes executing

the jg%%qﬁgwgﬁ%giﬂg %3939%/&@”%1&@”%@%%?&&6%{ e gBISi MUPSUPRE! spatial

-230 from available nodes 115 at step 650. It will be understood that the
relationsthving 9r SUBEEN DB IYES DO ARt ENFRREREIBMIG Riny appropriate criteria,

inghyglingqhestastgsiprocessing time, most reliable nodes 115, physical or
virtual locations, or first available nodes 115, At step 655, cluster

managefF8RgTE 190 SMECSRALAY cPambinatons vk 085 dmn the cluster
selesdathdiitRlecluster dafbdexit ahsdep Ghdciglustemmanagemenhd further
engine 130 allocates the selected nodes 115 fqr job 150 using the . .
LB SHANEE S50 RELBIAR t S GO A ER PRSP et
erggithe 130 may change the status of 20 nodes 115 in virtual node list 522
from "unallocated" to 'allocated”. Qnce.subset 230 ha en . .
appropriStis ATSCa AR S o T R e
ataftepdes s tsinlstee abobdiledeabedblised on the job parameters,
fe}f*ﬁl\é%%@%ﬁ% %ggﬁ apd any other suitable parameters. At any

appropriate time, c J)stei management engine 130 may communicate or
otherwis&3pREgENjh PESTIESCl BRMPHsE ggmbtm@b‘éaﬁfpléqd@%uns til@qclzgter
MaYcBRAAmAHE thand RFesePIRALE e sanid G 1af FIGURE 12is a

flowchart illustrating an example method 700 for dynamically backfilling a

virtual clSEsT 220 M Bi5FT0aFH seBBraaheRs it Brehsditabiprshewkingego the
presest fhseloftitBe AlgtigNdpyel Rethadd(dR deserRas datermibifgact than

avaijlable space in virtual cluster 220, determining the optimum job 150

thg‘mgr f&%ﬁﬁﬁb‘f@%ﬁﬁ%@gﬁg@&m schedulable actording to the list of nodes in

the cluster available for scheduling;

if the request is nonspatial and noncompact:

identify one or more nodes schedulable according to the list of nodes in the
cluster available for scheduling; and

generate a nonspatial and noncompact combination of nodes in the cluster

accommodating the number of nodes specified in the call, the nonspatial and



30 and executing the determined job 150 in the available space. The
following description will focus on the operation of cluster management
module 130 in performing this method. WO 2006/055028
PCT/US2005/012500 88 But, as with the previous flowchart, system 100
contemplates using any appropriate combination and arrangement of
logical elements implementing someg,or all of the described functionality.
Method 700 begins at step 705, wheére cluster management engine 130
sorts job . i{lg Eqéjs bodi ster nanageme
engine 1% nggl?tlggt%?ech%#e%e %56 %B;% f‘rg] tﬁ%%pﬁgrri}t%/%%jggstﬁg 1gts%o(r)edrH bre

in ifeatgfird acsies tBtataviiisdulaide rrevdinade distést mamnadeniarthe cluster

engineIRdPanshAkiena 525 using any suitable characteristic such
that the appropriate or optimal job 150 will be executed. Next, at step 710,

clGSTBMYAKARGRATBHT AP RS TRTO S BIERhARSIE SHENUFHIBE s L aiamtenodes in
the s6106168 315'&'51&'11 QH%}%&D%@QOMH}SH@&FW%%@&Q%QE COHISB S nodes in the

management engine 130 may also determine the Number of available
cluster dopex¢quing P20 or in any one or more of virtual clusters 220. At
step 715, cluster management engine 130 selects first job 150 from sorted
joh queug, 525. Next, cluster management engine 130 dynamicall )
eherminRS R SRR R B B L CH ) BF SIbCia b Yheren
the cal fi2BeOmpeeifee:optimum shape or dimension 15 of selected job 150 is
determined, then cLuster nagement engine 130 determines if it can
Rt ek et e R a6 IR srougn
74bthatrdacisionsrasielp 78%¢ ofitbtelomanagement engine 130 determines if

ENGAIRENOYRI NORERA 2 ARLaRIadr 109 aRIEA AP AR there

are enough available node 115, then at step /30 cluster ma agement
erfgiiie eBthelghateicanyrasodaeymberce’ swidhesio thecdustasted job 150

US|NG A0Y% UPRRRNAIR SRCIGHS, SRt&AMRIenEisier management

engine 130 may use the techniques describes in FIGURE 6. Next, at step

7351 Rsier! Rlsaguiiabledhgisbedsbng@éulates the Number of
avaiahle,npees in Wdualealendne i atedulid@, cluster management

engine 130 executes job 150 on allocated nodes 115. Once job 150 has
been executed (or if there were not enough nodes 115 for selected job 25

130), themhelustepmanagameninginentdfegalegisiheprxif@hal@0l iriheein
sorted job queue 525 at step.745 and pracessing returns to step 720. |
the riea SRR UGt okl ARES Nl Sie br etk MPD
rank ergiachl 30daaininitateslexedutpatdaid ternpinateothadeghriix uesdl nstkategact

COmbi.n&1 . grtlhoqdngge% at any appropriate time. FIGURE 13 is a flowchart

iNlustrating an example method 800 for dynamically 30 managing failure of
a node 115 in grid 110 in accordance with one embodiment of the present

s T
operaplesfbl b EcjBis e soratia harr e genrasionaldiseisiating tisshf ateammodating
the number of nodes specified in the call and further accommodating the assumed spatial
relationships between nodes executing processes in the job to one of six orientations to
generate one of the spatial combinations,

5. The computer readable medium encoded with the logic of Claim 1,
operable, if the request is spatial and two dimensional, to fold an unused dimension of the
job to generate a mesh accommodating the number of nodes specified in the call from the

management engine and rotate the mesh to one of six orientations to generate one of the

spatial combinations.



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

on the operation of cluster management module 130 in performing this

method. But, as with the previous flowcharts, system 100 contemplates

using any appropriate combination and 5 arrangement of logical elements

implementing some or all of the described functionality. Method 800

begins at step 805, where cluster management engine 130 determines

that node 115 has failed. As descrilggd above, cluster management engine

130 may determine that node 115 has failed using any suitable

technique. For example, cluster management engine 130 may pull nodes

115 (or agents 132) at vari times,and may 10 determine that node 115

ha? failed BastdBpHn ﬁ?@‘%ﬁ? oP5EPUEL HEEYFImibBueher dogit fofdaim 1.
opergblanplie agerkl32spaistingdosns alimdikomdy e ampinicaiaad igashests of

.and the lack of this "heartbeat”.may indicgte nqde 115 failyre, Next, at
the s B S LR R R LA o R RGN HBUE Sl rom
the nfropganrtuabchistema 20tain haenambodimensiclhustetaranagementengine the
.130 may.change the status of node 115 in virtual 15 list 522 from
P anéiaf%@%a 'E[%Q'failed". Cluster management engine 130 then determines if
a job 150 is associated with failed node 115 at decisional step 815. If

there is nR,iob, 1 n0: 29306181 LWt AAHEALP R BRREESSINGSRIP: SR rable

described above, before processing ends, cluster management engin
to usg 3GeRR EpHtNchrsaRberr B metshpeins fon thelirinisttheorluster of nodes to

selecRUERMBATIRAIAHRICHMIIE A SRPIREERSHA00814 Lo AU BB O L IIRRIS 201he

processing. If there is a job 150 associated with the failed node 115, then
clustepavailadile onsicgelingnt engine 130 determines other nodes 115
associated with the job 150 at step 820. Next, at step 825, cluster
m%nagenﬂ nt engine 130 Kkjlls job 150 on all a prop[igte nodes 115. For
eximple,&ftistEPRARRGEHRNE cMHE™ SEPsy xitlind s Kiglp of Claim 1.

operabdenniangknarduseoagy Gtheoapprmpsiate tealnigueds efdie:dS5H. Nexiclatter

step 830, cluster 25 management ine 13 -allocates nodes 115,
e R R s e T
chagageathe Sistuscofprotdesiifbdtionrufabddt SRP tHirochuisdiosaiadikalating the
"avail *.0nce the job has:been terminated and all appropriate nodes
e R A o ots o
regspetaite ahe jobm®e wmémmb@tnm%mQMsﬁp_sﬁss thrdbgheluster
accofiiR AU SER A Sicimanageman! £OAR KM BIISER ARIGY Wdine.

and parameters for the killed job 150 at step 835. Cluster management
each sproid OTIPASE AMRRERHRTEBARE 18O 2oUBITSbaR $ip {YSPo8E/0aRbTEtion;
and 90 optimum subset 230 of nodes 115 in virtual cluster 220, at step 840,
based on the retrieved policy 524 and the job parameters. Once the
sulfethadiBt e serBthSaTHRASh RERBIRHIRIL, ATSAIEIngtE? miaRBRdRsEntTOr
selec£6g broASOfdNR ARG satecRtemietYohaah2Rhef nodes 115 at step
845. For example, cluster management engine 130 may change the 5
status of nodes 115 in virtual list 522 from "unallocated" to "allocated". It
will be understood that this subset of nodes 115 maybe different from the
original subset of nodes



that job 150 was executing on. For example, cluster management engine
130 may determine that a different subset of nodes is optimal because of
the node failure that prompted this execution. In another example, cluster
management engine 130 may have 10 determined that a secondary node
115 was operable to replace the failed node 115 and the new subset 230
is substantially similar to the old job space 230. Once the allocated subset
230 has been determined and allocgjed, then cluster management engine
130 executes job 150 at step 850. The preceding flowcharts and
accompanying description illustrate exemplary 15 methods 600, 700, and
808. In shart, I using .any 'taﬁilh echni or
pe%ormirkli(:q?l %hg{syg%%%gﬁggg(?%%rdﬂa%? (rinatﬁié/hof tge fgtgé%s%%%m L
opergiiovdh st irEetakBopnes dirdtaseerrsieeneportimaifferehnodde rin tHen cster
accoRRNRnYRERAYREA IR AAD ML e etiras i addiional 5teRsne, to:

fewer steps, and/or different steps, so long as the methods remain

apPrspriatiEstdeorithegh thrsdnsiabeiite warepebadustdisamnfictephdofluster
until GeHANRMbeMERAINARG gapenally assadriedmetheds Biieialianshanduster

..permutations of these embodiments and methods will be apparent to
avaﬂ?ﬁké%’%fﬁﬁﬁﬂl“i‘ﬁ“&@ 54°D%ordingly, the above description of example
embo@imeaisnddesirdegineherchanstiaim thispdisalosUureoinBRERABERT the
substitutions, and alterations .are alsp possible without departing from the
chus g AP b AL S5 SR B orb i ip s i x e o n the
clustgompidiee feadaiduthadismaehehdad with a logic for scheduling in a high-
PefloKmARRR SOMRRINANEH Y8R 1S 2915 ENERAGIS, of the cluster
computer-readable medium being executed to: raceive & cal oM a
until ménsdendenirengibloferaisle tolmgrragerdinggusteholinodesddeshe P Cluster
avail%tﬁfpséﬂgdﬁﬂ”gsﬁer‘égé’ﬁég,a request comprising a job for scheduling
comprising one or more processes for execution at one or more nodes in
the cluster, the call further specifying a number of nodes for executing the

johpdetermingwhgihersyeateshis SRasdd SOMPACH QY 08peRgtialand her

noncompact, the request being spatial if the job assumes spatial
operapleaiRERIb B AtwEI bR sexet ity 2B9alB Bhitdd Ger ifeat sainlg the nodes in
the cle@mpact if the job assumes proximity between nodes executing the job,
the request being nonspatial and nhoncompact if the job assumes no
spatial relationships or proximity between nodes executing the job; if the
request islapasiap gensraishineaimon cprtiaktamkingsions ofinigdes fivther
f‘ig tcol.uster accommodating the number of nodes specified in the call and
urthér accommodating the assumed spatial relationships between nodes
exdtertimg divehjolgr dredcluster comprises enough nodes to accommodate the number

oper

of nodes for executing the one or more processes in the job specified in the call from the
management engine; and

if the cluster comprises less than enough nodes to accommodate the number of
nodes for executing the one or more processes in the job specified in the call from the

management engine, indicate to the management engine that the job is unschedulable.

12. The computer readable medium encoded with the logic of Claim 1, wherein

the logic is stateless.

13, The computer readable medium encoded with the logic of Claim 1, wherein

a node is a central processing unit (CPU) coupled to two switches.



select one of the spatial combinations that is schedulable according to a
list of nodes in the cluster available for scheduling; if the request is
compact: generate one or more compact combinations of nodes in the
cluster accommodating the number of nodes specified in the call; and
select one of the compact combinations that is schedulable according to
the list of nodes in the cluster available for scheduling and that is more
compact than other compact combinations that are schedulable
according to the list of nodes in th84duster available for scheduling; if the
request is nonspatial and noncompact: identify one or more nodes
schedulable according to the list of nodes in the cluster available for
schédulirgeanthgere ratezb kanspatiaband abniondpakigootinsiton, ol herein
no%gs;{ig}gl?gacllfs er gfc%orpn@r%d%%ré%ttge &%fnt_)er Qf nodes s_pg—:-cified in the
caﬁ the nonspatfal and nontompac Tombination comprising one or
more of the one or more identified nodes that are schedulable according
to the list of nodes in the cluster available for scheduling; and
communicate a return to the management engine identifying one or more
nodes in the selected spatial, compact, or nonspatial and noncompact
combination of nodes in the cluster for executing the job. 2. The computer
readable medium encoded with the logic of Claim 1, wherein the call
further specifies: whether the request is spatial, compact, or nonspatial
and noncompact; if the request is spatial, a size of the job; an aggressive
flag indicating a degree of leeway for scheduling the job; a size of the
cluster in terms of a number of switches in the cluster; a number of nodes
coupled to each switch in the cluster; a number of nodes available for
scheduling: and the list of nodes in the cluster available for scheduling. 3.
The computer readable medium encoded with the logic of Claim 1,
wherein the return to the management engine further identifies a
Message Passing Interface (MPI) rank of each node in the selected
spatial, compact, or nonspatial and noncompact combination of nodes. 4.
The computer readable medium encoded with the logic of Claim 1,
operable, if the request is spatial and three dimensional, to rotate a mesh
accommodating the number of nodes specified in the call and further
accommodating the assumed spatial relationships between nodes
executing processes in the job to one of six orientations to



generate one of the spatial combinations. 5. The computer readable

medium encoded with the logic of Claim 1, operable, if the request is

spatial and two dimensional, to fold an unused dimension of the job to

generate a mesh accommodating the number of nodes specified in the

call from the management engine and rotate the mesh to one of six

orientations to generate one of the spatial combinations. 93 6. The

computer readable medium encodegkwith the logic of Claim 1, operable, if

the request is spatial and one dimensional, to fold two unused dimensions

of the job to generate a mesh accommodating the number of nodes

sngified i%the call from the management engine and rotate the meshto

on&of siX BHEAPRIBRS tEdafemdioneBrafed gidvihedgmpinhtibnha b, whssein
the cherapsfendeadabiermekimsnseneddadswvith the logic of Claim 1, operable

to use a scan algorithm that searches for a start point for the job in the

cluster of nodes to select one of the spatial combinations that is

schedulabte acopudingdaiablishofdiodencodbe vdlister layailabl@ldon 1, wherein
process%&e gﬂ%go% J m%%%géét%i %g&bl(ﬁhrgrelgslynm ﬁfé(s:gd%dP\év%lﬁ]th ngg :I;ICeOEMPI)

Claim'1, operable, to generate one or more c%mpac Combinations of
whengestid the cluster accommodating the number of nodes specified in the

call from the management engine, to: generate a first compact

combination of nodes in the cluster accommodating the number of nodes

spktified iRctrenyaler spadetlamashearesndsd giid; the frgistefdraior nore
SecABRROMPant GRPIRtRRROIRadES NHh ¢ AHSIRL RERAMM QYRR DG,

number of nodes specified in the call from the managlre]ment engine, each

indicaidng i LsHtaRt deiBinationskeily RecES I BacraHa s bipatiesmparampact

comtGRiribiNation; nanehseil tirl flishandRREQEhEIMACIFOMBNRAERS: cluster for
accordin%to compactness fqQr selection of one of the first and second

execyife e PIe AIHOLTBFE 83 Sdn el @mputer readable medium encoded
withethezloGisingf 6aiabid iopekable spatgenenmamaidanspatidlandombination, or

noncgmpact combination of nodes in the cluster accommodating th
a nor e B OB REIP I A AT ISR S R g s ome or
more metkesacirst ko dbraughdihg cluste epdthsseapdat tepadiifietidimdiesiall 6bm the

.until a first node unavailable for scheduling according to the list

mana%}%g%{%%%}%ﬂe cluster available for scheduling is reached; make a

second loop through the cluster with respect to a second dimension of the

cluster until a second node unavailable for scheduling according to the list

of nodes in the cluster available for scheduling is reached; and make a

third loop through the cluster with respect to a third dimension of the

cluster
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until a third node unavailable for scheduling according to the list of nodes

in the cluster available for scheduling is reached. 10. The computer

readable medium encoded with the logic of Claim 9, further operable to

wepead/dkmiyst loop, the second loop, and the third loop to ceyeyaldienizson

nodes in the cluster. 11. The computer readable medium encoded with

the logic of Claim 1, further operable to: determine whether the cluster

comprises enough nodes to accommy ate the number of nodes for

executing the one or more processes in the job specified in the call from

the management engine; and if the cluster comprises less than enough

nodq {0 aecommRURICHSAMIPR BRI EECLIRBIARIERES system,

more processes in the job specified In the call from the management
th%fﬁaﬁh%@ fEBEES the management engine that the job is unschedulable.

12. TheicnpRuAl readabiamedivn: epspdeswithidhe loiggel {Ldaifd of nodes

. wherein _the logic is stateless. 13. The computer readable medium i
in dheJded it e FGiCTt EREFHIRS RerBiTes NP8 t/8P pi B SCtifyling
cortpHiiaf bhecaruiplad tadveeseyvitehesciden i oldd eraanipuisiaehombleluster, the
lum encoded with the lagic,of Claim 1. wherein, the logic is a plug in
oo e P o B e o o
encabisanmitmghehislyic bk Clgirstliswheidircohpach stercofpaitié eid sotinaepact,

thed'83[1?%3?%%%:9{%&%@%199%@%@@@%%3% RRGRASANID A& uting

lo , Wherein~processes of the job communicate with each

thepiplortheiisguers Sstigecrana gl il ifcesevimy nifrénibxbetiteen podesifgecuting
thE9HBPUIR! FERRADIEMEJiansrdad WH-tASIRYicrohCIaie dsswherein thitial

call from the management engine further specifies an aggressive flag
relplisreettip s HregRLPEERrA et Toi R lEe#R) a spatial combination, a

comiragit requzbinadifiabr a nonspatial and noncompact combination of

nodes in the clus_&er for executin? thet?rlle or or%¥roc ses in theéob; Tust

the logic b&ifit Speralie’ t5sStECt aBpatial ComBination a compact ¢ =
combmatiomdeiing nrspatiabandofiomoden papecifietbinaticmeofcabdesdn further
the ' n.thed NG... ; 11
o e e MG R W o
WO 28b6/055028 PCT/US2005/012500 96 18. A method for scheduling

in a high-pefesmanas: Q@%@%ﬁ%ﬁ'@&gﬁiﬁ%ﬁiﬁﬁ‘mﬂ is schedulable according to a

Hist of nodes in the cluster available for scheduling;

if the request is compact:

generating one or more compact combinations of nodes in the cluster
accommodating the number of nodes specified in the call; and

selecting one of the compact combinations that is schedulable according to
the list of nodes in the cluster available for scheduling and that is more compact
than other compact combinations that are schedulable according to the list of nodes
in the cluster available for scheduling;
if the request ts nonspatial and noncompact:

identifying one or more nodes schedulable according to the list of nodes in
the cluster available for scheduling; and

generating a nonspatial and noncompact combination of nodes in the
cluster accommodating the number of nodes specified in the call, the nonspatial

and noncompact combination comprising one or more of the one or more identified
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the method comprising: receiving a call from a management engine
operable to manage a cluster of nodes in the HPC system, the call
specifying a request comprising a job for scheduling 5 comprising one or
wnanespEsogsses for execution at one or more nodes in the chigstgrisAdweoezdho
further specifying a number of nodes for executing the job; determining
whether the request is spatial, compact, or nonspatial and noncompact,
the request being spatial if the job as ymes spatial relationships between
nodes executing the job, the request being compact if the job assumes
proximity between nodes executing 10 the job, the request being

nonsplialisackroareniRast idhedeh B HIEe B SRR e AIASHRR e gor
prOX|r‘q%t%§l%§}\évéegc(%)lrgi nodes executing the job; if the request Is spatial:
genesrca n more spatial combinations of nodes in the cluster
accommodatingibe nmbes HowdaseRra G iR NR.AM ABDAL NG 1O nodes

: C ing the assumed spatial relationships between nodes .
L Rt AP Co ARG S in e

clustrelan rusrtieg dhdiioy-to a list of nodes in the cluster available for
scheduling; if the request is compact: 20 generating one or more compact
combinations of nodes in the cluster accommodating the number of
nodes specihédmpihed ofalainn 48 stbetaity thacadl fintheosppatitcombinations

that iniedhedniablpaesossinal e hs.lsRTRRdER I e usier avalable

for scheduling and that js more compact than other compac

comBinstSTEcH AT ShaiabRestin 282 rding to the list of nodes 25 in the
clusterapenitaible fopiieaitia déthe BTUMRATRARERRIAARE iob:

noncQr »identifying one or.more nodes schedulable according to the

ot ol B B B i s SEkerating o

nongpatiabesf notrsopaet toeatlinatiosh of tedaasterthe 30 cluster

accommosatig RemRe 9l nodes Lﬁﬂlecig%j in the call, the nonspatial
¢ :

and noncompact combination comprising-one or more of the one or more
iderififdisivtrotrsérobs cstme Tt 68/042800®7 nodes that are
schedulable according to the list of nodes in the cluster available for
schst%lin - and commupicating a return to the management engine

|

iderititying one BFMSthsHEe i ehseinibe spamiocdmpampgment engine
furthon ipatiEieans heaemn passioo kAR TAPIPHSE IBABSIP RSS! 0 selected

gxecyting dhe job. 19, The yethod of claim 18, wherein the call further
Spatial,” Conpact, or nonspatial and noncompact combination of nodes.

specifies:

21.  The method of claim 18, wherein, if the request is spatial and three

dimensional, generating one of the spatial combinations comprises rotating a mesh
accommodating the number of nodes specified in the call and further accommodating the

assumed spatial relationships between nodes executing processes in the job to one of six
orientations

22.  The method of claim 18, wherein, if the request is spatial and two
dimensional, generating one of the spatial combinations comprises folding an unused
dimension of the job to generate a mesh accommodating the number of nodes specified in

the call from the management engine and rotating the mesh to one of six orientations.



10

15

20

whether the request is spatial, compact, or nonspatial and noncompact; if
the request is spatial, a size of the job; 10 an aggressive flag indicating a
degree of leeway for scheduling the job; a size of the cluster in terms of a
waumkgrssfswitches in the cluster; a number of nodes coupleg-taueama 12500

switch in the cluster; a number of nodes available for scheduling: and the
list of nodes in the cluster available for scheduling. 15 20. The method of
claim 18, wherein the return to the nb%nagement engine further identifies

a Message Passing Interface (MPI) rank of each node in the selected
spatial, compact, or nonspatial and noncompact combination of nodes. 20

21. The meihod ahiclaing A &ahergingf e requagt i ﬁﬁ@s@a{sa H€8nd one

_dimensional, generating one of the spatial combinations comprises
dirmgpsinmgla SHeERtiBg Cuinmbiimeptiak bRt saapEpscitling the camsed
dirRaifindRerRGeeMInRHaling-the R assnah spatialie laliaps P ReIBeRfied in

nodes executing processes.in the job to one of sjx orientations 25 22. The
the felf B e RS AL PR S OB DS JP et P orlentations.

dimensional, generating one of the spatial combinations comprises

foldnzg an.pynused dimension of the job to generate a mesh .

o mor BTt P B o PR HAETR T SR g ot soarchcs
formatwaigaying foethgije andwothtitg o eodesie toierteoné siktbrispattionsabv@tions
theff %Os%{%éﬁﬁ%% B&Iéh*ﬁté ORI 2900128 he LRSPEUARERL RI2 B uting,

wherein, It the request’is spatial and one dimensional, generating one of

the spatial combinations comprises folding two unused dimensions of the

job tesgenergte e secammodatingdhe nymbeialneessPeeHieddiipact

the call from the management engine and rotating the mesh to one of six
coghintions s 1pdes B HBASIEIRRF FanE Bif SHEIRE CiRgiasswgrified in the
caldlparitthianthabgaasahesgior @sigatégoint for the job in the cluster of nodes

to select one of etsgatial com inations fth IS .SC e%l}a le accordi tIo h

a lisBoTHddeEs intRe Claster SVATABIEfor s%%‘ﬁe?ﬁ"uﬁ%‘ng.e D8 tReMethoa 6
nuglbenpi 8pdek spemigenerdmnglbffenofhmormagemeatengombinations of

nodes, o £lysterALsammAdaing ihe Aumhe ot aades spacified IMguser

call ffom the"management engine coniprises: generating a first compact

aceeppRmIARtiim e nvadsirefirodrisiescieb mtisaerth ok thampesenagdasioe,

cadPeeificddomtbeccall fimmniha B&%@Q%@%@E@éﬁ@i the 880 %E@ﬁ%t%&%@fnation;
more second compact combinations of nodes in the cluster
an‘élccommodating the number of nodes specified in the call from the

manageneleefigingid second compact combinations according to compactness for

selection of one of the first and second compact combinations.



each second compact combination being less compact than the first
compact combination; and sorting the first and second compact
combinations according to compactness for 20 selection of one of the first
and second compact combinations. 99 26. The method of claim 18,
wherein generating a nonspatial and noncompact combination of nodes in
the cluster accommodating the number of nodes specified in the call from
the management engine comprisesggaking a first loop through the cluster
with respect to a first dimension of the cluster until a first node
unavailable for scheduling according to the list of nodes in the cluster
available for schedulinfg is_reached; making a second loop through the

&

cludter withe &bt 0l kidoht ATRTEriBiGANGTaHRS @usmsPatial andeegnsgmpact

comtpgieonRAVRIIRR & feresehedviireoansonding i of JradeRdntB& fied in the
Iusé%énavailable for scheduling is reached; and making a third loop

call fiop e MARASRTREHF GREVRCYBREE6 A third dimension of the cluster until a
thinshkindeaufiavailableHongthad Wingacemdinggecthe listpinesas ivier the

cluster available,for scheduling is reached. 27. The method of claim 26, .
clust g T e e S REIT leadh i dte aha Ry dn e
clust¢pepaitiblovier aththieimrlsséactied;cluster. 28. The method of claim 1.8,

furthet %@§H@f0§§tﬁﬁfé\5@1{‘%¥v&%&er\%ﬂ§ ?é‘;'sé?:{ {308 Egse«ifa%%%scign of the
no QS'[ accommodate the” number of nodes gr execu mgri e one or
clusteh gpéibiseeené 9pdenmioni bbb e domedwing Hefroting corftanagerfisndes in the

C1uSt&%@gb@@%}fsm@&%%&qggg%lﬁ%&ess than enough nodes to

accommodate the number of nodes for executing the one or more
protkda & ithirk fenp sheyrbdhs Hesks Migherrechianadbitiedinemgine, of the
clustdp HeRtRGHRARR IBaNAYSMER! fRANR DAL ING IR S RS heF Al 60d in the
e

The method of claim 18, executed according to statéless logic. 30. Th
clustey ayatebt: nichedulivgdsdrichebde is a central processing unit (CPU)
coupled to two switches. 31. The method of claim 18, executed at a plug

in of the management ine, WQ 2006/055028 PCT/US2005/012500
100 32. ﬁl‘s m%?n%% 8 ?ﬂ%m 18; i AP Br e s Grihdogp, the

secordifoepsindahetdrirg. 138p Therme thbttofiedainm 18 vibeargin processes of the
job communicate with 5 each other using Message Passing Interface
(MPI) when executed. 34. The method of claim 18: wherein the call from

th@8manddermethehoficéa fur tte fisperifiespmsaggressive flag
determining whether the cluster comprises enough nodes to accommodate the
number of nodes for executing the one or more processes in the job specified in the call
from the management engine; and
if the cluster comprises less than enough nodes to accommodate the number of
nodes for executing the one or more processes in the job specified in the call from the

management engine, indicating to the management engine that the job is unschedulable.
29.  The method of claim 18, executed according to stateless logic.

30.  The method of claim 18, wherein a node is a central processing unit (CPU)

coupled to two switches.

31. The method of claim 18, executed at a plug in of the management engine.
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indicating a degree of leeway allotted for selecting a spatial combination, a

compact 10 combination, or a nonspatial and noncompact combination of

nodes in the cluster for executing the one or more processes in the job;
wbedmgibagdscomprising selecting a spatial combination, a copRagtees/n12500

combination, or a nonspatial and noncompact combination of nodes in

the cluster for executing the one or more processes in the job according

to the aggressive flag specified in the call from the 15 management

engine. WO 2006/055028 PCT/US268%/012500 101 35. A system for

scheduling in a high-performance computing (HPC) system, the system

f duligg.in t P ISing; f Vi call |
from 2 man ORI LA SIS 0 S AU hPSHEP Pt Fgond

toPC system, the call specifying a request comprising a job for scheduling,
5 the job comprising one or more processes for execution at one or more
nodes in the cluster, the call further specifying a number of nodes for
exectting thEGaBethrsapis deirad®rimherisinwrrasrsesaf fhedelscrmpanisgate with
cafRBIBAGH:RENIERRSERL AN, PRASAIDRARY) WRLEGHESLbEINg spatial if the
job assumes spatial relationships between nodes executing the job, the
request being compact if the job assumes proximity between 10 nodes
execiding tiagestted sEqlest 1eing nonspatial and noncompact if the job

assumes .nq,spatial.relationships or proximity hetween nogdes executing

the e B R Ve R B AR GRREhES HRofepatia o
m@@ﬁﬁb&ﬁidﬁg@f pﬁdmmhﬁcﬁtﬂét&r aetﬂomtgcnjaﬁa@alheommhnbﬁ@mfa compact
oo RGeS e MGl 5 ASRATECRI A e MG cr 1o

spatial relationships between nodes executing processes inthe jOB; an
eX%@f_@Eﬂﬁ@edWé ﬁ%%p@ﬁaﬁisé‘émmbhs that is schedulable according to

a listefmadss dheighistel-anaianitato %Mﬁlﬂi,@@@ﬁﬁaf&rcbflﬁk}ﬁxat%on, or

. r%%téest IS compact: 20 generating one or more compact combinations o

Ui 98 pRrcerPaReRmB Ak g ttRedst iRUbe ShisiaderSreentig fhermae or

maelpranebsslectihg jobaabidmganircigemkinatiopsoarisiseedual Bom the
m%% gﬁgéglge}logﬁtlge list of nodes in the cluster avall_ablc_e for scheduling and
that Is more“compact than other compact combinations that are
schedulable according to the list of nodes 25 in the cluster available for
scheduling; means for, if the request is nonspatial and noncompact:
identifying one or more nodes schedulable according to the list of nodes in
the cluster available for scheduling; and generating a nonspatial and

noncompact combination of nodes in the



10

15

20

25

30

30 cluster accommodating the number of nodes specified in the call, the
nonspatial and noncompact combination comprising one or more of the
one or more identified WO 2006/055029 PCT/1152005/012500 102

wivdgstRasare schedulable according to the list of nodes in e GdSIeE 112500
available for scheduling; and means for communicating a return to the

management engine identifying one or more nodes in the selected
spatial, compact, or nonspatial and r116)pcompact combination of 5 nodes
in the cluster for executing the job.

35. A system for scheduling in a high-performance computing (HPC) system,
the system for scheduling in the HPC system comprising:
means for receiving a call from a management engine operable to manage a cluster
of nodes in the HPC system, the call specifying a request comprising a job for scheduling,
the job comprising one or more processes for execution at one or more nodes in the
cluster, the call further specifying a number of nodes for executing the job;
means for determining whether the request is spatial, compact, or nonspatial and
noncompact, the request being spatial if the job asswmes spatial relationships between
nodes executing the job, the request being compact if the job assumes proximity between
nodes executing the job, the request being nonspatial and noncompact if the job assumes
no spatial relationships or proximity between nodes executing the job;
means for, if the request is spatial:
generating one or more spatial combinations of nodes in the cluster
accommodating the number of nodes specified in the call and further
accommodating the assumed spatial relationships between nodes executing
processes in the job; and
selecting one of the spatial combinations that is schedulable according to a
list of nodes in the cluster available for scheduling;
means for, if the request is compact:
generating one or more compact combinations of nodes in the cluster
accommodating the number of nodes specified in the call; and
selecting one of the compact combinations that is schedulable according to
the list of nodes in the cluster available for scheduling and that is more compact
than other compact combinations that are schedulable according to the list of nodes
in the cluster available for scheduling;
means for, if the request is nonspatial and noncompact:
identifying one or more nodes schedulable according to the list of nodes in
the cluster available for scheduling; and
-generating a nonspatial and noncompact combination of nodes in the
cluster accommodating the number of nodes specified in the call, the nonspatial

and noncompact combination comprising one or more of the one or more identified
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nodes that are schedulable according to the list of nodes in the cluster available for

scheduling; and

means for communicating a return to the management engine identifying one or
more nodes in the selected spatial, compact, or nonspatial and noncompact combination of

nodes in the cluster for executing the job.



